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CHAPTER

1
Linear relations and 
equations

AOS 1: Algebra and structure



LESSON 1A 

Linear equations
The key skills you will learn in this lesson are:

1. Identifying linear relations

2. Substituting values into linear relations

3. Transposing linear relations

VCAA key knowledge points:

“substitution into, and transposition of linear 
relations, such as scale conversion" 

"solution of linear equations, including literal 
linear equations”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016   2020 p.18; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

The relationship between two quantities is said to be 
linear when the quantities change in response to each 
other by a set amount. This set amount is called the 
gradient or slope of the equation.

The features of a linear equation are shown to the right.

There are two types of pronumerals: constants 
and variables.
● Constants keep the same value at all times (e.g.  π,

which is approximately 3.14).
● Variables can change their value (e.g.  𝑥 and  𝑦 in a

linear equation).

1. Identifying linear relations

Determining whether an equation is linear or not involves examining the equation to make sure 
that all of the terms are linear.

Linear terms include:

● constants (such as +6 or −3)
● variables with constant coefficients 

(such as 2𝑥 or −5𝑦 )

Non-linear terms include:

● variables raised  to a power (such as 𝑥2, 𝑦 −3.5)
	● roots of variables   (such as  √ 

__
 𝑥  ,  3 √ 

_
)

● variables being multiplied  together (such as 𝑥𝑦 )
● trigonometric or logarithmic functions

The worked example below includes examples of common expressions that cannot be in a 
linear equation.

worked example 1 (1 mark)

Is the equation  𝑦  = 2𝑥 + 1  linear?

SolUTIoN

Step 1 Are there any variables raised  to a power? 
E.g. a2 ,  b−1.5  No.

Step 2 Are there any roots (square roots or otherwise) 
of a variable? E.g.   √ 

_
 c  

3
 √ 
_ 

 d  No.

Step 3 Are there any sets of two (or more) variables 
multiplied  together? E.g.  e × f  No.

Step 4 Are there any numbers raised to the power of a 
variable? E.g.   2   g  No.

Step 5 Are there any trigonometric or logarithmic 
terms? E.g.  sin, cos, tan ,   log  e   ,  log  10 , ln , etc. No.

Step 6 If the answer to any of the above questions is 
‘yes’, then the equation is not linear.

Since the answer to all of the above questions is ‘no’, the 
equation  𝑦  = 2𝑥 + 1 is linear.

note: There are other ways to have non-linear 
equations but they are beyond the scope of this course.

y = 2x + 3

The letters 𝑥𝑥 and y are called 
pronumerals. They represent 
numbers that can change or are 
unknown.

The number ‘2’ is a coe�cient. Coe�cients are numbers that 
multiply pronumerals. In this relation the ‘2’ means that every time x 
increases by one, y increases by two.

2 1A LineAr equAtions
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2. Substituting values into linear relations

Substitution is the replacement of one term with another. In linear relations, substitution is when a 
pronumeral is replaced with a number. The terms ‘let’ and ‘when’ are often used to indicate that a 
variable is going to be substituted with a particular value in the following calculation.

Example
‘Let  𝑥 = 0’, or ‘When  a = 5 ’. 
To substitute a pronumeral with a number, replace the pronumeral with the necessary value and 
enclose it in brackets.

worked example 2 (1 mark)

For the equation  𝑦  = 2𝑥 + 1 , find  𝑦   when 𝑥 = 3 .

SolUTIoN

Step 1 Replace the pronumeral with the necessary 
value and enclose it in brackets.

  𝑦  = 2(3)   + 1  

Step 2 Evaluate the equation.

  𝑦  = 2(3)   + 1  

 𝑦  = 2 × 3 + 1

 𝑦  = 6 + 1

 𝑦  = 7

3. Transposing linear relations

To transpose something means to rearrange it. Equations are often transposed  to find  the value 
of a variable. This is done by 'moving' everything except the desired variable to the other side of 
the equals sign. The variable by itself is called the subject of the equation. Making a variable the 
subject of an equation allows the calculation of its valueusing substitution.

Transposing an equation can be thought of as 'undoing' part or all of the equation. The parts of an 
equation that are not numbers or pronumerals are called ‘operators’. To 'undo' an operator, the 
inverse operator, or 'opposite' operator is required. These are shown in the table below.

Operator  +  −  ×  ÷ 

Inverse Operator  −  +  ÷  × 

worked example 3 (1 mark)

Transpose the equation  𝑦  = 2𝑥 + 1  to make 𝑥 the subject.

SolUTIoN

Step 1 List, in order, the operations that transform the 
desired variable into its current form in 
the equation.

In this case, that is  𝑥 into  2𝑥 + 1 .

The first operation is the one 'closest' to  𝑥,  × 2. 
The next operation is  + 1 .

 × 2, + 1 .

Step 2 Write d own the inverses of the operations 
written in step 1, but in the opposite order. 
 −1, ÷ 2 .

Step 3 Apply these transformations, in the order 
written in step 2, to both sid es of the equation.

  𝑦  = 2𝑥 + 1 

𝑦  − 1 = 2𝑥 + 1 − 1

  𝑦  − 1 = 2𝑥

(  𝑦  − 1) ÷ 2 = 2𝑥 ÷ 2 
1 __ 2(  𝑦  − 1) = 2𝑥 ___ 2
1 __ 2(  𝑦  − 1)   = 𝑥

We have transposed  the equation for 𝑥. 𝑥 is now
the subject of the equation.

1A LineAr equAtions 3
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Refresher question

Q1.  N = 2 + 7 × 3 . What is  N?

Questions 1a Linear equations

1. Identifying linear relations

Q2. Consid er the equation  𝑦  = 2𝑥 − z + 23 .

a) Do any of the following expressions appear in the equation?

i  Are there any variables raised  to a power? E.g.   a2 ,  b−1.5.

ii  Are there any roots (square roots or otherwise) of a variable? E.g.   √ 
_

 c  
3
 √ 
_

 d .

iii  Are there any sets of two (or more) variables multiplied  together? E.g.  e × f.

iv  Are there any numbers raised  to the power of a variable? E.g.   2   g.

v  Are there any trigonometric or logarithmic terms? E.g.  sin, cos, tan ,   log  e   ,  log  10 , etc.

b) Is the equation  𝑦  = 2𝑥 − z + 23  linear?

Q3. Are the following equations linear? 

note: All of the pronumerals in this question are variables.

a)  P = a − 3b + 3c − d c) 𝑥3  = 5𝑦  + 2z e)  b = ac + 5

b)  i =  √ 
_
 j   + k d)  P = 2l + 2w f)  f =  3   𝑥  + 6

Check your understanding

Q4. Determine whether the following equations are linear. 

a)  p = q +  7   2 b)  C = 2πr

note:  π  is a constant. It is approximately  3.14 .

Skill

Skill

Skill

2. Substituting values into linear relations

Q5.  a = 2n + 3 

a) Substitute  n = 2  into the equation above
by filling in the box below:

a = 2 ×   + 3

b) Using your answer from part a), find   a.

Q6. Follow the instructions for the following equations:

a)  p = q − 4

i  Without solving or simplifying, substitute  q = 1  into the equation above.

ii  Using your answer from part i, find   p.

Skill

Skill

note: It is common to write the subject on the left-hand side of the equation. This is not a rule, 
however, and  it is perfectly fine to write it on the right-hand  sid e. You should  be comfortable using 
equations written either way.

4 1A LineAr equAtions
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b)  f = 1 __ 3    𝑥 + 7

i  Without solving or simplifying, substitute  𝑥 = 9 into the equation above.

ii  Using your answer from part i, find   f.

c)  h = − 2.3t + 11

i  Without solving or simplifying, substitute  t = 1.7  into the equation above.

ii  Using your answer from part i, find   h.

Q7. Follow the instructions for the following equations:

a)  b)  c) 

Q8. Answer the following questions.

a) The number of goals,  g , Vanessa kicks in an Australian Rules Football match is given by the equation
g = 1 __ 3w + 2 , where  w  is number of Weet-Bix she ate for breakfast. If she eats 12 Weet-Bix for
breakfast, how many goals will she kick?

b) The equation  T =   2 __ 3 m  tells us how long in minutes,  T , it takes to watch a video that is  m minutes
long, if you are watching at 1.5× speed . How long will it take to watch a 5.3-minute-long Ed rolo
vid eo at this speed ? Give your answer correct to 1 d ecimal place.

c) The equation to convert temperatures in Fahrenheit,  F , to Celsius,  C , is  C = 5 __ 9(F − 32 ).
Convert 100°F to Celsius. Give your answer correct to the nearest whole number.

Check your understanding

Q9. Daisy and  Beppe’s d oona is 210 cm long. This means that the area,  A , covered by their doona, in cm, is 
given by the linear relation  A = 210w , where  w  is the width, in cm, of their current doona.

Daisy and  Beppe’s d og, Barnesworth, always gets on the bed  in the morning and  takes up a lot of the 
doona. They decide to get a doona that is 30 cm wider than their current one.

Write d own an equation for the area,  A , covered by their new doona in terms of  w.

Skill  𝑦  = 5𝑥 − 4 

Find   𝑦  when  𝑥 = 3 .

a = 3b − 2c

  Find   a  when  b = 2  and  
c = 8 .

 p = −     1 __ 4(q + 3r )
Find   p  when  q = 5  and  
r = −2 .

Application

Application

3. Transposing linear relations

Q10. Consid er the relation  𝑦  =     1 __ 3    𝑥 + 5.

a) List, in ord er, the operations that transform  𝑥 into    1 __ 3    𝑥 + 5.

b) List, in ord er, the operations that transform    1 __ 3    𝑥 + 5 into  𝑥.

c) Transpose the relation  𝑦  =     1 __ 3    𝑥 + 5 to make  𝑥 the subject.

Q11. Transpose each of the following linear relations to make the indicated pronumeral the subject.

a)  b)  c) d) 

Skill

Skill
m = 2n + 4 

Transpose for  n.

 𝑦  = 42 − 3𝑥

Transpose for 𝑥.

𝑥 + c ______ g     = 5

Transpose for  c.

3q + 6w − 66_______________ p     = 66

Transpose for  w.

1A LineAr equAtions 5
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Q12. Answer the following questions:

a) The equation that converts a distance in miles,  M , to kilometres,  K , is  K = 1.6M.

Find the equation that converts a distance in kilometres to miles.

b) The length of time,  t , in minutes, that Jane and  her d og Bowie spend  at the local park is given by  
t = 30 + 5d , where  d  is the number of other dogs at the park.

Her husband , Des, wants to d ed uce the number of d ogs Jane and  Bowie encounter from the 
amount of time they spend at the park.

Rearrange  t = 30 + 5d  to make  d  the subject to find  the required  equation for Des.

Check your understanding

Q13. The equation to convert temperatures in Fahrenheit,  F , to Celsius,  C , is  C = 5 __ 9 (F − 32 ).

Show that the equation to convert Celsius to Fahrenheit is     9 __ 5 C + 32 = F.

Application

Application

Joining it all together

Q14. Follow the instructions for the following equations:

a) For the equation  A =   1 __ 2 bh , find   h  when  b = 5  and   A = 15 . (1 mark)

b) For the equation     12 ____ a   −  (3c + b )   = 33  , find   c  when  b = 6 , and   a = 4 . (1 mark)

c) For the equation    q __ r  + 8 = 3t , find   r  when  q = 2  and   t =   3 __ 2   . Give your answer correct to two 
d ecimal places. (1 mark)

Q15. The cost,  C , in d ollars, of hiring an UberX is  C = 2 + 1.15d + 0.35t , where  d  is the d istance travelled  
in km, and  t  is the time taken in minutes.

a) Find  the cost of hiring an UberX to travel 15 km if the trip took 12 minutes. Give your answer correct 
to two d ecimal places. (1 mark)

b) Angelo hired an UberX to travel 10 km from the Night Cat in Fitzroy to his home in Reservoir. 
If the total cost was $20.85, how long d id  the trip take? Give your answer correct to the 
nearest minute. (2 marks)

Q16. In most branches of science, temperature is measured in Kelvin,  K . The equation to convert between 
Kelvin and  Celsius is  K = C + 273 .

The equation to convert temperatures in Fahrenheit,  F , to Celsius,  C , is  C = 5 __ 9(F − 32 ).

note: Temperatures in Kelvin are written without the degree symbol.

a) If the temperature is 18 d egrees Fahrenheit, what is the temperature in Kelvin? Give your answer 
correct to the nearest d egree Kelvin. (2 marks)

b) If the temperature is 298 Kelvin, what is the temperature in Fahrenheit? (2 marks)

Q17. Consid er the equation   p − q =   1 __ r (12s + t).

Show that  r =   12s + t ________ p − q  .

Q18. Explain why the equation    𝑦  __ 𝑥  = 4  is linear.

Skill
3 marks

Application
3 marks

Application
4 marks

Skill
1 mark

Skill
2 marks

6 1A LineAr equAtions
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Questions from multiple lessons

Q19. Jonty found a bag of marbles, and wants to start collecting more.

There are 80 marbles in the bag he found . Each week, he plans to collect two more.

This can be represented by the following equation:

 M = 80 + 2w 

Jonty now has 128 marbles.

How many weeks has Jonty been collecting marbles for?

a. 14

B. 24

C. 48

d. 64

e. 128
VCAA 2017NH Exam 1 Module 4: Graphs and relations Q2 – Adapted 

Q20. The following dot plot displays the  age , in years, of 20 members of a Shawn Mend es fan club.

Age (years)
1110 12 13 14 15 16 17 18 19 20

The percentage of members that are 15 years of age is 

a. 4%

B. 5%

C. 20%

d. 24%

e. 25%
VCAA 2018 Exam 1 Data analysis Q1 – Adapted

Q21. Markus owns a local supermarket that sells exotic fruits. 

He sells lychees and  d ragonfruit.

All lychees are sold for the same price and all dragonfruit are sold for the same price. 

Let  L  represent the selling price of each lychee and  D  represent the selling price of each dragonfruit.

One customer, Alan, purchased  267 lychees and  41 d ragonfruits and  paid  $484.40.

A linear relation representing Alan’s purchase is  267L + 41D = 484.40 .

a) A second  customer, Mary, purchased  129 lychees and  26 d ragonfruits and  paid  $258.80.
Write d own a linear relation representing Mary’s purchase. (1 mark)

b) The selling price of each d ragonfruit in Markus’ shop is $4.00. What is the selling price of
each lychee? (1 mark)

VCAA 2019NH Exam 2 Module 4: Graphs and relations Q1a,b – Adapted 

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
2 marks
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LESSON 1B

Tables and recursion
The key skills you will learn in this lesson are:

1. Constructing a table of values

2. Recursion relationships

VCAA key knowledge points:

“construction of tables of values from a given 
formula" 

"linear relations defined recursively and simple 
applications of these relations”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.18; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Constructing a table of values

For any equation, a table of values can be constructed to compare the variables at different points. 
This can be done by substituting each value needed into the formula by hand, or by using a CAS 
calculator. A table of values is helpful for seeing the pattern set out by the equation to understand 
the equation with more clarity.

worked example 4 (1 mark)

The cost to hire a catering company for an event is given by the formula:  c = 50n + 200 , 
where  c  is the total cost and  n  is the number of people at the event. 

Construct a table of values in intervals of 10 from  n = 10  to  n = 100 .

SolUTIoN

Step 1 Draw a table with 2 rows and  11 columns. (We are looking at  n = 10  to  n = 100 , in increments 
of 10, which is a total of 10 points, and means we need 10 columns. One column is also needed 
for the labels.).

Label the rows  n  and  c ($). Write the given values from 10 to 100 in row  n.

 𝒏 10 20 30 40 50 60 70 80 90 100

 𝒄($)

Step 2 Substitute  n = 10  into the formula to get c = 50 × 10 + 200 = 700. Enter it into 
the table.

Repeat this for  n = 20  and  the rest of the  n values.

 𝒏 10 20 30 40 50 60 70 80 90 100

 𝒄($) 700 1200 1700 2200 2700 3200 3700 4200 4700 5200

worked example 5 (1 mark)

The formula to convert inches to centimetres is given below.

 C = 2.54 × I 

Find the values of  C  for  I  values 1 to 10.

SolUTIoN: TI-NSpIre

Step 1 Open a new page by pressing  +   and 
press  (‘Add Lists & Spreadsheet’).

Step 2 In the very top row, label column A as 'i' and 
column B as 'c' (for inches and  centimetres). 
Enter the  I  values 1 to 10 in the first column.

8 1B TABles And reCursion
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Step 3 In the grey cell in the second column type the 
formula ‘=2.54×i’.

Press .

A box prompts you to choose 'Column 
Reference' or 'Variable Reference'. Select 
'Variable Reference'. Press 'OK'.

SolUTIoN: CaSIo ClaSSpad

Step 1 From the menu, tap .

Step 2 In the 'y1' line, type the formula ‘2.54x’ and  
press  .

Step 3 Tap the Table Input icon  and set the start 
value as 1, the end value as 10, and the step as 1.

Step 4 Tap the  icon to display the table.

2. recursion relationships

Recursion is a method  of d efining a number sequence that follows a linear pattern. 

This means that the difference between each number and the next is always the same. 

This difference is known as the common difference.

A recurrence relation calculates the next term in a sequence based on the previous term. 

Recurrence relations for linear patterns can all be written in the form: tn   =  tn−1 + d, t0 = a, where
a  is the first term of the sequence, and   d  is the common difference.

To find  the next term in the sequence, use the equation   t1   =  t0 + d.

Then the next term is found  by using the equation   t2   =  t1 + d  and  so on.

Example

Consid er the number sequence 4, 6, 8, 10, 12,…

A recurrence relation for this sequence is tn   =  tn−1   + 2 ,   t0   = 4 .

worked example 6 (2 marks)

For this number sequences given below, find  a recurrence relation.

9, 7, 5, 3, 1,…

1B TABles And reCursion 9
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Questions 1B Tables and recursion

Refresher question

Q1. Consider the following equation.

 y = −2𝑥 + 3

Find the value of  y  when  𝑥 = 4.

1. Constructing a table of values

Q2. A bakery sells croissants in multiples of five. The price,  p , of the croissants is given  
by the equation  p = 1.5n + 2 , where  n  is the number of croissants being bought.

Complete the table of values. 

 𝒏 5 10 15 20 25 30 35 40 45

 𝒑($) 9.5 17 24.5 32

Q3. The amount of daily rainfall in mm,  r , can be roughly estimated from the maximum 
daily temperature in °C,  t , using the following equation:

 r = − 0.2t + 5 

a) Complete the table of values.

 𝒕(°C) 10 11 12 13 14 15 16 17 18 19 20

 𝒓(mm) 3.0 2.8

b) Accord ing to this table, what is the maximum temperature when 1.6 mm of rainfall is expected ?

Q4. The number of chocolate bars mad e per hour in a factory,  C , is given by the equation 
 C = 100 + 150n , where  n  is the number of workers on shift that day.

Construct a table of values that shows the number of chocolate bars made per hour 
with 5, 10, 15, …, 45 workers.

Skill

Skill

Application

SolUTIoN

Step 1 Id entify the first term.

The first term in this sequence is 9. 

This means that  a = 9.

Step 2 Determine d, the difference between each term. 

Do this by find ing second  term minus first term 
in the sequence.. 

 7 − 9 = − 2 

This means that  d = −2 .
✓  1 mark for finding the values of a and d.

Step 3 Write the equation. 

tn   =  tn−1   − 2 ,   t0   = 9 
✓ 1 mark for writing the recurrence relation.

10 1B TABles And reCursion
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Check your understanding

Q5. Ella currently has $350 in her savings account and  is planning on d epositing $65 each 
week into the account. 

The total amount of money in her account,  M , after  w  weeks is given by  M = 350 + 65w.

She is hoping to buy return flights to Japan for $800 soon. 

a) Construct a table of values showing the amount of money in Ella’s account for the
first ten weeks (includ e  w = 0 ).

b) After how many weeks will Ella have saved  at least $500?

c) Ella wants to book her flights after 6 weeks of saving. Will she be able to afford 
them at this time?

Application

2. recursion relationships

Q6. The first term in a linear sequence is 7. 

Each value after this is three more than the term before. 

a) What is the value of  a?

b) What is the value of  d?

c) Replace  a  and  d   with their values in the following equation to write
a recurrence relation to describe this:   tn   =  tn−1 + d, t0 = a.

Q7. For the following number sequences, find  a recurrence relation.

a) 5, 9, 13, 17, 21,…

b) 20, 16, 12, 8, 4,…

c) −7, −4, −1, 2, 5,…

Q8. A recurrence relation for a sequence is given by the formula   tn   =  tn−1   + 6.5 ,   t0   = 2 .

Write the first four values of the sequence. 

Q9. Which of the following number sequences can not be represented using a recurrence relation of the 
form tn   =  tn−1 + d, t0 = a?

a. 2, 7, 12, 17, 22,…

B. 2, 4, 8, 16, 32,…

C. 29, 23, 17, 11, 5,…

d. 0.1, 0.7, 1.3, 1.9, 2.5,…

Check your understanding

Q10. Gen is an avid  knitter. She knits a scarf every d ay for a week, beginning on Mond ay. 

She gets faster with practice, so every d ay it takes her four fewer minutes to finish knitting. 

On Mond ay it takes her 83 minutes.

a) Write a recurrence relation to d escribe this.

b) Find  how long it will take Gen to knit a scarf on Tuesd ay, Wed nesd ay, and  Thursd ay.

Skill

Skill

Skill

Skill

Application

1B TABles And reCursion 11
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Joining it all together

Q11. A linear recurrence relation is d escribed  by the formula   tn   =  tn−1   + 13 ,   t0   = 5 .

Complete this table of values to show the first 8 values of the sequence.

𝒏 0 1 2 3 4 5 6 7

𝒕𝒏 5

Q12. Alicia is on holid ay and  is spend ing $50 per d ay. On the first d ay, she has $620 in her bank account.

a) Define a recurrence relation for the d aily balances of Alicia’s bank account.

b) Use a table of values to show that on d ay eight of her holid ay, Alicia has $270 left.

Q13. The volume,  V , of a cylinder is given by the formula  V = π r2  × h , where  r  is its radius and  h
is its height. 

Raymond’s Rainwater Tanks makes cylindrical tanks with a radius of 1 metre and of varying heights. 

a) Construct a table of values that shows the volumes of these tanks ranging from 1 metre to 3 metres
in height. Use intervals of 0.2 metres and  give values correct to one d ecimal place.

b) Lind a wants a rainwater tank for her backyard  that is no taller than 1.8 metres and  has a capacity
of at least 5.5 m3. Does Raymond  have a tank that is suitable?

Q14. Frankie is trying to get fit, so she d ecid es to start running once a week. 

She plans to run 2 km more each week than the previous week. In week 1 she runs 3 km. 

a) Construct a table of values that shows the d istance of Frankie’s runs for the first eight weeks.

b) If she continues on this trend , in what week will Frankie be able to run further than a half marathon?

note: A half marathon is approximately 21.1 km.

Q15. A ball is thrown accord ing to the equation   h = −  (t − 5  )2  + 26  , 
where  h  is the height in metres of the ball above the ground and  t  is the time in seconds 
after it is thrown.

a) Construct a table of values showing the height of the ball each second  for the first
10 second s (starting at  t = 0 ).

b) At what time(s) is the ball 17 metres above the ground ?

Skill
1 mark

Skill
3 marks

Application
2 marks

Application
2 marks

Application
2 marks
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Questions from multiple lessons

Q16. Artemis starts up a t-shirt business. He opens with 100 t-shirts, and  each week he will ord er 65 
more. The total number of t-shirts that Artemis has ordered can be determined from the rule 
N = 100 + 65w , where  w  represents the number of weeks the store has been open for.

According to this rule, the total number of t-shirts ordered will be

a. 100 after 1 week.

B. 130 after 2 weeks.

C. 650 after 10 weeks.

d. 975 after 15 weeks.

e. 1075 after 15 weeks.
VCAA 2007 Exam 1 Module 3: Graphs and relations Q2 – Adapted 

Q17. A laptop was purchased for $4000 using a loan scheme.

A d eposit of $200 was paid .

The balance will be repaid  with 20 monthly repayments of $250.

The total amount of interest charged is

a. $1200

B. $1000

C. $4000

d. $5000

e. $0
VCAA 2015 Exam 1 Module 4: Business-related mathematics Q5 – Adapted

Q18. Within the central d istrict of Paris there is a linear relationship between the price of a coffee in 
euros (€),  p , and the distance, in km, from the Eiffel Tower,  d . This relationship is given by the 
equation 3d = 26 − 4p.

a) Transpose this linear relation to make  p  the subject. (1 mark)

b) What is the price of a coffee at the Louvre, 4.5 km away from the Eiffel Tower? Give your answer to
the nearest cent. (1 mark)

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
2 marks
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1. Forming linear equations

Often, mathematical problems require interpreting a situation and setting up a linear equation in 
ord er to find  the solution.

When making a linear equation to d escribe a situation it is helpful to ask yourself the following questions:
● What things in the situation can change?

	ᶝ These will be the variables. We use pronumerals to represent them.
● How d o the things that change relate to each other?

	ᶝ This will be the coefficient of one the variables.
● Is there anything apart from the coefficient that d oes not change?

	ᶝ This will be represented by plus or minus a number, also known as a constant.

worked example 7 (2 marks)

Amanda wants to keep track of how much vibraphone practice she does for the rest of the year. 

She will do three hours of vibraphone practice every day.

a) Write a linear equation that gives the total number of hours,  H , for which she will have practiced after  d days.

b) Amand a remembers that she has alread y d one 200 hours of vibraphone practice this year. Rewrite the equation
from part a) to include this new information.

SolUTIoN

a) Write a linear equation that gives the total number of
hours,  H , she will have practiced after  d days.

Step 1 Identify the things in the situation that can change.

These are the variables. They are represented 
by the pronumerals  d  and  H.

Step 2 Identify how the things that can change relate to 
each other.

The question states that Amanda will do three 
hours of practice every day. 

In other words, the total number of hours spent 
practicing is three times the number of days:  
H = 3d.

Step 3 Identify any other elements that do not change.

There is nothing apart from the coefficients that 
do not change. 

This means there is no ‘plus or minus 
something’ in the equation.

Step 4 Write the equation.

 H = 3d 

b) Amanda remembers that she has already done
200 hours of vibraphone practice this year.
Rewrite the equation from part a) to include this
new information.

Step 1 and  Step 2 are the same.

Step 3 Identify any other elements that do not change.

The 200 hours of practice Amand a has d one is 
not going to change as she does more practice. 
Any more hours of practice she does will be 
in ad d ition to the 200 hours alread y d one. 
This means that there will be a  + 200  in the 
equation.

Step 4 Write the equation.

 H = 200 + 3d 

LESSON 1C

Developing formulae from words
The key skills you will learn in this lesson are:

1. Forming linear equations

2. Solving linear equations

vCaa key knowledge point:

“developing formulas from word descriptions 
and substitution of values into formulas and 
evaluation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.18; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.



1C Developing formulae from worDs 15

© Edrolo 2020

Refresher question

Q1.  2 × A = 8 

What is  A?

1. Forming linear equations

Q2. Daisy and  Beppe take their d og, Barnesworth, for a walk every morning. 

They walk at 80 metres per minute.

The linear equation below gives the distance they’ve travelled in metres,  D , after  t  minutes of walking.

Fill in the box to complete the equation.

D = × t

Q3. Every year Jane buys 2 new pets from an animal rescue shelter.

Write a linear equation that gives the numbers of pets,  p , that Jane will have after  t years.

Q4. Rashpal has an extensive collection of funk music on vinyl.  He currently owns 350 vinyls and  buys 
two new records each month. 

Write a linear equation that gives the number of vinyls,  V , that Rashpal will own after  M months.

Skill

Skill

Skill

2. Solving linear equations

There are three main steps involved in solving a linear equation:
● identifying what the pronumerals represent
● substituting in the given value
● calculating the value of the variable in question.

worked example 8 (1 mark)

The number of hours,  H , of vibraphone practice Amanda will have done after  d  days from today is given  
by the equation    H = 200 + 3d.

How many hours of practice will Amand a have d one after 10 d ays?

SolUTIoN

Step 1 Identify what the pronumerals represent.

 H  is the total number of hours.

 d  is the number of days.

Step 2 Substitute in the necessary value.

The question asks for the total number of hours 
practiced after 10 days. 

This means that  d = 10 .

Step 3 Calculate the value of the variable in question.

 H = 200 + 3 × 10 

  = 200 + 30 

  = 230 

Step 4 Write your answer.

After ten days, Amanda will have done a total of 
230 hours of vibraphone practice this year.

Questions 1C Developing formulae from words
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Q5. A water company charges their customers yearly. 

The bill includ es a flat fee of $534.68 per year plus 0.47 cents for each litre of water used .

Write a linear equation that gives the cost of the bill,  C , in dollars, if a customer used  L litres  
of water last year.

Q6. Xi uses a prepaid data package on his smart tablet. Each month he buys $30 worth of credit. 

Each gigabyte of mobile d ata he uses costs $2 in cred it.

Write a linear equation that gives the amount of cred it,  C , Xi has left for the current month after he has 
used  g  gigabytes of mobile data.

Check your understanding

Q7. Use the following equation to complete the paragraph below.

 E = 20 + 30h 

Iris works part-time as a fitness coach for a local football club. 

She charges a flat callout-fee of $            with an hourly rate of $           .

Skill

Skill

Skill

2. Solving linear equations

Q8. The amount of money,  A , in d ollars, in the swear jar at Ed roloHQ for each swear word  said ,  s , is given 
by the linear equation below.

 A = 2s 

How much money will be in the swear jar after the staff have sworn 35 times?

Q9. Julius is hanging out his washing. He wants to use the least number of pegs possible to hang  
out his t-shirts. 

He d eveloped  a linear equation that gives the number of pegs,  n , needed to hang out  t t-shirts:

 n = 1 + t 

How many pegs d oes Julius need  to hang out all 23 of his t-shirts?

Check your understanding

Q10. The cost,  C , in dollars, of hiring an UberSELECT to travel a distance of  d kilometres is given  
by the linear equation below.

 C = 3.65 + 2.25d 

a) How much would  it cost to hire an UberSELECT to travel 6 kilometres?

b) Angelo wants to catch an UberSELECT from Revolver Upstairs in Prahran to his home in Reservoir,  
17 km away. He only has $40 in his bank account.

Can he afford  to hire the UberSELECT?

c) The minimum cost of hiring an UberSELECT is $10. What is the minimum d istance you would  have 
to travel in an UberSELECT in ord er to be charged  more than the minimum fare? 

Give your answer in kilometres, correct to one d ecimal place.

Skill

Skill

Application
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Joining it all together

Q11. Fatima wants to go overseas after she finishes high school. Fatima d eposits $10 per week into 
her bank account. Fatima’s grand parents have also d eposited  a gift of $500 into her account.

a) Write a linear equation that gives the amount of money in the account,  A , after  w weeks.

b) How much money will be in the account after 24 weeks?

Q12. Every morning Sergeant Steve makes the new recruits d o five more sit-ups than they d id  the 
day before.

If the new recruits did 30 sit-ups this morning, how many will Sergeant Steve make them  
d o in nine d ays’ time?

Q13. A clothing store pays its staff $15 per hour plus a commission of $5 for each sale they make. 

Each shift at the store is 6 hours long. On one shift, a staff member make 17 sales.

How much money d id  this staff member make on that shift?

Q14. A small rural community of 20 people has a 500 000 litre water tank. The tank is currently full. 

Each day, each member of the community uses 300 litres of water.

Assuming the tank d oesn’t get refilled  at all, how many litres of water will be left in the tank after 
30 d ays?

Q15. Using this diagram:

a) Find  the perimeter of the of the rectangle when  𝑥 = 3.5.

b) Find  the value of  𝑥 if the perimeter is 20 m.

Q16. A parking inspector’s job is to find  cars that have been parked  longer than allowed  and  to issue fines 
to the drivers of those cars.

Assuming that one in every five cars is parked  for longer than allowed , how many cars must the 
parking inspector check in ord er to issue 17 fines?

Q17. Captain Raymond  Holt is making scrambled  eggs. He whisks four eggs in a measuring jug.  
The measuring jug weighs 0.618 kilograms. The total weight of the measuring jug and  the four eggs 
is 858 grams.

Exclud ing the shell, what is the average weight, in grams, of an egg?

Q18. Joe has to write a 1500-word  essay. Unfortunately, it is d ue in four and  a half hours and  he has not 
started . It will take Joe half an hour to plan the essay and  then he will write 350 word s per hour.

a) Joe believes he can finish the essay in time. Show that Joe is incorrect.

b) What is the minimum whole number of word s Joe must write per hour in ord er to complete
the essay in time?

Skill
2 marks

Skill
2 marks

Skill
2 marks

Skill
2 marks

Skill
2 marks

𝑥𝑥 m

2 m

Application
2 marks

Application
2 marks

Skill
2 marks
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Q19. Charlie is building a planter box for their vegetable garden. Their planter box, shown below, will have 
a volume of 360 litres. 1 m3 is equal to 1000 litres.

Show that the planter box will be 0.5 metres d eep.

Skill
1 mark

1.2 m

0.6 m

VCaa question

Q20. A phone company charges a fixed , monthly line rental fee of $28 and  $0.25 per call.

Let  n  be the number of calls that are made in a month. Let  C  be the monthly phone bill, in dollars.

The equation for the relationship between the monthly phone bill, in dollars, and the number 
of calls is

a.  C = 28 + 0.25n 

d. C = 28 (n + 0.25 )
B.  C = 28n + 0.25 

e. C = 0.25 (n + 28 )
C.  C = n + 28.25 

2016 VCAA Exam 1, Module 4: Graphs and relations. Q2

1 mark

Questions from multiple lessons

Q21. As part of her new year resolutions, Sarah decides to read every month from January to December for 
one year.

Each month she counts the number of pages that she has read.
● In January, she read s 12 pages of a book.
● In February, she read s 18 pages.
● In March, she read s 24 pages.
● In April, she reads 30 pages.

The number of pages she reads each month continues to increase according to this pattern.

The number of pages she reads in September is

a. 48

B. 54

C. 60

d. 66

e. 72
VCAA 2014 Exam 1 Module 1: Number patterns Q1 – Adapted

Difficulty:

Year 10
1 mark
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Q22. The dot plot below displays the distance, in metres, of a football kicked  by each stud ent in a Year 7 class.

Distance (m)

n = 19

10 15 20 25 30 35 40

The median distance is 

a. 23 m

B. 34 m

C. 28 m

d. 25.5 m

e. 26 m
VCAA 2018 Exam 1 Data analysis Q2 – Adapted

Q23. Corey decides to set himself a challenge in regards to the number of push-ups he can do every night 
before he falls asleep.
● On the 1st night, he d oes 42 push-ups.
● On the 2nd night, he d oes 60 push-ups.
● On the 3rd night, he d oes 78 push-ups.

The number of push-ups he does each night forms the terms of an arithmetic sequence, as shown 
below. This sequence continues for each night for a week.

42, 60, 78…

a) Write d own a calculation which shows that the common d ifference for this sequence is 18. (1 mark)

b) How many push-ups will Corey d o on the 6th night? (1 mark)

VCAA 2015 Exam 2 Module 1: Number patterns Q1 a,b – Adapted

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
2 marks



LESSON 1D

Simultaneous equations – numerical and 
graphical solutions
The key skills you will learn in this lesson are:

1. Finding the point of intersection numerically

2. Reading the point of intersection off a graph

3. Finding the point of intersection using CAS

VCAA key knowledge point:

“numerical [and] graphical … solutions 
of simultaneous linear equations in two 
variables”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.18; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

Simultaneous equations are a set of equations with two or more unknowns which have a common 
solution (a solution that can satisfy all of the equations simultaneously). 

The solution to a pair of simultaneous equations is equal to the point of intersection between the 
two lines.

1. Finding the point of intersection numerically

The point of intersection is the point at which two lines meet. To find  the point of intersection 
numerically, fill in a table of values for a small amount of  𝑥 values. The point of intersection is
found  when for, two id entical  𝑥 values, the two correspond ing  𝑦 values are the same.

note: This method will only work if the coordinates of the point of intersection are  
whole numbers.

worked example 9 (2 marks)

Two lines are given by the equations:

 𝑦 1   = 2𝑥 + 1 

 𝑦 2   = 𝑥 + 3 

Use a table of values from  𝑥 = −2 to  𝑥 = 2  to find the point of intersection of the two lines.

SolUTIoN

Step 1 Set up a table with three rows and six columns 
and label accordingly.

𝒙 −2 −1 0 1 2

𝒚1

𝒚2

Step 2 Fill in the first value.

Substitute  𝑥 = −2 into   𝑦  1   = 2𝑥 + 1 to find the
first value.

𝑦 1   = 2 ×  (−2)  + 1  

𝑦 1   = −3 

𝒙 −2 −1 0 1 2

𝒚1 −3

𝒚2

Step 3 Repeat for the rest of the values.

𝒙 −2 −1 0 1 2

𝒚1 −3 −1 1 3 5

𝒚2 1 2 3 4 5

✓ 1 mark for completing the table

Step 4 Find  the column in which the  𝑦  values are 
the same.

𝒙 −2 −1 0 1 2

𝒚1 −3 −1 1 3 5

𝒚2 1 2 3 4 5

The  𝑦  values are both 5 when 𝑥 = 2 .

Therefore, the point of intersection is (2,5).
✓ 1 mark for writing the point of intersection
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2. reading the point of intersection off a graph

It is also possible to find  the point of intersection visually from a graph. To find  the point of intersection, locate where 
the two lines cross then find  the coord inates of the point. 

If the lines never meet, then there is no point of intersection and there is no solution to the simultaneous equations. 
This happens only when the lines are parallel.

worked example 10 (1 mark)

Here is a graph d isplaying two linear equations. 

Find the point of intersection.

SolUTIoN

Step 1 Locate the point of intersection.

This is the point at which the lines cross. 

Step 2 Draw a line d own (or up) from the point to find  
the  𝑥 coord inate.

–2 –1 1 3 52 4 6
𝑥𝑥

–2

2

1

0

4

5

3

6

y

–1

The  𝑥 coord inate is 2.

Step 3 Draw a line left (or right) from the point to find  
the 𝑦 coord inate.

–2 –1 1 3 52 4 6
𝑥𝑥

–2

–1

2

1

0

4

5

3

6

y

The 𝑦 coord inate is 3.

Step 4 Write the answer. The point of intersection 
is (2,3).

3. Finding the point of intersection using CaS

Another way of find ing the point of intersection is by plotting a graph of the lines on CAS. 

This method will be much more accurate than the other methods when the point of intersection is not a whole number.

worked example 11 (1 mark)

Two lines have the equations   𝑦  1   = 3𝑥 + 1 and    𝑦  2   = − 2𝑥 + 4.

Use a CAS calculator to find  the point of intersection graphically.

SolUTIoN: TI-NSpIre

Step 1 Open a new page by pressing  +  and 
press  (‘Ad d  Graphs’).

Step 2 Enter the first equation as ‘f1(x)=3x+1’ and  
press .

–2 –1 1 3 52 4 6
𝑥𝑥

–2

2

1

–1
0

4

5

3

6

y
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Step 3 Press  and then enter the second equation 
as ‘f2(x)=−2x+4’  
and press . 

Step 4 Press , press  (‘Analyze Graph’), 
press  (‘Intersection’). 

Use the mouse to first click anywhere to the left 
of the point of intersection  
and then click anywhere to the right of the point 
of intersection. 

The solution will appear.

The coordinates of the point of intersection are 
𝑥 = 0.6 and  𝑦  = 2.8.

SolUTIoN: CaSIo ClaSSpad

Step 1 From the menu, tap 

Step 2 In row ‘y1’ enter the first equation ‘3x+1’ and  
press . In row ‘y2’ enter the first equation 
‘−2x+4’ and  press .

Step 3 Tap  to graph the equations.

Step 4 Tap  then  then . The 
solution will appear..

The coordinates of the point of intersection are 
𝑥 = 0.6 and  𝑦  = 2.8.
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Refresher question

Q1. The equation of a line is  𝑦  = 3𝑥 + 4 . Find the value of 𝑦  when 𝑥 = 2 .

1. Finding the point of intersection numerically

Q2. Below is the table of values for the equations of two lines. Determine the point of intersection of the 
two lines.

𝒙 −3 −2 −1 0 1 2 3

𝒚1 −9 −6 −3 0 3 6 9

𝒚2 −5 −3 −1 1 3 5 7

Q3. Two lines have the equations   𝑦  1   = 2𝑥 + 2 and    𝑦  2   = 4𝑥 − 2.

Use a table of values from  𝑥 = − 2 to  𝑥 = 2  to find the point of intersection.

Skill

Skill

Questions 1d Simultaneous equations – numerical and graphical solutions



Check your understanding

Q4. Henry and  Katie are both saving their pocket money to buy the latest iPhone. At  𝑥 weeks after they
start saving, the amount of money in d ollars,  𝑦 , they each have is given by the following equations:

Henry:  𝑦  = 20𝑥 + 35

Katie:  𝑦  = 25𝑥 + 15

a) In the first six weeks (from   𝑥 = 0 to  𝑥 = 6 ), when will they have the same amount of savings?

b) How much money d o they each have at this point?

Q5. The equations of two lines are   𝑦  1   = 4𝑥 − 7 and    𝑦  2   = − 2𝑥 + 5.

Using a table of values, show that the point of intersection of the two lines occurs at (2, 1).

Skill

Skill

2. reading the point of intersection off a graph

Q6. Consider the 4 pairs of simultaneous equations represented in the graphs below. 

Which of the pairs will have no solution?

a.  B. 

C. d.

Q7. State the coordinates of the point of intersection for each of the following graphs:

a) b) 

Skill

–4 –3 –2 –1 0 1 2 3 4
𝑥𝑥

–4

–3

–2

–1

1
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3

4

y

–6 –5 –4 –3 –2 –1 1 2 3 4 5 6
𝑥𝑥
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–4 –3 –2 –1 0 1 2 3 4
𝑥𝑥

–2

–1

1

2

3

4

y

–2 –1 0 1 2 3 4
𝑥𝑥

–1

1

2

3

4

y

Skill

–4 –3 –2 –1 0 1 2 3 4
𝑥𝑥

–4

–3

–2

–1

1

2

3

4

y

–3 –2 –1 1 2 3 4 5 6 7 8
𝑥𝑥

–1

1
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3

4

5

6

y

0
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3. Finding the point of intersection using CaS

Q9. Using a calculator, find  the point of intersection for each of the following pairs of lines. Give answers 
correct to two decimal places where necessary.

a) 𝑦 1   = − 5𝑥 + 1 and    𝑦  2   = 3𝑥 + 3

c) 𝑦 1   = − 2𝑥 − 1 and    𝑦  2   = 6𝑥 + 5

b) 𝑦 1   = 3𝑥 + 6 and    𝑦  2   = − 2𝑥 − 2

d) 𝑦 1   = 4𝑥 − 4 and    𝑦  2   = − 5𝑥 + 2

Skill

c) d)  

Check your understanding

Q8. Allison and  Beatrice are running a race along a straight track. 
Beatrice received  a hand icap so she starts ahead  of Allison.

The positions of the runners are shown in the graph below where  
d  is the distance, in kilometres, from the start of the track and  t
is the time, in minutes, after the beginning of the race. If the race 
starts at 9:45am, at what time d oes Allison catch up to Beatrice?

–8 –7 –6 –5 –4 –3 –2 –1 0 1 2
𝑥𝑥

–4

–3

–2

–1

1

2

3

4

y

–6 –5 –4 –3 –2 –1 0 1 2
𝑥𝑥

–2

–1

1

2

3

4

y

Application

0 1 2 3 4 5 6 7 8 9 10
t

0.1
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0.5

0.6

0.7

0.8

0.9

1

d

Joining it all together

Q10. Two lines intersect at  𝑦  = 5. The equations of the two lines are   𝑦  1   = 2𝑥 + 1 and    𝑦  2   = − 𝑥 + a.

Find the value of  a.

Q11. Jenny and Kendra both work part-time at a burger shop. Let the number of hours Jenny works per 
week be  j  and the number of hours Kendra works per week be  k . The number of hours they both work 
must satisfy the following equations.

 j = − k + 20 

 j = 2k + 2 

Find  j , and  k.

Q12. Charlotte is going to the supermarket to buy some snacks. She knows that a bag of chips is one and a 
half times the price of a bag of popcorn, and that the total cost of a bag of chips and a bag of popcorn is 
$6.25. This is shown in the equations below.

  c = 1.5p 

 c + p = 6.25 

Find the price of one bag of chips.

Skill
1 mark

Application
1 mark

Application
1 mark
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Questions from multiple lessons

Q13. Harry is a very successful musician. His yearly salary has two components. He receives a yearly fixed  
base wage of $100 000 and  an extra $5000 for each concert he plays.

Let  n  be the number of concerts he plays in a year.

Let  S  be his total yearly salary.

What is the equation that mod els the relationship between Harry’s yearly salary and  the number of 
concerts he plays?

a.  S = 100 000n + 5000

B.  S = 5000n + 100 000

C. S = 5000 (n + 100 000 )

d. S = 100 000 (n + 5000 )

e.  S = n + 105 000
VCAA 2016 Exam 1 Module 4: Graphs and relations Q2 – Adapted 

Q14. Niall and Louis are holidaying in Australia and decide to visit the zoo.

The following boxplot displays the weight, in grams, of 83 meerkats at Werribee Zoo.

Weight (g)
660 670 680 690 700 710 720 730 740 750

The percentage of these 83 meerkats with a weight greater than 690 g is closest to

a. 15% B. 25% C. 50%

d. 75% e. 85%
VCAA 2017 Exam 1 Data analysis Q1 – Adapted

Q15. One Direction are selling tickets to their last concert before they disband. 

There are two types of tickets, adult and child. 

The revenue is then divided into two major spendings, venue costs and staff wages. 

They are expressed as percentages of the ticket prices in the table below.

Adult Child

Venue costs 40% 30%

Staff wages 50% 40%

a) A group of friend s d ecid ed  to buy tickets together. They spent $880 on ad ult tickets and  $360 on
child tickets. Calculate the amount, in dollars, of the group of friends’ ticket purchases that went
toward s the venue costs of the concert. (1 mark)

b) A d ifferent group of friend s purchased  tickets, and  by d oing so contributed  $402 toward s staff wages.
They purchased  $180 worth of child  tickets. How much money d id  they spend  on ad ult tickets? (1 mark)

VCAA 2011 Exam 2 Module 3: Graphs and relations Q1a,b – Adapted 

Difficulty:

1 mark

Difficulty:

Year 10
1 mark

Difficulty:

2 marks
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LESSON 1E

Simultaneous equations – algebraic solutions
The key skills you will learn in this lesson are:

1. Substitution

2. Elimination

VCAA key knowledge point:

“…algebraic solutions of simultaneous linear 
equations in two variables”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.18; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

Simultaneous equations can be solved algebraically using two methods: substitution and elimination. 

Solving involves find ing the values of the variables, normally  𝑥 and  y , at the point of intersection of the equations. 

Each pair of simultaneous equations can be solved by both substitution and elimination, however  
one method  is often more efficient d epend ing on the equations. 

This chapter will focus on how and when to use substitution and elimination.

1. Substitution

Solving simultaneous equations using the substitution method involves a variable from one 
equation being substituted into the other. 

Substitution is useful when one or both of the equations are in the form: y = a𝑥 + b or 𝑥 = ay + b,
where  a  and  b  are constants. 

This is because having an equation written with  𝑥 or  y  as the subject means we can do the 
substitution right away; no transposing is needed.

Example

Some pairs of equations that could be solved by the substitution method are:

 y = 2𝑥 + 3 and 𝑥 + y = 9 

 𝑥 = y − 4 and 𝑥 = −2y + 9 

 y − 2𝑥 = 7 and 𝑥 = 3 − 4y 

worked example 12 (4 marks)

Solve the following pairs of simultaneous equations using substitution:

a)  y = 5 − 3𝑥 and   4𝑥 + 3y = 5 b)  𝑥 = y + 7  and   𝑥 = 4y − 2

SolUTIoN

a)  y = 5 − 3𝑥 and   4𝑥 + 3y = 5

Step 1 Write the two equations on separate lines and 
label them equation 1 and  equation 2.

y = 5 − 3𝑥 ①

4𝑥 + 3y = 5 ②

Step 2 Substitute equation 1 into equation 2.

We have chosen to substitute  y  because in 
equation 1,  y  is on its own so it is easy to 
substitute.
 y = 5 − 3𝑥𝑥  

y 4𝑥𝑥 𝑥 3y = 5  

Substitute ① into ②.

  4𝑥 + 3(  5 − 3𝑥)   = 5  

Step 3 Expand , then solve for  𝑥.

 4𝑥 + 15 − 9𝑥 = 5 

 4𝑥 − 9𝑥 = 5 − 15

  −5𝑥 = −10

 𝑥 =   −10_____
−5

 𝑥 = 2
✓ 1 mark for finding 𝑥 value

①

②
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Step 4 To find   y , substitute  𝑥 = 2 into one of the
equations. Both equations will work, but choosing 
the simpler one makes for easier calculations.

Substitute  𝑥 = 2 into ①

y = 5 − 3  ②
 y = 5 − 6 

 y = − 1 
✓ 1 mark for finding y value

Step 5 Write the answer.

 𝑥 = 2,  y = − 1 

b)  𝑥 = y + 7  and   𝑥 = 4y − 2 

Step 1 Write the two equations on separate lines and  
label them equation 1 and  equation 2.

 𝑥 = y + 7  ①

 𝑥 = 4y − 2  ②

Step 2 Since both equations are expressions for  𝑥, let
them equal each other.

 y + 7 = 4y − 2 

Step 3 Solve for  y.

  y + 7 = 4y − 2 

y − 4y = − 2 − 7 

  − 3y = − 9 

  y =     −9 _ −3 

  y = 3 
✓ 1 mark for finding y value

Step 4 To find   𝑥, substitute  y = 3  into one of 
the equations. Both equations will work, 
but choosing the simpler one makes for 
easier calculations.

Substitute  y = 3  into ①

 𝑥 = 3 + 7

 𝑥 = 10
✓ 1 mark for finding 𝑥 value

Step 5 Write the answer.

 𝑥 = 10,  y = 3 

2. elimination

The method of elimination requires the equations to be added or subtracted in a way that eliminates  
one of the variables. 

Elimination is useful when the equations are in the form  a𝑥 + by = c , where  a, b  and  c  are constants.

That is, both variables are on the same side of the equals sign in both equations. 

Example

Some pairs of equations that could be solved by the substitution method are:

 3𝑥 + y = 2  and   4𝑥 − 5y = −1 

 y − 4𝑥 = 3 and  5𝑥 + 3y = 11 

 2𝑥 + 2y = 16  and   8y − 2𝑥 = −4

worked example 13 (4 marks)

Solve the following pairs of simultaneous equations using elimination:

a)  3𝑥 + 2y = 7  and   − 𝑥 − 2y = −1 b)  2𝑥 + 3y = 2  and   3𝑥 + 4y = 4 

SolUTIoN

a)  3𝑥 + 2y = 7  and   −𝑥 − 2y = −1 

Step 1 Write the two equations on separate lines and  
label them equation 1 and  equation 2.

 3𝑥 + 2y = 7  ①

 −𝑥 − 2y = −1  ②

Step 2 Choose a variable to be eliminated. 

Since the coefficients for  y  are equal but 
opposite, if the two equations are added,  y will
be eliminated. This means choosing to eliminate  
y  will be the easier option.

Step 3 Add the equations and simplify.

Add the left-hand sides and the right-hand sides 
of the equations together.

 (1) + (2)

 3𝑥 + 2y = 7
+ −𝑥 − 2y = −1    
 2𝑥 + 0 = 6

So,  2𝑥 = 6
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Step 4 Solve for  𝑥.

 2𝑥 = 6

  𝑥 =   6 __ 2 

  𝑥 = 3
✓ 1 mark for finding 𝑥 value

Step 5 To find   y , substitute  𝑥 = 3 into one of the
equations. Either will work, but try to pick the 
simpler one.

Substitute  𝑥 = 3 into ①

3③   + 2y = 7  

  9 + 2y = 7 

2y = 7 − 9 

2y = −2 

 y =   −2____
2 

  y = −1 
✓ 1 mark for finding y value

Step 6 Write the answer.

 𝑥 = 3,  y = −1 

b)  2𝑥 + 3y = 2  and   3𝑥 + 4y = 4

Step 1 Write the two equations on separate lines and  
label them equation 1 and  equation 2.

 2𝑥 + 3y = 2  ①

 3𝑥 + 4y = 4  ②

Step 2 Choose a variable to be eliminated.

The coefficients for  𝑥 and  y  are not equal so 
neither variable can be eliminated directly. 
Choose  𝑥 to eliminate since the coefficients
are smaller than those for  y . This will result in 
easier calculations later.

Step 3 Look at the coefficient in each equation for the 
variable chosen to be eliminated. Find the lowest 
common multiple of these, and work out how 
they should be multiplied to reach this amount.

The coefficients of  𝑥 are 2 and 3. The lowest
common multiple is 6.

 2 × 3 = 6 

 3 × 2 = 6 

Step 4 Multiply each equation as determined in the 
previous step and label the new equations 3 
and 4.

① × 3

 6𝑥 + 9y = 6  ③

② × 2

 6𝑥 + 8y = 8  ④

Step 5 Since the coefficients of  𝑥 are positive in both
equation 3 and 4, subtract one equation from 
the other and simplify.

③ − ④

6𝑥 + 9y = 7
− (6𝑥 + 8y = 8)
 0 + y = −2

So,  y = −2 
✓ 1 mark for finding y value

Step 6 To find   𝑥, substitute  y = −2  into one of the 
equations and solve.

Substitute  y = −2  into ①

  2𝑥 + 3(−2)   = 2  

 2𝑥 − 6 = 2

  2𝑥 = 2 + 6

  2𝑥 = 8

 𝑥 =   8 __ 2 

 𝑥 = 4
✓ 1 mark for finding 𝑥 value

Step 7 Write the answer.

 𝑥 = 4,  y = − 2 

Questions 1e Simultaneous equations – algebraic solutions

Refresher question

Q1. Consid er the equation  4𝑥 + 3y = 17 .

Given that  𝑥 = 2, find the value of  y.
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1. Substitution

Q2. Solve the following pairs of simultaneous equations using substitution.

a)  𝑥 = y + 1  and   𝑥 + y = 7 

b)     𝑥 = 7 − y  and   𝑥 = y − 3

Q3. Use the method of substitution to solve the following pairs of simultaneous equations.

a)  𝑥 = 2y + 3  and   2𝑥 − 3y = 7 

b)  4𝑥 + 3y = −5  and   y = 𝑥 − 4

c)  𝑥 = 7y − 5  and   𝑥 = 3y + 3

d)  y = 14 − 4𝑥 and   y = 𝑥 − 16 

Check your understanding

Q4. Consider the following linear equations:

 y = 3𝑥 − 2

2y − 4𝑥 = 2

Which of the following is the point of intersection of the two equations? 

a. (−3, 7) B. (7, −3) C. (3, 7) d. (7, 3)

Q5. The following pair of simultaneous equations were given in a Year 11 maths test.

 3𝑥 + 3y = 6  ①

 y = 2𝑥 + 5 ②

a) One student decided to solve the equations using the method of elimination. Explain why it would
have been more appropriate to use substitution to solve these equations.

b) Find the solution using the method of substitution.

Skill

Skill

Skill

Skill

2. elimination

Q6. Use the method of elimination to solve the following pairs of simultaneous equations.

a)  2𝑥 + y = 8  and   3𝑥 − y = 2

b)  3𝑥 + 2y = 9  and   4𝑥 − 2y = −2

c)  𝑥 + 4y = 3  and   𝑥 − 5y = −6

d)  4𝑥 − 3y = 6  and   6𝑥 − 3y = 12

Q7. Consider the following pair of simultaneous equations.

 2𝑥 − 2y = 10  ①

 4𝑥 + 3y = 6  ②

a) Solve the equations by eliminating  𝑥 first.

b) Solve the equations by eliminating  y  first.

Q8. Solve the following pairs of equations using the method of elimination.

a)  𝑥 + 3y = 11  and   7y − 2𝑥 = 4

b)  2𝑥 + 5y = 9  and   4𝑥 + 6y = 6

c)  3𝑥 − 4y = 20  and   𝑥 + 7y = −10 

d)  7𝑥 + 3y = 16  and   2𝑥 + 2y = 8

Skill

Skill

Skill
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Check your understanding

Q9. Monica and Niamh wanted to stock up on spreads, so they went together to the  
supermarket. Monica bought two jars of Vegemite and four jars of Nutella for $33, 
and  Niamh bought five jars of Vegemite and  three jars of Nutella for $40.50. 

This is shown in the equations below.

2V + 4N = 33 

5V + 3N = 40.5 

Use the method  of elimination to find  the cost of a jar of Vegemite and  a jar of Nutella. 

Skill

Joining it all together

Q10. For the following pairs of simultaneous equations, write whether the pair would best 
be solved using the method of substitution or elimination. 

note: You d o not need  to solve any of them.

a)  y + 2𝑥 = 3 and   𝑥 = 4 − 5y

b) 5y − 2𝑥 = 1 and   y = 3 − 𝑥

c)  2𝑥 − y = 4  and   𝑥 + y = 3

d)  𝑥 = 7 − 3y  and   𝑥 = 1 + 2y

e)  𝑥 − 4y = 2  and   3y − 𝑥 = −1

f) 7y − 2𝑥 = 5 and   3𝑥 + 4y = 11

Q11. Mary’s Marvellous Milkshakes sells milkshakes in two different sizes: small and large. 

Mary looked at her sales records from Monday and Tuesday this week. 

She found  that on Mond ay, she sold  10 small milkshakes and  12 large milkshakes 
and  received  a total of $73. On Tuesd ay, she sold  20 small milkshakes and  16 large 
milkshakes and received a total of $114. 

This information can be shown in the following pair of simultaneous equations.

Mond ay:  10s + 12l = 73 

Tuesd ay:  20s + 16l = 114 

a) Would  the method  of elimination or substitution be more appropriate in solving
these simultaneous equations? (1 mark)

b) Solve the equations using your chosen method  to find  the price of each
size milkshake. (2 marks)

Q12. Zeke is an avid  baker and  is currently working on perfecting his creme brulée recipe. 
His scales are broken at the moment so he is trying to figure out the weight of a cup 
of flour and  a cup of sugar using algebra. 

He knows that one cup of sugar weighs 40 grams less than two cups of flour, and  that 
the total weight of two cups of sugar and  five cups of flour is one kilogram.  
This information is shown in the equations below.

 s = 2f − 40 

2s + 5f = 1000 

Solve the equations using the most appropriate method  to find  the weights of a cup 
of flour and  a cup of sugar.

Skill
6 marks

Application
3 marks

Application
2 marks
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Questions from multiple lessons

Q13. Link wants to manage the amount of money that he spend s each week on hairspray. He begins with $150 
that he will spend  purely on hairspray over a 12-week period . Each week, he plans to spend  $12.50.

Let hn    be the amount of hairspray money Link has left after week  n.

A recurrence relation that can be used to model this situation is

a. h0   = 12.5   hn+1   = 150 − 12.5 

B. h0   = 12.5   hn+1   =  hn   − 150 

C. h0   = 150   hn+1   =  hn   − 12.5  hn

d. h0   = 150   hn+1   =  hn   − 12.5 

e. h0   = 150   hn+1   = 1 − 0.125  hn

VCAA 2014 Exam 1 Module 1: Number patterns Q4 – Adapted 

Q14. The transaction d etails for a loan established  at the start of November 2018 are shown in the table below.

The table is incomplete.

Date Details Loan Payment Balance

01.11.2018 Loan established $1000.00 $−1000.00

15.11.2018 Repayment $50.00 $−950.00

20.11.2018 Borrow $70.00 $−1020.00

21.11.2018 Repayment $120.00 $−900.00

25.11.2018 Borrow $180.00 $−1080.00

26.11.2018 Borrow $200.00 $−1280.00

29.11.2018 Repayment $540 $−740.00

30.11.2018 Interest $−745.33

Interest is calculated and paid monthly on the maximum accumulated debt for that month.

The annual rate of interest paid on this account is closest to

a. 5%

B. 0.04%

C. 4%

d. 1.25%

e. 1%
VCAA 2015 Exam 1 Module 4: Business-related mathematics Q6 – Adapted

Q15. Anita sells second hand t-shirts at a local market. The revenue, in dollars, that she makes from selling 
n  second hand t-shirts is given by

 revenue = 24n  

The cost, in dollars, of buying these second hand t-shirts, and cleaning them before sale, is given by

 cost = 15.5n + 14 

a) What is the selling price of Anita’s second  hand  t-shirts? (1 mark)

b) Anita sold  18 second  hand  t-shirts last Saturd ay. How much profit d id  she earn? Profit is calculated 
by subtracting cost from revenue. (1 mark)

VCAA 2017NH Exam 2 Module 4: Graphs and relations Q2 – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

Year 10
2 marks
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LESSON 1F

Practical linear equations
The key skills you will learn in this lesson are:

1. Solving simultaneous equations on CAS

2. Application of simultaneous equations

Vcaa key knowledge point:

“use of linear equations, including 
simultaneous linear equations in two 
variables, and their application to solve 
practical problems”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.18; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Solving simultaneous equations on CAS

We can algebraically solve simultaneous equations efficiently on CAS. One big ad vantage of using CAS is it can solve a 
system of simultaneous equations with more than two unknowns; this can be a lengthy process to do by hand. 

worked exAmple 14 (1 mark)

Use CAS to find  the values of  𝑥 and  y  that satisfy the following set of simultaneous equations.

 3𝑥 + y = 2  (1)  2𝑥 + y = − 7  (2)

SolUTIoN: TI-NSpIre

Step 1 Open a new page by pressing  +  and 
press 1 (‘Add Calculator’).

Step 2 Press , then press  (‘Algebra’), 
(‘Solve System of Equations’), and then press 

 (‘Solve System of Linear Equations’).  
A box will appear.

Step 3 Set the ‘Number of equations’ to 2 and  enter the 
variables as  𝑥,y. Press .

Step 4 Enter equation (1) into the top box provided.

Enter equation (2) into the box below.

Press .

Step 5 Read the answer. 

 𝑥 = 9 and   y = − 25 .

SolUTIoN: CASIo ClASSpAd

Step 6 From the menu, tap .

Step 7 Press the  button and then tap the 
simultaneous equations icon .

Step 8 Enter equation (1) into the top box. Enter 
equation (2) into the box below. 

Enter the variables  𝑥,  y  in the last box. 

Step 9 Press . The answer will appear.

 𝑥 = 9 and   y = −25 .
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2. Application of simultaneous equations

Simultaneous equations can be used to solve real-world problems with multiple unknowns. 

To solve a question using simultaneous equations, first id entify and  d efine the variables, set out the equations, 
and then solve.

worked exAmple 15 (2 marks)

Tickets for a Justin Bieber concert were $110 for A-reserve seats and  $85 for B-reserve seats. 

Annie and  her friend s bought 12 tickets and  spent a total of $1095. How many B-reserve tickets d id  they buy?

SolUTIoN

Step 1 Id entify and  d efine the variables. 

In this case, the variables are the number of the 
A-reserve and  B-reserve tickets bought.

Let  a  be the number of A-reserve tickets and  b
be the number of B-reserve tickets they bought.

Step 2 Convert the information given into two 
equations using the chosen variables.

The total number of tickets bought was 12, so 
the sum of the number of A-reserve tickets and 
the number of B-reserve tickets will be 12:

 a + b = 12  ①

The total amount spent was $1095 on  a $110
tickets and  b  $85 tickets:

110a + 85b = 1095  ②
✓ 1 mark for writing equations

Step 3 Solve the equations simultaneously to find  the 
values of  a  and  b.

 a = 3 ,  b = 9 

Step 4 Step 4. Write the answer.

Annie and  her friend s bought 9 
B-reserve tickets.
✓ 1 mark for writing answer

worked exAmple 16 (2 marks)

Seven years ago, Viola’s age was half of her brother Sebastian’s age. 

In three years’ time, Viola’s age will be three quarters of Sebastian’s age. 

What is her current age?

SolUTIoN

Step 1 Id entify and  d efine the variables. 

The variables are Viola and Sebastian’s 
current ages.

Let  v  be Viola’s current age and  s  be Sebastian’s 
current age.

Step 2 Convert the information given into two 
equations using the chosen variables.

Viola’s age seven years ago was half of 
Sebastian’s age seven years ago:

v − 7 =    1 __ 2 (s − 7 ) ①

Viola’s age in three years will be three quarters 
of Sebastian’s age in three years:

v + 3 =    3 _ 4 (s + 3 ) ②
✓ 1 mark for writing equations

Step 3 Solve the equations simultaneously to find  the 
values of  v  and  s.

The equations can be put directly into CAS in 
this form. To solve by hand, they would need to 
first be rearranged .

 v = 12 ,  s = 17 .

Step 4 Write the answer.

Viola is currently 12 years old .
✓ 1 mark for writing answer
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Questions 1F Practical linear equations

Refresher question

Q1. Let Stuart’s age be  s . Write an expression for the following:

a) Stuart’s age nine years from now.

b) Stuart’s age four years ago.

1. Solving simultaneous equations on CAS

Q2. Use CAS to solve the following pairs of simultaneous equations:

a)  4𝑥 − y = 16    and   2y − 3𝑥 = 3

b) 2y − 7 = 3𝑥 + 4 and   5𝑥 − y = 12

c) −7y + 8𝑥 = 52 and   2𝑥 = 5y

Q3. Use CAS to solve the following sets of simultaneous equations:

a)  10𝑥 − 3y = 3.3  and   y = 3𝑥 − 0.9

b)  3.5𝑥 = 10y + 5.65  and   7y + 0.4 = 2𝑥

Check your understanding

Q4. The perimeter of a rectangle is 60 cm. The length of the rectangle is four times the wid th. 
This information is shown in the equations below.

2l + 2w = 60 

 l = 4w 

Use CAS to find  the length and  wid th of the rectangle.

Skill

Skill

Application

2. Applications of simultaneous equations

Q5. Jason buys 3 notebooks and  4 pens for $11.60 and  Keiran buys 6 notebooks and  2 pens for $14.80.

Let  n  be the cost of a notebook and  p  be the cost of a pen. Represent this information in a pair of 
simultaneous equations.

Q6. A group went out for Daniel’s 10th birthd ay party. They first went bowling, and  then went to see a 
movie. The prices, in dollars, of bowling and movie tickets for children and adults are shown  
in the following equations.

Let  c  be the number of children and  a  be the number of adults.

Bowling:  12c + 16a = 156 

Movie: 11c + 15a = 144 

a) What is the price of an ad ult movie ticket?

b) What is the price of a child ren’s movie ticket?

c) How many child ren and  ad ults were in the group?

Skill

Skill
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Joining it all together

Q10. At McDonald ’s, it costs $1.50 to upgrad e from a small to a large cheeseburger meal. On Frid ay, 
McDonald ’s sold  130 small and  160 large cheeseburger meals for $1748.

a) Display this information as a pair of simultaneous equations.

b) What is the price of a small cheeseburger meal?

Q11. Michelle is making a stir-fry and  ad d s three carrots and  one head  of broccoli, weighing a total of 580 
grams. She also knows from prior experience that five carrots weigh 60 grams less than three head s  
of broccoli. What is the weight of one carrot?

Q12. Katya is 6 years younger than Ginger. In four years, her age will be four fifths of Ginger’s age. 

What is Katya’s current age?

Q13. Alex and Danni both work part-time as waitresses.

The number of hours they each worked on Monday and Tuesday this week along with the total 
amount they were both paid is shown in the table below.

Alex Danni Total amount paid

Monday 4 6 $168

Tuesday 7 3 $166.5

Show that Alex gets paid  $16.50 per hour.

Q14. The registration fee for a charity fun run is $24 for ad ults and  $16 for child ren. 345 people registered  
this year and  the charity received  $7280 in revenue.

How many ad ults participated ?

Skill
2 marks

Application
2 marks

Application
2 marks

Application
3 marks

Application
2 marks

Q7. Saskia was at a Vinnies op shop when there was a sale on. All skirts were $3.50 and  all tops were $2. 
Saskia spent $35 and  bought 13 pieces of clothing (all of which were either tops or skirts).

a) Represent this information in two simultaneous equations. Let  s  be the number of skirts Saskia
bought and  t  be the number of tops she bought.

b) How many tops d id  Saskia buy?

Q8. Amelia and India went to their favourite gourmet doughnut shop and stocked up on their two 
favourite flavours: cinnamon and  Oreo. Amelia bought four cinnamon d oughnuts and  two Oreo 
d oughnuts for $17.80. Ind ia bought six cinnamon d oughnuts and  nine Oreo d oughnuts (she was 
very hungry) for $48.90.

a) Write d own two simultaneous equations to present this information. Let  c  be the price of a
cinnamon doughnut and  o  be the price of an Oreo doughnut.

b) What is the price of an Oreo d oughnut?

Check your understanding 

Q9. Dana is six years old er than Ben. In two years’ time, her age will be one and  a half times Ben’s age. 

Show that Dana is currently 16 years old .

Skill

Skill

Application
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Q15. Five years ago, Ellie’s age was two thirds of Angelica’s age. 

In seven years, Ellie’s age will be five sixths of Angelica’s age. 

What is the age d ifference between Ellie and  Angelica?

Q16. A rectangle has a perimeter of 70 cm. 

The length of the rectangle is two and a half times the width. 

What is the area of the rectangle?

Application
3 marks

Application
3 marks

VCAA  question

Q17. The total playing time of three CDs and  four DVDs is 690 minutes.

The total playing time of five CDs and  seven DVDs is 1192 minutes.

All of the CDs have the same playing time as each other and all of the DVDs have the same playing time 
as each other.

Let  𝑥 be the playing time of a CD.

Let  y  be the playing time of a DVD.

The set of simultaneous linear equations that can be solved  to find  the playing time of a CD and  the 
playing time of a DVD is

A.  4𝑥 + 3y = 690 

 7𝑥 + 5y = 1192 

d.  3𝑥 + 4y = 1192 

 5𝑥 + 7y = 690 

B.  3𝑥 + 4y = 690 

 5𝑥 + 7y = 1192 

e.  4𝑥 + 3y = 1192 

 7𝑥 + 5y = 690 

C.  3𝑥 + 5y = 690 

 4𝑥 + 7y = 1192 

2009 VCAA Exam 1, Module 3: Graphs and relations. Q4 

1 mark

Questions from multiple lessons

Q18. A group of friends went shopping at Lush for bath products. 
● Isobel bought four bath bombs and one face mask for $44.00.
● Jackson bought two bath bombs and two face masks for $43.00.
● Klaudia bought three bath bombs and four face masks.

How much d id  Klaud ia spend  in total?

A. $72.00

B. $73.00

C. $78.50

d. $81.00

e. $86.00
VCAA 2017 Exam 1 Module 4: Graphs and relations Q6 – Adapted 

Difficulty:

1 mark



1F Practical linear equations 37

© Edrolo 2020

Q19. The histogram and boxplot shown below both display the distribution of the  time,  in second s, of 150 
TV advertisements.

Time (s)

Time (s)

0 10 20 30 40

%

5
10
15

20
25
30
35

15 20 25 30 35 40 45

The shape of the distribution of  time  for the advertisements is best described as

A. approximately symmetric with outliers.

B. perfectly symmetric with no outliers.

C. positively skewed with outliers.

d. approximately symmetric with no outliers.

e. negatively skewed with no outliers.
VCAA 2019NH Exam 1 Data analysis Q1 – Adapted

Q20. A local cinema charges $20 per ticket. 

They have to pay $60 a d ay to rent the venue and  spend  an average of $4 per ticket sold  to pay 
their employees. 

Let  n  be the number of tickets sold per day at the cinema.

a) Write an expression for the profit that the cinema will make in terms of  n  (1 mark)

The cinema wants to make at least $373 of profit per d ay.

b) Determine the minimum number of tickets they need  to sell per d ay. (1 mark)

VCAA 2013 Exam 2 Module 3: Graphs and relations Q3 a,b – Adapted 

Difficulty:

Year 10
1 mark

Difficulty:

2 marks



CHAPTER

2
Computation and practical 
arithmetic

AOS 2: Arithmetic and number



LESSON 2A 

Order of operations and directed numbers
The key skills you will learn in this lesson are:

1. Directed numbers

2. Order of operations

VCAA key knowledge point:

“review of computation: order of operations, 
directed numbers, scientific notation, 
estimation, exact and approximate answers, 
rounding correct to a given number of decimal 
places or significant figures”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Directed numbers

Directed numbers involve operations with negative numbers. 

Directed numbers are regular numbers (e.g. 1, 2, 3) with a direction attached 
(e.g. −1, −2, −3, +1, +2, +3). 

Positive and negative are opposite directions. 

Numbers with the same value but opposite direction are said to be opposites.  

For example, positive four is the opposite of negative four.  Adding them equals zero.

Positive and negative numbers can be added or subtracted. When this happens, first simplify the expression (see 
table). 

Notice that adding or subtracting negative numbers has the opposite effect to adding or subtracting the same positive 
number.

Signs Examples Operation

 + +   10 +  (+5) becomes 10 + 5 Addition

 − −   10 −  (−5) becomes 10 + 5 Addition

 + −   10 +  (−5) becomes 10 − 5 Subtraction

  10 −  (+5) becomes 10 − 5 Subtraction

dividing with negative numbers can affect the sign of the answer. This information can be seen in the 

Examples – multiplying Examples – dividing Answer

  10 ×  (+3) becomes  10 × 3   10 _______  (+3)  becomes  10____ 3  Positive

(  −10 )   ×  (−3) becomes  10 × 3   (−10)  ____________  (−3)   becomes  10____ 3  Positive

  10 ×  (−3) becomes  − 10 × 3   10 _______  (−3)  becomes  −  10____ 3  Negative

(  −10 )   ×  (+3) becomes  − 10 × 3   (  −10 ) _________  (+3)   becomes  −  10____ 3  Negative

2A Order Of OperAtiOns And direCted numbers 39
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workeD example 1 (2 marks)

a) Show +3 and −2 on a number line.

b) Evaluate   −2 + 7 −  (−3)

SolUTIoN

a) Show +3 and −2 on a number line.

Step 1 Draw a number line, ensuring there is space for 
+3 and −2 to be included. 

The number line can be drawn vertically 
or horizontally.

Step 2 Count up three units from zero to reach +3, and 
two units below zero to reach −2. Mark 
these points.

Positive 3

Negative 2

0

-1

-2

-3

-4

+1

+2

+3

+4

b) Evaluate   −2 + 7 −  (−3)

Step 1 Examine the expression.

This is negative two,
not a subtraction of two.
It’s a number, not an 
operation

This is a subtraction of 
negative three. Which is 
the same as an addition 

of positive three

This is an addition of seven.

Step 2 The   − (−3)     is simplified to  + 3 .

 = −2 + 7 + 3 

Step 3 The operations are performed.

 = 8 

2. order of operations

Applying operations in different orders can give different results. 

Example
Look at  3 × 5 + 2 

Doing the multiplication first, we get  15 + 2 .  Which gives an answer of  17. 

Doing the addition first, we get  3 × 7 , which leads to an answer of   21  .

It is important to know which operations to apply first. This can be remembered using the acronym BIDMAS, also 
known as BODMAS. The order of the letters in this acronym signifies the order operations should be completed in.

BIDMAS Order Meaning Example

Brackets First Perform operations inside 
brackets first

(  1 + 3 )   × 2 = 4 × 2  

Indices (Order) Second Perform squares or square 
roots

 2 +  3   2  = 2 + 9 

Division/Multiplication Third Perform division and/or multi-
plication

 3 + 5 × 2 = 3 + 10 

Addition/Subtraction Fourth Perform addition and/or sub-
traction

 9 + 3 = 12 
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Questions 2a Order of operations and directed numbers

workeD example 2 (2 marks)

Simplify the following:

a)   2 + 3 (42  − 12  )

b)  (  12 − 4 ) _____________
 (  5 × 2 − 6 )

SolUTIoN

a)   2 + 3 (42  − 12  )

Step 1 Start with the brackets first.  There is one set 
of brackets here, (42−12).  Within this set of 
brackets, we start the BIDMAS process again, 
at B. There are no brackets inside the brackets 
so we move to the next letter in BIDMAS, I, and 
calculate the squares and square roots.

  2 + 3 (42  − 12  )

  = 2 + 3 (  16 − 12  )

Step 2 Within the brackets there are no squares left, 
and no multiplication or division operations, 
so we progress to the AS letters, addition 
and subtraction.

  = 2 + 3 (4)

Step 3 The bracket has no operations in it, so we can 
expand it. The number 3 outside the bracket 
implies that 3 is being multiplied by whatever is 
inside the brackets, which in this case, is 4.

 = 2 + 12 

Step 4 The operations are performed.

 = 14 

b)  (  12 − 4 ) _____________
 (  5 × 2 − 6 )

Step 1 There are two sets of brackets.  There are no 
squares or square roots, so we do multiplication 
first, in this case the operation is in the 
denominator bracket.

   (12 − 4 ) _____________
 (5 × 2 − 6 ) 

=     (12 − 4 )__________
 (10 − 6 ) 

Step 2 There is no multiplication or division left so we 
do addition or subtraction, and then remove 
the brackets.

=  (8)____
 (4)

Step 3 The operations are performed, which leads to 
the answer.

= 8 __ 4

= 2
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Refresher question

Q1. Answer the following questions:

a) By counting the spaces between +3 and
−2 on the number line to the right find
the difference between these values.

b) Which of the following is the same as
5(6)?
●  56
●  5 + 6
●  5 × 6

Positive 3

Negative 2

0

-1

-2

-3

-4

+1

+2

+3

+4
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1. Directed numbers

Q2. Evaluate

a)   12 +  (+4)

b)   12 +  (−4)

Q3. Evaluate

a)   6 + 13 +  (−4)

b)   14 − 10 −  (−3)

c)   − 10 +  (−5)   −  (  −12 )

Check your understanding

Q4. Evaluate

  −12.6 −  (  −10.3 )   + 13.5 +  (  −2.1 )

Q5. Tom delivers newspapers every morning. Today Tom did the following:
	● Delivered ten newspapers on Flinders Street
	● Delivered six newspapers on Collins Street
	● Picked up 20 newspapers from the newsagent
	● Delivered 15 newspapers on Lonsdale Street.

When Tom returned home there were eight newspapers in his bag. 

How many did Tom start with?

Skill

Skill

Skill

Application

2. order of operations

Q6. Evaluate

a)  1 + 3 × 2 

c)   2 ×  (  3 + 1 )   − 5  

b) 2(10)

d)   2 + 6 (  3 + 1 )

Q7. Evaluate

a)  3 × 5 + 12 −   6 __ 2

b)  (  40 + 8 ) _____________  (  5 × 2 − 2 )

c)  (2 (10 − 5)  + 1)  + 13 × 2

Check your understanding

Q8. Omar never makes a mistake. On the last question of a maths test, Omar gets an answer of 23. Which 
of the following three expressions was Omar asked to simplify?

a. 
 (42  + 10 (32  − 8 ))_____________________ 22  + 9

B.  (  5 × 6 ) _________  (  7 − 4 )   + 5( 2   2  − 1) − 2  

C.   5(10 − 3)−    (3 × 22) __________ 2

Skill

Skill

Application



Q9. Maggie runs a fruit shop.  At the start of the day she has 70 plums in stock. Read the cartoon below. 
Does Maggie have enough plums to give her mum? Show your working.

Can i get two bags
of plums with 20

in each bag?

Hey, I’ve got a
delivery of 50 

plums for Maggie?

Can we please
have 15 plums

each? Can we please
have a dozen plums

each?

Maggie, I need you
to bring me home

a dozen plums!

9 am 11 am 1 pm

2 pm 4 pm 5 pm

Application

Joining it all together

Q10. Write an expression to accompany the visual representation of directed numbers below, and evaluate 
the expression.

+ – +×0
1

-1
-2
-3
-4
-5
-6

2
3
4
5
6

0
1

-1
-2
-3
-4
-5
-6

2
3
4
5
6

0
1

-1
-2
-3
-4
-5
-6

2
3
4
5
6

0
1

-1
-2
-3
-4
-5
-6

2
3
4
5
6

0
1

-1
-2
-3
-4
-5
-6

2
3
4
5
6

Q11. Evaluate the following expressions and find which one has the highest value.

a)   (  6 +  (  −3 )   )   × 2 + 5 −  (  −10 )   

b)  12 +  (−5)   × 2 −  (−3)

c)  (  50 −  (  −10 ))_______________________
 (  2 ×  (−3)   + 3 × 4 )

d) (−5)  ×  (−3)  +   4 __ 2   +  (−5)

Q12. Luis has $50. He spends $10.50 on lunch for himself, and then buys his three best friends a can of soft 
drink each from the canteen. At lunch Luis finds a watch in the schoolyard worth $200. After school he 
goes to the shops and gets refunded $24.99 for a shirt he returns to a store.

Afterwards, Luis meets up with two classmates to buy their friend a JB-Hifi voucher for $90 for his 
birthday. They split the cost evenly. While at the shops, he buys some flowers for his mum for $19.95. 
At the end he has $1.94 left. 

How much does a can of soft drink at the canteen cost?

Skill
2 marks

Skill
5 marks

Application
1 mark
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Questions from multiple lessons

Q13. Elizabeth and Ash are buying souvenirs from overseas for their friends and family in Australia. 
A particular store sells small and large fridge magnets. The equations below describe the amount of 
money Elizabeth and Ash each spent on fridge magnets, where  s  is the price of small fridge magnets 
and  l  is the price of large fridge magnets. 

Elizabeth:  3s + 4l = 21.80 

Ash:  6s + 3l = 24.60 

Use your calculator to draw a graph of the two lines and find the point of intersection. Use the point of 
intersection to determine the price of a small fridge magnet.

a. $2.40

B. $3.60

C. $3.80

D. $2.20

e. $2.60

Q14. The histogram below displays the distribution of  scores , out of 30, on a spelling test for 80 primary 
school students.

10

20

30

40

Pe
rc

en
ta

ge

Score
5 10 15 20 25 30

The number of students with a  score  between 10 and 15 is closest to

a. 36

B. 20

C. 25

D. 16

e. 15
VCAA 2019NH Exam 1 Data analysis Q2 – Adapted

Q15. Boston and Alana are renting games and movies from Blockbuster. Boston rents two games and seven 
movies for $46.40 while Alana rents four games and five movies for $49.60. Let  g  represent the cost of 
renting a game at Blockbuster and  m  represent the cost of renting a movie at Blockbuster.

a) Write down two simultaneous equations that represent this information. (2 marks)

b) Use your calculator to find the cost of a game rental at Blockbuster. (1 mark)

c) Lauren goes to Blockbuster and rents six games and three movies. How much money did she spend?
(1 mark)

Difficulty:

1 mark

Difficulty:

Year 10
1 mark

Difficulty:

4 marks
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LESSON 2B

Scientific notation
The key skills you will learn in this lesson are:

1. Converting to scientific notation

2. Converting from scientific notation

VCAA key knowledge point:

“review of computation: order of operations, 
directed numbers, scientific notation, 
estimation, exact and approximate answers, 
rounding correct to a given number of decimal 
places or significant figures”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016–2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

Scientific notation is a method used to make very small or very large numbers easier to work with. 
A number written in scientific notation is of the form;  𝑥 × 10   y   where  1 ≤ 𝑥 < 10 and y is an 
integer (a positive or negative whole number). Here, ‘10’ is known as the base, and ‘𝑦’ is known as
the exponent.

An example of a number written in scientific notation is  5 × 1 0   −2  . Here,  1 ≤ 5 < 10  and −2 is 
an integer.

Example

In   6 × 10   2  , 10 is the base and 2 is the exponent.

exponent
(or index, or power)

base

6 × 102

1. Converting to scientific notation

To convert a numeral to scientific notation we must do the following:

1. Place a decimal point after the first non zero digit.

2. Count the number of places the decimal point has moved from its original position.

This number becomes the exponent on the base 10.

3. Find whether the decimal point has moved to the left or right.

If it has moved to the left the exponent is positive. If it has moved to the right the exponent
is negative.

Thinking about scientific notation

For × 10
● the number on the exponent increases by one
● the decimal point moves to the right by one place

(another 0 appears at the end).

Expression Scientific notation Number

7 × 10 7 × 101 70

7 × 10 × 10 7 × 102 700

7 × 10 × 10 × 10 7 × 103 7000

7 × 10 × 10 × 10 × 10 7 × 104 70000

For ÷ 10
● the number on the exponent decrease by one
● the decimal point moves to the left by one place.

Expression Scientific notation Number

7 ÷ 10 7 × 10−1 0.7

7 ÷ 10 ÷ 10 7 × 10−2 0.07

7 ÷ 10 ÷ 10 ÷ 10 7 × 10−3 0.007

7 ÷ 10 ÷ 10 ÷ 10 ÷ 10 7 × 10−4 0.0007
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Refresher question

Q1. What is  1 0   −5 in numerals?

worked example 3 (1 mark)

Convert 946 000 to scientific notation.

SolUTIoN

Step 1 Write the number and put the decimal point 
after the first non-zero digit.

9.46000

Step 2 Find the direction and number of places that the 
decimal point moved.

9 . 4 6 0 0 0 . 5 places

It moved five places to the left.

Step 3 Write the answer excluding the trailing zeros (a 
sequence of zeros which have no other numbers 
after it).

 9.46 × 1 0   5

To check the answer multiply  9.46  by 
105  . The decimal point will move to the right 
by five places, giving 946 000. This matches the 
number in the question, so the answer 
is correct.

2. Converting from scientific notation

To convert from scientific notation to a numeral we must do the following:

1. Write the number excluding the ‘ × 1 0    y’

2. Move the decimal point according to the exponent of the base 10. The decimal point moves to
the right if the exponent is positive and moves to the left if the exponent is negative.

3. Include trailing zeros if the decimal point moves to the right and leading zeros if the decimal
point moves to the left.

worked example 4 (1 mark)

Convert  3.58 × 1 0   −4 to numerals.

SolUTIoN

Step 1 Write the number excluding the ‘ × 1 0    y ’

3.58

Step 2 As the exponent of 10 is −4, move the decimal 
point four places to the left. Include zeros as 
placeholders as you go.

Step 3 Write the answer, excluding the original 
decimal point.

0.000358

4 places0 . 0 0 0 3 . 5 8

Questions 2B Scientific notation

1. Converting to scientific notation

Q2. What is 200 expressed in scientific notation?
Skill
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Q3. Convert the following to scientific notation.

a) 32 815 b) 8 234 400 c) 0.000782 d) 0.000000038492

Check your understanding

Q4. Which of these is not written in scientific notation?

a.  5.8 × 1 0   −6 B.  0.9 × 1 0   3 C.  3.7823 × 1 0   2 d.  1.003 × 1 0   −8

Q5. The distance around an athletics track is 40000 cm. 

What is the distance, in centimetres, of half the track written in scientific notation?

Skill

Skill

Application

2. Converting from scientific notation

Q6. What is  9 × 1 0   −3 in numerals?

Q7. Convert the following to numerals.

a)  3.54 × 1 0   5 b)  4.92 × 1 0   −3 c)  8.7408 × 1 0   −5

Check your understanding

Q8. Which number is the smallest?

a.  5.834 × 1 0   0 B.  2.31 × 1 0   3 C.  4.234 × 1 0   −7 d.  1.6 × 1 0   −5

Q9. A giraffe is  5.283706 × 1 0   3 mm tall.

What is its height in millimetres written in numerals?

Skill

Skill

Skill

Application

Joining it all together

Q10. The radius of a tennis ball is 0.033 metres. 

What is its radius in kilometres written in scientific notation?

Q11. A student makes a mistake when converting 0.0000000027 to scientific notation and gets an answer 
of  2.7 × 1 0   −8.

What should the answer actually be?

Q12. Which number is not correctly converted to scientific notation?

Numerals Scientific notation

a. 0.000000739  7.39 × 1 0   −7

B. 4.673  4.673 × 1 0   0

C. 2 749 800  2.7498 × 1 0   6

d. 348.940000  3.4894 × 1 0   −2

Application
2 marks

Application
1 mark

Skill
1 mark
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Questions from multiple lessons

Q13. The following table of values is governed by the equation  y = −2𝑥 − 18.

𝑥𝑥    −2 3  b 5 1

𝑦𝑦  −14  a −12 −28  c 

What are the values of  a, b  and  c?

a.  a = −12, b = −3, c = −24

B.  a = −24, b = −12, c = −3

C. a = −24, b = −3, c = −20

d. a = −20, b = −12, c = −3

e.  a = −12, b = −24, c = −20

Q14. The cost of a VPN subscription is $60.00 per year plus GST. 

The cost of a VPN subscription for three years, including GST, is

a. $180.00

B. $186.00

C. $198.00

d. $240.00

e. $264.00
VCAA 2014 Exam 1 Recursion and financial modelling Q4 – Adapted

Q15. Riley is travelling around Central America. She is spending exactly $170 per day. At the start of her trip, 
she has $7100 in her bank account. 

a) Define a recurrence relation, using   Bn, Bn−1 and B0   , that represents the daily balance of Riley’s
bank account. (1 mark)

b) Use a table of values to show that Riley has $5910 in her bank account after one week. (1 mark)

Difficulty:

Year 10
1 mark

Difficulty:

1 mark

Difficulty:

2 marks
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LESSON 2C

Estimation, types of answers and rounding
The key skills you will learn in this lesson are:

1. Rounding

2. Significant figures

3. Estimation

VCAA key knowledge points:

“review of computation: order of operations, 
directed numbers, scientific notation, 
estimation, exact and approximate answers, 
rounding correct to a given number of decimal 
places or significant figures”

“efficient mental and by-hand estimation and 
computation in relevant contexts”

“effective use of technology for computation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016–2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Rounding

Rounding is writing a number in a shorter form that is an estimate of the actual number.

This means that rounding a number decreases its accuracy.

Rounding makes numbers easier to read, or makes calculations simpler.

Rules for rounding:

● if the digit being rounded is between 1–4, round it down.
● if the digit being rounded is between 5–9, round it up.
Examples

By rounding to three decimal places:

One third, written as 0.3333333… becomes 0.333

Pi, written as 3.1415926535…, becomes 3.142

woRked example 5 (2 marks)

a) Round 4.6 to the nearest whole number.

b) Round 62 to the nearest ten.

SolUTIoN

a) Round 4.6 to the nearest whole number.

Step 1 Consider the nearest whole numbers to 4.6. 
They are 4 and 5.

Step 2 Look at which one is closer to 4.6. The number 5 
is closer to 4.6 (compared to 4).

Therefore, 4.6 rounded to the nearest whole 
number is 5.

b) Round 62 to the nearest ten.

Step 1 Work out which multiples of ten are either side 
of 62. In this case, it is 60 and 70.

Step 2 Decide which of 60 and 70 is closer to 62.

60 is closer to 62.

Therefore 62 rounded to the nearest ten is equal 
to 60.
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2. Significant figures

A significant figure is a digit in a number that contributes to the value of the number with 
certainty. In other words, this digit was originally part of the number, and isn’t the result 
of rounding.

Rules for finding significant figures:

● The first significant figure is always the first non-zero digit, looking from left to right.
● All non-zero digits are significant.
● All zeros in between significant figures are significant.
● All zeros after a decimal point that are on the right side of a significant figure are significant.
● All other zeros are not significant.
Example

In the following examples, red digits are significant, and blue digits are not.

153 Each digit is non-zero, so 153 has three significant figures.

100 The two zeros in 100 are not significant. Therefore, only the 1 is significant.

1070 The 1 and the 7 are significant. The first 0 is between the 1 and the 7, 
so is significant.
The zero on the right is not significant.

0.00470 The 4 and the 7 are significant. The zero on the right is after a decimal point and to
the right of significant digits, therefore is significant.

The other zeros are not significant.

woRked example 6 (2 marks)

Find the number of significant figures in the following numbers.

a) 1030

b) 016.040

SolUTIoN

a) 1030

Step 1 For 1030

The non-zero digits are 1 and 3. These are 
significant.

Step 2 Determine which zeros are significant.

One zero is between two non-zero numbers, 
therefore it is significant . The significant figures 
are 1, 0 and 3, as shown here:

1030
Therefore, 1030 has three significant figures.

b) 016.040

Step 1 Examine the number: 016.040

There is a zero before the first non-zero digit 
before the decimal place, we can remove it.

We are left with 16.040

Step 2 The non-zero digits are 1, 6 and 4. These 
are significant.

Step 3 Determine which zeros are significant.

The zeros at the end of the number is significant 
because it is after the decimal place.

One zero is between two non-zero numbers, 
therefore it is significant .

The significant figures are 1, 6, 0, 4 and 0, as 
shown here:

16.040
Therefore, 16.040 has five significant figures.
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3. estimation

Estimation is using rounding to make a calculation simpler, at the expense of accuracy.

Estimation can be used to quickly check if an answer looks correct, or if a rough answer is needed.

An estimation is an approximation of the exact value.

woRked example 7 (1 mark)

Estimate the area of a rectangular swimming pool of dimensions 7.8 metres and 14.2 metres.

SolUTIoN

Step 1 Decide an appropriate amount to round the 
numbers.

Here, rounding to the nearest whole number 
seems appropriate.

Step 2 Round the numbers to the nearest whole 
number.

7.8 becomes 8

14.2 becomes 14

Step 3 Calculate the area using  Area = length × width.

 7.8 × 14.2 

 ≈ 8 × 14 

 ≈ 112  m   2

note: the ‘approximately equal’ sign,  ≈ , is used.

Step 4 Interpret the result.

The area of the pool is approximately  112  m   2.

Refresher question

Q1. How many decimal places does the number 8.125 have?

1. Rounding

Q2. a) Round 3.7 to the nearest whole number.

b) Which of the following is equal to 343 rounded to the nearest ten? 340 or 350.

c) Which of the following is equal to 2.835 rounded to two decimal places? 2.83 or 2.84.

Q3. a) Round 182.341 to two decimal places.

b) Round 8,256 to the nearest hundred.

c) Round 3.0068 to two decimal places.

Check your understanding

Q4. Natalia lives 2.7 kilometres from school, and walks to school and back every day.

How far does Natalia walk along this route every day?

Round your final answer to the nearest kilometre.

Q5. A butcher rounds meat to the nearest hundred grams and sells it at that price.

If the scale reads 0.652 kg and the meat is $8 per kg, how much will the customer have to pay?

Skill

Skill

Application

Application
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2. Significant figures

Q6. How many significant figures are in the following number?

25

Q7. How many significant figures are in the following numbers?

a) 103.2

b) 2580

c) 0.0105

Check your understanding

Q8. Which of these does not have exactly three significant figures?

a. 10 500 B. 0.0236

C. 20.50 d. 37.0

Q9. Ms. Tao asked four of her students to write one number each that had the same amount of significant 
figures as the number of letters in their name.

Which students were right? (More than one student got it right).

Jake: 4030, Emily: 2.0155, An: 65 000, Annabelle: 4.0010013

Skill

Skill

Skill

Application

3. estimation

Q10. Estimate the cost to buy two pens at 2.05 each.

Use rounding to the nearest whole number.

Q11. a) Estimate the area of a desk with dimensions 1.8 × 3.1 metres.

b) Estimate the total amount of time required to paint the walls of a square room if
it took 3.9 hours for the first wall.

c) Estimate the weight of 5 bottles if one weighs 495 grams.

Check your understanding

Q12. Three friends are stuck on a deserted island. The only thing to eat there is coconuts. If there are 89 
coconuts, estimate how long they can survive, if they must eat three each per day.

Q13. There are 32 minutes left in class, and Aarav still has 9 questions left to complete. If he doesn’t finish 
them in time, the teacher will give him lots of homework. Roughly estimate how much time Aarav has 
per question left if he wants to have no homework.

Skill

Skill

Application

Application

Joining it all together

Q14. Estimate the answer to the following expressions. Then calculate the answer and round to three 
significant figures. Find the difference between the estimations and the answers.

a)  3.9 × 11.1

b)  22 × 49

c)  0.48 × 6.04

Skill
3 marks
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Q15. Elena is buying a cake for her best friend’s birthday to eat with their classmates in maths class, but 
she’s worried most cakes will be too small. She knows the cake needs an area of at least 600 cm2.

A diagram of the three cakes at the cake shop is below.

26
 c

m

24 cm

Cake BCake A
32

 c
m

17 cm
43

 c
m

12 cm

Cake C

a) Without doing any calculations, guess which one has the biggest area.

b) Use rounding, to the nearest five centimetres, to estimate an approximate area for each cake.

c) Calculate the actual area of each cake.

d) Was your guess from a) correct?

e) Which cakes are big enough to feed the class?

Q16. Ruby, Ethan and Ishara are trying to estimate the area of their school.

The school grounds are a rectangle with dimensions 207.85 m by 322.37 m, and there 
are 400 students.

Here are their results:
Name Ruby Ethan Ishara

Estimate 
(m2)

67,200 60,000 66,976

Before calculating the estimated area, the students performed the following rounding 
of the dimensions:
● One student used rounding to the nearest metre.
● One student used rounding to the nearest 10 metres.
● One student used rounding to the nearest 100 metres.
a) Who used which method?

b) Which methods estimated higher than the actual answer, and which methods
estimated lower?

c) Who got closest to the actual answer?

d) Estimate the area of your school.

Application
5 marks

Application
4 marks
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Questions from multiple lessons

Q17. Which of the following expressions has a value of 1?

a.  (  −10 )   ×  (−4) __________________ 8    + (−2)2

B.   6 (  4 − 3  )2 __________________________
 (  8 − 6 )(  7 +  (−2)   × 5 ) 

C. 3 ( (  9 − 2 )   +  (−6))  +  (−7)   × 2

d. 9 −  (−3) ____________ 4    −   1 __ 2(11 +  (−7) ) 

e.   (−3)   ×  (  5 −  (−1))_______________________  (  4 − 1  )2  

Q18. Lachlan is working on his fitness so he went for nine runs last week. The total distance he ran was 
42.3 km. The mean distance of these runs is

a. 4.23 km

B. 4.67 km

C. 4.7 km

d. 4.8 km

e. 4.92 km
VCAA 2019NH Exam 1 Data Analysis Q3 – Adapted

Q19. Rafael is asked to evaluate the expression    
− (

3 __ 4   + 12 )   × 4_________________ 21 − 38

a) Rafael’s working out is shown below. Which line does the first mistake appear on? (1 mark)

Line 1:   
−(3 __ 4   + 12) × 4 ___ 21 − 38     =   

−(3 __ 4   + 48 __ 4   ) × 4 _____________ −17    

Line 2: =   
−(51 __ 4   ) × 4 

 ___ −17    

Line 3: =   51  ___ −17   

 Line 4:    =  −3 

b) Evaluate the expression correctly. (1 mark)

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
2 marks
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LESSON 2D

Magnitude
The key skills you will learn in this lesson are:

1. Order of magnitude

2. Logarithms

3. Logarithmic scale

VCAA key knowledge point:

“orders of magnitude, units of measure that 
range over multiple orders of magnitude and 
their use and interpretation, and the use and 
interpretation of log to base 10 scales, such as 
the Richter scale”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016–2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Order of magnitude

Orders of magnitude are used to describe the approximate size of a number. They relate to the 
powers of ten, such as  1 0   1 102   and  1 0   3  . The order of magnitude of a number is given by the 
exponent on the base 10, after the number has been converted to scientific notation.

Example

 5.79 × 1 0   5   has an order of magnitude of 5.

When comparing the order of magnitude of two values:

● A difference of one in the order of magnitude means that one value is  1 0   1  = 10  times larger than the other.
● A difference of two in the order of magnitude means that one value is  1 0   2  = 100  times  larger than the other.

wOrked example 8 (1 mark)

The length of an ant is 0.6 cm and the length of a front yard is 600 cm. 

How many orders of magnitude do these two lengths differ by?

SOlUTION

Step 1 Find how many times larger 600 cm is than 0.6 cm.
600 _____ 0.6   = 1000 

Step 2 Express this as an exponent with base 10.

 1000 = 1 0   3

Step 3 Write out the answer using the exponent on the base 10.

The two lengths differ by 3 orders of magnitude.

2. logarithms

Logarithms, commonly referred to as logs, are a mathematical operation. 
Each logarithm has a base, an argument, and an exponent.

This topic focuses on logs with a base of 10. This is given by the formula

log 10(𝑥)  = y   where  𝑥 = 10  y.

When we are given  y  and asked to find  𝑥, we can find  𝑥 by raising 10 to the
power of the value,  y.

Often logarithms of base 10 are expressed without the subscript 10. For 
example,   log (100)   = 2  . Sometimes the logarithm of a number is not a whole 
number and cannot be solved by hand so a calculator may be used.

note: Logarithms can have bases other than 10 but these are not covered in 
this subject.

argument

base
exponent

logb(x) = y

by = x
then…

If…
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wOrked example 9 (1 mark)

What is  log  10(0.0001)?

SOlUTION

Step 1 Convert 0.0001 so it is in the form  1 0   y.

10−4

Step 2 Find the value of  y  (the power). This is the answer.

−4

3. logarithmic scale

Logarithmic scales are scales which use logarithms of base 10 to plot data which has a large range.

Two examples of logarithmic scales are:
● the Richter scale.
● the pH scale.
The Richter scale measures the amplitudes of earthquakes, which are often very large, and 
converts them to smaller numbers using the base 10 logarithm. This is done by finding the value of 
lo g  10(amplitude of earthquake )    , known as the magnitude of the earthquake.

The pH scale ranges from 0 to 14 and measures how acidic or how alkaline a solution is. A solution 
with a pH of 7 is considered to be neutral. Anything that has a pH of less than 7 is acidic whereas 
anything that has a pH of more than 7 is alkaline. As the pH scale uses a base 10 logarithmic scale, 
an increase by 1 in pH means a solution is 10 times as alkaline, and a decrease by one in pH means 
a solution is 10 times as acidic.

AlkalineNeutralAcidic

The pH scale

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

wOrked example 10 (1 mark)

How many times larger is an earthquake of magnitude 8.5 on the Richter Scale compared to an 
earthquake of magnitude 3.2? Write your answer correct to the nearest whole number.

SOlUTION

Step 1 Find the amplitude of an earthquake of magnitude 8.5 on the Richter Scale.

108.5  = 316 227 766.02 

Step 2 Find the amplitude of an earthquake of magnitude 3.2 on the Richter Scale.

103.2  = 1585.89 

Step 3 Divide the amplitude of an earthquake of magnitude 8.5 on the Richter Scale by the amplitude of an 
earthquake of magnitude 3.2 on the Richter Scale.
316 227 766.016…_____________________

1585.893…   = 199 526.23 

Step 4 Write out the answer correct to the nearest whole number.

An earthquake of magnitude 8.5 on the Richter Scale is 199 526 times larger than an 
earthquake of magnitude 3.2 on the Richter Scale.
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Refresher questions

Q1. How many times larger is 3000 than 30?

Q2. Use your calculator to find the value of  log  10(10 000).

Questions 2d Magnitude

1. Order of magnitude

Q3. What is the order of magnitude of the following numbers?

a)  4367 = 4.367 × 1 0   3 b)  0.04367 = 4.367 × 1 0   −2

Q4. How many orders of magnitude do these following values differ by?

a) 780 and 78 000 000 b) 0.1 and 0.001 c) 0.0024 and 24 000

Check your understanding

Q5. The diameter of the earth is 13 000 000 m. Find the order of magnitude of the earth’s diameter by first 
converting to scientific notation.

Q6. The difference in the order of magnitude of the height of Mount Everest and the 
height of an ant hill is 5. 

The height of Mount Everest is 9000 m. The height of the ant hill =  9 ×  10   𝑥 cm.

a) Fill out this table

b) What is the value of  𝑥?

Skill

Skill

Application

Application

Height (m) Height (cm) Height (cm) in scientific 
notation

Order of magnitude

Mount Everest  9000 

Ant hill  9 × 1 0   𝑥  

2. logarithms

Q7. Use your calculator to find the value of  log  10   (36 250) correct to two decimal places.

Q8. Without using your calculator answer the following:

a) What is  log  10(1000)? b) What is  log  10(1)? c) What is  log  10(0.00001)?

Check your understanding

Q9. Use   log  10(𝑥)  = y   and  𝑥 = 10  y   to fill in the boxes for the following values and find the value of  𝑥.

a)  𝑥 = ? and  y = −2.4  b)  𝑥 = ? and  y = 0.006545 

Skill

Skill

Skill
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3. logarithmic scale

Q10. How many times more acidic is orange juice than water if water has a pH of 7 and 
orange juice has a pH of 3?

Q11. The table below shows the  log  10   (weight) values of a number of different animals.

Weight is in kg.

Animal log10(weight)

Blue Whale 5.3

African elephant 3.7

Moose 2.9

Crocodile 3

Dolphin 2

Orangutan 1.8

Gorilla 2.3

Humming bird −2.7

Pygmy rabbit −0.4

Cat 0.6

What are the actual weights of these animals in kilograms? Write your answers to 
two decimal places where necessary.

a) Dolphin

b) Pygmy rabbit

c) Blue whale

Check your understanding

Q12. An unknown solution is 1000 times more alkaline than coffee, which has a pH of 5.

Which of the following solutions is it most likely to be?

note: A high pH indicates a solution is alkaline. A low pH indicates a solution is acidic.

a. Tomato juice (pH of 4)

B. Seawater (pH of 8)

C. Lemon juice (pH of 2)

d. Soapy water (pH of 12)

Q13. An earthquake in Japan was 2000 times stronger than an earthquake the same 
day in Australia. If the one in Australia had a magnitude of 4.3 on the Richter scale, 
what was the magnitude of the one in Japan? Give your answer in terms of the 
Richter scale, correct to one decimal place.

Application

Application

Application

Application
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Joining it all together

Q14. If   lo g  10(𝑥)  = 0.435  , which of the following expressions is equal to  𝑥?

a. −0.362

B. log(0.435) 

C. 100.435

d.  0.43 5   10

Q15. Which of the values below have the biggest difference in their orders of magnitudes?

a. 50 cm and 500 km

B. 7.2 cm and 7200 m

C. 8 mm and 8000 m

d. 0.023 g and 230 kg

Q16. Without using a calculator, find which of the following statements is not true.

a. log(1) > log(0.487)

B. log(63) > log(0.097)

C. log(0.42) < log(0.33)

d. log(3.8) < log(50)

Q17. 

a) Use the graph above to find the difference in population between China and Australia. (2 marks)

b) There is a mistake on the graph. The population of Fiji is shown as ten times more than it should be. 
What should the actual value on the graph have been? (1 mark)

Q18. Two students are drawing a map of their school. They measured the length of their oval to be 120 m.

The length of the piece of paper they are drawing their map on is 30 cm.

How should they scale the length of the oval to ensure it fits on the piece of paper?

a. Increase by an order of magnitude of 1

B. Increase by an order of magnitude of 3

C. Decrease by an order of magnitude of 3

d. Decrease by an order of magnitude of 1

Skill
1 mark

Skill
1 mark

Skill
1 mark

Application
3 marks

Country

1

2

3

4

5

6

7

8

9

10

lo
g 10

(p
op

ul
at

io
n)

Australia France China Japan Samoa India Fiji

7.4 
7.8 

9.1 

8.1 

5.3 

9.1 

7.0 

Application
1 mark
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Questions from multiple lessons

Q19. At a berry picking farm, the price of strawberries is determined by rounding the weight of the fruit 
to the nearest ten grams and multiplying by the price per gram. If Dave picks 416 grams worth of 
strawberries, and the price of strawberries is $0.011 per gram, how much does Dave pay?

a. $4.62

B. $4.58

C. $4.51

d. $4.57

e. $4.16

Q20. The following dot plot shows the number of people in 29 different running groups.

Number of people
6 7 8 9 10 11 12 13 14 15

The median number of people is

a. 10.5

B. 11

C. 11.5

d. 12

e. 12.5
VCAA 2019NH Exam 1 Data Analysis Q4 – Adapted

Q21. A water bottle contains 0.00327 litres of liquid.

a) What is 0.00327 converted to scientific notation? (1 mark)

b) If  1.893 × 1 0   2   millilitres of water is added to the bottle, how much liquid does the bottle now
contain? Give your answer in millilitres. (1 mark)

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
2 marks
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LESSON 2E

Percentages and percentage change
The key skills you will learn in this lesson are:

1. Convert to a percentage

2. Convert from a percentage

3. Using percentages

4. Percentage change

VCAA key knowledge point:

“use of ratios and proportions, and 
percentages and percentage change to solve 
practical problems”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016–2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Convert to a percentage

Percentages are another type of fraction. More precisely, 
they are a fraction of 100, which has been multiplied 
by 100.

Fractions and decimals can be converted to percentages 
by multiplying them by 100 and simplifying the result.

Example:

fraction

multiply by 100

percentage

24%
24

100
24

100 × 100 = 24

worked example 11 (1 mark)

A bottle of water is three eighths full.  Express this as a percentage.

SolUTIoN

Step 1 Write the fraction or decimal.
3 __ 8

Step 2 Multiply it by 100.
3 __ 8   × 100 

Step 3 Simplify.
300 _____ 8

= 75____
2

 = 37.5 

Step 4 Interpret the number. 

The bottle of water is 37.5% full.

2. Convert from a percentage

Converting percentages back to fractions or decimals is 
done by dividing the percentage by 100 and simplifying.

Example:

2
540%

percentage

divide by 100

fraction

40 ÷ 100 = 2
5

worked example 12 (2 marks)

a) Express 22.5% as a decimal. b) Convert 65% to a fraction.
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SolUTIoN

a) Express 22.5% as a decimal.

Step 1 Write the percentage.

 22.5% 

Step 2 Divide it by 100.

When converting to a decimal move the decimal 
place two spots left.

If there is no decimal place assume it is to the 
right of the number.

2 2 . 5

So  22.5% = 0.225 

b) Convert 65% to a fraction.

Step 1 Write the percentage.

 65% 

Step 2 Divide it by 100. 

To convert to a fraction, write the percentage 
number with ‘100’ written as a denominator.
65 _____ 100

Step 3 Simplify where possible.

= 13____
20

So  65% =   13____
20

3. Using percentages

Percentages can be used to express a fraction of a larger quantity.  

This comes up in daily conversation as: “Soft drink is 9.6% sugar”, “My phone only has 12% 
battery” or “70% of Australia is classified as desert”.

worked example 13 (1 mark)

If a loaf of garlic bread has 12 slices, and Annie ate 25% of the loaf, how many slices did she eat?

SolUTIoN

Step 1 Write the percentage as a decimal or a fraction.
25 _____ 100

Step 2 Multiply this with the full amount.
25 _____ 100   × 12 

Step 3 Simplify.

= 300_____
100

 = 3 

Step 4 Interpret the number.

Annie ate three slices.

4. percentage change

Percentages can also be used to express a change in the difference between two values. An investor 
might say “The value of my stocks rose 3% today”, and a researcher might say “82% more Aussie 
children play rugby league than rugby union”.

Percentage change can be thought of as change compared to the original value.

 Percentage change =   
Difference
 ________________

Original value  × 100

Although percentage change can be negative, it is normally written in a sentence as positive and 
next to a word that indicates direction. For example, ‘The value of my car decreased 30%’.

worked example 14 (1 mark)

Zahra is 1.72 m tall. Yvonne is 1.54 m tall. What percent taller is Zahra than Yvonne?
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SolUTIoN

Step 1 Calculate the difference.

 1.7 2  − 1.54 

 = 0.18 

Step 2 Choose which value to compare to the other. 

We need to compare Zahra’s height to 
Yvonne’s height.

This means Yvonne’s height becomes the 
‘original value’.

Step 3 Substitute these values into the equation 
and solve.

 Percentage change = 0.18 ______ 1.54   × 100 

 = 11.69% 

Step 4 Interpret the value.

Zahra is 11.69% taller than Yvonne.

Questions 2e Percentages and percentage change

Refresher question

Q1. Can percentages be more than 100?

1. Convert to a percentage

Q2. What is    1 __ 
2

    expressed as a percentage? Choose one of the following answers.

a. 55%

B. 70%

C. 50%

d. 45%

Q3. a) What is    4 __ 
5

    as a percentage?

b) What is 0.32 as a percentage?

c) What is    1 ____ 
15

    as a percentage? Express your answer to two decimal places.

Check your understanding

Q4. Bert says his water bottle is two fifths full.

Express this as a percentage.

Q5. Sam has completed six elevenths of their homework. Charlie has completed four sevenths of 
their homework.

a) Convert both of these fractions to percentages, rounded to two decimal places.

b) Who is further ahead?

Skill

Skill

Application

Application

2. Convert from a percentage

Q6. What is 30% expressed as a fraction?

a.  3 __ 5  B.  3 ____
12  C.  10 ____ 3   d. 3____

10
Skill
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Q7. a) What is 79% expressed as a decimal?

b) What is 35% expressed as a fraction?

c) What is 62.5% expressed as a fraction?

Check your understanding

Q8. Out of a circular block of cheese, there are two pieces left. One is 24% of the original size, and the 
other is 11% of the original size. How much cheese is left in total? Express as a fraction.

Q9. In a class, students were asked which subjects they liked out of: history, chemistry, woodwork and 
English. The results were:

History Chemistry Woodwork English

26% of students ✓ ✓

31% of students ✓ ✓

15% of students ✓ ✓

18% of students ✓

?% of students ✓

a) What percentage of students only like English?

b) What amount of the students like history? Express as a fraction.

Skill

Application

Application

3. Using percentages

Q10. If a block of chocolate has 30 pieces, how many pieces are there in 60% of the chocolate?

a. 18 B. 14 C. 20 d. 6

Q11. a) What is 35% of 260?

b) What is 2% of 15?

c) What is 99% of 103?

Check your understanding

Q12. Cormac has read 12% of a book with 425 pages.

How many pages has Cormac read so far?

Q13. Barbara has drunk 73% of a 2.5 L water bottle.

How much water is left, in mL?

Skill

Skill

Application

Application

4. percentage change

Q14. What is the difference between 5.32 and 3.87?

a. 1.35 B. 1.45 C. 1.85 d. 1.25Skill
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Q15. For the following calculate the percentage change, correct to two decimal places. Write your answer as 
a sentence.

a) From 12.3 to 14.8.

b) From 218 to 134.

c) From 0.34 to 0.37.

Check your understanding

Q16. Calculate the percentage change, correct to two decimal places, between 0.76 and 3.25.

Write your answer as a sentence.

Q17. Amelia’s phone is almost flat, on 18%. She charges it up for an hour, and it increases by 230%.

What is the current battery status of the phone?

Skill

Skill

Application

Joining it all together

Q18. Goran is assembling a flagpole. It comes in three pieces, a pole, a flag-holder, and a cap on the top, 
that are connected end-to-end.

The pole is 9 metres long, the flag-holder is 80 cm long, and the metal cap at the top is 25 mm tall.

Assuming there is no overlap between parts when connected, express each part as a percentage of the 
total height, to two decimal places.

Q19. A bucket is placed under a leak in the ceiling of a house while the owner goes on holiday.

It has a volume of 25 L. Currently it is one quarter full.  One day there is a thunderstorm, and it fills up 
by 12 L.

The next day it rains again, and the bucket fills up an extra 10% of its total capacity. On the third day 
there is no rain, but on the fourth day 5000 mL of rain drips through the crack.

At the end of the fourth day, has the bucket overflowed yet?

Q20. When examining the rates of Australian children participating in different sports, the Australian Sports 
Commission found the information in the table below.

a) If there are 1 200 000 5–8-year-olds in Australia, how many 5–8-year-olds do swimming?

b) If there are 920 000 12–14-year-olds in Australia, how many 12–14-year-olds don’t do swimming?

c) There are 510 000 0–4-year-olds who do swimming. How many more 5–8-year-olds do swimming
than 0–4-year-olds?

d) Express your answer from part c) as a percentage of the number of 0–4-year-olds who do swimming.
State your answer as a sentence, with numbers rounded to two decimal places.

Age group Percentage of children who swim

0–4 33.7%

5–8 43.6%

9–11 30.8%

12–14 29.0%

Application
3 marks

Application
2 marks

Application
4 marks
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Questions from multiple lessons

Q21. Clem needs 0.00076 kg of aluminium hydroxide for a science experiment. Convert this weight to 
scientific notation.

a.  76 × 1 0   5 kg

B.  76 × 1 0   −5 kg

C.  7.6 × 1 0   4 kg

d.  7.6 × 1 0   −4 kg

e.  −5 × 1 0   7.6 kg

Q22. The graph shows the value of an investment over a period of five years.

Va
lu

e 
($

00
0’

s)

Year

255

260

265

270

275

280

1 2 3 4 5
250

0

A different account was opened under the same growth conditions as the initial one but for 10 years. 

After 10 years, this investment has grown by $30 000.

The initial amount invested in this account is

a. $306 000

B. $360 000

C. $294 000

d. $125 000

e. $250 000
VCAA 2013 Exam 1 Module 4: Business-related mathematics Q7 – Adapted

Q23. While Dylan is on holiday in Japan, two earthquakes occur. The first measures 3.4 on the Richter scale 
and the second measures 2.7 on the Richter scale. Note that the Richter scale is a logarithmic scale.

a) How many times stronger was the first earthquake than the second? Give your answer correct to one
decimal place. (1 mark)

b) What is the order of magnitude of the difference between the strengths of the two earthquakes? (1 mark)

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

Year 10
2 marks
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LESSON 2F

Ratios and proportions
The key skills you will learn in this lesson are:

1. Ratios

2. Proportions

VCAA key knowledge point:

“use of ratios and proportions, and 
percentages and percentage change to solve 
practical problems”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Ratios

A ratio is a way to compare two or more quantities to each other. Ratios are often used in cooking, 
to communicate how much of one ingredient is used compared to another.

The order is important in ratios. The ratio 1 : 2 is different to 2 : 1. The units being compared can 
be different, but each unit must be stated.

Example

‘The ratio of oranges to bananas is 2 : 3.’ ‘The enemy outnumbers us two to one.’

‘Add three parts of sugar for each part of water.’ ‘For every gram of meat produced 20 L 
of water is used.’

200 g 4000 L

woRked example 15 (2 marks)

a) Calculate the ratio of teachers to students if there are 15 teachers in the school and
375 students.

b) A recipe for a cake uses 100 g of flour, 50 g of sugar and 200 mL of water. Write this as a ratio.
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SolUTIoN

a) Calculate the ratio of teachers to students if there
are 15 teachers in the school and 375 students.

Step 1 Set up the ratio. Here we’ll use:

teachers : students

Step 2 Fill in the numbers for each quantity into 
the ratio.

teachers : students
15 : 375

Step 3 Look for the highest common factor in the 
numbers in the ratio, and divide by it. Here the 
highest common factor is 15, so divide each 
number in the ratio by 15.

15 : 375
1 : 25 375 ÷ 15 = 25 15 ÷ 15 = 1 

Step 4 Interpret. ‘Teachers’ is 1, and ‘students’ is 25. 
Therefore there are 25 students for every 
1 teacher.

b) A recipe for a cake uses 100 g of flour, 50 g of sugar
and 200 mL of water. Write this as a ratio.

Step 1 Set up the ratio. We’ll use flour : sugar : water.

Step 2 Fill in the numbers for each quantity into 
the ratio.

	 flour	: sugar : water

 100 : 50 : 200

Step 3 Look for the highest common factor in the 
numbers in the ratio, and divide by it. Here the 
largest common factor is 50, so divide by 50.

100 : 50 : 200

2 : 1 : 4

50 ÷ 50 = 1 100 ÷ 50 = 2 200 ÷ 50 = 4

Step 4 Interpret, remembering to include units.

‘Flour’ is 2, ‘sugar’ is 1 and ‘water’ is 4. 
Therefore for every one gram of sugar, two 
grams of flour and four millilitres of water must 
be added.

2. proportions

When two ratios are equal to each other, they are ‘in proportion’.

Often it is important to keep things in proportion.

Example

On the left there are two cups of flour, and one cup of 
sugar, at ratio 2 : 1. On the right, there are four cups of 
flour, and two cups of sugar, at ratio 2 : 1.

Therefore, both groups of ingredients are in proportion 
with each other.

woRked example 16 (1 mark)

Are the following ratios in proportion?

10 : 5 and 30 : 10.

SolUTIoN

Step 1 Simplify the ratios to compare them.

÷ 10 both numbers÷ 5 both numbers 10 : 5
2 : 1

30 : 10
3 : 1

Step 2 Compare the two ratios. If they are the same they are said to be in proportion.

We have ratios of 2 : 1 and 3 : 1. These ratios are not in proportion.
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woRked example 17 (1 mark)

Rochelle is making eight servings of scones. The recipe says that for two servings of scones, she 
should use five grams of salt. Using proportions, work out how much salt should be added to 
Rochelle’s scones.

SolUTIoN

Step 1 Write the ratio involving salt and servings. It is 
two servings to five grams of salt.

2 : 5

Step 2 Multiple or divide the ratio to reach the 
desired quantity.

She wants to make eight servings, which is four 
times as much as two servings, so multiply 
by four.

8 : 20

Step 3 For eight servings, Rochelle needs to use 20 
grams of salt.

Refresher question

Q1. Simplify the fraction     3 ____ 15 .

1. Ratios

Q2. There are 12 dogs and 4 cats in a room. Fill in the missing number in the ratio of dogs to cats.

 : 1

Q3. a) Find a ratio for the number of pencils to pens in a shop if there are 24 pencils and 40 pens.

b) In a hotel on a particular day there are 180 rooms and 270 guests. Find the ratio of rooms to guests.

c) Find a ratio for the number of students in government schools to those in Catholic schools in
Victoria, if there are 615 000 students in government schools and 205 000 in Catholic schools.

Check your understanding

Q4. One Monday morning in a cafe, 20 customers used reusable coffee cups and 80 used take-away cups. 
Find this as a ratio. If on Tuesday 50 customers use reusable coffee cups, how many can be expected to 
want take-away cups if the ratio stays the same?

Skill

Skill

Application

2. proportions

Q5. Are the following ratios in proportion?

2 : 4 and 1 : 2Skill
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Q6. Are the following ratios in proportion?

a) 10 : 3 and 40 : 12

b) 1 : 19 and 5 : 85

c) 7 : 11 and 98 : 154

Check your understanding

Q7. A standard landscape photograph has a width to height ratio of 3 : 2. Ned wants to blow up one of 
his photos to put on the wall. He’s chosen a canvas that’s 80 cm by 60 cm. Will the photo nicely fit the 
canvas, or will it have to be stretched or cropped to fit?

Skill

Application

Joining it all together

Q8. The ratio of ‘Yes’ voters to ‘No’ voters in the 2017 postal vote was roughly 3 : 2. If roughly 5 million 
people voted ‘No’, roughly how many people voted ‘Yes’?

Q9. Three jars contain only red and green jelly beans. They are filled with the following ratios of 
red : green.

If there are 100 jelly beans in each jar,

a) Which jar has the most green jelly beans?

b) How many green jelly beans does the jar
from a) have?

25:4

Jar 1

10:1

Jar 2

50:7

Jar 3

Q10. The number of people in Melbourne is approximately 4.5 million. The number of houses is 1.8 million. 
Find the ratio of houses to people.

Assuming Newcastle has the same ratio of houses to people, find how many houses are in Newcastle 
assuming the population is 500 000.

Q11. Kato is baking a red velvet cake. 

The ratio of mL of milk to the number of eggs to grams of sugar is 125 : 1 : 160. 

Kato has half a litre of milk, 4 eggs and half a kilo of sugar. Kato wants to make 4 batches . One batch 
uses one egg. Does she have enough ingredients?

Q12. In Melbourne, roughly 66 000 people walk to work, 330 000 people take public transport and 1.419 
million people drive to work. Express this as a ratio. 

In 2051, Melbourne’s population is set to hit 8 million. Assuming the proportion of people using 
different modes of transport is the same in 2051, if 600 000 people take public transport to work in 
2051, how many will drive to work?

Application
1 mark

Application
2 marks

Application
2 marks

Application
2 marks

Application
2 marks
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Questions from multiple lessons

Q13. The Richter scale is a logarithmic scale used to measure the amplitude of earthquakes using the 
following formula.

magnitude = lo g  10(amplitude)
In 2011, two major earthquakes occurred.

New Zealand experienced an earthquake with a magnitude of 6.3. 

Japan experienced an earthquake with a magnitude of 9.0.

How many times stronger was the amplitude of the Japan earthquake compared to the amplitude of 
the New Zealand earthquake? Give your answer correct to one decimal place.

a. 1.4

B. 2.7

C. 199.5

d. 501.2

e. 1995.3

Q14. Scientists are studying the relationship between the variables  clothing size  (extra small, small, 
medium, large, extra large) and  height  (in cm).

These variables are

a. ordinal and numerical respectively.

B. ordinal and nominal respectively.

C. nominal and numerical respectively.

d. numerical and nominal respectively.

e. both numerical.
VCAA 2019NH Exam 1 Data Analysis Q8 – Adapted

Q15. David Attenborough is producing a documentary on an aardvark population in Namibia.

His team monitored the population over a three-year period.

At the beginning of monitoring, the population contained 65 aardvark cubs and 232 fully-grown aardvarks.

a) What percentage of the aardvarks are cubs? Give your answer correct to the nearest percent. (1 mark)

b) After the first year of monitoring, eleven of the aardvarks passed away. Express this change as a
percentage of the original population, correct to one decimal place. (1 mark)

c) From the beginning of monitoring to the end of the three-year period, the aardvark population
increased by 24%. What is the current population, correct to the nearest whole number? (1 mark)

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

3 marks
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The unitary method is used to find a quantity for a large number of identical terms, such as the 
cost of 1500 apples, or the time taken to write 350 letters. It works by first calculating the cost or 
time taken for one item, and then multiplying this by the total number of items in question.

1. Finding the number of units

The first part of the unitary method is finding how many 
‘units’ there are.

Some examples of units are:
● number of people
● number of litres
● number of minutes.
A unit is the thing you are counting or measuring.

To find the number of units, use:

number of units in one thing    ×  number of things

Example

How many seconds in 20 minutes?

Number of seconds per minute is 60 and number of 
minutes is 20.

 60 × 20 = 1200 seconds

worked example 18 (1 mark)

A school bought new tables for four classrooms. Each classroom got 25 new tables. 

How many new tables did the school buy?

SolUTIoN

Step 1 Ask two questions: 

How many tables are in one classroom?

25

How many classrooms are there?

4

Step 2 Multiply those numbers:

 25 × 4 = 100  tables

Step 3 Write the answer.

The school bought 100 tables.

2. Finding the amount for one unit

When the total number of units is known, it is possible to 
find the amount for one unit.

The ‘amount’ often refers to:
● cost
● weight
● time.
To find the amount for one unit use:

amount per unit = total amount  ÷  number of units

Example

Five sandwiches cost $30. What is the cost of 
one sandwich?

The total amount is $30, and the total number of 
sandwiches is 5.

 30 ÷ 5 = 6 

Each sandwich costs $6.

LESSON 2G 

The unitary method
The key skills you will learn in this lesson are:

1. Finding the number of units

2. Finding the amount for one unit

3. Finding the amount for many units

VCAA key knowledge point:

“the unitary method and its use to make 
comparisons and solve practical problems 
involving ratio and proportion”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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worked example 19 (1 mark)

A school spent $3000 when they bought 100 tables. What is the cost for one table?

SolUTIoN

Step 1 Ask two questions: 

What is the total amount?

$3000

What is the number of units?

100

Step 2 Divide the amount by the number of units to get 
the answer:

 3000 ÷ 100 = 30 

Step 3 Write the answer.

One table costs $30.

3. Finding the amount for many units

Once the amount for one unit is known, it is possible to find the amount for any number of units.

This method is useful because it takes known data and turns it into a future prediction.

This is useful for many situations, for example:
● The use of past fuel consumption to estimate how much the fuel for a road trip will cost.
● The owner of a restaurant finds how much a burger costs to make, to decide how much to charge per burger.
To find the amount for many units, use:

amount for one unit  × new number of units

worked example 20 (1 mark)

A school will buy another 230 tables at $30 for one table. How much will this cost?

SolUTIoN

Step 1 Ask two questions: 

What is the cost for one table?

$30

How many tables will the school buy?

230

Step 2 Multiply those numbers to get the answer:

 30 × 230 = 6900 

Step 3 Write the answer.

It will cost $6900 to buy 230 tables.

Refresher question

Q1. How many grams are there in a kilogram?

1. Finding the number of units

Q2. There are five seats in each of these three cars. How many seats are there in total?
Skill
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2. Finding the amount for one unit

Q5. Find the following:

a) Ricardo buys 14 snake lollies for $2.10. How much does one snake lolly cost?

b) A dozen eggs weigh 600 g. How much does one egg weigh?
note: A dozen is 12.

c) Joe reads 16 pages of his novel for English homework. It takes him 25 minutes in total. How long
does it take him to read one page? Give your answer in minutes rounded to 1 decimal place.

Check your understanding

Q6. Ingrid says she can read a page of a novel in 1.2 minutes.

How long does it take her to read 16 pages?

Skill

Skill

3. Finding the amount for many units

Q7. Find the following:

a) You buy five tickets to a concert. The tickets are $15 each.

How much does it cost in total?

b) An Olympic-sized swimming pool holds 2500 kilolitres of water and water costs $2.70 per kilolitre.

What is the cost of filling up the pool?

Check your understanding

Q8. You want to buy new wheels and laces for your pair of roller skates. There are four wheels and one 
lace on each skate. How much will it cost you in total?

The wheels cost $8 each and the laces cost $2 each.

Skill

Application

Q3. How many:

a) minutes are there in 24 hours?

b) grams are there in 4.5 kg?

Check your understanding

Q4. Each day your friend gives you the same amount of stickers. After seven days you have 21 stickers.

How many stickers did you get each day?

Skill

Skill

Joining it all together

Q9. For this two litre bottle of milk:

a) How many mL of milk are there?

b) How much does one mL cost, in cents,
rounded to two decimal places?

c) How much does one cup cost, in cents,
rounded to two decimal places?

Application
3 marks 250 mL1 cup

2 L$2.59
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Q10. At the fruit store you buy seven oranges for $2.31. 

How much would it cost to buy 25 oranges?

Follow these steps:
● Find the cost of one orange.
● Find the cost of 25 oranges.

Q11. On Patrick’s last hiking trip he packed 1080 g of food for four days.

For his next hiking trip he wants to take enough food for 17 meals in total.

If on his last trip he had three meals a day, how many grams of food should he take? Assume each meal 
is the same weight.

Follow these steps:
● Find the number of meals for his last trip.
● Find the weight of each meal.
● Find the total weight of the meals for his next trip.

Q12. You watch two seasons of your favourite TV show without a break. Each season has eight episodes. 

It takes four hours and 48 minutes. 

The next day you watch 3 episodes of the show. 

Which of the following is not true?

a. It takes more than 50 minutes.

B. It takes less than 58 minutes.

C. It takes more than 55 minutes.

Q13. Susan cycles to school. How long would it take her to cycle from Melbourne to Sydney 
at the same pace? Give your answer to the nearest hour.

Trip Distance (km) Time

Home–School 8 30 minutes

Melbourne–Sydney 878 ?

Q14. Agnes is selling raffle tickets as a fundraiser for the local footy club.

She has five books of tickets, and each book has 100 tickets. If she sells all the tickets she will 
raise $750.

Show that she raises less than $260 if she sells 173 tickets.

Q15. Five cubby house kits weigh 580 kg. A hardware store hires a truck to transport these kits.

The truck can carry up to 2240 kg.

a) What is the maximum number of kits that the truck can carry?

b) How many trucks would the hardware company need to hire to transport 150 kits?

Application
1 mark

Application
1 mark

Application
1 mark

Application
1 mark

Application
1 mark

Application
2 marks
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Questions from multiple lessons

Q16. At Sinead’s favourite vegan cafe, a small smoothie is 260 mL and a regular smoothie is 350 mL.

The increase in volume if Sinead sizes up from a small to a regular smoothie, as a percentage of the 
small smoothie’s volume, is closest to

a. 25.7%

B. 31.4%

C. 34.6%

d. 38.5%

e. 42.3%

Q17. The following stem plot displays the hourly wage, in dollars, of 35 hospitality workers.

13 5
14 2 7
15 0 3 6 8 8
16 3 4 5 9
17 0 0 6 7 7 7
18 4 8
19 5 5 8 9
20 0 2 9
21 2 5 5 6
22 0
23 1 4 8

Key: 13 | 5 = $13.50   n = 35

What is the median hourly wage?

a. $17.60

B. $17.65

C. $17.70

d. $18.05

e. $18.40
VCAA 2018NH Exam 1 Data analysis Q1 – Adapted

Q18. The floor plan of a Brighton mansion has a scale of 1:500.

Thus, every 1 centimetre on the map represents a distance on land of 500 centimetres.

a) On the floor plan, the distance from the front fence to the back fence of the property is 14.2 cm.
What is the actual distance in centimetres? (1 mark)

b) The actual distance between the tennis court and the swimming pool is 5205 cm. What is this
distance on the floor plan? (1 mark)

Difficulty:

1 mark

Difficulty:

Year 10
1 mark

Difficulty:

2 marks
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CHAPTER

3
Financial arithmetic

AOS 2: Arithmetic and number



1. Percentage

A percentage is any number that represents a proportion 
out of 100. Percentages can be used to compare two 
values by expressing one value relative to another value.

Example

The Eureka tower is 92% the height of the Eiffel tower.

There are various formulas for working with percentages. 
Here V1 is one value and V2 is another value.

The formula to calculate   V2    as a percentage of   V1 is

 Percentage =  
 V2  ___  V1
  × 100

92%100%

worked examPle 1 (1 mark)

What is the price of bananas per kilo in March compared to the price in February, as a percentage?

March
$2.90 per kilo

February
$3.50 per kilo

SolUTIoN

Step 1 Choose a formula that expresses percentage.

 Percentage =  
 V2  ___  V1
  × 100

Step 2 Find the required terms in the equation. Here we compare March to February. 

So February is   V1 and March is V2.

V1 = 3.50

V2 = 2.90

Step 3 Substitute these into the formula. Calculate the answer.

 Percentage =  2.90 ______ 3.50  × 100 = 82.86

Step 4 Interpret the result.

ThepriceofbananasinMarchis82.86%ofthepriceinFebruary.

LESSON 3A

Financial percentage change
The key skills you will learn in this lesson are:

1. Percentage

2. Percentage change

3. Discounts and mark-ups

VCAA key knowledge point:

“percentage increase and decrease applied to 
various financial contexts such as the price 
to earnings ratios of shares and percentage 
dividends, determining the impact of inflation 
on costs and the spending power of money 
over time, calculating percentage mark-ups 
and discounts, and calculating GST”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. Percentage change

Percentages can be used to express the change between two values. 

This is done by looking at the difference between two values. 

Forexample,usingtheheightoftheEiffeltowerasreference,theEurekatoweris8%  
(equalto   8 _____ 100  )shorter.

Thisisapercentagechangeof8%.

Example

One formula for expressing change as a percentage is

Percentage change =  Change
 ________________

Original value  × 100

If V1 and V2 areknown,thefollowingformulacanbeused.

 Percentage change =  
 V2 − V1 ________  V1

   × 100 

Here:
● V1 is original value and V2 isfinalvalue.
● V2 − V1 is equal to the change.

Tofindtheoriginalvalue,V1,orthefinalvalue,V2 ,whenthechangeexpressedasapercentage
is known, use the following formulae.

Finding the original value,   V1 Finding the final value,   V2

  V  1   =  V  2   ×  100 _____________________________
100 + Percentage change    V  2   =  V  1   × 100 + Percentage change_____________________________

100   

worked examPle 2 (2 marks)

Find the following percentage changes:

a) anincreaseinthepriceofbananasfrom$2.90perkiloto$3.05perkilo.

b) anincreaseinthepriceofmushroomsfrom$9.50perkiloto$12perkiloasapercentage.

SolUTIoN

a) an increase in the price of bananas from $2.90 per
kiloto$3.05perkilo.

Step 1 Choose a formula that expresses change as 
a percentage.

 Percentage change =  Change
 ________________

Original value  × 100

Step 2 Find the required terms in the equation.

Change = 3.05 − 2.90 = 0.15

Originalvalue = 2.90

Step 3 Substitute these into the formula. 
Calculate the answer.

Percentage change =  0.15 ______ 2.90  × 100

 Percentage change = 5.17

Step 4 Interpret the result.

Thepriceofbananashasincreased5.17%from
$2.90to$3.05.

92%

8%

100%

February
$3.50 per kilo

January
$3.00 per kilo

This is a percentage change of 16.67%.
In February, the price has increased by 16.67%
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b) anincreaseinthepriceofmushroomsfrom$9.50perkiloto$12perkiloasapercentage.

Step 1 Choose a formula that expresses change as a percentage.

Percentage change =  
 V2 − V1 ________  V1

   × 100

Step 2 Find the required terms in the equation,   V1 and V2.

V1 = 9.5

V2 = 12

Step 3 Substitute these into the formula. Calculate the answer.

Percentage change =  12 − 9.5 __________ 9.5   × 100

Percentage change = 26.32

Step 4 Interpret the result.

Thepriceofmushroomshasincreased26.32%from$9.50to$12.00.

3. discounts and mark-ups

Discounts and mark-ups are changes in price that can be expressed as percentages. The change in price can either be 
found in dollars and then converted to a percentage, or vice-versa.

 Price change = Original price ×  Percentage change_____________________ 100   

Discounts

Discounts are any kind of price decrease, and are often seen during sales. 

 Final price = Original price − Price change

Example

Adiscountof$2appliestoapplesinashop,normallysoldat$4.50perkilo.Thenewpriceis$2.50perkilo.

Mark-ups

Mark-ups are any type of price increase,oftenreferringtoshopsincreasingthepricesoftheirstocktomakeaprofit.

 Final price = Original price + Price change 

Example

AmilkbarbuysChupaChupsfor$0.60andsellsthemfor$1.Thisisamark-upof$0.40.

worked examPle 3 (1 mark)

Astorebuyshatsfor$22andsellsthemata50%markup.Howmuchdotheysellfor?

SolUTIoN

Step 1 Identify what we are looking for.

We know that the original price is $22, and the 
mark-upamountis50%.

WeneedtofindPrice change . The formula we 
need is:

 Price change = Original price ×  Percentage change_____________________ 100
Step 2 Substitute the known values into the formula  

tofindthepricechange.

 Price change = 22 ×  50 _____ 100
 Price change = 11

Step 3 Find the new price.

This is a mark-up, so we use:

 Final price = Original price + Price change

Final price = 22 + 11

 Final price = 33

Step 4 Write the answer.

Thehatssellfor$33.
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Refresher question

Q1. IfIhave10applesand3arered,whatpercentagearered?

2. Percentage change

Q4. Thefollowingquestionhasbeenpartiallyanswered.Lookattheworkingoutbelow,andfillinthe
missing numbers. 

$10.50ismarkedupto$13.35.Whatisthisincreaseasapercentage?

  Percentage change =  
 V2 − V1 ________  V1

 × 

= 13.35 − 10.50________________ 10.50  × 

=  2.85 _______ 10.50 × 

= 0.2714 × 

 Percentage change = 27.14

Thisincreaseasapercentageis  %.

Q5. Express the following changes as a percentage and indicate whether the percentage represents an  
increase or a decrease.

a) Thepriceofavocadoswas$8perkilolastmonthbuthasincreasedto$12perkilothismonth.

b) Monday’smaximumtemperaturewas23degreesCelsiusandTuesday’smaximumtemperaturewas
16degreesCelsius.Giveyouranswercorrecttotwodecimalplaces.

c) Bianca’sheightlastyearwas1.53mandthisyearis1.60m.Giveyouranswercorrecttotwo
decimal places.

Skill

Application

1. Percentage

Q2. Andyis150cmtallandBerthais 165cmtall.

a) UsethisformulatofindAndy’sheightasapercentageofBertha’sheighttoonedecimalplace:

 Percentage =   Andy’s height_________________
Bertha’s height  × 100

b) Complete this sentence:

Andyis   %theheightofBertha.

c) Find Bertha’s height as a percentage of Andy’s height.

Check your understanding

Q3. Which of these has the biggest percentage discount?

Was $40,000 

Now $35,000!
That’s $5,000 off!

Ph
ot

o 
by

 H
ay

th
em

 G
at

aa
 o

n 
U

ns
pl

as
h

Croissants $2 
OFF

-monday- 
madness!

Usually $4.50, Today $2.50

Skill

Application

Questions 3a Financial percentage change
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Check your understanding

Q6. LastyearatVillageCinemas,thepriceofamovieticketforastudentwas$15.Thisyearthepricewent
up13.33%.Whatisthepriceofastudentticketthisyear?Roundyouranswertotwodecimalplaces.

Q7. InRound 1,Ken’scricketteamscored 124runs.InRound2,theyscored36percentlessthanRound
1.InRound3,theyscored22percentmorethaninRound 2.CalculatetheirscoreinRound3.Ateach
step round the score to the nearest run.

Application

Application

3. discounts and mark-ups

Q8. Adressthatnormallysellsfor$75ismarkeddownby15%.Whatisthediscountedprice,roundedto
the nearest cent? Use the working below to help you.

  Price change = Original price ×  Percentage change_____________________
100

= $75 ×   15 _____
100

  Price change = $11.25

  Final price = Original price − Price change 

  Final price =   − 
  Final price =

Q9. Foreachofthefollowing,find

i. the price change ii. the new price

a) A T-shirt bought with an original price of $12 is marked up by 20%.

b) Agiantchocolatebarisusually$25,butitcurrentlyhasadiscountof45%.

c) Stringlightswithanoriginalpriceof$12.50aremarkedup98%.

Check your understanding

Q10. Todealwithhavingtoomanyhatsinstock,CottonOnhasdecidedtodiscountthehatsby$5.Allhats
sellfor$14.95normally.Whatisthediscountasapercentage,correcttotwodecimalplaces?

Q11. Clara wants to buy a suit at Beaut Suits. Normally suits at Beaut Suits are priced at $199. Beaut Suits 
have a range of monthly specials, as seen below.

Clara decides to buy two suits in October. How much is the total discount per suit, in dollars, when  
buying two suits in October, compared to the original price?

October
10% off
everything

SPRING SALE
TWO SUITS FOR $300

Winter
All coats
10% OFFMAY SALE

PAIRS
OF SHOES

FOR $120
2

JANUARY ALL BELTS
HALF PRICE!

Skill

Application

Application

Application
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VCaa question

Q18. Aninvestmentpropertywaspurchasedfor$600000.Overa10-yearperiod,itsvalueincreasedto  
$850000.Theincreaseinvalue,asapercentageofthepurchaseprice,isclosestto

a. 4.2%

B. 25.0%

C. 29.4%

d. 41.7%

e. 70.6%
VCAA 2015 Exam 1, Module 4: Business-related mathematics. Q2

1 mark

Joining it all together

Q12. AlargepizzaatJoey’sPizzais20%moreexpensivethanasmallpizza.Ifalargepizzacosts$18anda
mediumpizzacosts$16,howmuchdoesasmallpizzacost?Roundyouranswertotwodecimalplaces.

Q13. Afilmeditortakesthedirector’scutofafilmandcutsdownthefootageby27%,intothefilm’sfinal
version.Ifthefinalversiongoesfor118minutesandthereoriginallywassixhoursoffootage,whatwas
the length of the director’s cut of the footage, to the nearest minute?

Q14. Calculate the following discounts as a percentage and state which one is the largest.
	● $18offawatchworth$100
	● $4 off a DVD worth $12
	● $2offablockofchocolateworth$5
	● $8offabookworth$25

Q15. Four people, Will, Xanthe, Yan and Zach, are participating in a silent auction for a signed cricket bat.  
The reserve price is $1200. Will offers 10% more than the reserve, Xanthe offers $99 more than the 
reserve,andYanoffers25%morethanthereserve.ZachknowshowmuchYanwillofferandoffers
$50more.Whowonandhowmuchwasthewinningbid?

Q16. Matthew wants to sell his bike to make some money. Matthew’s friend offers to buy it for half of the 
originalprice.Matthew’steacherwantstobuyitforherson,andoffers$80.Matthewgetsabetter
offer from Dee, whose offer is 20% higher than the offer from Matthew’s friend. Matthew accepts this 
offer,for$108.Whatwastheoriginalprice?

Q17. Three people, An, Boris and Celina, are participating in an auction for a maths textbook from the 
1920s. The following table represents the increasing bids in the auction. Boris won the auction with a 
bidof$170.Whatwasthestartingbid?

Bid # An Boris Celina
1st +$5
2nd +10%
3rd +$5
4th +$6
5th +20%
6th +$18
7th +10%
Winning bid +$5

Application
1 mark

Application
1 mark

Application
1 mark

Application
1 mark

Application
1 mark

Application
1 mark
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Questions from multiple lessons

Q19. AbeaniestoreiscurrentlyhavingaBoxingDaysale.Thepriceofabeanieisusually$9.80.Ifthereisa
20% discount on all beanies, how much is the price of a beanie reduced by?

a. $1.96

B. $7.84

C. $2.00

d. $7.80

e. $2.04
VCAA 2015 Exam 1 Module 4: Business-related mathematics Q1 – Adapted 

Q20. The following stem plot displays the number of  hours driven  for twenty  
Year 12 students on their L’s.

The modal number of  hours driven is

a. 36

B. 44

C. 65.5

d. 66

e. 88
VCAA 2016 Exam 1 Data analysis Q3 – Adapted

Q21. Ahydrotherapysessioncosts$800.

Concession card holders are offered a discount of $120 off the full price.

a) Writedownthediscountforconcessioncardholdersasapercentageofthefullprice. (1 mark)

Thosethatdonothaveconcessioncardsalsohavetopayanextra$60perhourthattheyspendinthe
hydrotherapy pool after their session.

b) Johndoesnothaveaconcessioncardandspendsanextrafivehoursinthepool.Whatisthetotalhe
hastopay? (1 mark)

VCAA 2015 Exam 1 Module 4: Business-related mathematics Q1 a,b – Adapted

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
1 mark

2 8
3 6 6
4 1 4 4 7
5 8 9
6 5 6 6 6 6 9
7 8
8 8 8
9 1

10 6

Key:2|8= 28hours 

Difficulty:

2 marks
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LESSON 3B

Financial percentage change applications
The key skills you will learn in this lesson are:

1. GST

2. Dividends and shares

3. Percentage applications

VCAA key knowledge point:

“percentage increase and decrease applied to 
various financial contexts such as the price 
to earnings ratios of shares and percentage 
dividends, determining the impact of inflation 
on costs and the spending power of money 
over time, calculating percentage markups and 
discounts, and calculating GST”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. GST

TheGoodsandServicesTax,orGST,isa 10%taxappliedtomostsalesinAustralia.

Businessesmakingmorethan$75000peryearneedtoincludeGSTintheirfinalprice.

Throughout this lesson:
	●  QwillindicateapriceincludingGST
	●  PwillindicateapricenotincludingGST.
TocalculatetheGSTincludedinaprice,usethefollowingformula.

 GST =  Q ___ 11  

TofindtheGSTthatneedstobeaddedtoapricenon-inclusiveofGST,calculate10%oftheprice.

 GST =  P ___ 10  

TofindtheGST-inclusivepricefromapricenon-inclusiveofGST,useeitherformulabelow.

 Q =  P × 11 _______ 10    

 Q = P + GST 

worked example 4 (2 marks)

a) CalculatetheGSTincludedina$15000car.

b) CalculatetheGST-inclusivepriceofalampifitsellsfor$120non-inclusiveofGST.

SolUTIoN

a) CalculatetheGSTincludedina$15000car.

Step 1 We have  QandarelookingforGST.Findthe
relevant formula.

GST =  Q ___ 11
Step 2 Substitute15000intotheequation.

GST =  15000 _______ 11
Step 3 Calculate.

GST = $1363.64

b) CalculatetheGST-inclusivepriceofalampifitsells
for$120non-inclusiveofGST.

Step 1 Find the formula to get  Q  from  P.

 Q =  P × 11 _______ 10
Step 2 Substitute 120 into the equation.

 Q =  120 × 11 __________ 10
Step 3 Calculate.

 Q = $132
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2. dividends and shares

Shares are units of ownership in a company. Public companies issue shares to raise money for their business. In 
exchange,thepeoplewhobuyshares,calledshareholdersorinvestors,usuallyreceiveashareoftheprofitmadeby
the company each year, called a dividend.

Thedividendreceivedbyshareholderscanberelatedtotheprofitbythefollowingformula.

 Dividend per share =   Total dividend paid_____________________________
Number of shares in company  

Someusefulformulasexisttoevaluatetheperformanceofacompany.Thepricetoearningsratio(PEratio) measures
the amount paid for shares compared to the dividend returned. Investors prefer a low PE ratio. An ‘average’ PE ratio is 
around15−25.

 Price to earnings ratio =  Share price per share_____________________
Dividend per share   

Percentagedividendalsomeasurescostandbenefit.Ahighpercentagedividendmeanstheshareholderreceivesa
high dividend for each share owned.

 Percentage dividend =   Dividend ____________ Share price  × 100 

worked example 5 (1 mark)

CalculateandinterpretthePEratioforTheLeanGreenBeancompany,whichhasacurrentsharepriceof$3.65and
paidadividendof$0.45lastyear.

SolUTIoN

Step 1 Use the PE ratio formula.

 Price to earnings ratio =  Share price per share_____________________
Dividend per share   

Step 2 Substitute the share price and most recent 
dividend into the equation.

 Price to earnings ratio =  3.65 _____ 0.45

Step 3 Calculate.

 Price to earnings ratio = 8.11

Step 4 Interpret. This ratio is lower than average, 
which is good for investors who want a high 
dividend each year.

3. percentage applications

Asseeninlesson3A,percentagesareoftenusedtoexpressachange.Inthissectionwewillapplypercentagechange
to everyday situations.

worked example 6 (2 marks)

The price of gold in Australia in 2010 was about $40 per gram.

a) Ifthepriceincreasedby20%to2015,whatwasthepricein 2015?

b) Ifthepricewas$55pergramin2018,whatwasthepercentagechangefrom2010to2018?

SolUTIoN

a) Ifthepriceincreasedby20%to2015,whatwasthepricein 2015?

Step 1 We are searching for   V2,thenewvalue.Findtheformulainlesson3A.

V2  = V1  ×  
100 + Percentage (Change from  V1 to V2) ___________________________________________

100 

Step 2 Substitute the values.

V2  = 40 ×  100 + 20 ___________ 100 

Step 3 Calculate.

V2 = $48 pergram

86 3B FinAnCiAl perCenTAGe ChAnGe AppliCATionS

© Edrolo 2020



b) Ifthepricewas$55pergramin2018,whatwasthepercentagechangefrom2010to2018?

Step 1 Find the correct formula. We have   V1 and V2    and want the percentage change.

Percentage change (from  V1 to  V2) = 
 V2 −  V1 ______  V1

   × 100

Step 2 Substitute the values.

V1 = 40

V2  = 55

Percentage change (from  V1   to  V2) = 
55 − 40 ________ 40   × 100

Step 3 Calculate.

Percentage change (from V1   to V2) = 37.5
The percentage change from  V 1 to V2is37.5%.

Questions 3B Financial percentage change applications

Refresher question

Q1. Fillinthegap:GSTisa  % tax added to goods and services in Australia.

1. GST

Q2. WhatisthepriceofawatchincludingGST(Q)ifthepricewithoutGST(GST-exclusiveprice,P)is$80?

FinishthisworkingtofindQ.

 P = 80

 Q =  P × 11_______
10 

=  80 × 11________
10 

 Q = $ 

Q3. FindtheGST-inclusiveprice(Q)ofthefollowingitems.

a) ShoeswithaGST-exclusivepriceof$180.

b) Alandscaperwhoquotes$350forajob,excludingGST.

c) ABlu-raymovieboughtfor$14.50,excludingGST.

Q4. FindtheGSTincludedinthefollowingitemsroundedto2decimalplaces:

a) Ahatthatsellsfor$45inastore.

b) Abicyclethatsellsfor$175inastore.

c) Analbumpurchasedonlinefor$16.99.

Check your understanding

Q5. ApairofMarvelsockscosts$20,includingGST.ApairofDCsockscosts$18.50,excludingGST.

Calculate the retail price of the DC socks and determine which socks are more expensive.

Skill

Skill

Skill

Application
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3. percentage applications

Q10. Fill in the blank.

Calculatethepercentagechangeinthepriceofpearsincreasingfrom$3perkiloto$5perkilo.

Original Price = 3

New Price = 5

Percentage change =    
Change
  ____________

Original amount
   × 100 

 =    5 − 3 _ 3    ×  

 = 66.67

The percentage change is %

Q11. Find the percentage change in the following scenarios:

a) Acafeincreasingitsmilkshakesfrom$4to$5.

b) An item that is discounted from $20 to $14.

c) Adanceschoolincreasingclassfeesfrom$30to$35.

Check your understanding

Q12. Two weeks ago the price of petrol was $1.40 per litre. In the week after, the price increased by 10%.

Theweekafterthat,itdroppedby5%.

Whatisthecurrentpriceofpetrol?Giveyouranswertotwodecimalplaces.

Q13. Theaveragepriceofacanofcokeincreased300%from1970to1990.

From1990untilnow,ithasincreased 150%.Currentlytheaveragepriceatacornershop 
is$2.50.

Whatwastheaveragepricein1970?

Skill

Skill

Application

Application

2. dividends and shares

Q6. Ifthetotaldividendgivenoutbyacompanyis$1000,andthereare500companysharesownedby
shareholders,findthedividendpershare.

Q7. Calculatethepricetoearnings(PE)ratioforthefollowingcompanies,totwodecimalplaces.

a) Woolworthshasasharepriceof$27.90andadividendpershareof$1.25.

b) Cochlearhasasharepriceof$194.06andadividendpershareof$4.31.

c) OriginEnergyhasadividendpershareof$0.59andasharepriceof$9.75.

Check your understanding

Q8. WhatisthesharepriceofQantasiftheyhaveadividendof$0.60andaPEratioof9.67?  
Roundyouranswertotwodecimalplaces.

Q9. Which of the following two companies have the higher share price?

Bega Cheese:Dividendof$0.41,PEratioof17.3

Inghams Group:Dividendof$0.28,PEratioof13.3

Skill

Skill

Skill

Skill
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Joining it all together

Q14. FindthetotalcostofthethreeitemsinthetablebelowincludingGST.

If Xavier has a twenty percent discount card, how much will buying the three items cost?

Item Cost (exc. GST)

Xbox One X $450

TV $1500

Soundbar $120

Q15. CompanyXhasanoverallprofitof$1million,asharepriceof$2.80andadividendof$0.25.  
CompanyYhasanoverallprofitof$5million,asharepriceof$12.25andadividendof$0.35.

Assumeallprofitwasgivenasdividends.Calculatethenumberofsharesandthepercentage  
dividend for the two companies. 

Which company looks more attractive to investors?

Q16. AtMtDandenongHighSchool,theyear7Englishclasshas32students,andthemathsclasshas16
students. After one week of classes, 10 students in the English class change into the maths class. 

Representthechangeinbothclassesasapercentage.

Q17. Whospentthemostmoneytoday?Kathyhiredanelectricianat$85anhour(exc.GST)forthree
hours. Linda bought 100 shares in a company that last year paid dividends per share of $0.10 and  
hasaPEratioof35.

Q18. Sergeyhasa 10%offvoucher.IfSergeybuyssomeproductswithGST,doeshepaylessthan,equal  
toormorethantheGST-exclusiveprice?

Q19. Ericworksatacafe.ReadthefollowingcartoonandcalculatetheactualamountEricshould’ve
charged the customer.

$$ $

10% 
o�

weekday

10% 
o�

weekday

10% 
o�

weekday

10% 
o�

weekdays

10% 
o�

weekdaMondays
only

10% 
o�

weekdays

Welcome! Can I get one latte and 
one croissant please?

Ok, well it’s 10% o� on weekdays
so that’ll be $10.53 all up.

Great!

Have a great da-
What are you doing!?

But the standard 
10% discount? It’s Mondays only 

now!

Huh? You changed it? 
Why didn’t you tell me?

It’s your job to know!

I really need a new job...

Application
1 mark

Application
2 marks

Application
2 marks

Application
2 marks

Application
1 mark

Application
1 mark
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Q20. Bangin Fones has one product. They sell headphones for $120 each. The cost to make each one is 
$35.Thetotalamountofmoneypaidtostaffin2018was$260000.

a) Lookatthegraphbelow,andcalculatetheamountofprofitmadein2018.

20%oftheprofitisreinvestedintothecompanyandtherestispaidindividends.

Thetotalnumberofsharesis350000.

b) What is the dividend per share, to the nearest cent?

U
ni

t s
ol

d

Sales by Year of Headphones

Year

Q21. ThomsonReservoirin Melbournecanhold1.068million MLofwater.AttheendofMarchoneyear,
ithas636,100ML.Itlosesabout750MLeverydayinAprilduetowateruseinMelbourne.Round
your answers to two decimal places for this question.

note: Onemegalitre(ML)isequalto10 6 litres.

a) Calculate the percentage change in amount of water stored, relative to the reservoir’s total capacity,
overtheentiremonthofApril,assumingnorain. (1 mark)

b) A day of rain results in 900 million litres of water entering the reservoir. If it rains every Sunday
andTuesdayinApril,andthefirstdayofthemonthisaSunday,calculatethepercentagechangein
amountofwaterstored,relativetothereservoir’stotalcapacity. (2 marks)

Application
2 marks

Application
3 marks

VCaa question

Q22. Jane and Michael have started a business that provides music at parties. The business charges 
customers$88perhour.The$88perhourincludesa10%goodsandservicestax(GST).

a) CalculatetheamountofGSTincludedinthe$88hourlyrate.

After six months of regular work, Jane and Michael decided to increase the hourly rate they charge 
by12.5%.

b) Calculatethenewhourlyrate(includingGST).
2015 Exam 2, Module 4: Business-related mathematics. Q1a, Q1c

2 marks
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Questions from multiple lessons

Q23. A rare painting was bought for $140 000 in 2012.

In2019,itsoldatauctionfor$189000.

What is the increase in value, as a percentage of the original purchase price?

a. 5.0%

B. 25.9%

C. 35.0%

d. 42.1%

e. 74.1%
VCAA 2015 Exam 1 Module 4: Business-related mathematics Q2 – Adapted 

Q24. The following histogram shows the distribution of the number of pets in different households.

Fr
eq

ue
nc

y

Number of pets

10

30

2 4 6 8 10 12 14

5

15

20

25

0

Usingthishistogram,thepercentageofthese45householdswithfewerthantwopetsisclosestto

a. 26%

B. 42%

C. 58%

d. 44%

e. 57%
VCAA 2016 Exam 1 Data analysis Q6 – Adapted

Q25. AhousewaspurchasedinElthamfor$750000.A20%depositwaspaid.

a) Calculatethedeposit. (1 mark)

b) Determinetheamountthatthehomeownersstilloweafterthedepositispaid. (1 mark)

Thepriceof$750000included 10%GST.

c) CalculatethepriceofthehousebeforeGSTwasadded.Giveyouranswercorrecttothenearestdollar.
(1 mark)

VCAA 2012 Exam 2 Module 4: Business-related mathematics Q1 a,bi,c – Adapted

Difficulty:

1 mark

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
3 marks
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1. Introduction to simple interest

When money is loaned to a person or organisation this loan will usually have to be repaid  
with interest. Interest is money paid in return for having a loan.

Earning interest

Investingmoneywithafinancialinstitution(suchasabankorsuperannuation
fund)canbethoughtofasgivingaloantoanorganisation.

Banks use the money deposited in their accounts to make their own 
investments. The banks then pay the account holders interest for letting them 
use their money.

Paying interest

Banks and other organisations like to lend money to people. In this case, 
the person with the loan will pay interest. This is one way banks and other 
organisations make money.

The amount of interest paid depends on three things:
	● The amount borrowed or loaned, called the principal.
	● The interest rate, which is the percentage of the principal paid each time period.
	● The number of time periods.

In simple interest scenarios, the interest charged is kept separate to the principal. This means that 
the principal does not change as interest is paid.

The formula for simple interest ( I )is:

I =  Prn _ 100 ,where:
	●  P  is the principal.
	●  r  is the interest rate per time period, expressed as a percentage.
	●  n  is the number of time periods.

Example

If the monthly interest rate is 1%, the loan lasts half a year, and the interest is paid monthly, then 
 r = 1 and n = 6.

worked example 7 (1 mark)

Margedeposited$500inasavingsaccountthatpayssimpleinterestatarateof4%perannum.
How much interest will she have earned after three years?

1DOLLAR

Investment

Interest

1DOLLAR

Loan

Interest

LESSON 3C

Simple interest
The key skills you will learn in this lesson are:

1. Introduction to simple interest

2. Simple interest in practice

3. Working with balance sheets

VCAA key knowledge points:

“applications of simple interest and  
compound interest”

“cash flow in common savings and credit 
accounts including interest calculation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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SolUTIoN

Step 1 Write out the simple interest formula and assign 
values to the variables.

I =  Prn_
100 

 P = 500 becauseMargedeposited$500.

 r = 4 becausetheinterestrateis4%.

 n = 3 becausetheamountoftimeis3years.

Step 2 Substitute in the values.

 I =  500 × 4 × 3______________
100

Step 3 Compute the value of  I.

 I = 60

Step 4 Interpret the result.

Theaccountearned$60ininterestinthreeyears.

2. Simple interest in practice

Total value of an investment or loan

The total value of an investment or loan,  A , is given by the formula:

 A = P + I 

This formula can also be written as:

A = P (1 +  rn _____ 100)

Working with different time periods

Interest rates are usually stated as a yearly rate, also called ‘per annum’ or ‘p.a.’, but the interest is 
oftenpaidmorefrequently,suchasmonthlyorquarterly.Infinancialmathematicsthefollowing
estimates are used when dealing with different time periods:

1 Year =

12 Months

4 Quarters

52 Weeks

365 Days

Ifyouarenotfamiliarwithconvertingunits,pleaserefertoLesson2G.

Using the simple interest formula to find the rate, period, or principal

Tofindtherate,period,orprincipalthesimpleinterestformulaneedstobetransposedtomake
 r, P, or n thesubject.
Here are the transposed formulae:

Principal:  P =  100I ______ rn     or P =   A ______
1 +  rn _100 

 

Rate:r =  100I ______ Pn     or r = 100 _____ n   (
A __ P  – 1 )

Number of periods:  n =  100I ______ Pr    or n = 100 _____ r   (
A __ P  – 1 )

worked example 8 (1 mark)

Margedeposited$500inasavingsaccountthatpayssimpleinterestatarateof4%perannum.

Currentlythereis$860intheaccount.Forhowlonghasthemoneybeenintheaccount?
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meTHod 1: TraNSpoSING

Step 1 Write out the simple interest formula that 
includes the total value of an investment.

A = P (1 +  
rn _____ 100)

Step 2 Transpose the equation to make the number of 
periods,  n,thesubject.

n = 100 _____ r   (
A __ P  – 1 )

Step 3 Substitute in the given values.

n = 100 _____ 4 (
860 _____ 500  – 1 )

Step 4 Compute the value of  n.

 n = 18

Step 5 Interpret the result.

The money has been in the savings account for 
18years.

meTHod 2: USING a FormUla

Step 1 Identify the required formula.

Weneedtofindthenumberofperiodssowe
canuseeither n =  100I ______ Pr    or n = 100 _____ r   (

A __ P  – 1 ).
However, we don’t know the interest,  I , but we 
doknowthefinalamount,A . So we use  
n = 100 _____ r   (

A __ P  – 1 ).

Step 2 Substitute in the given values.

n =  100 _____ 4 (
860 _____ 500  – 1)

Step 3 Compute the value of  n.

 n = 18

Step 4 Interpret the result.

The money has been in the savings account for 
18years.

meTHod 3: SolVING USING CaS

Step 1 Substitute the given values into the simple 
interest formula that includes the total value of 
an investment,   A = P (1 +  rn _____ 100)  , and type this
equation into your calculator.

860 = 500(1 +  
4n _____ 100)

Step 2 Usethesolvefunctiontofindthevalueofn.

 n = 18

The money has been in the savings account for 
18years.

3. working with balance sheets

The money that enters and exits a bank account is often summarised in a balance sheet.

One way to calculate the interest for a period is by using the smallest amount of money in the 
account during that time.

worked example 9 (1 mark)

ThetransactiondetailsforasavingsaccountofthemonthofOctober2016areshowninthetablebelow.
note: ‘Brought forward’ refers to the balance from the last day of the previous month being 
carriedovertothefirstdayofthecurrentmonth.

Date Details Deposit Withdrawal Balance

01 Oct. 2016 Brought forward 320.00

09 Oct. 2016 Income 400.00 720.00

17 Oct. 2016 ATM withdrawal 150.00 570.00

Interest is calculated and paid monthly on the minimum balance for that month. The interest rate 
fortheaccountis3%perannum.Howmuchinterestwilltheaccountearn forOctober2016?
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SolUTIoN

Step 1 Write out the simple interest formula.

I =  Prn _ 100 

Step 2 Identify the minimum balance for the month. 
This acts as the principal.

$320.00

Step 3 Convert  r  into a monthly rate expressed as a 
decimal or fraction.

 r = 3%p.a

 r =  3 _ 12  = 0.25

Step 4 Substitute in the given values.

I = 320 × 0.25 × 1________________ 100   

Step 5 Compute the value of  I.

 I = 0.8

Step 6 Interpret the result.

Theaccountearned80centsininterestin
October2016.

Questions 3C Simple interest

Refresher question

Q1. a) Express3%as:

i a fraction.

ii a decimal.

b) How many:

i months are there in a year?

ii weeks are there in a month?

iii months are there in a quarter?

1. Introduction to simple interest

Q2. Mr Barefoot has $100 in a bank account that pays simple interest at a rate of 2% per annum.

a) FindanexpressionfortheamountofinterestthatMrBarefootwillearninayearbyfillinginthe
missing numbers in the equation below.

I =      ⨉    ⨉   ___________ 100
b) How much interest will Mr Barefoot have earned in a year?

Q3. Kaitakesoutaloanof$750thatchargessimpleinterestatamonthlyrateof1.5%.

Find the amount of interest charged after:

a) one month.

b) three months.

c) seven months.

Skill

Skill
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Check your understanding

Q4. Luisa and Jay have a farm in Fish Creek, Victoria. They want to buy a herd of goats. The total cost of the 
goatsandassociatedexpenses(transportation,vaccines,fencing,etc)comesto$1500.InJanuary2018
theyopenedasavingsaccountwithBuffaloBankthatpayssimpleinterestatamonthlyrateof3%. 
At that time, they made a deposit of $900.

a) How much interest will Luisa and Jay have earned by January 2020?

b) If Luisa and Jay use the initial $900 deposit and the interest earned, will they be able to afford the 
goats and the associated expenses by January 2020?

Skill

2. Simple interest in practice

Q5. Transpose the simple interest formula,   A = P (1 +  
rn _____ 100), to make

a) the number of periods,  n,thesubject.

b) the interest rate,  r,thesubject.

c) the principal,  P,thesubject.

Q6. Cath and Dave deposit $10 000 into an account that pays simple interest at a rate of 14% per annum on 
the condition that they do not withdraw any money from the account. Cath and Dave are very impatient 
people, however. How much interest will they have earned if they withdraw their money after:

a) halfayear?Giveyouranswerindollars,correcttothenearestcent.

b) aquarter?Giveyouranswerindollars,correcttothenearestcent.

c) amonth?Giveyouranswerindollars,correcttothenearestcent.

Q7. Answer the following questions.

a) Mariainvests$500inabankaccountthatpayssimpleinterest.In3years’timethereis$542inthe
account. Assuming Maria did not deposit or withdraw any money from the account, calculate the 
yearly interest rate as a percentage.

b) Just over 10 years ago Iris found a large sum of cash in a dumpster. She reported it to the police but 
it went unclaimed; she was able to keep it. Exactly 10 years ago she deposited it in a savings account 
thatpayssimpleinterestatarateof10%perannum.Irishassinceearned$39000 ininterest.
Howmuchmoneydidshefind?

c) BillfromtheGullytakesoutapersonalloanwith EasyLoans.Heborrows$5000ataninterestrate
of156%perannum.AssumingBillmakesnorepayments,howmuchwillheoweinoneyear’stime?

d) Sometimeago,DavidusedoneofthetollroadsaroundMelbournewithoutane–TAG.Atthetime,he
wascharged$14dollars.Herefusestopaythefine.Eachmonthsince,hehasbeencharged50%of
theoriginalfee.Hecurrentlyowes$63.

i How much interest has David been charged?

ii ForhowmanymonthshasDavidbeenavoidingpayingthefine?

Q8. Lauraborrows$2000withamonthlysimpleinterestrateof15%.Shehastorepaythetotalvalueofthe
loaninoneyear’stime.Insixmonths’timeshehassaved$1500anddecidestodeposititinasavings
account that pays simple interest with the idea of earning enough interest to pay back the loan.

What is the lowest monthly interest rate that would allow her to repay her loan with the deposited 
money?Giveyouranswerasapercentage,correcttotwodecimalplaces.

Skill

Skill

Skill

Application
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Check your understanding

Q9. Beppe and Daisy are saving up to buy a tenth birthday present for their dog, Barnesworth. They deposit 
$1500intoasavingsaccountthatpayssimpleinterestatarateof2.8%perannum.

a) Find an expression for the total interest earned after  Y years.

b) They realise that the interest is actually paid monthly. Find an expression for the total interest
earned after  M months.

Q10. Startingwiththeformula A = P + I, showthatthetotalvalueofaloanorinvestment,A , can be found 
usingtheformula A = P (1 +  rn _____ 100).

Application

Skill

3. working with balance sheets

Q11. Below is Ayesha’s bank statement for the month of February. Her account pays out simple interest 
eachmonthatarateof3%perannum,calculatedontheminimummonthlybalance.Shewantsto
know how much interest she earned.

Date Details Deposit Withdrawal Balance

1 Feb. 2019 Carried forward 2300.00

3 Feb.2019 Valentine’s Day 
present 50.00 2250.00

7Feb.2019 Income 150.00 2400.00

21 Feb. 2019 Income 150.00 2550.00

27 Feb. 2019 Concert tickets 320.00 2230.00

a) What is the minimum balance?

b) Howmuchinterestwasearned?Giveyouranswerindollars,correcttothenearestcent.

Q12. a) ThebalancesheetbelowshowsJoey’scashflowforthemonthofMarch.

How much money in total did Joey spend?

Date Details Deposit Withdrawal Balance

01 April 2018 Brought forward 60.00

03 April 2018 Income 50.00 110.00

04April 2018 ATM withdrawal 40.00 70.00

05 April 2018 Lunch 10.00 60.00

08April 2018 Netflix 15.00 45.00

09April 2018 Brunch 35.00 10.00

12 April 2018 Coffee 5.00 5.00

21 April 2018 Income 50.00 55.00

26April 2018 Pocket money 25.00 80.00

30April 2018 Dinner 75.00 5.00

Skill

Skill
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b) Graceusesabankaccountthatpayssimpleinterestmonthlyatarateof2.8%perannum
calculated on the monthly minimum balance. The balance sheet below shows her bank balance
for the month of May.

HowmuchinterestwillsheearnforthemonthofMay?Giveyouranswerindollars,correctto
the nearest cent.

Date Details Deposit Withdrawal Balance

1 May 2018 Brought forward 220.00

03 May 2018 Tutoring pay 80.00 300.00

04 May 2018 Income for April 2400.00 2700.00

07 May 2018 Loan repayment 300 2400.00

08 May 2018 ATM withdrawal 300 2100.00

21 May 2018 100.00 2200.00

22 May 2018 Bills and rent 2000.00 200.00

31 May 2018 Tutoring pay 40.00 240.00

Q13. Ted Landers doesn’t trust the banks so he has been keeping his own balance sheet. However, he has 
forgotten to include interest. He knows that his bank is supposed to pay him simple interest on the 
lowest account balance for the calendar month at a rate of 1.2% per month. The interest is paid into 
a separate account.

How much money did Ted earn in interest over the three months covered by the balance sheet below? 
Giveyouranswerindollars,correcttothenearestcent.

Date Details Deposit Withdrawal Balance

27Aug. 2018 Opening balance 9500.00

2 Sep. 2018 Income 250.00 9750.00

13Sep.2018 Income 800.00 10550.00

24Sep.2018 Church renovation 1500.00 9050.00

7Oct.2018 Income 320.00 9370.00

13 Oct. 2018 Income 120.00 9490.00

27 Oct. 2018 Church renovation 500.00 8990.00

31 Oct. 2018 Closing balance 8990.00

Check your understanding

Q14. Yuri keeps his savings in a bank account that pays simple interest of 0.44% per month on the 
minimum monthly balance.

Yuri earned $1.21 in interest last month.

What was the minimum balance for that month?

Application

Application
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Joining it all together

Q15. a) Asimpleinterestinvestmentof$1300hasarateof5%perannum.Howmuchinterestisearnedin
5years?

b) Asimpleinterestinvestmentwithasimpleinterestrateof2%perannumearned$870intenyears.
What was the principal?

c) A simple interest investment of $400 earned $100 in interest in four years. What is the annual
interest rate?

d) Asimpleinterestinvestmentof$800witharateof4.5%perannumearnedatotalof$400in
interest.Forhowlongdidtheinvestmentlast?Giveyouranswercorrecttothenearestyear.

Q16. Nozomi wants to take out a loan of $1000 to buy a new graphics card. She is considering three options: 
The Dollar Dealer, Crazy Cash, and Legal Loans. They all offer simple interest loans.

a) The Dollar Dealer asks that she pay back twice the amount she originally borrowed in two years’
time. What is the interest rate per annum offered by The Dollar Dealer?

b) CrazyCashoffersanannualinterestrateof60%.Theyalsostatethattheloanmustberepaidin  
20 months’ time. What will the total value of the loan be at that time?

c) Legal Loans offer a monthly interest rate of 0.01 times the value of the principal. Their loan must be
paid off in one years’ time.

What will the total value of the loan be at that time?

d) i  Nozomi want to pay back the least amount of money possible. Which loan provider should she
not choose?

ii Nozomiisworriedaboutthefinancialstrainofrepayingthedebt.Whichoptionshouldshe
choose in order to give herself the longest time to pay back the money owing?

Q17. WingusandDingusopenedasavingsaccounttogetheronthefirst  
ofNovember,2018.Thetransactiondetailsfortheirsavingsaccount
ofthemonthofNovember2018areshowninthetablebelow.

The table is incomplete.

Date Details Deposit Withdrawal Balance

01 Nov. 2018 Opening balance 2000.00

09 Nov. 2018 Income 300.00 2300.00

17 Nov. 2018 ATM withdrawal 500.00 1800.00

23 Nov. 2018 Income 300.00 2100.00

30 Nov. 2018 Interest 45.00

Interest is calculated and paid monthly on the minimum balance for that month.

a) What is the closing balance?

b) What is the quarterly interest rate if interest is calculated on the minimum balance for that month?

c) Wingus and Dingus want to use the interest from their savings account to pay their monthly internet
billwhichis$75.Whatisthesmallestamountofmoneytheyneedtokeepintheirbankaccountat
all times in order to do this?

Skill
4 marks

Application
5 marks

Wingus Dingus
Application
3 marks
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Q18. ThebalancesheetbelowshowsthecashflowofGeorge’sbankaccountforathree–monthperiodin2018.

Date Details Deposit Withdrawal Balance

01 May2018 Brought forward 250000.00

08May2018 Trust Fund 25000.00 275000.00

22 May2018 Trust Fund 25000.00 300000.00

27May2018 New car 50000.00 250000.00

05 Jun. 2018 Trust Fund 25000.00 275000.00

15 Jun. 2018  New Yacht 200 000.00 75000.00

19 Jun. 2018 Trust Fund 25000.00 100 000.00

03 Jul.2018 Trust Fund 25000.00 125000.00

17Jul.2018 Trust Fund 25000.00 150000.00

31 Jul.2018 Trust Fund 25000.00 175000.00

ThemonthlypaymentsthebankmakestoGeorgearecalculatedasasimplepercentageofthe
monthly minimum balance and are paid into a different account.

Georgeearned$231.25 ininterestforthemonthofJune.Interestiscalculatedontheminimum
balance for that month.

Showthattheannualinterestrateis3.7%.

Skill
3 marks

VCaa question

Q19. The transaction details for a savings account of the month of August 2014 are shown in the table below.

The table is incomplete.

Date Details Deposit Withdrawal Balance

01 Aug. 2014 Brought forward 5120.50

10 Aug. 2014 Purchase 250.00 4870.50

17Aug. 2014 Cheque 1000.00 5870.50

30Aug. 2014 Interest 5885.72

Interest is calculated and paid monthly on the minimum balance for that month.

The annual rate of interest paid on this account is closest to:

a. 3.10%

B. 3.11%

C. 3.57%

d. 3.75%

e. 14.9%
VCAA 2015 Exam 1, Module 4: Business-related mathematics. Q6

1 mark
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Questions from multiple lessons

Q20. AbillboardinNewYorkCitycosts$10320tohireforthepromotionofconcerttickets.

Thetotalamountearnedsellingticketsis$86000.

The$10320chargeasapercentageoftheamountearnedfromsellingticketsis

a. 0.10% B. 0.12% C. 10.0%

d. 12.0% e. 8.33%
VCAA 2014 Exam 1 Module 4: Business-related mathematics Q2 – Adapted

Q21. The table below shows the  height  in centimetres of a group of 14 students selected from a cohort of  
130students.

height 
(cm) 122.6 162.3 183.7 152.1 142.5 156.6 162.5 172.2 125.2 123.2 162.5 152.9 172.5 159.6

Themean, ̄  𝑥, and the standard deviation, s𝑥 , of the  height  for this sample of students are closest to

a. ¯ 𝑥 = 18.33, s𝑥  = 153.6

B. ¯ 𝑥 = 19.03, s𝑥 = 153.6

C. ¯ 𝑥 = 19.72, s𝑥 = 153.6

d. ¯ 𝑥 = 153.6, s𝑥 = 18.33

e. ¯ 𝑥 = 153.6, s𝑥 = 19.03
VCAA 2017 Exam 1 Data analysis Q3 – Adapted

Q22. Carlhasjustopenedhisbusinesssellingbackpacksmadeoutofrecycledplastic.

The business charges customers $140 per backpack.

Thispriceof$140perbackpackincludesGST.

a) CalculatetheamountofGSTincludedinthepriceofthebackpack.Roundyouranswertothe
nearestcent. (1 mark)

b) A customer purchased 10 backpacks. Calculate the total amount Carl was paid for this purchase.
Giveyouranswercorrecttothenearestdollar. (1 mark)

VCAA 2015 Exam 2 Module 4: Business-related mathematics Q 1a-c – Adapted

Difficulty:

Year 10
1 mark

Difficulty:

1 mark

Difficulty:

Year 10
2 marks
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1. Introduction to compound interest

Compound interest differs from simple interest because the interest is added to the principal 
amount at regular periods over the course of the loan or investment. This means that the amount 
of interest paid or charged increases each period.

The total value of a compound-interest investment or loan is given by:

A = P(1 +  
r _____ 100 )

n
   , where

●  A  is the total value of the loan or investment.
●  P  is the principal.
●  r  is the interest rate per compounding period, expressed as a percentage.
●  n  is the number of compounding periods.

worked example 10 (3 marks)

JohnnyTwo-Hatsopensasavingsaccountthatpaysinterestatarateof5%perannum,
compounding monthly.

At this time he deposits $2000 into the account.

What will be the balance of the account be after two years?

SolUTIoN

Step 1 Write down the compound interest equation.

A = P(1 +  
r _____ 100 )

n

Step 2 Convert the interest rate to a rate per 
compoundingperiodtofindr.

5p.a. =  5 _ 12  permonth

 r =  5 ____ 12  or r = 5 / 12

note: To make your calculations accurate, do 
not use a decimal approximation at this stage.
✓ 1 mark for calculating monthly interest rate

Step 3 Find the number of compounding periods to 
findn.

The loan is for two years, and the account 
compounds monthly.

2 years is 24 months, so 24 
compounding periods.

 n = 24

✓ 1 mark for calculating number of periods

Step 4 Substitute the given values into the compound 
interest equation.

A = 2000(1 +  
 (5 / 12) _________ 100  )

24

LESSON 3D

Compound interest
The key skills you will learn in this lesson are:

1. Introduction to compound interest

2. Compound interest in practice

3. Inflation

VCAA key knowledge points:

“percentage increase and decrease applied to 
various financial contexts such as the price 
to earnings ratios of shares and percentage 
dividends, determining the impact of inflation 
on costs and the spending power of money 
over time, calculating percentage mark-ups 
and discounts, and calculating GST"

"applications of simple interest and compound 
interest"

"compound interest investments and loans”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Step 5 Calculate the total value of the investment.  A = 2209.88

After two years, the balance of Johnny  
Two-Hats’savingsaccountis$2209.88.
✓ 1 mark for calculating the balance of savings account

2. Compound interest in practice

The total amount of interest charged on a compound-interest loan can be found using  
the following formula:

 I = A − P 

Which can be expressed as:

 I =P ((1 +  r _____ 100)n  − 1 )

Tofindthevaluesofquantitiesotherthanthetotalvalueoramountofinterestoftheinvestment
or loan, either transpose the compound interest formula, solve it using a CAS calculator, or use the 
equations below.

Principal:

P =   A _____ 
  (1 +  

r _ 100 )
n
 
   or P =   I ____

((1 +  
r _ 100 )

n
 − 1)

Interest rate per compounding period:

r = 100((
A __ P )

1/n 

  − 1) or r = 100((
I __ P )

1/n 

  − 1)

Theequationtofindthenumberofperiodsuseslogarithmsotherthanlog 10  ,andistherefore
outside the scope of the course. However, it can be found by using the solve function on CAS.

Itisimportanttonotethat,unlessotherwisespecified,interestispaidattheendofa
compounding period.

worked example 11 (4 marks)

Hats are becoming more popular, and Johnny Two-Hats is worried that two hats aren’t enough  
to make him stand out any more.

He decides to:
● buyathirdhat,whichcosts$320
● changehisnametoJohnnyThree-Hats,whichcosts$185.
Johnny Two-Hats wants to use the interest earned from a savings account to pay for his new hat  
and name change. His opening balance will be $2210.

a) If his savings account will pay interest that compounds monthly, what is the minimum annual
interest rate that Johnny Two-Hats’ savings account must have in order for him to afford the
hat and the name change in one year’s time?
Giveyouranswercorrecttotwodecimalplaces. (2 marks)

b) Thehighestratehecould findwas8%perannum,compoundingmonthly.
For how many months must Johnny Two-Hats wait for his new hat and name change?
Hissavingsaccountpaysinterestattheendofeachmonth. (2 marks)

Press then
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SolUTIoN

a) If his savings account will pay interest that 
compounds monthly, what is the minimum annual 
interest rate that Johnny Two-Hats’ savings account 
must have in order for him to afford the hat and the 
namechangeinoneyear’stime?Giveyouranswer
correct to two decimal places.

Step 1 Write down the required equation.

 r = 100((
I _ P  + 1)

1/n

 − 1)

Step 2 Find the number of compounding periods.

One year is 12 months.

 n = 12

Step 3 Substitute the given values into the compound 
interest equation.

r = 100((
320 + 185 ___________ 2210   + 1)

1/12

 – 1)

Step 4 Calculate the interest rate per  
compounding period.

 r = 1.73…%
✓ 1 mark for calculating the interest rate per compounding period

Step 5 Convert the interest rate per compounding 
period into an annual interest rate.

rannual = compounding periods per year × r 

rannual = 12 × r = 20.757…%

rannual = 20.76%
✓ 1 mark for calculating the annual interest rate

JohnnyTwo-Hatsneedstofindasavings
account that pays interest at a rate of at least 
20.76%perannum.

b) Thehighestratehecouldfindwas8%perannum,
compounding monthly. 
For how many months must Johnny Two-Hats 
wait for his new hat and name change? His savings 
account pays interest at the end of each month.

Step 1 Convert the interest rate to a rate per 
compounding period.

8%p.a.and12compoundingperiodsperyear

 r =  8 _ 12  =  
2 __ 3  or r = 2 / 3

✓ 1 mark for calculating the interest rate per compounding period

Step 2 Find the necessary equation.

The question gives us the total amount of 
interest needed so it will be easiest to use the 
following equation:

 I = P ((1 +  
r _____ 100 )

n
 – 1)

Step 3 Substitute the given values into the compound 
interest equation.

320 + 185 = 2210((1 +  
2/3 _____ 100 )

n

 – 1)

Step 4 Use your CAS to solve for the number of periods.

 n = 30.9727
✓ 1 mark for calculating the interest rate per compounding period

Step 5 Rounduptothenextwholenumber.

ItwilltakeJohnnyTwo-Hats31monthstosave
up for the new hat and name change.

3. Inflation

Generally,thepricesofgoodsandservicesincreaseyeartoyear.Inflation isameasureofhow
these costs change over time. When prices are increasing, a set amount of money will be “worth” 
less in the future than it is now. This is often referred to as the purchasing power of money: what 
can a given amount of money buy?

Inflationismostoftenexpressedastheyearlypercentageincreaseinthepriceofgoodsand
services.Thisiscalledtheinflationrate.

Inflationiscalculatedinthesamewayasacompoundinterestinvestmentthatcompoundsyearly.

Thepurchasingpowerofmoneycanalsoincrease.Thisiscalleddeflation.Themathematicsof
deflationisoutsidethescopeofthiscourse.

Press then
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worked example 12 (1 mark)

ThehatJohnnyTwo-Hatswantstobuycosts$320.Hecalculatesthatitwilltakehimthreeyearsto
save up enough money to buy the hat.

Unfortunately,JohnnyTwo-Hatsforgottotakeinflationintoaccount.

Iftheinflationrateoverthenextthreeyearsis4.5%perannum,howmuchwillthehatcostin
three years’ time?

SolUTIoN

Step 1 Write down the compound interest equation.

A = P(1 +  
r _____ 100 )

n

Step 2 Substitute the given values into the compound 
interest equation.

A = 320(1 +  
4.5 _____ 100 )

3

Step 3 Calculate the value of the hat.

 A = 365.17316

Inthreeyears’time,thehatwillcost$365.17.

Questions 3d Compound interest

Refresher question

Q1. a) 𝑦 =  1 __ 2 

Whatis   𝑦 _____ 100 ?

b)  𝑥 = 33 

Whatis𝑥?

1. Introduction to compound interest

Q2. Annainvests$1000inasavingsaccountthatpaysinterestatamonthlyrateof0.5%,
compoundingmonthly,for8months.

a) Substitutethegivenvaluesintothecompoundinterestformulabyfillinginthethreeboxes.

𝐴𝐴 =      (1 + ₁₀₀)

b) Usingyourresultfromparta),computethevalueofthecompoundinterestinvestment,tothe
nearest cent.

Q3. a) Eugenetakesoutapersonalloanof$7500.Thelenderchargesinterestatarateof13.5%p.a.
compoundingmonthly.HowmuchwillEugeneoweinfiveyears’time?

b) Mayainvests$2750inasavingsaccountthatpaysinterestatayearlyrateof2.8%,compounding
monthly. What will Maya’s savings account balance be in four years’ time?

c) GustavecollectsMagic:TheGatheringcards.Gustave’scollectioniscurrentlyworth$5500,itgrows
invalueatarateof4%p.a.,compoundingquarterly.HowmuchwillGustave’scollectionbeworthin
three years’ time?

Check your understanding

Q4. XanderandYuribothinvest$1000insavingsaccountsthatpayinterestatamonthlyrateof0.5%.  
The account Xander uses pays simple interest. The account that Yuri uses pays interest that compounds 
monthly. In one years' time, how much larger will Yuri’s account balance be than Xander’s?

Skill

Skill

Skill
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Q5. QuinnandTobieachinvest$10000inasavingsaccount.Quinn’saccountpaysinterestatarateof
2.8%p.a.compoundingmonthly.Tobi’saccountpaysinterestatarateof3%p.a.compoundingyearly.

Whose savings account will have the greater balance after two years?
Application

2. Compound interest in practice

Q6. Gregoryopensasavingsaccountthatpaysinterestcompoundingmonthly. 
He deposits $2000 into this account.

a) Write the compound interest formula in which the interest rate per compounding period,  r,  
isthesubject.

b) Usingtheequationfromparta),whatistheminimummonthlyinterestratethatwouldmakethe
balancegreaterthan$2050in11months’time?Giveyouranswerasapercentagecorrecttotwo
decimal places.

Q7. a) Thetotalvalueofacompound-interestloanof$300isnow$550.Howmuchinterest 
 has been charged?

b) Billinvests$500inasavingsaccountthatpaysinterestthatcompoundsmonthly.After18 months
hehas$510.91 inhisaccount.Whatisthemonthlyinterestrate?Giveyouranswerasapercentage
correct to two decimal places.

c) ThreeyearsagoMartatookoutahomeloan.Theinterestrateontheloanis4.6%perannum
compoundingmonthly.Thevalueoftheloanisnow$286918.WhatwastheprincipalofMarta’s
loan?Giveyouranswercorrecttothenearestdollar.

d) Sometimeago,Abdultookoutaloanof$1000thatcompoundsquarterlywithayearlyrateof6.3%.
Thetotalvalueoftheloan isnow$1455.07.HowmanyyearsagodidAbdultakeouttheloan?

e) Cristinatakesoutaloanof$750.Theinterestchargedontheloancompoundsweekly.In23weeks’
timeCristinawilloweatotalof$1300.Whatistheweeklyinterestrate?Giveyouranswerasa
percentage correct to one decimal place.

f) Amandatakesouta$5000dollarloanthatchargesinterestwhichcompoundsquarterlyatarateof
11% per annum. In how many compounding periods will Amanda owe over $1000 in interest alone?

Check your understanding

Q8. a) Aftermakinganunwisefinancialdecision,Mariaowes$400000.Ifsheoriginallyborrowed  
$270000throughaquarterly-compounding-interestloanfouryearsago,whatwastheyearly  
interestrateoftheloan?Giveyouranswerasapercentagecorrecttoonedecimalplace.

b) Priyawantstobuyararehouseplantthatcosts$1700.Todothis,Priyaopensasavingsaccountthat
hasan interestrateof8%p.a.compoundingweekly.Priyawantstobuytheplantin80weeks’time. 
How much does Priya need to deposit in order to achieve this?

c) Madiwantstobuyanewglockenspielthatcosts$6500.Sheinvests$4000inasavingsaccountthat
paysinterestatarateof5%p.a.compoundingmonthly.Forhowlongmustshekeepthemoneyin
theaccountinordertoaffordtheglockenspiel?Roundyouranswertothenearestmonth.

Q9. DrGreyiscomparingtwosavingsaccounts.Bothhaveaninterestrateof4%perannum. 
One pays simple interest while the other pays interest that compounding annually.

Create a table that compares the interest that would be earned by each account over three years  
iftheopeningbalancewere$50000.

Skill

Skill

Application

Skill
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3. Inflation

Q10. a) The public transport ticketing system in Melbourne, myki, had a daily concession price of $4.10  
in2017.Iftheaveragerateofinflationis2%,andthemykifarepriceriseswith inflation,find  
theformulatocalculatethecostofadailyconcessionmykifarein2027byfillingouttheboxesin 

 the formula below.

𝐴𝐴 =      (1 + ₁₀₀)

b) Usingyourresultfromparta),calculatethevalueofadailyconcession mykifarein2027.

Q11. a) In 1980theminimumwagewas$129.50perweek.Iftheaverageinflation rateis5%perannum, 
whatwastheequivalentweeklywagein2018?

b) Iftheinflationrateis4%perannum,howmuchmoneywouldyouneedin2050tomatchthe
purchasing power of $20 in 2020?

c) In 1951theinflationratereachedanall-timehighof23.9%perannum.Iftheinflationratehad
remained at this value, how much money would you need in 2019 to match the purchasing power of 
$1in1951?

Q12. a) In 1967theminimumhourlywagewas$1.00.In2017itwas$18.29.Assumingthatthisriseisdue  
entirelytoinflation,estimatetheaverageinflationrateoverthese50years.Giveyouranswerasa  

 percentage correct to one decimal place.

b) Bruceisalwayssayingthatwhenhewas 10yearsoldyoucouldbuyaPaddlePopicecreamfor50
cents.In2018thepriceofaPaddlePopwas$2.50.Iftheaverageannualrateofinflationis4.2%,in
whatyearwasBruceborn?AssumethatthepriceofaPaddlePopincreasedonlyduetoinflation.
Giveyouranswertothenearestyear.

Check your understanding

Q13. KarlMarxhasdeepideologicalissueswithfor-profitcorporations,especiallyfinancialinstitutions.

He decided to bury his life savings, $20 000, in cash in his backyard instead of investing it.

Iftheaverageannualrateofinflationis3%,howmuchwillKarlhavelostin30years’timedueto
inflationalone?

Skill

Skill

Application

Application

Joining it all together

Q14. BeppeandDaisyhaveacombinedHECS-HELPdebtof$64000.

Thevalueofthedebtincreasesyearlywithinflation.

a) Iftherateofinflationremainsat2%perannumwhatwillbethevalueoftheHECS-HELPdebt 
in20years’time? (1 mark)

b) BeppeandDaisyhavefoundalong-termsavingsaccountthatoffersaninterestrateof5.6%per
annum. The interest compounds monthly. What amount do they need to deposit in order to use the 
balancetopayofftheirHECS-HELPdebtin 20years’time? (1 mark)

c) Infiveyears’time,BeppeandDaisy’sdog,Barnesworth,winsMostPoorlyBehavedDogatthe
Darebin City Council Dog Show. Using the prize money and the money in their long-term savings 
account at the time, they are able to pay off their HECS-HELP debt.

HowmuchmoneydidBarnesworthwin?Giveyouranswercorrecttothenearestdollar. (3 marks)

Application
5 marks
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Q15. The alpacas Wingus and Dingus have recently been shorn.

Theyeachselltheirwoolfor$50.

a) Wingus deposits his earnings in a savings account. The interest
compounds monthly. After one year, the balance of the account
is$56.43.

Whatisthemonthlyinterestrate?Giveyouranswerasa
percentagecorrecttoonedecimalplace. (1 mark)

b) Dingus also deposits his interest in a savings account that pays compound interest. The account’s
interestrateis8%perannum.AfteroneyearthebalanceofDingus’savingsaccountis$54.16.

ShowthatDingus’savingsaccountcompoundsweekly. (2 marks)

Q16. Luisa and Jay have a farm in Fish Creek, Victoria, and are saving up to buy a new tractor that costs  
$35000.Theydeposit$20000inasavingsaccountthatpayscompoundinterestatarateof6%p.a.,
compounding quarterly.

Showthattheamountofinterestearnedduringthe5th year is given by  

20000(1 +  
6 _____ 400 )

20
  – 20000(1 +  

6 _____ 400 )
16

 .

Q17. In1975,theaverageAustralianyearlywagewas$7618andtheaveragehousepriceinMelbourne
was$19800.

a) How many average Australian yearly wages would it cost to buy an average house in Melbourne in
1975?Giveyouranswercorrecttoonedecimalplace. (1 mark)

b) In2015theaverageAustralianwagewas$72000.Assumingthatthisincreaseisdueentirelyto
inflation,calculatetheyearlyinflationrateoverthisperiod.Giveyouranswerasapercentage
correcttoonedecimalplace. (1 mark)

c) If the price of housing increased at the same rate as the average wage, calculate the average house
pricein Melbournein2015.Useyourroundedanswerfrompartb).Giveyouranswercorrecttothe
nearestdollar. (1 mark)

d) In2015theaveragehousepriceinMelbournewasactually$615100.
How many average Australian yearly wages would it cost to buy an average house in Melbourne in
2015?Giveyouranswercorrecttoonedecimalplace. (1 mark)

e) TheincreaseintheaveragehousepriceofMelbournebetween 1975and2015canbecalculatedby
thecompoundinterestinasimilarwaytoinflation.
IftheaveragehousepriceofMelbournecompoundsquarterly,findtheyearlyrateatwhichit
increases.Giveyouranswerasapercentagecorrecttoonedecimalplace. (1 mark)

f) Usingyourresultsfrompartsb)ande),createatablethatcomparestheaverageyearlywageand
theaveragehousepricein Melbourneovertheyears2020–2025iftheycontinuetoincreaseasthey
havebeen.Roundalltableentriestothenearestdollar. (3 marks)

g) How many average Australian yearly wages will it cost to buy an average house in Melbourne in
2025?Giveyouranswercorrecttoonedecimalplace. (1 mark)

Application
3 marks

Wingus Dingus

Skill
3 marks

Application
9 marks
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VCaa questions

Q18. Alex sends a bill to his customers after repairs are completed. If a customer does not pay the bill by 
theduedate,interestischarged.Alexchargesinterestaftertheduedateattherateof1.5%permonth
on the amount of an unpaid bill. The interest on this amount will compound monthly.

Alex sent Marcus a bill of $200 for repairs to his car. Marcus paid the full amount one month  
after the due date.

How much did Marcus pay?
VCAA 2017 Exam 2, Core module. Q6a

Q19. Anthonyinvested$15000inanaccount.Itearnedr % interest per annum, compounding monthly.

The amount of interest that is earned in the third year of the investment is given by

a. 1500(1 +  r _ 1200)
3 – 15000(1 +  r _ 1200)

2

B. 1500(1 +  r _ 1200)
36 – 15000(1 +  r _ 1200)

24

C. 1500(1 +  r _ 100)
3 – 15000(1 +  r _ 100)

2

d. 1500(1 +  r _ 100)
36 – 15000(1 +  r _ 100)

24

e. 1500(1 +  r _ 1200)
4 – 15000(1 +  r _ 1200)

3

VCAA 2011 Exam 1, Module 4: Business-related mathematics. Q7

1 mark

1 mark

Questions from multiple lessons

Q20. As part of a promotion, a new customer is offered to have his new air conditioner professionally installed 
in his home for only $200. However, he must have it installed within the week that he purchases it. 

Nextweek,thechargewillincreaseby5.2%.

The charge next week will be

a. $200.00 B. $210.00 C. $210.40

d. $215.60 e. $189.60
VCAA 2014 Exam 1 Module 4: Business-related mathematics Q1 – Adapted

Q21. The variables  car type(1:Tesla,2:Mustang,3:Other)andnumber plate type(custom,auto-generated)are

a. both nominal variables.

B. both ordinal variables.

C. a numerical variable and a categorical variable respectively.

d. a nominal variable and an ordinal variable respectively.

e. an ordinal variable and a nominal variable respectively.
VCAA 2017 Exam 1 Data analysis Q7 – Adapted

Q22. Clairedecidestoborrow$7000topurchaseacar.

a) Ifshedecidestoborrow$7000fromthebank,shewillpayinterestatarateof4.3%permonth.
Calculatetheinterestshewillpayinthefirstmonth. (1 mark)

b) Ifsheborrowsfromthedealer’sfinancecompany,shewillpay$8.75ininterestpermonth. 
Calculatetheannualsimpleinterestratecharged. (1 mark)

VCAA 2009 Exam 2 Module 4: Business-related mathematics Q2 a,b – Adapted

Difficulty:

Year 10
1 mark

Difficulty:

1 mark

Difficulty:

2 marks
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1. Cash, credit and debit cards

The three most common ways to pay for something are with cash or with a credit or debit card.

Cash

● Physical currency, such as notes and coins.

Debit cards

● Linked directly to a bank account.
● Allowswithdrawalofcashfromanautomatictellermachine(ATM)andpaymentforgoods

and services by EFTPOS.

Credit cards

● Credit is another term for a loan.
● When using a credit card, purchases are made with the bank’s money, which must be repaid

every month by the owner.
Some shops have a minimum amount for using cards, or an added fee, due to EFTPOS costs. In 
contrast, some businesses offer discounts for cash purchases, because EFTPOS fees aren’t required.

Different credit card providers have different rules for their use and calculation of interest.  
Thefollowingdefinitionswillapplythroughoutthisbook:
● Credit limit: The maximum amount that can be borrowed at once.
● Billing period: Normally one month. At the same time each month the bank will send a

statement to the account owner, which details all purchases within that period, and states when
the bill needs to be paid, known as the payment date.

● Interest-free grace period: The period between receiving the statement and the payment date
is known as the interest-free grace period. Paying back the amount owed by the payment date
results in no interest being charged.

● Interest: If a purchase is not paid back by the payment date, interest is owed to the bank.
The interest is compounded daily from when the purchase was made.

After the payment date, the amount of money owed on a purchase made through a credit card,  A, is
given by:

A = P × (1 +  
r ____________ 365 × 100 )

n

where  P  is the purchase price,  r  is the interest rate per annum, and  n  is the number of days since 
the purchase was made.

Example

Kirollos’creditcardhasaninterestrateof20%perannum.Hemadea$1200purchasewiththe
cardonDecember28,andtheinterestfreegraceperiodforthatpaymentendedonJanuary15.  
IfhepaysitbackonJanuary18,theamountheneedstopayis:

 r = 20

 n = numberofdaysbetweenDecember28
andJanuary18

n = (31 − 28) + 18

 n = 21

A = 1200 × (1 +  
20 ___________ 365 ⨉ 100 )

21

 A = 1213.88

LESSON 3E

Purchasing options
The key skills you will learn in this lesson are:

1. Cash, credit and debit cards

2. Hire purchase agreements

3. Personal loans

VCAA key knowledge point:

“comparison of purchase options including 
cash, credit and debit cards, personal loans, 
and time payments (hire purchase)”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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worked example 13 (1 mark)

Esther’screditcardhasaninterestrateof15%p.a.IfEstherspends$769usingthecardonJuly5
and pays it back on August 12, two days after the interest-free period ends, how much does she owe?

SolUTIoN

Step 1 Determine if the payment was made during or 
after the interest-free period.

Esther paid it back after the interest-free period.

Step 2 Calculate the number of days since the purchase.

note:Julyhas31days.

n = (31 − 5) + 12

 n = 26 + 12

 n = 38

Step 3 Usetheformulatofindtheamountsheowes.

A = 769 × (1 +  
15 ___________ 365 ⨉ 100 )

38

 A = 781.10

Estherowesthebank$781.10.

2. Hire purchase agreements

A hire purchase agreement involves a customer paying a deposit on an item (that is a portion of 
thetotalprice),andthenmakingsmall,regularpaymentsuntiltheitemispaidoff.Making 
payments in this way results in the customer paying more money overall. This extra money can be 
expressedasaflatrateofinterest,rf

Flat rate of interest

Theflatrateofinterestistheamountofinterestpaidasapercentageoftheamountowedfrom
purchase, converted to a yearly rate.

Theequationstocalculatetherepaymentagreementaccordingtoaflatrateofinterestareshown
in the table below:

Symbol Definition Equation

PO Original price

t Time period (in years)

 A Total amount of money paid A = deposit + (payment × number of payments )

 I Total interest paid  I = A − PO

 P Amount owed from purchase P = PO − deposit 

rf Flat rate of interest rf  =  
 I  ______ Pt  × 100

Example

Halaentersahirepurchaseagreementforasurfboardthatsellsfor$750inashop.Shepays  
adepositof$200upfront,andthenmakesmonthlypaymentsof$120for6months.

Original price is:

PO = 750

The total amount Hala pays is:

A = 200 + (6 × 120)

 A = 920

The total interest paid is:

 I = A − PO

 I = 920 − 750

 I = 170

The amount owed from purchase is:

 P = PO − deposit 

 P = 750 − 200

 P = 550

The time period needs to be given in years:

 t = 0.5

Theflatrateofinterestis:

rf  =  
 I  ______ Pt  × 100

rf  =  
170  ______ 550 × 0.5  × 100

rf  = 61.8%
© Edrolo 2019
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worked example 14 (1 mark)

KayMarketstocksasofabedwithasalepriceof$800.Thesofabedcanbeboughtthroughahire
purchaseagreementwithan$80depositandtenmonthlypaymentsof$80.

Whatistheflatrateofinterestchargedunderthehirepurchaseagreement?
Giveyouranswerasapercentagetoonedecimalplace.

SolUTIoN

Step 1 Calculate the total payment for the purchase of 
the sofa bed.

A = 80 + (10 × 80)

 A = 880

Step 2 Calculate the amount of interest charged.

 I = A − PO

 I = 880 − 800

 I = 80

Step 3 Calculate the amount owed from the purchase 
(theprincipal).

 P = PO − deposit

 P = 800 − 80

 P = 720

Step 4 Express the time of the agreement in years

 t =  10_
12 

 t =  5 _ 6 

Step 5 Substitute the values of  I, P and tintotheflat
rate of interest formula.

rf  =  
I _ Pt  × 100

rf  =  
80 _________ 

720 × 5 _ 6 
  × 100

rf  = 13.3%

Theflatrateofinterestis13.3%.

3. personal loans

Apersonalloanisacompoundinterestloanofabout$5000and$50000,oftenusedtopayfor
large personal expenses such as cars and renovations.

Main features of a personal loan:
● Paymentsaremadeeveryperiod(usuallyamonth)topayofftheloan.Thesepaymentsareequalinsizefor

each period.
● Compound interest is charged. It is calculated at the end of each period, before the payment is made. The payment

made at the end of each period is always bigger than the interest that is charged. The interest rate for personal
loans is usually less than it is for credit cards.

● Personalloanshaveasetterm(duration).
A table is often used to keep track of the loan over time.

note: Repaymentspayfor theaccumulatedinterestoftheperiodfirst.Afterthe interest is paidoff,the
leftover from the repayment amount then contributes to repaying the remaining debt. Hence, the repayment 
each period is equal to the sum of the interest paid and the debt repaid in that period. 

Example

Belowarethedetailsofthefirsttwomonthlyrepaymentsof$200madeagainstamonthly
compoundingpersonalloanof$10000,withaninterestrateof12%p.a.(1%permonth).

Payment 
number

Balance owed before 
payment ($)

Repayment 
($)

Interest 
paid ($)

Debt repaid 
($)

Balance owed after  
payment ($)

1 10 000.00 200.00 100.00 100.00 9900.00

2 9900.00 200.00 99.00 101.00 9799.00

Theinterestofthefirstmonthwas$100andthesecondwas$99.Theinterestamountwill  
continue to decrease each month.

Due to the complex nature of personal loans, this course will examine unusually short-term loans 
oronlythefirstfewrepaymentsoflonger-termloans.
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worked example 15 (2 marks)

Bronsontakesoutapersonalloanof$6500ataninterestrateof14.5%p.a.compoundingmonthly.
Bronsonmakesmonthlyrepaymentsof$230.Aftermakinghisthirdrepayment:

a) What will be the balance of Bronson’s loan?

b) How much interest will Bronson have paid?

SolUTIoN

a) What will be the balance of Bronson’s loan?

Step 1 Create a table, and enter the value of balance owed before the payment along with the value of payment 
number one.

Bronsonborrowed$6500.Therepaymentis$230eachmonth.

Payment 
number

Balance owed before 
payment ($)

Repayment 
($)

Interest 
paid ($)

Debt repaid 
($)

Balance owed after 
payment ($)

1 6500.00 230.00

2

3

Step 2 Calculate the ‘interest paid’ and ‘debt repaid’.

This question requires the monthly interest rate, so  r =  14.5 ______ 12   = 1.2083.

 Interest paid =  interest rate ______________ 100   × balance owed before payment 

 Interest paid =  1.2083 ________ 100   × 6500 = 78.54

 Debt repaid = repayment amount − interest paid 

 Debt repaid= 230 − 78.54 = 151.46

Payment 
number

Balance owed before 
payment ($)

Repayment 
($)

Interest 
paid ($)

Debt repaid 
($)

Balance owed after 
payment ($)

1 6500.00 230.00 78.54 151.46

2

3

Step 3 Find the ‘balance owed after payment’. Enter this value in both the ‘balance owed after 
payment’ column in the current row, and in the ‘balance owed before payment’ in the 
following row.

 Balance owed after payment = balance owed before payment − debt repaid 

 Balance owed after payment = 6500 − 151.46 = 6348.54

Payment 
number

Balance owed before  
payment ($)

Repayment 
($)

Interest 
paid ($)

Debt repaid 
($)

Balance owed after 
payment ($)

1 6500.00 230.00 78.54 151.46 6348.54

2 6348.54

Step 4 Repeatsteps2and3untilthethirdrowisfilled.

Payment 
number

Balance owed before 
payment ($)

Repayment 
($)

Interest 
paid ($)

Debt repaid 
($)

Balance owed after 
payment ($)

1 6500.00 230.00 78.54 151.46 6348.54

2 6348.54 230.00 76.71 153.29 6195.25

3 6195.25 230.00 74.86 155.14 6040.11

Step 5 Interpret:

Aftermakinghisthirdrepayment,thebalanceofBronson’sloanwillbe$6040.11.
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b) How much interest will Bronson have paid?

Step 1 Add all of the values for ‘interest paid’.

 Total interest paid = 78.54 + 76.71 + 74.86 = 230.11

Aftermakinghisthirdrepayment,Bronsonwillhavepaid$230.11in interest

Step 2 Interpret:

Aftermakingthisthirdrepayment,Bronsonwillhavepaid$230.11ininterest.

Questions 3e Purchasing options

Refresher question

Q1. Determine:

a) 2 × 0.9

b) 2 × 0.9 2

1. Cash, credit and debit cards

Q2. Acafehasa$0.50surchargeonallEFTPOStransactionsoflessthantendollars.

Thesalepriceofaneggandbaconrollis$8.20.

How much would it cost to buy an egg and bacon roll using a debit card?

Q3. For each of the following, give your answer in dollars correct to the nearest cent.

a) Alocalbakeryoffersafivepercentdiscountonpurchasesmadewithcash.Thesalepriceofadozen
nutelladoughnutsis$30.

How much would it cost to buy a dozen nutella doughnuts with cash, correct to the nearest cent?

b) A dumpling restaurant has a 1.2% surcharge on all EFTPOS transactions. The Scully family ate at this
restaurantlastnightfordinner.Theirbillwas$62.50.

How much would it cost the Scully family to pay the bill using a debit card?

Q4. Rosa’screditcardhasaten-dayinterest-freegraceperiod,andabillingperiodthatendsonthelast
dayofacalendarmonth.Thecardhasaninterestrateof15%p.a.

OnJuly12lastyear,RosapurchasedavintageAustraliaPostbicyclefor$350usinghercreditcard. 
IfRosadidn’tmaketherepaymentuntil26October,whatwasthetotalamountshehadtopayfor
thebike?Giveyouanswerindollars,correcttothenearestcent.

Check your understanding

Q5. OnSeptember1,Evelynuseshercreditcardtopayaneditor$4500tohelpherfinishherupcoming
book.OnNovember16,longaftertheinterest-freeperiodfinishes,Evelynpayshercreditcardbalance
of$4657.77.

What is the annual interest rate of Evelyn’s credit card?

Giveyouranswerasapercentagecorrecttoonedecimalplace.

Skill

Skill

Application

Skill
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2. Hire purchase agreements

Q6. Use the following information about a hire purchase agreement to determine the total interest  
the customer paid.
	● Normalprice:$800
	● Depositpaid:$350
	● Monthly repayment: $100
	● Numberofrepayments:7

Q7. Statethetotalinterestcharged,andtheflatrateofinterestforthefollowingscenarios. 
Roundallrelevantanswerstotwodecimalplaces.

a) Frankie buys a bassoon through a hire purchase agreement from Would Wind Sailing and Music 
Supplies. The bassoon usually costs $4200. Under the agreement, Frankie pays a deposit of $420  
and makestenmonthlyrepaymentsof$399.

b) Iris needs to purchase a new screen printing press to start up her custom t-shirt business. The model 
shewantstobuycosts$1600.Irischoosestobuythescreenprintingpressthroughahirepurchase
agreement.Shepaysadepositof$200andmakes15fortnightlyrepaymentsof$110.

Check your understanding

Q8. Two hire purchase agreements of the same item both result in the same amount of interest being paid 
overall.Onehasatermofninemonths.Theotherhasatermof18months.

Aretheflatratesofinterestforeachagreementthesame,ordifferent?Iftheyaredifferent,whichrate  
is higher?

Q9. Meihasenteredahirepurchaseagreementtobuyaroadbike,normallyvaluedat$2500.Shepaysa
depositof$750,andmakesmonthlypaymentsof$320.Iftheflatinterestrateonthebikeis6.8%,  
how many payments does the agreement last for?

Skill

Skill

Application

Application

3. personal loans

Q10. Carl is trying to work out what the balance of his loan will be after interest is added for this month.  
Thecurrentbalanceoftheloanis$75000,andtheinterestis8%perannum.

Fill in the missing numbers in his working out, rounding answers to the nearest cent.

interest rate = 8% per annum

interest rate per month =    8 __ 12 

 = 0.67%

balance owed = 75 000

interest =    interest rate__ 100   × balance

interest =    0.67 __ 100  × 75 000 

interest = 

balance after interest = balance owed + interest

balance after interest = 

Skill
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Q11. Thetablebelowdetailsthethefirstfourmonthlyrepaymentsof$600madeagainstapersonalloanof
$15000withaninterestrateof11%perannum,compoundingmonthly.

Complete the blank entries in the table below.

Payment 
number

Balance owed before 
payment ($)

Repayment ($) Interest 
paid ($)

Debt repaid ($) Balance owed after 
payment ($)

1 15 000.00 600.00 137.50 462.50 14 537.50

2 14 537.50 600.00 466.74

3 14 070.76 128.98 13 599.74

4 600.00 13 124.40

Q12. For each of the following problems, give your answer in dollars correct to the nearest cent.

a) Madeline takes out a personal loan for $10 000 to help Miss Clavel pay for renovations to her house 
in Paris.Theloanchargesinterestatarateof12.6%p.a.compoundingmonthly.Madelinemakes
monthlyrepaymentsof$500.

What is the balance of the loan after Madeline makes three repayments, correct to the nearest cent?

b) Hanstakesoutapersonalloanof$7500.Theloanchargesinterestatarateof15%p.a.
compoundingmonthly.Hansmakesmonthlyrepaymentsof$450.

WhatisthebalanceoftheloanafterHansmakesfiverepayments,correcttothenearestcent?

Check your understanding

Q13. Which of the following statements about personal loans is not true?

a. Personal loans charge compound interest.

B. Repaymentsmustbegreaterthantheinterestchargedinordertopayofftheloan.

C. The interest is calculated for the period after the repayment has been made.

d. Apersonalloanisgenerallybetween$5000and$50000.

e. The term of a loan can be reduced by increasing repayment amount.

Skill

Skill

Skill

Joining it all together

Q14. Which of the following is an advantage of a credit card?

a. Low interest rate

B. No credit limit

C. Fixed payments

d. Interest-free grace period

Q15. Which of the following is an advantage of a personal loan?

a. Fixed repayments

B. Interest rates generally lower than credit card

C. More popular than hire purchase agreements

d. Requiresadeposit

Skill
1 mark

Skill
1 mark
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Q16. Gordonneedstobuyanewovenforhisrestaurant.Themodelhewantscosts$6500.

His favourite cookware store currently has the model available through a hire purchase agreement 
withnodeposit,but7 monthlypaymentsof$975.

Gordon’sfriend,Nigella,offershimapersonalloanof$6500ataninterestrateof15%p.a.compounding
monthly.Thisloanistoberepaidinsixmonthswithequalmonthlyrepaymentsof$1131.22.

Gordonwantstospendtheleastamountofmoneypossible.

a) WhichoptionshouldGordonchoose? (2 marks)

b) Howmuchwillhesavebychoosingthisoption? (1 mark)

Application
3 marks

VCaa question

Q17. Nathanboughta$2500bedroomsuiteonacontractthatinvolvesnodepositandaninterest-freeloan
forperiodof48months.

Hehastopayaninitialset-upfeeof$25.

Inaddition,hepaysanadministrationfeeof$3.95permonth.

Thetotalamountthatnathanwillhavetopayinfeesfortheentire48months,asapercentageofthe
originalpriceof$2500,isclosestto

a. 1.6%

B. 4.0%

C. 7.6%

d. 8.5%

e. 8.6%
VCAA 2011 Exam 1, Module 4: Business-related mathematics. Q4

1 mark

Questions from multiple lessons

Q18. Jacksoninvests$12000 for200days.Ifhisinterestcompoundsdailyatarateof4.5%perannum,
whatishisinvestmentworthafter200days?Roundyouranswertothenearestdollar.

a. $80821 398

B. $79880 235

C. $25368

d. $12300

e. $12296
VCAA 2014 Exam 1 Module 4: Business-related mathematics Q3 – Adapted

Difficulty:

1 mark

© Edrolo 2019
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Q19. Thefollowinghistogramdisplaysthelongjumpresultsofayearlevelof86students.

Fr
eq

ue
nc

y

Long jump result (m)
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

35

30

25

20

15

10

5

0

The interquartile range for this distribution is closest to

a. 0.5m

B. 0.75m

C. 1 m

d. 1.25m

e. 1.5m
VCAA 2018NH Exam 1 Data analysis Q4 – Adapted

Q20. A small emergency fund of $14 000 was invested in an account for eight years.

Aftereightyearsofearninginterest,thevalueofthisinvestmentwas$15783.77.

a) Howmuchinterestwasearnedduringtheeightyearsofthisinvestment? (1 mark)

b) Interest on the account had been calculated and paid monthly. What was the annual rate of interest 
forthisinvestment?Writeyouranswercorrecttoonedecimalplace. (1 mark)

VCAA 2014 Exam 2 Module 4: Business-related mathematics Q3 a,b – Adapted

Difficulty:

Year 10
1 mark

Difficulty:

2 marks

© Edrolo 2019
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CHAPTER

4
Matrices

AOS 3: Discrete mathematics



LESSON 4A

Introduction to matrices
The key skills you will learn in this lesson are:

1. Identifying matrix properties

2. Displaying information with matrices

VCAA key knowledge points:

“use of matrices to store and display 
information that can be presented in a 
rectangular array of rows and columns such 
as databases and links in social and 
road networks”

“types of matrices (row, column, square, zero 
and identity) and the order of a matrix”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Identifying matrix properties

A matrix is a rectangular array of numbers arranged into rows and columns.

Various features of matrices are described below.

Example

Consider the matrix  A:

A = [ 
4 2 1 3

  
9 6 7 8

 ]

Rows and columns
Rows are horizontal and are numbered from top to bottom.

Rows 1
2

4 2 1 3
9 6 7 8

Columns are vertical and are numbered from left to right.

Columns 1 2 3 4
4 2 1 3
9 6 7 8

Matrix  A  has 2 rows and 4 columns.

Order

The size of a matrix is known as its order. It is written in the form:

 number of rows × number of columns 

The order of matrix  Ais2 × 4.Itiscalleda‘two-by-four’matrix.

Element

Each number in a matrix is called an element of that matrix.

The element in row  i  and column  j  of matrix  A  can be written as   ai j

Element a2 3 in matrix A  is 7. It is in the second row and the third column.

2

3
4 2 1 3
9 6 7 8
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Special types of matrices

Matrix type Description Examples

Row matrix A row matrix is a matrix with one row and any number of columns. [ 10 5 ] and [ 4 4 8 8 3 ]

Column matrix A column matrix is a matrix with one column and any number of 
rows.

⎡
 ⎢ 

⎣

2

  14  6
9

  

⎤

⎥
⎦

and [ 
1
1

 ]

Square matrix A square matrix is a matrix where the number of rows is equal to 
the number of columns.

[ 
5.2 1

  
9 16

 ]  and

⎡

⎢
⎣

1 2 3 4
5 6 7 8
9 10 11 12

 

13 14 15 16

 

⎤

⎥
⎦

Zero matrix A zero matrix is a matrix of any size in which all elements are 0.
  [ 0 ]  and 

⎡
 ⎢ 

⎣
 
0 0

  0 0  
0 0

 
⎤
⎥
⎦

Identity matrix An identity matrix is a square matrix in which all elements on the 
leading diagonal are 1 and the rest of the elements are 0.
The leading diagonal of a matrix is the diagonal line from the top 
left corner of the matrix to the bottom right corner.

⎡

⎢
⎣

1 0 0 0

  
0 1 0 0

  
0 0 1 0

  

0 0 0 1

 

⎤

 ⎥ 
⎦

  and [ 1 0  0 1 ]

wOrked example 1 (2 marks)

Considerthematrix B = 

⎡

 ⎢ 
⎣

 
9 8

  2 1  6 3  
4 7

 

⎤

 ⎥ 
⎦

.

a) What is the order of matrix  B?

b) What is element   b2 1?

SOlUTION

a) What is the order of matrix  B?

Step 1 Tofindorder,firstcounttherows.
1
2
3
4

9 8
2 1
6 3
4 7

There are four rows.

Step 2 Count the columns.
1 2
9 8
2 1
6 3
4 7

There are two columns.

Step 3 Write down the order.

The order is written as  
number of rows × number of columns.

∴TheorderofmatrixBis4 × 2.

b) What is element   b2 1?

Step 1 For element   b2 1 ,locaterow2.

2
9 8
2 1
6 3
4 7

Step 2 Locate column 1.
1

9 8
2 1
6 3
4 7

2

Step 3 Write down the element.

Element b2 1 is2.
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wOrked example 2 (1 mark)

Considerthematrix X = [ 
7 4 1 2

  
9 6 3 0

 ].

Store matrix  Xinyourcalculatoranduseittofind𝑥 1 4 .

SOlUTION: TI-NSpIre

Step 1 Open a new page by pressing  + ,
then press (‘AddCalculator’).

Step 2 Press andusethearrowstofindthe
matrix icon . Press .

Set the number of rows to 2 and the number of 
columns to 4. Press .

Step 3 Entertheelementsofthematrixintoeachbox,
using togobetweenboxes,orusingthe
cursor to select elements.

Oncethematrixiscomplete,movethecursor
to the right of the matrix and then press  + 

thentype‘x’tostorethematrixas𝑥.

Press .

Step 4 Todisplayelement𝑥 1 4,type‘x[1,4]’andpress
.

The answer will appear.

SOlUTION: ClaSSpad

Step 1 Fromthemenu,tap  and 
press  then‘Keyboard’.

Step 2 Tap ,tap ,thentap   twice to 
createa2  × 4matrix.

Step 3 Enter the corresponding elements of the matrix 
intoeachbox,usingthestylustogo 
between boxes.

Oncethematrixiscomplete,clicktherightside
ofthematrix,tap andtype‘X’.

Press  to store the matrix as  X.

Step 4 Tolocate𝑥 1 4,type‘X[1,4]’(squarebracketsare
in Math3 )andpress .

Element𝑥 1 4will appear.
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2. displaying information with matrices

Matricescanbeusedtodisplaymanytypesofnumericalinformation,suchastheresultsofa
survey,orsalesdata.

Example

Thefollowingtableshowsthenumberofmilkshakes,
coffees and doughnuts sold at a cafe on Monday 
and Tuesday.

Monday Tuesday

Milkshakes 17 12

Coffees 34 38

Doughnuts 19 22

This information can also be displayed in matrix form:

M T
M
C
D
 
⎡
 ⎢ 

⎣
 
17 12

  34 38  
19 22

 
⎤
 ⎥

⎦

wOrked example 3 (5 marks)

The favourite sports of Year 11 and Year 12 students at Edrolo High are shown in matrix  M below.

Ye
ar

 1
1

 Ye
ar

 1
2

M =  
Soccer

  Basketball  
Netball

 
⎡
 ⎢ 

⎣
 
32 45

  53 29  
16 21

 
⎤
 ⎥

⎦

a) What information does element   m3 2 represent? (1 mark)

b) How many Year 12 students are there at Edrolo High? (1 mark)

c) What is the most popular sport amongst Year 11 students? (1 mark)

d) Create a column matrix showing the total number of students that prefer each sport.

Hence,findthemostpopularsportoverall. (2 marks)

SOlUTION

a) What information does element   m3 2 represent?

Step 1 Locate row 3.

Ye
ar

 1
1

Ye
ar

 1
2

32 45
53 29
16 21

Soccer
Basketball

Netball

Row3istherowlabelled‘Netball’.

Step 2 Locate column 2.

Ye
ar

 1
1

Ye
ar

 1
2

32 45
53 29
16 21

Soccer
Basketball

Netball

Column2isthecolumnlabelled‘Year12’.

Step 3 Interpret the element.

The element   m3 2    is 21. It represents the 21 
Year 12 students who chose netball as their 
favourite sport.

b) How many Year 12 students are there at
Edrolo High?

Step 1 Locate the Year 12 column.

Ye
ar

 1
1

Ye
ar

 1
2

32 45
53 29
16 21

Soccer
Basketball

Netball

Step 2 Find the sum of the values in the Year 
12 column.

45 + 29 + 21 = 95

There are 95 students in Year 12.
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Questions 4a Introduction to matrices

Refresher question

Q1. Howmanyelementsareina2 × 2 matrix?

1. Identifying matrix properties

Q2. Whichofthefollowingisa3 × 4matrix?

a. [ 
4

  
3

  
3

  
4

  
3

  
3

 
3

  
4

  
3

  
3

  
4

  
3

 ] B. 

⎡

 ⎢ 
⎣

 

4

  

7

  

8

  
2

  
1

  
3

  
6

  
2

  
9

  

5

  

4

  

8 

 

⎤

 ⎥ 
⎦

C. 

⎡
 ⎢ 

⎣
 
7

  
6

  
5

  
4

  0   2   8   1  
9

  
5

  
6

  
3

 
⎤
 ⎥ 

⎦
d. [ 12 ]

Q3. For matrix  Mbelow,writeeachofthefollowingelements.
⎡

 ⎢ 
⎣

 

12 3 2 1

 
7 9 16 5

 
10 11 4 7

 

6 8 18 0

 

⎤

 ⎥ 
⎦

a) m1 4 

b) m3 4

c) m2 3

d) m4 2

Skill

Skill

c) What is the most popular sport amongst Year 
11 students?

Step 1 Locate the Year 11 column.

Ye
ar

 1
1

Ye
ar

 1
2

32 45
53 29
16 21

Soccer
Basketball

Netball

Step 2 Find the highest value in the Year 11 column.

53 is the highest value.

This is in the Basketball row.

∴ Basketballisthemostpopularsportamongst
Year 11 students.

d) Create a column matrix showing the total number of 
studentsthatprefereachsport.Hence,findthemost
popular sport overall.

Step 1 Createandlabela3 × 1matrix.
Total

Soccer
Basketball

Netball

Step 2 Add the Year 11 and Year 12 values for each sport.

 Total

 
Soccer

  Basketball  
Netball

  = 
⎡
 ⎢ 

⎣
 
32 + 45

  53 + 29  
16 + 21

 
⎤
 ⎥ 

⎦
 =  

Soccer
  Basketball  

Netball
 
⎡
 ⎢ 

⎣
 
77

  82  
37

 
⎤
 ⎥ 

⎦
✓ 1 mark for correct column matrix

Step 3 Find the highest value.

The highest value is 82. This is in the 
Basketball row.

∴Basketballisthemostpopularsport.
✓ 1 mark for writing most popular sport

124 4A IntroduCtIon to mAtrICes

© Edrolo 2020



Q4. Write the order of each of the following matrices.

a) [ 2   1   44   6   17 ] b) 

⎡
 ⎢ 

⎣
  
0

  
4

  15   2  
6

  
11

 
⎤
⎥
⎦

c) [
6

  
−4

 ] d) 

⎡
 ⎢ 

⎣
  
2

  
33 15 −3

 19   6   7   8 
4

  
−55 71 5

   
⎤
⎥
⎦

Q5. Consider matrix  N.

N = 

⎡

⎢
⎣

6 −9 15

 
4 2 11

 
3 10 7
 

−1 8 −4

 

⎤

⎥
⎦

a) What is the order of matrix  N?

b) Find element   n3 2.

c) Find the sum of column 3.

Check your understanding

Q6. Create the following matrices:

a) A zero row matrix containing 7 elements.

b) An identity matrix with 3 rows.

Q7. A = [ 1 1 1 1 ] B = [ 0 ]

C = 

⎡

⎢
⎣

1 0 0 0

 
0 1 0 0

 
0 0 1 0

 

0 0 0 1

 

⎤

⎥
⎦

D = [ 
0 1

  
1 0

 ]

E = 
⎡
 ⎢ 

⎣
 
1
1
1

 
⎤
⎥
⎦

F = [ 
0
0

 ]

G = [ 1 ]

Write down which of the above matrices are:

a) zero matrices b) row matrices

c) column matrices d) squarematrices

e) identity matrices

Skill

Skill

Skill

Skill

2. displaying information with matrices

Q8. Thetablebelowshowstheamountofmilk(M),flour(F),andsugar(S)neededtomakepancakes(P)
andcupcakes(C).Allmeasurementsareincups.

Pancakes Cupcakes

Milk 2 1.5

Flour 1.5 2

Sugar 0.5 1

Application
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Fill in the matrix below to display this information.
P C

M
F
S

Q9. Thefollowingtabledisplaysthehighest,lowest,andmedianmarksawardedforamathstestinfourYear
11 classes.

Highest 
(%)

Lowest 
(%)

Median 
(%)

Class A 97 34 71

Class B 89 40 68

Class C 100 29 65

Class D 94 42 70

Which of the following matrices does not display information that is in the table?

C

a.   
Highest

  Lowest  
Median

  
⎡

 ⎢ 

⎣
 
100

  29  
65
  
⎤

⎥
⎦

A B C D

B.  
Lowest

  Highest  
Median

 
⎡
 ⎢ 

⎣
 
34 40 29 42

 97 89 100 94 
71 68 65 70

 
⎤
 ⎥

⎦

A B C D

C. Median [ 71 68 65 70 ]
A B C D

d. Highest [ 94 100 89 97 ]

Check your understanding

Q10. Alex has three cats and two dogs. Bella has one cat and one dog. Catherine has two cats and no dogs.

Displaythisinformationina2 × 3matrix.

Application

Application

Joining it all together

Q11. Agroupofchildrenwereaskedtheirfavouriteflavouroficecreambetweenvanilla,strawberry,andmint
choc chip. The results are shown below.

Gender Vanilla Strawberry Mint choc chip

Boys 9 12 21

Girls 15 11 17

a) Displaythisinformationina2 × 3matrix.
b) Create a column matrix showing the number of boys and girls that chose mint choc chip.
c) Create a row matrix showing the ice cream choices of the boys only.
d) Findthesumoftheelementsintherowmatrixinpartc)andinterprettheresult.

Application
4 marks
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Q12. ThreemediaclasseswereaskedinasurveywhattheirfavouriteTVshowwasoutofFriends,Grey’s
Anatomy,andRuPaul’sDragRace(F,G,Rrespectively).MatrixX  displays the results of the survey 
separatedintoclassesA,B,andC.

F G R

X = 
A
B
C
  
⎡
 ⎢ 

⎣
 
7 7 12

  8 9 10  
8 11 6

  
⎤
 ⎥ 

⎦

a) How many people in Class A chose Friends?
b) Whatinformationdoes𝑥 2 3 represent?
c) WhichelementrepresentsthenumberofpeopleinClassCthatchoseGrey’sAnatomy?
d) How many people are in each of the three classes?

e) What is the most popular TV show overall?

Q13. Indialikestoplanherdinnerssoshedoesn’thavetoeatthesamethingtwonightsinarow.Sheusesthe
matrix below to decide what she will have for dinner based on what she had last night. The four meals 
shecanmakearepasta(P),risotto(R),stir-fry(S),andcasserole(C).

 Last night
 P R S C

Tonight  

P
R
S
C

  

⎡

 ⎢ 
⎣

 

0 0 0 1

  
0 0 1 0

  
1 0 0 0

  

0 1 0 0

 

⎤

 ⎥ 
⎦

a) IfIndiahasstir-fryonTuesday,whatwillshehaveonWednesday,ThursdayandFriday?

b) India’sfriend,Jason,hasrecentlystartedplanninghisdinnersthesameway,butusingadifferent
matrix. Below are his meals for the past week.

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Stir-fry Casserole Risotto Pasta Stir-fry Casserole Risotto

FillinthematrixbelowbasedonJason’smealchoices.

 Last night
 P R S C

Tonight  

P
R
S
C

  

⎡

 ⎢ 
⎣

 

       

  
       

  
       

  

         

 

⎤

 ⎥ 
⎦

Application
5 marks

Application
2 marks

VCaa question

Q14. The order of matrix  Xis 3 × 2.TheelementsofmatrixX are given below.
𝑥 1 1 = 1 + 1 𝑥 1 2 = 1 + 2
𝑥 2 1 = 2 + 1 𝑥 2 2 = 2 + 2
𝑥 3 1 = 3 + 1 𝑥 3 2 = 3 + 2

The matrix  X is

a. 

⎡
 ⎢ 

⎣
 
1 2

  3 4  
5 6

 
⎤
 ⎥ 

⎦
B. 

⎡
 ⎢ 

⎣
 
2 3

  4 5  
6 7

 
⎤
 ⎥ 

⎦
C. [ 2 3 4  3 4 5 ] d. 

⎡
 ⎢ 

⎣
 
1 2

  3 3  
4 4

 
⎤
 ⎥ 

⎦
e. 

⎡
 ⎢ 

⎣
 
2 3

  3 4  
4 5

 
⎤
 ⎥ 

⎦
Adapted from VCAA 2014 Exam 1, Module 6: Matrices. Q6

1  mark
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Questions from multiple lessons

Q15. Thenumberofmusicfestivals(F),concerts(C)andgigs(G)thatHeidi(H),Ingrid(I),Joey(J),Kathy(K)
andLeo(L)attendedlastsummerisgiven inmatrixM.

H I J K L

M = 
⎡
 ⎢ 

⎣
 
3 2 0 0 6

 1 5 4 7 0 
8 3 2 1 8

 
⎤
 ⎥ 

⎦
  
F
C
G

The element in row  i  and column  j  in matrix  M is mi j .

The element   m2 3    is the number of

a. gigsJoeyattendedlastsummer

B. gigs Ingrid attended last summer

C. concertsKathyattendedlastsummer

d. concertsJoeyattendedlastsummer

e. concerts Ingrid attended last summer
VCAA 2015 Exam 1 Module 6: Matrices Q1 – Adapted

Q16. Research is being conducted into trees in Victorian forests. The focus is on two variables:
● Height (metres)(lessthan20,20-40,morethan40)
●  Type of tree(Eucalpyt,MountainAsh,Redwood)
These variables are:

a. a numerical variable and a categorical variable respectively

B. an ordinal variable and nominal variable respectively

C. both ordinal variables

d. a nominal variable and ordinal variable respectively

e. both nominal variables
VCAA 2017 Exam 1 Data analysis Q7 – Adapted

Q17. Cadrolo(C),Edlindt(E),andFerredRocholo(F)arethreepopularbrandsofchocolate.Woolworths(W)
andIGA(I)aresupermarketsthatsellallthreebrandsofchocolate.

Thecost,indollars,foroneblockofeachofthesebrandsofchocolate,ineachsupermarket,isshownin
matrix  B below.

W I

 B = 
⎡
 ⎢ 

⎣
 
2.59 2.39

  5.99 6.25  
3.89 3.99

 
⎤
 ⎥ 

⎦
 
C
E
F

a) WhatisthecostofoneblockofEdlindtatWoolworths? (1 mark)

b) Write down the order of matrix  B  (1 mark)

c) What does the element   b1 2represent? (1 mark)

VCAA Exam 2 Module 1: Matrices Q1 – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

3 marks
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1. Adding and subtracting matrices

Whenaddingmatrices,weaddtheelementsinthesamepositionofeachmatrix.

Whensubtractingmatrices,wesubtracttheelementsinthesamepositionofeachmatrix.

Matrices must be of the same order to be added together or subtracted from each other.

Ifthematricesinanadditionorsubtractionoperationareofthesameorder,theexpressionis
defined.Ifthematricesarenotofthesameorder,theexpressionisnot defined.

worked exAmple 4 (2 marks)

If A = 
[

 
2 0

  6 4  
1 7

 
]
 and B = 

[
 
8 3

  2 9  
4 2

 
]
 find:

a) A + B

b) A − B

SolUTIoN

a) A + B

Step 1 Write the calculation.

[
 
2 0

  6 4  
1 7

 
]
 + 

[
 
8 3

  2 9  
4 2

 
]

Step 2 Add the elements which are in the same position 
in the two matrices. 

[
 
2 + 8   0 + 3

 6 + 2   4 + 9 
1 + 4   7 + 2

 
]

Step 3 Performtheoperationstofindtheanswer.

[
 
10 3

  8 13  
5 9

  
]

b) A − B

Step 1 Write the calculation.

[
 
2 0

  6 4  
1 7

 
]
 − 

[
 
8 3

  2 9  
4 2

 
]

Step 2 Subtract the elements which are in the same 
position in the two matrices. 

[
 
2 − 8   0 − 3

 6 − 2   4 − 9 
1 − 4   7 − 2

 
]

Step 3 Performtheoperationstofindtheanswer.

[
 
−6 −3

  4 −5  
−3 5

  
]

2. Finding the unknown element

Tofindthevalueofanunknownelementinamatrixwemustfindthepositionoftheelement  
in the matrix. The value of the unknown element can be found by identifying the elements in the 
sameposition,andwritinganequationwhichrelatestheseelements.

LESSON 4B

Addition and subtraction of matrices
The key skills you will learn in this lesson are:

1. Adding and subtracting matrices

2. Finding the unknown element 

VCAA key knowledge point:

“matrix addition, subtraction, multiplication by 
a scalar, and matrix multiplication including 
determining the power of a square matrix 
using technology as applicable”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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worked exAmple 5 (1 mark)

What is the value of  a?

[
1 a  −3 7 ] + [ 6 3  5 8 ] = [ 7 1  2 15 ]

SolUTIoN

Step 1 Find the position of element  a.

 aisinthefirstrowandthesecondcolumn.

[
1 a  −3 7 ] + [ 6 3  5 8 ] = [ 7 1  2 15 ]

Step 2 Find all the elements in the same position – the 
firstrowandthesecondcolumn.

Step 3 Writeanequation.

 a  + 3 = 1

Step 4 Solvetheequationalgebraicallyorbyusingthe
solvefunctiononyourCAStofindthevalueofa.

 a = −2

Refresher question

Q1. 𝑥 + 6 = 2. What is the value of 𝑥?

1. Adding and subtracting matrices

Q2. IfA = [ −5  8  3 10 ],B = [
3 9  11 7 ], C = [ −4 5  −6 3 ] andD = [

0 −7  −2 12 ], findthefollowing.

a) A + B

b) B − C

c) C − A + D

Check your understanding

Q3. A = [ 3 −7 12  0 16 4  ], B = [

7 −1
  −3 8  

9 2
  
]
,C = 

[
 
−14 2

  10 11  
−8 3

  
]
, D = 

[

2 6 −16
  3 4 7  

−8 17 9
  

]
, E = [

5 10  −6 7  ]  

F = [ 28 3 −7  7 15 0  ] and G = [ 0 0  0 0 ],whichofthefollowingisnotdefined?

Choose all answers that apply.

A. A + B B. B − C C. E + G

d. F + A e. D − C

Q4. Thematricesbelowshowthenumberofsmallandlargeblueberry,bananaandchocolatemuffinssoldat
twostoresinaday.Constructamatrixthatshowsthetotalnumberofeachtypeofmuffinsoldthatday 
across the two stores.

 Bl
ue

be
rr

y

 Ba
na

na

 Ch
oc

ol
at

e

 Bl
ue

be
rr

y

 Ba
na

na

 Ch
oc

ol
at

e

Small  
Large[ 15 11 17  

21 16 19
 ]

Small  
Large[ 19 20 22  

25 23 27
 ]

 Store 1 Store 2

Skill

Skill

Application
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2. Finding the unknown element

Q5. If [
0 7  17 9 ] + [

3 −5  −8 4  ] = [ 3 2  𝑥 13 ], whatisthevalueof𝑥?

Q6. Find the unknown values.

a) [ 6 a 1  9 0 −8 ] +  [ 13 9 11  2 4 −b ] = [ 19 16 12  11 4 4   ]

b) 

⎡
 ⎢ 

⎣
  
7

  −c  14  
3
  
⎤
 ⎥ 

⎦
 −

⎡
 ⎢ 

⎣
  

2
5
d  

11

 

⎤
 ⎥ 

⎦
= 

⎡
 ⎢ 

⎣
  
5

  −8  6  

−8

 

⎤

⎥
⎦

c) 
[

16 −7 3
 −5 13 8 

6 10 e
 
]
+ 

[

7 −2 g
  f −3 12  

16 0 −7
 
]
 = 

[

9 −5 5
 −6 16 −4 

−10 10 −7]

Check your understanding

Q7. A student was conducting a survey about 
the types of pets owned by students in two 
classes. He recorded his data in the matrices 
ontheright,butsomeofthedatagot
smudged out. What are the missing values?

Skill

Skill

Application

Class 1 Class 2 Total
⎡

 ⎢ 
⎣

  

7
5
a
0
1

  

10

 

⎤

 ⎥ 
⎦

Dog

  

Cat

  
Rabbit

  GuineaPig  

Bird

  

None

   

⎡

 ⎢ 
⎣

 

6
7
2
3
2
b

 

⎤

 ⎥ 
⎦

Dog

  

Cat

  
Rabbit

  GuineaPig  

Bird

  

None

   

⎡

 ⎢ 
⎣

c
12

  
4
3
3

  

16

 

⎤

 ⎥ 
⎦

Dog

  

Cat

  
Rabbit

  GuineaPig  

Bird

  

None

 

Joining it all together

Q8. What is the missing matrix?

[

6 0
−9 3
2 8]

 − ? = 
[

3 7
−4 5
−6 4]

Q9. Thetotalnumberofstudentswhohavebrown,blue,hazelandgreeneyesinthreeYear11classesis
represented in the matrix below. Which could nothavebeenthenumberofbrown,blue,hazelandgreen
eyes in the three individual classes?
⎡
 ⎢ 

⎣
 

37

  18  11  

3

  

⎤

⎥
⎦

Brown
Blue  Hazel
Green

A. Class11A: 

⎡
 ⎢ 

⎣
 

10

  9
3
1

 

⎤

⎥
⎦

Brown
Blue  Hazel
Green

Class11B: 

⎡
 ⎢ 

⎣
 

13

  5
3
2

  

⎤
 ⎥ 

⎦

Brown
Blue  Hazel
Green

Class11C: 

⎡

⎢
⎣

14

  4
5
0



⎤
 ⎥ 

⎦

Brown
Blue  Hazel
Green

B. Class11A: 

⎡
 ⎢ 

⎣
 
12

  6
2
1

 

⎤

⎥
⎦

Brown
Blue  Hazel
Green

Class11B: 

⎡

⎢
⎣

13
  7

3
1

   

⎤
 ⎥ 

⎦

Brown
Blue  Hazel
Green

Class11C: 

⎡
 ⎢ 

⎣
 

12

  5
6
1

  

⎤
 ⎥ 

⎦

Brown
Blue  Hazel
Green

C. Class11A: 

⎡

⎢
⎣

13
  7

3
1

⎤

⎥
⎦

Brown
Blue  Hazel
Green

Class11B: 

⎡
 ⎢ 

⎣
 

10

  9
3
1

  

⎤
 ⎥ 

⎦

Brown
Blue  Hazel
Green

Class11C: 

⎡
 ⎢ 

⎣
 

14

  2
5
1

  

⎤

⎥
⎦

Brown
Blue  Hazel
Green

d. Class11A: 

⎡
 ⎢ 

⎣
 

14

  2
5
1

 

⎤
 ⎥ 

⎦

Brown
Blue  Hazel
Green

Class11B: 

⎡
 ⎢ 

⎣
 

11

  10  5
1

  

⎤
 ⎥ 

⎦

Brown
Blue  Hazel
Green

Class11C: 

⎡
 ⎢ 

⎣
 
12

  6
2
1

  

⎤
 ⎥ 

⎦

Brown
Blue  Hazel
Green

Skill
1 mark

Application
1 mark
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VCAA question

Q11. If [ 1 0  0 1 ] + [ 3 7  8 d  ] = [ 4 7  8 11 ] thendisequalto

A. −11 B. −10 C. 7

d. 10 e. 11
VCAA 2008 Exam 1, Module 6: Matrices. Q1

1 mark

Q10. Theweight(kg)andbodyfatpercentage(%)offourpeoplewererecordedbeforeandaftertakingpart 
in an exercise program. 

 Al
ex

 Pa
ul

in
e

 Za
c

 Ke
lly

 Al
ex

 Pa
ul

in
e

 Za
c

 Ke
lly

Before: [ 
77 56 72 61

 
24 22 18 27

 ] 
Weight(kg)

  
Bodyfat(%)

 After: [ 
76 57 74 59

 
19 20 16 24

 ] 
Weight(kg)

  
Bodyfat(%)

a) Calculatethematrixwhichshowsthechangeineachperson’sweightandbodyfatpercentageafter
taking part in the exercise program.

b) Who lost the most weight?

Application
2 marks

Questions from multiple lessons

Q12. Janerecentlystartedworkingatagrocerystoreonweekends.Thenumberofhourssheworkson
SaturdayandSundayoverthreeconsecutiveweeks(W1,W2andW3)isshowninthematrixbelow.

 W1 W2 W3
Saturday

  
Sunday

 [ 
4    7    5

  
5    7    8

 ]

HowmanyhoursdidJaneworkonSaturdayinweek3?

A. 7 B. 5 C. 8

d. 4 e. 13
VCAA 2017 Exam 1 Module 1: Matrices Q1 – Adapted

Q13. Findthefirstfivetermsoftherecurrencerelationbelow.

 B  0 = −1, Bn+1 = −3Bn + 4

A. −1,3,7, 11,15... B. −1,7,−17,55,−161... C. −1,1,7,25,79...

d. 7,−17,55,−161,487... e. −1,3,−9,27,−81...
VCAA 2016 Exam 1 Recursion and financial modelling Q17 – Adapted

Q14. Thenumberofchild(C),student(S)andadult(A)ticketssoldforaparticularmovieisshowninthe
matrix  N below.

 N = 
⎡
 ⎢ 

⎣
 
36

  34  
49

 
⎤
 ⎥ 

⎦
  
C
S
A

a) What is the order of matrix  N? (1 mark)

b) What is the element  n  3 1? (1 mark)

c) Whatisthesumoftheelementsinthecolumnmatrix,andwhatdoesitrepresent? (1 mark)

VCAA 2016 Exam 2 Module 1: Matrices Q1 – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

3 marks
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1. Scalar multiplication

There are two types of multiplication with matrices: scalar multiplication and the matrix product.

Scalar multiplication is the multiplication of a matrix by a number. 

Thisnumberisknownasascalar,becauseit‘scales’thevaluesinsidethematrix.

Tocalculatetheanswer,multiplyeachelementinthematrixbythescalar.

worked example 6 (1 mark)

If  A = [ 6 −7  0 3  ],find3A.

SolUTIoN

Step 1 Writetheequationinmatrixform.

3A  means  3  times  A.

3A =3 [ 6 −7  0 3  ]

Step 2 Multiply every element inside the matrix by 3.

= [ 3 × 6 3 × (−7) 
3 × 0 3 × 3

  ]

Step 3 Completetheoperationstofindtheanswer.

= [ 18 −21  0 9  ]

worked example 7 (1 mark)

Use CAS to evaluate 2.6   [ 10.2 5.1  3.9 −4.7 ].

SolUTIoN: TI-NSpIre

Step 1 Gotothecalculatorscreenwithinadocument.Typethescalar,2.6,thenpressmultiply‘×’.

Step 2 Push ,then for‘Matrix&Vector’, for‘Create’and for‘Matrix…’.

Enter‘2’forthenumberofrowsand‘2’forthenumberofcolumns.Press .

Step 3 Enter10.2,5.1,3.9and−4.7 intheirrespectiveplacesinthematrix.

Youcanusetheup,down,leftandrightbuttonsorthecursortonavigatearoundthematrix.

LESSON 4C

Multiplication and matrices 1
The key skills you will learn in this lesson are:

1. Scalar multiplication

2. Addition and subtraction with scalar multiplication

VCAA key knowledge point:

“matrix addition, subtraction, multiplication by 
a scalar, and matrix multiplication including 
determining the power of a square matrix 
using technology as applicable”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Step 4 Press  then  to calculate the answer in decimal form.

SolUTIoN: CaSIo ClaSSpad

Step 1 Usingthestylus,touch .Typethescalar,2.6,thenpressmultiply‘×’.

Step 2 Under the sectionofthekeyboard,push (addrow)and (addcolumn)  
once each to create a 2 by 2 matrix.

Step 3 Use the stylus to tap on different elements in the matrix and enter the relevant numbers.

Step 4 Ensure the calculator is on mode,not mode,andtap .

2. addition and subtraction with scalar multiplication

Inmatricestheorderofoperations(BIDMASorBODMAS)appliestoscalarmultiplication,matrix
addition and and matrix subtraction.

worked example 8 (1 mark)

If  A = [ 6 −7  0 3  ],andB = [
1 3  −2 5 ],find2A − 3B.

SolUTIoN

Step 1 Write 2A − 3B  in matrix form.

2A − 3B = 2 [ 6 −7  0 3  ] −3 [
1 3  −2 5 ]

Step 2 Multiply each element inside the matrices with 
themultiplier(scalar)outsideit.

= [ 2 × 6 2(−7) 
2 × 0 2 × 3

 ] − [
3 × 1 3 × 3 3(−2) 3 × 5 ]

Step 3 Complete the operations within each matrix. 

= [ 12 −14  0 6  ] − [
3 9  −6 15 ]

Step 4 Do the subtraction operation.

= [ 9 −23  6 −9 ]
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Questions 4C Multiplication and matrices 1

Refresher question

Q1. Find the value of the following:

a) 2 × 5 + 3 × 7

b) 7 × 1 − 4 × (−2)

1. Scalar multiplication

Q2. Find the missing number in the following scalar multiplication operation.

2 [ 45 ] = [ 2 × 4  2 × 5 ] = [ 8? ]

Q3. Evaluate the matrix below.

3 [ 2 3  1 2 ].

Q4. Evaluate the following expressions.

a) −2 [ 4 −1  2 3  ]

b) 10 [ 4 −2  7 3  ]

c) 0.25 [ 12 4  16 40 ]

Check your understanding

Q5. Forthefollowing,findthevalueof𝑥.

a) 𝑥 [ 1 3  2 1 ] = [ 2 6  4 2 ]

b) 𝑥 [ −2 5  3 1 ] = [ −18 45  27 9  ]

Skill

Skill

Skill

Skill

2. addition and subtraction with scalar multiplication

Q6. Completethematrixequationbelowbyfillinginthemissingelement.

[ −3 6  0 4 ] + [ 2 −4  7 −3 ] = [ −1 2  7 ? ]

Q7. Evaluate the following expressions.

a) 8 [ 11 15 −19 ] −  1 _ 2  [ 210 68 130 ]

b) 2 
[

1
  −3

4
  
]
 + 3 

[
 
−1
2
2
  
]

c) 3 [
4 7  −3 5 ] − 4 [ 4 −5  3 2  ]

Skill

Skill
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Q8. Evaluate the following expressions without using CAS. 

a) 4 [ −2 2  1 3 ] + 2 [
4 −3  −1 5  ]

b) −3 [ −2 2  1 3 ] + 2 [
4 −3  −1 5  ]

c) −3 [ −2 2  1 3 ] − 2 [
4 −3  −1 5  ]

Q9. Evaluate the following expressions using CAS. 

a) 2 [ 3 2 4  1 −1 −2 ] − 3 [ −1 0 2  4 −2 3 ]

b) 0.5 [ 6 4 −2  3 8 −5 ] − [ −2 4 1  1 0 −1 ]

Check your understanding

Q10. Duetoanincreaseindemand,thepriceforEdrolomerchandisewilldouble.

Theoriginalprices,inmatrixform,were:

[ 
hoodie tracksuit pants

 cap tote bag  ] = [ 
$70 $55

  
$20 $10

 ]

Which expressions will give the matrix with the new prices? There may be more 
than one correct option.

Expression 1

0.5 [ 
$70 $55

  
$20 $10

 ]

Expression 2

2 [ 
$70 $55

  
$20 $10

 ]

Expression 3

[ 
$70 $55

  
$20 $10

 ] + [ 
$70 $55

  
$20 $10

 ]

Skill

Skill

Application

Joining it all together

Q11. Whichofthefollowingdoesnotequal [ 23 ]?

a.  2 _ 3  [
6  12 ] − 2 [

1  2.5 ]

B.  1 _ 2  [ 46 ]

C. 3 [ 00 ] + 3 [ 
2 _ 3 
1
  ]

d. 2 
[

 
1 _ 3 
1 _ 2 

 
]
 − 4 [ −

1 _ 3   
−1

 ]

Q12. Solvethefollowingequationfor 𝑥 and 𝑦.

2 [ 1 3  𝑥 4 ] − 3 [
𝑦 2  
3 4

 ] = [
5 0  −3 −4 ]

Skill
1 mark

Skill
2 marks
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Q13. Whichofthefollowingproblemscannotbesimplifieddowntoasinglematrix?

a. 0.27 [ 2.2 3.5 −2.8 37 8.3 −0.5 ] − [ 0 4 3  6 0 0 ]

B. −2.3 
[

 
−4

  3  
21
 
]
 + 3 

[

2 −7
  0.4 3.3  

−1 0.78
 
]

C. 
[

3 4 6
 −5 0.1 3 

4 −0.6 0.33
 
]
 − 

[
 
−0.1 2 0.1

 0.2 1 0  
4 3.2 43

 
]

d. 45 [ −3 1.4 ] − 5.6 [ 3.1 −2 ]

Q14. GabrielleandHussainareracingtofinishtheirclassworkcorrectly.Thefinalproblemforthelessonis
below.Lookattheirworking.Whofinishedalltheproblemscorrectlyfirst?

1.5 [ 4 −3 2  2 −1 0 ] − 2 [
3 1.5 −2 −0.5 3 4.5 ]

Gabrielle:

= [ 1.5 × 4 1.5 × −3 1.5 × 2 1.5 × 2 1.5 × −1 1.5 × 0 ] − [
2 × 3 2 × 1.5 2 × −2 2 × −0.5 2 × 3 2 × 4.5 ]

= [ 6 −4.5 3  3 −1.5 0 ] − [
6 3 −4  −1 6 9  ]

= [ 0 −7.5 7  2 −7.5 −9 ]
Hussain:

= [ 1.5 × 4 1.5 × −3 1.5 × 2 1.5 × 2 1.5 × −1 1.5 × 0 ] − [
2 × 3 2 × 1.5 2 × −2 2 × −0.5 2 × 3 2 × 4.5 ]

= [ 6 −4.5 3  3 −1.5 0 ] − [
6 3 −4  −1 6 9  ]

= [ 0 −7.5 7  4 −7.5 −9 ]

Skill
1 mark

Application
1 mark

VCaa question

Q15. 3 [ 2 1  0 3 ] + 2 [ −1 0  2 −7 ] equals

a. [ 4 3  4 −5 ]

B. 6 [ 1 1  2 −4 ]

C. [ 4 3  4 2 ]

d. 5 [ 1 1  2 −4 ]

e. [ 3 6  7 4 ]
VCAA 2009 Exam 1, Module 6: Matrices. Q1

1 mark

 4C MultipliCAtion And MAtriCes 1 137

© Edrolo 2020



Questions from multiple lessons

Q16. Considerthefollowingmatrixequation.

2 × [ 6 −4  3 0  ] − M = [ 5 1  4 −1 ]
Which of the matrices below is  M?

a. [
1 −5  −1 1  ]

B. [ 3 −3  1 3  ]

C. [ −3 3  −1 −3 ]

d. [ 7 −9  2 1  ]

e. [ −7 9  −2 −1 ]
VCAA 2018NH Exam 1 Module 1: Matrices Q2 – Adapted

Q17. The following scatterplot shows the  
distance covered(km)andprice($)perticket
for10internationalflights.

Aleastsquaresregressionlinehasbeen
added to the scatterplot with  distance covered
as the explanatory variable.

Theequationoftheregressionlineisclosestto

a.  distance covered = 507 + 0.987 × price

B.  distance covered = 507 + 0.013 × price

C.  distance covered = 441 + 0.013 × price

d.  price = 507 + 0.013 × distance covered

e.  price = 441 + 0.013 × distance covered
VCAA 2017 Exam 1 Data Analysis Q8 – Adapted

Q18. Thecost,indollars,forsomeAppleproductsatatechshopareshownin matrixM below.

 M = 

⎡

⎢
⎣

1000

  
450

1250
  

800



⎤

⎥
⎦

iPhone
iPad
MacBook
AppleWatch

a) WhatisthecostofaMacBook? (1 mark)

b) What is the order of matrix  M? (1 mark)

c) Theproductshaverecentlybeendiscounted.Thenewpricematrix,N,canbefoundfromthe
equationbelow.

 N = 0.75 × M

Evaluate  N  (1 mark)

VCAA 2018 Exam 2 Module 1: Matrices Q1 – Adapted

Difficulty:

1 mark

1000
900
800
700
600
500
400
300
200
100

5000 10 000 15 000 20 000

Pr
ic

e 
($

)

Distance covered (km)

Difficulty:

1 mark

Difficulty:

3 marks
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1. Finding whether a matrix multiplication operation is defined

Whenmultiplyingmatrices,theorderofthematricesdetermineswhetherornotthematricescan
be multiplied together.

IfAandBcanbemultipliedtogether,wesayABisdefined.Ifnot,wesayABisundefined.

ABisdefinedwhenthenumberofcolumnsinthematrixontheleftequalsthenumberofrows 
inthematrixontheright.Inwords,ifthe‘width’ofAandthe‘height’ofBarethesame,thenAB  
isdefined.

IfAisan m × n matrix,andBisa p × q matrix,thenmatrixABisdefinedif n = p.

ABwillbeoforder m × q.

worked example 9 (2 marks)

Aisthe3 ×2 matrix 
[

3 −12
  9 4  

−7 6
  

]
andBisthe5 ×3matrix 

⎡

 ⎢ 
⎣

 

2 3 −11

  
4 0 −5

  3 −2 7  
2 −5 0

  

1 1 6

  

⎤

 ⎥ 
⎦

.

a) IsABdefined?

b) IsBAdefined?

SolUTIoN

a) IsABdefined?

Step 1 Look for  m,n,p,andq.Here,Aistheleftmatrixand Bistheright.

n = 2

m × n

n = p

p × q
3 × 2 5 × 3

A × B

m = 3

q = 3

p = 5

Step 2 Here, n = 2 and p = 5. As n ≠ p, ABisnotdefined.

LESSON 4D

Multiplication and matrices 2
The key skills you will learn in this lesson are:

1. Finding whether a matrix multiplication operation is defined

2. Multiplication of matrices

VCAA key knowledge point:

“matrix addition, subtraction, multiplication by 
a scalar, and matrix multiplication including 
determining the power of a square matrix 
using technology as applicable”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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b) IsBAdefined?

Step 1 BA will have different values of  m, n,p,andq . Look for the new values.

m × n

n = p

p × q
5 × 3 3 × 2

B × A

q = 2

p = 3

n = 3

m = 5

Step 2 Here, n = 3 and p = 3. As n = p, BAisdefined.

2. multiplication of matrices

Onceamatrixproductisknowntobedefined,themultiplicationcanbegin.Matrixmultiplication
isnotcommutative,meaningthatfortwomatricesAandB,ABgenerallydoesn’tequalBA.

Inmatrixmultiplication,therowsoftheleftmatrixaremultipliedwiththecolumnsoftheright
matrix.Thisprocessisoutlinedbelowforthemultiplicationoftwo2×2matrices.

[ 𝒂 𝒃  𝒄 𝒅 ] × [
𝒆 𝒇

  𝒈 𝒉 ] = [ 
𝒂𝒆 + 𝒃𝒈 𝒂𝒇 + 𝒃𝒉

 𝒄𝒆 + 𝒅𝒈 𝒄𝒇 + 𝒅𝒉  ]

worked example 10 (2 marks)

a) Find [
1 3  −2 2 ] × [ 8 3  4 −5 ]. b) If A is   [ 2 3 −1  4 0 −5 ] andBis [ 

−1 2
  0 3  

4 1
 
]
,calculateAB.

SolUTIoN

a) Find [
1 3  −2 2 ] × [ 8 3  4 −5 ].

Step 1 Checkiftheproductisdefined.

Lookingatthematrices, n = 2andp = 2.Sincethesearethesame,wecancontinue.

Step 2 Find the order of the product.

The product will be of order  m ×q (numberofrowsinfirstmatrixbynumberofcolumns
insecondmatrix).

Itwillbea2×2matrix.

Step 3 Findtheexpressionforcalculatingthefirstelement.

[
1 3  −2 2 ] × [ 8 3  4 −5 ]  = [ 

1 × 8 × 3 × 4 _________________
 

_________________  _________________ 
 ]

Noticethattheelementsfromtherowsinthefirstmatrixaremultipliedbytheelements
in the column of the second matrix and these results are added.

Step 4 Find expressions for all elements.

[
1 3  −2 2 ] × [ 8 3  4 −5 ]  = [  1 × 8 × 3 × 4 1 × 3 × 3 × −5 −2 × 8 × 2 × 4 −2 × 3 × 2 × −5 ]

Step 5 Performtheoperationsforeachelementtofindtheanswer.

[
1 3  −2 2 ] × [ 8 3  4 −5 ] = [

20 −12 −8 −16 ]
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b) If A is   [ 2 3 −1  4 0 −5 ]   and B is   
[

 
−1 2

  0 3  
4 1

 
]
,calculateAB.

Step 1 CheckABisdefined.

Lookingatthematrices, n = 3andp = 3.Wecancontinue.

Step 2 Find the order of the product.

The product will be of order  m×q (numberofrowsinAbynumberofcolumnsinB).

ABwillbea2×2matrix.

Step 3 Findtheexpressionforcalculatingthefirstelement.

[ 2 3 −1  4 0 −5 ] × [
 
−1 2

  0 3  
4 1

 
]
= [

2 × (−1) + 3 × 0 + (−1) × 4  _________________________________
 

__________________________________  _________________________________ 
 ]

Notice that the elements from the rows in matrix A are multiplied by the elements in the column of matrix B 
and these results are added.

Step 4 Find expressions for all elements.

[ 2 3 −1  4 0 −5 ] × [
 
−1 2

  0 3  
4 1

 
]
= [ 

2 × (−1) + 3 × 0 + (−1) × 4 2 × (2) + 3 × 3 + (−1) × 1
 4 × (−1) + 0 × 0 + (−5) × 4 4 × (2) + 0 × 3 + (−5) × 1 ]

Step 5 Performtheoperationstoeachelementtofindtheanswer.

AB = [
−6 12 −24 3  ]

worked example 11 (1 mark)

Use CAS to calculate the following matrix product.

[
1.6 2.3  −4.2 0.3 ] × [ 2.1 0.5 −0.8 1.1 0 −2.2 ]

SolUTIoN: TI-NSpIre

Step 1 Fromthehomescreen,select‘Calculator’toopenanewpage.Press ,then
for‘Matrix&Vector’, for‘Create’and for‘Matrix…’.Entertworowsandtwo
columns for the matrix on the left. Press .

Step 2 Enterthematrixvalues,1.6,2.3,−4.2,and0.3,intotheappropriatespots.

Step 3 Movetotherightofthismatrix,andrepeatsteps1and2forthematrixontheright.

Step 4 Press  then  to calculate the answer in decimal form.

SolUTIoN: CaSIo ClaSSpad

Step 1 Usingthestylus,tap . Tap  and open the keyboard.

Step 2 Under the sectionofthekeyboard,push (add row)and (addcolumn)once

eachtocreatea 2 × 2 matrix.Taptotherightofthematrix,andtap  once and 

twice to create the second matrix.
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Step 3 Tapthetop-leftentryinthefirstmatrix.Enter1.6there.

Enter all the other elements into their appropriate places.

Step 4 Ensure the calculator is in mode,not mode,andtap .

Refresher question

Q1. What is the order of the following matrix?

[ 1 −2 6 4  3 5 1 1 ]

Questions 4d Multiplication and matrices 2

1. Finding whether an operation is defined

Q2. ThematrixproductBAisdefined.

IfmatrixAhastworows,howmanycolumnsdoesmatrixBhave?

Q3. IsthematrixproductABdefinedforthefollowingpairsofAandB?

Ifso,whatwillbetheorderofmatrixproductAB?

a) A = [
2 5  −2 3 ],B = [

1 3
−2 4
0 −1]

b) A = [
2 1 5  −2 6 2 ],B = [

0 1 5
−9 4 2
3 −3 4]

c) A = 
[

3 4
−1 2
−4 −2]

,B = [ 25 ]

Check your understanding

Q4. If  A = [ 3 4 1  2 2 2 ] andB = [
 
1 2 3 4

  1 2 3 4  
1 2 3 4

 
]
,is2A ⨉ 3Bdefined?

Ifso,whatwillbetheorderofthematrixproduct?

Skill

Skill

Skill
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2. multiplication of matrices

Q5. Look at the working below. Where is the mistake and what is the mistake?

[ 2 1  3 1 ] × [
4  −2 ] = [ 

2 × 4 + 1 × (−2)
 3 × 4 + 1 × (−2) ] line 1

= [
8 + −2  10 + −2 ] line 2

= [ 68 ] line 3

Q6. Evaluate the following without using CAS.

a) [ 1 4  5 3 ] × [ 2 1  2 3 ]

b) [
2 −1  −4 1  ] × [ 10 −2  2 6  ]

c) [ 2 2  1 −1 ] × [
 
1 1 _ 2  1

2 1 −1 _ 2 ]

Q7. Evaluate using CAS.

IfAis 
[

 
1 4 −2 1

 3 0 −4 −2 
2 5 −3 1

  
]
 and Bis 

⎡
 ⎢

⎣

−3
  4

2
0



⎤
 ⎥

⎦
,findAB.

Q8. Which of the following matrix products do notequal [ 2 1  1 0 ]?

a. [ 0 1  1 0 ] × [ 1 0  2 1 ]

B. [ 2 1  1 1 ] × [
1 1  −2 1 ]

C. [
0 1  −1 1 ] × [ 1 1  2 1 ]

d. [ 2 1  1 0 ] × [ 1 0  0 1 ]

Skill

Skill

Skill

Skill

Joining it all together

Q9. IfmatrixBhas3rowsand4columns,andthematrixproductABisdefined,how
many columns must matrix A have?

Q10. IfAisa1 × n matrixandBisa p × 1 matrix,and n = p,thenthematrixproductABisa1 × 1matrix,
containing a single number. Which of the following products is highest in value?

a. [ 1 4 −3 7 ] ×

⎡
 ⎢ 

⎣

2
  −2  3

1

  

⎤

⎥
⎦

B. [ 2 5 −2 ] × 
[

 
1
1
1

 
]

C. [ 10 12 ] × [ −2  3  ] d. [ −1 1 −1 1 −1 ] × 

⎡

⎢ 
⎣

 

−4

  
−4

  2
5

  

−3

 

⎤

⎥
⎦

Skill
1 mark

Skill
1 mark
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Q11. If  A = 
[

 
2 −4 6

  9 −11 2  
0 14 −7]

B = 
[

 
−7 0

  12 2  
5 −3]

,andC = [ −2 5 −1  13 −4 0  ],findwhetherthefollowingproducts 

are defined,andifso,calculatetheproduct.

a) AB

b) A2

c) AC

d) CA

e) BC

f) BA

Q12. YoussefandMaya’steacherwrotethefollowingquestionontheboard.

[
a b  1 2 ] × [ 1 2  3 4 ] = [ −2 0  7 10 ]

Youssefgotananswerof a = 4,b = −2.

Mayagotananswerof a = −5,b = 1.

Who is correct?

Skill
6 marks

Application
1 mark

VCaa question

Q13. Matrix A has three rows and two columns.

Matrix B has four rows and three columns.

MatrixC = B × Ahas:

a. two rows and three columns.

B. three rows and two columns.

C. three rows and three columns.

d. four rows and two columns.

e. four rows and three columns.
VCAA 2013 Exam 1, Module 6: Matrices. Q2

1 mark
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Questions from multiple lessons

Q14. Thetablebelowshowsinformationabouttwomatrices,P  and  Q.

Matrix Order Rule

P  3 × 3   pi j  = 5i − 2j 

Q  3 × 3   qi j  = 3i − 2j 

The element in row  i  and column  j  of matrix  P is pi j.

The element in row  i  and column  j  of matrix  Q is qi j .

Thedifference P − Q is

a. 
[

3 1 −1
8 6 4  

13 11 9
  
]

B. 
[

 
2 2 2

  4 4 4  
6 6 6

 
]

C. 
[

 
1 −1 −3

4 2 0  
7 5 3

  
]

d. 
[

 
2 4 6

  2 4 6  
2 4 6

 
]

e. 
[

 
2 4 2

  4 2 6  
2 6 2

 
]

VCAA 2017 Exam 1 Module 1: Matrices Q6 – Adapted

Q15. Mattie wants to open up her own fashion studio. She will take out a loan of $160 000 with interest 
chargedatarateof2.6%perannum,compoundingmonthly.

Eachmonth,Mattiewillonlypaytheinterestchargedforthatmonth.

After30months,theamountMattiewilloweis

a. $84 900

B. $122 250

C. $149 600

d. $160 000

e. $170 400
VCAA 2017 Exam 1 Recursion and financial modelling Q19 – Adapted

Q16. AlocalgameshopsellsJenga(J),Pictionary(P),Monopoly(M)andScrabble(S).MatrixN  contains the 
number of sales of each game in the past month.

 N = 

⎡

⎢
⎣

58
14

167
  

115

 

⎤

⎥
⎦

J
P
M
S

 

a) Write down the order of matrix  N  (1 mark)

b) The price of each game is contained within Matrix  P.

J P M S
 P = [ 29 13 25 34 ]
Calculate the matrix product  R = P × N  (1 mark)

VCAA 2016 Exam 2 Module 1: Matrices Q1 – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

2 marks
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1. Using matrices to count

Matricescanbeusedtoaddmanyquantitiesatonce,suchasthetotalnumbersofdifferent
products sold at a shop in a week. 

Todothis,amatrixismultipliedbyasingle-roworsingle-columnmatrixofones,calledavector.

Itisimportanttonotethatifthevectorisleftofthematrixitmustbearow,andifitisrightofthe
matrixitmustbeacolumn.Thisensuresthematrixproductisdefined.

Example

Such a multiplication may look like this. 

Vector is on the left so it is a row [ 1 1 1 1 ] × 

⎡

⎢
⎣

23 25 21

 
13 15 12

 
42 39 45

 

12 11 9 

 

⎤

⎥
⎦

Vector is on the right so it is a column   
⎡
 ⎢ 

⎣

1 4 −2
  5 5 3  

−4 2 −1
 
⎤
 ⎥ 

⎦
 ×  

⎡
 ⎢ 

⎣
 
1
1
1

 
⎤
 ⎥

⎦

worked example 12 (1 mark)

The following matrix shows the number of students who have travelled to different cities in 
Australiainclasses11A,11Band11Cataschool.

Calculate how many students in the three classes have been to Adelaide.

Ad
el

ai
de

 Sy
dn

ey

 H
ob

ar
t

 Da
rw

in

Class A
  Class B  

Class C
  
[

 
12 10 6 7

 13 9 4 8 
10 10 5 4

 
]

SolUTIoN

Step 1 Lookingatthematrix,wewanttosumtheelementsforAdelaide.

Ad
el

ai
de

 Sy
dn

ey

 H
ob

ar
t

 Da
rw

in

Class A
  Class B  

Class C
   

[
 
12 10 6 7

 13 9 4 8 
10

  
10 5 4

 
]

LESSON 4E

Applications of matrices
The key skills you will learn in this lesson are:

1. Using matrices to count

2. Business applications

VCAA key knowledge point:

“use of matrices, including matrix products 
and powers of matrices, to model and solve 
problems, for example costing or pricing 
problems, and squaring a matrix to determine 
the number of ways pairs of people in a 
network can communicate with each other via 
a third person”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Step 2 Theinformationweneedisinacolumn,soweneedtomultiplybyarow.

Thecolumnhas3elements,sotherowmustalsohave3elements.

Ad
el

ai
de

 Sy
dn

ey

 H
ob

ar
t

 Da
rw

in

[ 1 1 1 ] × 
[

 
12 10 6 7

 13 9 4 8 
10

  
10 5 4

 
]

Class A
  Class B  

Class C
 

Step 3 Multiply the matrices. Note that the multiplication sums the data for all the cities.

Ad
el

ai
de

 Sy
dn

ey

 H
ob

ar
t

 Da
rw

in

[1 × 12 + 1× 13 +1× 10  1×10 +1×9+1× 10  1×6 +1 ×4 + 1×5  1×7 + 1 ×8+1 ×4]
Ad

el
ai

de

Sy
dn

ey

H
ob

ar
t

Da
rw

in
= [ 35 29 15 19 ]

Step 4 The matrix shows that 35 students from the three classes have been to Adelaide.

worked example 13 (1 mark)

The following matrix shows how many boys and girls in a school are in each year level.

Find the total number of boys in the school.

Ye
ar

 7

 Ye
ar

 8

 Ye
ar

 9

 Ye
ar

 1
0

 Ye
ar

 1
1

 Ye
ar

 1
2

Boys
  Girls  [ 

280 285 358 235 203 194
 

278 287 246 242 208 198
 ]

SolUTIoN

Step 1 Thedataonboys’enrolmentfiguresisarow.

Ye
ar

 7

 Ye
ar

 8

 Ye
ar

 9

 Ye
ar

 1
0

 Ye
ar

 1
1

 Ye
ar

 1
2

Boys
  Girls [ 

280 285 358 235 203 194
 

278 287 246 242 208 198
  ]

Step 2 Asthedatawewantisarow,wemultiplyitbyacolumnontheright.

Boys
  Girls [ 

280 285 358 235 203 194
 

278 287 246 242 208 198
 ] ×  

⎡

 ⎢ 
⎣

 

1
1
1
1
1
1

 

⎤

⎥
⎦

Step 3 Calculate.Notethatthisoperationwillalsofindthetotalnumberofgirls.

Boys
  

Girls
  [ 

280 × 1 + 285 × 1 + 358 × 1 + 235 × 1 + 203 × 1 + 194 × 1
 

278 × 1 + 287 × 1 + 246 × 1 + 242 × 1 + 208 × 1 + 198 × 1 
 ]

= 
Boys

  
Girls

  [ 
1555

  
1459

 ]

Step 4 Each row in the product matrix corresponds to the same row in the original matrix. 
The number of boys at the school is 1555.

As the row has six elements in it, 
the column has six ones.

Ye
ar

 7

 Ye
ar

 8

 Ye
ar

 9

 Ye
ar

 1
0

 Ye
ar

 1
1

 Ye
ar

 1
2
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2. Business applications

Matricescanbeusedtocalculaterevenueorprofit,byusingsimilaroperationstotheexamplesabove.

Thedifferenceisthatinsteadofmultiplyingbyamatrixofones,thematrixwillcontainthepricesofitems.

Example

Theleftmatrixcontainsinformation forthenumberofbreadrolls,piesanddrinkssoldbytwobakeries.

The right matrix holds the prices of each item. It works because the numbers of bread rolls sold will be multiplied by 
thepriceofabreadroll,andsoon.

Bakery 1
  

Bakery 2
 [ 

130 56 34
  

142 63 45
 ] × 

[
 
0.5

  4  
3.5

 
]
 
Cost of a bread roll

 Cost of a pie  
Cost of a drink

 

Theexamplebelowisincorrectbecausetherearefourcolumnsintheleftmatrix,butonlythreepricesintheright
matrix.Theproductisnotdefined.

 N
ik

e 
sh

oe
s

 Ad
id

as
 sh

oe
s

 Co
nv

er
se

 sh
oe

s

 To
m
’s
sh
oe
s

Shop 1
  

Shop 2
 [ 

1 0 1 3
  

5 3 6 8
 ] × 

⎡
 ⎢ 

⎣
 
110

  105  
85
  
⎤
 ⎥ 

⎦

worked example 14 (2 marks)

AssumeHoytsandVillagesellmovieticketsforthesameprice:$22foradults,$16forchildren,and$18.50for
concessions. The matrix below shows how many tickets of each type were sold on a particular Saturday.

Create a price matrix and use matrix multiplication to work out which cinema had a higher revenue.

SolUTIoN

 Ad
ul

t

 Ch
ild

 Co
nc

.

Village
  

Hoyts
  [ 

2467 1378 895
 

2388 1432 910
 ]

Step 1 Therearethreetickettypes,sothepricematrixwillhave3elements.

Aswewanttosumtheinformationin rows,thepricematrixisacolumn.

Village
  

Hoyts
  [ 

2467 1378 895
 

2388 1432 910
 ] × 

⎡
 ⎢ 

⎣

22
  16  

18.5
 
⎤
 ⎥ 

⎦
 
Price of adult ticket

 Price of child ticket 
Price of concession ticket

Step 2 Perform the multiplication.

Village
  

Hoyts
  [ 

92 879.5
  

92 283
  ]

Step 3 The top row of the product matrix contains data relevant to the top row in the information matrix. 

Village had a higher revenue on that particular Saturday.
✓ 1 mark for stating Village had a higher revenue on Saturday

Br
ea

d 
ro

lls

 Pi
es

 Dr
in

ks

Only three prices listed here

✓ 1 mark for correct price matrix

Ad
ul

t

 Ch
ild

 Co
nc

.
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Refresher question

Q1. Aisa3 ⨉ 2matrix.Bisa2 ⨉ 4matrix.WhatorderwillABbe?

Questions 4e Applications of matrices

1. Using matrices to count

Q2. Matrix A indicates the numbers of students with pets in two classes. Matrix B can be multiplied with A to 
findthetotalnumberofstudentswithpetsinClassB.ShouldthemultiplicationbeABorBA?

Class A
  

Class B
  [ 

8 5 3
  

7 6 4
 ]

⎡
 ⎢ 

⎣
 
1
1
1

 
⎤
 ⎥ 

⎦

 A B

Q3. Matrix A indicates what each student in each class had for dinner last night.

Pasta

  
Curry

  Salad  

Other

  

⎡

 ⎢ 
⎣

 

8 3 6

  
5 7 6

  
6 2 5

  

4 10 6

 

⎤

 ⎥ 
⎦

⎡
 ⎢ 

⎣
 
1
1
1

 
⎤
 ⎥ 

⎦
[ 1 1 1 1 ]

 A B C

a) What does matrix product AB represent?

b) CalculateABtofindhowmanystudentsatesaladfordinneryesterday.

c) FormatricesAandCtobemultipliedtogether,matrixCneedstobeontheleft.

What does product CA represent?

Check your understanding

Q4. Aprimaryschoolclassisstudyingaverages,andtodosotheywentoutsidefor30minuteseachdaylast
week to count the number of different coloured cars driving past. Ali recorded the following data. It is 
displayed in matrix form below. This matrix will be called A.

Mon

  
Tue

  Wed  
Thu

  

Fri

 

⎡

 ⎢ 
⎣

 

35 26 15

  
40 24 16

  38 21 18  
33 25 15

  

41 26 17

 

⎤

 ⎥ 
⎦

 A

a) WhatdoesABrepresent,ifB =  
⎡
 ⎢ 

⎣
 
1
1
1

 
⎤
 ⎥ 

⎦
 ?

b) WhatdoesCArepresent,ifC = [ 1 _ 5 
1 _ 5 

1 _ 5 
1 _ 5 

1 _ 5  ] ?

Skill

Do
gs

 Ca
ts

 Bi
rd

s

Skill

Cl
as

s A

 Cl
as

s B

 Cl
as

s C

Application

W
hi

te

 Bl
ac

k

 Re
d
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2. Business applications

Q5. Abagshopsellsschoolbags,handbagsandwallets.ThesalepriceofeachisinmatrixP.

The number of each item sold on a particular day is stored in matrix S.

School bags
  Handbags  

Wallets
 
⎡
 ⎢ 

⎣
 
40

  30  
20

 
⎤
 ⎥

⎦
[ 3 6 2 ]

P S

a) Does matrix product PS or SP represent the amount of money received on that day?

b) Find the amount of money received on that day.

Q6. Sausages,burgersandcansofdrinkaresoldatasausagesizzle.

Robert and Dhanuka are the two students taking payments. 

The numbers of items sold by each of them is written in the following matrix S.

Robert
  Dhanuka [ 

56 24 26
  

62 18 32
 ]

S

a) Use the matrix   [ 1 1 ]   to calculate how many sausages were sold.

b) Thecostofeachitem,$2forsausages,$3 forburgers,and$1.50fordrinks,isprovidedinthe
following matrix P. Calculate matrix SP.

P = 
[

2
3  

1.5]

c) State how much money was collected by Dhanuka.

Check your understanding

Q7. Noahalwaysbuysthesamethreeitemsforlunchfromthecanteen,justindifferentquantities.

The following matrix L indicates the number of each item bought over Monday and Tuesday  
of a school week. 

Assume Monday is the top row. The price of each item is given by the matrix P.

L = [ 2 3 1  3 1 2 ] P = 
[

1
2  

1.5]

a) Use matrix multiplication to calculate the total number of items bought on Monday.

b) Use matrix multiplication to calculate the amount of money spent on Tuesday.

Skill

Sc
ho

ol
 b

ag
s

 H
an

db
ag

s

 W
al

le
ts

Skill

Sa
us

ag
es

 Bu
rg

er
s

 Dr
in

ks

Application
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Joining it all together

Q8. Breanna is running a lemonade stand over the weekend to raise money for charity. She sells small cups 
for$0.50,largecupsfor$1,andbottlesfor$2.

Thestand’ssalesdataforthetwodaysisgiveninthefollowingdiagram.

Saturday

10 bottles43 small cups 24 large cups

Sunday

7 bottles36 small cups 26 large cups

a) Putallofthisinformation intotwomatrices,sothattotalrevenuecanlaterbecalculated. (1 mark)

b) Findtheproductofthesetwomatrices,andusetheresulttostatethetotalamountofmoneymade
onSaturday. (2 marks)

Q9. AshopatMtBullersellshats,gloves,scarvesandsockstovisitors.Thenumberofeach itemsoldduring
thefirstweekofthewinterschoolholidaysisshownbelowin matrixM.

The cost and sale price of each item is also listed.

 

Mon

  
Tue

  Wed  
Thu

  

Fri

   

⎡

 ⎢ 
⎣

 

18 26 40 15

 
20 23 38 12

 24 29 47 17 
19 24 38 14

 

21 25 39 13

 

⎤

⎥
⎦

M

Item Cost to buy Sale price

Hats $9 $20

Gloves $7.50 $15

Scarves $8.50 $20

Socks $4 $10

a) Calculatethetotalsalesofeachitemintheweek,bymultiplying [ 1 1 1 1 1 ] with M. (1 mark)

b) Createaprofitmatrix,P,andusematrixmultiplicationtofindtheprofitmadeonMonday. (2 marks)

c) MultiplymatrixproductM × Pbyanothermatrixtofindthisweek’saverageprofitperday. (2 marks)

Application
3 marks

Application
5 marks

H
at

s

 Gl
ov
es

 Sc
ar

ve
s
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s
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VCaa question

Q10. Amanufacturersellsthreeproducts,A,B,andC,throughoutletsattwoshoppingcentres,Eastown(E)
and Noxland (N ).

The number of units of each product sold per month through each shop is given by the matrix Q,where

A B C

Q = [ 2500 3400 1890 1765 4588 2456 ]  
E
N

a) Write down the order of matrix Q.

The matrix P,shownbelow,givesthesellingprice,indollarsofproductsA,B,C.

P = 
⎡
 ⎢ 

⎣
 
14.50

  21.60  
19.20

 
⎤
⎥ 
⎦
  
A
B
C
   

b) i Evaluate the matrix M,whereM = QP.

ii What information do the elements of matrix M provide?

iii Explain why the matrix PQ is notdefined.

VCAA 2006 Exam 2, Module 6: Matrices. Q1

4 marks

Questions from multiple lessons

Q11. Sandralovesrunningandistrainingforherfirstmarathoninonemonth’stime.Thedistancesofher
threefavouritetracks,AlbertParkLake,TheTan,andPrincesPark,areshowninthetablebelow.

Albert Park Lake 4.70 km

The Tan 3.83 km

Princes Park 3.21 km

Inhertraining,SandrawillruntheAlbertParkLake7times,TheTan19times,andPrincesPark13times.

Which of the following matrix products will result in a matrix that contains the total distance Sandra will 
runinhertraining,inkilometres?

a. 

⎡
 ⎢ 

⎣
 
4.70

  3.83  
3.21

 
⎤
 ⎥ 

⎦
 [ 7 19 13 ] B. 

⎡
 ⎢ 

⎣
 
4.70

  3.83  
3.21

 
⎤
 ⎥ 

⎦
 
⎡
 ⎢ 

⎣

7
  19  

13
 
⎤
 ⎥

⎦

C. [ 4.70 3.83 3.21 ]
⎡
 ⎢ 

⎣

7
  19  

13
 
⎤
 ⎥

⎦
d. [ 4.70 3.83 3.21 ] [ 7 19 13 ]

e. [ 4.70 3.83 3.21 ]
⎡
 ⎢ 

⎣
 
7 0 0

  0 19 0  
0 0 13

 
⎤
⎥
⎦

VCAA 2017NH Exam 1 Module 1: Matrices Q2 – Adapted

Difficulty:

1 mark
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Q12. The scatterplot below displays the  number of hot chocolates sold,andthetemperature,indegrees
Celsius,ofninecafesforaweekinAprilinToronto.Aleastsquareslinehasbeen fittedtothedata.

48

46
47

45
44
43
42
41

40
39
38

N
um

be
r o

f h
ot

 ch
oc

ol
at

es
 so

ld

2 4 6 8 10 12
Temperature (°C)

Theequationofthisleastsquareslineisclosestto

a.  number of hot chocolates = 46.4 − 0.84 × temperature

B.  number of hot chocolates = 47.2 − 0.91 × temperature

C.  number of hot chocolates = 46.4 + 0.84 × temperature

d.  number of hot chocolates = 47.8 − 0.91 × temperature

e.  number of hot chocolates = 47.2 − 0.84 × temperature
VCAA 2018 Exam 1 Data Analysis Q8 – Adapted

Q13. Atthecinema,therearethreesizesofpopcorn:small,mediumandlarge.

The number of each size sold last month and their individual prices are shown in the following table.

Size Number sold Cost

Small 120 $4.50

Medium 380 $8.00

Large 710 $11.50

a) The column matrix  Q  displays the cost of each popcorn.

 Q = 
⎡
 ⎢ 

⎣

4.50
  8.00  

11.50
 
⎤
 ⎥ 

⎦

Small
  Medium  

Large

What is the order of matrix  Q? (1 mark)

b) Matrix  R  contains the number of each size sold in the cinema.

Sm
al

l

M
ed

iu
m

La
rg

e

 R = [ 120 380 710 ]
i Determine the matrix product  RQ  (1 mark)

ii Explain what the matrix product  RQrepresents. (1 mark)

VCAA 2017NH Exam 2 Module 1: Matrices Q1 – Adapted

Difficulty:

1 mark

Difficulty:

3 marks
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1. Networks

Matrices can be used to display information about connections in networks. Networks (sometimes 
calledgraphs)arediagramsmadeupofpoints,knownasvertices,andlinesconnectingthem,
known as edges. 

Insuchmatrices,eachelementindicateshowmanydirectpathstherearebetweentwopoints.
Thesepathsarecalledone-steppathsbecausetheyindicatethatittakesone-steptomove
between the two points. 

Matricesusedingraphandnetworkproblemsarealwayssquare,andsymmetricalaboutthe
leading diagonal. These types of matrices are useful for practical situations such as modelling 
internet packet pathways and networks of people.

Example

ThenetworkofroadsbetweentownsA,BandCcanbe
represented in matrix form:
A

B

C

A B C
A
B
C
 
⎡
 ⎢ 

⎣
 
0 2 1

  2 0 1  
1 1 1

 
⎤
⎥
⎦

In the matrix:
● a‘2’indicatestwotownshavetwo direct roads

between them. In this example there are two roads
between towns A and B.

● a‘1’indicatestwotownshaveone direct road
between them. In this example there is one path
connectingtownsAandC,aswellastownsBandC.

● a‘0’indicatestwotownshaveno direct roads
between them. In this example town A has no direct
roads back to itself. The same applies to town B.

note: The loop on vertex C is represented by a 1 in Row 
CandColumnCbecauseCisconnectedtoCbyone-step.

Properties of a network matrix:

● Itisasquarematrix–samenumberofrows
and columns.

● It is symmetrical about the leading diagonal.
A B C

  
A
B
C

     
⎡
 ⎢ 

⎣
 
0 2 1

  2 0 1  
1

  
1

  
1

 
⎤
⎥
⎦

LESSON 4F

Matrices and networks
The key skills you will learn in this lesson are:

1. Networks

2. Two-step paths

VCAA key knowledge points:

“use of matrices to store and display 
information that can be presented in a 
rectangular array of rows and columns such 
as databases and links in social and 
road networks”

“use of matrices, including matrix products 
and powers of matrices, to model and solve 
problems, for example costing or pricing 
problems, and squaring a matrix to determine 
the number of ways pairs of people in a 
network can communicate with each other via 
a third person”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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worked example 15 (1 mark)

The road links between four small country towns are 
shown in the following map.

Display the road links in a matrix.

Aberfeldie Bellington

Denville

Camptown

SolUTIoN

Step 1 We need to determine the size of the matrix. 
Therearefourtownsinvolved,sothematrixwill
be4×4.Eachelementthatinvolvestwocities
directly connected by a path will be a number 
(indicatingthenumberofconnections).All
otherswillbe‘0’.

A
B
C
D

A B C D

Step 2 Fillinthefirstcolumn.

From Aberfeldie:
● there is no direct road back to Aberfeldie –

put a 0 in row A
● there is no direct road to Bellington – put a 0

in row B
● there are two roads direct to Camptown –

put a 2 in row C
● there is one road direct to Denville – put a 1

in row D.

A
B
C
D

0
0
2
1

A B C D

Step 3 Repeat for the rest of the columns. 

UsetheroadlinksfromBellington,Camptown
andDenvilletofillinthenextthreecolumns.

A
B
C
D

0
0
2
1

0
0
1
1

2
1
0
1

1
1
1
0

A B C D

2. Two-step paths

Ifamatrixofanetworkissquared,itindicatesthenumberoftwo-steppathsbetweentwopoints(orvertices)inthe
network.Thesepathsarecalledtwo-steppathsbecausetheyindicatethatittakestwo-stepstomovebetweenthe
two points.

Example

ThreetownsA,BandCareconnectedbyroads,asdescribedbythefollowingmatrix.

C

B

A

A B C
A
B
C
  
⎡
 ⎢ 

⎣
 
0 1 0

  1 0 1  
0 1 0

 
⎤
⎥ 
⎦
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Squaringthematrixgivesthenumberoftwo-steppaths
between the towns.
Thesquaredmatrixis:

A
B
C
  
⎡
 ⎢ 

⎣
 
1 0 1

  0 2 0  
1 0 1

 
⎤
⎥
⎦

This tells us:

there is one way to leave A and come back 
to A in two steps.
there is one way to leave C and come back 
to C in two steps.
there is one way to move between A and C 
in two steps.
there are two ways to leave B and come back 
to B in two steps.
there are no ways to move between A and B 
or C and B in two steps.

A B C

worked example 16 (3 marks)

Below is a map of places in Victoria and the paths 
between them.

Constructamatrixtoreflectthemap.

Howmanytwo-steppathsaretherebetweenMelbourne
and Shepparton?

Bendigo

Shepparton

Seymour

Melbourne

Ballarat

Geelong
N

SolUTIoN

Step 1 We need to determine the size of the matrix. 
Therearesixplacesinvolved,sothematrixwill
be6×6.We’llcallthismatrixA. Each element 
that involves two places directly connected by a 
pathwillbe‘1’,allotherswillbe‘0’.

Ba
lla

ra
t

Be
nd

ig
o

Ge
el
on
g

M
el

bo
ur

ne
Se

ym
ou

r
Sh

ep
pa

rt
on

Ballarat

 

Bendigo

 
Geelong
 

Melbourne
 

Seymour

 

Shepparton

 

⎡

⎢
⎣

0 1 1 1 0 0

 

1 0 0 1 0 1

 
1 0 0 1 0 0

 
1 1 1 0 1 0

 

0 0 0 1 0 1

 

0 1 0 0 1 0

 

⎤

⎥
⎦

✓	1 mark for finding the matrix

Step 2 Wearelookingfortwo-steppaths,socalculate
thesquareofthematrix,A2.

Ba
lla

ra
t

Be
nd

ig
o

Ge
el
on
g

M
el

bo
ur

ne
Se

ym
ou

r
Sh

ep
pa

rt
on

Ballarat

 

Bendigo

 
Geelong
 

Melbourne
 

Seymour

 

Shepparton

 

⎡

 ⎢ 
⎣

3 1 1 2 1 1

 

1 3 2 1 2 0

 
1 2 2 1 1 0

 
2 1 1 4 0 2

 

1 2 1 0 2 0

 

1 0 0 2 0 2

 

⎤

⎥
⎦

✓	1 mark for squaring the matrix

Step 3 Use the matrix to write the answer.
Ba

lla
ra

t
Be

nd
ig

o
Ge

el
on

g
M

el
bo

ur
ne

Se
ym

ou
r

Sh
ep

pa
rt

on
Ballarat
Bendigo
Geelong

Melbourne
Seymour

Shepparton 2

2

Melbourne and Shepparton have 2 
two-steppaths.
✓	1 mark for the correct answer

source: Satellite im
agery ©

2018 G
oogle
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Refresher question

Q1. Inthenetworktotheright,howmany
connections exist between:

a) A and C

b) A and B

A

B

C

Questions 4F Matrices and networks

1. Networks

Q2. Lookatthefollowingmatrixrepresentinganetwork,indicatingone-steppaths.Whatdoesthecircled
number indicate?

0
1
1

A
B
C

1
0
0

1
0
0

A B C

Q3. Thematrixbelowrepresentstheone-steppathsofthefollowingnetwork.Fillinthemissingelements.
A

B

C

A B C
0
3
1

A
B
C

_
_
_

_
_
_

Q4. Below is a map showing the trails between four different lookout points in a national park.

C

D

A

B

Display these trails in matrix form.

Q5. ThematrixbelowrepresentstheconnectionsbetweenverticesA,B,C,DandEinanetwork.

A B C D E

A
B
C
D
E

 

⎡

 ⎢ 
⎣

 

0 1 1 0 1

 
1 1 0 1 0

 1 0 0 2 0 
0 1 2 0 1

 

1 0 0 1 0

 

⎤

⎥
⎦

Construct a network based on this matrix.

Skill

Skill

Application

Skill
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Check your understanding

Q6. Below is a matrix representing the connections between four points on a graph. 

A B C D
A
B
C
D

 

⎡
 ⎢ 

⎣
 

0 1 1 1

  1 0 2 0  1 2 1 1  

1 0 1 0

 

⎤

⎥
⎦

Which of the following graphs could not represent this matrix?

a.   B.  

C. d. 

Skill

A

C D

B

A

C
D

B

A

C

D B

C

D

B

A

2. Two-step paths

Q7. Thisisanetworkmatrix,X.

A B C
A
B
C
  
[

 
0 1 2

  1 0 3  
2 3 0

 
]

a) Howmanyone-stepconnectionsarethere:

i between A and B ii between A and C

b) UseyourcalculatortofindX2.

c) Use X2tofindhowmanytwo-stepconnectionsexist:

i between A and B ii between A and C

Q8. Thenetworkmatrixbelowrevealstheconnectionsbetweenfivepeopleataparty,Annabelle,Ben,
Christian,DeniseandErnie.A‘1’indicatestwopeopleknoweachother,a‘0’indicatestheyhaven’t 
met before.

a) How many people does Ben know?

b) Draw the network of this matrix.

c) Findthesquareofthematrix.Howmany
people can introduce Annabelle to Ernie?

Inotherwords,howmanytwo-step
connections are between A and E?

A B C D E

 

A
B
C
D
E

  

⎡

 ⎢ 
⎣

 

0 1 0 1 0

 
1 0 1 1 1

 0 1 0 0 0 
1 1 0 0 1

 

0 1 0 1 0

 

⎤

⎥
⎦

Skill

Application
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Check your understanding

Q9. ThefollowingmapshowsthepathsofInternetseacablesfromSingaporetoLosAngeles,viaHongKong,
TokyoandGuam.

Tokyo Los Angeles
Hong Kong

Guam

Singapore

a) Put this information into a network matrix.

b) HowmanytwosteppathsaretherefromHongKongtoLosAngeles?

Application

source: Satellite im
agery ©

2018 G
oogle

Joining it all together

Q10. BelowisadiagramshowingconnectionsonFacebookbetweenagroupoffivestudents:Veronica,
William,Xavier,YolandaandZoe.Alinebetweentwopeoplemeansthattheyarefriendson Facebook.

William Xavier

Yolanda

Zoe

Veronica

a) Display this information in a matrix.

b) The leading diagonal of the matrix should be made up of zeros. What is the reason for this?

c) Find the sum of each row of the matrix.

d) Useyouranswertoc)toident

e) Useyourcalculatortosquare

f) HowmanywayscanXavieran

Application
6 marks

Q11. Helenahasdrivenonalotofhighw
buthereyesighthasdeteriorated
like driving on new roads. She is lo
cities and wants to choose a city th
Assume driving to Hobart can be d
Melbourne and taking the Spirit o
Bass Strait.

Application
6 marks

Sydney

Brisbane

Canberra

Melbourne

Hobart

Adelaide

source: Satellite imagery ©2018 Google

4F MAtriCes And networks 159

© Edrolo 2020



VCaa question

Q12. Thediagrambelowshowsthefeedingpathsforinsects(I),birds(B)andlizards(L).ThematrixE has 
been constructed to represent the information in this diagram. In matrix E,a‘1’isreadas‘eat’anda‘0’is
readas‘donoteat’.

I B L

E = 
⎡
 ⎢ 

⎣
 
0 1 1

  0 0 0  
0 1 0

 
⎤
 ⎥ 

⎦
   
I
B
L
 

birds

eateat

eat
insectslizards

a) Referringtoinsects,birdsorlizards:

i whatdoesthe‘1’incolumnB,rowL,ofmatrixE indicate?

ii what does the row of zeros in matrix E indicate?
VCAA 2011 Exam 2, Module 6: Matrices. Q1

2 marks

a) Writea6×6networkmatrix,M,tosummarisetheconnectionsinthemap. (1 mark)

b) By calculating and examining  M + M2,findwhichcityisconnectedtoeveryothercitybyapathof
twostepsorless. (2 marks)

c) IfHelenarealisesthatthehighwayfromAdelaidetoSydneyissafeforhertodriveon,andshould
therefore be included in M,howdoestheexpressionM + M2andyouranswertob)change? (2 marks)

d) Givesomereasonsusing‘steps’betweencitiesisnotthebestmethodoffindingwhichcities
arecentral. (1 mark)

Questions from multiple lessons

Q13. Element𝑥 i j    is the element in row  i  and column  j  of matrix  X.

The elements in matrix  Xaredeterminedbytherule 𝑥 i j  = i + 3j.

Which of the following matrices cannot be matrix  X?

a.  [4]

B.  [ 4 7 10 13 ]

C.  

⎡
 ⎢ 

⎣
 
4 7 10

  5 8 11  
6 9 12

 
⎤
⎥
⎦

d.  [ 
4 7

  
5 8

 ]

e.  

⎡
 ⎢ 

⎣

4
7  

10
 
⎤
 ⎥ 

⎦
VCAA 2017NH Exam 1 Module: 1 Matrices Q4 – Adapted

Difficulty:

1 mark

160 4F MAtriCes And networks

© Edrolo 2020



Q14. Consider the following recurrence relation.

t0 = − 10, tn+1 = 2tn + 11

Whichtermofthesequencegeneratedbythisrelationisthefirsttobepositive?

a. t1 B. t2 C. t3

d. t4 e. t5

VCAA 2018NH Exam 1 Recursion and financial modelling Q18 – Adapted

Q15. ThefourmostpopularplantssoldataplantshopinBrunswickarethesucculent(S),cactus(C),fern(F),
and monstera(M).

Matrix P2019showsthesalepriceofeachoftheplants,indollars.

P2019  = 

⎡
 ⎢ 

⎣
 
15

  20  30  

40

 

⎤

⎥
⎦

S
C
F
M

a) What is the order of matrix   P2019 ? (1 mark)

b) Nickbuysacactusandamonsteraplant.HowmuchdoesNickhavetopay? (1 mark)

c) The table below shows the number of each plant sold in the past week.

Plant Number sold

Succulent 22

Cactus 24

Fern 17

Monstera 31

Writedownamatrixthat,whenmultipliedbymatrixP2019,wouldgivethetotalrevenuefromthese
plantsalesforthepastweek. (1 mark)

d) Theshopdecidestoimplementa20%priceincreaseatthestartof2020duetoincreaseddemand.

Fillintheboxbelowwithascalarsotheproductisthematrixof2020plantprices. (1 mark)

P 2020 =   × P2019

VCAA 2018NH Exam 2 Module 1: Matrices Q1 – Adapted

Difficulty:

1 mark

Difficulty:

4 marks
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1. The identity matrix

Anidentitymatrix,usuallydenotedbyI,isasquarematrixofanysizewithadiagonallineof1s
fromthetoplefthandcornerofthematrixtothebottomrighthandcorner,andwith0sinall 
other positions.

The matrices below are all identity matrices.

The identity matrix acts like the number 1 in the multiplication of regular numbers as a matrix will 
remain unchanged when it is multiplied by an identity matrix.

Thatisformatrix A, AI = IA = A.

However,thenormalrulesofmatrixmultiplicationapply,soidentitymatricesoftheappropriate
order must be used.

Example

2 × 3 3 × 3
and

2 × 2 2 × 3

worked example 17 (1 mark)

Whatis [ 2 −4  5 3  ] × [ 1 0  0 1 ]?

SolUTIoN

Step 1 Write out the calculation for each element.

[ 2 × 1 +  
(−4 × 0) 2 × 0 +  (−4 × 1)  

5 × 1 + 3 × 0 5 × 0 + 3 × 1
   ]

Step 2 Calculate the result for each element. 

[ 2 −4  5 3  ]
The product is the same as the original matrix.

LESSON 4G

The inverse matrix 
The key skills you will learn in this lesson are:

1. The identity matrix

2. Finding inverse matrices

3. Using inverse matrices to solve problems

VCAA key knowledge point:

“inverse matrices and their applications 
including solving a system of simultaneous 
linear equations”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.19; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. Finding inverse matrices

The inverse matrix of a matrix  A,denotedbyA−1,isamatrixsuchthat A × A−1 = A−1 × A = I.

Onlysquarematriceshaveinversematrices,howeverinthiscourse,onlytheinverseofa2 × 2
squarematrixwillbefoundbyhand.

Theproductof [ 2 3  3 4 ] anditsinverse [ −4 3  3 −2 ] istheidentitymatrix,whichactslikethenumber
1 in multiplication.

[ 
2 3

  
3 4

 ] × [ 
−4 3

  
3 −2

 ] = [ 
1 0

  
0 1

 ]

Tofindtheinverseofamatrix X = [ a b  c d ],followthefollowingsteps:

Step 1 Multiply  X by   1 ________
ad − bc 

  1 ________ ad − bc  [ a b  c d ]

Step 2 Swap  a  and  d 

  1 ________ ad − bc  [ d b  c a ]

Step 3 Multiply  b  and  cby−1

  1 ________ ad − bc  [  d −b  −c a   ]

X−1 =   1 ________ ad − bc  [
d −b  −c a   ]

Theterm ad − bc isknownasthedeterminant.

Ifthedeterminantis0,theinversematrixdoesnotexistas  1 __ 0  isundefined.

worked example 18 (2 marks)

a) If X  = [
3 −7  10 1  ],whatisX

−1?

b) If Y = 
[

2 3 −7
  0 4 10  

12 −8 1
  
]
,findY−1   using a calculator.

SolUTIoN

a) If X  = [
3 −7  10 1  ],whatisX

−1?

Step 1 Multiply  X by   1 ________
ad − bc 

  1 ___________
(3 × 1) − (−7 × 10) [

3 −7  10 1  ] =  
1 _ 73 [

3 −7  10 1  ]

Step 2 Swap 𝑎 and 𝑑.

Step 3 Multiply 𝑏 and 𝑐 by−1.

=  1 _ 73 [
1 −7 × −1 10 × −1 3  ] =  

1 _ 73 [
1 7  −10 3 ]

X−1  =  1 _ 73 [
1 7  −10 3 ]

4G The inVerse mATrix  163

© Edrolo 2020



b) If Y = 
[

2 3 −7
  0 4 10  

12 −8 1
  
]
,findY−1   using a calculator.

SolUTIoN: TI-NSpIre

Step 1 Open a new page by pressing  +  and 
press (‘AddCalculator’).

Step 2 Press andusethearrowstofindthe
matrix icon . Press . Set the number 
of rows as 3 and the number of columns as 3. 
Press . 

Step 3 Entertheelementsofthematrixintoeachbox,
using the arrows to go between boxes.

Step 4 Use the arrows to move outside the matrix and 
raisethematrixtothepowerof−1.
Press . The answer will appear.

SolUTIoN: CaSIo ClaSSpad

Step 1 Fromthemenu,tap  and 
press . 

Step 2 Tap ,tap ,thentap  once and 
oncetocreatea3×3matrix.

Step 3 Entertheelementsofthematrixintoeachbox,
using the arrows to go between boxes.

Step 4 Use the arrows to move outside the matrix and 
raisethematrixtothepowerof−1.

Press . The answer will appear.

3. Using inverse matrices to solve problems

Onematrixcannotbedividedbyanother.However,inversematricescanbeutilisedtoovercome
thisproblem.TofindtheunknownmatrixX intheequation AX = B, thefollowingisdone:

Step 1 Multiply both sides by   A−1.

A−1 AX = A−1 B 

Step 2 Simplify A−1 A  to  I.

 IX = A−1 B 

Step 3 Simplify  IX toX.

 X = A−1 B 

Step 4 Findtheproductof A−1 and Btofindthe
unknown matrix  X.

ItisimportanttonotethanwhenbothsidesweremultipliedbytheequationbyA−1,theA−1 was
on the left on both sides. Matrix multiplication must always come from the same direction on both 
sidesofamatrixequation.

Simultaneous equations in matrix form

Thepairofsimultaneousequations a𝑥 + b𝑦 = e and c𝑥 + d𝑦 = f canbeconvertedtoamatrixequationasfollows.

[ 
a b

  
c d

 ]  [ 
𝑥
y
 ]  =  [ 

e
f
 ].

This is because   [ 
a b

  
c d

 ]  [ 
𝑥
y
 ]  = [ 

e
f
 ] expanded is[ 

a𝑥 + b𝑦
  

c𝑥 + d𝑦
 ]  = [ 

e
f
 ],whichisequivalenttoouroriginal

equationsof a𝑥 + b𝑦 = e and c𝑥 + d𝑦 = f.
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Refresher questions

Q1. Whatis [ 9 −5  0 8  ] × [ 3 −6  1 −2 ]?

Q2. Useyourcalculatortofind 
[

2 −8 3
  12 5 −7  

8 6 15
 
]
 × 

[
 
13 0 4

  6 −8 −6  
11 −9 3

  
]

.

Questions 4G The inverse matrix

worked example 19 (1 mark)

If [
9 8

  
−1 3

 ] [ 
𝑥
𝑦
 ]  = [

13
  

−5
 ],whatarethevaluesof𝑥and 𝑦?

SolUTIoN

Step 1 Multiplybothsidesby  [
9 8

  
−1 3

 ]

−1

 fromtheleft.

 [
9 8

  
−1 3

 ]

−1

[
9 8

  
−1 3

 ][ 
𝑥
𝑦
 ] =    [

9 8
  

−1 3
 ]

−1

[
13

  
−5

 ]

Step 2 Simplify  [
9 8

  
−1 3

 ]

−1

[
9 8

  
−1 3

 ]   to the identity matrix.

[ 
1 0

  
0 1

 ][ 
𝑥
𝑦
 ] =  [

9 8
  

−1 3
 ]

−1

[
13

  
−5

 ]

Step 3 Simplify [ 
1 0

  
0 1

 ][ 
𝑥
𝑦
 ] to [ 

𝑥
𝑦
 ].

[ 
𝑥
𝑦
 ] =  [

9 8
  

−1 3
 ]

−1

[
13

  
−5

 ]

Step 4 Find  [
9 8

  
−1 3

 ]

−1

.

 [
9 8

  
−1 3

 ]

−1

=   1 ___________
9 × 3 − (8 × −1) [ 

3 −8
  

1 9
  ] =  

1 _ 35 [ 
3 −8

  
1 9

  ] = 
⎡
 ⎢ 

⎣
 
3 _ 35 

−8 _ 35   1 _ 35 
9 _ 35 

⎤
⎥
⎦

Step 5 Multiply 
⎡
 ⎢ 

⎣
 
3 _ 35 

−8 _ 35   1 _ 35 
9 _ 35 
 
⎤
 ⎥ 

⎦
 and [

13
  

−5
 ].

[ 
𝑥
𝑦
 ] = 

⎡
 ⎢ 

⎣
 
3 _ 35 

−8 _ 35   1 _ 35 
9 _ 35 

⎤
 ⎥ 

⎦
 × [

13
  

−5
 ] = 

⎡
 ⎢

⎣

79_
35 
−32 _ 35  

 
⎤
⎥
⎦

Step 6 Findthevaluesof𝑥and 𝑦.

𝑥 =  79 ____ 35  and 𝑦 =  
−32_____
35 
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1. The identity matrix

Q3. a) Whatis [
7 2  −1 −9 ] × [ 1 0  0 1 ]?

b) Whatis [ 1 0  0 1 ] × [
7 2  −1 −9 ]?

c) Whatdoyounoticeabouttheanswerstoparta)andb)?

Q4. Findtheproductofthefollowingmatrices,andusetheresulttodetermineiftheyareinversesof 
each other.

a) [ −2 −9  3 16 ] and  
1 _ 5  [ −16 −9  3 2  ]

b) [ 0 −6  7 8  ] and 
⎡
 ⎢ 

⎣

4 _ 21 
1 _ 7   −1 _ 6   0
 
⎤
⎥ 
⎦

c) [
3 1  −4 8 ] and  

1 _ 7  [ 2
−1 _ 4    

1 3
  ]

Check your understanding

Q5. Which of the following is not an identity matrix?

a. 

⎡
 ⎢ 

⎣
 

1 0 0 0

 0 1 0 0 0 0 1 0 

0 0 0 1

 

⎤

⎥
⎦

B. 
[

 
0 0 1

  0 1 0  
1 0 0

 
]

C. [ 1 ]

d. 
[

 
1 0 0

  0 1 0  
0 0 1

 
]

Skill

Skill

Skill

2. Finding inverse matrices

Q6. Whatisthevalueofthedeterminantof [ 3 −2  6 1  ]?

note:Thedeterminantis ad − bc foramatrix [ a b  c d ].

Q7. Find the inverse of the following matrices.

a) [
3 −8  10 4  ]

b) [
12 7  −9 −3 ]

c) [
8 −5  −3 2  ]

Skill

Skill

166 4G The inVerse mATrix 

© Edrolo 2020



Check your understanding

Q8. Find the inverse of matrix Abelowandshowthat A × A−1 istheidentitymatrix.

 A = [
12 4  −2 9 ]

Skill

3. Using inverse matrices to solve problems

Q9. Findthevaluesof𝑥and 𝑦 for the following.

a) [
2 0

  
−5 6

 ][ 
𝑥
𝑦
 ] = [ 

10
  

2
  ]  

b) [
7 −3

  
15 9

  ][ 
𝑥
𝑦
 ] = [

7
  

−6
 ]  

c) [ 
−8 10

  
11 2

  ][ 
𝑥
𝑦
 ] = [ 

−4
  

−8
 ]  

Q10. Usethefactthatequations a𝑥 + b𝑦 = e and c𝑥 + d𝑦 = f correspondtothematrixequation, 

[ 
a b

  
c d

 ][
𝑥
𝑦

 ]  = [ 
e
f
 ] tosolvethefollowing.

a) If 2𝑥 + 5𝑦 = 15 and 𝑥 − 7𝑦 = −2, find thevalues of 𝑥and𝑦 usingmatrices.

b) If −3𝑥 + 8𝑦 = 18 and 5𝑥 − 4𝑦 = −2, find thevalues of 𝑥and𝑦 usingmatrices.

c) If 2𝑥 + 3𝑦 = 7and − 5𝑥 + 𝑦 = −2, find thevalues of 𝑥and𝑦 usingmatrices.

Check your understanding

Q11. a) Thetotalcostof3applesand4pearswas$18,andthetotalcostof5applesand3pearswas$19.

Createamatrixequationrepresentingthissituation.

b) Fromthematrixequationfoundinparta,findthecostofoneapple.

Skill

Skill

Application

Joining it all together

Q12. Which of these matrices does not have an inverse?

a. [ 3 −6  2 5  ] B. [ 5 −10  2 −4 ]

C. [
7 11  12 3  ] d. [ −1 10  −2 12 ]

Q13. If [ 
2 −3

  
3 −5

 ] and [ 
5 −3

  
3 b

  ] areinversesofeachother,findthevalueofb.

Q14. Astudentfindstheinverseofamatrixtobe [ 3 −7  2 14 ].

However,theyforgottoinclude   1 ______________ determinant  infrontofthematrix.

What should the inverse matrix have been?

Skill
1 mark

Skill
2 marks

Application
2 marks

 4G The inVerse mATrix  167

© Edrolo 2020



Q15. TwofamilieswenttoLunaParkontheweekend.Thefirstfamilyhadtwoadultsandtwochildrenand
the second family had one adult and three children. They spent $180 and $170 on tickets respectively. 

a) Fill in the missing information in the matrix below where  a  is the cost of an adult
ticket and  cisthecostofachildticketindollars,anddeterminethecostofan
adult ticket and a child ticket. (2 marks)

[
2

  
1  

 ][ 
a
c
 ]  = [

180
    ]

b) The families below each brought different amounts of money on a trip to Luna Park. Which family
couldnotaffordticketstothepark? (1 mark)

a. One adult and four children who brought $220

B. Five children who brought $210

C. Two adults and three children who have $215

d. Three adults and three children who brought $275

Application
3 marks

VCaa question 

Q16. Consider the following matrix A.

A = [
3 k  −4 −3 ]

AisequaltoitsinverseA–1   for a particular value of k.

The value of k is

a. −4 B. −2 C. 0

d. 2 e. 4
VCAA 2011 Exam, 1 Module 6: Matrices. Q8

1 mark

Questions from multiple lessons

Q17. Thematrixproduct [ 12 3 9 ] × 
⎡
 ⎢ 

⎣

3
  15  

6
  
⎤
 ⎥ 

⎦
 isequalto

a. 3 × [ 4 3 9 ] × 
⎡
 ⎢ 

⎣

1
  15  

6
  
⎤
⎥
⎦

B. 

⎡
 ⎢ 

⎣
 
36

  45  
54

 
⎤
 ⎥ 

⎦
C. [576]

d. 9 × [ 4 1 3 ] × 
⎡
 ⎢ 

⎣
 
1
5
2

 
⎤
⎥
⎦

e. 3 × [ 4 1 3 ] × 
⎡
 ⎢ 

⎣
 
1
5
2

 
⎤
⎥
⎦

VCAA 2018 Exam 1 Module 1: Matrices Q2 – Adapted

Difficulty:

1 mark
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Q18. Sofiarecordedhowlongshespentstudyingbiologyeachofthelast10 nights.Theresultsaredisplayed
in the following dot plot.

0 2 4 6 8 10
Time spent studying biology (hours)

Correcttoonedecimalplace,themeanandstandarddeviationofthetimeSofiaspentstudyingare

a. ¯ 𝑥 = 2.2, s𝑥 = 1.5

B.  ̄  = 1.5, s𝑥   = 2.0

C.  ̄  = 1.5, s𝑥   = 2.2

d.  ̄  = 3.0, s𝑥   = 2.2

e.  ̄  = 2.2, s𝑥   = 3.0

VCAA 2018 Exam 1 Data analysis Q5 – Adapted

Q19. Onerealmhasfourkingdoms:theNorth(N),theVale(V),theIronIslands(I)andDorne(D).

Thenumberofknightsineachkingdomisshowninthematrix,K,below:

 K = 

⎡

⎢
⎣

52

  
29

  
20

  

38

 

⎤

⎥
⎦

N
V
I
D

 

a) What is the order of matrix  K? (1 mark)

b) HowmanyknightsarethereineithertheValeortheIronIslands? (1 mark)

The table below shows the cost of armour for one knight per kingdom.

Kingdom Cost per knight ($)

The North 15

The Vale 29

The Iron Islands 11

Dorne 23

c) Write down a matrix that could be multiplied by  Ktogiveatotalcosttoarmourallknights. (1 mark)

VCAA 2018NH Exam 2 Module 1: Matrices Q1 – Adapted

Difficulty:

1 mark

Difficulty:

3 marks
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CHAPTER

5
Graphs and networks

AOS 3: Discrete mathematics



This chapter is all about graphs that model networks and connections between points. 

Below are two examples.

1. Vertices, edges, and degrees

The most important characteristics of graphs are vertices and edges. 

Vertices (singular: vertex) are the name we give to points on the graph, usually represented by a 
dot or a circle.

Edges are the lines that connect two points. Edges that cross over are assumed to be separate and 
ching. An edge that returns to the same vertex is called a loop.

four vertices (A, B, C, and D), and six edges (1, 2, 3, 4, 5, 6).

D  

A  

B4

5

f a vertex is equal to the number of edges connected to it. Each loop on a vertex 
 two connections. 

raph above, vertex A and vertex D both have a degree of three, vertex B has a degree of one, 
as a degree of five.

2 marks)

For t, find:

a) th s and edges.

b) the .

B

LESSON 5A

Introduction to graphs and networks
The key skills you will learn in this lesson are:

1. Vertices, edges, and degrees

2. Types of graphs

3. Adjacency matrices

VCAA key knowledge point:

“Introduction to the notations, conventions 
and representations of types and properties 
of graphs, including edge, loop, vertex, the 
degree of a vertex, isomorphic and connected 
graphs and the adjacency matrix”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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SolUTIoN

a) Find the number of vertices and edges.

Step 1 Count the vertices.

Vertices are the dots, points or circles. There are 
five vertices.

Step 2 Count the edges.

The edges are the lines. There are six edges in 
this graph.

b) Find the degree of vertex B.

Step 1 Count the edges connected to vertex B.

There are three edges connected, so the degree 
of vertex B is 3.

2. Types of graphs

There are many types of graphs. 

These types include connected, disconnected, simple and complete graphs.

Connected and disconnected graphs

Connected Graphs

Connected graphs are graphs where all of the vertices 
can be reached from all of the other vertices by moving 
along the edges.  

Example

This is a connected graph

Disconnected graphs

Disconnected graphs are graphs that aren’t connected.

Examples

These are both disconnected graphs.

Simple and complete graphs

Simple Graphs

Simple graphs are graphs where each pair of vertices 
have a maximum of one connection between them. 

Examples

These two graphs are simple graphs.

Complete graphs

Complete graphs are simple graphs in which each vertex 
is directly connected to every other vertex. 

Examples

These two graphs are complete graphs.

All graphs can be classified as either connected or 
disconnected, but not all graphs can be classified as 
simple or complete. 

If a graph is disconnected, it can’t be complete.
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Isomorphic

Two graphs that have the same number of vertices 
and edges, with each vertex connected in the same way, 
are called an isomorphic pair. 

They will be in the same categories as each other. If one 
of the pair is simple, the other must be simple. 

If one is complete, the other must be complete, and so on.

Example

These two graphs are an isomorphic pair.

Sometimes it is extremely hard to tell that some pairs of 
graphs are isomorphic. 

The following two graphs are also an isomorphic pair, 
but look nothing alike!

Graphs with bridges

A bridge is an edge that is preventing a graph from 
becoming disconnected. If a bridge is removed, the graph 
would become disconnected. 

Example

The orange arrows indicate the bridges in these graphs. 

worked example 2 (2 marks)

Choose from the following terms to classify the following graphs: connected, disconnected, 
simple, complete.

a) b) 

SolUTIoN

a) 

Step 1 Find whether the graph is connected or disconnected.

The bottom left vertex is not connected to any other vertices, so the graph is disconnected.

Step 2 Find whether the graph is simple, complete, or neither.

There is a maximum of one connection between each vertex (either zero or one). 
This means the graph is simple.
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b) 

Step 1 Find whether the graph is connected or disconnected.

You can get from any vertex to any other vertex by moving along the edges. 

Therefore, this graph is connected.

Step 2 Find whether the graph is simple, complete, or neither.

For the graph to be complete, every vertex needs to have a direct line to each other vertex.  

However, the vertex on the right doesn’t have an edge connecting it to all of the other 
vertices. Therefore, the graph isn’t complete.

For the graph to be simple, there must be a maximum of one edge between each pair of 
vertices. This is true. 

Therefore, the graph is simple.

3. adjacency matrices

Adjacency matrices are used to describe a graph simply. Each element in an adjacency matrix 
represents the number of edges between the vertices of the respective row and column.

Adjacency matrices are:
● square matrices that have the same number of rows as the graph has vertices.
● symmetrical, because if A is connected to C, then C must be connected to A.
Example

Here are two graphs and their adjacency matrices.
A

A B C D

B

C

D

A
B
C
D

A

C

E

F

D

B

A B C D E F
A
B
C
D
E
F

worked example 3 (1 mark)

Write an adjacency matrix for the graph shown 
to the right.
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SolUTIoN

Step 1 Determine the appropriate dimensions of the adjacency matrix.

There are five vertices, so the matrix needs to have five rows and five columns.

Step 2 Label the vertices and matrix rows and columns.

There are five vertices, so we will label them A to E. Label the rows and columns on the 
matrix with the same letters.

A  

E 

D 

B 

C 

A B C D E
A
B
C
D
E

Step 3 Begin finding the values in the matrix.

Start with row A. 

A B C D E
A
B
C
D
E

There is 1 path
between A and B

There is 1 path 
between A and D

There are 0 paths 
between A and E

There are 0 paths
between A and A

There are 0 paths 
between A and C

Step 4 As the matrix is symmetric, you can copy the entries from row 1 into the rest of column 1.
A B C D E

A
B
C
D
E

Step 5 Repeat for the rest of the columns and rows in the matrix.
A B C D E

A
B
C
D
E

Step 6 Check the matrix is symmetrical.

Although we already have our answer, we can do a quick check by drawing a line down the 
diagonal and making sure the matrix is symmetric. 

 If it isn’t symmetric we’ve made a mistake.

A B C D E
A
B
C
D
E
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Questions 5a Introduction to graphs and networks

Refresher question

Q1. What is the order of the following matrix?

[
 
1 2 0

  2 0 1  
0 1 0

 
]

1. Vertices, edges, faces and degrees

Q2. The graph to the right has its vertices labelled.

How many vertices are there?

Q3. For each of the following graphs, state the number of vertices and edges.

a)   b)  c) 

Q4. What is the degree of the vertex indicated 
by the arrow?

Check your understanding

Q5. State the number of vertices and edges in 
this graph.

A B

C

DE

Skill

Skill

Skill

Skill
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2. Types of  graphs

Q6. Graph A is simple, Graph B is complete, and Graph C is neither simple or complete. 

a) Is Graph D simple, complete, or neither? b) Explain why Graph C is not simple.

C DA B

Q7. For the following sets of graphs:

i List all the graphs in each of these categories: simple, complete, connected, disconnected.

ii Identify which two in each set are isomorphic.

a)  

b) 

c) 

Skill

Skill

C

D

A B

FE

C

D

A B

FE

CA B
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D FE

Check your understanding

Q8. Draw a complete graph with six vertices.

Q9. Which edge in the graph shown is a bridge?

Skill

Skill

3. adjacency matrices

Q10. Below is a graph and its adjacency matrix. Fill in the missing entry in the adjacency matrix.

A

B

C D

E

A B C D E
A
B
C
D
E ?

Q11. Write an adjacency matrix for each of the following graphs. 

The vertices are labelled for you.

a)  b) c) 

   

Check for understanding

Q12. Look at Question 11, part c).  Which two vertices have the most edges between them?

Skill

Skill

A

B C

D
A

B

C
D

E

F
A

B

C

D

E F

H

G

Skill
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Joining it all together

Q14. Make the graph below connected by adding in two edges. 

Update the adjacency matrix, M, to include this new information.

note: There are many possible answers.

A

B

C

D

G

F

E

M =

A
A B C D E F G

B
C
D
E
F
G

Q15. How many vertices and edges are in the graph described by the following adjacency matrix?
⎡

 ⎢ 

⎣

 

0 1 1 0 1

 
1 0 2 1 1

 1 2 1 0 0 
0 1 0 0 1

 

1 1 0 1 1

 

⎤

 ⎥ 

⎦

Q16. Which of the following graphs is not isomorphic with the graph of Australia below?

a.  B.  C.  d. 

       

Skill
1 mark

Skill
2 marks

Application
1 mark

Q13. Draw a graph that would have the adjacency 
matrix to the right.Skill
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Q17. How many bridges are in the graph shown 
to the right?

Q  graph of shipping routes in the 
cific ocean. 

W rtices represent?

Wh  edges represe t? 

Can a ship travel along all of the edges 
without taking the sam ge twice?

Q19. Here is an adjacency matrix, X, for a network of roads. 

Draw a graph that matches adjacency matrix X. Which one of the graphs below forms an isomorphic 
pair with the graph you have drawn?

X =   

⎡

 ⎢ 

⎣

 

0 1 1 0 0

 
1 0 2 1 1

 1 2 0 0 1 
0 1 0 0 1

 

0 1 1 1 1

 

⎤

⎥
⎦

a. B.

C. d.

Skill
1 mark

Application
3 marks

Application
1 mark
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VCaa questions

Q20. 

The number of edges in the graph above is

a. 5

B. 7

C. 8

d. 10

e. 11
VCAA 2010 Exam 1 Module 5: Networks and decision mathematics. Q2

Q21. 

In the network shown, the number of vertices of even degree is

a. 2

B. 3

C. 4

d. 5

e. 6
VCAA 2011 Exam 1 Module 5: Networks and decision mathematics. Q1

1 mark

1 mark
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Questions from multiple lessons

Q22. Consider Graphs A and B shown below.

Graph A Graph B

The sum of the degrees of the vertices of Graph B is

a. two less than the sum of the degrees of the vertices of graph A.

B. one less than the sum of the degrees of the vertices of graph A.

C. equal to the sum of the degrees of the vertices of graph A.

d. one more than the sum of the degrees of the vertices of graph A.

e. two more than the sum of the degrees of the vertices of graph A.
VCAA 2017 Exam 1 Module 2: Networks and decision mathematics Q2 – Adapted

Q23. The length of 189 dragons, in metres, was recorded in the following boxplot. 

45
Length (m)

50 55 60 65 70

The five-number summary for the length of these 189 dragons is closest to

a. 41.2, 51.4, 54, 57.4, 72

B. 41.2, 51.4, 54, 62, 67.8

C. 48.2, 51.4, 54, 57.4, 67.8

d. 48.2, 51.4, 54, 57.4, 62

e. 51.4, 54, 56.4, 62, 72
VCAA 2017 Exam 1 Data analysis Q2 – Adapted

Q24. Five colleagues are connected by different friendships, represented by 
edges in the following graph.

The adjacency matrix also shows the different friendships between the 
five colleagues.

 S M J B A
⎡

 ⎢ 

⎣

 

0 1 1 0 1

 
1 0 0 𝑥 0

 1 0 0 𝑦 1 
0 0 1 0 0

 

1 0 1 0 0

 

⎤

 ⎥ 

⎦

S
M
J
B
A

a) Explain the meaning of a zero in the adjacency matrix in the context of friendships. (1 mark)

b) What are the values of  𝑥 and  𝑦 in the adjacency matrix? (1 mark)

VCAA 2010 Exam 2 Module 5: Networks and decision mathematics Q1 – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

Sonya

Max

JadaBlaise

Annie
Difficulty:

2 marks
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1. Planar graphs

All graphs must either be planar or non-planar.

Planar

If a graph can be drawn so that none of its edges overlap with each other, we say the graph is 
‘planar’. A graph drawn like this is said to be drawn in ‘planar form’.

Example

The following graphs are planar. None of their edges intersect.

note: Planar graphs can be drawn in non-planar form. The last graph is isomorphic with the first 
(and therefore planar), but is drawn in non-planar form.

Non-planar

If the graph cannot be drawn without overlapping edges, it is said to be ‘non-planar’.

Example

The following graphs are non-planar. They have at least one edge that intersects other edges and 
cannot be drawn without the edges intersecting.

Faces

The enclosed areas found in planar graphs are called faces. The area outside a planar graph also 
counts as a face.

Example

This graph has three faces.

1
2

3

LESSON 5B

Euler’s formula for planar graphs
The key skills you will learn in this lesson are:

1. Planar graphs

2. Euler’s formula

VCAA key knowledge point:

“description of graphs in terms of faces 
(regions), vertices and edges and the 
application of Euler’s formula for planar 
graphs”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Re-drawing graphs to determine if they are planar

Sometimes a graph may appear to be non-planar. In this case the graph may be redrawn. If it is 
possible to redraw the graph with no overlapping edges, then the graph is planar.

Re-drawing a graph can be done by moving edges or vertices, as long as the connections are  
the same as the original graph.

Example

This graph can be redrawn to show that it is planar.

	● By moving an edge:

	● By moving a vertex:

worked examPle 4 (2 marks)

Find:

a) whether the following graph is planar.

b) how many faces this graph has.

SolUTIoN

a) Find whether the following graph is planar.

Step 1 Try re-drawing the graph so that the edges that 
were overlapping no longer overlap.

Step 2 If the graph can be drawn with no intersecting 
edges, you can declare it as planar. If it 
is impossible to draw the graph without 
intersecting edges, it is non-planar.

Our graph has no intersecting lines, so it is planar.

b) Find how many faces this graph has.

Step 1 Use the re-drawn graph to count the number of 
faces, remembering to include the area outside 
the graph.

1

2

3

This graph has three faces.
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2. euler’s formula

Leonhard Euler was a Swiss mathematician who studied graphs intensely. He found that there is a 
relationship between the number of edges ( E ), the number of faces ( F ) and the number of vertices 
( V ) for all connected planar graphs. The relationship is:

 V − E + F = 2 

This relationship is known as Euler’s formula for planar graphs.

Example

For this connected planar graph:

There are four vertices ( V = 4 ), five edges ( E = 5 ), and three faces ( F = 3 ).

Putting these values into Euler’s formula:

 V − E + F = 2 

 4 − 5 + 3 = 2 

 2 = 2 

As expected, the formula works for this graph.

worked examPle 5 (2 marks)

a) Use Euler’s formula to calculate the number of edges in the graph on the right, and check
that the answer is correct.

b) Use Euler’s formula to calculate the number of vertices in a connected planar graph with
seven edges and four faces.

SolUTIoN

a) Use Euler’s formula to calculate the number of edges
in the graph on the right, and check that the answer
is correct.

Step 1 Check if the graph is planar and connected 
because Euler’s law only applies to connected 
planar graphs.

All the vertices are connected, and no edges 
overlap, so the graph is connected and planar.

Step 2 Count the vertices and faces of the graph.

There are six vertices and five faces. It isn’t 
necessary to label them like we’ve done here.

So  V = 6  and  F = 5 .

1
2

3

4

5
6

1

2

3

4

5

Step 3 Apply the formula and solve to find the missing 
quantity and interpret.

 V − E + F = 2 

 6 − E + 5 = 2 

  11 − E = 2 

 E = 9 

Euler’s formula tells us that the graph has  
nine edges.

Step 4 Check.

Counting the edges on the graph gives nine also. 
Therefore the answer is correct.
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b) Use Euler’s formula to calculate the number of 
vertices in a connected planar graph with seven 
edges and four faces.

Step 1 Write what we know.

There are seven edges and four faces.

So  E = 7  and  F = 4 .

Step 2 Apply the formula, solve to find the missing 
quantity and interpret.

 V − E + F = 2 

 V − 7 + 4 = 2 

  V − 3 = 2 

  V = 5 

Euler’s formula tells us that the graph has  
five vertices.

Questions 5B Euler’s formula for planar graphs

Refresher question

Q1. How many edges does the following graph have?

1. Planar graphs

Q2. A is planar, B is non-planar. What is C?

A B C

Q3. Redraw the pink edge so this graph is drawn in planar form.

Q4. Draw the following graphs in planar form.

a)      b)      c) 

Skill

Skill

Skill
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Q5. Are the following graphs planar or non-planar?

a)      b)  c) 

Check your understanding

Q6. Which of the following graphs is non-planar?

a.  B. 

C. d. 

Q7. Using what you know about planar graphs:

a) Draw Graph A and Graph B in planar form.

b) Which graph from part a) is isomorphic
with Graph C?

Skill

Skill

Skill

Graph BGraph A Graph C

2. euler’s formula

Q8. A connected planar graph has six vertices and three faces. Use Euler’s formula to calculate  
the number of edges in the graph.

Q9. A graph has five vertices and ten edges. How many faces will this graph have if it is planar 
and connected?

Q10. The following graphs are connected and planar.

The first two graphs have the number of vertices and edges given. Use Euler’s formula to find the 
number of faces in each graph.

a) b) c) 

Skill

Skill

Skill

V = 5
E = 7

V = 6
E = 10
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Check your understanding

Q11. a) By redrawing the graph in planar form, show that Euler’s formula  
 can be applied to this graph.

b) How many faces does the graph have?
Skill

V = 8
E = 11

Joining it all together

Q12. Draw a planar version of the graph given by the following adjacency matrix.
⎡

 ⎢ 

⎣

 

0 2 1 1 1 1

 

2 0 1 0 1 0

 1 1 0 0 1 0 1 0 0 0 1 0 

1 1 1 1 0 1

 

1 0 0 0 1 0

 

⎤

 ⎥ 

⎦

Q13. a) Use Euler’s formula to calculate the number of faces  
 in the following graph.

b) Find the degree of each vertex and sum these numbers. 
How does the total number of edges compare to this sum?

Q14. Angel drew the graph below based on Melbourne’s freeway system.

a) How many vertices, edges, and faces are there?

b) Show that Euler’s formula holds for Angel’s graph.

Skill
2 marks

Skill
2 marks

Application
2 marks

So
ur

ce
: M

ap
 d

at
a 

©
20

18
 G

oo
gl

e
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Q15. Some 3D shapes can be drawn as 2D planar graphs. Each 2D graph should have the same number  
of vertices and edges as the 3D shape. An example is below.

becomes

Draw the following 3D shapes as 2D planar graphs.

a)      b)      c) 

Skill
3 marks

VCaa question

Q16. Euler’s formula, relating vertices, faces and edges, does not apply to which one of the following graphs?

a.      B.      C. 

d.      e. 

VCAA 2006 Exam 1 Module 5: Networks and decision mathematics. Q8

1 mark

Questions from multiple lessons

Q17. A graph and its corresponding adjacency matrix, with some elements missing, is shown below.

 A B C D
A
B
C
D

 

⎡

 ⎢ 

⎣

  

– – – 2

  
– 0 1 –

  
– 1 – 0

  

2 – 0 –

  

⎤

 ⎥ 

⎦

Difficulty:

1 mark

A

B

C

D

 5B EulEr's formulA for plAnAr grAphs 189

© Edrolo 2020



Of the nine missing elements, there are

a. four ‘0’s, three ‘1’s and two ‘2’s.

B. three ‘0’s, four ‘1’s and two ‘2’s.

C. three ‘0’s, five ‘1’s and one ‘2’.

d. four ‘0’s, four ‘1’s and one ‘2’.

e. three ‘0’s, three ‘1’s and two ‘2’s.
VCAA 2017 Exam 1 Module 2: Networks and decision mathematics Q3 – Adapted

Q18. Are the variables  exam grade  (high distinction, distinction, pass, fail) and  time spent studying  
(less than 5 hours, 5 to 10 hours, more than 10 hours) nominal, ordinal, discrete or continuous?

a. The variables are both nominal.

B. The variables are both ordinal.

C. The variables are nominal and ordinal respectively.

d. The variables are ordinal and discrete respectively.

e. The variables are nominal and discrete respectively.
VCAA 2016 Exam 1 Data analysis Q2 – Adapted

Q19. Paulo wants to design a new, unique house. He has decided to build it according to the following diagram, 
where each of the rooms is labelled 1 to 5. 

The bold lines represent the walls between two rooms. 

1 2 3

4

5

In the graph below, the five rooms are represented as vertices. 

The edges of the graph represent the walls between two rooms. 

1

2

3

45

One of the edges is missing from this graph.

a) Draw the complete graph. (1 mark)

b) With the missing edge included, what is the sum of the degrees of the vertices of the graph? (1 mark)

VCAA 2018NH Exam 2 Module 2: Networks and decision mathematics Q1 – Adapted

Difficulty:

1 mark

Difficulty:

2 marks
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LESSON 5C 

Connected graphs
The key skills you will learn in this lesson are:

1. Walks, trails and paths

2. Circuits and cycles

VCAA key knowledge point:

“connected graphs: walks, trails, paths, cycles 
and circuits with practical applications”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Walks, trails and paths

Walks

A walk is a route through a graph, moving from vertex 
to vertex along the edges that connect them. A walk is 
written as a list of all of the vertices travelled to in the 
order that they are visited.

Example

The walk  CDBDEAED  looks like this: 
A B

CD

E

Trails

A trail is a walk that does not repeat any edges.

Paths

A path is a trail that does not repeat any vertices, 
with the exception that it may start and finish at the 
same vertex.

Example

The walk  DGEHCEA  is a trail but is not a path because the 
vertex E is visited more than once.

A

B

D E

G H

C

F

Worked example 6 (1 mark)

For the graph to the right, which one of the terms, 
trail or path, best describes the route  CDEBDG?

A B

D

G

C E

F

SolUTIoN

Step 1 Trace the route on the graph.
A B

D

G

C E

F

Step 2 Check whether any edges are repeated.

No edges are repeated. This means that the 
route is a trail. 

Step 3 Check whether any vertices are repeated.

The vertex  D  is repeated. This means that the 
route is not a path.

Step 4 Write down the term that best describes 
the route.

The route  CDEBDG  is a trail.
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2. Circuits and cycles

Circuit

A circuit is a trail that starts and finishes at the 
same vertex.

Cycle 

A cycle is a path that starts and finishes at the 
same vertex.

Example

The walk  DGECFHEBD  is a circuit but is not a cycle.
A

B

D E

G H

C

F

Worked example 7 (1 mark)

For the graph below, which of the terms, circuit, cycle or both, best describes the route  GDEG?
A B

D

G

C E

F

SolUTIoN

Step 1 Trace the route on the graph.
A B

D

G

C E

F

Step 2 Check whether the route starts and ends at the 
same vertex.

The route starts and ends at  G . This means that 
the route may be a circuit or cycle.

Step 3 Check whether any edges are repeated.

No edges are repeated. This means that the 
route is a circuit.

Step 4 Check whether any vertices are repeated, 
(excluding the starting vertex).

No vertex is repeated (other than the starting 
vertex).  This means that the route is a cycle.

Step 5 Write down the terms that describe the route.

The route  GDEG  is a circuit, and a cycle.

Questions 5C Connected graphs

refresher question

Q1. How many vertices and edges does the following network have?
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1. Walks, trails, and paths

Q2. For the network shown,

a) draw the trail  DBCAB.

b) draw the path  ACBD. A

B

C

D

Q3. For the graph shown, list all of the terms, walk, trail, or path, that describe the following routes?

a)  EDABEFCB

b)  DABEFCBED

c)  ABCFEB

A B C

D E F

Q4. For the following network find a path that starts at  E  and visits every vertex.

A B

C D

E

G H

F

Check your understanding

Q5. By removing one edge from the graph from Question 4 it is possible to find a trail that starts at 
F and uses every edge. 

List all edges that can be removed.

Skill

Skill

Skill

Skill

2. Circuits and cycles

Q6. For the network shown,

a) draw the circuit  ABCDECA.

b) draw the cycle  ECBE. A

B

C

D

E

Q7. For the graph shown, list all of the terms (walk, circuit, or cycle) that describe the following routes.

a)  ADFCDA

b)  DEGDFCDABD

c)  BEDFCAB

A B

D

G

C E

F

Skill

Skill
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Q8. For the following network,

a) How many edges does the longest
possible circuit have?

b) Find a cycle that visits the greatest
number of vertices.

A B

C D

E

G H

F

Check your understanding

Q9. For the graph below, explain why the route  ABA  is not a cycle.
A

B

C

D

Skill

Skill

Joining it all together

Q10. The Victorian State Government is currently upgrading the City Loops and surrounding train lines. 
The network diagram below shows the plan for the new city loop. 

The stations are North Melbourne,  N ; Parkville,  V ; West Melbourne,  W ; Flagstaff,  G ; Melbourne Central, 
M ; Southern Cross,  S ; Parliament,  P ; Flinders Street,  F ; Richmond,  R ; Anzac,  A ; and South Yarra,  Y.

A Y

R
F

M

S

G

W

N V

P

a) Find a cycle that starts at Flagstaff and visits every station. (1 mark)

b) A child boarded a train without their parents. Two stations later they realised their mistake
and got off the train. They are now at Flagstaff Station,  G.

List all possible stations at which they may have boarded the train. (2 marks)

c) The train that the child boarded follows a cycle around all of the stations shown in the network
diagram. Use you answer from part a) to identify the two stations at which the child may have
boarded the train. (1 mark)

Application
4 marks
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Q11. Graeme, Bill, and Tim are going to Germany. Their friend Horst Jankowski recommends that they take 
a walk in the Black Forest, in the country’s south west. He gives them the following map of the region 
with his must-see locations marked with the letters  O, P, Q, R, S, T, U, V, W, Y, X , and  Z.

O

U

W

V

Z
Y

X

T

S

R

Q

P

a) Draw a graph to represent the possible ways of travelling between the marked locations. (1 mark)

b) Graeme wants to visit each location only once.

i List the five locations from which they can leave in order to achieve this. (2 marks)

ii List all terms, walk, trail, path, circuit, or cycle, that describe these routes. (1 mark)

c) Bill wants to travel each road exactly once.

i Is this possible? (1 mark)

ii List all terms (walk, trail, path, circuit, or cycle) that describe this route. (1 mark)

d) Tim wants to finish where they started.

i Is it possible to travel every road once, ending at the starting location? (1 mark)

ii The local government of the Black Forest is planning to construct another road that will  
connect  W  to either  P ,  T ,  U , or  Z . Which road would not allow Tim, Graeme, and Bill plan a 
cycle that visits every location?  WZ ,  WT ,  WU , or  WP? (1 mark)

Application
8 marks

Source: M
ap data ©

2018 Google
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VCaa question 

Q12. The city of Robville contains eight landmarks denoted as vertices  N  to  U  on the network diagram below. 
The edges of this network represent the roads that link the eight landmarks.

N

U

O P

Q

T

S

R

a) Write down the degree of vertex  U  (1 mark)

b) Steven wants to visit each landmark, but drive along each road only once. He will begin his journey
at landmark  N  (2 marks)

i At which landmark must he finish his journey?

ii Regardless of which route Steven decides to take, how many of the landmarks 
(including those at the start and finish) will he see on exactly two occasions?

c) Cathy decides to visit each landmark only once. (2 marks)

i Suppose she starts at  S , then visits  R  and finishes at  T . Write down the order Cathy will visit 
the landmarks.

ii Suppose Cathy starts at  S,  then visits  R  but does not finish at  T . List three different ways that 
she can visit the landmarks. 

VCAA 2009 Exam 2 Module 5: Networks and decision mathematics. Q3

VCAA
5 marks

Questions from multiple lessons

Q13. Which one of the following graphs is not a planar graph?

a.  B.  C. 

d.  e. 

VCAA 2018 Exam 1 Module 2: Networks and decision mathematics Q6 – Adapted

Q14. Pauline deposited $3500 into a savings account with an interest rate of 2.8% per annum, compounding 
annually. Which one of the following recurrence relations can be used to determine the amount in the 
savings account, Sn , after n years?

a. S0   = 3500 ,   Sn+1   =  Sn   + 98

B. S0   = 3500 ,   Sn+1   = 9.8 ×  Sn

C. S0   = 3500 ,   Sn+1   = 2.8 ×  Sn

d. S0   = 3500 ,   Sn+1   = 1.028 ×  Sn

e. S0   = 3500 ,   Sn+1   =  Sn   + 2.8
VCAA 2017NH Exam 1 Recursion and financial modelling Q18 – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

196 5C ConneCted grAphs

© Edrolo 2020



Q15. Shown below is a map of the roads between five public pools; Hunter (H), Iona (I), Jonty (J),  
Kakadu (K), and Lima (L).

Iona

Kakadu
Jonty

Lima

Hunter

a) Alejandro is currently at Iona pool. Which two pools can he visit travelling only along  
one road? (1 mark)

b) The map has been converted into the following graph. However, the graph is missing an edge.

L

K

J

IH

i Which two vertices is the missing edge between? (1 mark)

ii What does the loop at K represent in the context of travel from Kakadu pool? (1 mark)

VCAA 2016 Exam 2 Module 2: Networks and decision mathematics Q1 – Adapted

Difficulty:

3 marks
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LESSON 5D

Weighted graphs
The key skills you will learn in this lesson are:

1. Interpreting a weighted graph

2. Finding the shortest path

VCAA key knowledge point:

“weighted graphs and networks, and an 
introduction to the shortest path problem 
(solution by inspection only) and its 
practical application”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Interpreting a weighted graph

Weighted graphs are graphs with a number attached to 
each edge. This number indicates the length of the edge, 
and often represents the distance between two locations 
or the time taken to travel along the edge.

The weighted graph to the right shows the distance in 
kilometres between five locations, A, B, C, D, and E.

B

C

E

A

D

2.2 km

3.0 km

3.1 km

3.2 km

3.9 km

3.1 km
1.9 km

worked example 8 (1 mark)

The distances between W, X, Y and Z in kilometres are shown in the graph below. 
W

Y

Z

X

12

6

6

10

8

11

What is the total length of the path YZWX? 

SolUTIoN

Step 1 Find the distances between Y and Z, Z and W 
and W and X.

Y and Z: 8 km

Z and W: 6 km

W and X: 10 km

Step 2 Add all the distances together.

 8 + 6 + 10 = 24 

The path is 24 km long.

2. Finding the shortest path

Weighted graphs are very useful in real life situations and can be used to determine the shortest distance 
or the least amount of time needed to travel between two locations. The shortest path can be found by 
identifying all the likely shortest routes from one location to another, and comparing their lengths.
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worked example 9 (1 mark)

What is the shortest route from B to D?

10

4 7.5

4.58.5

7.5

5

7

A

B

C

E

D

SolUTIoN

Step 1 Write out all the likely shortest routes  
from B to D.

BCED

BCD

BAD

BAED

Step 2 Find the length of all the routes.

BCED  = 7 + 4.5 + 4 = 15.5 

BCD  = 7 + 8.5 = 15.5 

BAD  = 5 + 10 = 15 

BAED  = 5 + 7.5 + 4 = 16.5 

Step 3 Identify the shortest route.

The shortest route is BAD.

Questions 5d Weighted graphs

refresher question

Q1. Identify a path from D to F that passes through all vertices exactly once.

A

B

E
C

D

F

1. Interpreting a weighted graph

Q2. The weighted graph shows the distance between five country towns A, B, C, D, and E in kilometres.

Find the distances of the following paths 
between the towns.

a) C to D

b) E to A to C

c) B to C to A to E

A
B

C D

E22
21

18

19

15

Skill
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Q3. The weighted graph below shows the time taken to walk between five locations. 
If it takes 59 minutes to walk the path DABE, what is the value of 𝑥?

17
22

35

X

14
19

16

A
B C

E

D

Check your understanding

Q4. Sabrina, Mary, Jessica and Victoria are four friends who all live in the same suburb. Sabrina lives three 
minutes away from Mary and 5 minutes away from Jessica. 

Mary and Jessica are four minutes away from each other. Victoria lives two minutes away from Mary 
and three minutes away from Sabrina. 

Draw a weighted diagram to represent the situation.

Skill

Application

2. Finding the shortest path

Q5. The weighted graph below shows the time taken in minutes to walk between seven locations. 

Walking along which of the following paths 
would take the shortest amount of time  
to get from B to E?

a. BCGFE

B. BCDE

C. BHGFE

d. BHAFE

Q6. The weighted graph below shows the distance, in kilometres, of cycling trails in a park. 

What is the distance of the shortest path 
between the following locations?

a) H and E

b) A and F

c) G and D

Skill

Skill

C
B

A

H

G

J

F

I

D

E

4

6.7

12.2 12.5

13.8

4.8

4.9

4.8

4.6

4.5

9.76.310.1

8

B

C

D

E

F
A

H

G

4.6

2.8

4.5

2.4

5.1

2.9

2.7

4.3

3.2

4.7
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Check your understanding

Q7. The numbers in the graph below represent distance in metres. 

What is the shortest path from A to E, while avoiding vertex G? What is the distance of this path?

A

H

B

G

C

D

E

F

I

6.3
2.1

3.2

2.2

3.7

3.9

3.4

2.3
3.8

3.2

1.3 1.7

Q8. Bailey is on holiday in Timboon and wants to visit a few nearby towns, as shown in the graph. If the 
numbers represent the distance between towns in kilometres, what is the distance of the path that 
starts at Timboon, travels through each town exactly once and ends at Kennedy’s Creek?

Peterborough

Port Campbell

Timboon

Simpson

Kennedy’s
Creek

Princetown

23

21

21

22

25

26

18

17

Skill

Application

Joining it all together

Q9. Angus is travelling from Glen Waverley railway station to his home located at Y. He usually goes from 
the station to X to Y but the intersection at X is blocked off due to roadworks. The numbers represent 
distance in kilometres. 

How much further does Angus have to travel compared to his usual route due to the roadworks,  
assuming that he takes the shortest path?

U
R

X

V

Z S

Station

W
Q

T

Y

2.1
3.3

2.1

2.5

2.3

3.4

3.7

0.8

2.3

1.2
1.1

2.2

2

2

1

Application
2 marks
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Q10. A postman leaves the post office located at point P and makes deliveries to each vertex on  
the weighted graph below before returning to the post office. The numbers represent distance  
in kilometres. 

What is the shortest route he can take?

3.3 7

2.2

2.1
6.9

8.8

4.6

5.1

2.8

2.5

3.1

D
F

E

C

P

B

A

Q11. The capital cities of Australia are shown on the map below. 
Darwin

Perth

Brisbane

Sydney

Melbourne

Hobart

Adelaide

The table represents the distance between these cities in kilometres. Blank entries in the table indicate 
no direct path between the cities.

Adelaide Brisbane Darwin Hobart Melbourne Perth Sydney

Adelaide 2620 650 2130
Brisbane 2850 730
Darwin 2620 2850 2660 3150
Hobart 600 3010 1060
Melbourne 650 600 710
Perth 2130 2660 3010
Sydney 730 3150 1060 710

a) Draw a weighted graph to represent this situation. (2 marks)

b) What is the shortest cycle beginning at Melbourne that passes through all the cities  
exactly once? (1 mark)

Application
1 mark

Application
3 marks
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Questions from multiple lessons

Q12. 
A

F E

C

B

D

For the graph above, which one of the following is not a path?

a.  DEFAB

B.  DCBAF

C.  DBAFE

d.  DABCE

e.  DACEF
VCAA 2018 Exam 1 Module 2: Networks and decision mathematics Q4 – Adapted

Q13. The histogram below shows the distribution of  weight , in kilograms, of 28 cats in an animal shelter.

The most common interval of  weight  for the cats is

a. greater than or equal to 2.5 kg and less than 3.0 kg.

B. greater than or equal to 3.0 kg and less than 3.5 kg.

C. greater than or equal to 3.5 kg and less than 4.0 kg.

d. greater than or equal to 4.0 kg and less than 4.5 kg.

e. greater than or equal to 5.0 kg and less than 5.5 kg.
VCAA 2018NH Exam 1 Data analysis Q3 – Adapted

Q14. Train routes connect different cities in Spain.

Some of the cities are Madrid (M), Barcelona (B), Toledo (T), San Sebastian (S), Valencia (V),  
and Granada (G).

The graph below gives the cost, in dollars, of train travel along these routes. 

Sophie is currently staying in Barcelona (B) and she wants to  
travel to Granada (G).

a) Sophie considers travelling by train along the route
Barcelona (B) – Madrid (M) – Granada (G).
How much will she have to pay? (1 mark)

b) If Sophie takes the cheapest route from Barcelona (B) to
Granada (G), which other town(s) will she pass through? (1 mark)

c) Complete Euler’s formula by replacing  v, f,  and  e with
their respective values. The answer should be in the form
v + f = e + 2 . (1 mark)

VCAA 2017 Exam 2 Module 2: Networks and decision mathematics Q1 – Adapted

Difficulty:

1 mark

Difficulty:

Year 10
1 mark

Fr
eq

ue
nc

y

Weight (kg)

1
2
3
4
5
6
7

2.5 3.0 3.5 4.0 4.5 5.0 5.5

Difficulty:

3 marks

40 100

70

90
20 60 110

120

60

60

50

G

T

M

S

B

V

5D weighteD grAphs 203

© Edrolo 2020



1. Trees and spanning trees

A tree is a simple connected graph that contains no loops, circuits or duplicate edges. A tree is often part of a larger 
graph. The number of edges in a tree is always one less than the number of vertices.

 number of edges = number of vertices − 1 

Example

is a tree. It contains four vertices and three edges.

D  

A  

C  

B

A spanning tree is a tree that contains all of the vertices in a larger graph, hence ‘spanning’ the entire graph.

Example

D  

A  
C  

B
 is a spanning tree of 

D  

A  
C  

B

worked example 10 (1 mark)

Draw a spanning tree for the graph below.

SolUTIoN

Step 1 Remove any loops or duplicate edges.

There is a loop on vertex B. There are duplicate edges between vertices A and C and between vertices D and E.

D  

E  

A  
C  

B

D

E  

A  
C  

B

D  

E  

A  
C  

B

LESSON 5E

Trees, spanning trees and Prim’s algorithm
The key skills you will learn in this lesson are:

1. Trees and spanning trees

2. Minimum spanning trees and Prim’s algorithm

VCAA key knowledge point:

“Trees and minimum spanning trees, Prim’s 
algorithm, and their use to solve practical 
problems.”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Step 2 Remove the necessary number of remaining edges.

The number of edges in a tree is always one less than the number of vertices. In this graph 
there are 5 vertices (A,B,C,D and E).

 number of edges = number of vertices − 1 

 number of edges = 5 − 1 = 4 

Since the graph has five vertices, the tree must have four edges. 

There are currently seven edges, so we have to remove three more while keeping the 
graph connected. 

D  

E  

A  
C  

B

D  

E  

A  
C  

B

This is one of many possible spanning trees for this graph.

2. minimum spanning trees and prim’s algorithm

A minimum spanning tree is the spanning tree of a weighted graph with the minimum total 
weight possible.

note: There may be multiple minimum spanning trees for one graph.

Example

The total weight of a minimum spanning tree could indicate the minimum length of pipe needed to 
connect five water systems.

Prim’s algorithm:

Prim’s algorithm is a method for finding the minimum spanning tree for a graph.

The algorithm follows the steps below:

Step 1 Start at any vertex. Look at the edges that connect to this vertex and choose the edge with 
the lowest weight. If there are two edges of the same weight, pick either. 

Step 2 There are now two vertices and one edge selected. Look at the edges that connect to either 
of these vertices and choose the one with the lowest weight that connects to a new vertex.

Step 3 Repeat this process until all vertices are connected.

worked example 11 (1 mark)

Use Prim’s algorithm to find the minimum spanning tree for the graph below.

D  

E  

F  

G  

H  

A  

C  
7 9

10

68

8
3

5
2

11
104

B
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SolUTIoN

Step 1 Choose a starting vertex and choose an edge. 

We are going to start at vertex A.

There are two edges that connect to vertex A, 
with weights 7 and 5. 

5 is the lowest value, so select the edge going to 
vertex B. 

D  

E  

F  

G  

H  

A  

C  
7 9

10

68

8
3

5
2

11
104

B

Step 2 Choose the next edge from either vertex A or B. 

From vertex A, there is one edge with a weight 
of 7.

From vertex B, there are two edges with weights 
2 and 11. 

2 is the lowest value, so select the edge from 
vertex B to D.

D  

E  

F  

G  

H  

A  

C  
7 9

10

68

8
3

5
2

11
104

B

Step 3 Choose the next edge from either vertex A, B or D.

From vertex A, there is one edge with a weight 
of 7.

From vertex B, there is one edge with a weight 
of 11. 

From vertex D, there are three edges with 
weights 3, 8 and 8.

3 is the smallest value. Select the edge 
connecting vertices D and C.

D  

E  

F  

G  

H  

A  

C  
7 9

10

68

8
3

5
2

11
104

B

Step 4 Choose the next edge from either vertex A, B, C 
or D.

From vertex B, there is one edge with a weight 
of 11.

From vertex C, there is one edge with a weight 
of 9. 

From vertex D, there are two edges with weights 
8 and 8.

note: Although the edge connecting vertices 
A and C has the lowest weight (7), it does not 
connect to a new vertex, so it cannot be part of 
the tree. 

8 is the smallest value. Select either the edge 
connecting vertices D and G or D and F. Both 
choices are valid.

D  

E  

F  

G  

H  

A  

C  
7 9

10

68

8
3

5
2

11
104

B

Step 5 Continue the process until all vertices 
are connected.

D  

E  

F  

G  

H  

A  

C  

10

6

8
3

5
2

104
B

This is a minimum spanning tree for this graph. 
It has a total weight of 38.

note: There are other possible minimum 
spanning trees for this graph.
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Refresher question

Q1. State the number of edges and vertices present in the graph below.

Questions 5e Trees, spanning trees and Prim's algorithm

1. Trees and spanning trees

Q2. a) A tree has seven edges. How many vertices does it have?

b) Draw a tree with six vertices. 

Q3. Which of the following graphs is a tree?

a.   B.  

C.   d. 

Q4. For the following graphs, draw three different spanning trees.

a)  b) 

Skill

Skill

Skill

D  
E  

F  

A  C  

B

D  

E  

A  

C  
B
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Check your understanding

Q5. Sally the software engineer is setting up a computer network and is trying 
to connect all of the computers using the least number of wires possible.

To the right is a graph in which each vertex 
represents a computer and each edge is a 
possible connection path where Sally can 
place a wire.

a) What is the least number of wires Sally
can use?

b) Draw two possible layouts of the network.

Application

2. minimum spanning trees and prim’s algorithm

Q6. Draw the minimum spanning tree for the 
following graph.

7

9

6 8

3

5

2

4

E  

D  
A  

C  

B

Q7. Consider the graph to the right. 

Which of the following trees is the 
minimum spanning tree for this graph?

E  
C  

D  

B

A  

F  
6

6

9

3 5

2

1

4
4

a.  B. 

C.  d. 

Skill

Skill

E  
C  

D  

B

A  

F  
6

3 5

2

1

E  
C  

D  

B

A  

F  

3

2

1

4
4

E  
C  

D  

B

A  

F  

6

9

5

2

1

E  
C  

D  

B

A  

F  

3 5

2

1
4
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Q8. The total weight of the minimum 
spanning tree for the graph on the right 
is 31. Draw the minimum spanning tree.

6A  

E  

C  

D  

B

G

F  

3

5
5

9

10

2

11

9

7

Q9. Use Prim’s algorithm to find the minimum spanning tree for each of the following graphs.

a) b) 

Check your understanding

Q10. Underground tunnels are being built between seven different gold mines (A, B, C, D, E, F and G) so that 
they are all accessible directly or indirectly from every other mine. The possible tunnel routes between 
each mine and their lengths in metres are shown below. 

a) Draw the tunnel layout that would allow
for the shortest total distance of tunnels,
while keeping all of the mines connected.

b) In this layout, which mine has the most
tunnels connected to it? A  

E  

C  

D

B

F  

50 80

70

90

6590

100

80

60

60

110120

120

G

Skill

Skill

A  E  

C  

D  

B

F  

916

17

19

13

8

12

15 10

14 22

A  

E  

C  

D

B F  

50

50

50

50

50

25

25

25

75 75

7575

75

75

75

G
H

Application

Joining it all together

Q11. 

a) How many different spanning trees are there for this graph?

b) Draw the minimum spanning tree and state its total weight.

c) Draw the spanning tree with the maximum total weight and state its weight.

Skill
3 marks

6

3 4
2

5

1

A  

C  

D

B
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Q12. An electricity company is trying to connect the electricity for seven bungalows at a resort in Bora Bora. 
The amount of electric cable in metres needed to connect the bungalows is shown in the graph below. 
What is the minimum amount of cable needed?

10.49.2
15

10
14.5

9

11

22

15.6

8.5

8

8.8

Q13. A Japanese garden is being built in a park and the council wants to pave paths so that the six small 
ponds are accessible by path from the entrance. The distances in metres of the possible paths are 
shown in the graph below. 

Pond C

45

45
45

4540
40

60

6050

50

50

25

Pond B

Pond A

Entrance

Pond E

Pond F

Pond D

a) The council wants to minimise the length of the paths to minimise cost. Draw the path layout with
the minimum total length that reaches every pond.

b) The cost to pave the paths is $120 per metre in length. How much will the council have to pay?

Application
1 mark

Application
2 marks

VCaa question

Q14. 

The minimal spanning tree for the network above will include the edge that has a weight of

a. 3 B. 6 C. 8 d. 9 e. 10
VCAA 2006 Exam 1 Module 5: Networks and decision mathematics. Q4

1 mark

1

9 10

8

2

3 7 6

54
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Questions from multiple lessons

Q15. The following graph is made of seven isolated vertices. 
The minimum number of edges that must be added to the 
graph to form a tree is

a. 1

B. 5

C. 6

d. 7

e. 8
VCAA 2018 Exam 1 Module 2: Networks and decision mathematics Q1 – Adapted

Q16. Lachie is passionate about dogs. 

Recently, he made his way to the local dog park and 
took the weights, heights and lengths of the first 
13 dogs he could find, and recorded them in the 
following table.

The mean,    ̄  𝑥 , and the standard deviation,  s𝑥 , for the 
height of these dogs, in centimetres, are closest to

a. ¯ 𝑥 = 38.8  s𝑥 = 12.08

B. ¯ 𝑥 = 38.8  s𝑥 = 12.06

C. ¯ 𝑥 = 38.7  s𝑥 = 12.08

d. ¯ 𝑥 = 38.7  s𝑥 = 12.06

e. ¯ 𝑥 = 41.8  s𝑥 = 11.18
VCAA 2018NH Exam 1 Data analysis Q7 – Adapted

Q17. A small country has nine towns. They are represented as vertices in the following graph. The edges  
represent possible power lines that could be built between the towns, with the numbers representing 
the distance, in kilometres, between them.

120 70

40

60
50

70

60
110

140

130

100

120
80

50 70

These power lines will create a connected graph. The country is trying to lower costs, so the shortest 
length of power line will be used.

a) What is the mathematical term that describes the graph represented by these power lines? (1 mark)

b) Draw the graph that represents these power lines. (1 mark)

VCAA 2017 Exam 2 Module 2: Networks and decision mathematics Q3 – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

Height (cm) Weight (kg) Length (cm)

58.2 25.8 55.1

20.1 9.7 22.5

38.4 15.9 32.9

23.9 12.1 28.0

61.2 31.9 70.5

34.1 19.1 30.1

42.1 18.1 38.1

50.1 21.1 51.3

29.1 8.4 34.7

32.7 13.8 29.1

38.1 17.1 35.0

35.9 19.2 38.1

40.1 20.1 41.1

Difficulty:

2 marks
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CHAPTER

6
Number patterns and 
recursion

AOS 3: Discrete mathematics



1. Introduction to sequences

A sequence is a set of numbers, known as terms, written from left to right.

Sequences with patterns

If a sequence has a pattern, such as a repeated addition or multiplication, we can predict the next term. Sequences 
with repeated addition are called arithmetic and sequences with repeated multiplication are called geometric. 

The repeated operation is called the rule of the sequence.

Example

The following sequences involve patterns.

 3, 6, 9, 12, 15, 18, 21

Rule: addition of three

 2, 4, 8, 16, 32, 64, 128

Rule: multiplication by two

Sequences without patterns

Random sequences have no pattern.

Example

The following sequences are random sequences.

 4, 12, −3, 5, 6, −1, 2, 2, −4 

 10, −4, 7, 5, 2, 8, −2, 0, 1 

Finding the next term

By finding the pattern between terms in a sequence, it is possible to predict the next term.

Example

The pattern in this sequences is an addition of two:

 13, 15, 17, 19, 21, … 

So the next term is 23.

worked example 1 (2 marks)

Do the following sequences have an addition rule, a multiplication rule, or are they random?

a)  2, 5, 8, 11, 14, 17, 20

b)  −3, −1, 5, 2, 7, −2, −6, 0

LESSON 6A

Introduction to sequences
The key skills you will learn in this lesson are:

1. Introduction to sequences

2. Notation

3. Plotting sequences

VCAA key knowledge points:

“the concept of a sequence as a function" 
"use of a first–order linear recurrence relation 
to generate the terms of a number sequence" 

"tabular and graphical display of sequences”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016–2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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SolUTIoN

a)    2, 5, 8, 11, 14, 17, 20 

Step 1 Look for any relationship between the terms.

The first two terms are 2 and 5. To go from the 
first to the second term, we can add 3, or multiply 
by  5 __ 2 .

2 5
+3 

Step 2 The second term is 5, and the third term is 8. 
Does adding 3 or multiplying by    5 __ 2 transform 5
into 8?

8
+3 +3 

2 5

Adding 3 to 5 results in 8.

Step 3 Continue testing the rule for the other terms.

2 5 8 11 14 17 20

+3 +3 +3 +3 +3 +3 

It satisfies all of the terms, so we can say the 
rule of the sequence is an addition of 3.

b)    –3, –1, 5, 2, 7, –2, –6, 0 

Step 1 The two first terms are –3 and –1. To get from 
–3 to –1, we can add 2, or multiply by    1 __ 3 .

+2 
–3 –1

Step 2 Compare the second and third terms.

5–3 –1
+2 

The second term is –1, and the third term is 5. 
Adding 2 to –1, we get 1. Multiplying –1 by    1 _ 3   

we get  –   1 __ 3    . Neither of these operations work. 
The pattern is random.

note: There may be a more complicated 
relationship, but based on the question we can 
assume this is a random sequence.

worked example 2 (2 marks)

Find the next term in the sequence:

a)  –3, 1, 5, 9, 13 b) 1, 3, 9, 27

SolUTIoN

a)    –3, 1, 5, 9, 13 

Step 1 Find the pattern.

  – 3   + 4   = 1 

1 + 4   = 5 

5 + 4   = 9 

9 + 4   = 13 

The pattern is that 4 is added each time.

Step 2 Use the pattern to determine the next term.

13 + 4  = 17 

The next term is 17.

b) 1, 3, 9, 27

Step 1 Find the pattern.

1 × 3   = 3 

3 × 3   = 9 

9 × 3   = 27 

The pattern is that the term is multiplied by 3 
each time.

Step 2 Use the pattern to determine the next term.

27 × 3   = 81 

The next term is 81.
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2. Notation

There is specific notation used for sequences, which makes it easier to communicate 
which term is which.

The first value The second 
value

The third value and so on

t0 t1 t2 …

Using ‘t ’ is quite common, but other letters can be used too, as long as it stays the same 
throughout the sequence.

The general form of a sequence is:

  t0   ,  t1   ,  t2   ,  t3   ,  t4   , ... 

Occasionally a sequence will start at   t1.

worked example 3 (1 mark)

A sequence is  4, 9, 14, 19, 24, 29, 34 , with   t0   = 4 . What is   t3?

SolUTIoN

Step 1 The term on the left is   t0   . Label the other terms 
up to   t3.
4, 9,  14, 19,  24,  29, 34

t0 t1 t2 t3

Step 2 Write the answer as an equation.

t3   = 19 

3. plotting sequences

Graphing terms of a sequence can help us quickly identify if a sequence is arithmetic or not.

Generally  n  is placed along the 𝑥–axis, with   tn on the y–axis.

If the points form a straight line, the sequence is arithmetic.

Example

A graph of the sequence  – 3, 1, 5, 9, 13 :

The line is straight, because this sequence is arithmetic.

1 2 3 4 5
n

–5

5

0

10

15

tn

A graph of a non–arithmetic sequence:

The sequence is  2, 3, –4, 2, 5, –1 .

1 2 3 4 5

–4

–2

2

0

4

6

8

10

tn

n

worked example 4 (1 mark)

Draw a graph of the following sequence and state whether it is an arithmetic sequence or not.

 6, 3, 0, –3, –6, –9 .
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SolUTIoN

Step 1 Choose to plot   tn    from –10 to 10.

Choose to plot  n  from 0 to 5.

1 2 3 4 5

–10

–5

5

0

10

tn

n

Step 2 Draw the sequence as a series of points and 
connect with a line.

1 2 3 4 5

–10

–5

5

0

10

tn

n

Step 3 The line is straight, so we can conclude this is an 
arithmetic sequence.

worked example 5 (1 mark)

Draw a graph of the following sequence and state whether it is an arithmetic sequence.

 – 3, 1, 5, 9, 13 

SolUTIoN: TI–NSpIre

Step 1 Open a new spreadsheet by pressing  
+  and press  (‘Add Lists & 
Spreadsheet’).

Step 2 Scroll to the A box at the top of column 1, push 
‘n’, then . 

Scroll right to box B, and push ‘t’, then .

Step 3 Scroll down to A1 and type ‘1’, then .

Move to A2 and push ‘=a1+1’. Push .

Scroll up so cell A2 is highlighted.

Push , then  for ‘Data’ and  again 
for ‘Fill’.

Use the cursor highlight cells A2 to A5. 
Push .

The values of  n  are complete.

Step 4 Scroll to B1. Type the value for   t1, ‘–3’, 
and push .

Enter the rest of the sequence into column B.

Press  +  and press   
(‘Add Data & Statistics’).

At the bottom of the screen select ‘Click to  
add variable’ and choose ‘n’.

On the left of the screen, select ‘Click to add 
variable’ and choose ‘t’.

The line is straight, so this sequence is arithmetic.
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SolUTIoN: CaSIo ClaSSpad

Step 1 Using the stylus, select  and then .

In cell A1, type . Tap . 

In A2 type ‘=a1+1’, and push 

Tap cell A2, then tap edit , �ll , �ll range . 

Tap in the range box and type ‘A2:A5’. 

This creates the n values.

Step 2 In B1, type the value for   t1, ‘–3’, and push . 

Enter the rest of the sequence into column B.

Step 3 Highlight all of the data, from A1 to B5. Tap . 

In the graph screen, tap the down arrow  
and choose the scatter plot . The line is straight, so this sequence is arithmetic.

Questions 6a Introduction to sequences

Refresher question

Q1. What is the next number in the sequence?

2, 4, 6, 8, 10, ?

1. Introduction to sequences

Q2. The following sequence has a rule of an addition of 5 between terms. What is the next number in the 
sequence?

3, 8, 13, ?

Q3. For each sequence below:

i Does the sequence have a rule or is it random?

ii If the sequence has a rule, what is the rule?

a) –4, 3, 10, 17, 24, 31 b) 13, 9, 8, –4, 0, –1, 8 c) 128, 64, 32, 16, 8

Q4. Find the pattern in the following sequences, and use the pattern to find the next term.

a) 2, 4, 8, 16 b) –4, 4, 12, 20, 28 c) 10, 4, –2, –8, –14

Check your understanding

Q5. Find the rule of this arithmetic sequence, and fill in the missing numbers:

11, ?, 5, 2, ?

Q6. Does the following sequence have a rule, or is it random? If it has a rule, what is the rule?

0.5, 1, 2, 5, 10, 16, 32, 36

Skill

Skill

Skill

Skill

Skill
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2. Notation

Q7. Examine the table below, which shows a sequence with a rule of +2. What is the value of   t2?

  t0     t1     t2     t3     t4   

7 9 11 13 15

Q8. Examine the following sequences, which begin at   t0.

a) State the value of   t0, t2, and t6.

3, 7, 11, 15, 19, 23, 27, 31, 35, 39, 43

b) State the value of   t0, t3, and t8.

16, 9, 2, –5, –12, –19, –26, –33, –40, –47, –54

c) State the value of   t0, t4, and t9.

–66, –55, –44, –33, –22, –11, 0, 11, 22, 33, 44

Check your understanding

Q9. Examine the following random sequence. What term, from   t0 to t10, is the largest?

–2, 5, 3, 1, –4, –2, 4, 9, 2, –3, –2

Q10. The daily maximum temperature over a week in Melbourne in May is given in the table below.

Which day, from   D1 to D7    , was the hottest?

  Dn   D1   D2   D3   D4   D5   D6   D7 

Temperature in Celsius 16° 16° 19° 20° 19° 18° 13°

Skill

Skill

Skill

Application

3. plotting sequences

Q11. A plot of a sequence is given below. Is this sequence arithmetic?

–1 –0.5 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
x

1

2

3

4

5

6

7

8

9

10

y

Q12. Draw the plots the following sequences by hand (without using your calculator).

Is the sequence arithmetic?

a) 10, 6, 2, –2, –6

b) 2, 3, 4, 6, 7

c) –3, 2, 7, 12, 17

Skill

Skill
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Q13. Create the plots the following sequences on your calculator.

Based on the calculator graph, is the sequence arithmetic?

a) 3, 5, 7, 9, 11 b) 4, 2, 0, –3, –6

Check your understanding

Q14. Paul is the manager of an Italian restaurant. He is trying to roster staff for the coming week, and looks 
at the average number of guests visiting on Thursdays to Sundays. The average number of guests on 
Thursdays is 20, Fridays is 32, Saturdays is 54, and Sundays is 42.

Given that the number of guests from Thursday to Sunday is represented by   t1to t4, plot this  
information and find if it is an arithmetic sequence.

Q15. The number of tourists visiting Wilson’s Promontory in the weeks leading up to Christmas is shown 
in the table below. Plot the sequence. Is this an arithmetic sequence?

Week December 1–7 December 8–14 December 15–21 December 22–28

  tn   t1   t2   t3   t4 

Number of 
tourists 1350 1700 2050 2400

Skill

Application

Application

Joining it all together

Q16. Which of the following arithmetic sequences has the highest   t5    value? Assume they all start at   t0.

a. 0, 4, 8, 12, 16, 20 B. 52, 44, 36, 28, 20, 12

C. –40, –24, –8, 8, 24, 40 d. –1, 4, 9, 14, 19, 24, 29

Q17. Find the pattern in the following arithmetic sequence. Use this to work out   t4.

  t0   t1   t2   t3   t4 

–12 5 22 39 ?

Q18. Find the pattern in the following arithmetic sequence. Use this to work out   t4.

  t0   t1   t2   t3   t4 

253 185 117 49 ?

Q19. A local football club opened in 2016. The number of members of the club every year after its inception  
in 2016 is stated below in the table. The number of members in 2016 is represented by   m0

Year Number of members ( mn)

2016 340

2017 420

2018 500

2019 580

a) Plot this information.

b) What type of sequence is this?

c) Assuming the sequence continues, in what year will the club first reach 1000 members?

Skill
1 mark

Skill
2 marks

Skill
2 marks

Application
3 marks
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Q20. Nadia bought her car two years ago, when she first got her learner permit. She bought it for $4000.

After a year, the car was revalued at $3250. Her insurance company inspected the car today and 
valued it at $2500.

a) Plot this information, using   v0    as the price when Nadia bought the car.

b) Assuming the arithmetic sequence continues, in how many years will it be worth $1000?

Application
2 marks

VCaa question

Q21. Paul went running every morning from Monday to Sunday for one week.

On Monday, Paul ran 1.0 km.

On Tuesday, Paul ran 1.5 km.

On Wednesday, Paul ran 2.0 km.

The number of kilometres that Paul ran each day continued to increase according to this pattern.

The number of kilometres that Paul ran on Thursday is

a. 2.5

B. 3.0

C. 3.5

d. 4.0

e. 5.0
VCAA 2014 Exam 1 Module 1: Number patters. Q1

1 mark

Questions from multiple lessons

Q22. The first five terms in a geometric sequence are: 32, 16, 8, 4, 2,…

What is the next term in this sequence?

a. −2

B. −1

C. 0

d. 1

e. 2
VCAA 2015 Exam 1 Module 1: Number patterns Q1 – Adapted 

Q23. A least squares line in the form  𝑦 = a + b𝑥 is fitted to a set of bivariate data.

For this set of data,    ̄  𝑥 = 4.30,   ̄  𝑦 = 5.12,  s𝑥   = 2.94,  s𝑦   = 1.98  and  a = −2.8 .

What is the value of  b  correct to one decimal place?

a. −1.7

B. −1.8

C. −1.9

d. 1.8

e. 1.9
VCAA 2019NH Exam 1 Data Analysis Q9 – Adapted

Difficulty:

Year 10
1 mark

Difficulty:

1 mark

220 6A IntroduCtIon to sequenCes

© Edrolo 2020



Q24. Hector is a rising TikTok star and his number of followers increases weekly at a constant rate.

The graph below shows his number of followers in the first four weeks of 2020.

Week
0

N
um

be
r o

f f
ol

lo
w

er
s

1 22 3 4 5 6 7

4000

4500

5000

5500

a) How many followers does Hector gain each week? (1 mark)

b) How many followers will Hector have in week 6? (1 mark)

VCAA 2011 Exam 2 Recursion and financial modelling Q1 a,b – Adapted

Difficulty:

Year 10
2 marks

6A IntroduCtIon to sequenCes 221

© Edrolo 2020



1. Finding recurrence relations

A formula that links one term in a sequence to the next is called a recurrence relation.

For arithmetic sequences, recurrence relations are of the form:

tn+1   =  tn + d,  t0 = a 

Here,  d  is the common difference between terms, and  a  is the first value in the sequence. The term   tn+1    is the next term 
in the sequence, and   tn    is the current value. The term   tn–1    represents the  
previous term in a sequence.

Example

An arithmetic sequence is given by   tn+1   =  tn   + 4  where   t0   = 7 .

The average price of petrol in dollars over the last five years is given by   pn+1   =  pn   + 0.03   
where   p0   = 1.41 .

worked example 6 (2 marks)

Find the recurrence relation for the following arithmetic sequences.

a) –8, –5, –2, 1, 4, 7…

b) 43, 35, 27, 19, 11, 3…

SolUTIoN

a) –8, –5, –2, 1, 4, 7…

Step 1 Find the starting value of the sequence.

The starting value is always on the left.  
Here it is –8. Write this as  a.

 a = –8 

Step 2 Find the common difference,  d.

The common difference is the difference 
between each pair of adjacent terms. Choose 
two terms in the sequence that are next to each 
other and find the difference between them.  
It is usually easiest to use   t0 and t1.

 d =  t1   –  t0

   = –5 –  (–8)

  = –5 + 8 

  = 3 

Step 3 Write the recurrence relation using  a  and  d.

tn+1   =  tn + d,  t0 = a 

tn+1   =  tn   + 3,  t0   = –8 

LESSON 6B

Generating arithmetic sequences
The key skills you will learn in this lesson are:

1. Finding recurrence relations

2. Generating terms

VCAA key knowledge points:

“generation of an arithmetic sequence using 
a recurrence relation, tabular and graphical 
display; and the rule for the nth term of an 
arithmetic sequence and its evaluation“

“use of a recurrence relation to model and 
analyse practical situations involving discrete 
linear growth or decay such as a simple 
interest loan or investment, the depreciating 
value of an asset using the unit cost method; 
and the rule for the value of a quantity after 
n periods of linear growth or decay and its use”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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b) 43, 35, 27, 19, 11, 3…

Step 1 Find the starting value of the sequence.

As always, the starting value is always the value 
on the left. Here is it 43. Write this as  a.

 a = 43 

Step 2 Find the common difference,  d.

 d =  t1   –  t0

 = 35 – 43 

 = –8 

Step 3 Write the recurrence relation using  a  and  d.

tn+1   =  tn + d,  t0 = a 

tn+1   =  tn   – 8,  t0   = 43 

2. Generating terms

It is easy to calculate future values of a sequence when given a recurrence relation. By using the  
recurrence relation and substituting the first value, the second value can be found. The second  
value can be used to find the third, and so on.

Example

A sequence is given by   tn+1   =  tn   + 3,  t0   = 10 . Future values can be calculated simply, 
as shown below.

Let  n = 0. 

t1   =  t0   + 3 

t1   = 10 + 3 

t1   = 13 

Let  n = 1 .

t2   =  t1   + 3 

t2   = 13 + 3 

t2   = 16 

worked example 7 (1 mark)

Calculate   t3    for the sequence   tn+1   =  tn   – 4,  t0   = 11 .

SolUTIoN

Step 1 Work out which values we need to find and which values we have.

We need to find   t3    and we only have   t0    at present. First we’ll need to find   t1, use t1    to find   t2    , and use   t2    to find   t3.

Step 2 Use the recurrence relation to calculate the desired values.

Let  n = 0 .

t1   =  t0   – 4 

t1   = 11 – 4 

t1   = 7 

Let  n = 1 .

t2   =  t1   – 4 

t2   = 7 – 4 

t2   = 3 

Let  n = 2 .

t3   =  t2   – 4 

t3   = 3 – 4 

t3   = – 1 
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Refresher question

Q1. What is the difference between the following pairs of numbers?

a) 1, 3

b) 4, 12

Questions 6B Generating arithmetic sequences

1. Finding recurrence relations

Q2. What is the common difference in the following arithmetic sequence?

1, 4, 7, 10, 13…

Q3. Write down the recurrence relations that represent these sequences.

a) 3, 5, 7, 9, 11…

b) 19, 12, 5, –2, –9…

c) –13, –7, –1, 5, 11…

Check your understanding

Q4. The number of students in a new dance class is 6 in the first week, 9 in the second week, 12 in the 
third week, and 15 in the fourth week.

Write the number of students in the class every week as a recurrence relation, where   S0    is the number  
of students in the first week.

Q5. The number of people buying phones from Joan’s Fones, on Tuesday and Wednesday, is given by   
C1   = 10  and   C2   = 12 .

Assuming the number of customers buying phones is an arithmetic sequence, state the number  
of customers that bought phones on Monday, and write the recurrence relation.

Skill

Skill

Application

Application

2. Generating terms

Q6. If   t0   = 4  and the common difference between terms is 3, what is   t1?

Q7. Find t3    for the following arithmetic sequences, using the recurrence relations.

a) tn+1   =  tn   + 6,  t0   = 3  b) tn+1   =  tn   – 7,  t0   = 16 

c) tn+1   =  tn   – 14,  t0   = –2 

Check your understanding

Q8. The number of cups of lemonade Jackson sells at his lemonade stand on day 1 is 23. The next day he 
sells two more. Assuming the sales form an arithmetic sequence, state how many cups are sold on day 5.

Q9. The population of Australia in 1900 was around 3.76 million people. The population of Australia over  
the years 1900–1904 can be roughly modelled by using the recurrence relation:

Pn+1   =  Pn   + 65 000,  P0   = 3 760 000 

What was Australia’s population in 1904?

Skill

Skill

Application

Application
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Joining it all together

Q10. Which of these arithmetic sequences has term   t4    not equal to 15?

a. t  n+1   =  t  n   + 2,  t  0   = 5  B. t  n+1   =  t  n   – 8,  t  0   = 47 

C. t  n+1   =  t  n   + 7,  t  0   = –13  d. t  n+1   =  t  n   – 3,  t  0   = 27 

Q11. Ava’s height, in metres, from 12 years of age to 17 years of age is modelled by   hn+1   =  hn   + 0.05, 
h0   = 1.25 . Show that at age 17 she is 1.50 metres tall.

Q12. Charlotte heard that human hair grows according to the equation   hn+1   =  hn   + 0.08 , where  h  is the 
length of hair in centimetres, and  n  is the number of days. She measures her hair on the third of April 
and finds it is 23.84 cm long. One week later she measures it again.

Use the recurrence relation to work out how long her hair will be.

Q13. The area of forest across the world from 
2013 to 2015 is listed in this table.

a) Assuming this information is an
arithmetic sequence, using 2013 as the
start of the sequence, represent this
information as a recurrence relation.

Use   Fn    to represent the area of forest in year  n.

b) Use the recurrence relation to calculate the amount of forest left in 2016.

c) Find the first year the area of forest in the world will drop below 3.9
billion hectares.

Q14. The increase in average global temperature 
predictions for the decades leading up to 
2050 is shown in the table on the right.

a) Write the average global temperature
compared to 1900–2000 each decade,
Tn    , as a recurrence relation. Take   T0

to represent the 2010s.

b) In what decade will the average global temperature have risen by more than 2° for the first time?

c) Sea level is also projected to rise over the coming century. One scientist created the following model,
where   Sn    is the increase in sea level in millimetres, in decade  n . The 2010s are represented by  n = 0.
According to this model, in what decade will increase in sea level pass 30 cm?

Sn+1   =  Sn   + 36,  S0   = 88

Skill
1 mark

Application
1 mark

Application
1 mark

Application
3 marks

Year Area of forest 
(million hectares)

2013 4065

2014 4032

2015 3999

Decade
Average global  

temperature  
compared to 1900–2000

2010s +0.8°

2020s +0.975°

2030s +1.15°

2040s +1.325°

Application
3 marks

VCaa question

Q15. Kai commenced a 12-day program of daily 
exercise. The time, in minutes, that he 
spent exercising on each of the first four 
days of the program is shown in this table.

If this pattern continues, the total time (in minutes) that Kai will have spent exercising after 12 days is

a. 59 B. 180 C. 354 d. 444 e. 468
Adapted from VCAA 2008 Exam 1 Module 1: Number patterns. Q6

1 mark
Day number 1 2 3 4

Time (minutes) 15 19 23 27

6B GenerAtinG ArithmetiC sequenCes 225

© Edrolo 2020



Questions from multiple lessons

Q16. Lorraine has started a small business selling homemade pottery. 

Her business’s monthly profit forms an arithmetic sequence.

The following table shows her profit in months 1 to 3.

Month number Profit ($)

1 170

2 215

3 260

If this pattern continues, what will Lorraine’s profit be in month seven?

a. $380

B. $395

C. $415

d. $440

e. $485
VCAA 2009 Exam 1 Module 1: Number patterns Q2 – Adapted 

Q17. A least squares regression line is fitted to the following data.

𝑥𝑥 −1.2 2.7 3.2 −0.9 7.3 4.7 −9.4 2.3

𝑦𝑦 3.4 8.3 7.4 2.5 5.2 8.3 −0.6 1.5

What is the equation of the line? Round all values to two decimal places.

a.  𝑦 = 4.21 + 0.53𝑥

B.  𝑦 = 3.42 + 0.44𝑥

C.  𝑦 = 3.97 + 0.48𝑥

d.  𝑦 = 4.58 + 0.67𝑥

e.  𝑦 = 4.95 + 0.32𝑥
VCAA 2018NH Exam 1 Data analysis Q8 – Adapted

Q18. A large umbrella factory wants to determine the number of umbrellas they can produce each hour.
	● In the 1st hour, they produced 30 000 umbrellas.
	● In the 2nd hour, they produced 32 000 umbrellas.
	● In the 3rd hour, they produced 34 000 umbrellas.

The number of umbrellas produced in each hour continues in this pattern for 10 hours. 

The amount of stock produced in each hour forms the terms of an arithmetic sequence,  
as shown below. 

30 000, 32 000, 34 000...

a) Show that the common difference for this sequence is 2000. (1 mark)

b) How many umbrellas will be produced during the 8th hour? (1 mark)

c) In total, how many umbrellas can be produced in the first five hours? (1 mark)

VCAA 2015 Exam 2 Module 1: Number patterns Q1 a-c – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

Year 10
3 marks
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1. Defining and using the formula to find the value of the term after n periods

For an arithmetic sequence, there is a formula that gives the value of any term in the sequence. 
This is useful if we want to find a specific term far along in the sequence, without having to find 
each of the preceding terms first.

An expression for the value in the sequence after  n  periods is given by    tn = a + nd, where a  is the 
first term (t0) of the sequence and  d  is the common difference.

It is important to note that n represents how many periods have passed. For example, if an 
arithmetic sequence is used to describe the balance of a bank account earning simple interest on a 
monthly basis:
● a = t0 is the 1st term which would represent the opening balance of the account
● t1  is the value after one month (i.e. the 2nd term)
To find the 15th term in the sequence, we need to solve for t14 so we would substitute  n = 14  into 
the equation.

This is summarised in the table below:

n = 0 n = 1 n = 2 n = 3 ... n = n

t0 t1 t2 t3 ... tn

after 0 periods after 1 period after 2 periods after 3 periods ... after n periods

initial/1st term 2nd term 3rd term 4th term ... (n + 1)th term

workeD example 8 (2 marks)

For the following number sequences, find an expression for the value of the term after  n periods.

a) 3, 8, 13, 18, 23, … b) 21, 18.5, 16, 13.5, 11, …

SolUTIoN

a) 3, 8, 13, 18, 23, …

Step 1 Define the values of  a  and  d.

 a  is the initial value.

 a = 3 

 d  is the difference between consecutive values.

 d = 8 – 3 

 d = 5 

Step 2 Substitute the values of  a  and  d  into the formula, 
then simplify.

tn = a + nd

tn   = 3 + n × 5  

∴   tn   = 3 + 5n 

LESSON 6C

Applications of arithmetic sequences
The key skills you will learn in this lesson are:

1. Defining and using the formula to find the value of the term after n periods

2. Applications of the formula

3. Interest and depreciation

VCAA key knowledge points:

“generation of an arithmetic sequence using 
a recurrence relation, tabular and graphical 
display; and the rule for the n  th term of an 
arithmetic sequence and its evaluation” 

“use of a recurrence relation to model and 
analyse practical situations involving discrete 
linear growth or decay such as a simple 
interest loan or investment, the depreciating 
value of an asset using the unit cost method; 
and the rule for the value of a quantity after 
n periods of linear growth or decay and its use”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016–2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

6C AppliCAtions of ArithmetiC sequenCes 227

© Edrolo 2020



b) 21, 18.5, 16, 13.5, 11, …

Step 1 Define the values of  a  and  d.

 a  is the initial value.

 a = 21 

 d  is the difference between consecutive values.

 d = 18.5 – 21 

 d = –2.5 

note:  d  is negative when each value is lower 
than the one before.

Step 2 Substitute the values of  a  and  d  into the formula, 
then simplify.

tn = a + nd

tn   = 21 + n × (–2.5)  

∴   tn   = 21 – 2.5n 

workeD example 9 (2 marks)

Given the formula    tn   = 8 + 6n  , find   t5 and t25.

SolUTIoN

Step 1 Substitute  n = 5  into the formula and solve.

tn   = 8 + 6n

t5   = 8 + 6 × 5  

t5   = 38 
✓ 1 mark for finding t5

Step 2 Substitute  n = 25  into the formula and solve.

tn   = 8 + 6n

t25   = 8 + 6 × 25  

t25   = 158 
✓ 1 mark for finding t25

Step 3 Write the answer.

t5   = 38  and   t25   = 158 .

2. applications of the formula

The basic formula    tn = a + nd   is used to find the value of the term after  n periods (tn), which is
the value of the (n + 1)th term.

However, in some cases this value is given and the question requires one of the other components 
to be found. This can be done by using these formulae:

Finding Use the formula

the initial value,  a  a = tn – nd

the common difference,  d  d =   
 tn – a______

   n

the term number,  n  n =   
 tn – a______

d 

note: These are found by transposing (rearranging) the original formula.

workeD example 10 (1 mark)

At the beginning of a weight-loss program, Sam weighed 96 kg. After the 15th week, he weighed 84 kg.

Assuming his weight loss was linear, how much weight did Sam lose each week?

SolUTIoN

Step 1 Write down the known values from the question.

The question states that after the first week, 
Sam weighed 96 kg. This means that  a = 96 .

After the 15th week, Sam weighed 84 kg.

Hence,  n = 15  and   t15   = 84 .
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Step 2 Identify the unknown value.

We know the values of  a, tn, and n . The only 
unknown value is  d. d  is the difference between 
each term, which relates to the amount of 
weight Sam lost each week.

Step 3 Substitute the known values into the formula for  
d  and solve.

 d =   
 tn – a
 ______    n 

 d =   84 – 96 _________    15 

 d =   –12 _____ 15 

 d  = –0.8

Step 4 Interpret the result.

The common difference is –0.8.

This means that each term in the sequence is 0.8 
less than the previous term.

∴ Sam lost 0.8 kg each week.

3. Interest and depreciation

Interest

Simple interest is calculated as a fraction of the initial amount of money invested, so the amount 
of interest remains constant as the balance changes. The amount of interest earned/paid per time 
period is given by    i =    Pr _ 100 where P is the principal (initial amount invested), and r is the interest 
rate per time period (expressed as a percentage). Note that i is used instead of I as i is the interest 
earned/paid in a single time period, whilst I is the total interest earned/paid over n time periods. 

The balance of a simple interest account can be modelled as an arithmetic sequence, where the 
common difference, d, represents the interest earned/paid each time period (i.e. d = i), and the 
initial value, a is the principal (i.e. a = P). t  n    is the balance of the account after n periods.

Depreciation

Unit cost depreciation is a type of depreciation in which the value of an item reduces linearly 
as it is used. For example, the value of a second-hand car depreciates by the same amount each 
kilometre driven. The point at which the value of an item has depreciated so much that it is equal 
to 0 is known as the write-off value.

The value of the item can be modelled as an arithmetic sequence, where the common difference, d, 
represents the amount of depreciation per unit, and the initial value, a, represents the initial value 
of the item.   t  n  is the value of the item after n units of usage.

Note that d is always negative because the item loses value as units are used.

Example

Consider a car purchased for $8000 that loses $0.30 of 
value for every kilometre driven:

t  n   = 8000 – 0.3n 

After being driven 10 000 km, the value will be $5000:

t  10 000    = 8000 – 0.3 × 10 000 = 5000

The car will be written off after driving approximately 26 667 km:

  t  n   = 0 = 8000 – 0.3n 

0.3n = 8000

n = 26 667

workeD example 11 (2 marks)

Ash puts $5000 into an account earning simple interest at a rate of 1.2% per quarter.

What will be the balance of the account after six years?
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SolUTIoN

Step 1 Find the value of the interest earned each 
quarter,  i.

i  =      Pr _____
100 

 i =     5000 × 1.2___________
100 

 i = 60 

Step 2 Find the values of  a  and  d.

 d  is the difference between each term. In this 
case it is the amount of interest, so  d = i.

 d = 60 

 a  is the initial term, which is the initial 
investment into the account, so a = P.

a = 5000 

Step 3 Set up an equation.

Substitute the values of  a  and  d  into the 
equation    tn = a + nd   and simplify.

 tn   = 5000 + 60n
✓ 1 mark for setting up equation

Step 4 Determine the number of time periods, n.

n    = 6 × 4  

 n    = 24

Step 5 Substitute  n = 24  into the equation.

tn   = 5000 + 60n 

t24   = 5000 + 60 × 24 

t24   = 6440 

∴ The account balance after six years will be $6440.
✓ 1 mark for substituting values

workeD example 12 (2 marks)

Miles bought a second-hand car for $7000. If it loses $0.25 of value for every kilometre driven, 
what will be its value after being driven 12 000 kilometres?

SolUTIoN

Step 1 Find the values of  a  and  d.

d is the amount of value lost per unit of use.

Since the value is depreciating,  d  is negative.

 d = – 0.25 

 a  is the initial value

 a = 7000 

Step 2 Set up an equation.

Substitute the values of a and d into the 
equation tn = a + nd

tn   = 7000 + n × (–0.25)  

tn   = 7000 – 0.25n 
✓ 1 mark for setting up equation

Step 3 Substitute  n = 12 000  into the equation.

tn   = 7000 – 0.25n 

t12 000   = 7000 – 0.25 × 12 000 

t12 000   = 4000 

∴ The value after 12 000 km will be $4000.
✓ 1 mark for substituting values

Questions 6C Applications of arithmetic sequences

Refresher question

Q1. Which of the following is an arithmetic sequence?

a. 0, 4, –7, 3, 29, …

B. 1, 3, 9, 27, 81, …

C. 0, 2, 4, 6, 8, …

D. 1, 1, 2, 3, 5, …
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1. Defining and using a formula for the value of the term after n periods

Q2. For each of the following sequences, state the values of  a  and  d.

a) 2, 5, 8, 11, 14, …

b) 7, 5, 3, 1, –1, …

c) 15, 20, 25, 30, 35, …

Q3. For the following number sequences, find an expression for the value of the term after  n  periods by:
● Writing the value of  a  and  d

● Substituting these values into    tn = a + nd
● Simplifying
a) –5, –3, –1, 1, 3, …

b) 11, 7, 3, –1, –5, …

c) 9, 12.5, 16, 19.5, 23, …

Q4. Consider the following sequence.

24, 21.5, 19, 16.5, 14, …

a) Find an expression for the value of the term after  n  periods in the sequence.

b) What is the value of the 15th term in the sequence?

Q5. Find the required term for each of the following sequences.

a) 1, 4, 7, 10, 13, … Find   t10

b) 22, 28, 34, 40, 46, … Find   t23

c) 13, 3, –7, –17, –27, … Find   t41

Check your understanding

Q6. Oliver bought an apple tree that grows two new apples every day. On the first day, Oliver has 12 apples.

Define an expression, in simplified form, for the number of apples,   An    , Oliver will have after  n  days.

Q7. A recurrence relation for a sequence is given by the formula   tn+1   =  tn   – 11 ,   t0   = 161 .

Find an expression for the value of the term after  n periods.

Skill

Skill

Skill

Skill

Application

Skill

2. applications of the formula

Q8. An arithmetic sequence has an initial value of 33 and a common difference of –6.

Which term will have a value of –51?

Q9. The price of mini golf is $16 for the first hour and $11 for every hour after the first.

How much would it cost to play mini golf for seven hours?

Q10. A plant grew at a linear rate of four centimetres per month. 12 months after planting, it was 72 
centimetres tall. 

How tall was it after the first month?

Skill

Application

Application
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Q11. Last Monday, Dion started walking dogs every afternoon to save money for a new laptop. On Monday 
night, he had a total of $210. On Thursday night the following week, he had $485. Assume that Dion 
makes the same amount of money from dog walking each day.

a) How much money does he make each day?

b) The laptop Dion wants is $800.
After how many days of dog walking will he be able to afford the laptop?

Check for understanding

Q12. Amy is trying to grow out her hair to donate it to charity. She measured it today and found it was 30 cm 
long from root to tip. Exactly three weeks ago, her hair was 28.65 cm long. In order to donate to charity, 
it must be at least 40 cm long.

Assuming linear hair growth, in how many full weeks from today will Amy’s hair be long enough  
to donate?

Application

Application

3. Interest and depreciation

Q13. Amanda deposits $120 into a simple interest bank account that pays 4% per annum.

What will the balance in the account be after seven years?

Q14. $4000 is invested in a simple interest account for ten years. It pays 3.6% per annum.

At the end of this period, what is the account balance?

Q15. Jenny recently bought a new car and set up the following equation to show its value in dollars based 
on the number of kilometres driven,  n.

Vn   = 13 500 – 0.3n

a) What was the initial value of the car?

b) By how much does the value depreciate per kilometre driven?

Q16. A printing machine at Officeworks has an initial value of $2000.

The value is set to depreciate 0.2 cents per page printed.

What will the value of the machine be after it has printed 500 000 pages?

Check your understanding

Q17. Adrian deposits a sum of money into a simple interest investment account. Shown in the table below 
is the principal invested, and the account balance after one and two years.

Year Account balance

Principal $7200

1 $7596

2 $7992

a) What is the simple interest rate per annum?

b) What will the account balance be after eight years?

Application

Application

Application

Application

Application
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Joining it all together

Q18. Daphne has a serious coffee addiction, so she is trying to reduce the amount of coffee she drinks.  
Each week, she is planning to drink three less coffees than she did the previous week. In the first week, 
she drinks 18 coffees.

a) Define an expression, in simplified form, for the amount of coffee Daphne drinks,   Cn     , after  n weeks.

b) In what week will she drink no coffee?

Q19. Alexis deposits $3500 into an account that earns simple interest at a rate of 1.1% per quarter.

a) Set up and simplify an equation representing the situation as an arithmetic sequence, where  n  is the 
number of quarters since the initial deposit.

b) After how many quarters will Alexis have earned over a thousand dollars in interest?

c) What will be the account balance after ten years?

Q20. Alicia is on holiday and is spending $50 per day. At the beginning of the first day, she had $670 in her 
bank account.

a) Define an expression for the balance,   bn    , of Alicia’s bank account after the  n th day of her holiday.

b) At the end of today, Alicia has $20 left. What day of the holiday is it?

Q21. Vincent just bought a car for $12 000 that will lose $0.35 of value for every kilometre driven.

Vincent is an Uber driver, and as a result he drives 350 kilometres every week.

a) What will be the value of the car after 40 weeks?

b) After how many weeks will the car be effectively written off?

Q22. Melinda is a social geographer and has recently been studying population growth.

She has created the table below with estimated world populations for the years 2015, 2016, and 2017.

Assume that population growth remains linear from 2010 to 2040.

Year Population (millions)

2015 7383

2016 7466

2017 7549

a) By how much does the world’s population increase each year?

b) What was the estimated world population in 2012?

c) In what year will the world’s population be over 8 billion people?

d) In what year will the world’s population be over 9 billion people?

Application
2 marks

Application
3 marks

Application
2 marks

Application
2 marks

Application
4 marks

VCaa question

Q23. In a concert hall there are 28 seats in row one, 29 seats in row two, 30 seats in row three, and so on. 
The number of seats in successive rows of the concert hall form the terms of an arithmetic sequence.

a) How many seats are in row 10?

b) There are 70 seats in the last row of the concert hall. 
How many rows of seats does the concert hall contain?

VCAA 2009 Exam 2 Module 1: Number patterns. Q1a,b

2 marks
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Questions from multiple lessons

Q24. Jacob wants to display a complete collection of ancient Mayan coins in an exhibition in four years.

Each year, he collects 200 more ancient coins than the previous year. 

His team of archaeologists predict that there are 4200 coins to collect.

The number of coins that Jacob will need to collect in the first year, if he is to finish collecting the coins 
in four years, is

a. 700

B. 725

C. 750

D. 775

e. 800
VCAA 2014 Exam 1 Module 1: Number patterns Q5 – Adapted

Q25. The following table shows the  diameter  and  weight  of ten watermelons.

 Diameter (cm) 30.6 29.7 35.1 26.8 30.4 29.3 27.9 33.4 34.5 28.3

 Weight (kg) 11.8 11.5 12.4 10.7 11.3 12.9 11.6 12.6 12.2 11.3

Find the value of the Pearson correlation coefficient,  r , between  diameter  and  weight , correct to two 
decimal places.

a. −0.65

B. −0.54

C. 0.54

D. 0.55

e. 0.65
VCAA 2018NH Exam 1 Data analysis Q9 – Adapted

Q26. A car rental company has a special promotion for 2020. 

Customers are charged based on the whole number of kilometres they travel each day.
● The first kilometre costs $8.
● Each kilometre after this costs 25 cents less than the previous one.
● Once the cost of travel reaches zero, any additional travel within that day is free.
a) How much does the eighth kilometre cost? (1 mark)

b) What is the total cost of travel for 10 kilometres? (1 mark)

A customer paid the maximum charge for travel in a day.

c) What is the minimum number of kilometres that this customer could have travelled? (1 mark)

VCAA 2011 Exam 2 Module 1: Number patterns Q2 a-c – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

3 marks
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1. Finding recurrence relations

A geometric sequence is a sequence where each number is obtained by multiplying the previous 
value in the sequence by a fixed number. 

This number is known as the common ratio. Below is a geometric sequence with a common ratio of 3.

2, 6, 18, 54, 162 …

The common ratio can be found by dividing a term in the geometric sequence by the previous term. 
In the geometric sequence above, the common ratio is found by dividing 6 by 2 which equals 3. 

The common ratio can be found using any two consecutive terms. 

For example,    54 ____ 18    also equals 3.

A geometric sequence can be represented by a recurrence relation in the form   tn+1   =  Rtn   ,
t0 = a  where  R  is the common ratio and  a  is the initial value of the sequence. 

The recurrence relation for the geometric sequence above is   tn+1   =  3tn  ,  t0   = 2 .

worked example 13 (1 mark)

What is the recurrence relation for the following geometric sequence?

4, 8, 16, 32, 64…

SolUTIoN

Step 1 Find the common ratio.

 R =   64 ____ 32   =   32 ____ 16   =   16 ____ 8    =   8 __ 4   = 2

Step 2 Find the initial value of the sequence.

4

Step 3 Write out the recurrence relation in the form   tn+1   =  Rtn   ,  t0 = a.

tn+1   =  2tn  ,  t0   = 4

2. Generating terms

The subsequent value of a geometric sequence can be found by multiplying the prior term by the 
common ratio, R.

LESSON 6D

Generating geometric sequences
The key skills you will learn in this lesson are:

1. Finding recurrence relations

2. Generating terms

VCAA key knowledge points:

“generation of a geometric sequence using 
a recurrence relation and its tabular or 
graphical display; and the rule for the nth 
term and its evaluation”

“use of a recurrence relation to model 
and analyse practical situations involving 
geometric growth or decay such as the growth 
of a compound interest loan, the reducing 
height of a bouncing ball, reducing balance 
depreciation; and the rule for the value of a 
quantity after n periods of geometric growth 
or decay and its use”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Refresher question

Q1. What must 2 be multiplied by to get 10?

Questions 6d Generating geometric sequences

worked example 14 (1 mark)

Find the value of   t3    for the following recurrence relation.

tn+1   =  3 tn  t0   = 2

SolUTIoN

Step 1 Find the value of   t1.

t1   =  3 t0   = 3 × 2 = 6  

Step 2 Find the value of   t2.

t2   =  3 t1   = 3 × 6 = 18  

Step 3 Find the value of   t3.

t3   =  3 t2   = 3 × 18 = 54  

t3   = 54 

1. Finding recurrence relations

Q2. What is the common ratio for the following geometric sequence?

4, 12, 36, 108, 324 …

Q3. Find the recurrence relation for the following sequences in the form   tn+1 = R  tn   ,  t0 = a.

a) 3, 15, 75, 375, 1875...

b) −162, 54, −18, 6, −2 ...

c) 1 __ 4  5 __ 4  25 ____ 4  125 _____ 4  625 _____ 4 …

Check your  understanding

Q4. Which of the following is not a geometric sequence?

a. 1 __ 2   , 1, 2, 4, 8 … B. 4, −4, 4, −4, 4 …

C. 2, 10, 50, 250, 1250 … d. 3, 6, 9, 12, 15 …

Q5. The profits of a company double every month. If   pn    is the profit of the company in
dollars after  n  months, and   p0   = 1500 , find a recurrence relation that represents 
this situation.

Skill

Skill

Skill

Application

2. Generating terms

Q6. What is the common ratio for the geometric sequence represented by the following 
recurrence relation?

tn+1   = −  2 __ 3 tn  t0   = 9

Q7. Find t4    for the following recurrence relations.

a) tn+1   = 4 tn  t0   = 2 b) tn+1 = 1 __ 6 tn  t0   = 84 c) tn+1   = −3 tn  t2 = 1 __ 3

Skill

Skill
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Check your understanding

Q8. For the recurrence relation   tn+1 = 1 __ 7 tn    , what is the value of   t2 if t5 =  1 ____ 98?

Q9. The population of rabbits in a forest is given by   pn+1   =  3 pn  
 where pn  

is the
population of rabbits after  n  years. If the population of rabbits was 52 in 2015, 
what would the population be in 2017?

Skill

Application

Joining it all together

Q10. The height of a bouncing ball is given by   hn+1   = 0.6 hn    where   hn    is the height in
centimetres the ball bounces to on the  n th bounce. If the ball bounces to a height of 
10 cm on the 5th bounce, what height did it bounce to on the 1st bounce correct to one 
decimal place?

Q11. a) The table below shows the number of bacteria after a certain amount of time.

Given that the number of bacteria follows a geometric sequence and   bn is the
number of bacteria after  n  hours, find the value of  𝑥 and thus find a recurrence
relation to describe the situation. (2 marks)

b) Using the recurrence relation, how many 
bacteria would there be after 6 hours?
(1 mark)

c) After how many hours will the number of
bacteria first exceed 1000? (1 mark)

Time (hours) Number of bacteria

0 7

1 𝑥

2 28

Q12. If the air pressure decreases by 12% for every rise of 1000 metres (m) in altitude, 
find a recurrence relation representing this situation in the form   pn+1   =  Rpn    where
pn    is the air pressure in kilopascals (kpa) at an altitude of 1000n and   p0   = 101.325 .

Q13. The population of cats on a farm is given by    Cn+1 = 2 Cn ,  C0 = 2
  
    where

Cn    is the number of cats after  n  years and the population of mice is given

by   Mn+1   =   1 _ 3 Mn   ,  M0   = 54  where   Mn    is the number of mice after  n years.

a) After how many years will the population of cats be greater than the population of mice?

b) After how many years will there be no mice? note: No mice is when   Mn < 1 .

Application 
1 mark

Application 
4 marks

Application 
1 mark

Application 
2 marks

VCaa question

Q14. In 2008, there are 800 bats living in a park. After 2008, the number of bats living  
in the park is expected to increase by 15% per year. Let   Bn    represent the number of
bats living in the park  n  years after 2008. A recurrence relation that can be used to 
determine the number of bats living in the park  n  years after 2008 is

a.   B  n = 1.15 B  n−1 − 800   B  0  = 2008 B.   B  n =  B  n−1 + 1.15 × 800   B  0  = 2008

C. B  n   =  B  n−1   − 1.15 × 800    B  0    = 800 d.   B  n   = 0.15 B  n−1  B  0    = 800

e.   B  n   = 1.15 B  n−1   B  0    = 800

Adapted from VCAA 2008 Exam 1 Module 1: Number patterns. Q4

1 mark
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Questions from multiple lessons

Q15. Beatrice has decided to pursue a career as an Instagram influencer so she is currently trying to build 
her following.

On day 1, Beatrice has 200 Instagram followers. 

Each day thereafter, Beatrice has 20 more followers than she did the day before.

Let Fn    be the number of followers Beatrice has on day  n.

A recurrence relation that can be used to model this is

a. Fn+1   = 1.20  Fn, F1   = 200 

B. Fn+1   = 1.10  Fn, F1   = 200 

C. Fn+1   =  Fn   + 20 ,   F1   = 200 

d. Fn+1   =  Fn   + 10 ,   F1   = 200 

e. Fn+1   =  Fn   + 0.10 ,   F1   = 200 
VCAA 2014 Exam 1 Module 1: Number patterns Q4 – Adapted 

Q16. The following histogram displays the time taken in  
seconds for a group of primary school students to run  
800 metres. 

The shape of this distribution can be described as

a. symmetric.

B. approximately symmetric.

C. approximately normal.

d. negatively skewed.

e. positively skewed.
VCAA 2017NH Exam 1 Data analysis Q1 – Adapted

Q17. An investment of $1 000 000 was put into a savings account modelled by the following recurrence 
relation, where   Vn    is the value of the investment after  n years.

V0   = 1 000 000 ,   Vn+1   = 1.06 ×  Vn

a) What is the balance of the savings account five years after the investment was made?  
Give your answer correct to the nearest cent. (1 mark)

b) After how many years will the value of the investment first exceed $1 500 000? (1 mark)

VCAA 2012 Exam 2 Module 1: Number patterns Q3 a,b – Adapted

Difficulty:

1 mark

Difficulty:

1 mark
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Difficulty:

2 marks
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1. Defining and using the formula for the nth term

Like arithmetic sequences, there is a formula to calculate term  n  of a geometric sequence. Using 
the formula allows the term  n  to be found without having to calculate all of the previous terms. 
The formula is   tn   =  t0 Rn  where   t0    is the first term in the sequence, and  R  is the common ratio 
between terms.

Example

The sequence    1 __ 4  ,   1 __ 2  , 1, 2, 4, 8, 16 … has the formula   tn   =   1 __ 4  × 2n  . The initial value is    1 __ 4 .

  t10   =    1 __ 4   ×  210  = 256

  t13   =    1 __ 4   ×  213  = 2048

workeD example 15 (2 marks)

Find the formula that allows any term to be found for the geometric sequence    3 __ 2  , 1,   2 __ 3 ,  4 __ 9 …,
and find   t5 .

SolUTIoN

Step 1 Find the initial value, and the common ratio.

The initial value is the first term,    3 __ 2 .

The common ratio is equal to   t1    divided by   t0 .

 R =   
 t1 __  t0

   =   1 __ 3 __ 2  
   =   2 __ 3 

So   t0   =   3 __ 2    and  R =   2 __ 3 .

Step 2 Substitute these values into the equation tn   =  t0 Rn.

tn = 3 _ 2   ×  (
2 _____ 3)   

n

✓ 1 mark for finding the formula

Step 3 To find   t5    , let  n = 5 .

t5   =   3 __ 2   ×  (
2 _ 3  )  

 

5
 

t5   =   16____
81 

✓ 1 mark for finding   t5 

LESSON 6E

Applications of geometric sequences
The key skills you will learn in this lesson are:

1. Defining and using the formula for the nth term

2. Applications of the formula

VCAA key knowledge points:

“generation of a geometric sequence using 
a recurrence relation and its tabular or 
graphical display; and the rule for the nth term 
and its evaluation” 

“use of a recurrence relation to model 
and analyse practical situations involving 
geometric growth or decay such as the growth 
of a compound interest loan, the reducing 
height of a bouncing ball, reducing balance 
depreciation; and the rule for the value of a 
quantity after n periods of geometric growth 
or decay and its use”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. applications of the formula

Geometric sequences can be useful for modelling compound interest, the height of a bouncing 
ball, or a reduction in bank balance.  R < 1  in models that involve a decrease in value, such as the 
height of a bouncing ball, and  R > 1  in models that involve an increase in value, such as compound 
interest. If each term has the same value,  R = 1 . To convert a percentage to the common ratio, the 

formula   R =  (1 + 
Percentage
 _____________ 100 )   can be used.

Example

Balance of a savings account:   Bn = D × 1. 1   n  , where   Bn    is the balance at month  n , and  D  is the 
initial deposit.

Height of a bouncing ball:   Hn   =  H0   ×  (
3 _ 4  )  

 

n
  , where   Hn    is the height of bounce  n , and   H0    is the 

height the ball was dropped from.

workeD example 16 (2 marks)

A savings account is opened with an initial deposit of $2000. Interest is paid monthly at a rate 
of 4% per month. If the balance at month  n  is given by   Bn   , find a model for   Bn    in terms of  n.
Assuming no withdrawals are made from the account, what will the balance be at the end of 
the fifth month, to the nearest cent?

SolUTIoN

Step 1 Find the initial value, and the common ratio.

The initial value is   B0   = 2000 .

 R  is given as a percentage, so we use 

R =  (1 + 
Percentage
 _____________ 100 ).

R =  (1 + 
Percentage
 _____________ 100 )

R =  (1 +  4 _____ 100)

 R = 1.04 

So    B0   = 2000  and  R = 1.04 .

Step 2 Substitute these values into the equation 
tn   =  t0 Rn.

Using Bn instead of tn , we have 
Bn   = 2000 ×  1.04   n.
✓ 1 mark for finding the formula

Step 3 To find   B5    , let  n = 5 .

B5   = 2000 ×  1.04   5

B5   = 2433.31 
✓ 1 mark for calculating   B5 

Questions 6e Applications of geometric sequences

Refresher question

Q1. If  𝑥 = 0.9, then what is the value of  10𝑥 and 10𝑥  2?

1. Defining and using the formula for the nth term

Q2. Jeremy is experimenting with the model   tn   = 0.05 ×  3   n  . Finish his working out to find   t6

  t  n   = 0.05 ×  3 n  

Let  n = 6 

  t  6   = 0.05 ×  3 6  

  t  6   = 0.05 × 729 

  t  6   =  

Skill
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Q3. Find formulas for   tn    for the following sequences in terms of  n . Use the formulas to find   t8. Round your
answers to two decimal places.

a) 2, 1.98, 1.9602, 1.940598, … b) 3, 6, 12, 24, …

c) 1,  4 __ 5 ,  16 ____ 25 ,   64 _____ 125 , … d) 2, −6, 18, −54, 162, …

Check your understanding

Q4. A sequence is defined by the formula   tn   = 6.5 ×  0.9   n  . State the initial value of the sequence, and the 
common ratio between terms. Is the sequence increasing or decreasing?

Q5. Two students, Mandeep and Sandra, are fighting over who is best at maths. They agree to determine 
who is the best by racing to find   t10    of the sequence 10, 7.5, 5.625, … They each use different formulas 
to reach the answer. Who will win the race?

Mandeep:   tn+1   =  0.75tn   ,  t0   = 10 

Sandra:   tn   = 10 ×  0.75   n

Skill

Skill

Application

2. applications of the formula

Q6. Caroline is trying to calculate how much money will be in her savings account at Christmas. She opened 
the account in May. The formula for the balance in the account,   Bn    , during month  n  after May, 
is given below.

Bn   = 800 ×  1.05   n

Use this formula to find the amount of money in the account at Christmas, to the nearest cent.

Q7. Three employees, Quentin, Sahar, and Terence are given different salary packages in their first year 
of work. Use the information below to find an equation to represent each person’s salary,   Qn  Sn    , and 
Tn    , in terms of year  n.

note: Use  n = 1  as the first year, meaning  R  will be raised to the power of  n − 1 .

a) Quentin’s starting salary is $38 000 and increases 3.1% each year.

b) Sahar’s starting salary is $35 000 and increases 4% each year.

c) Terence’s starting salary is $40 000 and increases 2% each year.

d) Who is on the highest salary during their tenth year?

Check your understanding

Q8. The following table shows the height of a 
table tennis ball dropped from a height of 
one metre.

Bounce # 0 1

Height (cm) 100 45

a) Assuming the height of each bounce is a
geometric sequence, find a formula for the height,
Hn    , of bounce  n.

b) What height will the ball reach on bounce 3?
Round your answer to two decimal places.

Application

Application

Application
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Q9. The following graph shows the 
depreciation of the value of a car over time. 
The data points form a geometric sequence.

a) Use the graph to find a formula for the 
car’s value,   Vn    , at year  n.

b) Use the formula to find the first year 
the car will be worth less than $2000. 
Only look at whole values of  n.

1 2 3 4 5

1000

2000

3000

4000

5000

Value ($)

Year

Application

Joining it all together

Q10. a) A geometric sequence has   t0   = 6.21  and   t2   = 18.63 . Given that    
 t2 __  t0

   =  R2  , find  R  and state a 

 formula for   tn    in terms of  n . Assume all the terms in this sequence are positive.

b) A different sequence has   t1   = 8.918  and   t3   = 7.3849958 . Find a formula for the sequence.  
Assume all the terms in this sequence are positive.

Q11. Luka is examining the performance of different bouncy balls.

a) Use the data below to find an equation for the height of bounce  n  for each of the bouncy  
balls below. (3 marks)

BIG-Bounce Ball (BBn): The following
graph shows the first two bounces of a 
BIG-Bounce ball, after being dropped from 
a height of one and a half metres.

1 2 3 4 5
n

0.5
0.6
0.7
0.8
0.9

1
1.1

1.2
1.3
1.4
1.5
1.6
1.7

Hn

0 —

219
2001

(

BouncePRO Ball (BPn)    : When dropped from a height of three metres, this ball reaches 2.7648 metres 
on the second bounce.

BallTECH Ball (BTn): The following table
gives some results for this ball.

 

Bounce # 4 6

Height (m) 0.8192 0.524288

b) Luka takes all three balls and drops them from a five-metre diving platform, onto the concrete below.

Use the models to estimate how high each ball will bounce on bounces 1 and 10. Don’t forget to 
change the   BB0  BP0    , and   BT0    terms. Round all answers to two decimal places. (3 marks)

c) Which ball is the bounciest? (1 mark)

Skill
2 marks

Application
10 marks
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d) Which of the following doesn’t fit the model for the BIG-Bounce ball with   BB0   = 1.2 ? (1 mark)

a. Bounce 6 has a height of approximately 18.16 cm.

B. Bounce 2 has a height of 0.73948 m.

C. Bounce 3 has a height of approximately 46.68 cm.

D. Bounce 1 has a height of 0.876 m.

e) The formulas found in part a indicate
the height the centre of the ball reaches
above the ground. Thus, if the diameter
of the ball is  D,  the ball stops bouncing
when the height drops below    D __ 2
If the BouncePRO ball has a diameter of
6 cm, how many times does it bounce
when it is dropped from a height of
two metres? (2 marks)

Ball
bounces

Last
bounce

Doesn’t
bounce

D
2—

Q12. Isabelle and Nurul are trying to buy a SNES console, which is now a collector’s item. It costs about 
$1000 to buy one. They open a savings account at different banks in the hope of saving enough money. 
Isabelle deposits $390, and Nurul deposits $400.

Both accounts have compound interest. Isabelle’s account interest is 5% per month, paid monthly, 
and Nurul’s account is 15% per quarter, paid quarterly.

a) Write an equation to describe the amount of money in Isabelle’s account at month  m  Im  (1 mark)

b) Write an equation to describe the amount of money in Nurul’s account at quarter  q  Nq  (1 mark)

c) Whose account will reach $1000 first? (2 marks)

Application
4 marks

VCaa question

Q13. The first term of a geometric sequence is 9.

The third term of this sequence is 121.

The second term of this sequence could be:

a. −65 B. −33 C. 56 D. 65 e. 112
VCAA 2008 Exam 1 Module 1: Number patterns. Q5

1 mark

Questions from multiple lessons

Q14. Calliope is a Year 12 student commencing her study plan for her VCE exams.

Calliope studied for 150 minutes in the first week and will successively increase the amount of time 
she spends studying by 15 minutes each week. Hence, in the second week, she studied for 165 minutes 
and in the third week, she studied for 180 minutes.

For how long will Calliope study in the 13th week of the study plan?

a. 315 minutes

B. 330 minutes

C. 345 minutes

D. 350 minutes

e. 365 minutes
VCAA 2012 Exam 1 Module 1: Number patterns Q3 – Adapted 

Difficulty:

1 mark
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Q15. A new doughnut store just opened up in Melbourne. The store manager wants to investigate the 
association between the  number of doughnuts sold  and the  day of the week . These variables are

a. a numerical variable and an ordinal variable respectively.

B. a numerical variable and a nominal variable respectively.

C. an ordinal and numerical variable respectively.

D. both numerical variables.

e. both categorical variables.
VCAA 2017NH Exam 1 Data analysis Q4 – Adapted

Q16. The projected koala population is represented in the following recurrence relation, where   Kn is the
projected population at the beginning of year  n.

Kn+1   = 0.8  Kn K2020   = 85 000

a) What is the projected population of koalas at the beginning of 2020? (1 mark)

b) What is the projected percentage decrease of koala populations from year to year? (1 mark)

c) Show that the projected population of koalas at the beginning of 2021 is 68 000. (1 mark)

d) What is the projected change in population of koalas during the year 2021? (1 mark)

VCAA 2014 Exam 2 Module 1: Number patterns Q1a-d – Adapted

Difficulty:

1 mark

Difficulty:

4 marks
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1. Terms of Fibonacci and similar sequences

In 1202, Italian mathematician Leonardo Fibonacci published a book containing a very influential 
set of numbers, that were later called the Fibonacci sequence.

The Fibonacci sequence is:

1, 1, 2, 3, 5, 8, 13, 21, 34, 55…

where each term is found by adding the previous two terms. Although the Fibonacci sequence  
always begins with two ones, there are many Fibonacci-related sequences that begin with  
two different terms.

One example is the Lucas sequence, which starts with the terms one and three.

The Lucas sequence is:

1, 3, 4, 7, 11, 18, 29, 47, 76, 123…

worked example 17 (1 mark)

What is the next term in the sequence below?

2, 6, 8, 14, 22, 36…

SolUTIoN

Step 1 Recognise the sequence is Fibonacci-related.

Each term is the sum of the previous two terms.

 2 + 6 = 8 

 6 + 8 = 14 

 8 + 14 = 22 

 14 + 22 = 36 

Step 2 Find the sum of the last two terms.

 22 + 36 = 58 

The next term in the sequence is 58.

2. Fibonacci and similar sequences using second-order recurrence relations

Sequences related to the Fibonacci sequence can be described by the second-order  
recurrence relation:

 tn = tn–2 + tn–1 

where  t0    is the first term of the sequence and  t1    is the second term of the sequence.

The recurrence relation is described as being second-order because it depends on the two  
previous terms in the sequence. All the previous recurrence relations in this chapter are  
first-order relations as they only depend on the immediately preceding term of the sequence.

LESSON 6F

Fibonacci and similar sequences
The key skills you will learn in this lesson are:

1. Terms of Fibonacci and similar sequences

2. Fibonacci and similar sequences using second–order recurrence relations

VCAA key knowledge points:

“generation of the Fibonacci and similar 
sequences using a recurrence relation, tabular 
and graphical display” 

“use of Fibonacci and similar sequences to 
model and analyse practical situations”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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The graph of Fibonacci-related sequences usually form a smooth curve, as shown below:

1 2 3 4 5 6 7
n

5

10

15

20

tn

worked example 18 (1 mark)

A sequence is described the recurrence relation  tn = tn–2 + tn–1.

Find  t5    , given that  t0   = –1  and  t1   = –1 .

SolUTIoN

Step 1 Find  t2 

 t2 = t0 + t1

t2   = –1 +  (–1)   = –2  

Step 2 Repeat step 1 to find  t3  t4 and t5 

 t3 = t1 + t2

t3   = –1 +  (–2)   = –3  

 t4 = t2 + t3

t4   = –2 +  (–3)   = –5  

 t5 = t3 + t4

t5   = –3 +  (–5)   = –8  

The fifth term of the sequence is –8.

Questions 6F Fibonacci and similar sequences

Refresher question

Q1. If   tn = tn–1   + 3  and   t0   = 2 , what is the value of  t1?

1. Terms of Fibonacci and similar sequences

Q2. Which calculation would give the next number in the Fibonacci sequence below?

1, 1, 2, 3, 5, 8, ?

a. 3 + 8 B. 5 + 8 C. 3 + 5 d. 8 − 5

Q3. What is the next term in each of the sequences below?

a) 1, 3, 4, 7, 11, 18, 29…

b) –1, 2, 1, 3, 4, 7, 11…

c) –4, –5, –9, –14, –23, –37, –60…

Skill

Skill
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Check your understanding

Q4. The increase in the population of cats on a farm every month follows a Fibonacci-related sequence. 
The population of cats after two months is three, after three months is  𝑥 and after six months is 18.

What is the value of  𝑥?
Application

2. Fibonacci and similar sequences using second–order recurrence relations

Q5. What are the values of  t0    and  t1    in the sequence below?

2, –3, –1, –4, –5, –9, –14…

Q6. A sequence is described by the recurrence relation  tn = tn–2 + tn–1. Find t5 given that:

a)  t0   = 1  and  t1   = 2

b)  t0   = 8  and  t1   = –5

c)  t1   = –4  and  t2   = 2

Check your understanding

Q7. Which of the graphs below does not show a Fibonacci-related sequence?

a.  B. 

C. d. 

Q8. For which Fibonacci-related sequence will  t6 be the greatest?

a.  t2   = 2  
 
    and  t3   = 4   B.  t0   = –1  and  t1   = 5 

C.  t2   = 6  
 
    and  t3   = 7   d.  t0   = 2  and  t1   = 3 

Skill

Skill

Skill

1 2 3 4 5 6 7
n
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tn

n
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–8

–6
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tn

1 2 3 4 5 6 7

1 2 3 4 5 6
n
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–25
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–15
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25

tn

Skill

Joining it all together

Q9. If  t3    and  t5    of a Fibonacci-related sequence are –3 and 8 respectively, what is the value of  t4?
Skill
1 mark
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Q10. Which of the following is not an expression for  t 6 
?

a.  t3   + 2t 4 B. t2 + t3 + t5 C. 2t3 + t5 d. t7 – t5

Q11. The population of rabbits at a farm after  n  months,  Pn    , is described by the Fibonacci-related sequence 
in the table below:

 n 0 1 2 3 4

 Pn 2 4 6 10 16

a) Find a recurrence relation for  Pn

b) How many rabbits were on the farm to begin with?

c) What will the population of rabbits be after half a year?

Skill
1 mark

Application
3 marks

Questions from multiple lessons

Q12. A sequence can be generated using the following recurrence relation.

an + 1   = 5 ×  an  a0   = 3 

An expression for the value in the sequence after  n  periods is given by

a. an   = 3 + 5n

B. an   = 5 + 3n

C. an   = 3 ×  5n

d. an   = 5 ×  n3

e. an   = 5 ×  3n

VCAA 2013 Exam 1 Module 1: Number patterns Q5 – Adapted 

Q13. The following scatterplot displays the  length
and  weight  of a group of newborn babies. 
A least squares regression line has been fitted 
to the data, as shown.

The equation of the line is closest to

a.  length = 2.60 + 0.12 × weight

B.  weight = 2.60 + 0.12 × length

C.  length = 0.12 + 2.60 × weight

d.  length = −2.60 + 0.12 × weight

e.  weight = −2.60 + 0.12 × length
VCAA 2017NH Exam 1 Data analysis Q10 – Adapted

Difficulty:

1 mark

Length (cm)
44 46 48 50 52 54 56

3

3.5
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W
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Difficulty:

1 mark
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Q14. A cosmetics studio needs to predict the number of eye shadow palettes that they are going to sell so 
they can produce the units accordingly.

In the first month, they are predicted to sell 20 000 units of eyeshadow. 

Each subsequent month, they expect to sell 5% more units than the previous month.

a) How many units are they expected to sell in the third month? (1 mark)

b) Determine the difference between the units expected to be sold in the second and fifth month. 
Round your answer to the nearest whole number.  (1 mark)

c) Determine the total number of units they expect to sell in the first six months. 
Round your answer to the nearest whole number. (1 mark)

VCAA 2011 Exam 2 Module 1: Number patterns Q3 a-c – Adapted

Difficulty:

3 marks
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CHAPTER

7
Shape and measurement

AOS 4: Geometry, measurement and trigonometry



LESSON 7A

Review of units of measurement
The key skills you will learn in this lesson are:

1. Definition of angle, length, area, volume and capacity

2. Units of angle, length, area, volume and capacity

3. Conversion of units

VCAA key knowledge point:

“review of units of measurement of length, 
angle, area, volume and capacity”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Definition of angle, length, area, volume and capacity

Five of the most important characteristics when studying shapes are angle, length, area, volume, 
and capacity.

Angle

Angle is the difference in direction between two lines. It can be anywhere from 0° to 360°.

103°
65°

Length

Length tells us how long something is.

Length can measure distance in a straight line or along a curve.

18 m

93 mm
18 cm

P ce around a shape, is a length.

F square, the perimeter is the sum of all four side lengths.

 + 6

6 cm

 Perimeter = 11 + 6 + 11 + 6
= 34 cm

11 cm

6 cm6 cm

11 cm
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Area

Area measures the amount of space inside a shape. 

A line does not have area, but a square does. Area is a two-dimensional unit.

 

237,629 km2

For rectangles, area is found by multiplying two one-dimensional quantities together, the length 
and the width.

 Area = length2

 = 62

 = 36 cm2

6 cm

 Area = length × width
 = 11 × 6 
 = 66 cm2

6 cm

11 cm

   

Volume

Volume is the amount of three-dimensional space taken up by an object.

 

6 cm

Volume = length3

 = 63
 = 216 cm3

6 cm

4 cm

11 cm

Volume = length × width × depth
 = 11 × 6 × 4
 = 264 cm3
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Capacity

Capacity is similar to volume, but instead is the amount of three-dimensional space an object can hold.

workeD example 1 (1 mark)

Jerry is measuring a piece of paper 20 cm by 30 cm. His 
working is below. Is Jerry measuring angle, length, area, 
volume or capacity?

20

20 × 30
= 600

30

SolUTIoN

Step 1 The piece of paper is flat. The values of length and width are used in the calculation, suggesting Jerry is 
calculating something two-dimensional. 

Length is one-dimensional, and volume and capacity are three-dimensional, so Jerry isn’t 
measuring these.

Step 2 Looking at the working, two lengths are being multiplied together, so we know Jerry is 
measuring area.

2. Units of angle, length, area, volume and capacity

Angles

Angles are measured in degrees (°) or radians (   C   ), but only degrees are used in this book.

15°

Length

Length has one dimension, and is often measured in millimetres (mm), centimetres (cm),  
metres (m) or kilometres (km).

1 mm = 0.1 cm = 0.001 m

10 mm = 1 cm = 0.01 m

1000 mm = 100 cm = 1 m
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Area

Area is two-dimensional. Thus, the common units used for area are mm2, cm2, m2, and km2.

1 mm2

1 cm2

Volume

Volume is three-dimensional. Commonly used units for volume are mm3, cm3, m3, mL and L.

1 mm3

1 cm3

Capacity

Capacity has the same units as volume, but is often measured in litres (L).

One litre is equal to 1000 cm3.

workeD example 2 (2 marks)

What are the units in the following calculations?

a)  

b) 

SolUTIoN

a) 

Step 1 This is looking at the difference in direction of two lines, and therefore is an angle. In general 
maths we only use degrees, so choose degrees.

b) 

Step 1 There are three quantities being multiplied together. Just as  6 × 6 × 6  equals   6   3,
cm  ×  cm  ×  cm = cm3. The unit is cm3.

x 80
x = 80 

6 cm

6 cm

6 cm

6 × 6 × 6
x = 216 

1 mm2 = 0.01 cm2

1 cm2 = 100 mm2

1 mm3 = 0.01 cm3

1 cm3 = 100 mm3
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Refresher question

Q1. What do these markings represent on  
a ruler?

1 2 3

3. Conversion of units

To convert measurements in different units, multiply the by the conversion factor, given below.

 conversion factor =   
  Cold unit _______  Cnew unit

Length
Name Unit C

millimetre mm 0.001
centimetre cm 0.01

metre m 1
kilometre km 1000

Area
Name Unit C

square millimetre mm2 0.000001
square centimetre cm2 0.0001

square metre m2 1
square kilometre km2 1000000

hectare h 10000

Volume and Capacity
Name Unit C

cubic millimetres mm3 0.000000001
cubic centimetres cm3 0.000001

cubic metre m3 1
cubic kilometre km3 1000000000

millilitre mL 0.000001
litre L 0.001

megalitre ML 1000

workeD example 3 (1 mark)

Convert 245 cm to m.

SolUTIoN

Step 1 The value of C for centimetres is 0.01 and for 
metres is 1.

Cold   = 0.01 

Cnew   = 1 

Step 2 Multiply the measurement by the 
conversion factor.

  245 ×   
 Cold _____  Cnew

  = 245 ×   0.01 ______ 1
  = 2.45 

Step 3 Add the unit.

 = 2.45  m

Questions 7a Review of units of measurement

1. Definition of angle, length, area, volume and capacity

Q2. If you are multiplying two lengths together you are finding:

a. Length B. Area C. Angle D. VolumeSkill
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Q3. Which calculations below are finding:

a) Angle b) Length c) Area

d) Volume e) Capacity

a. B. C. 

D. e. F. 

G. H. I. 

J. k. l. 

Check your understanding

Q4. What is being calculated here?

a. Area

B. Length

C. Volume

D. Capacity
5

12

7

7 × 12
= 84

Q5. Which of the following calculations gives the volume of the prism?

a.  B × D × F

B.  A × D × E

C.  C × B × E

D.  A × B × E
C

D
E

F

A

B

Skill

20
20

12

8

12 × 8 × 20
= 1920

20

12

8

12 × 8
= 96

19

11
4.5

11 × 4.5
= 49.5

5

5
5

5 × 5 × 5
= 125

Skill

Skill
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2. Units of angle, length, area, volume and capacity

Q6. Which of the following is a unit of volume?

a. mm2

B. cm2

C. cm3

D. km

Q7. What are the missing units in the following calculations?

a) 6 cm  ×  20 cm  =  120 

b) 1.2 m  ×  6 m  ×  3 m  =  21.6 

c) 130 mm  ×  5 mm  =  650 

Check your understanding

Q8. What are the missing units in the following calculations?

a) 14 m  ×  9    ×  7.5 m  =  945 m3

b) 0.03 mm  ×  2 mm  ×  0.67    =  0.0402 mm3

Skill

Skill

Skill

3. Conversion of units

Q9. How many millimetres are in a centimetre?

Q10. Convert:

a) 12 L to cm3

b) 4.32 km to m

c) 0.005 m2 to mm2

Check your understanding

Q11. What is 23.45 km in mm?

Q12. The capacity of a standard bath is around 378 L. What is this in cm3?

Skill

Skill

Skill

Application

Joining it all together

Q13. The HTC Droid DNA was the first mobile phone to have a full HD (1080 × 1920 pixel) screen.

The dimensions of the screen were 11.07 cm by 6.23 cm.

a) What was the area of the screen? Give your answer in cm2, rounded to two decimal places.

b) What was the area taken up by one pixel? Give your answer in cm2, rounded to two  
significant figures.

Application
2 marks
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Q14. Find the volume of the box below in m3, rounded to two decimal places.

860 mm

117 cm

0.0024 km

0.86 m

Q15. An Olympic swimming pool is a rectangle of dimensions 50 m by 25 m. If the pool is two metres deep, 
calculate the amount of water in the swimming pool, in litres.

Q16. Leroy, Matias and Nada were trying to calculate the capacity of a 
rectangular vase. Who calculated the capacity incorrectly?

Leroy 15 × 15 × 35 = 7875 cm3

Matias 150 × 150 × 350 = 7 875 000 mm3

Nada 0.15 × 0.15 × 0.35 = 0.0007875 m3

Q17. Look at the following diagrams of desks.
Desk A:

0.8 m
160 cm

Desk B:

950 mm
135 cm

a) What quantity is possible to calculate using the measurements within each of the diagrams?

b) Which desk is larger?

Application
1 mark

Application
2 marks

150 mm

0.35 m

15 cm

Application
1 mark

Application
2 marks
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Questions from multiple lessons

Q18. Consider the following diagram.

The shaded area, in square meters, is

a. 120 m2

B. 108 m2

C. 60 m2

D. 48 m2

e. 12 m2

VCAA 2016 Exam 1 Module 3: Geometry and measurement Q1 – Adapted 

Q19. The histogram and boxplot shown both display the distribution of the  population  of 23 Central and 
South American countries.

Population (000’s)

Fr
eq

ue
nc

y 
(%

)

5

10

15

20

25

30

35

50 000 100 000 150 000 200 000 250 000

Population (000’s)
50 0000 100 000 150 000 200 000 250 000

The shape of the distribution for the countries’  population  is best described as

a. approximately symmetric with no outliers.

B. approximately symmetric with outliers.

C. positively skewed with outliers.

D. negatively skewed with outliers.

e. positively skewed with no outliers.
VCAA 2019NH Exam 1 Data analysis Q1 – Adapted

Q20. 12 cm
2 cm

6 cm

7 cm

7 cm
4 cm

9 cm 16 cm

4 cm

note: All angles within both shapes are right angles.

a) What is the perimeter of the orange shape? (1 mark)

b) What is the difference between the perimeters of the two shapes? (1 mark)

Difficulty:

Year 10
1 mark

20 m

4 m

3 m

6 m

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
2 marks
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LESSON 7B

Pythagoras’ theorem – 2D
The key skills you will learn in this lesson are:

1. Finding the length of a hypotenuse

2. Finding an unknown side length

VCAA key knowledge point:

“Pythagoras’ theorem in two dimensions, and 
simple examples in three dimensions, and 
application to practical problems”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

A right-angled triangle is a triangle in which there is one angle of 90° (a right angle). This angle is 
shown geometrically using a small square inside the angle, as seen below. 

x
x

The longest side in a right-angled triangle is known as the hypotenuse. The hypotenuse is marked 
by an 𝑥 in the triangles above. The hypotenuse is always opposite the right angle.

Pythagoras’ theorem is a rule that states that for 
every right-angled triangle:

  a2  +  b2  =  c2  

where  c  is the length of the hypotenuse and  a
and  b  are the other two side lengths ( a  and  b are
interchangeable).

Example

Consider a right-angled triangle with side lengths 3 and 4, 
and a hypotenuse of length 5.

 32 + 42 = 52  

 9 + 16 = 25 

These side lengths satisfy Pythagoras’ theorem.

This can be shown visually: 9

16

25

3 5
4

1. Finding the length of a hypotenuse

Pythagoras’ theorem is often used to find the length of a hypotenuse when the other two side 
lengths are known.

Pythagoras’ theorem can be rearranged to  c =  √ 
_

  a2  +  b2    to find the length of the hypotenuse.

a

b

c
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worked example 4 (1 mark)

For a right-angled triangle with a height of 7 cm and a width of 5 cm, find the length of the 
hypotenuse correct to two decimal places.

SolUTIoN

Step 1 Draw the triangle.

7 cm
x cm

5 cm

Step 2 Rearrange the formula to give the value of  c.

c2  = a2  +  b2

c =  √ 
_______

  a2  +  b2

Step 3 Substitute the values of  a  and  b  into this 
formula.

 c  is the hypotenuse (the side opposite the 
right angle) and  a  and  b  are the other sides, 
so let  a = 5  and  b = 7 .

c =  √ 
_

  a2  +  b2

c =  √ 
_

 52 + 72

Step 4 Find the decimal answer using your calculator.

TI-NSpIre

Type in expression then press  + 
to get decimal answer.

CaSIo ClaSSpad

Type in the expression then press  to get 
decimal answer.

Step 5 Write the answer to two decimal places.

 c = 8.6023 … 

The length of the hypotenuse is 8.60 cm.

2. Finding an unknown side length

If the hypotenuse is known along with one of the other sides, the last unknown side can be found 
using Pythagoras’ theorem.

Pythagoras’ theorem can be rearranged so the length of the unknown side is given by the formula 
a =  √ 

______
  c2  –  b2    or   b =  √ 

______
  c2  –  a2  (a  and  b  are interchangeable).

worked example 5 (1 mark)

Find the value of  𝑥  in the triangle below correct to two decimal places.

10 m 15 m

x m
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Refresher question

Q1. What is the length of the hypotenuse in the triangle below?

24 cm

25 cm
7 cm

SolUTIoN

Step 1 Rearrange the formula to give the value of  a.

c2  = a2  +  b2

a2  =  c2 −  b2

a =  √ 
______

  c2 −  b2 

Step 2 Substitute the values of  b  and  c  into this formula.

 c  is the hypotenuse (the side opposite the 
right angle), so  c = 15 .

 b  is the other known side, so  b = 10 .

a =  √ 
________

 152 − 102 

Step 3 Use your calculator to find the answer and write 
the answer.

 a = 11.1803 … 

The value of  𝑥  is 11.18.

Questions 7B Pythagoras’ theorem – 2D

1. Finding the length of a hypotenuse

Q2. Use the formula  c =  √ 
_

  a2  +  b2    to find the length of the  
hypotenuse in the triangle below correct to two decimal places.

x m 6 m

5 m

Q3. Find the length of the hypotenuse for the following triangles. Give answers correct to two decimal places.

a)   b)   c)  

Skill

Skill

x cm

4 cm

8 cm
x m 15 m

7 m

x cm
12 cm

18 cm
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Q4. A right-angled triangle has height 7 cm and width 10 cm. What is the length of its hypotenuse correct 
to two decimal places?

Check your understanding

Q5. A new flying fox is being set up at Camp Edrolo. The flying fox will start on a wooden platform  
12 metres above ground and will end on the ground, 100 metres horizontally from the bottom  
of the platform. 

The rope for the flying fox will stretch from the top of the platform to the end point on the ground. 

What length of rope will be needed, correct to two decimal places?

Q6. Lucy started at point A and walked to point D, then to point E and finished at point H, as shown below. 
How far did Lucy walk in total correct to the nearest metre?

90 m

30 m 50 m

80 m

A C E G

B D F H

Skill

Application

Application

2. Finding an unknown side length

Q7. Use a =  √ 
_

  c2  −  b2    or   b =  √ 
_

  c2  −  a2    to find the unknown side length in the triangles below.

Give answers correct to two decimal places.

a) b) c) 

Q8. A right-angled triangle has a height of 9 millimetres and a hypotenuse with a length of 17 millimetres. 
What is the width of the triangle correct to two decimal places?

Q9. Adam is on top of a 50 metre-tall building and can see his friend, James, on the ground. He is at a 
distance of 110 metres from James. What is the distance between James and the base of the building, 
correct to two decimal places?

110 m 50 m

Skill

x mm

16 mm

17 mm

x m

41 m
25 m

x m

2 m

11 m

Skill

Application
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Check your understanding

Q10. When both side lengths are the same it means that  a = b. 
In these cases, Pythagoras’ theorem can be written as:

a2  +  a2  =  c2.

With some rearranging, this gives the formula:  a =  √ 
___

  c2  ___ 2
Use this formula to find the value of  𝑥  correct to one 
decimal place.

x mm

x mm

14 mm

Q11. While taking off, an aeroplane travels in a straight line until it reaches an altitude of 8 km. At this point, 
the plane has travelled a total of 50 km. What horizontal distance has the plane covered in this time, 
correct to three decimal places?

Skill

Application

Joining it all together

Q12. Show, using Pythagoras’ theorem, that the triangle to the right is 
right-angled.

Q13. Jim is doing an orienteering course. He walks three kilometres north from the starting point. He then 
turns right and walks six kilometres east. How far will he have to walk to get directly back to the start, 
correct to three decimal places?

Q14. If the diagonal length from A to B in the square below is 20 cm, what is the area of the square correct 
to the nearest cm2?

20 m

A

B

Q15. Allen needs to get something from a high shelf in his garage, so he 
gets out his ladder. 

The shelf is 2.5 metres high and he positions the ladder 
1 metre from the base of the shelf.

a) If the ladder reaches exactly to the shelf, calculate the length of 
the ladder in centimetres correct to two decimal places.

5 m
13 m

12 m

Skill
2 marks

Application
1 mark

Skill
1 mark

1 m

2.5 m

Application
2 marks
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b) Allen now needs to put something back on the very top shelf. This shelf is 15 centimetres higher
than the last one. Using your rounded value from part a) for the length of the ladder, calculate the
distance between the bottom of the ladder and the base of the shelf. Give your answer in
centimetres correct to one decimal place.

?

2.5 m

15 cm

VCaa question

Q16. A soccer goal is 7.4 metres wide.

A rectangular region  ABCD  is marked out directly in front of the goal.

In this rectangular region,  AB = DC = 11.0  metres and  AD = BC = 5.5  metres.

The goal line  XY  lies on  DC  and  M  is the midpoint of both  DC  and  XY.

David kicks the ball from point  D  in a straight line to Tara. Tara is standing near point  T  on the line  AB,
a distance of 4.5 metres from point  A . Tara then kicks the ball from point  T  in a straight line to the  
midpoint of the goal line at  M.

11.0 m
4.5 m

5.5 m

7.4 m

A B

T

CD

ball

MX Y

The total distance that the ball will travel in moving from point  D  to  T  to  M  is closest to

a. 5.5 m

B. 12.1 m

C. 12.5 m

d. 12.7 m

e. 12.9 m
VCAA 2010 Exam 1, Module 2: Geometry and Trigonometry. Q6

1 mark
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Questions from multiple lessons

Q17. A cartographer is sketching a map. The scale used for the map is 1:100 000.

On the map, a distance of 10 km will be represented by

a. 1000 cm

B. 1 cm

C. 100 cm

d. 10 cm

e. 0.1 cm
VCAA 2013 Exam 1 Module 2: Geometry and trigonometry Q5 – Adapted

Q18. The following histogram and boxplot display the distribution for the  age  of 200 residents at a 
retirement village in Nepal.

Age

Fr
eq

ue
nc

y 
(%

)

5
0

10
15

20
25
30
35

60 70 80 9050

Age
70 75 80 8550 55 60 65

The number of people between the ages of 65 and 70 years is closest to

a. 70

B. 66

C. 35

d. 33

e. 21
VCAA 2019NH Exam 1 Data analysis Q2 – Adapted

Q19. The front view of a tent is shown. 

a) Show that the height,  h , of the tent is 163.6 cm, correct to
the nearest millimetre. (1 mark)

b) Convert 163.6 cm into km. (1 mark)

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
1 mark

h cm

150 cm

180 cm

Difficulty:

Year 10
2 marks
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1. Pythagoras’ theorem in three dimensions

In many cases, a missing side length or diagonal in a three-dimensional object can be found using 
Pythagoras’ theorem. To do so, split the problem up into separate steps, and draw a diagram for 
each one.

worked examPle 6 (2 marks)

A rectangular prism has length 14 metres, width 9 metres, 
and height 11 metres.

Find the length of the diagonal BG correct to two 
decimal places.

A

B

C

D

E

F

G

H

11 m

9 m

14 m

SolUTIoN

Step 1 Draw the triangle CDG and find the length of DG.

A

B

C

D

E

F

G

H

11 m

9 m

14 m

D

9 m

GC
14 m

a2  +  b2  =  c2

 DG =  √ 
___________

 92  + 1  4   2

 DG = 16.6433 … 
✓ 1 mark for finding length of side DG

Step 2 Draw the triangle BDG and find the length of BG.

A

B

C

D

E

F

G

H

11 m

9 m

14 m

B

11 m

GD
16.6433 m…

 BG =  √ 
__________
112  +  16.6433 …   2

 BG = 19.9499 … 

The length of BG is 19.95 metres.
✓ 1 mark for finding length of side BG

LESSON 7C

Pythagoras’ theorem – 3D
The key skills you will learn in this lesson are:

1. Pythagoras’ theorem in three dimensions

2. Applications of Pythagoras’ theorem in three dimensions

VCAA key knowledge point:

“Pythagoras’ theorem in two dimensions, and 
simple examples in three dimensions, and 
application to practical problems”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.20; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. applications of Pythagoras’ theorem in three dimensions

This method can also be applied in many real-life situations. For example, Pythagoras’ theorem can be used to 
determine whether something can fit inside an object, or for measurements used in building and planning.

worked examPle 7 (2 marks)

The roof of a house is in the shape of a rectangular-based 
pyramid with a width of 5 metres, a length of 8 metres 
and a height of 1.9 metres. What is the distance from 
the top of the roof to each corner correct to two 
decimal places?

1.9 m
5 m

8 m

SolUTIoN

Step 1 Find the length of the base diagonal.

5 m

8 m

x m

1.9 m
5 m

8 m

a2  +  b2  =  c2

 𝑥  =  √ 
_______

     8   2 + 52

 𝑥  = 9.4339 …
✓ 1 mark for finding the length of the base diagonal

Step 2 Find the length from the top to the corner.

1.9 m

m

y m

1.9 m
5 m

8 m

The base of this triangle is half the length of the hypotenuse that we found in step 1.

 𝑥  __ 2   =   9.4339 … __________ 2    = 4.7169 …

a2  +  b2  =  c2

 y =  √ 
__________________

        1.9   2  + 4.7169 …   2

 y = 5.0852 … 

∴ The distance from the top of the roof to each corner is 5.09 metres.
✓ 1 mark for finding the distance from the top of the roof to each corner

Questions 7C Pythagoras’ theorem – 3D

Refresher question

Q1. Find the value of  𝑥  in the triangle on 
the right, correct to one decimal place. 4 cm

10 cm

x cm
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1. Pythagoras’ theorem in three dimensions

Q2. Consider the rectangular prism to the right.

A

B

C

D

E

F

G

H

7 cm

8 cm

10 cm

a) Find the length of the diagonal from
vertex D to G correct to three decimal
places. The right-angled triangle has
been drawn for you below.

C

D

G

7 cm

10 cm

x

b) Using your value from part a), find the length
of the diagonal between vertices B and G
correct to two decimal places. The right-angled 
triangle has been drawn for you below.

D

B

G

8 cm

x

y

Q3. Find the vertical height of the cone below correct to two decimal places.

9 cm

32 cm

Q4. In the rectangular prism below, find, correct to two decimal places:

a) the length of the diagonal from B to E.

b) the length of the diagonal from C to F.

Q5. A square-based pyramid has a width of 8 metres 
and a height of 6 metres.

Find:

a) the length of the diagonal from B to D correct
to two decimal places.

b) the length of the edge AB correct to two
decimal places.

Skill

Skill

Skill

11 m

B

A E

F

H

C

D

G17 m

12 m

Skill

6 m

A

D

CB 8 m
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Check your understanding

Q6. Consider the rectangular prism below with length 22 cm, height 10 cm and width 12 cm. M is the  
midpoint between points B and F. What is the length of the line from point G to M correct to one  
decimal place?

10 cm

B M

A E

F

H

C

D

G22 cm

12 cm

Skill

2. applications of Pythagoras’ theorem in three dimensions

Q7. For his eighth birthday party, Sammy bought party hats for 
his friends. One of the hats is shown below.

What is the vertical height of the hat correct to two  
decimal places?

12 cm

20 cm

Q8. A straw is placed diagonally in a cylindrical cup so that exactly half of the straw is inside the cup.  
The cup has a height of 10 centimetres and a width of 7 centimetres. What is the length of the straw 
correct to one decimal place? 

10 cm

7 cm

Q9. James has a rectangular prism-shaped pencil case with a width of nine centimetres, a height of six 
centimetres, and a length of 20 centimetres. He has a pencil that is 23 centimetres long. Will it fit 
inside his pencil case? 

Q10. Lucy is decorating for a party so decides to hang streamers across the room. She wants to hang one 
streamer across the room from the top corner of the room to the opposite bottom corner. If the room 
measures 3 metres by 2.5 metres by 4 metres, how long must the streamer be correct to two  
decimal places?

Application

Application

Application

Application

270 7C PythAgorAs’ theorem – 3D

© Edrolo 2020



Check your understanding

Q11. Sammy’s friend, Alex, knows that he loves Harry Potter so he gets him a replica wand for his birthday. 
The wand is 33 centimetres long. Alex is looking for a gift box that the wand will fit inside. Which of 
the boxes below will be big enough?

29 cm

10 cm
30 cm

12 cm

8 cm
27 cm

Box A Box B Box C

18 cm 10 cm

Application

Joining it all together

Q12. The length of the diagonal between vertices 
A and H in the rectangular prism below is 
31 millimetres. What is the height of the 
prism correct to two decimal places?

B

A

C G

H

F

E

D

14 mm

31 mm

25 mm

Q13. The Pyramide du Louvre is a glass and metal 
square-based pyramid outside the Louvre in Paris.

The base of the pyramid has side lengths of 35 metres 
and the distance from the top of the pyramid to each 
corner is 33 metres. What is the vertical height of the 
pyramid correct to two decimal places?

Q14. A tree standing next to a garden shed falls down due to strong wind, and hits the wall of the shed. 

The base of the tree is three metres from 
two of the corners of the shed, and the 
shed is four metres wide.

If the tree is 2.75 metres tall, what is the 
maximum height above the ground at 
which the tree could have hit the wall, 
correct to one decimal place?

3 m

4 m
3 m

2.75 m

Skill
2 marks

so
ur

ce
: P

ho
to

 b
y 

Ire
ne

 L
ed
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a 
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 U
ns

pl
as

h

35 m

33 m

Application
2 marks

Application
2 marks
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Questions from multiple lessons

Q15. George decides to walk his dog on a leash as shown in the 
following diagram.

The length of the leash, in metres, is closest to

a. 2.1 m

B. 2.2 m

C. 2.7 m

d. 3.5 m

e. 4.5 m
VCAA 2018 Exam 1 Module 3: Geometry and measurement Q1 – Adapted 

Q16. Hugo would like to purchase a new yacht. He will establish a loan from the bank for $1 200 000 with 
interest charged at a rate of 4.9% per annum, compounding monthly.

Each month, Hugo will only pay for the interest charged that month. 

After 7 months, the amount that he still owes is closest to

a. $1 166 117

B. $844 199

C. $1 677 295

d. $1 200 000

e. $1 234 723
VCAA 2017 Exam 1 Recursion and financial modelling Q19 – Adapted

Q17. Boris has a badminton court in his backyard. Shown is a diagram of Boris’ badminton court. Assume that 
all intersecting lines meet at right angles.

13.40 m

B

0.76 m 0.76 m3.96 m 3.96 m1.98 m 1.98 m

5.
18

 m

0.
46

 m
0.

46
 m

A

Boris stands at point A and serves to point B.

a) What is the straight-line distance, in metres, between point A and point B?
Round your answer to two decimal places. (1 mark)

b) Boris serves at a height of 2.0 m directly above point A.
Assume that the ball travels in a straight line to the ground at point B.
What is the straight-line distance, in metres, that the ball travels?
Round your answer to one decimal place. (1 mark)

VCAA 2018 Exam 1 Module 3: Geometry and measurement Q3 a,b – Adapted 

Difficulty:

Year 10
1 mark

Difficulty:

1 mark

Difficulty:

Year 10
2 marks

Leash

2 m

0.7 m

George

Dog

Im
age by: M

icroO
ne/Shutterstock
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LESSON 7D 

Quadrilaterals and circles
The key skills you will learn in this lesson are:

1. Quadrilaterals

2. Circles

VCAA key knowledge point: 

“perimeter and areas of triangles (including 
the use of Heron’s formula), quadrilaterals, 
circles and composite shapes and  
practical applications”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Quadrilaterals

A quadrilateral is any shape that has four sides and four corners. Squares and rectangles are quadrilaterals, but there 
are other types of quadrilaterals too.

The perimeter is the distance around the edges of any shape, and is found by finding the lengths of each side and 
adding them together.

The area of quadrilaterals can be found using the formulas given below.

Name Distinguishing features Example Formula for area

Square Two pairs of parallel sides all the same 
length, at right angles

h

b

 area = b × h =  b2  

Rectangle Two pairs of parallel sides all at  
right angles

h

b

 area = b × h 

Trapezium One pair of parallel sides

b

a

h  area =    (a + b ) ________ 2    × h

Parallelogram Two pairs of parallel sides h

b

 area = b × h 

Rhombus Two pairs of parallel sides all the  
same length

h

b

d1

d2

 area = b × h 
or

 area =   
 d1   ×  d2_______

2 

Irregular No parallel sides None
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worked example 8 (2 marks)

Find the area and perimeter of the following quadrilateral. All measurements are in centimetres.

16

11

6

7 8

SolUTIoN

Step 1 We need to identify the type of quadrilateral. 
There is one pair of parallel sides in this shape, 
so we know it is a trapezium.

Step 2 Apply the relevant formula.

 area =    (a + b ) ________ 2    × h

Step 3 Sides  a  and  b  are the parallel sides, 
so  a = 6  and  b = 16.

Further,  h = 7.

Step 4 Calculate.

 area =    (  6 + 16 ) _________ 2    × 7

 = 11 × 7 

 = 77  cm2

✓ 1 mark for calculating area

Step 5 The perimeter is found by adding the lengths 
of the sides together.

 perimeter = 11 + 6 + 8 + 16 

 = 41  cm
✓ 1 mark for calculating perimeter

2. Circles

A circle is a curve where each point is the same distance from the centre. In the circle below, every part of the curve is 
5 centimetres from the centre point.

5

5
5

5

5

Important properties of a circle:
● The diameter of a circle ( d  ) is the length from one

side of the circle to the other, through the centre.
● The radius of a circle ( r ) is the distance from any

point on a circle’s edge to its centre.
● The circumference ( C  ) is the distance around a circle.
● Pi (  π )     is an extremely important number when

dealing with circles. It is approximately equal
to 3.14159.

diameter

radius

Circumference

The area and circumference (perimeter) of circles can be found using the formulas given below.

 area = π ×  r2  
 = π r2  

 C = 2 × π × r 
 = 2πr 

 C = π × d 
 = πd 
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worked example 9 (2 marks)

Find the circumference and area of the following circle, 
rounded to two decimal places.

14

SolUTIoN

Step 1 Write the formula for circumference.

 C = πd 

Step 2 Substitute in the diameter and calculate.

 C = π × 14 

  = 43.98  cm
✓ 1 mark for calculating circumference

Step 3 Write the formula for area.

 area = π r2

Step 4 The radius,  r , is half of the diameter. 

 14 ×   1 __ 2   = 7 

So  r = 7 . Calculate the area.

 area = π  × 7   2

  = 153.94  cm2

✓ 1 mark for calculating area

Refresher question

Q1. What is the length of the unknown side on 
the square?

8 cm

8 cm ?

8 cm

Questions 7d Quadrilaterals and circles

1. Quadrilaterals

Q2. Fill in the missing numbers in the following working.

Perimeter = 12 + 12 + 7 + 7

 =   cm

 area = b × h

 = 12 × 6

 =  cm2

6

12

7

Q3. Find the area and perimeter for each of the following shapes.  
Assume all measurements are in centimetres.

a) 

c) 

b) 

d) 

Skill

12

4

6

7

3 3.5

5

10

16

10 87
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Check your understanding

Q4. Derek is painting the following mural on a school wall. It is a trapezium of parallel sides  
2.5 metres and 4.5 metres, with a height of 3 metres.

What is the total painted area?
4.5

2.5

3

Q5. Below is a diagram of a park. All measurements are in kilometres. What is the total area of the park, 

1.5

2.1

0.8

0.2

Application

Application

2. Circles

Q6. Fill in the three missing numbers in the following working to find the circumference (C ) and area.  
Round your answers to two decimal places.

C = π × d

C = π × 6

C =   cm

 r = d _________ 2

 r =       ___ 2
 r = 3 

area = π ×   r2

area = π × 32

area =   cm2

Q7. Find the area and circumference, correct to two decimal places, for each of the following circles.

a)  

c) 

b) 

Skill

Skill

14 cm

9 cm

3 cm

6

r

6
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Check your understanding

Q8. The following diagram shows the blueprint of a new water pipe, to supply water to a small town.  
The blue part is the pipe, and the white part is where the water flows. To supply the town with enough 
water, the area the water flows through needs to be at least 500 cm2.

Is the pipe big enough? All measurements are 
in centimetres.

18 5

Q9. The wheel on the carriage below has an area of 1.227 m2.  
Round your answers for this question to two decimal places.

a) What is the diameter of the wheel?

b) Using your answer from part a, find how far the cart moves forward for each turn of the wheel.

1.227 m2

Application

Application

Joining it all together

Q10. Show that the area of the blue trapezium is larger than the area of the red trapezium.  
All measurements are in centimetres.

5.5

6

2.5

7

2

5

Q11. The distance around the earth at the equator is 40 075 km.

Assuming the equator is a perfect circle and the Earth a perfect sphere, calculate the radius of the 
Earth to the nearest kilometre.

Q12. Two prep students, Sophie and Ellen, are fighting about who lives closest to school.

The following map shows their paths home.

a) Use the given area of a paddock to
calculate the length of path ST.

b) Who has a shorter walk to school?

so
ur

ce
: S

at
el

lit
e 

im
ag

er
y 

©
20

18
 G

oo
gl

e

Sophie’s House
Ellen’s House

School

S T

250

300

200

220

350

42,900 m2

Skill
1 mark

Application
1 mark

Application
2 marks
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Q13. Andy bought Sam the commitment ring below, and Sam is anxious to be able to tell their friends how 
big the ring is!

a) By modelling the diamond as a circle, find how much area the diamond takes up, to two
decimal places.

8 mm

b) Sam’s friend Alex was also given a ring recently. They are bickering about who has the largest ring.
Find the area of the sapphire in Alex’s ring and declare whose ring is bigger.

6.5 mm

8 
m

m

Application
2 marks

VCaa question

Q14. The following graphic shows the top of a table in the shape of a trapezium.
The area of the tabletop, in square centimetres, is
a. 200
B. 260
C. 4200
d. 4800

e. 288 000
VCAA 2015 Exam 1, Module 2: Geometry and Trigonometry. Q1 

1 mark

60 cm

60 cm

80 cm

Questions from multiple lessons

Q15. The following graphic shows a juice box that is 6 cm long, 4 cm wide 
and 10 cm high.

A straw sits inside the box. One end of the straw sits at  A  and the 
other end sits at  K.

The point  A  lies on the line  FG  at a distance of 2 cm from  G.

The length of the straw, in centimetres, is closest to

a. 10.77 cm

B. 10.95 cm

C. 11.49 cm

d. 12.33 cm

e. 13.42 cm
VCAA 2014 Exam 1 Module 2: Geometry and trigonometry Q5 – Adapted 

G
A

J

10 cm

2 cm
4 cm

6 cm IK

E

F

L

Difficulty:

Year 10
1 mark
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Q16. The sum of the ages of a family of twelve people is 312 years.

The mean age of members in this family is

a. 26

B. 25

C. 16.5

d. 15.5

e. 27
VCAA 2019NH Exam 1 Data analysis Q3 – Adapted

Q17. A fence around the perimeter of a plant nursery is in the shape of a trapezium.

The fence, and the base,  GHIJ , are shown below.

G

G H

J I

7 m

10 m

4 m

H

IJ

 GH = 7  m,  IJ = 10  m,  GJ = 4  m.

a) What is the area of the base of the plant nursery?
Write your answer in square metres. (1 mark)

b) What is the perimeter of the plant nursery?
Write your answer in metres, correct to one decimal place. (1 mark)

VCAA 2014 Exam 2 Module 2: Geometry and trigonometry Q1a,b – Adapted 

Difficulty:

Year 10
1 mark

Difficulty:

2 marks

7D QuADrilAterAls AnD CirCles  279

© Edrolo 2020



A triangle is any shape with three edges and three vertices.

This lesson will show how to calculate the perimeter and area of different types of triangles.

Types of triangles

Equilateral ScaleneIsosceles

AcuteRight Obtuse

1. Perimeter of a triangle

As seen in 7A and 7D, the perimeter of a shape is the length around its edges.

The perimeter of a triangle    (P )     is found by finding the lengths of each of the three sides and adding 
them together.

Example

Perimeter = 5 + 5 + 5
= 15 cm

5 cm

5 cm

5 cm

Perimeter = 6 + 8 + 4.5
= 18.5 cm

8 cm

4.5 cm

6 cm

LESSON 7E

Triangles
The key skills you will learn in this lesson are:

1. Perimeter of a triangle

2. Area of a triangle

3. Area using Heron’s formula

VCAA key knowledge point:

“perimeter and areas of triangles (including 
the use of Heron’s formula), quadrilaterals, 
circles and composite shapes and  
practical applications”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016–2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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worked examPle 10 (2 marks)

Find the perimeter of the following triangles.

a)  b)

SolUTIoN

Step 1 The three sides are 5 cm, 4 cm, and 3 cm long.

Step 2 Add up the length of the sides to find 
the perimeter.

 P = 5 + 4 + 3 

 = 12  cm

Step 1 The three sides are 11 cm, 9 cm, and 4 cm long.

Step 2 Add up the length of the sides to find 
the perimeter.

 P = 11 + 9 + 4 

 = 24  cm

2. area of a triangle

There are a few different ways to work out the area of a triangle    (A ).

If the length of one side (called the ‘base’) is known, as well as the ‘height’ of the triangle 
(measured perpendicular to the base), then the following formula can be used.

 Area =   1 __ 2   × base × height

 =   1 __ 2   × 𝑏 × ℎ

Example

4.33 cm

5 cm

Area  =   1 __ 2   × 𝑏 × ℎ

 =   1 __ 2   × 5 × 4.33

 = 10.825  cm2

8 cm

3.34 cm

Area =    1 _ 2  × 𝑏 × ℎ

=    1 _ 2      × 8 × 3.34

= 13.36   cm2

worked examPle 11 (2 marks)

Find the area of the following triangles.

a)   b) 

5 cm
3 cm

4 cm

9 cm

4 cm
11 cm

10 cm

3 cm

9.89 cm

10 cm

9 cm

8.485 cm

4 cm
11 cm
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SolUTIoN

a) b) 

Step 1 We need a base and a height. Three sides, 10 cm, 
10 cm, and 3 cm, and one height, 9.89 cm, 
are given.

Use the side that is perpendicular to the height, 
3 cm.

Step 2 Use the formula to find the area.

 A   =   1 __ 2   × b × h

 =   1 __ 2   × 3 × 9.89

  = 14.835  cm2

Step 1 In this problem the height given is 
perpendicular to the side of length 4 cm.

Step 2 Use the formula to find the area.

 A   =   1 __ 2   × b × h

 =   1 __ 2   × 4 × 8.485

  = 16.97  cm2

3. area using Heron’s formula

If three sides of a triangle are known, but the height isn’t, Heron’s formula can be used to calculate 
the area.

 A =  √ 
_______________________
S (S − a )(S − b )(S − c ) where S =   Perimeter ___________ 2    and a, b, c arethethreesidelengths.

Example

Perimeter = 5 + 5 + 5 

= 15 cm

S =  P_2 

= 7.5

 A = √ 
___________
S(S − a)(S − b)(S − c)

 A = √ 
___________
7.5(7.5 − 5)(7.5 − 5)(7.5 − 5) 

 A = √ 
___________
7.5 × 2.5 × 2.5 × 2.5 

 A = √ 
___________
 117.1875 

 A = 10.825cm 2

Perimeter = 6 + 8 + 4.5 

= 18.5 cm

S =  P_2 

= 9.25

 A = √ 
___________
S(S − a)(S − b)(S − c)

 A = √ 
___________
9.25(9.25 − 8)(9.25 − 6)(9.25 − 4.5) 

 A =  √ 
___________
9.25(1.25)(3.25)(4.75)   

 A = √ 
___________
 178.496 

 A = 13.36cm 2

10 cm

3 cm

9.89 cm

10 cm

9 cm

8.485 cm

4 cm
11 cm

5 cm

5 cm5 cm

8 cm

4.5 cm

6 cm
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worked examPle 12 (2 marks)

Find the area of the following triangles using Heron’s formula.

a)  b) 

SolUTIoN

Step 1 Calculate the perimeter.

 P = 10 + 10 + 3 

 = 23  cm  

Step 2 Find S.

 S =   P __ 2
 S = 11.5 

Step 3 Substitute S and the three sides, a, b and c, 
into Heron’s formula.

 A =  √ 
_______________________
S (S − a )(S − b )(S − c )

 A =  √ 
_________________________________________

 11.5 (11.5 − 10 )(11.5 − 10 )(11.5 − 3 )

 A =  √ 
_______________________
11.5 (1.5)(1.5)(  8.5 )

 A =  √ 
____________

 219.9375 

 A = 14.83  cm2

Step 1 Calculate the perimeter.

 P = 11 + 9 + 4 

 = 24  cm  

Step 2 Find S.

 S =   P __ 2
 S = 12 

Step 3 Substitute S and the three sides, a, b and c, 
into Heron’s formula.

 A =  √ 
_______________________
S (S − a )(S − b )(S − c )

 A =  √ 
________________________________
12 (12 − 11 )(12 − 9 )(12 − 4 )

 A =  √ 
_______________

 12 (1)(3)(8)

 A =  √ 
_

 288 

 A = 16.97  cm2

10 cm

3 cm

10 cm

9 cm

4 cm
11 cm

Questions 7e Triangles

Refresher question

Q1. Which of the following is:

a) a right-angled triangle?

b) an isosceles triangle?

c) an obtuse triangle?

A

B

C

D
E
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1. Perimeter of a triangle

Q2. Fill in the missing number in the working out below.

Perimeter =  7 + 6 + 5 

=    cm

Q3. Calculate the perimeter of the following triangles.

a)  b) 

c) 

Check your understanding

Q4. Every day, Dion walks two laps of the local park.

Calculate the perimeter of the park, and how far 
Dion walks around the park each day.

Q5. The triangles that cover the buildings in  
Federation Square have a perimeter  
of 299.2 cm.

If the two shorter sides are 57.2 cm and  
114.3 cm, what is the length of the third side?

Skill

7 cm

5 cm6 cm

Skill

15 cm

7 cm

15 cm

12 cm
5 cm

10 cm

14 cm

6 cm
18 cm

Application

200 m

140 m180 m

Application 114.3 cm

57.2 cm
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2. area of a triangle

Q6. Fill in the missing number in the working out below.

Area =   1 __ 2   × b × h

=    1 __ 2   × 5 × 9

 =    cm 2 

Q7. Find the areas of the following triangles using the formula  A = 1 __ 2   × b × h.

a)   b)  

c) 

Check your understanding

Q8. Find the area of the following triangle.
9 cm

2 cm
13 cm

Q9. Gary is a landscaper. He has been contracted to buil
a lawn covering an area of nine square metres.

A diagram of the garden is here.

What length must side  𝑥  be?

Skill
9 cm

5 cm

10 cm

Skill

4 cm

7 cm
6 cm

10 cm

26 cm

23 cm

35 cm

Skill

x m

6 m

Application
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3. area using Heron’s formula

Q10. Look at the following application of Heron’s formula and 
fill in the missing number, assuming it is rounded to two 
decimal places.

Perimeter =  10 + 5 + 12 

= 27 cm

S =  P _ 2  

= 13.5

A =  √ 
___________
S(S – a)(S – b)(S – c)   

A =  √ 
___________
13.5(13.5 – 10)(13.5– 5)(13.5 – 12)

A =  √ 
___________

 13.5(3.5)(8.5)(1.5) 

A =    cm 2 

Q11. Use Heron’s formula to find the areas of the following triangles, rounded to two decimal places.

a) b) 

c) 

Check your understanding

Q12. A pool triangle is equilateral, and has a side length of 
approximately 28 cm.

Use Heron’s formula to calculate the area inside the triangle 
to two decimal places.

Skill

5 cm

12 cm

10 cm

Skill
8 cm

15 cm
17 cm

12 cm

7 cm

11 cm

9 cm

5 cm

12 cm

Application

6
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Q13. One slice of a large pizza at Duncan’s Pumpin Pizzas can be 
modelled by the triangle given here.

Round answers in this question to two decimal places.

a) What is the size of one slice, in cm2?

b) Use your rounded answer from part a to find the area of
an entire large pizza, given each pizza has eight slices.

Application 17 cm

17 cm

13 cm

Joining it all together

Q14. Use the methods studied in this chapter to calculate the area of the largest park, 
rounded to the nearest square metre.

a.   B.  

C. 

Q15. Two triangle segments are shown in yellow on the 
truss bridge below.  Assuming each segment has 
the same area, what is the area of one  
triangle segment?

Q16. Otis is painting an abstract mural on the wall of his bathroom. 
One section of the mural is shown below. The yellow triangle has 
side lengths 60 cm, 90 cm, and 100 cm, and the circle has  
radius 70 cm.

a) What is the area of the triangle, to two decimal places? (1 mark)

b) Find the area of this section that requires purple paint.
Round your answer to two decimal places. (2 marks)

Application
1 mark

0.1 km

50 m

70 m

90 m90 m

95 m

50 m

120 m

Application
1 mark

3 m

4 m

Application
3 marks
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VCaa question

Q17. An orienteering course is triangular in shape and is marked by three points, A, B and C, 
as shown in the diagram below.

North

A
50°

120°

8.0 km

12.3 km

7.0 km

B

C

In this course, B is 7.0 km from A, C is 8.0 km from B and A is 12.3 km from C.

The area (in   km   2  ) enclosed by this course is closest to:

a. 21

B. 24

C. 25

d. 26

e. 28
VCAA 2008 Exam 1, Module 2: Geometry and Trigonometry. Q3

1 mark

Questions from multiple lessons

Q18. A dairy farmer is planning on expanding his farm. There is a plot of land for sale and he plans  
to purchase it. It consists of a rectangular base and a semicircle. A diagram of the plot of land is 
included below. 

42 m

12 m

He wants to construct a fence around the perimeter. The distance of fence that he needs is closest to

a. 132 m

B. 66 m

C. 198 m

d. 104 m

e. 42 m
VCAA 2015 Exam 1 Module 2: Geometry and trigonometry Q2 – Adapted 

Difficulty:

Year 10
1 mark
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Q19. The following scatterplot shows the  salary  and the  time employed , in years, of 20 employees at a 
company. A least squares line has been fitted to the data.

Sa
la

ry
 ($

00
0’

s)

Time employed (years)
10 15 20 25 30

50

100

150

200

5

The equation of this least squares regression line is closest to

a.  time employed = 40 + 4.5 × salary

B.  time employed = 72 + 6.4 × salary

C.  salary = 40 + 4.5 × time employed

d.  salary = 72 + 4.5 × time employed

e.  salary = 40 + 6.4 × time employed
VCAA 2018 Exam 1 Data analysis Q8 – Adapted

Q20. A new eye shadow palette is currently in production.

The box is in the shape of a rectangular prism.

The diagram below shows the dimensions of the palette.

4 cm

12 cm

18 cm

The lid of the palette is shaded above.

a) What is the area of the lid when it is closed on the box? (1 mark)

b) What is the total surface area of the palette? (1 mark)

VCAA 2017 Exam 2 Module 3: Geometry and measurement Q1ai-aii – Adapted

Difficulty:

1 mark

Difficulty:

Year 10
2 marks
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1. Perimeter of composite shapes

A shape made up of two or more simple shapes is known as a composite shape. Below are some 
examples of composite shapes.

square

rectangle

triangle

trapezium

Finding the perimeter of a composite shape is the same as finding the perimeter of a simple shape. 
The perimeter of a composite shape can be found by finding the lengths of each side of the shape, 
and adding them together.

worked examPle 13 (1 mark)

Find the perimeter of the shape to the right. 5 cm

9 cm9 cm

15 cm

18 cm

SolUTIoN

Step 1 Find missing side lengths. In the shape above 
the length of one side is missing. The length of 
the missing side is 15 cm.

15 cm

5 cm

9 cm9 cm

15 cm

18 cm

Step 2 Find the sum of the lengths of all the sides.

 15 + 9 + 5 + 9 + 15 + 18 = 71 

The perimeter of the shape is 71 cm.

LESSON 7F

Composite shapes
The key skills you will learn in this lesson are:

1. Perimeter of composite shapes

2. Area of composite shapes

VCAA key knowledge point:

“perimeter and areas of triangles (including 
the use of Heron’s formula), quadrilaterals, 
circles and composite shapes and practical 
applications”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. area of composite shapes

A composite shape can be either made up of two or more shapes added together, or one shape 
taken out of another shape.

The area of a composite shape made up of two or more 
shapes, like the one below, can be calculated by finding 
the sum of the area of the individual shapes.

Area = Area of rectangle + Area of triangle

The area of a composite shape made up of one shape 
taken out of another shape, like the shaded region below, 
can be calculated by subtracting the area of the inner 
shape from the area of the outer shape.

Area = Area of circle − Area of square

worked examPle 14 (1 mark)

Find the area of the shape to the right.

5 cm

3 cm

2 cm

SolUTIoN

Step 1 Find the area of the triangle.

 Area of triangle =   1 __ 2   × b × h =   1 __ 2   × 5 × 2 = 5

Step 2 Find the area of the rectangle.

 Area of rectangle = b × h = 5 × 3 = 15 

Step 3 Add the two areas.

 Total area = 5 + 15 = 20 

The area of the shape is 20 cm².

Refresher question

Q1. 

What is:

a) The area of this rectangle?

b) The perimeter of this rectangle?

7 cm

4 cm

Questions 7F Composite shapes
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1. Perimeter of composite shapes

Q2. What is the value of 𝑥 in the working  
out below?

Perimeter = 8 + 𝑥  + 10 + 12 + 13

  = 48 cm 

8 cm

10 cm

5 cm

12 cm

13 cm

Q3. Find the perimeter of the composite shapes below correct to two decimal places where appropriate.

a)  b)  c) 

Check your understanding

Q4. Find the perimeter of the shape to the right.

Q5. The shape of the front of a house is shown 
to the right.

Find the perimeter of the house correct to 
two decimal places.

Skill

Skill

6 cm 6 cm

10 cm

7 cm

7.5 cm

4.5 cm

3 cm

5 cm

12 cm

8 cm

21 cm21 cm

11 cm

18 cm

Skill

7 cm

8 cm

Application 2 m

3 m

8 m

2. area of composite shapes

Q6. Find the area of the composite shapes below correct to one decimal place where appropriate.

a)  b)  c) Skill

7.5 cm

4.5 cm

3 cm

5 cm

12 cm

8 cm

3 m

8 m

9 m

4 m

3 m 3 m

5 m

8 m
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Check your understanding

Q7. What is the area of the shaded region on 
the right, correct to two decimal places?

4 cm

3 cm

Q8. A rectangular piece of paper with side lengths 21 cm and 25 cm has a semicircle of 
radius 20 mm cut out of it. What is the remaining area of the piece of paper correct 
to one decimal place?

Q9. This shape has an area of 32   m   2  . The square in the centre has sides that are 2 m long.

What is the height of the triangles, 
assuming all four triangles are identical?

Skill

Application

Skill

Joining it all together

Q10. A square with side lengths 2 cm fits in a circle with radius 1.414 cm.

Find the area of the shaded region to the 
right correct to two decimal places.

ow, to the nearest whole number, given that 
ngle and the ice cream on top is in the shape 

13 cm

4 cm

Skill
1 mark

Application
1 mark
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Q12. Which shape has a greater area, and what is its area correct to two decimal places?

7 m 7 m

5 m5 m

3 m 3 m
4 m

6 m

Shape A
450 cm 450 cm

800 cm

450 cm450 cm

450 cm

Shape B
Skill
2 marks

VCaa question

Q13. Consider the diagram below.

5 cm

5 cm

12 cm

10 cm

The shaded area, in square centimetres, is

a. 35 B. 45 C. 60 d. 85 e. 95
VCAA 2016 Exam 1, Module 3: Geometry and measurement. Q1

1 mark

Questions from multiple lessons

Q14. A helicopter landing pad is hexagonal and has a side length of 
three metres. 

The landing pad can be divided into six equilateral triangles.

Find the green area of the landing pad, in square metres, correct to one 
decimal place.

a. 3.9 m2

B. 11.7 m2

C. 14.7 m2

d. 15.2 m2

e. 15.6 m2

VCAA 2015 Exam 1 Module 2: Geometry and trigonometry Q5 – Adapted

Difficulty:

1 mark

3 cm
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Q15. A sequence of numbers can be generated by the recurrence relation below. 

V0   = 23 ,   Vn+1   = 4 ×  Vn

What is the value of   V7?

a. 94 208

B. 1 507 328

C. 5888

d. 376 832

e. 23 552
VCAA 2019NH Exam 1 Recursion and financial modelling Q17 – Adapted

Q16. Kyle intends to build a toy house for his daughter using a piece of cardboard as a base.

The unshaded area in the diagram below represents the cardboard piece. 

5.8 cm

10.6 cm

d5 
cm

6.
7 

cm

1.7
 c

m

4.8 cm

a) Show that the length  d  is 6.9 cm, rounded to one decimal place. (1 mark)

b) Using  d = 6.9 , calculate the perimeter, in centimetres, of this cardboard piece. (1 mark)

c) Calculate the area of this piece of cardboard. Round your answer to the nearest whole number. (1 mark)

VCAA 2017NH Exam 2 Module 3: Geometry and measurement Q1 a-c – Adapted

Difficulty:

1 mark

Difficulty:

3 marks

7F Composite sHApes 295

© Edrolo 2020



Volume is the amount of three-dimensional space taken up by an object. Volume is usually 
measured in mm3, cm3, and m3, but can also be measured in mL and L. Recall that:

1 mL is 1 cm3.

1 litre is 1000 cm3.

1000 litres is 1 m3.

1. Volume of prisms and cylinders

A prism is a three-dimensional object made up of  
planar faces that has a uniform cross-section across its 
entire length. Its volume is calculated by taking the area 
of the uniform cross-section and multiplying it by the 
object’s length.

 volume = area of cross section × length 

Although a cylinder is not technically considered a prism as 
it has a rounded face, its volume is calculated the same way.

Some common formulas are given below:

uniform cross-section

length

Name Example Area of cross-section Volume

Rectangular prism

h

b

l

 a = bh  v = bhl 

Triangular prism
h

b

l

 a =   1 __ 2 bh  v =   1 __ 2 bhl

LESSON 7G

Volumes
The key skills you will learn in this lesson are:

1. Volume of prisms and cylinders

2. Volume of pyramids and cones

3. Volume of spheres

4. Volume of composite objects

VCAA key knowledge point:

“volumes and surface areas of solids (spheres, 
cylinders, pyramids and prisms and their 
composites) and practical applications”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Name Example Area of cross-section Volume

Cylinder

r l

 a = π r2  v = π r2 l 

Cube b

b

b

 a =  b2  v =  b3

worked example 15 (1 mark)

Calculate the volume of the triangular prism to the right.

15 cm

6 cm

8 cm

SolUTIoN

Step 1 Calculate the area of the uniform cross-section. 

 a =   1 __ 2 bh

 a =   1 __ 2   × 6 × 8

 a = 24 cm2  

Step 2 Multiply the area of the cross-section with the 
length of the prism.

 v = area of uniform cross section × length 

 v = 24 × 15 

 v = 360 

∴ The volume is 360 cm3.

2. Volume of pyramids and cones

A pyramid is an object with a flat base and a number of triangular sides 
that meet at a point at the top, known as the apex.

The volume of a pyramid is given by  v =   1 __ 3   × area of base × height .

A cone is similar to a pyramid as it has a flat base and tapers to a point 
at the top, although it does not have triangular sides. However, its 
volume can still be calculated using the same formula.

height

area of
base
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Some common formulas are given below:

Name Example Area of base Volume

Rectangular 
pyramid

b

h

l

 a = bl  v =   1 __ 3 blh

Triangular pyramid

b

h

l

 a =   1 __ 2 bl  v =   1 __ 6 blh

Cone

r

h
 a = π r2  v =   1 __ 3 π r2 h

worked example 16 (1 mark)

Calculate the volume of a cone with a radius of 1.2 metres and a height of 4.1 metres correct to two decimal places.

SolUTIoN 

Step 1 Write down the known values.

 r = 1.2 

 h = 4.1 

Step 2 Substitute these values into the formula and solve.

 v =   1 __ 3 π r2 h

 v =   1 __ 3   × π  × 1.2   2  × 4.1

 v = 6.1826 … 

∴ The volume is 6.18 m3.

3. Volume of spheres

A sphere is a perfectly round object where every point on the surface is equidistant from the centre. 

The volume of a sphere is given by the formula:

 v =   4 __ 3 π r3
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The volume of a hemisphere is half the volume of a sphere:

 v =   1 __ 2   ×   4 __ 3 π r3  =   4 __ 6 π r3   =   2 __ 3 π r3

Name Example Volume

Sphere
r

 v =   4 __ 3 π r3

Hemisphere
r

 v =   2 __ 3 π r3

worked example 17 (1 mark)

A bouncy ball has a diameter of four centimetres. What is the volume of the ball correct to two decimal places?

SolUTIoN

Step 1 Calculate the radius.

The radius is half of the diameter. 

 r =   d __ 2
 r =   4 __ 2   = 2

The radius is 2 cm.

Step 2 Substitute the radius into the formula and solve.

 v =   4 __ 3 π r3

 v =   4 __ 3   × π ×  2   3

 v = 33.5103 … 

∴ The volume is 33.51 cm3.

4. Volume of composite objects

If an object is comprised of two or more shapes, simply find the volume of each shape and add 
them together for the total volume. 

= +

If an object is comprised of a shape with a smaller shape taken out, find the volume of each shape 
and subtract the smaller volume from the larger volume. 

= −
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worked example 18 (2 marks)

A block of wood has had a hemisphere with a radius of 
three centimetres carved out of it, as shown below. 

What is the volume of the remaining block of wood 
correct to two decimal places?

4  cm

10  cm

10  cm

SolUTIoN

Step 1 Find the volume of the rectangular prism. 

 v = bhl 

 v = 10 × 10 × 4 

 v = 400 

Step 2 Find the volume of the hemisphere

 v =   2 __ 3 π r3

 v =   2 __ 3 π  × 3   3

 v = 56.5486 … 
✓ 1 mark for finding the volume of the hemisphere

Step 3 Subtract the volume of the hemisphere from the 
volume of the rectangular prism.

 400 − 56.5486 … = 343.4513 … 

∴ The block of wood has a volume of 343.45 cm3.
✓ 1 mark for finding the remaining volume of the block of wood

Questions 7G Volumes

Refresher questions

Q1. Find the area of the triangle on the right.

Q2. What is 2000 litres expressed in m3?

12 cm

7 cm

1. Volume of prisms and cylinders

Q3. Calculate the volume of each of the following prisms correct to the nearest whole 
number where necessary.

a)  b)  
Skill

4 cm

8 cm

12 cm
9 mm

10 mm

15 mm
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c)

Q4. a) A cube has a side length of nine millimetres. What is its volume?

b) A cylinder has a height of 12 centimetres and a radius of 13 centimetres. What is its volume
correct to two decimal places?

Q5. A cylindrical rainwater tank is two metres tall and 1.5 metres wide. What volume of water can it hold 
correct to the nearest litre?

Q6. A rectangular swimming pool is 25 metres long, 8 metres wide, and has a constant depth throughout. 
The pool has a volume of 300 000 litres. What is the depth of the pool in metres? 

Check your understanding

Q7. For Eloise’s birthday, she buys a cylindrical chocolate fudge cake. It has a radius of 13 centimetres and 
a height of 11 centimetres.

a) If the cake is split evenly between eight people, what volume of cake does each person receive
correct to two decimal places?

b) Eloise notices that the cake has two
layers of fudge inside it, each 1.5
centimetres thick, as shown to the right.
How much fudge does each person
receive in their serving correct to the
nearest mL?

fudge

1.5 cm

1.5 cm

13 cm

11 cm

12 cm

19 cm

7 cm

Skill

Application

Application

Application

2. Volume of pyramids and cones

Q8. Calculate the volume of each of the following pyramids correct to two decimal places where necessary.

a)  b)  Skill

6 m

9 m

5 m

10 cm

11 cm

13 cm
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Q9. Calculate the volume of each of the cones below correct to two decimal places.

a)  b) 

Q10. A hexagonal pyramid has a height of 18 millimetres and a side length of 6 millimetres. The hexagonal 
base can be split up into six identical equilateral triangles, as shown below. What is the volume of the 
pyramid correct to one decimal place? 

18 mm

6 mm  

Check your understanding

Q11. The Pyramid of Khafre in Egypt is a square-based pyramid with a volume of 2 115 072 m3. The square 
base of the pyramid has side lengths of 216 metres. What is the height of the pyramid?

Q12. A square-based pyramid has a base length of 8 cm and a slant height of 13 cm.

The slant height is the distance from the 
apex to the midpoint between corners 
A and B. Using this information, find the 
volume of the pyramid correct to one 
decimal place.

A

13 cm

8 cm

B

Skill

4 m

6 m

20 m

16 m

Skill

6 mm6 mm

6 mm

Application

Skill

3. Volume of spheres

Q13. Find the volume of the spheres below correct to two decimal places.

a)  b) Skill
10 cm

5.1 cm
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Q14. a) A sphere has a circumference of 15 cm. What is its volume correct to two decimal places?

b) A sphere has a volume of 177 cm3. What is its diameter, correct to two decimal places?

Q15. Mary made scale models of the Earth and Venus for her science class.

Her model of Earth had a radius of 4 cm, and her model of Venus had a volume of 230 cm3.

Assuming her models are correct, which planet is larger: Earth or Venus? 

Q16. A grapefruit is cut in half. If its radius is five centimetres, what is the volume of one half correct to two 
decimal places?

Check your understanding

Q17. The radius measured from the inside of a particular basketball is 11.5 centimetres.

a) What volume of air does the basketball contain when pumped up? Give your answer in millilitres
correct to two decimal places.

b) The basketball is made of rubber 5 millimetres thick so the ball at its widest point is 24 centimetres
wide. What volume of rubber was used to make the ball? Give your answer in cm3 correct to one
decimal place.

Skill

Application

Application

Application

4. Volume of composite objects

Q18. Find the volume of each of the following objects correct to two decimal places.

a) b) 

Q19. A treehouse is comprised of a rectangular prism and a triangular prism, as shown below.

1.7 m

1.5 m

1.1 m

1.1 m20 cm20 cm2.4 m

 What is the volume of the treehouse in m3 correct to three decimal places?

Skill

6 cm

4 cm

20 cm

5 mm

5 mm

13 mm10 mm

Application
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Check your understanding

Q20. A glass bowl is in the shape of a cylinder with a hemispherical hole in the top. The cylinder is six 
centimetres in height and 12 centimetres at its widest point. The radius of the hemisphere is one 
centimetre less than the radius of the cylinder. What is the volume of glass that makes up the bowl 
correct to two decimal places?

12 cm

6 cm

Q21. The volume of the roll of toilet paper below is 1700 cm3. 

What is its height correct to two decimal places?

14 cm

5 cm

Application

Application

Joining it all together

Q22. A choc top ice cream is comprised of a cone and a hemisphere, as shown below. The cone at its widest 
point is 8 centimetres, and the length of the side of the cone is 20 centimetres. Give answers correct to 
two decimal places.

a) What is the total height of the choc top? 

b) What is the total volume of the choc top? 8 cm

20 cm

Q23. What is the volume of the shaded area in the square pyramid below?

8 cm

6 cm

21 cm

28 cm

Application
2 marks

Skill
1 mark
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Q24. A rectangular box containing 12 chocolate truffles is four centimetres internally in height. Each truffle 
in the box is spherical and has a radius of 1.5 centimetres. The box fits exactly four truffles along its 
length and exactly three truffles along its width.

a) What is the total volume of chocolate in the box correct to the nearest mL?

b) What is the volume of empty space in the box correct to the nearest cm3?

Q25. 250 mL of water is poured into a cylindrical drinking glass, which fills 65% of its capacity.

The glass has an inner diameter of 6 centimetres.

a) What is the inner height of the glass correct to one decimal place? (1 mark)

b) 3 ice cubes are added to the glass. The ice cubes are in the shape of rectangular prisms,
with measurements as shown below.

4 cm

2 cm

2 cm

To what percent of its capacity is the glass now full, correct to one decimal place? (2 marks)

Application
2 marks

Application
3 marks

VCaa question

Q26. 

A concrete square pyramid with volume 1.8 m3 sits on the flat top of the hill.

The length of the square base of the pyramid is  𝑥  metres. The height of the pyramid, VT, is 2.5 metres.

Find the value of  𝑥 , correct to two decimal places.
VCAA 2010 Exam 2, Module 2: Geometry and Trigonometry. Q3

2 marks

2.5 m

x m

x m

V

T
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Questions from multiple lessons

Q27. The following diagram shows a  
rectangular-based right pyramid,  HIJKL.

In this pyramid,  JK = IK = HK = LK = 36  km,  
IJ = HL = 15  km, and  HI = JL = 25  km.

The height,  KP , of the pyramid is closest to

a. 25.0 km

B. 32.7 km

C. 36.0 km

d. 21.1 km

e. 32.9 km
VCAA 2015 Exam 1 Module 2: Geometry and trigonometry Q7 – Adapted 

Q28. The ATARs of a sample of eight students were recorded and are shown in the following table.

ATAR 78.05 93.65 88.20 61.40 82.85 49.95 98.10 79.00

The mean,    ̄  𝑥  , and standard deviation,   s 𝑥    , of the ATARs for this sample are closest to

a. ¯ 𝑥  = 78.9,   s𝑥    = 16.2

B. ¯ 𝑥  = 78.9,   s𝑥    = 15.1

C. ¯ 𝑥  = 78.9,   s𝑥    = 15.7

d. ¯ 𝑥  = 15.1,   s𝑥    = 78.9

e. ¯ 𝑥  = 15.7,   s𝑥    = 78.9
VCAA 2017 Exam 1 Data Analysis Q3 – Adapted

Q29. Jack bought a new skateboard and drew the following diagram.

19.74 cm

60 cm

X W

Y Z

The skateboard is comprised of a rectangle,  WXYZ  and two semi-circles,  WZ  and  XY . The width of the 
rectangle is 60 cm and the perimeter of the skateboard is 182 cm. 

a) Show that the diameter of the semi-circle  XY  is 19.74 cm, correct to two decimal places. (1 mark)

b) Calculate the area of the skateboard, correct to the nearest square centimetre. (1 mark)

VCAA 2013 Exam 2 Module 2: Geometry and trigonometry Q3 a,b – Adapted 

25 km

15 km

36 km

K

J

I
H

P

L

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

2 marks
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LESSON 7H

Surface area
The key skills you will learn in this lesson are:

1. Surface area of solids with planar faces

2. Surface area of solids with curved faces

3. Surface area of composite shapes

VCAA key knowledge point:

“volumes and surface areas of solids (spheres, 
cylinders, pyramids and prisms and their 
composites) and practical applications”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Surface area of solids with planar faces

The surface area of a three dimensional solid is the total area of all the surfaces of the object.  
The surface area of a planar shape, a shape which only has flat faces, can be found by finding  
the area of each face of the shape, and adding these areas together.

Another way of thinking about this is that, the surface area of a three dimensional solid can be 
found by finding the area of the net of the solid. The net of the solid is the two dimensional shape 
that is formed when a three dimensional object is unfolded. Below are examples of the nets  
of some three dimensional shapes.

worked example 19 (1 mark)

What is the surface area of the rectangular prism below? 

9 cm

5 cm

5 cm

SolUTIoN

Step 1 Identify all the faces by inspection or by drawing 
the net.

9 cm

9 cm

9 cm

5 cm

5 cm 5 cm

5 cm

5 cm

There are two 5 cm  ×  5 cm and 
four 5 cm  ×  9 cm rectangular faces.

Step 2 Find the sum of the area of the faces.

 SA =    2 (  5 × 5 ) + 4(  5 × 9 )      = 230 

The surface area of the shape is 230 cm².
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2. Surface area of solids with curved faces

Some three dimensional solids have curved faces such as cylinders, spheres and cones. 

The surface area of these shapes can be calculated by adding the area of any planar faces with the 
area of the curved face. The formulas for the surface area of these shapes are given in the table below.

Name Shape Formula for surface area

Cylinder r

h

 SA = area of two circles +   area of curved side 

 SA = 2π r  2  + 2πrh 

Sphere

r

 SA = area of curved side 

 SA = 4π r  2

Cone

s

r

 SA = area of circle + area of curved side 

 SA = π r  2  + πrs 

worked example 20 (1 mark)

Find the surface area of the shape to the right correct to 
two decimal places. 

10 cm

3 cm

SolUTIoN

Step 1 Identify the relevant formula.

The formula for the surface area of a cylinder is 
SA = 2π r2  + 2πrh.

Step 2 Find the values of  r  and  h.

 r = 3 

 h = 10 

Step 3 Substitute the values of  r  and  h  into the equation.

 SA = 2 × π ×  3   2  + 2 × π × 3 × 10 = 245.04 

The surface area of the shape is 245.04 cm².
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Refresher questions

Q1. What is the area of the rectangle to  
the right? 3 cm

5 cm

Q2. What is the area of a circle with a radius of 4 mm, correct to one decimal place?

3. Surface area of composite shapes

The surface area of a composite shape can be found by adding the area of the faces on the outer 
surface of the shape.  It is important not to include the area of any internal surfaces in the total 
surface area. 

worked example 21 (1 mark)

What is the surface area of the shape to the right?

3 m

3.6 m

3 m

7 m

4 m

SolUTIoN

Step 1 Identify all the faces on the outer part of the shape.

There are two 7 m  ×  3 m, two 3 m  ×  4 m, one 7 m  ×  4 m and two 7 m  ×  3.6 m 
rectangular faces. There are two triangular faces with base 4 m and height 3 m.

Step 1 Add the area of the faces.

SA = 2 (7 × 3)  + 2 (3 × 4)  +  (7 × 4)  + 2 (7 × 3.6)  + 2 (
1 __ 2   × 4 × 3)  = 156.4  

The surface area of the shape is 156.4 m².

Questions 7H Surface area

1. Surface area of solids with planar faces

Q3. What is the value of  𝑥  in the working 
out below?

SA = 2 (  5 × 6 )   + 2 (  5 × 𝑥 )   + 2 (  6 × 9 )

5 cm

9 cm

6 cm

Skill

 7H SurfACe AreA 309

© Edrolo 2020



Q4. Find the surface area of the shapes below. Round your answer to two decimal places where appropriate.

a)  b) 

c) 

Check your understanding

Q5. The surface area of a triangular pyramid is 87.6 cm². If the base of the pyramid is an equilateral triangle 
with side lengths of 6 cm, what is the height of the other three triangles that make up the pyramid, 
correct to the nearest centimetre?

Q6. The Great Pyramid of Giza is approximately in the shape of a square based pyramid. It is 139 m 
tall and has a length and width of 230 m. What is the surface area of the Great Pyramid of Giza, 
excluding the base, correct to one decimal place?

Skill

4 cm

3 cm

6 cm 1.5 m
1.5 m

2 m

3 cm

3 cm
6 cm

Skill

Application

2. Surface area of solids with curved faces

Q7. What is the surface area of a sphere with radius 2 cm, correct to the nearest whole number?

Q8. Find the surface area of the shapes below, correct to two decimal places.

a)  b) 

c) 

Skill

Skill

4 m

2 m

6 cm

15 mm

22 mm
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Check your understanding

Q9. Six basketballs need to be made for a basketball tournament. If the diameter of a basketball is 24 cm, what 
is the total area of material needed to cover the basketballs, correct to the nearest square centimetre?Application

3. Surface area of composite shapes

Q10. Find the surface area of the shapes below, correct to two decimal places where appropriate.

a) b)  c) 

Check your understanding

Q11. A new house is made up of a rectangular prism and triangular prism as shown below. The roof has a 
vertical height of 3 m. 

a) What is the length of side  𝑥  to two decimal places?

b) If the entire exterior of the house needs to be painted, including the roof but not including the base,
what is the total surface area that needs to be painted, correct to the nearest m²?

4 m
20 m

10 m

3 m
x

Q12. An expensive perfume bottle is in the shape of a cube with a 
cylindrical pump of height 2 cm and radius of 0.6 cm.

If the perfume bottle holds 125 ml of liquid, what is the total 
surface area of the perfume bottle including the pump, correct to 
the nearest cm²?

note: 1 ml = 1 cm³

Skill

6 cm

8 cm

8 cm

8 cm 12 cm

5 cm

2 m

3 m

4 m

4 m

4 m

Application

Application
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Joining it all together

Q13. Which of the following answers is the 
surface area of the hollow tube on the right 
closest to?

a. 125 cm²
B. 188 cm²
C. 126 cm²
d. 189 cm²

5 cm

 cm3 cm1 cm

Q14. The surface area of a sphere is 13000 cm².

What is its radius in metres, correct to two decimal places?

Q15. Find the external surface area of the two vases below, correct to two decimal places 
where appropriate, and determine which vase has a larger external surface area.

Vase A20 cm

12 cm

21 cm

9 cm

Vase B

10 cm

Q16. The walls and ceiling of a rectangular room, with width 650 cm and length 800 cm, need to be painted. 
1 m² requires 0.3 L of paint and 46.05 L of paint is needed in total.

a) What is the height of the room in centimetres?

b) If there is a window of width 1.74 m and height 1 m in the room, what is the height of the room,
correct to the nearest centimetre?

Skill
1 mark

Skill
1 mark

Application
2 marks

Application
2 marks

VCaa question

Q17. The rectangular box shown in this diagram 
is closed at the top and the bottom.

It has a volume of 6 m³.

The base dimensions are 1.5 m  ×  2 m.

The total surface area of this box is

a. 10 m²
C. 13.5 m²
e. 27 m²

B. 13 m²
d. 20 m²

VCAA 2006 Exam 1, Module 2: Geometry and Trigonometry. Q6

1.5 m

2 m

1 mark
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Questions from multiple lessons

Q18. The following diagram is a rectangular prism with a 
square base,  ABCD.

The diagonal of the prism,  DF , is 10 cm.

The height of the prism,  BF , is 6 cm.

What is the volume of the prism?

a. 36 cm3

B. 100 cm3

C. 384 cm3

d. 192 cm3

e. 523 cm3

VCAA 2013 Exam 1 Module 2: Geometry and trigonometry Q9 – Adapted 

Q19. Zubyn and Cyrus are basketball teammates. The following table shows the average number of points 
scored by Zubyn and the number of assists created by Cyrus in 10 basketball games.

Points scored by Zubyn 28 19 15 22 8 9 15 33 18 10

Assists created by Cyrus 13 8 6 16 3 1 6 12 5 2

Find the value of the Pearson correlation coefficient,  r , between  points scored by Zubyn and
 assists created by Cyrus , correct to two decimal places.

a. 0.85

B. −0.46

C. 0.92

d. −0.85

e. 0.46
VCAA 2018NH Exam 1 Data analysis Q9 – Adapted

Q20. A beach ball is spherical in shape and has a radius of 18.9 cm.

Assume that the surface of the beach ball is smooth.

a) What is the surface area of the beach ball? Round your answer to the nearest whole number. (1 mark)

Beach balls are now sold in a rectangular box that contains three identical beach balls, as shown.

18.9 cm

b) What is the minimum length, in centimetres, of the box? (1 mark)

VCAA 2016 Exam 2 Module 3: Geometry and measurement Q1 a,b – Adapted

F

G

B

CD

A

E

H
Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

Year 10
2 marks
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LESSON 7I 

Similar figures and scale factor
The key skills you will learn in this lesson are:

1. Similar figures

2. Similar triangles

3. Linear scale factor

VCAA key knowledge point:

“similar figures including the mathematical 
conditions for similarity of two-dimensional 
shapes, and the linear scale factor and its 
extension to areas and volumes”

Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Similar figures

Two objects are considered similar figures if they are exactly the same shape, but different sizes. If two objects are the 
same shape and size they are congruent. All circles are either similar or congruent as they are exactly the same shape.

Similar Congruent

Same shape
Different sizes

Same shape
Same size

Two dimensional shapes are similar when all their corresponding angles are equal, and their corresponding side 
lengths are proportional. Proportional means that the length of all corresponding sides are in the same ratio. 

In the diagram below if    𝑥  __ 𝑎  =  𝑦 __ 𝑏    then the two rectangles are similar.

a cm 𝑥𝑥𝑥𝑥𝑥

b cm
y cm

worked example 22 (1 mark)

Are the following rectangles similar?

9.5 cm 9.5 cm

19 cm 4.75 cm

SolUTIoN

Step 1 Check if all internal angles are equal.

Yes, all internal angles in a rectangle are 
right angles.

Step 2 Calculate the ratio for the shorter side of 
the rectangle.

 4.75 _____ 9.5    = 0.5

Step 3 Calculate the ratio for the longer side of 
the rectangle.

 9.5 ____ 19   = 0.5

Step 4 Compare the two ratios.

The two ratios are the same meaning that the 
two rectangles are similar.
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2. Similar triangles

Although all corresponding angles are equal and all corresponding side lengths are proportional in a pair of 
similar triangles, not all angles and side lengths need to be known to determine if two triangles are similar.

Two triangles will be similar if one of the following conditions is met:

1. All angles are equal. Referred to as AAA (Angle-Angle-Angle).

note: all internal angles in a triangle add up to 180°.

55O

83O

42O

55O

83O

42O

2. All corresponding side lengths are proportional. Referred to as SSS (Side-Side-Side).

4.5 cm

7.5 cm

6 cm 3 cm 4 cm

5 cm

  3 ____ 4.5     = 0.67 

 4 __ 6     = 0.67 

  5 ____ 7.5     = 0.67 

3. Two side lengths are proportional and the angle between them, the included angle, is equal. Referred to as SAS 
(Side-Angle-Side).

90O

90O

4.5 cm

3 cm

3 cm

2 cm
  3 ____ 4.5   =    0.67

 2 __ 3   =    0.67

worked example 23 (1 mark)

Is the following pair of triangles similar?

32O

126O

126O

22O

SolUTIoN

Step 1 Identify what condition could be used to test  
for similarity.

AAA, as there are two angles known in  
both triangles.

Step 2 Work out the missing angle in the first triangle.

180°  –  126°  –  32°  =  22°

Step 3 Work out the missing angle in the  
second triangle.

180°  –  126°  –  22°  =  32°

Step 4 Compare the angles present in both triangles.

Both triangles have angles of 126°, 32° and 22°. 
As all angles in the two triangles are equal, the 
condition AAA is satisfied and they are similar.
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3. linear scale factor

The ratio of corresponding sides in a pair of similar figures is referred to as the scale factor. The scale factor,  k, 
is always calculated by the side length of the image (the shape which has increased or decreased in size), divided by 
the side length of the original object.

 k =     
Length of image__________________

Length of original 

Linear scale factor, 𝒌
Larger than 1

Image larger than the original

Smaller than 1

Image smaller than the original

Equals 1
Image the same size as the 

original

Original Image Original Image Original Image

worked example 24 (1 mark)

Calculate the linear scale factors for the similar figures below.

1.5 m

2 m

2.4 m

1.8 m

Step 1 Identify the corresponding side lengths.

Side length of image = 2.4 m, Side length of object = 2 m.

Side length of image = 1.8 m, Side length of object = 1.5 m.

Step 2 Calculate the linear scale factor using the formula  k =     
Length of image__________________

Length of original  .

 k =     2.4 ____ 2   =  1.8 ____ 1.5     = 1.2

The linear scale factor is 1.2.

Questions 7I Similar figures and scale factor

Refresher question

Q1. What is the value of  𝑥  in the diagram below?

31˚

95˚𝑥𝑥˚
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1. Similar figures

Q2. What are the values of  a  and  b  in the working out below?

4 cm
3 cm

8 cm
6 cm

 3 __ 4     = 0.75  and  a __ 8  = b

Q3. Are the following pairs of shapes similar?

a) b) 

c) 

Check your understanding

Q4. A circle with a radius of 2.5 cm increased in size so that its circumference became 8 π cm.
What factor did the radius increase by?

Skill

Skill

7.7 cm

4 cm

9 cm

2.7 cm 7 cm 2 cm

3 m

3 m 3 m
2 m

3 m

2 m 2 m

4.5 m

Skill

2. Similar triangles

Q5. Would you use AAA, SSS or SAS to work out if the two triangles below are similar?

9.5 mm

5.7 mm

4 mm 2.4 mm
67O 67O

Skill
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Q6. Are the following pairs of triangles similar?

a) b) 

c) 

Check your understanding

Q7. What is the value of  𝑥  in the diagram below?

3 cm

2.1 cm

4.2 cm
78O78O

𝑥𝑥 cm

Q8. Which of the following conditions would not be sufficient to work out if two triangles were similar?

a. Two sides labelled in two right-angled triangles.

B. Three sides labelled in both triangles.

C. Two sides and one non-included angle labelled in both triangles.

d. Two angles labelled in both triangles.

Skill

14 cm

12 cm

7.2 cm 8.4 cm

85O

85O

104O

45O

31O

104O

3.2 cm

4.7 cm

4 cm 3 cm 2 cm

2.3 cm

Skill

Skill

3. linear scale factor

Q9. If the linear scale factor for a pair of objects is 0.65, is the image smaller or larger than  
the original object?

Q10. Calculate the linear scale factors for the similar figures below. Round your answer to two decimal 
places where appropriate.

a) b) 

c) 

Skill

Skill

5 m

5 m

3.75 m 3.75 m

1.5 m

2 m 2.4 cm 2 cm

2 cm
4.5 cm

6 cm
2.4 cm

7.2 cm

5.4 cm

4 cm 3 cm
5 cm 3.75 cm

3.75 cm3 cm
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Check your understanding

Q11. A rectangular image with length 3.5 cm and width 2 cm was enlarged to a rectangle with length  
6.3 cm and width 3.6 cm. What scale factor was it enlarged by?

Q12. If the figure below was reduced using a scale factor of 0.8, draw the resulting shape, labelling all side 
lengths and internal angles.

10 m

15 m

104.5O 104.5O

75.5O 75.5O

10 m10 m

Application

Skill

Joining it all together

Q13. A map of a town is made by reducing the actual distance between locations by a scale factor of 15 000.

a) If the distance between the post office and the library is 6 cm on the map, what is the actual  
distance between the two locations in metres?

b) If the actual distance between the library and the train station is 3 km, what is the distance  
between the two locations on the map in centimetres?

Q14. Gabby wants to make a two dimensional outline of the trapezium below but he only has 8.1 cm of string. 
If Gabby wants to make the biggest model possible, what scale factor should he use for the model?

3 m

4.5 m

3 m3 m

Q15. The side view of the swimming pool below shows a depth of 1.2 m at the shallow end and a depth of 
2 m at the deep end. What is the length of the swimming pool?

12 m

1.2 m
12 m

1.7 m 2 m

Application
2 marks

Application
1 mark

Application
1 mark
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VCaa question

Q16. The two triangles, ABC and FGH, are similar.

B

G

A C F H

12 cm 14 cm

18 cm 36 cm

24 cm

The length GH is 

a. 14 cm

C. 26 cm

e. 32 cm

B. 24 cm

d. 28 cm

VCAA 2009 Exam 1, Module 2: Geometry and Trigonometry. Q1

1 mark

Questions from multiple lessons

Q17. A cone has a radius of 4 cm, a slant edge of  𝑥  cm, and a volume of 120 cm3.

Its surface area, including the base, can be found using the rule 
surface area = πr (r + 𝑥 ).

The total surface area of this cone is closest to

a. 125 cm2

B. 129 cm2

C. 140 cm2

d. 145 cm2

e. 153 cm2

VCAA 2018 Exam 1 Module 3: Geometry and measurement Q8 – Adapted

Q18. Consider the recurrence relation below,

W0   = 12 000 ,   Wn+1   =  Wn   + 180

This recurrence relation could be used to model a

a. simple interest investment of $12 000 with an interest rate of 0.015% per period.

B. simple interest investment of $12 000 with an interest rate of 1.5% per period.

C. simple interest investment of $12 000 with an interest rate of 15% per period.

d. compound interest investment of $12 000 with an interest rate of 1.5% per period.

e. compound interest loan of $12 000 with an interest rate of 1.5% per period.
VCAA 2017NH Exam 1 Recursion and financial modelling Q19 – Adapted

Difficulty:

1 mark

𝑥𝑥 cm

4 cm

Difficulty:

1 mark
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Q19. Dimitri wants to build a greenhouse in the backyard of 
his mansion. The front of the greenhouse is shown.

The walls of the greenhouse are 3.2 m high.

The front of the greenhouse is 7 m wide.

The sloping edges of the roof are 3.8 m long.

The total height of the greenhouse is 𝑥 m.

a) Show that  𝑥  is 4.68, correct to two decimal places. (1 mark)

b) The greenhouse is in the shape of a prism, as shown.

9 m
7 m

3.2 m

3.8 m

All of the surfaces of the greenhouse are to be made of glass, excluding the base.

Correct to the nearest square metre, how much glass will Dimitri need? (2 marks)

VCAA 2015 Exam 2 Module 2: Geometry and trigonometry Q3 – Adapted 

𝑥𝑥 m

3.2 m

7 m

3.2 m

3.8 m
Difficulty:

3 marks
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LESSON 7J 

Similarity of solids and scale factor
The key skills you will learn in this lesson are:

1. Area scale factor

2. Volume scale factor

VCAA key knowledge point:

“similarity of solids and the application of 
linear scale factor k > 0 to scale lengths, 
surface areas and volumes with  
practical applications.”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Area scale factor

If two similar figures have a length scale factor of  k , the area scale factor will be   k2.

k2  =    Area of image________________ Area of original   

To find the area of the image, the formula can be rearranged as

 Area of image =  k2  × Area of original 

For a three-dimensional object, surface area follows the same pattern as area. To find the surface 
area of an image, use the formula

 Surface area of image = k2 × Surface area of original 

worked exAmple 25 (1 mark)

Given that the two rectangles below are similar, find the area of the larger rectangle.

4 cm Area = 32 cm2 7 cm

SolUTIoN

Step 1 Find the length scale factor,  k.

 k =    Length of image__________________
Length of original 

In this case, the image is the large rectangle with 
a height of 7 cm, and the original is the small 
rectangle with a height of 4 cm.

 k =   7 __ 4

Step 2 Calculate k2.

 k2  = (
7 _ 4  )

2
  = 72  ___

42   

k2  =   49___
16 

Step 3 Calculate the area of the larger rectangle.

 Area of image =  k2  × Area of original 

 Area of image =   49 ___ 16   × 32

 Area of image = 98 

∴ The area of the larger rectangle is 98 cm2.

2. Volume scale factor

If two similar figures have a length scale factor of  k , the volume scale factor will be   k3.

k3  =    Volume of image__________________
Volume of original   

To find the volume of the image, the formula is

 Volume of image =  k3  × Volume of original.
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worked exAmple 26 (1 mark)

In Alex’s chemistry class, there are two similarly-shaped beakers. Alex knows that the larger 
beaker has a capacity of 500 mL, but she has forgotten the capacity of the smaller beaker.

If the large beaker is 15 centimetres tall and the small beaker is 12 centimetres tall, calculate the 
capacity of the smaller beaker.

SolUTIoN

Step 1 Find the length scale factor,  k.

 k =    Length of image__________________
Length of original 

In this case, the image is the small beaker with 
a known length of 12 cm, and the original is the 
large beaker with a known length of 15 cm.

 k =   12___
15 

Step 2 Calculate k3.

 k3  = (
12 _ 15  )

3
  = 123 _____

153   

k3  =   1728______
3375 

Step 3 Calculate the volume of the smaller beaker.

The volume or the larger beaker is 500 mL.

 Volume of image =  k3  × Volume of original 

 Volume of image =   1728 ______ 3375   × 500

 Volume of image = 256 

∴ The volume of the smaller beaker is 256 mL.

Questions 7J Similarity of solids and scale factor

Refresher question

Q1. Find the length scale factor,  k , for the similar triangles below.

6 cm 5 cm

Original Image

1. Area scale factor

Q2. For these rectangles:

3.5 cm Area = 21 cm2

7 cm Area = ?

Original Image

a) Find  k.

b) Find k2.

c) Find the area of the image using:  Area of image =  k2  × Area of original.

Skill
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Q3. Find the unknown area for each of the pairs of similar shapes below, correct to two decimal places 
where necessary.
a) b) 

c) 

Q4. Below are the dimensions of A4 and A2 pieces of paper. 
A sheet of A4 paper has an area of 623.7 cm2.

a) Show that the shapes of A4 and A2 paper are similar.

b) Find k2  , and use it to calculate the area of an A2
piece of paper.

Q5. Answer the following questions. Drawing a diagram may help.

a) Triangle A has width  W , vertical height  H , and area  A. Triangle B has a width of  4W  and a vertical
height of  4H . Which of the following is an expression for the area of triangle B:  4A 8A, 12A, 16A,
or 32A?

b) Cube A has a surface area of 150 cm2. Cube B has side lengths that are three times the side lengths
of cube A. What is the surface area of cube B?

Check your understanding

Q6. Bella is an avid hiker and her favourite tent is in the shape of a pyramid. 

150 cm

40 cm

The surface area of the green portion of the tent is 3000 cm2.

Find the surface area of the blue portion of the tent, excluding the base.

Skill

Area = 112 cm2

16 cm 8 cm

Area = 1450 mm2

20 mm
26 mm

29.7 cm 59.4 cm

21 cm

42 cm

A4 A2

Area = 85 cm2

11 cm
15 cm

Application

Skill

Application
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Q7. Angelica is an architecture student and has to make a model of a building she designed for an 
assignment. She makes a model with a height of 18 centimetres and a surface area of 980 cm2. 
The actual building will have a surface area of 310 000 cm2.

What will the actual height of the building be, correct to the nearest centimetre?

Application

2. Volume scale factor

Q8. For these rectangular prisms:

a) Find  k.

b) Find k3 .

c) Find the volume of the image
using:  Volume of image =
k3  × Volume of original.

Volume= 36 cm3

Original Image

4 cm

2 cm

Q9. Find the unknown volume for each of the pairs of similar shapes below correct to two decimal places.

a) b) 

c) 

Q10. Cube A has a side length of  L  and a volume of  V . Cube B has a side length of  2L.

Show that the volume of cube B is  8V.

Q11. A soccer ball has a diameter of 22 centimetres and a volume of 5575.28 cm3. A tennis ball has a 
volume of 143.79 cm3. 

a) Find k3  , and use this to find  k , given that the tennis ball is treated as the image and the soccer ball as
the original object. Give your value of  k  correct to three decimal places.

b) Using your value of  k , find the diameter of a tennis ball correct to one decimal place.

Skill

Skill

Volume= 120 cm3

10 cm
7 cm

Volume= 660 cm3

11 cm 15 cm

23 mm

14 mm
Volume= 1500 mm3

Skill

Application
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Check your understanding

Q12. Given that the cylinders below are similar, find the volume of the larger cylinder correct to one 
decimal place.

Volume= 5000 cm3

Surface area = 1500 cm2
Surface area = 2350 cm2

Q13. Caleb’s Cardboard Container Company have three different sizes of similarly shaped cardboard boxes; 
small, medium and large. Let the width and volume of the small box be  w  and  v respectively.

a) The width of the large box is four times the width of the small box. Express the volume of the large
box in terms of  v.

b) The volume of the medium box is eight times the volume of the small box. Express the width of the
medium box in terms of  w.

c) If the medium box has a volume of 64 000 cm3, what is the volume of the large box?

Skill

Application

Joining it all together

Q14. The top three centimetres are removed from the tip of a cone. 

12 cm

3 cm

What percentage of the volume of the cone remains, correct to one decimal place?

Q15. India is going on holiday, so she buys a travel-size bottle of her favourite perfume. She has the full-size 
bottle of the same perfume and notices that the two bottles are similarly shaped, and the height of  
the travel-size bottle is half the height of the full-size bottle. 

If the full-size perfume bottle can hold 100 mL, how much perfume is in the travel-size bottle?

Q16. The Eiffel Tower in Paris, France is 324 metres tall and has a total surface area of 220 000 m2. 
In Las Vegas, there is a scaled-down replica of the Eiffel Tower with a height of 165 metres. 

What is the surface area of the Eiffel Tower replica in Las Vegas correct to the nearest square metre?

Skill
1 mark

Application
1 mark

Application
1 mark

326 7J similArity of solids And sCAle fACtor

© Edrolo 2020



VCAA questions

Q17. The middle section of a cone is shaded, as shown in the diagram below.

top section

middle section

9 cm

6 cm

9 cm

The surface area of the unshaded top section of the cone is 180 cm2. 

The surface area of the middle section of the cone, in square centimetres, is

A. 80

B. 120

C. 300

d. 320

e. 500
VCAA 2014 Exam 1, Module 2: Geometry and Trigonometry. Q9

Q18. A cafe sells two sizes of cupcakes with a similar shape. 

The large cupcake is 6 cm wide at the base and the small cupcake is 4 cm wide at the base. 

6 cm 4 cm

The price of a cupcake is proportional to its volume. If the large cupcake costs $5.40, then the small 
cupcake will cost 

A. $1.60

B. $2.32

C. $2.40

d. $3.40

e. $3.60
VCAA 2013 Exam 1, Module 2: Geometry and Trigonometry. Q4

1 mark

1 mark
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Questions from multiple lessons

Q19. In triangle  TVW , point  X  lies on side  TW  and point  U  lies on side  TV. 

The lines  UX  and  VW  are parallel.

The length of  TU  is 8 cm, the length of  UV  is 4 cm and the length of 
 UX  is 10 cm. 

The length of  VW is

A. 20 cm

B. 18 cm

C. 15 cm

d. 12 cm

e. 10 cm
VCAA 2013 Exam 1 Module 2: Geometry and trigonometry Q6 – Adapted 

Q20. The following dot plot displays the age, in years, of eleven Mathletics speed demons.

Age (years)
17 18 19 20 21 22 23

Correct to one decimal place, the mean and standard deviation of the age of the Mathletics speed 
demons are

A. ¯ 𝑥   = 18.9 s𝑥  = 1.8

B. ¯ 𝑥   = 1.9 s𝑥  = 18.9

C. ¯ 𝑥   = 18.5 s𝑥  = 1.4

d. ¯ 𝑥   = 1.4 s𝑥  = 18.5

e. ¯ 𝑥   = 18.9 s𝑥  = 1.9
VCAA 2008 Exam 1 Data analysis Q5 – Adapted

Q21. A travelling circus has two tents in which it holds shows: tent A and tent B.

18 m

Tent A Tent B

5 m

15 m

3 m

Tent A is comprised of a cylinder and a hemisphere. It has a radius of 15 metres and the cylinder has a 
height of 5 metres.

a) Calculate the volume of tent A. Write your answer correct to the nearest m3. (2 marks)

Tent B is in the shape of a cone with a height of 18 metres. The top three metres of the tent are 
blocked off to store lighting equipment, as shown.

b) What percentage of the volume of the tent is not blocked off? Give your answer correct to two
decimal places? (1 mark)

VCAA 2009 Exam 2 Module 2: Geometry and trigonometry Q4 – Adapted 

T

U

V

W

X

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

3 marks
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CHAPTER

8
Applications of 
trigonometry

AOS 4: Geometry, measurement and trigonometry



1. Finding the unknown side length

The three sides of a right-angled triangle are called the hypotenuse, the opposite side and the adjacent side. 
The hypotenuse is the longest side of a right-angled triangle, and is always directly opposite the right-angle. 
The location of the opposite side and the adjacent side depend on the location of the angle  θ  (theta). As the 
names suggest, the opposite side is the located opposite to  θ , and the adjacent side is located adjacent to  θ .

Below are two triangles with the hypotenuse, opposite side and adjacent side labelled, in reference to the angle  θ .

Hypotenuse

Opposite

Adjacent
Hypotenuse

Adjacent

Opposite

θ

θ

The trigonometric ratios  sin ,  cos  and  tan  can be used to find the length of an unknown side or the 
size of an unknown angle in a right-angled triangle. The ratios are:

● sin (θ) =   Opposite _____________
Hypotenuse 

● cos (θ) =  
Adjacent
 _____________

Hypotenuse 

● tan (θ) =  Opposite__________
Adjacent 

and are often remembered by the phrase SOH CAH TOA.

To find the length of an unknown side, determine which trigonometric ratio should be applied, 
and substitute the value of the known side and the known angle into the equation.

worked example 1 (1 mark)

Use a calculator to find the value of   sin (  27°  )     correct to two decimal places (ensure your calculator 
is in degrees mode).

SolUTIoN: TI-NSpIre

Step 1 Open a new page by pressing  +  and 
press 1 (‘Add Calculator’).

Step 2 Press trig  and, using the arrows, select the sin 
icon sin . Press . Type 27.

Step 3 Press + . The answer will appear.

LESSON 8A

Review of trigonometry
The key skills you will learn in this lesson are:

1. Finding the unknown side length

2. Finding the unknown angle

VCAA key knowledge point:

“review of the use of trigonometric ratios for 
sine, cosine and tangent to find the length of 
an unknown side or the size of an unknown 
angle in a right-angled triangle”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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SolUTIoN: CaSIo ClaSSpad

Step 1 From the menu, tap   
and press Keyboard.

Step 2 Tap sin . Type 27.

Step 3 Press . The answer will appear.

worked example 2 (1 mark)

Find the value of  𝑥 in this triangle, correct to two decimal places.

SolUTIoN

Step 1 Identify which trigonometric ratio to use.

2 cm is the opposite side as it is opposite the 
known angle, and  𝑥  is the adjacent side as it is 
adjacent the known angle.

2 cm

Adjacent O
pp

os
ite

27˚

x

Use tan as tan (θ) =  Opposite ___________ Adjacent .

Step 2 Substitute the values into the equation.

tan (27°) =  2 __ 𝑥   

Step 3 Rearrange the equation to find  𝑥.

  𝑥 tan(27°)   = 2  

 𝑥 =     2 __________ tan (27°) 

Step 4 Use your calculator to find the value of  𝑥.

 𝑥 = 3.93

The value of  𝑥 is 3.93 cm.

2. Finding the unknown angle

The trigonometric ratios can also be used to find the size of an unknown angle in a right-angled 
triangle. To do so, determine which trigonometric ratio should be applied, and substitute the 
values of the two known sides into the equation.

To find the value of theta, the inverse of the trigonometric function must be used. The inverse 
trigonometric functions are   sin   –1 cos–1 , and  tan   –1  , where:
	● sin–1 (sin(θ)) = θ 
	● cos–1 (cos(θ)) = θ 
	● tan–1 (tan(θ)) = θ 
note: The –1 is not a power, and is just used to denote the inverse.

Below is an example of how to find the value of the unknown angle  θ , when the opposite side and 
hypotenuse are known.

sin (θ) =   Opposite _____________ Hypotenuse   

sin   –1 (sin(θ)) =  sin   –1(
Opposite ___________ Hypotenuse  )

θ =   sin   –1(
Opposite ___________ Hypotenuse  )

worked example 3 (1 mark)

Use a calculator to find the value of   sin–1  (  0.7 )     correct to two decimal places (ensure your calculator 
is in degrees mode).

2 cm

27˚

x
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SolUTIoN: TI-NSpIre

Step 1 Open a new page by pressing  +  and 
press 1 (‘Add Calculator’).

Step 2 Press trig  and use the arrows to find the 
inverse sin icon sin-1 . Press . Type 0.7.

Step 3 Press . The answer will appear.

SolUTIoN: CaSIo ClaSSpad

Step 1 From the menu, tap   
and press Keyboard.

Step 2 Tap Trig  and sin-1 . Type 0.7.

Step 3 Press . The answer will appear.

worked example 4 (1 mark)

Find the value of  θ  in this triangle, correct to two decimal places.

SolUTIoN

Step 1 Identify which trigonometric ratio to use.

5.1 cm is the adjacent side as it is adjacent the 
unknown angle, and 6 cm is the hypotenuse.

Use cos as cos (θ) =  
Adjacent
 _____________ Hypotenuse  

Step 2 Substitute the values into the equation.

cos(θ) = 5.1 ____ 6

Step 3 Rearrange the equation to find  θ .

cos   –1 (cos(θ)) =  cos   –1(
5.1 _ 6   )

θ =   cos   –1(
5.1 _ 6   )

Step 4 Use your calculator to find the value of  θ .

 θ = 31.79 

The value of  θ  is 31.79°.

6 cm

5.1 cm

θ

Questions 8a Review of trigonometry

Refresher questions

Q1. Label this triangle with opposite, adjacent and hypotenuse,  
with reference to the angle  θ .

Q2. What is the length of the adjacent side in this triangle,  
with reference to the angle  θ ?

θ

6.3 cm

7.3 cm

3.7 cm

θ
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1. Finding the unknown side length

Q3. Fill in the blanks.

sin(θ) =       _____________
Hypotenuse 

cos(θ) =       _____________
Hypotenuse   

tan(θ) =            ___________            

Q4. Find the value of  𝑥 in the triangles below, correct to two decimal places.

a)     b) c) 

Check your understanding

Q5. A soccer ball travels along the dotted path as shown in 
this diagram. What is the total distance travelled by the 
soccer ball, correct to the nearest metre?

Skill

Skill

x

31 mm
52˚

x

5 cm

27˚

x

1.32 m

55˚

Application

40 m

40˚25˚

15 m

2. Finding the unknown angle

Q6. If sin(θ)   = 0.43  , what is the value of  θ , correct to the nearest degree?

Q7. Find the value of  θ  in the triangles below, correct to two decimal places.

a)   b) c) 

Check your understanding

Q8. A student is flying a kite on a windy day. The string of the kite is 
70 m long and the kite flies at a horizontal distance of 50 m away 
from the student. What angle does the string of the kite form 
with the ground, correct to the nearest degree?

Skill

Skill

5.5 cm

3.5 cm

θ

4.3 m

2.5 m

θ
39.5 m

11.7 m

θ

Application

50 m
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Q9. A bird swoops, in a straight path, from a tree with a height of four metres to a worm on the ground.  
If the path the bird takes makes an angle of 30° with the ground, what is the total distance travelled  
by the bird?

Application

Joining it all together

Q10. A three metre ladder leans against the wall such that the angle between the ladder and the wall is 30°.

a) How far away is the base of the ladder from the wall?

b) The ladder slips 20 cm down the wall. What is the angle between the ladder and the wall, correct  
to the nearest degree?

Q11. Find the value of  𝑥 in this rectangular prism,  
correct to two decimal places.

Q12. A student worked out that an angle in a right-angled triangle was 47°.

However, instead of using    tan (θ) =  Opposite ___________ Adjacent    , they mistakenly used   tan (θ) =  
Adjacent
 __________ Opposite  .

If the length of the opposite side was 3.7 cm, what should the angle have actually been?

Q13. A ski slope has an incline of 40° whereas the ski lift has an 
incline of 41°.

a) Over a horizontal distance of 100 metres, how many 
more metres are travelled by making a descent in the 
ski lift compared to skiing directly down the slope? 
Round your answer to two decimal places.

b) Over what horizontal distance will the ski lift rise two 
metres more than the slope? Round your answer to 
two decimal places.

Application
2 marks

Skill
2 marks

60˚ 35˚

4 cm

x cm

Application
2 marks

41˚

40˚

Application
2 marks

VCaa question

Q14. A farmer owns a flat allotment of land in the shape of triangle ABC 
shown below.

Boundary AB is 251 metres. Boundary AC is 142 metres. 
Angle BAC is 45°.

A straight track, XY, runs perpendicular to the boundary AC. Point Y  
is 55 m from A along the boundary AC.

a) Determine the size of angle AXY.

b) Determine the length of AX. Write your answer, in metres,  
correct to one decimal place.

VCAA 2006 Exam 2 Module 2: Geometry and Trigonometry. Q1

2 marks

25
1 m

North

45˚

X

A
Y

C

B

55 m
142 m
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Questions from multiple lessons

Q15. A farmer uses a specific truck to transport his grain from 
the farm to a silo. The grain fills a trailer in the shape of a 
trapezoid prism with the dimensions as shown.

The farmer’s silo is cylindrical in shape with a radius 
of 2.5 m. Assuming that the grain will sit flat in the silo, 
the height at which exactly one trailer-load of grain 
would sit within the silo is closest to

a. 5.4 m

B. 5.1 m

C. 4.5 m

d. 3.9 m

e. 4.7 m
VCAA 2010 Exam 1 Module 2: Geometry and trigonometry Q9 – Adapted 

Q16. The following dot plot and boxplot display the number of pets owned by 20 zookeepers.

Number of pets
1 2 3 4 5

Number of pets
1 2 3 4 5

0

0

What is the median number of pets for this group of zookeepers?

a. 1

B. 2

C. 2.5

d. 3

e. 4
VCAA 2019NH Exam 1 Data analysis Q4 – Adapted

2.5 m2.8 m

3.8 m

11.6 m

2.4 m

Difficulty:

1 mark

Difficulty:

Year 10
1 mark
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Q17. Blaise runs a bar, and is looking at purchasing new glasses. 
The glass model he is looking at is cylindrical in shape with a 
radius of 2.9 cm and a height of 9.5 cm, as shown.

a) What is the diameter, in centimetres, of the glass? (1 mark)

b) What is the surface area of the outside of the glass,
including the bottom?
Write your answer in square centimetres, correct to one
decimal place. (1 mark)

VCAA 2018 Exam 2 Module 3: Geometry and measurement Q1 a,b – Adapted 

Difficulty:

2 marks

h = 9.5 cm

r = 2.9 cm
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Angles of elevation and depression measure the angle between the horizontal and the line of sight 
to an object.

The horizontal is the line parallel to the ground, beginning at the point of the observer, and the line 
of sight is the straight line created between the observer and the object.

1. Angles of elevation

The angle of elevation is used when the object being observed is above the horizontal (when looking 
up at something).

angle of elevation

horizontal

line of sight

object

observer

worked exAmple 5 (1 mark)

Lauren is standing in a park and sees a ringtail possum four metres up a tree. The angle of elevation 
from Lauren to the possum is 32°.

What is the horizontal distance between Lauren and the tree, correct to the nearest centimetre?

SolUTIoN

Step 1 Draw a diagram.

L

P

32˚
x m

4 m

Step 2 Set up an equation.

We know the angle of elevation (32°) and the 
length of the side opposite the angle (4 m).

We are looking for the length of the side 
adjacent to the angle   (𝑥) .

Hence, we can use  tan  to find the missing 
side length.

tan (θ)  =   opposite _ adjacent  

tan (32°)  =   4 __ 𝑥  

Step 3 Solve the equation.

tan (32°)  =   4 __ 𝑥  

 𝑥 =    4 ___________
tan(32°) 

  𝑥 = 6.4013 … 

∴ The horizontal distance between Lauren 
and the tree is 6.40 metres.

LESSON 8B

Angles of elevation and depression
The key skills you will learn in this lesson are:

1. Angles of elevation

2. Angles of depression

VCAA key knowledge point:

“application of the trigonometry of right-
angled triangles to solve practical problems 
including the use of angles of elevation and 
depression, and the use of three figure (true) 
bearings in navigation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. Angles of depression

The angle of depression is used when the object being observed is below the horizontal 
(when looking down at something).

angle of depression

horizontal

line of sight

object

observer

Angles of elevation and depression are alternate angles. Hence, the angle of elevation of point B 
from A will always be equal to the angle of depression of point A from B.

A

B

line of sight

θ˚

θ˚

angle of elevation

angle of depression

worked exAmple 6 (1 mark)

Andy is standing on the observation deck of the Empire State Building, which is 373 metres above 
ground level. Andy can see his favourite restaurant on the street below, which he knows is 400 
metres from the base of the building.

What is the angle of depression from Andy to the restaurant, correct to two decimal places?

SolUTIoN

Step 1 Draw a diagram.

A

R

400 m

400 m

373 m373 m

θ˚

Step 2 Set up an equation.

We are looking for the angle  θ  in the 
triangle above.

We know the length of the side opposite the 
angle (373 m) and the side adjacent to the  
angle (400 m).

Hence, we can use  ta n       to find the angle.

tan (θ) = opposite _ adjacent  

tan (θ) = 373 _____ 400  

Step 3 Solve the equation.

tan (θ) = 373 _____ 400  

θ = tan-1(
373 _____ 400)

  θ = 42.9995… 

∴ The angle of depression from Andy to  
the restaurant is 43.00°.

 angle of elevation of B from A = angle of depression of A from B 
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Questions 8B Angles of elevation and depression

Refresher question

Q1. Find the value of  𝑥 in this triangle, correct to
two decimal places.

28˚
7 m

x m

1. Angles of elevation

Q2. What is the angle of elevation, in degrees, 
of  y  from  𝑥 in this diagram?

x

y

line of sight

35˚
55˚

35˚
55˚

Q3. For each of the following diagrams, find the angle of elevation, in degrees, of point  B  from point  A,
correct to two decimal places.

a) b) 

Q4. Sam is standing in a field when he spots a UFO in the sky. 
The UFO is 120 metres from him horizontally and is 45 metres above the ground.

What is the angle of elevation of the UFO from Sam, in degrees, correct to two decimal places?

Q5. Mason is on holiday in Dubai and decides to visit the tallest structure in the world, the Burj Khalifa. 
He stands 270 metres from the base of the tower and the angle of elevation of the top of the tower 
from where he is standing is 72°.

What is the vertical height of the Burj Khalifa, in metres, correct to two decimal places?

Check your understanding

Q6. An airport control officer is standing on 
the runway and sees an aeroplane facing in 
his direction. From where he is standing, 
the angle of elevation of the front of the 
plane is 60°, and the angle of elevation of 
the back of the plane is 40°.

Given that the plane is flying parallel to the 
ground at an altitude of 100 metres, what 
is the length of the aeroplane, in metres, 
correct to one decimal place?

100 m

60˚
40˚

Skill

Skill

A

B

line of sight

15 m

12 m

A

B

line of sight

95 m

20 m

Application

Application

Application
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2. Angles of depression

Q7. Consider the diagram below.

x

y

line of sight

20˚

What is the angle of depression, in degrees, of point  𝑥 from point  y?

Q8. Calculate the angle of depression of point  B  from point  A  in each of the diagrams below, in degrees, 
correct to two decimal places.

a)   b)  

Q9. A person standing on the edge of a cliff can see a boat, at an angle of depression of 17°.

Using the diagram below, calculate the height of the cliff correct to two decimal places.

17˚
line of sight

200 m

Q10. Angie is attending a Beyoncé concert but could only afford tickets at the very back of the arena.  
Her seat is 200 metres horizontally from the centre of the stage, and is 20 metres higher than the stage.

If Beyoncé stands in the centre of the stage, what is the angle of depression, in degrees, of where  
Beyoncé stands from Angie’s seat, correct to one decimal place?

Check your understanding

Q11. Gordon is sitting in his treehouse 3.2 metres above the ground when he sees a kookaburra’s nest in 
a nearby tree. The nest is 2.55 metres above the ground and the angle of depression of the nest from 
Gordon is 10°.

What is the horizontal distance between the two trees, correct to the nearest centimetre?

Q12. Lauren is in a hot air balloon, flying at a height of 300 metres, and has spotted both her house and her 
school. Her angle of depression of her house is 65°, and her angle of depression of her school is 22°.

Calculate the shortest possible distance between Lauren’s house and school, in metres, correct to one  
decimal place.

Skill

Skill

A

B

line of sight

9 m

10 m

A

B

line of sight

33 m

5 m

Application

Application

Application

Application
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Joining it all together

Q13. A zipline is being constructed through a jungle in Thailand. The zipline will start from an eight-metre 
platform and finish on the ground. The length of rope needed for the zipline is 170 metres.

a) When standing on the starting platform, what will be the angle of depression to the bottom of
the zipline, in degrees, correct to two decimal places?

b) What will be the horizontal distance spanned by the zipline, correct to the nearest centimetre?

Q14. Marco is standing on the roof of a 15-metre-tall 
building, and he is 1.7 metres tall. He can see his 
friend Nancy, who is 1.5 metres tall, on top of a 
nearby building, at an angle of elevation of 16°.  
The buildings are 20 metres apart.

How tall is the second building, in metres,  
correct to one decimal place, taking into  
account the heights of Marco and Nancy?

Application
2 marks

16˚

20 m

15 m

Marco

Nancy

1.7 m

1.5 mApplication
2 marks

VCAA question

Q15. The allotment of land contains a communications tower,  PQ.

Points  S, Q  and  T  are situated on level ground.

From  S  the angle of elevation of  P  is 20°.

Distance  SQ  is 125 metres.

Distance  TQ  is 98 metres.
P

TS

Q
20˚ 125 m 98 m

a) Determine the height,  PQ , of the communications tower.

Write your answer, in metres, correct to one decimal place.

b) Determine the angle of depression of  T  from  P.

Write your answer, in degrees, correct to one decimal place.
VCAA 2006 Exam 2 Module 2: Geometry and Trigonometry. Q2

2 marks
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Questions from multiple lessons

Q16. An escalator spans a horizontal distance of 20 m and a vertical 
distance of 5 m, as shown. 

The angle that the escalator makes with the ground is closest to

A. 15.0°

B. 14.4°

C. 14.0°

d. 75.5°

e. 60.0°
VCAA 2017NH Exam 1 Module 3: Geometry and measurement Q2 – Adapted

Q17. Ash borrows $6500 which she has to repay fully in a lump sum payment after two years.

She has a choice of one of the following five loans, with the given interest rates and 
compounding periods:
● Loan 1 – 9.70% per annum, compounding monthly
● Loan 2 – 9.72% per annum, compounding monthly
● Loan 3 – 9.74% per annum, compounding monthly
● Loan 4 – 9.76% per annum, compounding quarterly
● Loan 5 – 9.78% per annum, compounding quarterly
The loan that will cost Ash the least amount of money is

A. Loan 1.

B. Loan 2.

C. Loan 3.

d. Loan 4.

e. Loan 5.
VCAA 2018 Exam 1 Recursion and financial modelling Q19 – Adapted

Q18. An engineer is designing the size of a water tank to 
distribute water to a remote community. He has decided 
that the tank will be 7 m wide, 3 m long and 4 m tall.

On his drafts of the water tank, a 1 cm line is used to 
represent a length of 1 m.

a) What is the scale factor,  k , used in his drafts? (1 mark)

The shaded lid in the diagram to the right has an area  
of 21 m2.

b) What is the area of the lid in his drafts?
Give your answer in m2. (1 mark)

VCAA 2008 Exam 2 Module 2: Geometry and trigonometry Q1b – Adapted 

20 m θ

5 m

Difficulty:

Year 10
1 mark

Difficulty:

1 mark

4 
m

7 m
3 m

Difficulty:

2 marks
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1. Finding bearings

Three-figure bearings, also called true bearings, are used to show the direction of one object from 
another object (the reference object). They are often used in sailing and orienteering.

A bearing is measured clockwise from north. All bearings, including angles less than 100°, 
still written with three digits, such as 045°.

Example

A bearing of 300°. Adam is on a bearing of
120 degrees from Charis.

The boat is on a bearing of
270 degrees from the lighthouse.

300°

N

120°
Charis

N

Adam

270°

N

Boat
Lighthouse

worked example 7 (2 marks)

a) What is the bearing of A from the centre of the circle?

45°

N

A

b) Find the bearing of ship A from ship B.

20°

N

Ship B

Ship A

E

LESSON 8C

Bearings
The key skills you will learn in this lesson are:

1. Finding bearings

2. Plotting bearings

3. Applications of bearings

VCAA key knowledge point:

“application of the trigonometry of right-
angled triangles to solve practical problems 
including the use of angles of elevation and 
depression, and the use of three figure (true) 
bearings in navigation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

8C BeArings 343

© Edrolo 2020



SolUTIoN

a) What is the bearing of A from the centre of the circle?

Step 1 Identify the angle of the bearing.
N

A

45°

Step 2 Break the bearing into smaller parts of 90 or 
180 degrees.

N

A

45°
90°

90°

Step 3 Add up the smaller angles to find the bearing.

 A = 90 + 90 + 45 

  = 225° 

b) Find the bearing of ship A from ship B.

Step 1 Draw a north arrow on the reference object, 
ship B.

N

N

Ship B

Ship A

20°

Step 2 Break the bearing into smaller angles.

N

N

Ship B

Ship A

20°

90°

Step 3 Add up the angles.

Bearing (A from B)  = 90 + 20 

  = 110° 

2. plotting bearings

Bearings can be plotted by rotating the appropriate number of degrees clockwise from north and 
marking any point on this angle.

Bearings that describe the position of one object from another, usually written as ‘Object A is on 
a bearing of 290° from Object B’, are plotted by drawing object B first, then measuring object A’s 
position relative to object B.

worked example 8 (2 marks)

a) Draw a bearing of 190° on the following diagram.
N

b) Draw a diagram of towns A and B, if town B is on a 
bearing of 340° from town A.
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SolUTIoN

a) Draw a bearing of 190° on the following diagram.

Step 1 Break down the angle into 90 degree parts.

 190° = 90° + 90° + 10° 

Step 2 There are two 90 degree segments, so move two 
quarter circles clockwise from north.

N

90°

90°

Step 3 Move clockwise a further ten degrees, then mark 
this point.

N

190°

b) Draw a diagram of towns A and B, if town B is on a
bearing of 340° from town A.

Step 1 Town B is being measured relative to town A, 
so town A is the reference point. Draw a north 
arrow on town A.

N

Town A

Step 2 Break the angle into 90 degree parts.

 340° = 90° + 90° + 90° + 70° 

Step 3 There are three 90 degree segments, so move 
three quarter-circles clockwise from north.

90°90°

90°

N

Town A

Step 4 Move clockwise 70 degrees further, then mark 
town B.

N

Town A

Town B

340°

3. applications of bearings

Bearings can be used with distances to work out precise locations of different objects. 
Most applications will involve trigonometry.

worked example 9 (2 marks)

The bearing of Sydney from Melbourne is 053.92°, and the bearing of Adelaide from Melbourne 
is 297.48°. Assume the earth is flat for these questions.

a) What is the angle Adelaide-Melbourne-Sydney?

b) If Sydney is 420 km north of Melbourne, what is the distance between Sydney and Melbourne,
to the nearest kilometre?
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SolUTIoN

a) What is the angle Adelaide-Melbourne-Sydney?

Step 1 Draw a diagram of the cities.

297.48°

53.92°

MEL

SYD
ADE

N

Step 2 Identify the desired angle, split it into segments, 
and calculate the segments.

ba

MEL

SYD
ADE

N

 a = 360 − 297.48 

 = 62.52° 

 b = 53.92° 

Step 3 Add the segments together.

ADE-MEL-SYD  = a + b 

 = 62.52 + 53.92 

 = 116.44° 

The angle Adelaide-Melbourne-Sydney 
is 116.44°.

b) If Sydney is 420 km north of Melbourne, what is
the distance between Sydney and Melbourne, to the
nearest kilometre?

Step 1 Add the new information to the diagram, and add 
a horizontal line to create a right-angled triangle.

297.48°

420 km

MEL

SYD
ADE

N

53.92°

Step 2 Use trigonometry to find the missing length. 
Here we want to find the hypotenuse. We already 
know the length of the adjacent side, so we will 
use cosine.

cos(𝜃)  =   
adjacent 

 ___________ hypotenuse  

cos(53.92)  =    420 ___________
Distance Mel-Syd 

 Distance Mel-Syd =  420 _______ cos (53.92)  

Distance Mel-Syd = 713 km 

Questions 8C Bearings

Refresher question

Q1. Label the directions E, S and W on the compass.
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1. Finding bearings

Q2. Find the value of the following bearing.
N

60°

90°

Q3. What are the following bearings?

a)  b) c) 

Check your understanding

Q4. Which of the following shows a bearing of 200°?

a.  B. 

C. d. 

Skill

Skill

45°

N

30°

N N

5°

Skill

60°

N

70°

N

N

20°

N

20°
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Q5. Three points A, B, and C are different 
campsites in a national park. What is the 
bearing of C from B?

65°

51°

B

C

A

N
Application

2. plotting bearings

Q6. A gum tree is planted at a bearing of 315° from a house. Which of the following diagrams shows the 
tree in the correct position?

a. B. 

C. d. 

Q7. Plot the following.

a) A bearing of 140°

b) A bearing of 300°

c) The position of Tim, who is on a bearing of 190° from Celine

Skill

40°

N N
45°

N20° N

20°

Skill
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Check your understanding

Q8. A new city called Edroloton is going to 
be built at a bearing of 35.3° from 
Adelaide (ADE). Plot Edroloton on the 
following diagram.

297.48°
MEL

SYD
ADE

N 53.92°

Q9. Yan is trying to make the perfect backyard. 
She currently has a tree, a cubby house, 
a veggie garden, and a basketball ring, 
as seen here. She wants to add an 
inflatable pool at a bearing of 290° from the 
veggie garden. Plot the inflatable pool on 
the diagram.

Application

Application

N

3. applications of bearings

Q10. Which of the following calculates the 
distance between the tree and the pond?

a 

B 

40°
50°

8 m
x

N

C 

Skill

cos(𝜃)  =   
adjacent 

 ___________ hypotenuse  

cos(50°)  =   8 _ 𝑥 

 𝑥 =    8 _______ cos (50°)  

  𝑥 = 12.45 m 

cos(𝜃)  =   
adjacent 

 ___________ hypotenuse  

cos(40°)  =   8 _ 𝑥 

 𝑥 =    8 _______
cos (40°)

  𝑥 = 10.44 m 

sin(𝜃)  =    opposite ___________
hypotenuse  

sin(45°)  =   8 _ 𝑥 

 𝑥 =    8 _______ sin (45°)  

  𝑥 = 11.31 m 
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Q11. Calculate the distances a, b, and c in the following diagrams. Round your answers to two decimal places.

a)  b)  c) 

Check your understanding

Q12. Riders on a cycling route travel from point A to point B on a bearing of 180° for 13 kilometres, 
then turn and travel to point C on a bearing of 270° for 6 kilometres. Draw this scenario to find the 
bearing of C from A, correct to two decimal places.

Q13. Three transmission towers A, B, and C are 
situated as shown below. C is directly east 
of A. What is the distance between A and C, 
rounded to the nearest metre?

Skill
N

70°

32 m

a

N

65°7 cm
b

N

20°
13 m

c

Application

N

20°

50°

120 m

B

CA

Application

Joining it all together

Q14. The distances between Ballarat and Bendigo, and Bendigo and Melbourne, are shown here on the 
diagram. For the following questions give all answers to two decimal places.

BEN

MEL

BAL

N

N

152.97°

132 km
98 km23.14°

a) What is the angle Ballarat-Bendigo-Melbourne?

b) What is the bearing of Bendigo from Melbourne?

c) How many kilometers is Bendigo North of Melbourne?

d) If a new town called Mathswick is built at a bearing of 40° from Melbourne, what will the angle 
Bendigo-Melbourne-Mathswick be?

Application
4 marks
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Questions from multiple lessons

Q17. 

60 cm

30 cm

H

G

A frog wants to jump from point  G  on a table to point  H  on a chair.

The table is 30 cm taller than the chair.

The horizontal distance between the table and the chair is 60 cm.

The angle of depression of point  H  from point  G , is closest to

a. 63°

B. 27°

C. 65°

d. 80°

e. 25°
VCAA 2014 Exam 1 Module 2: Geometry and trigonometry Q6 – Adapted 

Difficulty:

1 mark

Q15. Three ships are sailing in the sea, as shown.

a) Ship B is 2.5 km east of ship A, and 4 km
north of ship A. Show that angle BAC,
rounded to the nearest degree, is 109°.

b) Ship A hits an iceberg. If ship C is 3.5 km
south of ship A, how far away is the
closest ship to ship A? Round your
answer to two decimal places.

c) Find bearing of the closest hospital from
ship A, and the distance between them.
Round your answers to two
decimal places.

N

N

51°A

2 km
7 km

8 km

5 km

B

C

D

E

Application
3 marks

VCaa question

Q16. Two hikers, Anton and Beth, walk in different directions from the same camp.

Beth walks for 12 km on a bearing of 135° to a picnic ground.

Anton walks for 6 km on a bearing of 045° to a lookout tower.

On what bearing (to the nearest degree) should Anton walk from the lookout tower to meet Beth at 
the picnic ground?

a. 063° B. 108° C. 153° d. 162° e. 180°
VCAA 2008 Exam 1 Module 2: Geometry and trigonometry. Q9

1 mark
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Q18. The variables  typing speed  (in words per minute) and  language  (English, French, German) are

a. both numerical.

B. both categorical.

C. an ordinal variable and a nominal variable respectively.

d. a numerical variable and a nominal variable respectively.

e. a numerical variable and an ordinal variable respectively.
VCAA 2019NH Exam 1 Data analysis Q8 – Adapted

Q19. April attempts archery for the first time by firing arrows 
from point  P.

She misfires her first attempt. The arrow travels directly 
downwards, landing at point  X.

The second arrow travels for 20 m with an angle of  
depression of 30°, landing at point  Y.

The diagram to the right shows the positions of the two  
arrows after they have landed in relation to the point in 
which April fired the arrows from.

a) How far apart, in metres, are the two arrows? Round your answer to two decimal places. (1 mark)

The target,  T , is 30 m away horizontally and 1.2 m vertically from point  P.

P

XY

T

30 m

1.2 m

b) What is the angle of elevation from  P  to the target? Round your answer to the nearest degree. (1 mark)

VCAA 2016 Exam 2 Module 3: Geometry and measurement Q2 a,b – Adapted 

Difficulty:

Year 10
1 mark

P

30°

20 m

XY

Difficulty:

Year 10
2 marks
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Below is the standard way of labelling a non-right-angled triangle. Side lengths are denoted by the 
lowercase letters  a, b , and  c  while angles are represented by the uppercase letters  A, B , and  C.

The sides are interchangeable, as long as the angle directly opposite each side is denoted by the 
same letter.

a

b

c

C

B

A

The sine and cosine rules can be used to find both unknown sides and unknown angles 
in non-right-angled triangles. This lesson will focus on the sine rule.

1. Finding an unknown side

The sine rule states that in the triangle  ABC:

 a _ sin(A)   =    b _ sin(B)   =    c _sin(C )
In simpler terms, it states that the ratio between a side and the sine value of its opposite angle  
will be equal for all three sides of a triangle.

The information needed to find an unknown side length is:
● the value of its opposite angle.
● one other side length and its opposite angle.

worked example 10 (2 marks)

Find the value of  𝑥 in this triangle, correct to two decimal places.

SolUTIoN

Step 1 Calculate the magnitude of the angle opposite  𝑥.

The interior angles of a triangle add up to 180°.

 𝑥 = 180° – 72° – 25° = 83°
✓ 1 mark for finding the first angle

Step 2 Substitute the values into the sine rule.
a _ sin(A)   =    b _sin(B)

Side  𝑥 is opposite the angle with a magnitude
of 83°. Let  a = 𝑥 and  A = 83° .

The side of length 10 cm is directly opposite 
the angle of magnitude 72°. Let  b = 10  and  
B = 72° .

𝑥 __________ sin (  83°  )   =    10 __________
sin (  72°  )

LESSON 8D

The sine rule
The key skills you will learn in this lesson are:

1. Finding an unknown side

2. Finding an unknown angle

3. The ambiguous case of the sine rule

VCAA key knowledge point:

“the sine rule (including the ambiguous 
case) and cosine rule (as a generalisation of 
Pythagoras’ theorem) and their application 
to solving practical problems requiring the 
solution of non-right angled triangles”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

x cm

10 cm

25˚72˚
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Step 3 Solve the equation for  𝑥.

BY HaNd

  𝑥 __________ sin (  83° )   =    10  __________ sin (72°) 

𝑥 = sin(83°)  ×    10 __________ sin (72°)  

 𝑥 = 10.4362 … 

∴ The value of  𝑥 is 10.44 cm.

TI-NSpIre

CaSIo ClaSSpad

✓ 1 mark for finding the value of 𝑥

2. Finding an unknown angle

In order to find an unknown angle, the sine rule can be ‘flipped’ so the equation will be  
easier to solve:

 sin (A ) _______ a    =   sin (B ) _______ b    =   sin (C ) _______ c    

The information needed to find an unknown angle is:
	● the length of the side directly opposite the angle.
	● one other side length and its opposite angle.

worked example 11 (1 mark)

Find the angle  θ  in this triangle correct to two decimal places.

SolUTIoN

Step 1 Substitute the values into the ‘flipped’ sine rule.

The side of length 13 m is opposite the angle  θ . 
Let  a = 13  and  A = θ .

The side of length 12 m is opposite the angle of 
magnitude 66°. Let  b = 12  and  B = 66° .

 sin (A ) _______ a    =   sin (B ) _______ b    

 sin (θ) _______ 13    =   sin (  66° ) __________ 12 

Step 2 Solve the equation for  θ .

Here we solve by hand, but you can also use  
the solve function on CAS.

 sin (θ) _______ 13    =   sin (  66° ) __________ 12 

sin (θ) = 13 × sin (  66° ) __________ 12   

θ = si n   –1(  13 ×   sin (  66° ) __________ 12 )

 θ = 81.7591 …° 

∴ The value of  θ  is 81.76°.

12 m

13 m
66˚

θ

Press then
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3. The ambiguous case of the sine rule

In some cases, there can be two possible triangles that both satisfy the given information. 
When two sides and one non-included angle are known (SSA), and the following conditions for a 
non-right angled triangle are met, there may be two possible triangles:
● The known angle is acute.
● The shorter of the two known sides is opposite the known angle.
Consider a triangle in which two side lengths ( 𝑥 and  𝑦) and one angle that is NOT the included
angle ( θ ) are known. The shortest length is  𝑦 and it is opposite  θ.

There are two possible triangles that could be drawn, as shown below.

θ θ

x x
y y

Example

A triangle has side lengths 10, 5.5, and unknown.

The same triangle has an angle of 30° between the side of length 10 and the unknown side.

There are two possible triangles. One with an acute angle ( 65° ) and one with an obtuse angle 
( 115° ) between the short side and the unknown side.

65˚

30˚

5.5

10

115˚

30˚

5.5

10

note: The angles between the short side and the unknown side in the two triangles sum to 180°:

 65° + 115° = 180° 

On a calculator

When calculating the angle between the shortest side and the unknown side in the ambiguous case, 
the calculator will only give one angle, the acute angle. To find the obtuse angle in the second triangle, 
subtract the acute angle from 180°.

note: If the obtuse angle plus the original angle sum to more than 180° the second triangle 
(with the obtuse angle) does not exist.

Example

From the triangles in the previous example:

 sin (A ) _______ a    =   sin (B )_______
b 

 sin (𝑥°) ________ 10    =   sin (  30° )__________
5.5 

Gives 𝑥° = sin–1(10 × sin (  30° ) __________ 5.5  ) = 65°

To find the angle in the second triangle:

 180° − 65° = 115° 

note: sin(  65° )   = 0.906   and sin(  115° )   = 0.906  
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worked example 12 (4 marks)

Consider the following information about triangle  ABC:
	● Side  AB  has a length of 9 centimetres.
	● Side  BC  has a length of 4 centimetres.
	● Angle  BAC  has a magnitude of 22°.

a) Draw all possible triangles that satisfy this information. (2 marks)

b) Find all possible values of the angle  ACB  correct to two decimal places. (2 marks)

SolUTIoN

a) Draw all possible triangles that satisfy 
this information.

Step 1 Choose a side and angle to draw first.

Always start by drawing the longer known side 
and the known angle.

Hence, start by drawing side  AB  and angle  BAC.

22˚

9 cm
BA

Point  C  will lie somewhere along the dotted line.

Step 2 Draw side  BC  so that the angle  ABC  is acute.

22˚

9 cm

4 cm

B

C

A

✓ 1 mark for drawing the first triangle

Step 3 Draw side  BC  so that the angle  ABC  is obtuse.

In the second possible triangle,  C  is further up 
the dotted line so that angle  ABC  is obtuse.

22˚

9 cm

4 cm

B

C

A

✓ 1 mark for drawing the second triangle

b) Find all possible values of the angle  ACB , correct to 
two decimal places.

Step 1 Substitute the values into the ‘flipped’ sine rule.

Since there are two possible triangles, there will 
be two possible values of the angle  ACB. The
calculator will give the value of the acute angle.

22˚

9 cm

4 cm

B

C

A

θ

 sin (θ) _______ 9    =   sin (22°) __________ 4 

θ = sin–1(9 × sin (22°) __________ 4 )

 θ = 57.4438 … 

The first possible value is 57.44°.
✓ 1 mark for finding the first angle

Step 2 Find the obtuse angle.

As we can see in the first triangle from part a), 
the angle  ACB  can also be obtuse.

22˚

9 cm

4 cm

B

C

A

θ

To find the obtuse angle, subtract the value of  θ  
from 180°.

 180 – 57.4438 … = 122.5561 … 
✓ 1 mark for finding the second angle

∴ The two possible values are 57.44°  
and 122.56°.
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Refresher question

Q1. Calculate the value of   si n   –1(  0.75 )     correct to two decimal places.

Questions 8d The sine rule

1. Finding an unknown side

Q2. Consider this triangle.

a) Fill in the blank spaces in the sine rule below.
𝑥 _ sin   °   =      _sin   °

b) Find the value of  𝑥 to two decimal places. Include units.

Q3. Use the sine rule to find the value of  𝑥 in each of the following triangles, correct to two decimal places.

a)     b)      c)

Q4. Which of the following equations can be used to find the value 
of  𝑦 in this triangle?

a.   𝑦 _____ 81°   =    5  _____
37° 

B.   𝑦 __________ sin (  37° )   =    5  __________
sin (  81° ) 

C.  𝑦 = 15 ×   sin (  37° )__________
sin (  81° ) 

d.  𝑦 =   15 × sin (  81° ) ________________
sin (  37° ) 

e.   𝑦 __________ sin (  81° )   =   sin (  37° )__________
15 

Check your understanding

Q5. Charlie took some measurements of his  
garden at his farm and drew them on a map.

Show that the distance, correct to the nearest 
metre, between the shed and the veggie patch 
is 58 metres.

Skill

Skill

12 cm

x cm
85˚

36˚
21 m

x m

125˚

32˚

18 mm

x mm 77˚

41˚

Skill

15 cm

y cm

37˚

81˚

Application

90 m

40˚

86˚

rainwater
tank

shed

veggie patch

7 cm

x cm

78˚

32˚
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Q6. During a whale-watching expedition, passengers on boat A spot a humpback whale at a bearing of 
137° from them. A second boat, boat B, is 400 metres due south of boat A. Passengers on boat B can 
see the whale on a bearing of 19°.

What is the direct distance between the whale and each of the boats? Give your answers in metres  
correct to the nearest centimetre.

Application

2. Finding an unknown angle

Q7. Consider this triangle.

a) Fill in the blank spaces in the following working:

  θ = si n   –1(      ×   sin   ° _______   )
b) Find the value of  θ  to one decimal place.

Q8. Use the sine rule to find the value of the unknown angle  θ  in each of the triangles below,  
correct to two decimal places.

a)      b)      c) 

Q9. Find all the missing angles in the triangles below. Give all values correct to two decimal places.

39 cm

32 cm

33 cm

45 cm

58˚

61˚

Check your understanding

Q10. 

Show that the value of  θ  can be calculated using the equation   θ = 140° – si n   –1(
3 × sin (  40° ) ______________ 4 ).

Skill
6 m

43 m

99˚

θ

Skill

95 m

115 m

53˚

θ

7.1 km
6.8 km

72˚
θ

107 cm

131 cm

68˚

θ

Skill

Skill 40˚

200 m
150 m

θ

358 8D The sine rule

© Edrolo 2020



3. The ambiguous case of the sine rule

Q11. In an ambiguous case of the sine rule, the sine rule has been used to find the magnitude of the angle 
between a the short known angle and the unknown angle. The angle is called  ABC.

The calculator returns a value of 61°. What is the other possible magnitude of the angle  ABC?

Q12. In the triangle  ABC , side  AC  has length of 9 cm, side  BC  has a length of 12 cm, and angle  ABC  has a 
magnitude of 32°.

a) Draw the two possible triangles that satisfy this information.

b) Find the two possible values of the angle  BAC , each to two decimal places.

c) Find the two possible values of the angle  ACB , each to two decimal places.

Check your understanding

Q13. Triangle  ABC  satisfies the following properties:
● Side  AB  has a length of 20 cm.
● Angle  ACB  has a magnitude of 40°.
● Side  AC  has a length of 30 cm.
Calculate all possible lengths of the side  BC , correct to one decimal place.

Q14. Consider the triangle  ABC  that has:
● side  AB  of length 13 cm.
● side  AC  of length 15 cm.
● angle  ACB  of magnitude 44°.
Which one of the following angles, correct to the nearest degree, could not be another angle  
in triangle  ABC?

a. 9°

B. 53°

C. 83°

d. 97°

e. 127°

Skill

Skill

Skill

Skill

Joining it all together

Q15. The design for a new shade cloth being built for the local skate 
park is shown on the right, but some information is missing.

a) From the given information, which angle should be
calculated first using the sine rule?

b) Calculate the magnitude of the angle chosen in a), correct to
two decimal places.

c) Find the magnitude of the last unknown angle, correct to
two decimal places.

d) Calculate the length of the remaining unknown side correct
to two decimal places.

11 m

6 m102˚

N

M

L

Application
4 marks
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Q16. In an orienteering course, Point A is 200 metres directly south of point B. A third point, point C, is at a 
bearing of 36° from point A and 68° from point B.

a) Using the sine rule, show that the direct distance between points B and C is 221.84 metres, correct to 
the nearest centimetre. (2 marks)

b) A fourth point, point D, is directly north of point C and at a bearing of 21° from point B.

Find the direct distance between points C and D, correct to the nearest metre. (2 marks)

Application
4 marks

VCaa question

Q17. Marcus is on the opposite side of a large lake from a horse and its stable. The stable is 150 m directly 
east of the horse. Marcus is on a bearing of 170° from the horse and on a bearing of 205° from the stable.

Marcus

StableHorse

North

The straight-line distance, in metres, between Marcus and the horse is closest to:

a. 45

B. 61

C. 95

d. 192

e. 237
VCAA 2016 Exam 1 Module 3: Geometry and Measurement. Q6

1 mark

Questions from multiple lessons

Q18. A lost dog runs directly west from its kennel and then directly south. It was found on a bearing of  
226° from its kennel, exactly 4 km away. The distance, in km, that the dog travelled directly west is 
closest to

a. 2.9 km

B. 3.0 km

C. 1.2 km

d. 6.7 km

e. 2.6 km
VCAA 2018NH Exam 1 Module 3: Geometry and measurement Q2 – Adapted 

Difficulty:

1 mark
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Q19. The following stem plot displays the number of teabags consumed each day in the Edrolo office over a 
period of 31 days.

0 1 2
0 5 6 8 8 9
1 0 1 1 3 4 4
1 6 7 8 9 9 9
2 2 2 3 4 4
2 5 5 6 7
3 0 1
3 6

Key: 0 | 1 = 1   n = 31

What is the median number of teabags consumed? 

a. 17.5

B. 18

C. 18.5

d. 19

e. 22
VCAA 2018NH Exam 1 Data analysis Q1 – Adapted

Q20. A dairy farm is trying to grow different types of grass to determine which one yields the best milk 
from their cows. They have decided to divide their rectangular farm into triangles.

On their plot,  OPRS,  they mark point  T  directly halfway between  O  and  S . They then mark line 
segments between  PT  and  RT  as shown below.

O T

P

S

R

57 km

62 km

a) Find the length, in km, of  ST  (1 mark)

b) Calculate the angle  SRT.
Write your angle in degrees, correct to one decimal place. (1 mark)

VCAA 2007 Exam 2 Module 2: Geometry and trigonometry Q1 a,b – Adapted 

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
2 marks
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1. Finding an unknown side length

To find the unknown side length  c  in a triangle with side lengths  a  and  b  and internal angle  C as
shown below, the cosine rule can be used.

a

b
c

C˚

The cosine rule states that:

 c2  =  a2  +  b2  – 2ab cos (C ) 

where  C  is the angle opposite the unknown side and  a  and  b  are the two known side lengths.  
Sides  a  and  b  are interchangeable.

The cosine rule can be used to find the missing side length in a triangle when two sides and the 
included angle between them are known.

worked example 13 (1 mark)

Find the length of the unknown side in the triangle below, correct to one decimal place.

5.3 cm
3.9 cm

88˚

SolUTIoN

Step 1 Identify the known values.

 a = 3.9 

 b = 5.3 

 C = 88 °

note: It does not matter which side length is 
assigned  a  or  b.

Step 2 Substitute the values into the formula.

c2  =  a2  +  b2  – 2ab cos (C )

c2  =  3.9   2  +  5.3   2  – 2 × 3.9 × 5.3 × cos (  88° )

Step 3 Solve for  c.

c2  = 41.857… 

 c =  √ 
___________

 41.857...   = 6.5 

The length of the unknown side is 6.5 cm.

LESSON 8E

The cosine rule
The key skills you will learn in this lesson are:

1. Finding an unknown side length

2. Finding an unknown angle

VCAA key knowledge point:

“the sine rule (including the ambiguous 
case) and cosine rule (as a generalisation of 
Pythagoras’ theorem) and their application 
to solving practical problems requiring the 
solution of non–right angled triangles”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. Finding an unknown angle

The cosine rule can also be used to find an unknown angle in a non–right angled triangle when all 
three side lengths are known.

To find the unknown angle  C  in a triangle with side lengths  a, b  and  c  as shown below,

a

b
c

C˚

A˚

B˚

the cosine rule can be rearranged to:

  cos (C  ) =    a
2  +  b2  –  c2_____________

2ab 

where  c  is the side opposite the unknown angle and  a  and  b  are the two known side lengths. 
Sides  a  and  b  are interchangeable.

worked example 14 (1 mark)

Find the value of  𝑥 in the triangle below, correct to the nearest degree.

x˚

2.1 m

3.1 m

1.8 m

SolUTIoN

Step 1 Identify what values are present.

 a = 1.8 

 b = 2.1 

 c = 3.1 

 C = 𝑥

note: It does not matter which side length is 
assigned  a  or  b.

note:  c  is the side opposite the unknown angle.

Step 2 Substitute the values into the formula.

cos (C  ) =   a
2  +  b2  –  c2_____________

2ab 

cos (𝑥) =  1 82  + 2 12  – 3 12___________________
2 × 1.8 × 2.1 

Step 3 Solve for  𝑥.

cos(𝑥)   = –0.259 …  

𝑥 =   cos  –1  (–0.259   …) = 105°

The value of  𝑥 is 105°.

8E ThE CosinE rulE 363

© Edrolo 2020



Refresher question

Q1. What is the value of  𝑥 in the diagram below?

x
122˚

22˚

Questions 8e The cosine rule

1. Finding an unknown side length

Q2. A triangle has side lengths of 3 cm and 5 cm, and an angle of 80° between the two sides.

Fill in the blanks and find the length of the missing side, correct to two decimal places.

c2 = 32 + 52  – 2 ×   × 5 × cos (  )

Q3. Find the length of the unknown side in the triangles below, correct to two decimal places.

a)  b) 

c) 

Check your understanding

Q4. What is the length of the diagonal AC in the trapezium below, correct to one decimal place?

A

B
5.1 cm

7.2 cm7.2 cm

65˚

C

D

Skill

Skill

5.1 cm

4.6 cm
107˚

58 mm 43 mm

51˚

3.5 m

2.5 m23˚

Skill
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2. Finding an unknown angle

Q5. To find  θ  in the triangle below, what should the value of  c  be in the formula   cos (C  ) =   a
2  +  b2  –  c2 _____________ 2ab   ?

78 mm
3.9 cm

100 mm

θ

Q6. Find the value of  𝑥 in the triangles below, correct to two decimal places.

a)  b) 

c) 

Check your understanding

Q7. What is the value of the smallest angle in the triangle on the right, 
correct to two decimal places?

Q8. A student finds one of the angles in a non–right angled triangle to be 105°. The length of the side 
opposite to the angle is 5.3 cm and the length of the other two sides are  𝑥 cm and  2𝑥 cm.

What is the value of  𝑥, correct to two decimal places?

Skill

Skill

5 cm

x

7 cm

6 cm

5.5 m

x

3.5 m
7.5 m

8 mm x

3 mm
6 mm

Skill
4.2 cm

5.9 cm

4.6 cm

Skill

Joining it all together

Q9. As part of your studies of the cosine rule, your maths class is 
designing a garden bed for the school yard.

a) What is the distance between points Y and Z? Give your
answer to one decimal place.

b) Using you rounded answer from a), find the value of the
angle  ∠XZY . Give your answer to the nearest degree.

Application
2 marks 26 m

X

Y

Z
31 m

26˚
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Q10. Two friends, Victoria (V ) and Felicity (F ), are trying to find each other in the bush. The diagram 
below shows their positions relative to a waterfall, W.

V

W

N
N

43˚
45˚

F

If Victoria is 600m away from the waterfall and Felicity is 0.75 km away from the waterfall, how far 
away are they from each other, correct to the nearest metre?

Q11. Two ships can be seen from a lighthouse. Ship A is on a bearing of 048° and is 2.3 km 
away. Ship B is on a bearing of 326° and is 3.2 km away.

a) What is the distance between the two ships, correct to two decimal places?

b) What is the bearing of Ship A from Ship B, correct to the nearest degree?

Q12. Bailey goes for a run around her local park. She first jogs on a bearing of 063° for 
2.8 km. She then turns 87° to her right and runs at a constant speed of 2.5 m/s for 
13 minutes.

a) What is the shortest distance back to the starting point, in kilometres, correct to one decimal place?

b) What is the bearing from the starting point to Bailey, correct to the nearest degree?

Application
2 marks

Application
2 marks

Application
2 marks

VCaa question

Q13. The points  M, N  and  P  form the vertices of a triangular course for a yacht race.

 MN = MP =  4 km

The bearing of  N  from  M  is 070°.

The bearing of  P  from  M  is 180°.

Three people perform different calculation to determine the length of  NP  in kilometres.
● Graeme:  NP =  √ 

_____________________________________
16 + 16 – 2 × 4 × 4 × cos (  110° )

● Shelley: NP = 2 × 4 × cos (  35° )

● Tran:  NP =     4 × sin (  110° ) ________________
sin (  35° )

The correct length of NP would be found by:

a. Graeme only

B. Tran only

C. Graeme and Shelley only

d. Graeme and Tran only

e. Graeme, Shelley and Tran.
VCAA 2007 E𝑥am 1 Module 2: Geometry and Trigonometry. Q9

1 mark
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Questions from multiple lessons

Q14. The course for an orienteering competition is 
triangular in shape and is marked by three flags,  
A, B  and  C.

The bearing of  A  from  B is

a. 298°

B. 334°

C. 268°

d. 149°

e. 096°
VCAA 2018 Exam 1 Module 3: Geometry and measurement Q4 – Adapted 

Q15. For the past eight years, the value of a vase has increased by 5% each year.

This year, the vase’s value is $165 000.

Eight years ago, its value was closest to

a. $109 464

B. $108 257 

C. $111 678

d. $130 253

e. $248 711
VCAA 2013 Exam 1 Module 4: Business-related mathematics Q6 – Adapted

Q16. August trains at a local football field. Her house is located 400 m north and 357 m east of the field.

a) What distance will August have to walk if she was to walk in a straight line from her home to the 
football field? Round your answer to the nearest metre. (1 mark)

b) What is the three-figure bearing of the football field from August’s home? Round your answer to the 
nearest degree. (1 mark)

VCAA 2017 Exam 2 Module 3: Geometry and measurement Q2b – Adapted 

30°
57°

A

B

North

C

31°

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

2 marks
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When given sufficient information about a triangle, it means that there is enough information to 
find all the side lengths and angles of that triangle.

1. Sufficient information in a right-angled triangle

To have sufficient information about a right-angled triangle, the following information is needed:
● The length and position of two sides

or
● The length and location of one side and the size and location of one angle (other than the

right angle).
Given the above information, all sides with unknown lengths, and all angles in a right-angled 
triangle can be found, according to this table:

Information given Example How to find 
missing information

Setting up the first line 
of working

Two side lengths
6.8 cm

4 cm

a cm

y˚

x˚

Side length: Pythagoras
Angle: Trigonometry

Side length:
  a2 + 42  = 6. 8   2  
Angle:

  cos (𝑥° ) =  4 ____
6.8  

  sin (𝑦° ) =  4 ____
6.8  

One side length and 
one angle

b cm

4 cm

a cm

y˚

36˚

Side length:  
Trigonometry
Angle: Angle sum of  
a triangle

Side length:

  cos (  36° ) =  4 __ b  

  tan (  36° ) =  a __ 4  
Angle:
 𝑦 = 180 − 90 − 36 

worked example 15 (3 marks)

Find and label all missing side lengths and angles in the triangles below, correct to one decimal 
place where appropriate.

5.8 cm

B C

A

31˚

LESSON 8F

Sufficient information
The key skills you will learn in this lesson are:

1. Sufficient information in a right-angled triangle

2. Sufficient information in a non-right-angled triangle

VCAA key knowledge point:

“sets of sufficient information to determine  
a triangle”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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SolUTIoN

Step 1 What information do we know?

The information given is one side length and 
one angle.

Look at the table for how to find missing 
information.

Step 2 Find the length of BC using trigonometry.

cos (  31° ) =  BC _____
5.8  

BC = cos (  31° ) × 5.8

 BC = 4.971 … 

 BC = 5.0 

BC is 5.0 cm
✓ 1 mark for finding the correct length

Step 3 Find the length of AB using trigonometry.

sin (  31° ) =  AB _____
5.8  

AB = sin (  31° ) × 5.8

 AB = 2.987 … 

 AB = 3.0 

AB is 3.0 cm
✓ 1 mark for finding the correct length

Step 4 Find the size of  ∠BAC  using the angle sum 
of a triangle.

∠BAC = 180 – 90 – 31 = 59 

∠BAC =  59 ° 
✓ 1 mark for finding the correct angle

Step 5 Label all side lengths and angles in the triangle.

5.8 cm

5.0 cm

3.0 cm

B C

A

31˚

59˚

2. Sufficient information in a non-right-angled triangle

As discussed in 8D, when two side lengths are known in a triangle, as well as the acute angle 
opposite the shorter known side, there are two possible triangles that could be drawn.

Therefore, to have sufficient information about a non-right-angled triangle given two side lengths 
and a non-included angle, either the given angle must be obtuse, or the known angle must be 
opposite the longer known side.

note: A non-included angle is an angle that does not lie between the two given side lengths.

To have sufficient information about a non-right-angled triangle, the following information 
is needed:
● Three side lengths

or
● Two side lengths and an included angle

or
● The length and location of one side and two angles

or
● Two side lengths and a non-included angle (where the given angle is obtuse or if the known

angle is opposite the longer known side).
Given the above information, all sides with unknown lengths and all angles in a triangle can be 
found, according to this table:
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Information given Example How to find 
missing information

Setting up the first line 
of working

Three side lengths

11 cm

15.2 cm

6.7 cm

y˚

x˚

z˚

Angle: Cosine rule

Angle: 

  cos  (𝑥° ) =   6 72  +  15.2   2  – 112 ____________________
2 × 6.7 × 15.2    

  cos  (𝑦° ) =   6 72  + 112  –  15.2   2____________________
2 × 6.7 × 11    

  cos  (𝑧° ) =   112  +  15.2   2  – 6 72 ____________________
2 × 11 × 15.2    

Two side lengths and 
the included angle

15.2 cm

6.7 cm

a cm

40˚
Side length: Cosine 
rule

Side length:
  a2  =  6.7   2  +  15.2   2  – 2 × 6.7 
  × 15.2 × cos  (  40° ) 

One side length and two 
angles

15.2 cm

a cm

40˚

117˚ z˚

Side length: Sine rule
Angle: Angle sum of 
a triangle

Side length: 

 15.2 ___________ sin (117° )  =   a    __________
sin (40° )  

Angle:
  𝑧 = 180 – 117 – 40 

Two side lengths and 
a non-included angle 
(where the given angle 
is obtuse or the known 
angle is opposite the 
longer known side)

11 cm

6.7 cm

40˚

z˚

Angle: Sine rule
Angle:

 11 __________ sin (40° )   =  6 7    ________
sin (𝑧° )  

worked example 16 (3 marks)

Find and label all missing side lengths and angles in the triangle below, correct to one decimal 
place where appropriate.

5 cm6 cm

50˚

C

B

A

SolUTIoN

Step 1 What information do we know?

The information given is two side lengths and 
the included angle.

Look at the table for how to find 
missing information.

Step 2 Find the length of BC using the cosine rule.

BC2 = 62 + 52  – 2 × 6 × 5 × cos (  50° )

 BC =  √ 
___________________________________

               6   2 + 52  – 2 × 6 × 5 × cos (  50° )

 BC = 4.736… 

 BC = 4.7 

BC = 4.7 cm
✓ 1 mark for finding the correct length
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Step 3 Find the size of  ∠ABC  using the sine rule. 

note: The cosine rule would also work.

 4.736 … __________ sin (  50° )  =   5    ____________
sin (∠ABC ) 

sin (∠ABC ) =  5 × sin (  50° )______________
4.736 … 

∠ABC = sin – 1 (
5 × sin (  50° )______________ 4.736 …   )

 ∠ABC = 53.968 … 

∠ABC =  54.0 ° 
✓ 1 mark for finding the correct angle

Step 4 Find the size of  ∠ACB  using the angle sum 
of a triangle.

note: The sine rule and the cosine rule would 
also work.

∠BAC = 180 – 50 – 54 = 76 

∠ACB =  76 ° 
✓ 1 mark for finding the correct angle

Step 5 Label all side lengths and angles in the triangle.

5 cm6 cm

4.7 cm
54˚

50˚

76˚ C

B

A

Questions 8F Sufficient information

Refresher question

Q1. Which of the following statements are true for this triangle? 
There may be more than one true statement.

a. Three side lengths are known.

B. One angle is known.

C. The included angle between 4 and 3.1 is known.

d. This triangle has sufficient information to find the missing information.

e. One side length and two angles are known.

5.6

3.14

x

1. Sufficient information in a right-angled triangle

Q2. What other information is needed to find 
the value of  𝑥 in this triangle? 7 cm

x cm

Skill
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Q3. Find and label all missing side lengths and angles in the triangles below, correct to one decimal place 
where appropriate.

a) b) 

c) 

Check your understanding

Q4. Why is it not possible to determine the size of a right-angled triangle when all three internal angles 
are known?

Q5. The following steps are given to draw a triangle. After which step is there sufficient information 
to draw the triangle?

Step 1 The triangle is a right-angled triangle.

Step 2 One side length of the triangle is 1 cm.

Step 3 The hypotenuse of the triangle is 2 cm.

Step 4 One internal angle of the triangle is 30°.

Step 5 The other side length of the triangle is   √ 
_

 3    cm.

Skill

18 mm

59˚ 0.3 m0.55 m

37˚

1.3 cm

Skill

Skill

2. Sufficient information in a non-right-angled triangle

Q6. Find and label all missing side lengths and angles in the triangles below, correct to one decimal place 
where appropriate.

a) b) 

c) 

Skill

5.8 cm

98˚

55˚
52.7 mm

46.5 mm

33.7 mm

5.5 cm85˚

3.1 cm
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Check your understanding

Q7. In which of the triangles below could you not find all missing side lengths and angles?

a.  B. 

C. d. 

Q8. A give way sign on the side of the road is an isosceles triangle.

If one of the sides is 50 cm, and one of the angles is 70°, draw four possible shapes of the sign. 
Missing side lengths and angles do not need to be labelled.

Skill

6 m

56˚

5 m
32 mm

26˚

57 mm

103˚

74 mm

83˚

5.7 cm

4.2 cm

Application

Joining it all together

Q9. Is it possible to determine a triangle given the following information?

a) Three angles

b) Three side lengths

c) Two side lengths and one included angle

Q10. The length of two sides of a triangle are 4 cm and 7 cm. 
What could not be the length of the third side?

a. 4 cm

B. 2 cm

C. 10 cm

d. 8 cm

Q11. A teacher asks her students to draw a triangle with side lengths 4.6 cm and 5.4 cm and a non-included 
angle of 56°. What are the three possible triangles the students could have drawn?

Skill
3 marks

Skill
1 mark

Application
3 marks
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Questions from multiple lessons

Q12. The triangle  XYZ  has the following properties:
● Side  XY  has a length of 6 cm.
● Side  YZ  has a length of 10 cm.
● Angle  XZY  has a magnitude of 32°.
Which of the following angles, correct to the nearest degree, could not be another angle in triangle  XYZ?

a. 30°

B. 62°

C. 86°

d. 94°

e. 118°
VCAA 2017 Exam 1 Module 3: Geometry and measurement Q7 – Adapted

Q13. An investigation was carried out to determine the association between the  number of cars owned  and 
income level  (low, medium, high) of a group of people. These variables are

a. a numerical variable and an ordinal variable respectively.

B. a numerical variable and a nominal variable respectively.

C. a nominal and a numerical variable respectively.

d. both numerical variables.

e. both categorical variables.
VCAA 2017NH Exam 1 Data analysis Q4 – Adapted

Q14. Martin stands at  E  and throws two sticks across a park 
to play fetch with his dog.

The boundaries of the park are 30 m by 58 m.

The first stick hits the ground at point  F , 22 m away 
from point  E.

The second stick hits the ground at point  G.

Point  G  is 𝑥 metres from point  E.

Point  G  is 14 metres from point  F.

The angle  FEG  is 24°.

a) Determine two possible values for the angle  EGF.
Round your answers to the nearest degree. (1 mark)

b) If point  G  is within the park, what is the value of  𝑥?
Write your answer to the nearest metre. (1 mark)

VCAA 2018 Exam 2 Module 3: Geometry and measurement Q3c – Adapted 

Difficulty:

1 mark

Difficulty:

1 mark

24°

30 m

22 m

E

F
58 m

x m

Difficulty:

2 marks
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1. Finding the area

The basic formula for the area of a triangle is  Area =   1 __ 2   × b × h . However, in some cases,
the perpendicular height ( h ) is not known. Trigonometry may then be used to find the  
area of the triangle.

Consider triangle  ABC below.
B

b
C

c
h

A

a

This formula can be used to find the area when  h  is unknown:

Area = 1 __ 2 ab sin (C)

This formula can be used to find the area of a triangle when:
● any two sides and their included angle are known.

Formula explanation

Understanding where this formula comes from is not required for the course, however it can be 
useful to know this information. Here is an explanation of the formula:

Trigonometric rules state that in the right-angled triangle to the right of  h, sin (C) = h __ a  .
Solving for  h , this equation becomes   h = a × sin (C  )  . This expression can then be substituted 
into the basic formula for area:

 Area =   1 __ 2   × b × h

Area = 1 __ 2   × b ×  (a × sin (C) )

Area = 1 __ 2   × a × b × sin (C)

worked example 17 (1 mark)

Consider the triangle with the following properties:
● One side has a length of 17 centimetres.
● Another side has a length of 11 centimetres.
● The included angle has a magnitude of 42°.
What is the area of the triangle, correct to two decimal places?

LESSON 8G

Area of a triangle
The key skills you will learn in this lesson are:

1. Finding the area

2. Applications of the formula

VCAA key knowledge point:

“area of a triangle using the rule  
Area =   1 __ 2 ab sin (C)  ”

Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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SolUTIoN

Step 1 Draw a diagram.

11 cm

17 cm

42˚

Step 2 Assign values to the variables.

 a  and  b  are side lengths and  C  is their  
included angle.

Let the sides be  a = 17 ,  b = 11 , 
and the angle be  C = 42° .

Step 3 Substitute these values into the formula  
and solve.

Area = 1 __ 2 ab sin (C)

Area =   1 __ 2   × a × b × sin (C)

Area =   1 __ 2   × 17 × 11 × sin (42°)

 Area = 62.5637 … 

∴ The area of the triangle is 62.56   cm   2.

2. applications of the formula

In some cases, the area is given and either an unknown side or angle can be found using this formula.

To find an unknown side, the formula can be rearranged to a =     Area ______
1 _ 2  b sin(C)

 

To find an unknown angle, the formula can be rearranged to   C = sin–1  
(

Area ______ 1 __ 2 ab
 
)

.

Using the unknown angle formula will result in the calculator returning an acute angle. If the angle 
is obtuse, subtract the returned value from 180° to calculate the actual magnitude.

worked example 18 (1 mark)

A triangular patch of a sports oval with an area of 9.5 m2 has been marked off 
between two goal-posts.

53˚
x m

4 m

What is the distance,  𝑥, between the two goal-posts, correct to two decimal places?

SolUTIoN

Step 1 Write down the known values.

 a  and  b  are side lengths and  C  is their  
included angle.

Therefore,  a = 𝑥,  b = 4 ,  C = 53° , 
and  Area = 9.5 .

Step 2 Use the equation for  a  to solve for  a.

 a =      Area ______
1 _ 2  b sin(C)

 

 a =      9.5 ______
1 _ 2   ⨉ 4 ⨉ sin(53°)

 

 a = 5.9476 … 

∴ The distance between the two goal-posts is 
5.95 metres.
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Refresher question

Q1. What is the value of  θ  in this triangle?
82˚

34˚ θ

Questions 8G Area of a triangle

1. area of a triangle

Q2. Consider the following triangle and the formula for area of a triangle,  
Area = 1 __ 2 ab sin (C)   .
Fill in the blank spaces in the working below:

Area =   1 __ 2   × 11 ×  × sin   °

Q3. Find the area of each of the triangles below using the formula   Area =   1 __ 2 ab sin (C)  .
Give answers correct to two decimal places.

a) b) c)

Q4. Triangle  XYZ  has the following properties:
● Side  XY  has a length of 21 cm.
● Side  YZ  has a length of 27.4 cm.
● Angle  XYZ  has a magnitude of 38°.
● Angle  YXZ  has a magnitude of 92°.
Draw the triangle and find the area of the triangle  XYZ , correct to two decimal places.

Check your understanding

Q5. Brodie is fencing off a triangular area of her farm that will be used for harvesting in the future. She starts 
the fence by first walking 160 metres at a bearing of 215°. She then continues the fence for 205 metres 
at a bearing of 78°. After this, she walks back to the starting point to create the triangle.

What is the area contained by the fence, correct to one decimal place?

Skill

68˚

11 cm

10 cm

40˚

Skill

5 cm

8 cm

80˚
16 cm

19 cm

57˚ 76˚ 66˚

30 m

28.66 m

73˚

Skill

Application

2. applications of the formula

Q6. Consider the triangle on the right and the rearranged formula 

for finding an angle,   C = sin–1

(
Area ______ 1 __ 2 ab

 
)

   .

Fill in the blank spaces in the working below.

θ =   sin   –1

(
  __

1 _ 2   ⨉ 9 ⨉           
  
)

Skill

11 cm

9 cm

θ Area = 
30 cm2
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Q7. Find the unknown value in each of the triangles below, correct to two decimal places.

a)  b) 

Q8. Consider the triangle  ABC  with an area of 412 m2. In triangle  ABC , side  AB  has a length of 21 metres,  
and angle  BAC  has a magnitude of 40°.

What is the length of the side  AC , in metres, correct to the nearest centimetre?

Check your understanding

Q9. Find the value of  θ  in this triangle correct 
to one decimal place, given that the angle  θ  
is obtuse.

52 m

45 m

θ

Area =
1030 m2

Q10. A triangular section of the Yarra River with an 
area of 13 250 m2 has been fenced off to allow 
for a waterskiing showcase at Melbourne’s 
annual Moomba Festival.

What was the total length of fence used, 
correct to one decimal place?

Skill

14 cm
15.5 cm

θ

Area =
95 cm2

67˚
14 m

x m

Area =
148 m2

Skill

Skill

200 m
38˚

160 m

Application

Joining it all together

Q11. In which of the triangles below is the value of  𝑥 the greatest?

a.  B. 

C. 

Skill
1 mark

5 cm

x cm

103˚

Area =
22 cm2

14 cm

x cm

68˚

Area =
58 cm2

17 cm

x cm53˚

Area =
61 cm2
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Q12. Elias is working on his garden and wants to line 
the front edge of his garden with pot plants.  
He took some measurements and drew a rough 
map of his garden design (not to scale),  
as shown.

Elias knows that the garden has a total area of 
25 m2. Each pot plant has a diameter of 45 cm.

What is the maximum number of pot plants he 
can fit along the front edge of his garden?

Q13. A rectangular park contains two gravel paths; 
one running diagonally through it and another 
path branching off of it, that separate the grass 
into three triangles (labelled A, B, and C ).

The area of triangle A is 1206.4 m2.

a) What is the area of triangle B, correct to the
nearest square metre?

b) What is the area of triangle C, correct to the
nearest square metre?

Q14. Andrej is re-tiling his bathroom floor and chose 
to use square tiles with a geometric pattern. 
One of the tiles is shown here.

Show that the percentage of the tile that is 
purple is 47.6%, correct to one decimal place.

Application
2 marks

5 m

47˚

Application
2 marks

45 m 40 m

30 m
50˚

B

C

A

Application
2 marks

9.5 cm

11 cm

66˚

70˚
14.5 cm

6 cm 7 cm

Questions from multiple lessons

Q15. Consider the following triangle.

The angle θ could be found using

a.  cos ( θ)  =   8 _11 

B.  cos ( θ)  =   8 _14 

C. cos (θ)  =   8
2  + 1 4   2  − 1 1   2___________________
2 × 8 × 14 

d. cos (θ)  =   8
2  + 1 4   2  + 1 1   2___________________
2 × 8 × 14 

e. cos (θ)  =   8
2  − 1 4   2  + 1 1   2___________________
2 × 8 × 11 

VCAA 2015 Exam 1 Module 2: Geometry and trigonometry Q3 – Adapted

Difficulty:

1 mark

8 m
11 m

14 m

θ
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Q16. The scatterplot below displays the  length  and  width  of a number of different picture frames.  
A least squares regression line has been fitted to the data, as shown.

W
id

th
 (c

m
)

Length (cm)
20 40 60 80 100 120

20

40

60

80

The equation of the line is closest to

a.  length = 1.25 + 0.69 × width

B.  width = 1.25 + 0.85 × length

C.  width = 1.25 + 0.69 × length

d.  length = 1.25 + 0.85 × width

e.  width = −1.25 + 0.69 × length
VCAA 2017NH Exam 1 Data analysis Q10 – Adapted

Q17. During footy training, Grundy kicks the ball 24 m on a bearing of 048° from  G  to Steele at  S , who then 
kicks it 28 m on a bearing of 128° to Pendles at  P.

The path of the football is shown in the diagram below.

128°

24 m
28 m

48°

S

G P

North

a) Pendles then kicks the ball back to Grundy. Use the cosine rule to find the distance of Pendles’ kick.
Round your answer to the nearest metre. (2 marks)

b) What is the bearing of Pendles from Grundy? Round your answer to the nearest degree. (1 mark)

VCAA 2016 Exam 2 Module 3: Geometry and measurement Q4 a,b – Adapted 

Difficulty:

1 mark

Difficulty:

3 marks
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CHAPTER

9
Linear graphs and models

AOS 5: Graphs of linear and non-linear relations



A linear graph is any graph of the form  𝑦 = m𝑥 + c . The variables are often represented by  𝑥 and  𝑦, 
but other letters can also be used. Knowing two points on the line, or one point and the gradient, 
is enough to calculate the equation of the line.

Example

The line  𝑦 = 2𝑥 + 1  is a linear graph.

Plotting a linear graph allows us to understand the relationship between two variables. There are 
three commonly used ways to plot linear graphs: using a table, using the intercepts and using a 
calculator. Horizontal and vertical lines are also types of linear graphs. These graphs will be of the 
form  𝑦 = c  or  𝑥 = d , respectively.

1. Plotting a line by creating a table of values

A table of values contains a row of  𝑥 values, with the corresponding  𝑦 values below them. 
Filling out a table of values makes it easy to plot a linear graph. Each pair of values represents a 
point on the line.

note: After plotting, each point is written in brackets, with the  𝑥 value first. If  𝑦 = 5  when 
 𝑥 = 2, this is written as    (  2, 5 ).

worked examPle 1 (2 marks)

Plot  𝑦 = 2𝑥 + 1  by creating a table of values for 𝑥 = –1, 0, 1, 2 and 3 .

SolUTIoN

Step 1 Set up a table of values for  𝑥 and  𝑦 over the
appropriate values. Write the 𝑥 values into 
the table.

𝒙 –1 0 1 2 3

𝒚

Step 2 Substitute the  𝑥 values into the equation.

Here we substitute  𝑥 = –1, 0, 1, 2 and  3 into
𝑦 = 2𝑥 + 1 .

Let  𝑥 = –1

  𝑦 = 2(–1)   + 1  

 𝑦 = –2 + 1

 𝑦 = –1

Repeat for the remaining  𝑥 values.

Step 3 Enter the  𝑦 values into the table.

𝒙 –1 0 1 2 3

𝒚 –1 1 3 5 7

✓ 1 mark for completing the table of values

Step 4 Draw and label a set of  𝑥 and  𝑦 axes. Ensure all
values in the table are covered.

–10 –5 0 5 10
x

–10

–5

5

10

y

LESSON 9A

Linear graphing review
The key skills you will learn in this lesson are:

1. Plotting a line by creating a table of values

2. Plotting a line using 𝑥 and 𝑦-intercepts

3. Plotting a line using a calculator

4. Plotting horizontal and vertical lines

VCAA key knowledge point:

“review of linear functions and graphs”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Step 5 Plot each pair of values from the table as a dot.

The set of points here is (–1, –1), (0, 1), (1, 3), 
(2, 5), and (3, 7).

–10 –5 0 5 10

(3, 7)
(2, 5)

(1, 3)
(0 ,1)

(–1, –1)
x

–10

–5

5

10

y

Step 6 Connect the dots into a straight line.

Label the line  𝑦 = 2𝑥 + 1 .

–10 –5 0 5 10

(3, 7)
(2, 5)

(1, 3)
(0, 1)

(–1, –1)

y = 2x + 1

x

–10

–5

5

10

y

✓ 1 mark for drawing the line

2. Plotting a line using  𝒙 and 𝒚-intercepts

The  𝑥-intercept of a line is the point where the line crosses the  𝑥-axis. As 𝑦 = 0 for every point
along the  𝑥-axis, the  𝑥-intercept takes the form ( 𝑥 , 0).

The  𝑦-intercept is the point where the line crosses the  𝑦-axis, and takes the form (0, 𝑦 ).

Linear graphs can be drawn by finding the  𝑥 and  𝑦-intercepts, drawing a line connecting them,
and then extending that line.

worked examPle 2 (2 marks)

Plot  𝑦 = 2𝑥 + 1  by finding its 𝑥 and 𝑦 -intercepts.

SolUTIoN

Step 1 Find the  𝑥-intercept by finding the  𝑥 value when
𝑦 = 0.

Substitute  𝑦 = 0 into  𝑦 = 2𝑥 + 1 and find 𝑥  by 
rearranging or using the solve function on your 
CAS. Here we rearrange.

 𝑦 = 2𝑥 + 1 . Let 𝑦 = 0.

 0 =   2𝑥 + 1

 2𝑥 = –1

 𝑥 = – 1 _
2

The  𝑥-intercept is  – 1 _ 2
Step 2 Find the 𝑦-intercept by finding the  𝑦 value when

𝑥 = 0.

Substitute  𝑥 = 0 into  𝑦 = 2𝑥 + 1.

 𝑦 = 2𝑥 + 1 . Let 𝑥 = 0.

𝑦 = 2(0)   + 1  

 𝑦 = 0 + 1

 𝑦 = 1

The  𝑦-intercept is 1.
✓ 1 mark for finding the 𝑥 and 𝑦-intercepts

Step 3 Draw a set of  𝑥 and  𝑦 axes, and plot the 𝑥 and 
 𝑦-intercepts on the axes with dots.

–4 –2 0 2 4
x

–4

–2

2

4

y

  (0, 1)–—, 01
2

Step 4 Connect the two dots with a straight line and 
extend that line outwards.

Label the line  𝑦 = 2𝑥 + 1 .

–4 –2 0 2 4
x

–4

–2

2

4

y

  (0, 1)

y = 2x + 1

–—, 01
2

✓ 1 mark for drawing the line

9A LineAr grAphing reView 383

© Edrolo 2020



3. Plotting a line using a calculator

It is easy to plot a linear equation of the form  𝑦 = m𝑥 + c  on a calculator. Linear equations not in 
this form, such as  3𝑥 − 𝑦 = 7, need to be rearranged into the form  𝑦 = m𝑥 + c  before they can 
be plotted on a calculator.

worked examPle 3 (1 mark)

Use your calculator to plot  𝑦 = 2𝑥 + 1 .

SolUTIoN: TI–NSPIre

Step 1 Open a new page by pressing  +  and 
press 2 (‘Add Graphs’).

Step 2 On the first line, type ‘ 2𝑥 + 1’ and press . 
The graph will appear.

SolUTIoN: CaSIo ClaSSPad

Step 1 Select .

Step 2 On the first line, type ‘ 2𝑥  + 1’ and tick the box
next to the equation.

Step 3 Tap  to plot the graph.

4. Plotting horizontal and vertical lines

Horizontal lines share the same  𝑦 value at every point, so they are written as only a function of  𝑦.

Vertical lines share the same  𝑥 value at every point, so they are written as only a function of  𝑥.

Example

 𝑦 = 2,  𝑦 =  –5, and 𝑦 = 13  are three examples of horizontal lines.

 𝑥 = 3,  𝑥 = –10, and 𝑥 = 8  are three examples of vertical lines.

worked examPle 4 (2 marks)

Plot the following lines.

a)  𝑦 = 2 b)  𝑥 = –4
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SolUTIoN

a)  𝑦 = 2

Step 1 Mark the  𝑦-intercept.

The  𝑦-intercept is 2, so mark that on a graph.

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4

y

Step 2 Draw the rest of the line extending out 
horizontally from the  𝑦-intercept.

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4

y

b)  𝑥 = –4

Step 1 Mark the  𝑥-intercept.

The  𝑥-intercept is –4, so mark that on a graph.

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4

y

Step 2 Draw the rest of the line extending out vertically 
from the  𝑥-intercept.

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4

y

Questions 9a Linear graphing review

Refresher question

Q1. Which of the following graphs is linear?

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4

y

A

B

C

D
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1. Plotting a line by creating a table of values

Q2. The line  𝑦 = 3 + 2𝑥 is plotted here. 
The four points drawn on the graph are 
given by the coordinates (0, ?), (3, ?),  
(?, 11), and (?, 13).

Find the missing coordinates and write  
the points completely.

–10 –5 0 5 10
x

–5

5

10

15
y

Q3. a) Create a table of values for the line  𝑦 = 5𝑥 for the values 𝑥 = 0, 1, 2, 3, 4.

b) Create a table of values for the line  𝑦 = 2𝑥 + 5  for the values 𝑥 = 0, 1, 2, 3, 4.

Q4. Plot the line  𝑦 = 1 – 3𝑥 by first creating a table of values with 𝑥 = 0, 1, 2, 3, 4.

Q5. Plot the line  𝑦 = –0.5𝑥 + 1  by finding the values of 𝑦 when 𝑥 = 0, 1.

Check your understanding

Q6. Create a table of values for the equation  3𝑥 + 1 = 𝑦 over the values 𝑥 = –1, 0, 1, 2.

Q7. Plot the line  10 – 5𝑥 = 𝑦 by first creating a table of values for 𝑥 = 0, 1, 2.

Skill

Skill

Skill

Skill

Skill

Skill

2. Plotting a line using 𝒙 and 𝒚-intercepts

Q8. What are the  𝑥  and  𝑦-intercepts of the line
shown on this graph?

–10 –5 0 5
x

–5

5

10

y

Q9. Plot  𝑦 = 6 – 4𝑥 by connecting the 𝑥 -intercept, (1.5, 0), to the 𝑦-intercept, (0, 6).

Q10. a) Plot the line  𝑦 = 7 + 𝑥 by finding its 𝑥 and 𝑦 -intercepts.

b) Plot the line  𝑦 =   1 __ 3   𝑥 + 2 by finding its  𝑥 and 𝑦 -intercepts.

c) Plot the line  𝑦 = 7 –   1 __ 2   𝑥 by finding its  𝑥 and 𝑦 -intercepts.

Skill

Skill

Skill
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Check your understanding

Q11. Plot the line  6𝑥 – 7 = 𝑦, and mark its 𝑥 and 𝑦 -intercepts.
Skill

3. Plotting a line using a calculator

Q12. Use a calculator to plot the following lines.

a)  𝑦 = 7𝑥 + 2 

b)  𝑦 = −20𝑥 + 2

Check your understanding

Q13. Rearrange the following equations into the form  𝑦 = m𝑥 + c , and use a calculator to plot them.

a)  −5𝑥 + 7𝑦 = 2 

b)  2𝑦 – 30𝑥 = 9 

Skill

Skill

4. Plotting horizontal and vertical lines

Q14. Use the  𝑥-intercept of the following  
vertical line to plot the graph  𝑥 = 3.

–6 –5 –4 –3 –2 –1 0 1 2 3

(3, 0)

4 5 6
x

–4

–3

–2

–1

1

2

3

4

y

Q15. Plot the following lines.

a)  𝑦 = 1   b)  𝑥 = 5   c)  𝑦 = –3

Check your understanding

Q16. State which one of the following lines:

i has an  𝑥-intercept, and which has a  𝑦-intercept.

ii is vertical, and which is horizontal.

 𝑦 = 23   𝑥 = –38

Skill

Skill

Skill

Joining it all together

Q17. Plot the line  𝑦 –   1 __ 3  𝑥 = 1 by generating a table of values for  𝑥 = –2, –1, 0, 1 .

Q18. Use a calculator to plot the line  3𝑥 – 𝑦 = 1 , and label the 𝑥 and 𝑦 -intercepts.

Skill
2 marks

Skill
2 marks
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Q19. Alison is comparing ski slopes around her town. She has written the following equations to represent 
the slopes at two ski resorts, where  h  is the height of the slope in metres and  d  is the horizontal 
distance in metres along the slope.

Sunrise Ridge:  h = 1125 –   9 __ 4 d

Cumulus Peak:  h = 760 –   4 __ 3 d

a) Use a table of values for  d = 0, 100, 200  to plot the slope at Sunrise Ridge. Put  h  on the 𝑦-axis  
and  d  on the  𝑥-axis. Scale the  d -axis from 0 to 600.

b) Use the method of intercepts to plot the slope at Cumulus Peak on the same graph.

c) Which slope is the highest?

d) Which slope is steepest?

e) Which slope covers the most ground horizontally?

Application
5 marks

VCaa question

Q20. A line passes through the points (–1, 1) and (3, 5). Another point that lies on this line is

a. (0, 1)

B. (1, 3)

C. (2, 6)

d. (3, 4)

e. (4, 7)
VCAA 2014 Exam 1, Module 3: Graphs and relations. Q4

1 mark

Questions from multiple lessons

Q21. A straight line has an  𝑥-intercept at  𝑥 = 8 and a 𝑦 -intercept at 𝑦 = 6 . 

Plot the line.

a. 

(−6, 0)

(0, −8)

𝑦𝑦

𝑥𝑥

B. C. 

d. e. 

VCAA 2018 Exam 1 Module 4: Graphs and relations Q1 – Adapted 

Difficulty:

Year 10
1 mark

𝑦𝑦

𝑥𝑥
(8, 0)

(0, 6)
(−8, 0)

(0, −6)

𝑦𝑦

𝑥𝑥

𝑦𝑦

𝑥𝑥(6, 0)

(0, 8)

(6, 0)

(0, −8)

𝑦𝑦

𝑥𝑥
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Q22. The number of minutes spent driving to work on a particular day was recorded for a group of 25 people. 
The results are shown in the following stem plot.

1 5 6 7 7
2 2 5 6
3 2 7 8 8
4 1 1 2 6 9
5 0 1 3 7 8
6 2 4 5 7

Key: 1 | 1 = 11 minutes

The percentage of these people that spent less than 50 minutes driving to work is

a. 16%

B. 32%

C. 34%

d. 64%

e. 66%
VCAA 2018NH Exam 1 Data analysis Q2 – Adapted

Q23. A phone company is keeping records on the cost of manufacturing and selling phone cases.

The cost, in dollars, of producing a certain  number of cases  can be found using the equation

 cost = 200 + 1.25 × number of cases 

a) How many cases are produced if the cost is $325? (1 mark)

b) Copy the following set of axes and sketch the relationship between  cost  and the  
 number of cases  produced. (1 mark)

Co
st

 ($
)

Number of cases
20 40 60 80 100 120 140

100

200

300

400

VCAA 2016 Exam 2 Module 4: Graphs and relations Q2 a,b – Adapted 

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
2 marks
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1. Gradient of a line

The gradient (sometimes called the ‘slope’) of a line 
represents its steepness, and is equal to the change in  𝑦 
for every one unit increase in 𝑥.

It is commonly expressed as ‘rise over run’. For two 
points ( 𝑥1   𝑦1) and (𝑥2   𝑦2)   , the vertical change, known 
as the change in  𝑦 or the ‘rise’, is equal to   𝑦2   −  𝑦1 . The
horizontal change, known as the change in  𝑥 or the ‘run’,
is equal to   𝑥 2   −  𝑥 1.

Gradient  =   Rise _____ Run   =   
Change in 𝑦
 ___________ Change in 𝑥   =   

𝑦 2   −  𝑦 1  _______ 𝑥2   −  𝑥 1

Example

The graph to the right has a gradient of    4 __ 5 . 1−1 2 3 4 5

1

2

3

4

5

run = 5

rise = 4 units

 (0, 0) 

 (5, 4)

A

B

𝑦𝑦

𝑥𝑥

Types of gradients

Positive gradient

–2 –1 1 2 3 4 5 6 7 8
x

–2
–1

1
2
3
4
5
6
7
8

y

Steep positive gradient

–2 –1 1 2 3 4 5 6 7 8
x

–2
–1

1
2
3
4
5
6
7
8

y

Negative gradient

–2 –1 1 2 3 4 5 6 7 8
x

–2
–1

1
2
3
4
5
6
7
8

y

Steep negative gradient

–2 –1 1 2 3 4 5 6 7 8
x

–2
–1

1
2
3
4
5
6
7
8

y

LESSON 9B

Linear equation review
The key skills you will learn in this lesson are:

1. Gradient of a line

2. Equation of a line

3. Finding the equation of a line

4. Finding the equation of a line using CAS

VCAA key knowledge point:

“the concept of a linear model and 
its specification”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Zero gradient

–2 –1 1 2 3 4 5 6 7 8
x

–2
–1

1
2
3
4
5
6
7
8

y

Undefined gradient

–2 –1 1 2 3 4 5 6 7 8
x

–2
–1

1
2
3
4
5
6
7
8

y

worked example 5 (1 mark)

Find the slope of the line that goes through the points (1, 2) and (5, 7).

Method 1: Using the gradient formula

Step 1 State   𝑥 1 𝑥2 𝑦1    and   𝑦 2.

We’ll choose (1, 2) to be    (𝑥1  𝑦1)    and (5, 7) to be    (𝑥2  𝑦2).

So   𝑥 1   = 1 ,   𝑦 1   = 2 ,   𝑥 2   = 5  and   𝑦 2   = 7 .

Step 2 Substitute these values into the gradient formula.

Gradient   =   
 𝑦2 −  𝑦1 _______ 𝑥2 − 𝑥1

 

Gradient   =   7 − 2______
5 − 1 

Gradient   =   5 __ 4 

Method 2: Drawing the points

Step 1 Draw a set of axes, plot the points on the graph and find the ‘rise’ and the ‘run’.

0 1 2 3 4 5 6 7 8 9 10
x

1

2

3

4

5

6

7

8
y

‘run’ = 4

‘ri
se

’ =
 5

(1, 2)

(5, 7)

Step 2 Write the gradient using ‘rise over run’.

Gradient    =   Rise _____ Run   =   5 _ 4 

Step 3 Check whether the gradient is positive or negative. Here the gradient is positive, so:

Gradient    =   5 __ 4 
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2. equation of a line

The standard equation of a line is

 𝑦 = m𝑥 + c 

In this form,  m  is the gradient of the line, and  c  is the  𝑦-intercept.

The equation of a line can be quickly written if the gradient and  𝑦-intercept of the line are known.

Conversely, if the equation of a line is known, the gradient and  𝑦-intercept can be quickly found.

x

y

Gradient  y-intercept

Gradient = m 

y = mx + c

 

(0, c)

worked example 6 (1 mark)

Determine the  𝑦-intercept and gradient for the straight line  𝑦 = −6 + 9𝑥.

Step 1 Rearrange the equation to the standard form  𝑦 = m𝑥 + c.

 𝑦 = 9𝑥 − 6 

Step 2 Identify the gradient.

Since  m = 9 , the gradient is 9.

Step 3 Identify the  𝑦-intercept.

Since  c = −6 , the  𝑦-intercept is −6.

3. Finding the equation of a line

When the  𝑦-intercept and gradient of a line are unknown, the line’s equation can still be
determined if either:
	● one point on the line and the gradient are known

or
	● any two points on the line are known.

This can be done using the formula:

𝑦 −  𝑦 1 = m (𝑥 −  𝑥 1)   

In this equation,  m  is the gradient of the line, and   𝑥 1    and   𝑦 1    are the values from a point on the 
line (𝑥1  𝑦1).

The variables  𝑥 and  𝑦 represent the variables in the final equation, and are therefore not
substituted with other values.
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worked example 7 (2 marks)

Find the equation of each of the following lines.

a)  b) 

SolUTIoN

a) 

Step 1 Write the formula   𝑦 −  𝑦 1 = m (𝑥 −  𝑥 1)    . Check if   𝑥 1 𝑦1   , and  m  are known.

We know the point (2, 3) is on the line, and the gradient is 2.

So   𝑥 1   = 2 ,   𝑦 1   = 3 , and  m = 2 .

Step 2 Substitute these numbers in and solve for  𝑦.

  𝑦 −  𝑦 1 = m (𝑥 −  𝑥 1)   

  𝑦 − 3 = 2(  𝑥 − 2)
 𝑦 − 3 = 2𝑥 − 4 

 𝑦 = 2𝑥 − 1 

b) 

Step 1 Write the formula   𝑦 −  𝑦 1 = m (𝑥 −  𝑥 1)   . Check if   𝑥 1 𝑦1   , and  m  are known.

We know the point (2, 4) is on the line, but we don’t know the gradient.

Use the formula  m =   
𝑦 2   −  𝑦 1  _______ 𝑥2   −  𝑥 1

    to find the gradient.

Step 2 Find the gradient.

𝑥1 = 2  𝑦1 = 4  𝑥2   = 5    and     𝑦 2 = 5 _ 2   = 2.5 .

 m =   
𝑦 2   −  𝑦 1_______
𝑥2   −  𝑥 1

 m =   2.5 − 4 _ 5 − 2 

 m =   −1.5_
3 

 m = −  1 __ 2 

Step 3 Substitute the gradient and one point into the formula.

  𝑦 −  𝑦 1 = m (𝑥 −  𝑥 1)   

𝑦 − 4 = − 1 __ 2
(𝑥 − 2)

 𝑦 − 4 = − 1 __ 2  𝑥 + 1

 𝑦 = − 1 __ 2  𝑥 + 5

x

y

–2 –1 1 2 3 4 5 6 7 8

–2
–1

1
2
3
4
5
6
7
8

m = 2

(2, 3)

x

y

–2 –1 1 2 3 4 5 6 7 8

–2
–1

1
2
3
4
5
6
7
8

(2, 4)
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4. Finding the equation of a line using CaS

worked example 8 (1 mark)

Find the equation of the line that passes through (5, 2) and (8, 10) using values rounded to two decimal places.

SolUTIoN: TI-NSpIre

Step 1 Press ‘Home’, then ‘List & Spreadsheets’.

Label list A as ‘𝑥’ and list B as ‘𝑦’. Enter the data.

Step 2 Type ‘5’ into cell A1 and ‘2’ into cell B 1, 
then type ‘8’ into cell A2 and ‘10’ into cell B 2.

Step 3 Press , select ‘4: Statistics’, then ‘1: Stat 
Calculations’, and click on ‘3: Linear Regression 
(mx+b)’.

Step 4 Under ‘X List’, select ‘x, and under ‘Y List’ select 
‘y. Press .

Step 5 The gradient is given by  m  and the  𝑦-intercept is
given by  b.

 m = 2.67 and  b = −11.33 

Step 6 Write the equation.

 𝑦 = 2.67𝑥 − 11.33

SolUTIoN: CaSIo ClaSSpad

Step 1 Select  from the home screen, 
and rename two of the lists ‘𝑥’ and ‘𝑦’.

Step 2 Tap the ‘Calc’ menu, then select ‘Regression’ and 
‘Linear Reg’.

Step 3 Under ‘XList’ choose ‘main\x’ and under ‘YList’ 
choose ‘main\y’. 

Push ‘OK’. The results will appear.

Step 4 The gradient is given by  a  and the  𝑦-intercept is
given by  b.

 a =  2.67 and  b = −11.33 

Step 5 Write the equation.

 𝑦 = 2.67𝑥 − 11.33
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Refresher question

Q1. Which one of these graphs does not  
represent a linear equation?

–6 –5 –4 –3 –2 –1 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4

y

A

B

C

D

Questions 9B Linear equation review

1. Gradient of a line

Q2. Tamara is trying to calculate the gradient 
of the following line. 

Finish the last line of working for her.

m =    
 y  

2
   −  y  

1
 

________
 x  2   −  x  1  

  

m =    3 − 2_6 − 3 

m =

–6 –5 –4 –3 –2 –1 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4
y

 

 

(3, 2)

(6, 3)

Q3. Calculate the gradients of the following lines.

a)  b) 

c) 

Skill

Skill

x

y

–2 –1 1 2 3 4 5 6 7 8 9 10

–2
–1

1
2
3
4
5
6
7
8
9

10

 (2, 7)

(−1, 1)
(−2, 5)

(4, 2)

–2 –1 1 2 3 4 5 6 7 8 9 10
x

–2
–1

1
2
3
4
5
6
7
8
9

10
y

–4 –3 –2 –1 1 2 3 4 5 6 7
x

–5

–4
–3
–2

–1

1

2
3
4

5

y

(6, 1)

(−3, −2)
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Check your understanding

Q4. A line goes through    (  −1, 3 ) and (  3, 19  ). What is the gradient of this line?

Q5. Which of the following lines has a 
positive gradient?

Skill

Skill

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4

y

A

B

C

D

2. equation of a line

Q6. All of the graphs below have their 
 𝑦-intercepts shown. Which one has a 
 𝑦-intercept of 1?

–5 –4 –3 –2 –1 1 2 3 4 5
x

–5

–4
–3
–2

–1

1

2
3
4

5

y
A

B
C

D

y-intercept
(0, 1)

y-intercept
x-intercept

(0, 0)

y-intercept
(0, 2)

y-intercept
(0, −1)

Q7. Write equations for the following lines.

a)  b) 

c) 

Skill

Skill

x

y

–2 –1 1 2 3 4 5 6 7 8

–2
–1

1
2
3
4
5
6
7
8

m = 2

y-intercept
(0, 3)

x

y

–2 –1 1 2 3 4 5 6 7 8

–2
–1

1
2
3
4
5
6
7
8

y-intercept
(0, 1)

x

y

–2 –1 1 2 3 4 5 6 7 8

–2
–1

1
2
3
4
5
6
7
8

y-intercept
(0, −1)
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Check your understanding

Q8. Which of the following lines has the equation  𝑦 =   4 _ 3  𝑥 + 2?

a.  B.

C.  d.

Q9. B ilal is baking a cake. The height of the cake in centimetres,  𝑦,  𝑥 minutes after  
entering the oven is given by the line  𝑦 = 0.5𝑥 + 6 .

What does the  𝑦-intercept represent here?

Skill

y-intercept
(0, 2)

–5 –4 –3 –2 –1 1 2 3 4 5
x
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–4
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–2
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1

2
3
4
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y

–5 –4 –3 –2 –1 1 2 3 4 5
x
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5

y

y-intercept
(0, −2)
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Application

3. Finding the equation of a line

Q10. Charlie is calculating the equation of the line below. Finish the working out for them.

One point:   (3, 13 _ 2   )  =  (3, 6.5)

Gradient:    3 _ 2    = 1.5

y −   y  1    = m(x −   x  1  )

y − 6.5 = 1.5(x −3)

y − 6.5 = 1.5x − 4.5

y = 1.5x − 4.5 + 6.5

y =
x

y

Skill
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Q11. Find the equations of the following lines.

a)  b) 

Q12. Find the equations of the following lines.

a) b) 

Check your understanding

Q13. An old bucket filled with rainwater cracked and began leaking. The amount of water in the bucket 
in litres,  W , with time in minutes,  t , is given by  W = 16 − 2t.

a) Five minutes later after the bucket cracked, how much water was in the bucket?

b) How much water was in the bucket when it cracked?

Q14. Find the equation of the following line.

x

y

(1, −1)

Skill

x

y

(2, 5)

x

y

(3, 1)

m = −2

Skill

x

y

(3, 4)

(6, 7)

x

y

(−2, 4)

(4, 1)

Application

Skill

4. Finding the equation of a line using CaS

Q15. Determine the equation of the following lines using a calculator.

a) A line that goes through the points    (  1, 5 ) and (  4, 11 ).

b) A line that goes through the points    (  3, −2 ) and (  7, −5 ).

Skill
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Q16. Determine the equation of the following lines using a calculator.

a) A line with a  𝑦-intercept of    9 __ 2    that goes through the point    (  3, −1.5 ).

b) A line that passes through the point    (  −2, −3.5 )     and has an  𝑥-intercept of 12.

Skill

Joining it all together

Q17. For which of the following lines is it possible to determine an equation?

note: There may be more than one answer.

a. 

B. A line that has a  𝑦-intercept of 2 and a
gradient of 10.

C. 

d. A line that goes through the point    (  5.5, 5.5 ).

e. A line with gradient    1 __ 6    and an  𝑥-intercept of    1 __ 5
F. A line that goes through the point    (  12, 10 ) and

the origin.

Q18. Jim lives near a lake and is sick of the ducks leaving their droppings all over his lawn. 

He is looking at some quotes to build a fence to keep the ducks out. Company quotes 
consist of a fixed materials fee, plus an hourly labour fee. 

Use  C  to represent the cost in dollars to build the fence if it takes  h  hours to build.

a) The quote from The Low Expense Fence
Company is plotted here.

Their hourly rate is $80.

What is the equation of this line?

Skill
1 mark

y

x

(1, −2)

y

x

Application
6 marks
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b) The quote from Your Mate’s Gates says materials will cost $800, and their hourly rate is $50.

Plot the quote on the graph.

c) Jim expects the job will take 11 hours. Which company will provide the cheapest price?

After constructing the fence, Jim remembers ducks can fly. Use the following
cartoon to answer the rest of this question.

This is 
the life…

The Low Expense Fence Company

(8,1120)

(3,670)

!

d) The paper in Jim’s hand is another quote from the Low Expense Fence Company,
and details the cost to install netting to keep the ducks out. Use the only two
points visible on the paper to find The Low Expense Fence Company’s hourly
rate for netting.

e) What is the fixed materials fee for the netting?

f) Jim thinks that installing the netting will take thirteen hours. What will be the
total cost?

VCaa question

Q19. A straight line is graphed to the right.

An equation for this line is:
a. 2𝑥 + 5𝑦 = 20
B. 10𝑥 + 4𝑦 = 20
C. 2𝑥 − 5𝑦 = 20
d. 5𝑥 + 2𝑦 = 20
e. 4𝑥 − 10𝑦 = 20
Adapted from VCAA 2015 Exam 1, Module 3: Graphs and relations. Q4 

1 mark 6

4

2

0 2 4 6 8 10 12
x

y
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Questions from multiple lessons

Q20. The equation of the line that passes through the points (3, 1) and (3, 8) is

a.  𝑥 = 3

B.  𝑦 = 8

C.  𝑦 = 8𝑥

d.  𝑦 = 3𝑥 + 1

e.  𝑦 = 8𝑥 + 3
VCAA 2017 Exam 1 Module 4: Graphs and relations Q1 – Adapted 

Q21. Which one of these sequences could not be generated from the following Fibonacci-related 
recurrence relation?

t0   = 1, tn = tn−2  + tn−1

a. 1, 3, 4, 7, 11...

B. 1, −2, −1, −3, −4...

C. 1, 5, 6, 11, 17...

d. 1, −1, 0, −1, 0...

e. 1, 2, 3, 5, 8...

Q22. The extension of a spring is the distance it is stretched by, in centimetres, when a force is applied. 
The following graph shows the relationship between  force , in Newtons (N) and  extension  (cm) for a 
linear spring.

Ex
te

ns
io

n 
(c

m
)

Force (N)
1000 2000 3000 4000

5

10

15

0

(2000, 8)

The relationship between  force  and  extension  is given by the equation  extension =   
force

 _ k
a) Show that  k = 250 . (1 mark)

b) Natalia stretched a spring by 20 cm.
Using the equation above, calculate the force applied, in Newtons, when she stretched
this spring. (1 mark)

VCAA 2018 Exam 2 Module 4: Graphs and relations Q2 a,b – Adapted 

Difficulty:

Year 10
1 mark

Difficulty:

1 mark

Difficulty:

Year 10
2 marks
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1. Constructing linear equations

Linear equations are often used to represent real life situations where there is a constant change 
over a period of time. The amount of water in a sink when filling it up, the fare of a taxi ride, and the 
amount of fuel left in a car tank can all be represented by linear equations.

A linear model can be written in the form:

 𝑦 = m𝑥 + c 

For linear models,  m , is the rate of change, and  c  is the initial value.

Examples of rates of change include 60 km/h, 12 litres per minute and $2 per day. The rate of 
change will be positive for an increase in value and negative for a decrease in value. If the rate of 
change is positive,  m  is positive, and if the rate of change is negative,  m  is negative.

Example

If a ski slope initially had 100 cm of snow, and 5 cm melts each day, the linear equation to describe 
the situation would be  S = −5n + 100  where  S  is the depth of snow in centimetres after  n  days. 
Notice that the rate of change, −5, is negative because  S  represents a decrease.

worked example 9 (1 mark)

Construct an equation to describe the amount of air in a balloon,  A  (cm³), after  t  seconds, given that the balloon 
initially had 200 cm³ of air and fills up at a rate of 50 cm³ per second.

SolUTIoN

Step 1 Find the initial amount of air in the balloon.

200 cm³

Step 2 Find the rate of change of the amount of air in the balloon.

The balloon fills up by 50 cm³ per second

Step 3 Represent the information in a linear equation.

The linear equation will be in the form  A = mt + c  where  c  is the initial value, and  m  is the rate of change.

 c = 200  and  m = 50 

 A = 50t + 200 

LESSON 9C

Constructing linear models
The key skills you will learn in this lesson are:

1. Constructing linear equations

2. Domain of linear models

VCAA key knowledge points:

“the concept of a linear model and 
its specification”

“the construction of a linear model to 
represent a practical situation including 
domain of application”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. domain of linear models

Sometimes linear models are only applicable over certain values. For example, for the equation 
S = 100 − 5n , which describes the depth of snow in centimetres after  n  days, the value of  n  
cannot be greater than 20, otherwise the depth of snow would be negative. Therefore  0 ≤ n ≤ 20 . 
This is known as the domain of the equation, and represents all the possible values of the 
independent variable.

In the equation  𝑦 = m𝑥 + c  the independent variable is  𝑥.

The domain of a graph can also be determined by looking at the spread of values on the 𝑥-axis.

Example

For this line the domain is  1 ≤ 𝑥 ≤ 6  because those are the values covered in the horizontal direction.

0
10 2 3 4 5 6

x

1

2

3

4

5

6
y

line

Domain: 1 ≤ x ≤ 6

worked example 10 (1 mark)

The balloon described in the previous worked example will burst if it has more than 5000 cm³ of air in it. Find the 
domain of the equation.

SolUTIoN

Step 1 Find when the balloon will have 5000 cm³ of air 
in it by substituting in  A = 5000 .

 5000 = 50t + 200 

 4800 = 50t 

 t = 96 

Step 2 Find the domain of the equation.

 t  must be greater than or equal to 0 as time 
cannot be negative, and less than or equal to 96 
as the balloon will burst.

The domain of the equation is  0 ≤ t ≤ 96 .

Questions 9C Constructing linear models

Refresher questions

Q1. What is the gradient of the line  𝑦 = −4𝑥 + 3?

Q2. Find the gradient of the line which passes through the coordinates (2, 7) and (6, −1).
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1. Constructing linear equations

Q3. The following graph shows the amount 
of fuel in the tank of a car after driving a 
certain distance. What was the amount  
of fuel left in the tank after 100 km had 
been driven?

0 100 200 300 400 500
Distance (km)

10

20

30

40

50

 Amount of fuel (L)

Q4. Construct an equation to describe:

a) The number of birds in a population,  B , after  n  years, given that there were initially 10 birds and the 
number of birds increases by 3 birds per year.

b) The height of a bamboo plant,  H  (m), after  t  days, given that the plant was initially 1.5 metres tall 
and grows at a rate of 0.6 metres per day.

c) The amount of water in a rainwater tank,  W  (L), after  t  minutes, given that the tank was initially 
empty and fills at a rate of 1.6 litres per minute.

Check your understanding

Q5. The following graph shows the tempera-
ture of an ice block cooling in the freezer,  
T  (°C), after  t  minutes. The ice block cools 
at a rate of  −0.06℃  per minute. Find the 
equation of the graph.
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Time (mins)

Q6. An inflatable swimming pool was filled with water at a constant rate. After two minutes the amount of 
water in the swimming pool was 200 L. After five minutes the amount of water in the swimming pool 
was 380 L. How many litres of water were in the swimming pool to begin with?

Skill

Skill

Skill

Skill
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2. domain of linear models

Q7. The following graph shows the amount 
of fuel in the tank of a car after driving a 
certain distance. What is the domain of  
the graph?
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Q8. Find the domain of the equations in question 4 given that:

a) The population of birds no longer increases when there are 28 birds.

b) The bamboo plant stops growing after it reaches a height of 20.1 metres.

c) The rainwater tank can hold a maximum of 4000 litres of water.

Check your understanding

Q9. A cup of coffee cools according to the equation  T = −1.5t + 80 , where  T  (°C) is the temperature of 
the coffee and  t  is the time in minutes. Find the domain of the equation, given that the temperature of 
the coffee does not change after it reaches 20°C, the temperature of the room.

Skill

Skill

Application

Joining it all together

Q10. The table below shows the amount of money,  M  ($), in a student’s bank account after  n  weeks.

 𝒏 1 2 3 4

 M 1200 1600 2000 2400

Find an equation to describe the amount of money in the student’s bank account.

Q11. The number of people on a tram,  T , after  n  stops is given by the equation  T = 30 − 4n.

a) How many people got off the tram in the first three stops?

b) After how many stops would there be less than eight people on the tram?

Q12. Dian is trying to find a mechanic to fix her car. Mechanic A charges a call-out fee of $70 and $55 for 
every hour of work, whereas Mechanic B  charges a call-out fee of $85 and $50 for every hour of work. 
If it will take four hours to fix her car, which mechanic would be cheaper to hire?

Application
1 mark

Application
2 marks

Application
2 marks
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Q13. A car hiring company charges an initial fee of $40 as well as a cost of $70 per day to hire a car for the 
first week. After the first week it costs $50 per day to hire the car.

a) Construct a linear equation describing the total cost,  C  ($), to hire the car for  n  days during the
first week.

b) How much would it cost to hire the car for one week?

c) Construct a linear equation describing the total cost,  C  ($), to hire the car for  m  days after the
first week.

d) How much would it cost to hire the car for 15 days?

Application
4 marks

VCaa question

Q14. In one month, an energy company charges a $30 service fee plus a supply charge of two cents per 
megajoule (MJ) of energy used.

The graph that best models this situation is:

a.  B. 

C.  d. 

e. 

VCAA 2013 Exam 1, Module 3: Graphs and relations. Q6

1 mark
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Questions from multiple lessons

Q15. A straight line is shown.

An equation for this line is

a.  𝑦 = 20𝑥 + 5 

B.  𝑦 = 5𝑥 − 20

C.  𝑦 = 4𝑥 − 20

d.  𝑥 = 20𝑦 + 5 

e.  𝑥 = 5𝑦 − 20
VCAA 2015 Exam 1 Module 3: Graphs and relations Q4 – Adapted 

Q16. An investigation was carried out to determine the association between the variables  length of a movie
(less than 1 hour, 1–2 hours, over 2 hours) and  popularity  (low, medium, high). These variables are 

a. both numerical variables.

B. both nominal variables.

C. both ordinal variables.

d. a numerical and ordinal variable respectively.

e. an ordinal and nominal variable respectively.
VCAA 2018NH Exam 1 Data analysis Q5 – Adapted

Q17. A company wants to sell tennis balls. 

Hopkins and Hoppers are two factories that produce tennis balls and have given the company two 
different offers that consist of a fixed amount and a charge per tennis ball made. 

The following graph shows the offer made by Hopkins.

Fe
e 

($
)

Number of tennis balls
100 200 300 400 500 600 700

50

100

150

200

0

a) Complete the following sentence. 
Hopkins charges a fixed amount of $_________ and a charge per tennis ball of $_________. (1 mark)

b) Hopkins and Hoppers both charge a fee of $100 for 400 tennis balls. 

Hoppers’ charge per tennis ball is $0.15. 

Draw a linear relation representing the fee charged by Hoppers for the number of tennis balls on 
the same graph as the linear relation that represents the fee charged by Hopkins. (1 mark)

VCAA 2019NH Exam 2 Module 4: Graphs and relations Q3 a,b – Adapted 

Difficulty:

1 mark
8642

x

y
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−20

−25

−0

Difficulty:

1 mark

Difficulty:

2 marks
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1. Drawing the line of best fit for a graph

Many real life relationships are approximately linear, and can be represented by a linear equation. 
A linear equation that shows the general trend of a data set is called a line of best fit. Lines of best 
fit are drawn so that approximately half the data points lie below the line, and half above.

Calculators can find the optimum line of best fit that best represents the data. However, when finding 
the line of best fit by eye, drawing the optimum line of best fit is very hard. In exams, marks are 
awarded for all lines of best fit that are approximately correct.

Example

The scatterplot below shows a line of best fit drawn for the data. The line follows the general trend 
of the data and approximately half the data points lie below the line, and half above.

2 4 6 108
x

2

4

6

8

y

workeD example 11 (1 mark)

Draw a line of best fit for the following scatterplot.
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10
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y

LESSON 9D

Fitting linear models by eye
The key skills you will learn in this lesson are:

1. Drawing the line of best fit for a graph

2. Finding the equation of the line of best fit for a graph

VCAA key knowledge point:

“fitting a linear model to data by using the 
equation of a line fitted by eye”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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SolUTIoN

Step 1 Determine the general trend in the data.

As the 𝑥-values increase, the 𝑦-values increase, so the line of best fit must have a positive gradient.

Step 2 Use a ruler to draw a line of best fit so that 
approximately half the data points lie below the 
line, and half above.

note: As stated above, although calculators 
can show us the most accurate line of best fit, 
lines of best fit drawn by hand are expected 
to vary slightly. Any answers similar to this 
one will be given full marks in an exam.
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12

y

2. Finding the equation of the line of best fit for a graph

The equation of the line of best fit for a graph can be found by calculating the gradient and 
𝑦-intercept of the line, using two points that lie on the line.

The gradient can be found by:

 m =   
𝑦2 −  𝑦 1 _________ 𝑥2 −  𝑥 1

   

The 𝑦-intercept can be found by substituting one point into the equation:

 𝑦 = m𝑥 + c 

and finding the value of c.

workeD example 12 (2 marks)

Find the equation of the line of best fit below, using the points labelled A and B .
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SolUTIoN

Step 1 Find the coordinates of point A.

(12, 5.5)

Step 2 Find the coordinates of point B .

(25, 9)

Step 3 Find the gradient of the line.

 m = 
𝑦2 −  𝑦 1 _________ 𝑥2 −  𝑥 1

 =  9 − 5.5 ________ 25 − 12  =  3.5 ____ 13  =   7 ____
26 

✓ 1 mark for finding the gradient of the line
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Step 4 Find the 𝑦-intercept of the line.

Substitute the point (25, 9) into the equation 
𝑦 = m𝑥 + c.

 9 =    7 _ 26   × 25 + c

 9 =   175 _____ 26    + c

 c = 9 −   175_____
26 

 c =   59____
26 

Step 5 Substitute the values of  m  and  c  into 
the equation.

 𝑦 =    7 _ 26  𝑥 +   59_
26 

The equation of the line of best fit is 
 𝑦 =    7 _ 26  𝑥 +   59 _ 26 .

✓ 1 mark for finding the equation

Refresher question

Q1. What is the gradient of the line which passes through the points (2, 7) and (−4, 12)?

Questions 9D Fitting linear models by eye

1. Drawing the line of best fit for a graph

Q2. Which of the following is the most appropriate line of best fit?

a.  B. 

C. D. 

Skill
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Q3. Draw a line of best fit for each of the following scatterplots.

a)  c) 

b) 

Check your understanding

Q4. Two students are asked to draw a line of 
best fit for the data below. Michael draws 
the line through the coordinates (0, 80) 
and (50, 20), whereas Holly draws the line 
through the coordinates (10, 60) and  
(40, 20). Who drew the more appropriate 
line of best fit?
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Skill
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Application

2. Finding the equation of the line of best fit for a graph

Q5. Find the equation of the following line, 
using the two labelled points.
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x
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y

(2, 1)

(6, 9)
Skill
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Q6. Find the equations of the lines of best fit below, using the points labelled A and B .

a)  c)

b) 

Check your understanding

Q7. The speed,  S  (km/hr), of a car after  t  seconds has the line of best fit  S = 6.2t + 7 . Which of the 
following coordinates could not have been used to find the line of best fit?

a. (2, 19.4) and (0.5, 10.1) B. (0.7, 11.34) and (3.9, 31.18)

C. (8.5, 59.7) and (2.1, 20.02) D. (3.3, 20.46) and (6.3, 39.06)

Q8. Which of the following equations is the 
most appropriate line of best fit for the 
following scatterplot?

a.  𝑦 = 2𝑥

B.  𝑦 = 2 + 1.1𝑥

C.  𝑦 = 2 + 1.6𝑥

D.  𝑦 = 5 − 0.6𝑥

Skill
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Application

Skill
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Joining it all together

Q9. The table below shows the height and weight of one particular child during their first six years of life.

Height (cm) 50 77 87 95 102 108 116

Weight (kg) 4 9 13 15 17 19 22

a) Draw a scatterplot representing the data, with height on the 𝑥-axis, and weight on the 𝑦-axis.

b) If the line of best fit passes through the points (50, 3) and (90, 14), draw the line of best fit on 
the scatterplot, and calculate the equation of the line, using  h  as height and  w  as weight.

c) Using the line of best fit, find how much the child weighed when they were 100 cm tall. Round your 
answer to the nearest gram.

d) Using the line of best fit, find how tall the child was when they weighed 30 kg. Round your answer to 
the nearest millimetre.

Q10. Charlie makes a mistake while working out the equation of the line of best fit for some data. Charlie 
chooses two points on the line, however he mistakenly uses the coordinate (3, 7) instead of (3, 9).  
He works out the equation of the line to be  𝑦 = 2𝑥 + 1 .

If the 𝑥 coordinate of the other point he used was −1, what should the equation of the line have been?

Application
4 marks

Application
2 marks

Questions from multiple lessons

Q11. Hamish is a carpenter.

He charges a call-out fee of $140, plus $90 for each hour of work.

The equation that represents the total cost,  $C , Hamish charges, for  t  hours of carpentry is

a.  C = 230t 

B.  C = 90t 

C.  C = 140 + 90t 

D.  C = 140t 

e.  C = 90 + 140t 
VCAA 2018 Exam 1 Module 4: Graphs and relations Q2 – Adapted 

Q12. The histogram to the right shows the  
distribution of the  weight  of 180 ducks, 
in grams.

Ducks weighing 125 grams or higher are 
adopted as pets. 

The percentage of ducks adopted is 
closest to

a. 13%

B. 14%

C. 17%

D. 24%

e. 26%
VCAA 2017NH Exam 1 Data analysis Q2 – Adapted

Difficulty:

1 mark

Difficulty:

Year 10
1 mark
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Q13. A researcher is trying to determine the time taken for different masses of an unknown compound to 
completely break down and dissolve in strong acid.

The graph below displays the relationship between  time  in seconds and  mass  in mg.
M

as
s (

m
g)

Time (s)
20 40 60 80 100

500

1000

1500

a) Lara has an unknown mass of the compound. She does not have a scale so she decides to test and see
how long it takes to completely dissolve. It dissolves in 60 seconds.
How much of the compound does she have? (1 mark)

b) The slope of this graph is the rate at which the compound dissolves per second.
How much can she dissolve in one second? (1 mark)

VCAA 2015 Exam 2 Module 3: Graphs and relations Q2 – Adapted 

Difficulty:

Year 10
2 marks
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Interpolation and extrapolation are processes that use existing data to make predictions about 
new data points. The difference between them is that interpolation works within the domain of 
the data. This means interpolation predicts points that have  𝑥 values between the  
left-most and right-most data points. Extrapolation works outside the domain of the data,  
meaning it predicts points with  𝑥 values greater than any data point or lower than any data point.
This lesson will focus on interpolation.

InterpolationExtrapolation Extrapolation

–5 5 10 15
x

–4

–2

2

4

6

8

10

y In the graph to the left, interpolation uses the existing 
data points (blue) to predict the new data points 
(orange) within the domain. Extrapolation uses the 
existing data points to predict the new data points 
(orange) outside the domain.

1. Interpolation using graphs

Interpolation can be performed visually by using the line of best fit to predict the values of new 
data points. If a line of best fit isn’t given, one can be drawn by hand.

Example

Look at the graph below. We have the points  
(1, 1.5), (1.5, 0), (3.5, 1), (5, 5.5), (5.5, 3.5), (6.5, 6), 
and (8, 6.5). A line of best fit is drawn, representing 
the points.

–2 –1 1 2 3 4 5 6 7 8 9 10
x

–2
–1

1
2
3
4
5
6
7
8
9

10

y

The line of best fit can be used to make an educated 
guess about the  𝑦-value when  𝑥 = 4 . In this case, 
 𝑦 should be roughly equal to 3, as shown in pink. 

–2 –1 1 2 3 4 5 6 7 8 9 10
x

–2
–1

1
2
3
4
5
6
7
8
9

10

y

LESSON 9E

Linear model interpolation
The key skills you will learn in this lesson are:

1. Interpolation using graphs

2. Interpolation using formulas

VCAA key knowledge point:

“the interpretation of the parameters of a 
linear model and its use to make predictions, 
including the issues of interpolation 
and extrapolation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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worked example 13 (1 mark)

B elow is a plot of Clara’s height, measured on her 10th, 12th, and 14th birthdays.

B ased on this data, use interpolation to estimate her height on her 13th birthday.

8 9 10 11 12 13 14 15
age

(years)

130

140

150

160

170

180

height
(cm)

SolUTIoN

Step 1 Check the desired data point is within the 
domain of the existing data.

The data points cover values from  𝑥 = 10 to  
𝑥 = 14. The data point we want is at  𝑥 = 13, 
which is within the existing data points.

8 9 10 11 12 13 14 15
age

(years)

130

140

150

160

170

180

height
(cm)

Within the data points

Step 2 Draw a vertical line up from the desired point’s 
𝑥 coordinate to the line of best fit.

This line goes up from  𝑥 = 13.

8 9 10 11 12 13 14 15
age

(years)

130

140

150

160

170

180

height
(cm)

Step 3 Draw a line horizontally from the line of best fit 
to the  𝑦-axis.

8 9 10 11 12 13 14 15
age

(years)

130

140

150

160

170

180

height
(cm)

Step 4 Find the  𝑦-intercept with this line, state the new
data point and interpret this information.

The horizontal line crosses the  𝑦-axis at  𝑦 = 156. 
The interpolated data point is    (  13, 156 ). We have
estimated that when Clara was 13 years old, 
she was 156 centimetres tall.

8 9 10 11 12 13 14 15
age

(years)

130

140

150

160

170

180

(13, 156)

height
(cm)
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2. Interpolation using formulas

Interpolation can also be performed using the formula of a line of best fit. The  𝑥 values of the  
desired points are substituted into the formula to find the desired  𝑦 values.

Example

For the line of best fit  𝑦 = 3𝑥 – 4, where the data point furthest to the left is 𝑥 = –2  and the data
point furthest to the right is  𝑥 = 5, we can use interpolation to find any point between  𝑥 = –2 and 
𝑥 = 5.

If we wanted to find the data point where  𝑥 = 3, substitute  𝑥 = 3  into the formula. This gives us 
𝑦 = 5, and we can write the interpolated data point as    (  3, 5 ).

worked example 14 (1 mark)

During a rocket launch, the following data points were noted. At  t = 0  the rocket was stationary, 
and at  t = 10  the rocket was travelling at 150 metres per second. This data can be modelled by the 
formula below, which gives  v , the speed of the rocket,  t  seconds after launch. Estimate the speed of 
the rocket eight seconds after launch.

 v = 15t 

SolUTIoN

Step 1 Check the desired data point is within the 
domain of the existing data.

The data point we want is at  t = 8 . The data 
points in the model are at  t = 0  and  t = 10 , 
so our data point is within the existing data.

Step 2 Substitute the information from the new data 
point into the formula.

Here we let  t = 8  and substitute this into 
the formula.

 v = 15 × 8 

Step 3 Solve for the missing variable, state the data 
point, and interpret the prediction.

 v = 15 × 8 

 v = 120 

The interpolated data point is (8, 120).

The estimated speed of the rocket eight seconds 
after launch is 120 metres per second.

Questions 9e Linear model interpolation

Refresher question

Q1. Which of the following points is at (2, 1)?

–2 2 4
x

–2

2

4

y

A

B

C

D
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1. Interpolation using graphs

Q2. The following graph shows four data points and 
a line of best fit. Use interpolation to estimate 
the value of  𝑦 when  𝑥 = 6 . The pink dot is there
to guide you.

Q3. Three students, Leonard, Meiting, and Nina, are participating in a 30-second running race. The following 
three graphs show the lines of best fit for their distances from the starting line versus time for each 
student, based on their starting and finishing positions. Nina was given a twenty metre head-start 
because she is a year younger than the others. Find how far each student was from the start line after 
twenty seconds.

a)  b) 

c) 

d) Who was furthest from the start line after 20 seconds?

Skill

–2 2 4 6 8 10
x

–2

2

4

6

8

10

y

Skill

5 10 15 20 25 30
time (seconds)

50

100

150

200

distance
(metres) Leonard

5 10 15 20 25 30
time (seconds)

50

100

150

200

distance
(metres) Meiting

5 10 15 20 25 30
time (seconds)

50

100

150

200

distance
(metres) Nina
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Check your understanding

Q4. A store manager noticed that when ten 
customers came into her store in a day, a profit 
of $1200 was made, and when 30 customers 
came into her store in a day, a profit of $3600 
was made. This information is shown below. 
Draw a line of best fit between the points, 
and use interpolation to estimate how many 
customers need to enter the store in a day to 
make a $3000 profit.

Q5. The highest point of the sun in the sky in  
Melbourne on the 21st day of June, August, 
October, and December is given in this table. 
This data has been used to construct the  
graph below.

a) Use interpolation to estimate the highest
elevation of the sun on July 21, September
21, and November 21. Round your answers
to the nearest 5 degrees.

b) On which of these three days is the sun
the highest?

c) Why can’t interpolation be used to estimate
the highest elevation on January 21?

5 10 15 20 25 30
customers

500

1000

1500

2000

2500

3000

3500

4000
profit ($)

Skill

Application
Date Highest elevation of Sun above horizon

June 21 28.8°

August 21 40.0°

October 21 62.8°

December 21 75.6°

Jun
21

Jul
21

Aug
21

Sep
21

Oct
21

Nov
21

Dec
21

Jan
21

month

10

20

30

40

50

60

70

80

90

angle
(degrees)

2. Interpolation using formulas

Q6. Six days after it was planted, Harry’s bamboo plant was 60 cm tall, and fifteen days after it was planted, 
it was 150 cm tall. The line of best fit for these two points is given below, where  h  is the height in  
centimetres, and  d  is the number of days since the bamboo was planted.

 h = 10d 

Harry is trying to interpolate how tall it was after nine days. Complete the working out below to find 
the height after nine days.

Nine days: d = 9 
Left-most point: x = 6 
Right-most point: x = 15 
Is d = 9 within the data points? Yes 
h = 10 × d 
Let d = 9 
h = 10 × 9

h =  cm

Skill
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Q7. Caitlin completed ten practice exam papers the night before her maths exam, and got 100%. Hannah 
did not complete any practice exam papers the night before the exam, and got 30%. The line of best 
fit using these data points is below, where  S  is the exam score as a percentage and  p  is the number of 
practice exam papers.

 S = 30 + 7p 

Assuming the relationship between practice exam papers and maths exams holds true for the rest of 
the class, estimate the scores of the following students if:

a) Anna completed four practice exam papers?

b) Zephyr completed six practice exam papers?

c) Jessica completed two practice exam papers?

d) If a score of 50% means a pass, what is the minimum number of practice exam papers that need to
be completed to pass the exam?

e) Do you think it is reasonable to interpolate exam scores based on the number of exam papers
completed the night before the exam?

Check your understanding

Q8. Class 11C’s teacher, Mr. Yu, has been studying pets and their owners. The formula of the line of best 
fit that best models his data is below. It relates the number of pets a student has,  p , with the number 
of hours that student spends outside every day,  T . The data includes students with zero pets up to 
students with five pets.

 T = 1.5 + p 

a) Mr. Yu then asked some of his students to use the number of pets they have to see how much time the
model expected them to spend outside every day. Which student interpolated their data incorrectly?

a. Dionisia: 2 pets, 3.5 hours outside

B. Tim: 1 pet, 2.5 hours outside

C. Rhyannon: 4 pets, 5.5 hours outside

d. Michael: 3 pets, 5.5 hours outside

b) Matthew has 6 pets. Can he use the model to interpolate how long he spends outside every day?

Application

Application

Joining it all together

Q9. The following chart shows the relationship 
between three measurements of temperature 
throughout a day.

a) Can interpolation be used to estimate the
temperature at 10 am?

b) Can interpolation be used to estimate the
temperature at 3 pm?

Skill
2 marks

8 am 9 am 10 am 11 am 12 pm 1 pm 2 pm 3 pm
time

10

20

30

temperature
(degrees celsius)
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Q10. A Ford Falcon and a Holden Commodore 
entered the Monash Freeway via a 100-metre 
freeway onramp. Their speeds at ten, fifty, and 
ninety metres along the onramp were recorded. 
The data was plotted, and the formulas for lines 
of best fit are below.  F  is the Ford’s speed,  H is
the Holden’s speed, and  d  is the distance along 
the onramp.  F  and  H  are measured in  
kilometres per hour, and  d  is in metres.

 F = 40 + 0.55d 

 H = 25 + 0.75d 

a) Use the formulas for line of best fit to
estimate the speeds of the cars 30 metres
along the onramp.

b) Use the formulas for line of best fit to estimate the speeds of the cars 80 metres along
the onramp.

c) Use the graph to find at what distance along the onramp they were travelling at the
same speed.

Q11. On January 1 last year, Arina opened a savings 
account, A, and an everyday spending account, B . 
Arina put $1000 in account A and $5600 in  
account B  when she opened them. She didn’t 
know if the bank paid interest monthly,  
quarterly, or yearly, so she didn’t check the  
balance of account A again until one year later,  
at which point it had $3600. She calculated a line 
of best fit for this information.  A  represents the 
amount of money in account A after  m months.

 A = 1000 + 200m, 0 ≤ m ≤ 12 

Arina checked the balance in account B  at four 
other times during the year, as seen in 
the graph.

a) State whether the balance of each account is increasing or decreasing. (1 mark)

b) Given the line of best fit for account B  goes through the points    (  5, 3500 ) and (  10, 1500 )
plot the line of best fit on the graph. (1 mark)

c) Find a formula for the line of best fit. Use  B  to represent the balance in account B  after
 m  months. (1 mark)

d) Use the line of best fit formulas to interpolate the balance of each account after 9 months. (2 marks)

e) B y plotting another line on the graph, find the time when both accounts contained the same amount
of money. (1 mark)

Application
3 marks

10 20 30 40 50 60 70 80 90 100
distance along onramp
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110

speed
(kilometres 

per hour)

Application
6 marks

1 2 3 4 5 6 7 8 9 10 11 12
months active

1000

2000

3000

4000

5000

6000

account
balance ($)
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Questions from multiple lessons

Q12. A line passes through the points (2, 4) and (6, −2), 
as shown.

What are the coordinates of the line’s  𝑥-intercept?

a. (0, 7)

B. (4.5, 0)

C. (0, 2)

d. (
11 _ 3   , 0)

e. (
14 _ 3   , 0)

VCAA 2016 Exam 1 Module 4: Graphs and relations Q3 – Adapted

Q13. Kelly wants to buy a show dog and deposits $2000 into a savings account with an interest rate of 1.8% 
per annum, compounding monthly. Which one of the following recurrence relations can be used to 
determine the amount in the savings account,   Sn   , after  n months?

a. S0   = 2000 ,   Sn+1   =  Sn   + 36

B. S0   = 2000 ,   Sn+1   = 1.018 ×  Sn

C. S0   = 2000 ,   Sn+1   = 1.0015 ×  Sn

d. S0   = 2000 ,   Sn+1   = 1.8 ×  Sn

e. S0   = 2000 ,   Sn+1   =  Sn   + 3
VCAA 2017NH Exam 1 Recursion and financial modelling Q18 – Adapted 

Q14. A patient is being administered an IV drip.

When the bag was first administered, it contained 1000 mL of saline solution.

After six hours, there is 640 mL of saline solution left.

The volume of saline solution remaining in the bag followed a linear trend as shown in the 
following graph.

Vo
lu

m
e 

(m
L)

Time (hours)
2 4 6 8 10 12

200

400

600

800

1000

1200

0

a) Determine the equation of the line shown in the graph. (2 marks)

b) Assume this linear trend continues. How much longer will it take for the IV drip to be completely
administered? Give your answer in hours and minutes. (1 mark)

VCAA 2006 Exam 2 Module 3: Graphs and relations Q2 a,b – Adapted 

(2, 4)

y

x

(6, −2)

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

3 marks

422 9E LinEAr modEL intErpoLAtion

© Edrolo 2020



The general process of extrapolation is identical to that of interpolation, except that extrapolation 
estimates points outside the domain of the data.

1. Extrapolation using formulas

If the formula for a line of best fit is known, it is relatively straightforward to extrapolate the data 
to new data points. If the formula for the line of best fit isn’t known, it will have to be determined 
by hand.

As the line of best fit is created to minimise error for the points in the original data set, 
estimating points outside the data set (extrapolation) is much less accurate than interpolation.

Example

The line of best fit for the tail length of baby red kangaroos in millimetres,  t , versus their age in 
days,  d , is given by the following formula. The model was created using kangaroos that were  
between 20 and 100 days old.

 t = d + 5 

Using extrapolation, a 120 day-old kangaroo should have a tail length of 125 millimetres. 
A 365 day-old kangaroo should have a tail length of 370 millimetres.

workEd ExamplE 15 (2 marks)

The line of best fit for some data on the tail length of baby swamp wallabies,  t , measured in  
millimetres, versus age in days,  d , is given below. The wallabies in the data set were between 20 
and 100 days old.

 t = 0.5d + 5 

Use the line of best fit to extrapolate the tail length of a baby swamp wallaby at 120 days and 
200 days old.

SolUTIoN

Step 1 Substitute the desired values into the formula.

Let  d = 120 .

 t = 0.5 × 120  + 5 

 t = 65  mm

Let  d = 200 .

 t = 0.5 × 200  + 5 

 t = 105  mm
✓ 1 mark for calculating the values

Step 2 Interpret.

We have estimated a swamp wallaby’s tail will 
be 65 mm long at day 120.

We have estimated a swamp wallaby’s tail will 
be 105 mm long at day 200.
✓ 1 mark for interpreting the values

LESSON 9F

Linear model extrapolation
The key skills you will learn in this lesson are:

1. Extrapolation using formulas

2. Extrapolation using graphs

VCAA key knowledge point:

“the interpretation of the parameters of a 
linear model and its use to make predictions, 
including the issues of interpolation 
and extrapolation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. Extrapolation using graphs

Extrapolation can be done using graphs in two ways. The first is to extend the line of best fit on 
a graph, and read the values of data points off the graph. The second is to take the line of best fit 
drawn on a graph, and determine its formula.

Example

The line of best fit for the relationship between age and 
height is given below, for a group of students between 
12 and 16 years old at a school. B lue dots represent each 
student measured, and the red line is the line of best fit.

11 12 13 14 15 16 17 18 19 20
age (years)

130

140

150

160

170

180

190

200

210

220

height
(centimetres)

Extrapolating the data to age 17, we find the average 
height is 174 cm.

Extrapolating the data to age 20, we find the average 
height is 192 cm. This value is very inaccurate; the actual 
average height for 20-year-olds is around 169 cm.

11 12 13 14 15 16 17 18 19 20
age (years)

130

140

150

160

170

180

190

200

210

220

height
(centimetres)

workEd ExamplE 16 (2 marks)

This worked example relates to the information above on average student height in a school.

a) Use the graph to estimate the average height of 11-year-olds.

b) Use a formula for the line of best fit to estimate the average height of 11-year-olds.

SolUTIoN

a) Use the graph to estimate the average height of
11-year-olds.

Step 1 Extend the line of best fit towards the 
desired point.

Here, we extend it towards 11 on the 𝑥-axis.

11 12 13 14 15 16 17 18 19 20
age (years)

130

140

150

160

170

180

190

200

210

220

height
(centimetres)

Step 2 Mark the data point on the line of best fit, 
and find the relevant 𝑦-value.

The 𝑦-value of the point is 138.

11 12 13 14 15 16 17 18 19 20
age (years)

130

140

150

160

170

180

190

200

210

220

height
(centimetres)

Step 3 Interpret.

The average height of 11-year-olds is 138 cm.
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b) Use a formula for the line of best fit to estimate the
average height of 11-year-olds.

Step 1 Pick two points on the line of best fit, and use 
them to write the line of best fit equation.

We’ll use the start and end points, (12, 144) 
and (16, 168).

 m =   
𝑦2 – 𝑦1_______
𝑥2 – 𝑥1

 

 m =   168 – 144___________
16 – 12 

 m =   24____ 4 
 m = 6 

    𝑦 –  𝑦 1 = m (𝑥 –  𝑥 1)   
  𝑦 – 144 = 6(  𝑥 – 12)
        𝑦 = 6𝑥 – 72 + 144
        𝑦 = 6𝑥 + 72

Step 2 Substitute the 𝑥-value of the desired point into
the formula.

Here we substitute  𝑥 = 11.

 𝑦 = 6𝑥 + 72

 𝑦 = 6 × 11 + 72

 𝑦 = 138cm

Step 3 Interpret.

The average height of 11-year-olds is 138 cm.

Questions 9F Linear model extrapolation

Refresher question

Q1. Which of the following lines best represent 
the data?

1 2 3 4 5 6 7 8 9 10
age (years)

1

2

3

4

5

6

height
(centimetres)

A

B

C

D

1. Extrapolation using formulas

Q2. The line of best fit of a data set is given by the following formula.

 h = 3t + 2, 1 ≤ t ≤ 5 

Helene wanted to take the line of best fit and extrapolate it to the point  t = 6 . Fill in the missing 
answer in her working out.

Let t = 6. 
h = 3t + 2 
h = 3 × 6 + 2 
h = 

Q3. a) The line of best fit of a data set is given by  h = 5t − 3, 2 ≤ t ≤ 4 . The data points range from
 t = 2  to  t = 4 . Use extrapolation to find the point where  t = 6 .

b) The line of best fit of a data set is given by  𝑦 = 2𝑥 + 7, −1 ≤ 𝑥 ≤ 3. The data points range from
𝑥 = −1 to  𝑥 = 3 . Use extrapolation to find the point where 𝑥 = −2 .

c) The line of best fit of a data set is given by  z = 35d − 9, 0 ≤ d ≤ 6 . The data points range from
d = 0  to  d = 6 . Use extrapolation to find the point where  d = 11 .

Skill

Skill
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Check your understanding

Q4. Nicholas is recording the growth of bean sprouts, in centimetres, over their first ten days after sprouting. 
Unfortunately, on day 10, he spilt water all over the data in his notebook while watering the beans.  
The only two data points left visible are (2, 1.5) and (8, 6.5). Time is on the  𝑥-axis.

a) Find a line of best fit for the length of the sprouts in centimetres,  l , in terms of their age in days,  d.

b) Use your answer from part a) to extrapolate the length of the sprouts at 1 day old, 10 days old,
and 20 days old, rounded to two decimal places. Comment on the accuracy of your answers.

Application

2. Extrapolation using graphs

Q5. The line of best fit for the following data 
set has been drawn on the graph, 
and extrapolated to  𝑥 = 5. Use the graph
to find the value of  𝑦 when  𝑥 = 5 .

1 2 3 4 5 6
x

1

2

3

4

5

6

7

8

y

Q6. Draw a line of best fit on the following graphs. Extrapolate the line of best fit to the given 𝑥 value,  
and state the point.

a)  𝑥 = 6

1 2 3 4 5 6
x

1

2

3

4

5

6

7

8

y

b)  𝑥 = 5

1 2 3 4 5 6
x

1
2
3
4
5
6
7
8
9

10

y

c)  𝑥 = 1

1 2 3 4 5 6
x

1
2
3
4
5
6
7
8
9

10

y

Skill

Skill
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Check your understanding

Q7. Maya is a courier based in B endigo. She loves statistics, and records the average driving speed of each  
delivery she makes. B elow is a table of the average driving speed compared to the distance of the delivery.

Delivery distance (km) 16 21 28 45 53 62 75 80 100 120

Average speed (km/h) 45 58 52 66 58 67 81 68 82 87

a) Plot these points on a chart, ensuring the  𝑥-axis covers the values 0 at 200 and the  𝑦-axis covers the
values 0 to 120.

b) Draw a line of best fit, and extrapolate Maya’s average speeds over distances of 150
and 200 kilometres.

c) Comment on the plausibility of these answers.

Application

Joining it all together

Q8. The following plot shows the relationship 
between flight distance and flight cost for 
various flights.

Vincent wants to use this data to 
estimate the cost of a 6000 km flight, a 
9000 km flight, and a 12 000 km flight.

a) Which of these points can be found by
interpolation and which can be found
by extrapolation? (1 mark)

b) Comment on the difference in accuracy
when estimating these three data points.
Refer to interpolation and extrapolation
in your answer. (Don’t actually perform
the calculations.) (2 marks)

Q9. The following chart shows the average  
attendance figures at home games,  A , plotted 
against the number of wins in the season,  w  
for the 2017 AFL season.

a) Draw a line of best fit using the points
(5, 26500) and (15, 39500).

b) Use the two points to find the equation of
the line of best fit.

c) Use the equation to extrapolate the
average attendance at home games if a
team had won 18 games.

1000
2000

3000
4000

5000
6000

7000
8000

9000
10000

110
00

12000

flight distance (km)

100

200

300

400

500

600

700

800

cost ($)

Application
3 marks

5 10 15 20
games won

10000

20000

30000

40000

50000

60000

70000

average attendance

Application
3 marks
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Q10. Employees at a small restaurant were surveyed on their happiness at work each shift over a week. 
The ratio of customers to staff working each shift was also recorded. The responses are tabled below.

Mon PM Tue PM Wed PM Thu PM Fri PM Sat AM Sat PM Sun AM

Average employee 
happiness on shift

8.5 8 9 7.5 4.5 8 6.5 7

Ratio of customers 
to staff

2:1 3:1 5:2 4:1 10:1 9:2 8:1 11:2

a) Plot this information.

b) Draw the line of best fit on the model, which goes through (2, 9) and (10, 5).

c) What is the equation of this line of best fit?

d) Use interpolation and extrapolation to find the expected happiness on shift, when the ratio of
customers to staff is 1:1, and 9:1.

Q11. Tareq and Ariel are studying the effect of temperature on the number of ice creams sold at a local 
milk bar. For this question use  I  as the number of ice-creams sold and  T  as the temperature in Celsius.

a) Tareq used his line of best fit to estimate the information in the following table. What must the
equation of his line of best fit be?

Temperature (°C) 25 32 40

Ice-creams sold 35 56 80

Ariel’s line of best fit for her data is below.

 I = 2.5T – 30 

b) Whose model predicts the higher number of ice-creams to be sold on a 30 degree day?

c) Tareq collected his data on days between 12 and 28 degrees Celsius, and Ariel collected her data
on days ranging from 15 to 35 degrees Celsius. Whose model is likely to be most accurate for the
calculations in part b)?

Application
4 marks

Application
3 marks

Questions from multiple lessons

Q12. A line of best fit has been fitted to a set of 
data as shown.

Which point(s) could not have been  
estimated using interpolation?

a.  J, I, G

B.  J

C.  J, G

d.  F, H

E.  F, H, I, G

0.2 0.4 0.6 0.8

1

0.8

0.6

0.4

0.2

F

J

H

I G

Difficulty:

1 mark
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Q13. Angelo’s favourite hangout spot is  
Revolver Upstairs in Prahran.  
Each night, he counts the number of 
patrons inside the establishment at a 
particular time. 

The following histogram displays his 
results over a period of 46 days.

The median number of patrons is 

a. at least 200 but less than 225.

B. at least 225 but less than 250.

C. at least 250 but less than 275.

d. at least 275 but less than 300.

E. at least 300 but less than 325.
VCAA 2017NH Exam 1 Data analysis Q3 – Adapted

Q14. Melbourne label Crumprolo makes  
fashionable, yet practical, laptop bags for 
high school students.

The cost,  C , in dollars, of producing  n laptop
bags is given by  C = 40n + 15 000 .

The revenue,  R , in dollars, from selling  n
laptop bags is given by  R = 80n.

The cost,  C , for the production of  n laptop
bags is shown in the following graph. 

a) Draw the revenue equation line,
R = 80n , on the same graph as the
given cost equation. (1 mark)

b) What profit will Crumprolo make if they
sell 1500 laptop bags?
note:  Profit = Revenue − Cost (2 marks)

VCAA 2014 Exam 2 Module 3: Graphs and relations Q2 a,b – Adapted 

Difficulty:

Year 10
1 mark

Fr
eq

ue
nc

y

Number of patrons
150 175 200 225 250 275 300 325 350 375

2

4

6

8

10

C ($)

n
500 1000 1500 2000

20 000

40 000

60 000

80 000

100 000

120 000

140 000

160 000
Difficulty:

3 marks
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1. Sketching piecewise linear models

Piecewise linear models, also known as line segment 
graphs, are graphs made up of two or more linear 
equations. Piecewise models are always continuous, 
meaning there are no breaks in the graph.

Each segment of a piecewise linear function will have a 
domain, with any endpoints marked by a circle. An open 
circle means the point is not included in the line, whereas 
a closed circle means the point is included. Each point of 
the function is only included once in the domain.

In the graph on the right, the point (−6, −1) is not 
included in the line, whereas the point (8, 6) is included. 
The domain of the graph is  −6 < 𝑥 ≤ 8.

–10 –5 5 10
x

–10

–5

5

10

Not included

Included

y

worked example 17 (2 marks)

Sketch the following piecewise linear model.

 𝑦 = 0.5𝑥 + 3, −9 ≤ 𝑥 < 2 

 𝑦 = −2𝑥 + 8, 2 ≤ 𝑥 < 7 

SolUTIoN

Step 1 Draw the line  𝑦 = 0.5𝑥 + 3 .

–10 –5 0 5 10
x

–10

–5

5

10

y
Step 2 Add in the endpoints.

The  𝑥-coordinate −9 is included whereas the 
 𝑥-coordinate 2 is not included.

Draw a closed circle at  𝑥 = −9  and an open 
circle at  𝑥 = 2.

–10 –5 0 5 10
x

–10

–5

5

10

y

✓ 1 mark for sketching the first line and the correct domain

LESSON 9G

Piecewise linear models
The key skills you will learn in this lesson are:

1. Sketching piecewise linear models

2. Functions of piecewise linear models

VCAA key knowledge point:

“use of piecewise linear (line segment) graphs 
to model and analyse practical situations”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Step 3 Draw the line  𝑦 = −2𝑥 + 8.

–10 –5 0 5 10
x

–10

–5

5

10

y
Step 4 Add in the endpoints.

The  𝑥-coordinate 2 is included whereas the 
 𝑥-coordinate 7 is not included.

Draw a closed circle at  𝑥 = 2 and an open circle
at  𝑥 = 7.

–10 –5 0 5 10
x

–10

–5

5

10

y

✓ 1 mark for sketching the second line and the correct domain

2. Functions of piecewise linear models

The function of a piecewise linear model can be found by calculating the equation of each of the 
line segments that make up the graph, along with each of their domains.

The gradient can be found by:

 m =   
 𝑦2 −  𝑦 1 ___________ 𝑥2 −  𝑥 1

   

The  𝑦-intercept is found by substituting one point into the equation:

 𝑦 = m𝑥 + c 

and finding the value of  c.

If an endpoint is an open circle, use the greater than ( > ) or less than   (<)   sign for the domain. If 
an endpoint is a closed circle, use the less than or equal to sign ( ≤ ) or the greater than or equal to 
sign ( ≥ ) for the domain.

worked example 18 (2 marks)

What is the function for the following piecewise linear model?

–10 –5 0 5 10
x

–10

–5

5

10

y
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SolUTIoN

Step 1 Find the equation of the blue line.

The line passes through the points (−7, 7) 
and (−3, −1).

 m =    −1 −7 ______________ −3 −  (−7)    =   −8 _ 4    = −2

So we have  𝑦 = −2𝑥 + c.

Substitute the point (−3, −1) into the equation.

 −1 = −2 × −3 + c

 −1 = 6 + c

 c = −7

The blue line is  𝑦 = −2𝑥 − 7 .

Step 2 Find the domain of the blue line.

The  𝑥-coordinate −8 is included whereas the 
 𝑥-coordinate −2 is not included.

The domain is  −8 ≤ 𝑥 < −2
✓ 1 mark for calculating equation and domain of blue line

Step 3 Find the equation of the red line.

The line passes through the points (2, 1) 
and (5, 4).

 m =   4 − 1 ________ 5 − 2   =   3 _ 3   = 1

So we have  𝑦 = 𝑥 + c.

Substitute the point (2, 1) into the equation.

  1 = 2 + c 

  c = −1 

The orange line is  𝑦 = 𝑥 −1

Step 4 Find the domain of the red line.

The  𝑥-coordinate −2 is included whereas the 
 𝑥-coordinate 8 is not included.

The domain is  −2 ≤ 𝑥 < 8.

Step 5 Write the function of the piecewise linear model.

 𝑦 = −2𝑥 − 7, −8 ≤ 𝑥 < −2 

 𝑦 = 𝑥 − 1, −2 ≤ 𝑥 < 8
✓ 1 mark for calculating equation and domain of red line

Questions 9G Piecewise linear models

Refresher question

Q1. a)  What is the equation of the
following graph?

b) What is the domain of the graph?

–10 –5 0 5 10
x

–10

–5

5

10
y

1. Sketching piecewise linear models

Q2. A piecewise linear graph is defined by the 
following function:

 𝑦 = 0.5𝑥 + 13, −14 ≤ 𝑥 < −3 

 𝑦 = −1.5𝑥 + 7, −3 ≤ 𝑥 < 12

Part of the graph is shown below. Sketch the 
other part of the graph on the same axis. –15 –10 –5 0 5 10 15

–15

–10

–5

5

10

15

x

y

Skill
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Q3. Sketch the following piecewise linear models.

a)  𝑦 = 2𝑥 + 6, 𝑥 < 0

 𝑦 = −3𝑥 + 6, 𝑥 ≥ 0 

b)  𝑦 = −0.5𝑥 − 2, 𝑥 < −2 

 𝑦 = 𝑥 + 1, −2 ≤ 𝑥 < 5

 𝑦 = −2𝑥 + 16, 𝑥 ≥ 5 

c)  𝑦 = 2.5𝑥 + 2, 0 ≤ 𝑥 < 6

  𝑦 = −2𝑥 + 29, 6 ≤ 𝑥 < 12

  𝑦 = −0.5𝑥 + 11, 12 ≤ 𝑥 < 20

Check your understanding

Q4. A car is travelling into the city, which is 23 km away. The car travels 15 km in 20 minutes before  
stopping at a petrol station for 10 minutes. It takes another 12 minutes to complete the journey.

Represent this information in a graph where  D  is the distance away from the city in kilometres, and  t  is 
the time in minutes.

Skill

Application

2. Functions of piecewise linear models

Q5. Fill in the missing information for the following graph.

 𝑦 = − 𝑥 − 14.5, −12 ≤ 𝑥 <   

 𝑦 = 2.5𝑥 − ,  ≤ 𝑥 <   

–15 –10 –5 0 5 10 15

–15
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5

10
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y

Skill
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Q6. What is the function for each of the following piecewise linear models?

a) 

b) 

c) 

Skill

0 5 10 15 20
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y
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Check your understanding

Q7. Find the function of the piecewise linear model described in Question 4.

Q8. The function of a piecewise linear model is:

 𝑦 = 𝑥 + 5, −8 ≤ 𝑥 < −2 

 𝑦 = −1.5𝑥, −2 ≤ 𝑥 < a 

 𝑦 = 2𝑥 − 10.5, a ≤ 𝑥 < 7

What is the value of  a?

Application

Skill

Joining it all together

Q9. Consider the piecewise linear model 
below. Which of the following equations is 
not part of the graph?

a.  𝑦 = 2𝑥 − 20, 5 ≤ 𝑥 < 12

B.  𝑦 = −0.7𝑥 − 23, −20 ≤ 𝑥 < −10

C.  𝑦 = −1.5𝑥 + 22, 12 ≤ 𝑥 ≤ 18

d.  𝑦 = 0.4𝑥 + 12, −10 ≤ 𝑥 < 5
–20 –10 10 20

–20

–10

10

20

x

y

Q10. Alex is comparing the costs of two electricians. Andrew charges a call-out fee of $90: $70 per hour 
for the first four hours of work, and $65 per hour after that. B ob charges a call-out fee of $80: $75 per 
hour for the first three hours of work, and $60 per hour after that.

a) Define a piecewise linear function to describe the cost,  C  ($), of hiring Andrew for  n  hours.

b) Define a piecewise linear function to describe the cost,  C  ($), of hiring B ob for  n  hours.

c) Which electrician would be cheaper to hire for three hours?

d) Which electrician would be cheaper to hire for six hours?

Q11. A piecewise model is made up of two linear graphs. The equation of one of the graphs is 
 𝑦 = 3.5𝑥 + 2, −4 ≤ 𝑥 < 6.

What are two possible rules for the second graph, if its gradient is −2?

Q12. Indianna is walking her dog. It takes her six minutes to walk 0.6 km to the park. She stays at the park 
for fifteen minutes before walking back home. She takes the same route back home, but it takes her 
four minutes longer.

Define a function to describe the situation, where  D  is her distance from home, in metres, after  t  minutes.

Application
1 mark

Application
4 marks

Skill
2 marks

Application
3 marks
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VCaa question

Q13. The distance-time graph below shows the first two stages of a bus journey from a school to a camp.

distance from
school (km)

0 1 2 3

20

school

stage 2

sta
ge

 1

40

60

80

100

120

140

160

180

200

220

240

time (hours)

a) At what constant speed, in kilometres per hour, did the bus travel during stage 1 of the journey?

b) For how many minutes did the bus stop during stage 2 of the journey?

The third stage of the journey is missing from the graph. During stage 3, the bus continued its journey 
to the camp at a constant speed of 60 km/h for one hour.

c) Draw a line segment on the graph above to represent stage three of the journey.

d) Find the average speed of the bus over the three hours. Write your answer in kilometres per hour.

The distance,  D  km, of the bus from the school  t  hours after departure is given by:

 𝐷 =  
{

 
100𝑡 0 ≤ 𝑡 ≤ 1.5

 150 1.5 ≤ 𝑡 ≤ 2 
60𝑡 +𝑘 2 ≤ 𝑡 ≤ 3

   

e) Determine the value of  k.
VCAA 2013 Exam 2, Module 3: Graphs and relations. Q1

5 marks

Questions from multiple lessons

Q14. The following graph shows a straight line that 
passes through the points (6, 21) and (8, 27).

The coordinates of the point where the line 
crosses the  𝑥-axis is

a. (−2, 0)

B. (−1, 0)

C. (1, 0)

d. (2, 0)

e. (0, 3)
VCAA 2017NH Exam 1 Module 4: Graphs and relations Q3 – Adapted

(6, 21)

𝑦𝑦

𝑥𝑥

(8, 27)

Difficulty:

1 mark
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Q15. The following two-way frequency table displays the  favourite soft drink  (Coke, Sprite, Fanta) and  sex
(male, female) of 149 people.

The percentage of females who chose Sprite  
as their favorite soft drink is closest to

a. 55%

B. 23%

C. 43%

d. 37%

e. 45%
VCAA 2016 Exam 1 Data analysis Q1 – Adapted

Q16. The graph displays the relationship between  USD  and  AUD  at a currency exchange agency.

USD

AUD
50 100 150 200 250

50

100

150

200

(100, 52)

(200, 117)

The points (  100, 52 ) and (  200, 117 ) are labelled.

The equation for the relationship between the US dollar and the AU dollar is

 USD = 0.65 × AUD + k 

a) Use the point    (  200, 117 )     to show that the value of  k  is −13. (1 mark)

b) Determine the coordinates of the horizontal axis intercept. (1 mark)

c) Interpret the horizontal axis intercept in the context of the question. (1 mark)

VCAA 2015 Exam 2 Module 3: Graphs and relations Q3 – Adapted 

Difficulty:

1 mark
Sex

Male Female

Favourite  
soft drink

Coke 33 26

Sprite 25 35

Fanta 13 17

Total 71 78

Difficulty:

3 marks
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CHAPTER

10
Inequalities and linear 
programming

AOS 5: Graphs of linear and non-linear relations



1. Inequalities on a number line

Introduction to inequalities

Inequalities are mathematical expressions that show how one quantity is greater or less 
than another.

There are two types of inequalities: those that exclude the limit (exclusive) and those that include 
the limit (inclusive).

Exclusive inequalities

> Greater than

< Less than

Inclusive inequalities

≥ Greater than or equal to

≤ Less than or equal to

It is useful to remember that the ‘pointed’ side of an inequality refers to the smaller quantity.

When a quantity has both an upper and lower limit, an inequality is placed on either side 
of the pronumeral.

Example

According to the Australian Bureau of Statistics, the term ‘Baby Boomer’ describes someone born 
between the years 1946 and 1964, inclusive.

Theyearofbirth,𝑦, of a Baby Boomer is given by the in equality 1946 ≤ 𝑦 ≤ 1964.

Representing inequalities on a number line

To represent an inequality on a number line, mark the inclusive limits with a solid circle 
and the exclusive ones with an empty circle  and then draw a line over all the allowed values.

If there is no upper or lower limit continue the line to the appropriate end of the number line  
and draw an arrow on the end.

Examples

𝑥 > −3 

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

𝑥 ≤ −1 

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

 −4 < 𝑦 ≤ 1

–5 –4 –3 –2 –1 0 1 2 3 4 5
y

LESSON 10A

Linear inequalities in one variable
The key skills you will learn in this lesson are:

1. Inequalities on a number line

2. Inequalities on a set of axes

VCAA key knowledge point:

“linear inequalities in one and two variables 
and their graphical representation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Transposing inequalities

Transposing inequalities is the same as transposing linear equations with one exception: 
multiplying or dividing by a negative number changes the direction of the inequality.

worked example 1 (1 mark)

Dis playthein equality 𝑥 < −1 on an umberlin e.

SolUTIoN

Step 1 Draw a number line.

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

Step 2 Find the limits and determine whether they are 
inclusive or exclusive.

Thelimitis − 1.

The inequality is given by the symbol  < . 
This means the limit is ‘less than’.

The limit is exclusive.

It will be represented by an empty circle  on 
or above the number line.

Step 3 Mark the limits and allowed values on or above 
the number line.

The inequality is given by the symbol  < . 
This means the limit is ‘less than’.

The line will point towards the values that are 
lowerthan − 1.

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

worked example 2 (1 mark)

Tran s pos ethefollowin gin equality,makin g𝑦the s ubject.

 3 < 2𝑦 + 1 < 5 

SolUTIoN

Step 1 Subtract 1 from all sides.

3 − 1 < 2𝑦 + 1 − 1 < 5 − 1

2 < 2𝑦 < 4

Step 2 Divideby2,an dwritethean s wer.

 2 _ 2  <  
2𝑦 _ 2   <  

4 _ 2 

 1 < 𝑦 < 2

Thean s weris  1 < 𝑦 < 2.

2. Inequalities on a set of axes

Inequalities can also be represented on a set of axes.

When representing inequalities on a set of axes, inclusive limits are denoted by a solid line and 
exclusive limits by a dashed line. On a set of axes the accepted values are denoted by a shaded area.

Example

Thein equality −2 < 𝑦 ≤ 2 can be repres en ted on a n umber lin e as :

–5 –4 –3 –2 –1 0 1 2 3 4 5
y
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And on a set of axes as:

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6

y

The differences between representing inequalities on a set of axes and a number line are 
summarised in the table below.

Number line Set of axes

Included

Excluded

Acceptable values

worked example 3 (1 mark)

Dis playthein equality 𝑥 < − 1 on a s et of axes .

SolUTIoN

Step 1 Draw a set of axes.

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6

y

Step 2 Find the limits and determine whether they are 
inclusive or exclusive.

Thelimitis − 1,exclus ive.

This means it will be represented by a dashed 
line on the set of axes.

Step 3 Mark the limits and allowed values on the set 
of axes.

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6

y
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worked example 4 (1 mark)

Dis playthein equality 𝑥 ≥ 0 on a s et of axes .

SolUTIoN: TI–NSpIre

Step 1 Open a new set of axes by pressing +
 then  (‘Add Graphs’).

Step 2 Press , then (‘≥’).

Then replacethe‘𝑦’ with ‘𝑥’.

Step 3 Type‘0’afterthe‘≥’s ymbolan dthen  
press .

SolUTIoN: CaSIo ClaSSpad

Step 1 Using the stylus, select  and then .

Tap the down arrow y=  and select  from 
the drop down menu.

Step 2 In thefirs trow,labelled‘x1’,type‘0’.

Then check the box to the left by tapping it with 
the stylus.

Step 3 Tap the  button to graph the inequality.

Questions 10a Linear inequalities in one variable

Refresher question

Q1. a)  Complete the following inequalities by 
fillin gin theboxes witheither<or>.

i 2   0

ii −3   −2

b) Which of these lines is:

i 𝑥 = 2

ii 𝑦 = −2
–3 –2 –1 0 1 2 3

x

–3

–2

–1

2

2

3

yA B E

C

D
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1. Inequalities on a number line

Q2. True or false: a closed circle on a number line indicates that the value is included.

Q3. Display the following inequalities on a number line.

a) 𝑥 ≤ 5

b) 𝑦 > −3

c)  3 __ 2  < 𝑥 ≤  
5 __ 2 

Q4. Express the information shown on each of the number lines below as an inequality.

a) 

b) 

Q5. Display the following inequalities on separate number lines.

a) 𝑦 − 3 < 3

b) 2𝑥 ≥ −8

c) 1 ≤ 𝑥 + 5 < 3

d) −3 < 2𝑦 − 1 ≤ 5

Check your understanding

Q6. The Edrolo Theatre Company is holding auditions for their upcoming play. 
The allowed height for the lead role is displayed on the number line below.

0 0.5 1 1.5 2
Height (metres)

Which of the options below correctly completes the following sentence?

The actor playing the lead role must be ___________ metres tall but ___________ metres.

a. morethan 1.6; n otallerthan 1.8

B. atleas t1.5;s horterthan 1.8

C. atleas t1.6;s horterthan 1.8

d. morethan 1.6; n otallerthan 1.8

e. atleas t1.6;n otallerthan 1.8

Q7. Beppe’s last physics exam at university went for three hours. The students were not allowed  
toleavetheexamin ation ven uein thefirs thalfhourorin thelas t15min utes oftheexam.  
Beppe left the exam early.

On the number line below, display the period of time during which Beppe could have left  
the exam. Assume that the limits on this number line are exclusive.

0 1 2 3
Time (hours after the exam started)

Skill

Skill

Skill

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

–5 –4 –3 –2 –1 0 1 2 3 4 5
y

Skill

Application

Application
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2. Inequalities on a set of axes

Q8. True or false: the dotted horizontal line on 
this s etofaxes in dicates thatthe𝑦-value  
is included.

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6
y

Q9. Display the following inequalities on separate sets of axes.

a) 𝑥 > −3

b) 𝑦 ≤ 1

c) −3 ≤ 𝑦 < 2

Q10. Express the information shown on each set of axes below as an inequality.

a)  b) 

Q11. Display the following inequalities on a set of axes.

a) − 3 __ 2  > 0.5𝑦

b)  1 < 𝑥 + 2 ≤ 3

c)  1 __ 2  ≤ 𝑦 ≤  
5 __ 2 

d) 0 ≤ 3 (𝑦 + 1 ) < 9

Check your understanding

Q12. Which of the following is not a valid representation of the inequality  r > 2?

a. B. 

Skill

Skill

Skill

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6
y

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6
y

Skill

Skill

–6 –4 –2 0 2 4 6
r

–6

–4

–2

2

4

6
s

–6 –4 –2 0 2 4 6
s

–6

–4

–2

2

4

6
r
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C.  

d. All of the above

e. None of the above

–6 –4 –2 0 2 4 6
s

–6

–4

–2

2

4

6
r

Joining it all together

Q13. Express the following inequalities on a number line.

a)  b) 

c) 

Q14. Whichoffollowin grepres en tation s ofthein equality h ≥ −2 is in correct?

a. 

B. 

C. 

d. 

e. None of the above

Skill
3 marks

–3 –2 –1 0 1 2 3
x

–3

–2

–1

1

2

3
y

x

y

–5 –4 –3 –2 –1 1 2 3 4 5

–5
–4
–3
–2
–1

1
2
3
4
5

x

y

–4 –3 –2 –1 1 2 3 4

–4
–3
–2
–1

1
2
3
4

Skill
1 mark

–5 –4 –3 –2 –1 0 1 2 3 4 5
h

h

j

–4 –3 –2 –1 1 2 3 4

–4
–3
–2
–1

1
2
3
4

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

x

h

–4 –3 –2 –1 1 2 3 4

–4
–3
–2
–1

1
2
3
4
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Q15. Buycycles ‘r’ Us sells fully assembled bicycles that weigh at least 7 kg but less than 11 kg.

The wheels Buycycles ‘r’ Us use each weigh 1 kg.

Jessie buys a bicycle from Buycycles ‘r’ Us, but wants to attach her own wheels.

On a number line, display the possible weight of Jessie’s new bicycle without its wheels.

The number line does not need to include zero.

Q16. Showthatthein equalitys hown on thes etofaxes belowis −2 < 3𝑦 + 7 < 10.

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6
y

Application
2 marks

Skill
2 marks

Questions from multiple lessons

Q17. Jun iors wimmers competedattheJun iorWorldChampion s hipin Budapes t,Hun garyin 2019.

Theorderin whichtheUSA’s teamoffours wimmers completedthe4 × 100mmedleyrelayis s hown .

Order First Second Third Fourth

Name William Josh Torri Gretchen

The following line segment graph represents the  
incomplete progression of the race.  
Torri’s segment is missing.

The speed that Torri swam at is closest to

a. 1.5m/s 

B. 1.5km/h

C. 1.7m/s 

d. 1.7km/h

e. 1.8m/s 
VCAA 2018 Exam 1 Module 4: Graphs and relations Q4 – Adapted

Q18. The number of minutes spent eating breakfast on a particular day was 
recordedforagroupof20highs chools tuden ts .Theres ults ares hown 
in the following stem plot.

Thepercen tageofthes epeoplethats pen tmorethan 10min utes eatin g
breakfast is 

a. 45%

B. 30%

C. 55%

d. 40%

e. 70%
VCAA 2018NH Exam 1 Data Analysis Q2 – Adapted

Difficulty:

1 mark

D
ist

an
ce

 (m
)

Time (s)
50 100 150 200 250

100

200

300

400

(54, 100)

(113, 200)

(171, 300)

(224, 400)

Difficulty:

1 mark

0 6 7 7 8 8 9
1 0 0 0 1 3 7 8
2 2 2 4 5 7
3 1 3

Key:0|6=6min utes 
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Q19. One section of a piecewise linear model is shown in the following graph.

10

5

−5

105−5−10

−10

(−0.8, 4.4)

x

y

Theequation ofthelin eis 𝑦 = m𝑥 + 6, where −7 ≤ 𝑥 < −0.8.

a) What is the value of  m? (1 mark)

b) An others ection ofthepiecewis elin earmodelhas theequation 𝑦 = 4𝑥 − 8,where  8 _ 3  ≤ 𝑥 < 4.  
This section is displayed in pink.

10

5

−5

105−5−10

−10

(−0.8, 4.4)

x

y

Determine the equation of the section that connects the blue and pink sections of the piecewise linear 
model.Youdon otn eedtogivethedomain . (2 marks)

Difficulty:

3 marks
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LESSON 10B

Linear inequalities in two variables
The key skills you will learn in this lesson are:

1. Testing points

2. Representing inequalities in two variables on a set of axes

VCAA key knowledge point:

“linear inequalities in one and two variables 
and their graphical representation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Testing points

Inequalities are also used to show a relationship between two variables.

Example

Edrolo is buying all their employees a second computer monitor to improve productivity.

Edrolo needs to buy at leastas man ymon itors , 𝑦, as they have employees , 𝑥.

Thein equalitythatdes cribes this s ituation is  𝑦 ≥ 𝑥.

Testing points

Tes tin gpoin ts is amethodoftriallin gs pecificpairs ofn umbers (kn own as poin ts ororderedpairs )
to see if they satisfy an inequality. These points are written using the standard notation:

(𝑥-coordin ate, 𝑦-coordin ate).

This is done by substituting the necessary values into the inequality and determining if the 
expression is true or false.

worked example 5 (1 mark)

Edrolo is buying all their employees a second monitor to improve productivity.

Edrolo needs to buy at leastas man ymon itors , 𝑦, as they have employees , 𝑥.

Thein equalitythatdes cribes this s ituation is  𝑦 ≥ 𝑥.

Edrolocurren tlyhas 50employees an dtheybuy45mon itors .

Does this point   (50, 45)s atis fythein equality 𝑦 ≥ 𝑥?

SolUTIoN

Step 1 Substitute the point    (50, 45) into the inequality.

45 ≥ 50

Step 2 Check whether the expression is true.

45 ≥ 50 is fals e.

Step 3 Interpret the result.

This means the point    (50, 45) does not satisfy
the inequality.

2. representing inequalities in two variables on a set of axes

Representing inequalities in two variables on a set of axes is done in the same way as representing 
in equalities in on evariable.Thekeydifferen ceis thatthelin earequation willin volveboth𝑥an d 𝑦.

When drawing inequalities on a set of axes:

1. Determine whether the inequality is inclusive or exclusive and sketch the line.
	ᶝ Forexpres s ion s with ≤ or ≥ s ketchas olidlin e.
	ᶝ Forexpres s ion s with < or > s ketchadas hedlin e.

2. Shade the region associated with the expression.
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Example

Thein equality 𝑦 < 2𝑥 − 1 is repres en tedon thes etof
axes below.

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6

y

A dotted 
lin ealon g 
𝑦 = 2𝑥 − 1

The region ‘less 
than’ the line 
is shaded.

When expres s ion s don othave𝑦alon g on the left han d
side the expression can be rearranged to make sketching 
easier. This is the same as rearranging an equation 
(except if multiplying or dividing by −1, this will change 
the direction of the inequality sign).

Example

Theexpres s ion  2𝑦 − 10 ≤ 4𝑥 can be rearran ged:

2𝑦 − 10 + 10 ≤ 4𝑥 + 10 

2𝑦 ≤ 4𝑥 + 10

2𝑦 ÷ 2 ≤ (4𝑥 + 10) ÷ 2 

𝑦 ≤ 2𝑥 + 5

worked example 6 (1 mark)

Edrolo is buying all their employees a second monitor 
to improve productivity. Edrolo needs to buy at least 
as man ymon itors , 𝑦, as they have employees , 𝑥. 
Thein equalitythatdes cribes this s ituation is  𝑦 ≥ 𝑥.

Represent this inequality on the following set of axes.

0 2 4 6 8 10 12
x

2

4

6

8

10

12

y

SolUTIoN

Step 1 Determine whether the inequality is inclusive 
or exclusive.

Thein equalityin cludes  ≥,the‘greaterthan or
equal to’ symbol.

The inequality is inclusive.

This means the limit will be represented by a 
solid line.

Step 2 Plot the line using a solid or dashed line 
as required.

Hereweplot 𝑦 = 𝑥 as as olid lin e.
0 2 4 6 8 10 12

x

2

4

6

8

10

12

y
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Step 3 Shade in the appropriate region.

Theregion wearelookin gforis  𝑦 ≥ 𝑥. 
The region we need to shade in is the part 
abovethelin e,where 𝑦 is greater than  𝑥.

0 2 4 6 8 10 12
x

2

4

6

8

10

12

y

worked example 7 (1 mark)

Repres en tthein equality 𝑦 < −3𝑥 + 6 on a s et of axes .

SolUTIoN: TI-NSpIre

Step 1 Open a new set of axes by pressing +
 then  (‘Add Graphs’).

Step 2 Press , then (‘<’).

Step 3 Type ‘ −3𝑥 + 6’ after the ‘<’ s ymbol an d then 
press .

SolUTIoN: CaSIo ClaSSpad

Step 1 Using the stylus, select  and 

then .

Tap the down arrow y=  and select y<  from 
the drop down menu.

Step 2 In thefirs trow,labelled‘𝑦1’, type ‘−3𝑥 + 6’.

Then check the box to the left by tapping it with 
the stylus.

Step 3 Tap the button to graph the inequality.

Step 4 Tap ‘Zoom’, then tap ‘Auto’.
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Questions 10B Linear inequalities in two variables

1. Testing points

Q2. Complete the following questions:

a) Subs titutethepoin t (2, 1) in tothein equality 𝑦 > 𝑥 − 2 an ds implify.

b) Is the expression you found in part a) true or false?

Q3. Foreachofthefollowin g,tes twhetherthepoin ts atis fies thein equality.

a) (1, 3) 𝑦 ≥ 2𝑥 + 1

b) (2, 0) 𝑦 + 2𝑥 < 3

c) (−3, 2) 3𝑦 − 𝑥 > 0

Q4. Thepoin t (2, 3) s atis fies thein equality:

a.  𝑦 > 𝑥 + 1 B. −𝑦 + 𝑥 > 0 C.  2𝑦 + 𝑥 < 5

d.  2𝑦 ≥ 𝑥 + 1 e. 𝑥 ≤ 2𝑦 − 5

Check your understanding

Q5. In many Victorian hospital wards there must be at least one nurse rostered on for every four patients.

a) In one such ward there are eight patients. What is the minimum number of nurses that must be
rostered on?

b) In another such hospital ward there are 36 patients. What is the minimum number of nurses that
must be rostered on?

c) Writedown thein equalitythatgives therequired n umberofn urs es , n,in awardwith p patien ts .

d) In an others uchhos pitalwardthereare21patien ts an dfiven urs es curren tlyon duty.Arethere
enough nurses rostered on?

Skill

Skill

Skill

Application

2. representing inequalities in two variables on a set of axes

Q6. Thein equality 𝑦 > 2𝑥 is repres en ted on 
the following set of axes.

The representation is incomplete.

Complete the graph by shading the 
accepted area.

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6

y

Skill

Refresher question

Q1. a) Whatis the 𝑦-coordin ate of the poin t (1, 0)?

b) Plottheequation  𝑦 = 2𝑥 on as et of axes .
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Q7. Represent each of the following inequalities on a separate set of axes.

a) 𝑦 < 2𝑥 − 1 b) 𝑦 ≥ −𝑥 + 2 c) 𝑦 − 𝑥 > 1

Q8. Represent each of the following inequalities on a separate set of axes.

a) 2𝑦 + 6𝑥 ≤ 6 b) 0.5𝑦 − 3𝑥 > −1.5 c)  3𝑦 + 9𝑥 ≥ 18

Check your understanding

Q9. Statethein equalitythatdefin es thefollowin ggraphs .

a)  b) 

c) 

Q10. Which of the inequalities below is represented on the following graph?

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6

y

a.  𝑦 > −  2 __ 3 𝑥 + 2 B. 3𝑦 − 2𝑥 < 12 C. 𝑦 <  2 _ 3 𝑥 − 3

d.    3 __ 2 𝑦 + 𝑥 < 3 e. 2𝑦 + 3𝑥 > 12

Skill

Skill

Skill

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6

y

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6

y

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

–5

–4
–3

–2

–1

1

2

3
4

5

y

Skill

452 10B LineAr inequALities in two VAriABLes

© Edrolo 2020



Joining it all together

Q11. Foreachofthefollowin g,determin ewhetherthepoin ts atis fies thein equalitys hown on thes etofaxes .

a) (2 −4 ) b) (−1, 3)

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6

y

 

–6 –4 –2 0 2 4 6
x

–6

–4

–2

2

4

6

y

Q12. A local high school is organising an overseas study tour for some of its students. There must be at least 
one teacher for every ten students.

Let:
	●  t bethen umberofteachers .
	●  s bethen umberofs tuden ts .

a) Writedown an in equalityin terms of s an d t thatdes cribes this s ituation .

b) Graph the inequality from part a) on the following set of axes.

0 10 20 30 40 50
s

2

4

6

8

10

t

c) Whatis themin imumn umberofteachers thataren eededtotake30s tuden ts overs eas ?

Skill
2 marks

Application
3 marks
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VCaa question

Q13. Foran overn ights choolexcurs ion theremus tbeatleas ton eteacherforevery15s tuden ts .

Let:
● 𝑥 be the n umber of s tuden ts .
● 𝑦 be the n umber of teachers .
The inequality that describes this situation is:

a. 𝑦 ≥ 15 B. 𝑥 ≤ 15 C. 𝑦 ≥ 15𝑥

d.  𝑦 ≥ 𝑥 ____ 15  e. 𝑥 ≥ 𝑦 ____
15   

Adapted from VCAA 2015 Exam 1, Module 3: Graphs and relations: Q5

1 mark

Questions from multiple lessons

Q14. Amus icfes tivalmakes s uretohaveatleas tthreeallfemaleacts foreveryfiveallmaleacts .

Let m repres en tthen umberofallmaleacts ,an d f repres en tthen umberofallfemaleacts .

The relationship between the number of all male and all female acts can be represented by  
the inequality

a. 3m ≥ 5f

B. 3f ≥ 5m

C. 3m ≤ 5f

d. 3f ≤ 5m

e.  m ≥ f
VCAA 2019NH Exam 1 Module 4: Graphs and relations Q4 – Adapted 

Q15. Zoemeas uredtheheightan dweightofn in ekoalas s hes aveddurin gthe2019/20bus hfires .
They are displayed in the following table.

Height (cm) 78 92 80 81 72 75 78 84 74

Weight (kg) 4.2 9.9 7.2 5.4 4.8 5.5 5.0 8.2 7.6

Themean , ̄  𝑥, an d the s tan dard deviation , s𝑥   , for the weight of these koalas, in kilograms, are closest to

a. ¯ 𝑥 = 6.28, s𝑥 = 1.79

B. ¯ 𝑥 = 6.28, s𝑥 = 1.90

C. ¯ 𝑥 = 6.42, s𝑥 = 1.90

d. ¯ 𝑥 = 6.42, s𝑥 = 1.79

e. ¯ 𝑥 = 6.53, s𝑥 = 1.79
VCAA 2018NH Exam 1 Data analysis Q7 – Adapted

Difficulty:

1 mark

Difficulty:

1 mark
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Q16. EdrofficeWorks is as tart-ups tation eryproducer.

Let𝑥be the n umber of pen s EdrofficeWorks 
produces each day.

Let𝑦be the n umber of pen cils EdrofficeWorks 
produces each day.

Acon s train ton theproduction byEdrofficeWorks  
is given by

In equality1: 𝑥 ≥ 50

a) Explain the meaning of Inequality 1 in terms
ofthegiven variables . (1 mark)

Eachday,EdrofficeWorks produces atleas ta
pen cils ,butcan on lyproduceupto300pen s an d
pencils combined.

These constraints may be written as

In equality2: 𝑦 ≥ a 

In equality3: 𝑥 + 𝑦 ≤ 300

Thegraphs of𝑥 = 50an d 𝑦 = a  are shown on the right.

b) State the value of  a  (1 mark)

c) Plotthelin e𝑥 + 𝑦 = 300 on the given graph. (1 mark)

VCAA 2010 Exam 2 Module 3: Graphs and relations Q3 a,b – Adapted 

Difficulty:

3 marks

x

y

50 100 150 200 250 300 350
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10B LineAr inequALities in two VAriABLes 455

© Edrolo 2020



1. Sketching feasible regions

In many cases, multiple linear inequalities must be solved simultaneously. By graphing all of 
thelin earin equalities on thes ames etofaxes ,theregion thats atis fies allofthein equalities can 
be located. This region is known as the feasible region.

The feasible region is the region in which every point within it is a possible solution to the problem.

Like with inequalities, points on the boundary of the feasible region are included if the line is solid 
(≤or≥),an dpoin ts on theboun daryaren otin cludedifthelin eis dotted(<or>).

worked example 8 (1 mark)

Sketchthefeas ibleregion defin edbythefollowin gin equalities :

𝑥 ≥ −3 𝑥 < 5 𝑦 > −6 𝑥 + 𝑦 ≤ 8

SolUTIoN

Step 1 Draw and label the axes.

–10 –5 5 10
x

–10

–5

5

10

y

Step 2 Sketchthefirs ttwoin equalities .

Sin cethes eequalities on lyin volve 𝑥, they will
be vertical lines on the plane.

Thein equality 𝑥 ≥ −3 willbeas olidlin ewhile
thein equality 𝑥 < 5 will be a dotted lin e.

The required region is the region between these 
two lines.

–10 –5 5 10
x

–10

–5

5

10

y

LESSON 10C

Feasible region
The key skills you will learn in this lesson are:

1. Sketching feasible regions

2. Worded problems involving feasible regions

VCAA key knowledge point:

“the concepts of feasible region, constraint 
and objective function in the context of 
solving a linear programming problem”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Step 3 Sketch the third inequality.

Sin cethis in equalityon lyin volves  𝑦, it will be a
horizontal line on the plane.

Thein equality 𝑦 > −6 is exclus ives owillbe
shown by a dotted line.

Theaccepted 𝑦-values are thos e greater than 
–6, so the required region will be the area above
the line.
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x

–10
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5

10

y

Step 4 Sketch the last inequality and shade the 
feasible region.

Itmighthelptorearran gethein equalityfor 𝑦.

𝑥 + 𝑦 ≤ 8

𝑦 ≤ −𝑥 + 8

This gives a line with gradient –1 that has a 
𝑦-in tercept of 8.
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–10
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5

10

y

2. worded problems involving feasible regions

Problems which involve multiple linear inequalities are known as linear programming problems. 
The inequalities in these problems are known as constraints. These will be covered in depth in the 
next lessons.

Tos olveawordedproblemin volvin gfeas ibleregion s ,lin earin equalities mus tfirs tbededuced
from the context of the question.

worked example 9 (2 marks)

Katieis as eams tres s an din ordertomeetdeman d,s hekn ows s hemus tmakeatleas tfivedres s es 
and seven skirts each week. It takes her three hours to sew a dress and two hours to sew a skirt. 
Sheworks atleas t30hours butles s than 50hours perweek.

a) Expres s thein formation given in fourlin earin equalities .Let 𝑥 be the n umber of dres s es made
perweekan d 𝑦 be the n umber of s kirts made per week. Graph the in equalities an d s hade in 
the feasible region.

b) Katiejus treceivedan orderforfourteen s kirts an deightdres s es .Wills hebeabletofillthis 
order in one week? Show your answer by plotting the point on the graph.
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SolUTIoN

a) Graph the inequalities and shade in the 
feasible region.

Step 1 Defin ethefirs ttwoin equalities .

Katiemus ts ewatleas tfivedres s es perweek:

𝑥 ≥ 5

Katie must sew at least seven skirts per week:

𝑦 ≥ 7

Step 2 Defin ethelas ttwoin equalities .

The other two inequalities are slightly 
less straightforward.

Wekn owthatKatiemus tworkatleas t30but
les s than 50hours perweek.

We also know that it takes Katie three hours to 
make a dress and two hours to make a skirt.

Hence,

3𝑥 + 2𝑦 ≥ 30

3𝑥 + 2𝑦 < 50

Step 3 Graph the inequalities and shade the 
feasible region.

Thefirs tthreein equalities arein clus ives owill
be plotted using solid lines.

The fourth inequality is exclusive so will be 
plotted using a dotted line.

x
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8

12

16

20

y

0 4 8 12 16 20

b) WillKatiebeabletofillthis orderin on eweek?

Step 1 Write the given information as coordinates.

Theorderrequires 14s kirts an d8dres s es .
Therefore,𝑦 = 14an d 𝑥 = 8.

Thepoin tis (8,14).

Step 2 Plot the point on the graph.

0 4 8 12 16 20
x

4

8

12

16

20

y

As seen on the graph, the point is outside the 
feasible region. Hence, Katie will not be able to 
fillthis orderin on eweek.

Questions 10C Feasible region

Refresher question

Q1. Rearran gethein equality 2𝑦 + 3𝑥 > 24 for 𝑦.
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1. Sketching feasible regions

Q2. Afeas ibleregion is defin edbythe
following three inequalities:

In equality1: 𝑥 > 2

In equality2: 𝑦 ≥ 1

In equality3: 𝑥 + 𝑦 ≤ 7

Thelin es ofin equalities 1an d2havebeen 
plotted on the graph.

Sketch inequality 3 onto the graph and 
then shade the feasible region. 0 2 4 6 8

x

2

4

6

8
y

Q3. Sketch each of the feasible regions bounded by the inequalities below:

a)  b)  c) 

Q4. Con s iderafeas ibleregion defin edbythein equalities ;

𝑥 > −2 𝑦 < 12 𝑥 + 𝑦 < 15 𝑥 ≤ 𝑦 + 3

Identify whether each of the following points is inside or outside of the feasible region.

a) (4,5) b) (6, −2) c) (1, 12) d) (8,5) e) (6, 9)

Check your understanding

Q5. The feasible region in the following graph 
is bounded by four inequalities:

In equality1: 𝑥 < 4

In equality2: 𝑦 > −2

In equality3: 𝑥 + 𝑦 ≥ −6 

Inequality 4: ?

What is the equation of inequality 4?

–10 –5 5 10
x

–10

–5

5

10

y

Skill

Skill 𝑥 ≥ 0

𝑦 ≥ 0

𝑥 + 𝑦 ≤ 6

𝑦 − 𝑥 ≤ 2

𝑥 > −10

𝑦 < 5

𝑥 + 𝑦 ≤ 10

𝑥 < 16

𝑦 ≤ 16

𝑥 + 𝑦 ≥ 8

2𝑦 − 𝑥 ≤ 22

Skill

Skill
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2. worded problems involving feasible regions

Q6. Represent each of the following scenarios as a linear inequality using the variables provided.

a) In ordertopurchas ealcoholin Aus tralia,youmus tbeatleas t18years ofage.Let a beage.

b) Amodellin gagen cyrequires theirfemalemodels tobeatleas t175butles s than 185cen timetres tall.
Let h beheight.

c) Acafein Melbourn ehas on lyen oughcoffeebean s tos ell120coffees aday.Thecafes ells twotypes 
ofcoffees :es pres s os an dcappuccin os .Let e bethen umberofes pres s os s oldan d c bethen umber
of cappuccinos sold.

Q7. Liv works at an animal shelter, caring for stray cats and dogs. For every dog, there are at least two 
cats .Thes helteralways has les s than 40cats duetolackofequipmen t.Themaximumcapacityofthe
s helteris 55an imals .

Let c bethen umberofcats an d d bethen umberofdogs in thes helteratan ygiven time.

a) Express the above information in three linear inequalities.

b) Plotthefeas ibleregion with c on the 𝑥-axis an d d on the 𝑦-axis .

Q8. A French bakery sells both macaroons and 
croissants. Let the number of macaroons sold 
be m an dthen umberofcrois s an ts s oldbe c.

The feasible region for the sales of their  
pastries each day is shown on the graph.

Interpret, in the context of the situation, 
each of the inequalities on the graph.

Application

Application

Application

0 50 100 150

c

50

100

150

m
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Check your understanding

Q9. Davidis curren tlyin Year12an dis s tudyin gforhis exams .His twohardes ts ubjects areChemis tryan d
Geography, so he is dividing his time between the two.

David has decided that for each hour of Geography study he does, he will do at least two hours of study 
forChemis try.Hewan ts tos pen damin imumoffivehours perweekon Geographyan damin imumof
14hours perweekon Chemis try.Davidwan ts tos tudyforn omorethan 35hours eachweek.

Let 𝑥 be the n umber of hours s pen t s tudyin g Geography an d 𝑦 be the n umber of hours s pen t s tudyin g
Chemistry each week.

In whichofthefollowin ggraphs does thes hadedareas howthefeas ibleregion defin edby 
these constraints?

a.  B. 

C.  d. 

Application
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Joining it all together

Q10. A roller coaster at Luna Park has certain height and weight requirements.

Eachpas s en germus tbeatleas t120cen timetres talltoridetherollercoas ter,an dn oheavierthan 100kg.

As s umethatapers on ’s weight, 𝑦(kg), can be related to their height, 𝑥 (cm), by the in equality 
𝑦 ≥ 3 __ 5 𝑥 − 30.

a) Sketchthefeas ibleregion thats atis fies thes econ dition s .

b) According to these conditions, what is the maximum height a person can be to ride the roller coaster, 
correct to one decimal place?

Application
2 marks
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Q11. For which of the following sets of linear inequalities is there no feasible region?

a. 𝑥 > 0, 𝑦 > 0,an d 𝑥 + 𝑦 > 20 B. 𝑥 ≤ 6, 𝑦 < −3,an d 𝑦 + 𝑥 > 2

C. 𝑥 ≥ −5, 𝑦 ≤ −10,an d 𝑦 − 𝑥 < −30 d. 𝑥 < −1, 𝑦 > 11, an d 𝑥 − 𝑦 > 3

Q12. Amyis takin gagapyearan dis s avin guptotravel.Shehas twopart-timejobs ;as as wimin s tructor
and a receptionist.

Hercon tractas as wimin s tructorrequires hertoteachatleas t10hours an datmos t24hours perweek.
As areception is t,Amymus tworkamin imumof8hours butles s than 25hours perweek.Shewan ts to
workn omorethan 40hours eachweek.

Let 𝑥 be the n umber of hours per week s pen t workin g as a s wim in s tructor an d 𝑦 be the n umber of
hours per week spent working as a receptionist.

a) Sketch the feasible region.

b) Is itpos s ibleforAmytowork22hours as as wimin s tructoran d 16hours as areception is tin on e
week while satisfying all of the conditions? Plot the point on the graph to check your answer.

Skill
1 mark

Application
2 marks

VCaa questions

Q13. In a linear programming problem involving 
animal management on a farm:
● 𝑥 repres en ts the n umber of cows on 

the farm.
● 𝑦 repres en ts the n umber of s heep on 

the farm.
The feasible region (with boundaries  
included) for the problem is indicated by 
the shaded region on the following diagram.

On eofthecon s train ts defin in gthefeas ible
region indicates that:

a. theremus tbe20cows an d60s heep.

B. theremus tbe40cows an d40s heep.

C. then umberofs heepcan n otexceed40.

d. then umberofcows mus tbeatleas t60.

e. the total number of cows and sheep
can n otexceed80.

VCAA 2006 Exam 1 Module 3: Graphs and relations. Q7

0 20 40 60 80 100
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Q14. The four inequalities below were used to construct the feasible region for a linear programming problem.

𝑥 ≥ 0 𝑦 ≥ 0 𝑥 + 𝑦 ≤ 9 𝑦 ≤1 __ 2𝑥

A point that lies within this feasible region is:

a. (4, 4) B. (5,3) C. (6,2) d. (6, 4) e. (7, 3)
VCAA 2006 Exam 1, Module 3: Graphs and relations. Q9

1 mark

1 mark
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Questions from multiple lessons

Q15. A music school requires at least one music teacher for every eight students. 

Let𝑥be the n umber of mus ic teachers an d 𝑦 be the n umber of s tuden ts .

Which one of the following inequalities represents this situation?

a. 𝑦 ≤  𝑥 _ 8 

B. 𝑦 ≥  𝑥 _ 8 

C. 𝑦 ≤  8 _ 𝑥 

d.  𝑦 ≥ 8𝑥

e. 𝑦 ≤ 8𝑥
VCAA 2017 Exam 1 Module: 4 Graphs and relations Q5 – Adapted 

Q16. Consider the following recurrence relation.

M0 = 50 000, Mn+1 = Mn + 3250

Which of the following scenarios could this recurrence relation be used to model?

a. As implein teres tin ves tmen tof$50000withan an n ualin teres trateof3.25%.

B. As implein teres tin ves tmen tof$50000withan an n ualin teres trateof6.5%.

C. As implein teres tin ves tmen tof$5000withan an n ualin teres trateof65%.

d. Acompoun d in teres tin ves tmen tof$50000withan an n ualin teres trateof3.25%.

e. Acompoun d in teres tin ves tmen tof$50000withan in teres trateof6.5%.
VCAA 2017 Exam 1 Recursion and financial modelling Q19 – Adapted

Q17. Ajuicecompan yproduces twoflavours ;blackcurran tan dapple.

Let  xbethen umberofblackcurran tjuices s oldeachday.

Let  ybethen umberofapplejuices s oldeachday.

Eachday,amaximumof400juices can bes old.

Thein equalities belowrepres en tthecon s train ts on then umberofjuices thatcan bes oldeachday.

Con s train t1: 𝑥 ≥ 0

Con s train t2: 𝑦 ≥ 0

Con s train t3: 𝑥 + 𝑦 ≤ 400

Con s train t4: 𝑥 ≤ 2𝑦

a) In terpretCon s train t4in terms ofthen umberofblackcurran tan dapplejuices s old in on eday. (1 mark)

Thereis an othercon s train t,Con s train t5,
on the number of each drink that can be 
sold each day.

Con s train t5is boun dedbyLin eC , shown in 
the following graph.

The shaded region of the graph contains the 
poin ts thats atis fyCon s train ts 1to5.

b) Write down the inequality that 
repres en ts Con s train t5. (1 mark)

VCAA 2016 Exam 2 Module 4: Graphs and Relations Q3 a,b – Adapted 

Difficulty:

Year 10
1 mark

Difficulty:

1 mark

Difficulty:

2 marks

y
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x + y ≤ 400

line C
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LESSON 10D

Linear programming corner-point principle
The key skills you will learn in this lesson are:

1. Finding the coordinates of the vertices of a feasible region

2. Finding the minimum or maximum solution

VCAA key knowledge point:

“use of the corner-point principle to 
determine the optimal solution/s of a linear 
programming problem”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Finding the coordinates of the vertices of a feasible region

The coordinates of the corner points of a feasible region can be found by sketching a graph of 
the linear inequalities that make up the feasible region, and determining where each of the 
boundaries intersect. These coordinates are extremely important when working out the minimum 
ormaximums olution ofan objectivefun ction ,as dis cus s edlaterin theles s on .

worked example 10 (3 marks)

Fin dthecoordin ates ofthevertices ofthefeas ibleregion defin edbythefollowin gcon s train ts .

𝑦 ≥ 0.5𝑥 − 6𝑦 ≤ 2𝑥 + 6𝑦 ≤ − 3𝑥 + 7

SolUTIoN

Step 1 Sketch the feasible region.

𝒚 ≥ 0.5𝒙 − 6 

𝒚 ≤ 2𝒙 + 6 

 𝒚 ≤ −3𝒙 + 7 
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Step 2 Find the point of intersection between the lines 
𝒚 = 0.5𝒙 − 6 an d  𝒚 = 2𝒙 + 6.

0.5𝑥 − 6 = 2𝑥 + 6

1.5𝑥 = −12

𝑥 = −8

Subs titute 𝑥 = −8 in to 𝑦 = 0.5𝑥 − 6.

𝑦 = (0.5 × −8) − 6
𝑦 = −4 − 6

𝑦 = −10

Poin tofin ters ection : (−8, −10)
✓ 1 mark for finding the point of intersection

Step 3 Find the point of intersection between the lines 
𝒚 = 0.5𝒙 − 6  an d  𝒚 = −3𝒙 + 7.

0.5𝑥 − 6 = −3𝑥 + 7

3.5𝑥 = 13

𝑥 =  13 _3.5 

𝑥 =  26_7 

Subs titute 𝑥 =  26 _ 7   in to 𝑦 = 0.5𝑥 − 6.

𝑦 =  (0 5 × 
26 ____ 7 ) − 6

𝑦 =  13 _ 7   − 6

𝑦 = −  29_
7 

Poin tofin ters ection : (
26 _ 7 −29 _ 7 )

✓ 1 mark for finding the point of intersection
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Step 4 Find the point of intersection between the lines 
𝒚 = 2𝒙 + 6  an d  𝒚 = −3𝒙 + 7.

2𝑥 + 6 = − 3𝑥 + 7

5𝑥 = 1

𝑥 =  1 _5 

Subs titute 𝑥 =  1 _ 5  in to 𝑦 = 2𝑥 + 6.

𝑦 = (2 ×  
1 __ 5) + 6

𝑦 =  2 _ 5  + 6

𝑦 =  32_5 

Poin tofin ters ection : (
1 __ 5
32 ____ 5  )

Thecoordin ates are (−8,−10),(
26 _ 7  , − 

29 _ 7  )

an d (
1 __ 5  
32 ____ 5  ).

✓ 1 mark for finding the point of intersection

2. Finding the minimum or maximum solution

Theobjectivefun ction is afun ction in cludin gthevariables ofalin earprogrammin gproblem.
Often an objectivefun ction n eeds tobemin imis edormaximis ed.This couldbetomin imis e
res ources us edortomaximis eprofit.Itis impos s ibletotes teverypoin tin thefeas ibleregion ,
thereforethecorn er-poin tprin cipleis utilis ed.

Thecorn er-poin tprin ciples tates thatthemin imumormaximums olution ofan objectivefun ction 
will lie on one of the vertices of the feasible region.

Tofin dthemin imumormaximums olution ,thecoordin ateofeachvertexofthefeas ibleregion is 
s ubs titutedin totheobjectivefun ction ,as s hown in theworkedexamplebelow.

worked example 11 (2 marks)

Ifthecoordin ates ofthevertices ofafeas ibleregion are (−8,−10), (
26 _ 7

29 _ 7  ) an d (
1 __ 5
32 ____ 5  )  , what are the minimum and

maximums olution s oftheobjectivefun ction  A = − 5𝑥 + 7𝑦,correct to on e decimal place?

SolUTIoN

Step 1 Subs titutethepoin t (−8,−10) in to A.

A = (−5 × −8) + (7 × −10)

 A = 40 − 70

 A = −30

Step 2 Subs titutethepoin t (
26 _ 7 −29 _ 7  ) in to A.

A = (−5 ×  
26 ____ 7 ) + (7 × −

29 _ 7 )

 A = −  130 _ 7   − 29

 A = −  333 _ 7   = −47.6

Step 3 Subs titutethepoin t (
1 _ 5
32 _ 5  ) in to A.

A =  (−5 × 
1 __ 5) +  (7 × 32 ____ 5 )

 A = − 1 +  224_____
5 

 A = 43.8
✓ 1 mark for substituting the points into equations

Step 4 Find the minimum and maximum solutions.

Themin imums olution is −47.6an dthe
maximums olution is 43.8.
✓ 1 mark for identifying the minimum and maximum solution

Questions 10d Linear programming corner-point principle

Refresher question

Q1. What are the coordinates of the point of intersection of the two lines below?

𝑦 = −3𝑥 + 4

𝑦 = 5𝑥 − 6
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1. Finding the coordinates of the vertices of a feasible region

Q2. Whatarethecoordin ates ofpoin ts  A an d B?

–10 –5 5 10
x

–15

–10

–5

5

10

15

y

A

B

Q3. Fin dthecoordin ates ofthevertices ofthefeas ibleregion defin edbythecon s train ts below,correctto
one decimal place where appropriate.

a) 𝑦 ≥ −2

𝑦 ≤ 1.5𝑥 + 4

𝑦 ≤ −2𝑥 + 6

b) 𝑦 ≥ 0

𝑥 ≥ −1

𝑦 ≤ 0.5𝑥 + 5

𝑦 ≤ −2𝑥 + 9

c) 𝑦 ≤ −2𝑥

𝑥 ≥ −4

𝑦 ≥ 3𝑥 − 6

𝑦 ≥ 0.5𝑥 − 4

Check your understanding

Q4. Using this feasible region:

a) Find the missing inequality for the pink line.

b) Find the coordinates of the vertices of the shaded feasible region.

–10 –5 5 10
x

–10

–5

5

10

y

y ≤ –—x+83
2

y ≥ —x–72
3

y ≥ –2x–3

?

Skill

Skill

Skill

2. Finding the minimum or maximum solution

Q5. Ifthecoordin ates ofthevertices ofafeas ibleregion are (1,2),(3,−4),an d (−2,−3),whatarethe 
min imuman dmaximums olution s oftheobjectivefun ction  A = 3𝑥 + 4𝑦?

Q6. For all the feasible regions described in question 3, determine the minimum and maximum solutions 
oftheobjectivefun ction  A = 3𝑥 − 2𝑦.

Skill

Skill
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Check your understanding

Q7. A dog grooming salon grooms small dogs and large dogs. On a particular day:

i morethan twobutles s than twen ty-fives malldogs weregroomed.

ii more than two but less than twenty large dogs were groomed.

iii no more than forty dogs were groomed.

a) Setupthein equalities fori,iian diiius in g S torepres en tn umberofs malldogs groomed
an d L repres en tn umberoflargedogs groomed.

b) Ifthes alon charges $60togroomas malldogan d$75togroomalargedog,whatis themaximum
revenue the salon could have made that day?

Q8. Consider the feasible region described by the constraints:

 𝑦 ≥ 2𝑥 − 7 𝑥 ≥ −2 𝑦 ≤ −𝑥 + 8 𝑦 ≥ −4𝑥 − 10 

Whichobjectivefun ction has thegreates tmaximum?

a.  2𝑥 − 3𝑦 B. −𝑥 + 4𝑦 C. 3𝑥 − 5𝑦 d. 𝑥 + 6𝑦 

Application

Skill

Joining it all together

Q9. Thes hapeofafieldcan bedes cribedbythecon s train ts :

 𝑥 ≤ 3 𝑥 ≥ −1 𝑦 ≥ −2𝑥 − 3 𝑦 ≤ 𝑥 + 5 

Ifon eun iton thecartes ian plan erepres en ts fourmetres ,whatis theareaofthefield?

Q10. Abakerys ells blueberrymuffin s an dban an abread.Let M repres en tthen umberofblueberrymuffin s 
s oldan dlet B repres en tthen umberofban an abreads lices s old.On aparticularday,then umberof
blueberrymuffin s an dban an abreads oldcan berepres en tedbythefollowin gin equalities :

In equality1: B ≥ 0

In equality2: B + M ≤ 40

In equality3: B ≤ 3M

In equality4: B + 2M ≤ 60

a) Describe the meaning of inequality 3.

b) Drawthefeas ibleregion with M on the 𝑥-axis an d B on the 𝑦-axis .

c) Ifblueberrymuffin s s ellfor$3an dban an abreads ells for$2,fin dan equation todes cribethe
reven uemadebythebakery, R($).

d) What is the maximum revenue that could have been made on that day?

Q11. Three of the four constraints that make up a feasible region are:

 𝑦 ≥ 2𝑥 − 8 𝑦 ≥ −1 𝑦 ≥ −3𝑥 − 4 

Ifthemaximuman dmin imums olution s fortheobjectivefun ction  B = 10𝑥 − 2𝑦 are −49.6 an d 47.2
respectively, what is the other inequality that makes up the feasible region?

Application
1 mark

Application
4 marks

Skill
1 mark
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Questions from multiple lessons

Q12. A feasible region has been created using the three inequalities below.

𝑥 < 14

𝑦 < 8

𝑥 + 𝑦 > 18

A point that lies within this feasible region is

a. (15, 4)

B. (7, 12)

C. (10, 13)

d. (12, 7)

e. (12, 6)

VCAA 2018 Exam 1 Module 4: Graphs and relations Q3 – Adapted 

Q13. The variables  weight(les s than 1kg,1–2kg,over2kg)an dsize  (small, medium, large) are 

a. both numerical variables.

B. a numerical and ordinal variable respectively.

C. both nominal variables.

d. an ordinal and nominal variable respectively.

e. both ordinal variables.
VCAA 2018NH Exam 1 Data analysis Q5 – Adapted

Q14. Antonio has decided to paint his bedroom pink. 

He has a tin of red paint and a tin of white paint.

Let𝑥be the amoun t of red pain t us ed, in litres .

Let𝑦be the amoun t of white pain t us ed, in litres .

Tocovertheen tireroom,hewillrequireatleas tfivelitres an datmos ts even litres ofpain t.

He will have to mix the red and white paint to acquire his favourite shade of pink. The amount of white 
paint used must be at least twice the amount of red paint used. 

This in formation can berepres en tedbyIn equalities 1,2an d3.

In equality1: 𝑥 + 𝑦 ≥ 5

In equality2: 𝑥 + 𝑦 ≤ 7

In equality3: 𝑦 ≥ 2𝑥

There is another constraint given by 

In equality4: 𝑥 ≥ 1

a) Describe Inequality 4 in terms of the amount 
ofpain trequired. (1 mark)

b) The following graph shows the lines that
represent the boundaries of Inequalities
1 to 4.

Recreate the graph and shade the region
that contains the points that satisfy
thes ein equalities . (1 mark)

VCAA 2015 Exam 2 Module 3: Graphs and relations Q5 a,b – Adapted 

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

2 marks

y

x
20 4 6 8

2

4

6

8
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1. Finding optimum points using the sliding line method
● The sliding line method provides another way to determine the maximum or minimum point
ofan objectivefun ction within afeas ibleregion .Itworks bytakin gtheobjectivefun ction ,
tran s pos in gits oitis in terms of𝑦, an d s lidin g the lin e up an d down the 𝑦-axis un til it in ters ects on e of the corn ers 
of the feasible region.

Thein ters ection in whichtheobjectivefun ction is highes tupthe𝑦-axis can be rearran ged to fin d
themaximumvalueoftheobjectivefun ction .Thein ters ection in whichtheobjectivefun ction is 
lowes tdown the𝑦-axis can be rearran ged to fin d the min imum value of the objective fun ction .

Example

The following feasible region is given by:
● 𝑦 ≥ 1
	● 𝑥 ≥ 2
	● 𝑦 ≤ −2𝑥 + 16
	● 𝑦 ≤ 2𝑥
Fortheobjectivefun ction  P = −𝑥 + 2𝑦, we can 
rearran getheequation tofin d 𝑦 =  1 __ 2  𝑥 +  

P __ 2 . This is
plottedin oran ge,us in g P = 2.

In theequation  𝑦 =  1 __ 2  𝑥 +  
P __ 2   

P __ 2  is the𝑦-in tercept.  
Finding the maximum value of  P  within the feasible 
region is don ebyfin din gthemaximum𝑦-in tercept the
line can reach while staying in the feasible region.  
This is shown in the second graph.

In this graph,wes eethemaximum𝑦-in tercept that can 
beobtain edus in galin eoftheform 𝑦 =  1 __ 2  𝑥 +  

P __ 2  is 6.
This occurs for the corner at    (4,8). P  can be found by 
rememberin gthat  P __ 2  is equaltothe𝑦-in tercept.

 P __ 2  = 6

 P = 12 

Sothemaximumvalueof P = −𝑥 + 2𝑦 in the feas ible
region is 12.
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LESSON 10E

Applications of linear programming
The key skill you will learn in this lesson is:

1. Finding optimum points using the sliding line method

VCAA key knowledge point:

“formulation and graphical solution of linear 
programming problems involving 
two variables”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.21; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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worked example 12 (2 marks)

Xueis buyin gapples ,𝑥, an d ban an as , 𝑦,at as tall for her clas s mates . She kn ows that five s tuden ts 
only eat apples and three students only eat bananas.

Herteacheras kedhertobuybetween 30an d50pieces offruits uchthatthereareatleas ttwiceas 
man yban an as as apples .Thecos tofon eappleis $0.80an don eban an ais $1.20.

What is the cheapest way to satisfy all of the demands?

SolUTIoN

Step 1 Convert the written information to inequalities 
and equations.

“Fives tuden ts on lyeatapples ”→ 𝑥 ≥ 5

“Threes tuden ts on lyeatban an as ”→ 𝑦 ≥ 3

“Buybetween 30an d50pieces offruit” 
→ 𝑥 + 𝑦 ≥ 30 an d 𝑥 + 𝑦 ≤ 50

“At least two times the number of bananas as 
apples ”→ 𝑦 ≥ 2𝑥

“Thecos tofon eappleis $0.80an don eban an a
is $1.20.” C = 0.8𝑥 + 1.2𝑦

note:Thelas tequation is theobjectivefun ction .

Step 2 Plot the feasible region.

5 10 15 20 25 30
x
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y

(50
3

, 100
3

(10, 20)

(5, 45)

(5, 25)

✓ 1 mark for plotting the feasible region

Step 3 Tran s pos etheobjectivefun ction tomake𝑦
thes ubject.

  C = 0.8𝑥 + 1.2𝑦

1.2𝑦 = −0.8𝑥 + C 

𝑦 = −2 __ 3  𝑥 +  
5 __ 6 C
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(5, 45)

(5, 25)

Step 4 Examine the equation for how a minimum value 
of  C  will affect the equation.

The𝑦-in tercept is   5 __ 6  C. Themin imumvalueofC
willres ultin themin imum𝑦-in tercept for the
feasible region.

Step 5 Move the line up or down to maximise or 
minimise  C.

Here we move the line down to reach the 
min imum𝑦-in tercept while s till remain in g
within the feasible region.

Wefin dthepoin t(10, 20) results in the
min imum𝑦-in tercept.
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(5, 25)

Step 6 Find the value of  Cbyus in gthe𝑦-in tercept, if it
can be read off the graph, or by using the point 
foun din s tep5.

Wekn owthe𝑦-in tercept equals   5 __ 6 C, butthe
𝑦-intercept is hard to read off the graph. So we’ll 
use the formula.

 C = 0.8𝑥 + 1.2𝑦

 C = 0.8 × 10 + 1.2 × 20

 C = 32

Thecheapes tarran gemen tis tobuy10apples 
an d20ban an as ,whichcos ts $32.
✓ 1 mark for correct numbers of apples and bananas
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Refresher question

Q1. Which of the following is greater than    3 __ 5 ?

a.  1 __ 2  B.  2 __ 3  C.  3 __ 6  d.  3 __ 5 

Questions 10e Applications of linear programming

1. Finding optimum points using the sliding line method

Q2. Astrid has already plotted the feasible region, 
an dtran s pos edtheobjectiveequation tobein 
terms of𝑦, 𝑦 =  − 3 __ 2  𝑥 + 2P. Movetheoran ge
line up and down to determine which  
corner point will give the largest value of  P,
and state  P . Plot the graph of the feasible  
region and the orange line in this position.

Q3. Thefollowin gcon s train ts applyto𝑥an d 𝑦.

𝑥 ≥ 4 𝑦 ≥ 8 𝑥 + 𝑦 ≤ 20 𝑦 ≥ 2𝑥 − 6

Foreachofthefollowin gobjectiveequation s ,s tatethemaximumvaluein thefeas ibleregion ,
an dthe𝑥an d 𝑦 values for which the maximum occurs .

a)  P = −3𝑥 + 𝑦

b)  C = 3𝑥 + 2𝑦

Foreachofthefollowin gobjectiveequation s ,s tatethemin imumvaluein thefeas ibleregion ,
an dthe𝑥an d 𝑦 values for which the min imum occurs .

c)  S = 𝑥 + 2𝑦

d)  T = −𝑥 + 3𝑦

Check your understanding

Q4. Bruce is playing tennis tournaments around Victoria to try to win some money. He has already entered 
s ixtourn amen ts this year,an dwon twoofthem.Heplan s toen terbetween 14an d18tourn amen ts for
the year. He expects to win at least one tournament for every three he doesn’t win, but also expects to 
win n omorethan 12tourn amen ts .

Us e𝑥to repres en t tourn amen ts that Bruce didn ’t win , an d 𝑦 to repres en t tourn amen ts he won .

a) Use this information to plot a feasible region.

b) Iftheaverageprizemon eyforwin n in gatourn amen tis $500,an dtheen tryfeeis $50,us ethes lidin g
lin emethodtofin dthemaximumamoun tofprofithecan makethis year,W . Assume there is no
prize money for coming second, third, etc.

Skill
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Skill

Application
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Joining it all together

Q5. Match the feasible region to the set of constraints.

Set 1 Set 2 Set 3 Set 4

𝑦 ≥ 3
𝑥 ≥ 5

𝑥 + 𝑦 ≥ 12
𝑥 + 𝑦 ≤ 20
𝑦 ≤ 2𝑥 + 1

𝑦 ≥ 6
𝑥 ≥ 3

𝑥 + 𝑦 ≥ 13
𝑥 + 𝑦 ≤ 25
𝑦 ≥  3 __ 2  𝑥 + 1

𝑦 ≤ 4
𝑥 ≤ 4

𝑥 + 𝑦 ≥ −15
𝑥 + 𝑦 ≤ 3
𝑦 ≤ 5𝑥

𝑦 ≤ 2
𝑥 ≤ −2

𝑥 + 𝑦 ≥ −10
𝑥 + 𝑦 ≤ 0
𝑦 ≤  1 __ 5  𝑥 + 1

a. B. 

C.  d. 

Q6. Class 11D at school are running a bake sale to raise money for the Good Friday Appeal. The class is 
tryin gtoworkouttheoptimumn umbers ofmuffin s ,𝑥, an d brown ies , 𝑦,to bake. They expect to bake
atleas t60muffin s an d80brown ies .Theclas s feels brown ies areeas iertomake,s otheyplan tobake
atleas t50%morebrown ies than muffin s .Theyexpecttobakebetween 180an d300items altogether.

a) Drawthis in formation as afeas ibilityregion . (2 marks)

b) Iftheyplan tos ellmuffin s for$2.50an dbrown ies for$1.50,whatis themaximumamoun tofmon ey
theycan rais e?Givethen umberofmuffin s an dbrown ies s oldforthis s cen ario. (1 mark)

c) The class realises they also have a time constraint. Between them they have 11 hours in which they
can bakeitems .Theyexpecton averageittakes fourmin utes tomakeamuffin ,an dtwomin utes to
makeabrown ie.Writethis in formation as an in equality. (1 mark)

d) Us in gyouran s werin partc,fin dthen ewn umberofmuffin s an dbrown ies bakedtomaximis eprofit.
Fin dthecorres pon din gprofit. (1 mark)

Skill
4 marks
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Q7. Marc runs a hair salon. On Saturday mornings his employee, Tina, works by herself. On average it 
takes 10min utes todoan expres s cut,an d 30min utes todoas alon cut.Marcwan ts atleas tthreeof
each cut to be done every day. On Saturdays the salon will book at least twice as many express cuts as 
salon cuts, and they never do more than a total of 16 haircuts.

a) Write an equation for the amount of time Tina will work,  T,bas edon then umberofexpres s cuts ,𝑥,
an ds alon cuts ,𝑦. As s ume there are n o gaps between appoin tmen ts .

b) What is the minimum amount of time Tina will work this Saturday? Use the sliding line method to 
fin dyouran s wer.

c) Write an equation for the amount of revenue made on Saturday,  R,ifexpres s cuts cos t$15an ds alon 
cuts cos t$40.

d) Assuming the salon is only open from 9 am–1 pm on Saturdays, what is the maximum possible 
amount of revenue that can be made?

Application
4 marks

VCaa question

Q8. Cheaps tarAirlin es wis hes tofin dtheoptimumn umberofflights perdayon twoofits mos tpopular
routes: Alberton to Bisley and Alberton to Crofton.

Let:
	● 𝑥 be the n umber of flights per day from Alberton to Bis ley
	● 𝑦 be the n umber of flights per day from Alberton to Crofton 

The table shows the constraints on the number of flights per day and the number of crew per flight.

Alberton to Bisley Alberton to Crofton Maximum per day Constraint

Number of flights per day 𝑥 𝑦 10 𝑥 + 𝑦 ≤ 10

Number of crew per flight 3 5 41 3𝑥 + 5𝑦 ≤ 41

Thelin es  𝑥 + 𝑦 = 10 an d 3𝑥 + 5𝑦 = 41 are
graphed on the right.

Aprofitof$1300is madeon eachflightfrom
Alberton toBis leyan daprofitof$2100is made
on eachflightfromAlberton toCrofton .

Determin ethemaximumtotalprofitthat
Cheapstar Airlines can make per day from  
thes eflights .
Adapted from VCAA 2009 Exam 2, Module 3: Graphs and relations. Q4

2 marks
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Questions from multiple lessons

Q9. The constraints of a linear programming problem are given by the following set of inequalities.

𝑥 + 𝑦 ≤ 12

𝑦 ≥ 𝑥 − 4

𝑥 ≥ 0

𝑦 ≥ 0

Thecoordin ates ofthepoin ts thatdefin etheboun daries ofthefeas ibleregion forthis lin ear  
programming problem are

Difficulty:

1 mark
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a. (0,0),(0,12),(8,4),(12,0)

B. (0,0),(4,0),(8,4),(12,0)

C. (0,0),(0,4),(4,8),(12,0)

d. (0,0),(4,0),(4,8),(12,0)

e. (0,0),(0,12),(4,0),(8,4)
VCAA 2014 Exam 1 Module 3: Graphs and relations Q8 – Adapted 

Q10. The following histogram displays the time taken 
in minutes for a group of university students to 
completeathree-hourexam.

The shape of this distribution can be described as

a. approximately symmetric.

B. approximately normal.

C. negatively skewed.

d. positively skewed.

e. symmetric.
VCAA 2017NH Exam 1 Data analysis Q1 – Adapted

Q11. A local cafe sells cappuccinos and lattes.

Let𝑥be the n umber of cappuccin os s old each day.

Let𝑦be the n umber of lattes s old each day.

Eachcappuccin ocos ts $4an deachlattecos ts $3.50.

The cafe sets constraints in order to meet its daily quota.

Con s train t1:𝑥 ≥ 10

Con s train t2:5𝑦 ≥ 3𝑥

Con s train t3:4𝑥 + 3.5𝑦 ≥ 200

Con s train t4:𝑥 + 𝑦 ≤ 100

a) Explain the meaning of constraint 3 in terms of the revenue acquired in selling cappuccinos
an dlattes . (1 mark)

Thelin es 𝑥 = 10, 3𝑥 = 5y,an d𝑥 + 𝑦 = 100 are s hown .
y

x
200 40 60 80 100

20

40

60

80

100

b) Drawthelin e4𝑥 + 3.5𝑦 = 200 on the graph. (1 mark)

c) Whatis themaximumn umberofcappuccin os thatcan bes oldeachday? (1 mark)

VCAA 2012 Exam 2 Module 3: Graphs and relations Q3 a,c,d – Adapted 
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Difficulty:

1 mark

Difficulty:

3 marks
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CHAPTER

11
Variation

AOS 5: Graphs of linear and non-linear relations



1. Identifying direct, inverse and joint variation

When two variables are proportional, it can be said that they vary with each other, and a change in 
one variable results in a change in the other variable.

The proportionality sign, ∝, indicates that two variables are proportional.

An equation relating the two variables can be found by replacing the proportionality sign with 
' = k ', where  k , called the constant of proportionality, is the ratio between the two variables.

There are three types of variation: direct, inverse and joint.

Direct variation

When two variables vary directly, an increase in one 
variable results in an increase in the other variable.

If  𝑦 varies directly with  𝑥:

 𝑦 ∝ 𝑥 

 𝑦 = k𝑥 

The graph of the relationship between  𝑥 and  𝑦 is a 
straight line through the origin with gradient  k. 
The following is a graph showing  𝑦 = k𝑥 where  k = 1 .
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y

LESSON 11A

Variation using a graphical approach
The key skills you will learn in this lesson are:

1. Identifying direct, inverse and joint variation

2. Drawing graphs of direct, inverse and joint variation

VCAA key knowledge point:

“numerical, graphical and algebraic approaches 
to direct, inverse and joint variation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

Inverse variation

When two variables vary inversely, an increase in one 
variable results in a decrease in the other variable.

If  𝑦 varies inversely with  𝑥:

 𝑦 ∝   1 _ 𝑥 

 𝑦 =   k __ 𝑥   

The graph of the relationship between  𝑥 and  𝑦 is
a hyperbola. The following is a graph showing  
𝑦 =   k __ 𝑥    where  k = 1 .
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5

10

y
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Joint variation

Joint variation is when one variable is affected by two or 
more variables. Below are some of the many examples of 
joint variation.

If  𝑦 varies directly with the square of  𝑥 and inversely
with  𝑧:

 𝑦 ∝   𝑥
2  __ 𝑧 

 𝑦 = k 𝑥
2  ___ 𝑧 

If  𝑦 varies directly with  𝑥 and directly with the square
root of  𝑧:

 𝑦 ∝ 𝑥√ 
_

 𝑦 = k𝑥√ 
_
 

If  𝑦 varies directly with the cube of  𝑧 and inversely with
the square root of  𝑥:

 𝑦 ∝   𝑧
3  ____

 √ 
_ 

Drawing a graph with three or more variables is outside 
the scope of this course, but it is possible to draw the 
graph if enough variables are replaced by constants such 
that only two variables remain.

Below is a graph showing  𝑦 = k𝑥√ 
_
    where  𝑧 = 4 and

k = 2 .

 𝑦 = k𝑥√ 
_
    can be simplified by substituting in the values

of  𝑧 = 4 and  k = 2 :

 𝑦 = 2𝑥√ 
__

 

 𝑦 = 2𝑥 × 2 

 𝑦 = 4𝑥 
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y

worked example 1 (1 mark)

Does the graph below show direct, inverse or joint variation?

2 4 6 8 10
x

2

4

6

8

10

y

SolUTIoN

Step 1 Identify the shape of the graph.

The graph is in the shape of a hyperbola.

Step 2 Determine what type of variation the shape of 
the graph corresponds to.

Inverse variation results in a graph in the shape 
of a hyperbola.

The graph shows inverse variation.
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2. drawing graphs of direct, inverse and joint variation

Direct variation

If two variables vary directly, the resulting graph is a straight line through the origin with gradient  k . Refer to lesson 
9A for revision on how to graph linear equations.

Inverse variation

If two variables vary inversely, the resulting graph is a hyperbola. The hyperbola will be in either of the two forms 
below, depending on whether the constant of proportionality is negative or positive.

x

y

k > 0

 

x

y

k < 0

Larger values of  k  will bring the graph away from the axes as shown below:

x

y

k = 1
k = 2

Joint variation

If two or more variables vary jointly, the resulting graph can only be drawn if one or more variables are replaced by 
a constant.

worked example 2 (1 mark)

If  𝑦 varies directly with  𝑥 and k = 0.4 , draw a graph to represent the relationship between  𝑦 and  𝑥.

478 11A VAriAtion using A grAphiCAl ApproACh

© Edrolo 2020



SolUTIoN

Step 1 Identify whether the two variables vary directly, 
inversely or jointly.

 𝑦 varies directly with  𝑥.

 𝑦 ∝ 𝑥

 𝑦 = k𝑥

Step 2 Substitute the value of  k  into the equation.

 𝑦 = 0.4𝑥

Step 3 Draw the graph of  𝑦 = 0.4𝑥.

2 4 6 8 10
x

2

4

6

8

10

y

Refresher question

Q1. Draw the graph of  𝑦 = −𝑥.

Questions 11a Variation using a graphical approach

1. Identifying direct, inverse and joint variation

Q2. Do the graphs below show direct, inverse or joint variation?

a)  b) 

c) 

Skill
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y
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Check your understanding

Q3. In the following graph, does  𝑦 vary directly 
with  𝑥?

–10 –5 5 10
x

–10

–5

5

10

y

Q4. The population of rabbits in a town,  r , is inversely proportional to the population of foxes,  f. 
Which graph could represent the relationship between foxes and rabbits?

a.  B. 

C.  d. 

Skill

Application

2 4 6 8 10
f
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10
r

2 4 6 8 10 f
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10
r –10 –8 –6 –4 –2

f
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–6

–4

–2

r

2. drawing graphs of direct, inverse and joint variation

Q5. If  𝑦 ∝ 𝑥 and k = 0.3 , draw a graph of the relationship between  𝑦 and  𝑥.

Q6. Draw a graph to represent the following relationships:

a)  𝑦 varies directly with  𝑥, and k = −3.

b)  𝑦 varies inversely with  𝑥, and k = 5 .

c)  𝑦 varies directly with the square of  𝑧 and directly with 𝑥 , and k = 0.5  and  𝑧 = 2.

Skill

Skill

480 11A VAriAtion using A grAphiCAl ApproACh

© Edrolo 2020



Check your understanding

Q7. The weight of an elephant in kilograms, 
W , varies directly with the height of the 
elephant in centimetres,  H , as shown in 
the following graph.

Find an equation to describe the 
relationship between  W  and  H.

100 200 300 400 500
H

1000

2000

3000

4000

5000

6000
W

Q8. If  V ∝   T _ P    , where  V  is volume in litres,  T  is temperature in Kelvin and  P  is pressure in kilopascals,
draw a graph when:

a)  k = 2  and  T = 300

b)  k = 10  and  P = 100

Application

Application

Joining it all together

Q9. Which of the graphs below does not show inverse variation?

a.  B. 

C. d. 

Skill
1 mark
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Q10. What is the constant of proportionality for 
the following graph?

–10 –5 5 10
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Q11. The time taken to travel from Geelong to Melbourne is inversely proportional to average speed, as shown 
in the table below.

Average speed (km/h) 100 75 50

Time (h) 0.75 1 1.5

a) Find a rule to describe the time taken to travel from Geelong to Melbourne,  t  (h), in terms of average 
speed,  s (km/h).

b) Draw a graph of the rule in part a.

c) If it took Jenny one hour and twenty-four minutes to travel from Geelong to Melbourne, what was 
her average speed, correct to two decimal places?

d) If Jenny’s brother Jeremy travelled at an average speed of 20 m/s, how long did it take him to travel 
from Geelong to Melbourne correct to the nearest minute?

Skill
1 mark

Skill
4 marks

Questions from multiple lessons

Q12. Which of the given points does not satisfy the following inequality?

 −2𝑦 ≥ 3𝑥 + 14

a. (−6, 2) B. (−4, −8) C. (−2, −3)

d. (−3, −5) e. (−12, 2)

Q13. Mary would like to purchase a new iPhone. She will establish a loan from her parents for $1000 with 
interest charged at a rate of 3.3% per annum, compounding monthly.

Each month, Mary will only pay for the interest charged that month.

After 10 months, the amount that she still owes is closest to

a. $1000

B. $1383.58

C. $1027.84

d. $972.84

e. $714.93
VCAA 2017 Exam 1 Recursion and financial modelling Q19 – Adapted

Difficulty:

Year 10
1 mark

Difficulty:

1 mark
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Q14. A feasible region is shown.

10

5

−5

105−5−10

−10

y ≤ 3x + 10

y ≤ −x + 6

y ≥ 0.8x − 2

(−1, 7)

A
x

y

a) Determine the coordinates of point  A  (1 mark)

b) What is the maximum solution for the objective function  C = −2𝑥 + 7𝑦? (1 mark)

Difficulty:

2 marks

(−60 _ 11   , −70 _ 11   )
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1. Finding the rule for direct, inverse and joint variation

There are multiple ways to describe the relationship between two or more variables. 
The table below shows a few examples of how relationships can be described, alongside their  
corresponding rules.

Rule Phrasing

 𝑦 ∝  𝑥
 𝑦  is directly proportional to  𝑥 

 𝑦  varies directly with  𝑥 

 𝑦 ∝    1 __ 𝑥   

 𝑦  is inversely proportional to  𝑥 
 𝑦  varies inversely with  𝑥 
 𝑦  varies directly with    1 __ 𝑥  

 𝑦 ∝     𝑥  2  ___ z   

 𝑦  is directly proportional to the square of  𝑥  and inversely proportional to  z 
 𝑦  varies directly with the square of  𝑥  and inversely with  z 

 𝑦  varies directly with  𝑥2 and 1 __ z  

Once the relationship between the variables is established, the proportionality sign can be  
replaced by the constant of proportionality, ‘=  k’.

worked example 3 (1 mark)

 𝑦 varies inversely with the square root of  𝑥 and directly with z.  Find a rule relating  𝑦 with  𝑥 and z,
in terms of  k.

SolUTIoN

Step 1 Find the relationship between  𝑦 and  𝑥.

 𝑦 varies inversely with the square root of  𝑥.

 𝑦 ∝     1 ____  √ 
_
   

Step 2 Find the relationship between  𝑦 and  z.

 𝑦 varies directly with  z.

 𝑦 ∝  z 

Step 3 Write  𝑦 in terms of both  𝑥 and z.

 𝑦 ∝     z ____  √ 
_
   

Step 4 Replace the proportionality sign with the 
constant of proportionality.

 𝑦 =   kz ____  √ 
_
   

The rule is  𝑦 =   kz ____  √ 
_
   .

2. applying the rule for direct, inverse and joint variation

When the rule relating two or more variables is known, unknown values can be found by replacing 
all other variables with given values. This is shown in the following worked example.

LESSON 11B

Variation using a numerical and  
algebraic approach
The key skills you will learn in this lesson are:

1. Finding the rule for direct, inverse and joint variation

2. Applying the rule for direct, inverse and joint variation

VCAA key knowledge point:

“numerical, graphical and algebraic approaches 
to direct, inverse and joint variation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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worked example 4 (1 mark)

If  𝑦 ∝     z ____  √ 
_
      and  k = 2 , find the value of  𝑥 when  𝑦 = 3  and z = 1 .

SolUTIoN

Step 1 Replace the proportionality sign with the constant of proportionality.

 𝑦 =   kz  ____  √ 
_
   

 𝑦 =   2z  ____  √ 
_
   

Step 2 Substitute  𝑦 = 3 and  z = 1  into the equation.

  3 =   2 × 1 ________  √ 
_
   

 3  √ 
_
   = 2 

√ 
_
   =   2 ___ 3 

  𝑥 =   4 __ 9 

The value of  𝑥 is    4 __ 9 .

Questions 11B Variation using a numerical and algebraic approach

Refresher question

Q1. If  𝑦 = 2𝑥, what is the value of 𝑦 when 𝑥 = 3 ?

1. Finding the rule for direct, inverse and joint variation

Q2. In which of the following equations does  𝑦 vary directly with  𝑥?

a.  𝑦 = 3𝑥 + 1 B.  𝑦 =   −2 ___ 𝑥 

C.  2𝑥 = −0.75𝑦 d.  𝑦 = −𝑥 + 4 

Q3. Write rules for the following statements, in terms of  k.

a)  𝑦 is inversely proportional to  𝑥 and directly proportional to z.

b)  𝑦 varies directly with   𝑥 2   and inversely with the cube root of  z.

c)  𝑦 varies directly with    1 __ 𝑥    and inversely with  z.

Check your understanding

Q4. The kinetic energy,  E , of an object is directly proportional to its mass,  m , and the square of its velocity,  v.
If the constant of proportionality is    1 __ 2   , find an equation relating  E  with  m  and  v.

Q5. Which of the following rules is not the same as the others?

a.  𝑦 varies directly with    1 ___ 𝑥2     and inversely to the square root of    1 __ z  .

B. 𝑥2   varies inversely with  𝑦 and directly with  z.

C.  z  varies directly with   𝑥  4   and directly with the square of  𝑦.

d.  𝑦 is directly proportional to   √ 
_

 z    and inversely proportional to the square of  𝑥.

Skill

Skill

Application

Skill
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2. applying the rule for direct, inverse and joint variation

Q6. If  𝑦 = 3𝑥 3  , find the value of  𝑦 when  𝑥 = −2.

Q7. Fill in the boxes below:

a)  𝑦 varies directly with   𝑥 2

 k = 4 

 𝑥 =   when  𝑦 = 1

b)  𝑦 varies inversely with  𝑥

 k =  

 𝑦 = 5 when  𝑥 = −2

c)  𝑦 ∝    𝑥
2  ___ z 

 k =  

 𝑦 = 2 when  𝑥 = 3  and z = −  1 __ 2

Check your understanding

Q8. The cost of a bunch of grapes varies directly with its weight.

A bunch of grapes weighing 0.5 kg costs $5.50.

a) Find a rule relating the cost  C  ($) with weight  w (kg).

b) How much would a bunch of grapes weighing 700 grams cost?

Q9. What type of variation is shown in the table below?

𝒙 1 2 3 4

𝒚 − 4 − 2 −4__
3 − 1

Skill

Skill

Application

Skill

Joining it all together

Q10. The weight of a pole vaulting pole varies directly with its length. The rule connecting weight,  W (kg),
and length,  L  (m) is  W = 0.7L 

a) What is the constant of proportionality?

b) How much would a 4.5 m long pole weigh in kilograms?

c) How many centimetres long is a pole weighing 2100 grams?

Q11. In which of the following tables is  𝑦 not directly proportional to  𝑥?

a. B. 

C. d. 

Q12. Mary is working on a maths problem in class, but she is shortsighted and cannot see the board clearly. 
She can see that  𝑦 varies inversely with √ 

_
 z    and directly with  𝑥 raised to a certain power, but she  

cannot see what the power is.

If  k = −3 , and  𝑥 = 4 when  𝑦 = −  3 __ 4    and  z = 64 , what is the power on  𝑥?

Application
3 marks

Skill
1 mark 𝒙 0 1 2 3 4

𝒚 0 3 6 9 12

𝒙 3 4 5 6 7

𝒚 3 4 5 6 7

𝒙 2 4 6 8 10

𝒚 6 10 14 18 22

𝒙 −3 −2 −1 0 1

𝒚 6 4 2 0 −2

Application
1 mark
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VCaa question

Q13. The point (2, 20) lies on the graph of  𝑦 =   k __ 𝑥 
as shown here.

The value of  k is

a. 5

B. 10

C. 20

d. 40

e. 80
Adapted fromVCAA 2014 Exam 1, Module 3: Graphs and relations. Q3
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y

(2,20)

1 mark

Questions from multiple lessons

Q14. The following graph displays inverse variation  
between  𝑥 and  𝑦.

What is the constant of proportionality?

a. 8

B. 4

C. 2

d. 1

e. 0.5

Q15. Research was conducted into the relationship 
between the occupation of medical professionals 
and their yearly salary. The salaries of a group of 
nurses, dentists and doctors were collected.

The results were then displayed using  
parallel boxplots.

Which of the following statements is false?

a. The nurses have the least variable salary.

B. The professional with the lowest salary is a nurse.

C. More than 50% of the doctors have a higher salary than all of the dentists and nurses.

d. At least 50% of the dentists have a lower salary than all of the doctors.

e. The doctors are the highest-paid in terms of median salary.
VCAA 2018NH Exam 1 Data analysis Q6 – Adapted

Difficulty:

1 mark

Difficulty:

1 mark
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Q16. A carpet store recently received an order of new carpets which need to be measured before they can 
be sold. The table of values below shows the relationship between the width of a particular style of 
carpet, and the area it takes up.

Width (m) 2 3 5 6

Area (m2) 5 7.5 12.5 15

a) The relationship between  width  and  area  is linear. Find the equation of the line in the form
area = m × width + c  (1 mark)

b) Draw the graph that shows the relationship between  width  and  area , with  area  on the
vertical axis. (1 mark)

Difficulty:

Year 10
2 marks
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The transformation of data is used to take non-linear relationships between two variables and 
make them linear. Having data in linear form makes it easy to model relationships and easy to  
perform interpolation and extrapolation. The   𝑥2   transformation and the    1 __ 𝑥 transformation
will be covered in this chapter.

 𝒙2  transformation 1 __ 𝒙   transformation

Used on data with a quadratic shape.
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1. Transforming data with  𝒙2

For many quadratic relationships, transforming data using   𝑥  2   will result in a linear plot. 
The process is to take the original values of  𝑥, use them to find the values of   𝑥 2  , and then plot   𝑥  2  
against  𝑦. If the plot is approximately linear, the relationship can be modelled by  𝑦 = k𝑥2.  
The constant  k  can be found using any point either on the graph or on a line of best fit drawn on 
the data. If the plot isn’t linear, the transformation isn’t appropriate.

LESSON 11C

Transforming data
The key skills you will learn in this lesson are:

1. Transforming data with   𝑥2

2. Transforming data with    1 __ 𝑥
3. Using CAS to transform data

4. Deciding which transformation to perform

VCAA key knowledge point:

“transformation of data to linearity to 
establish relationships between variables, for 
example  𝑦 and 𝑥2   , or  𝑦 and  1 __ 𝑥 ”

Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Example

Here are some data points. They look quadratic, as  𝑦 is increasing more and more quickly.

𝒙 0.9 2.1 3.1 3.8 5.1
𝒚 1.2 3.8 9.3 15.7 24.9

0 1 2 3 4 5 6
x

5

10

15

20

25

30
y

Using the  𝑥 values to find   𝑥 2  , we can plot  𝑦 against   𝑥 2  . The result is approximately linear, 
showing there is direct variation between   𝑥  2   and  𝑦. The data can be modelled by  𝑦 = k 𝑥2.

𝒙 0.9 2.1 3.1 3.8 5.1

𝒙2 0.81 4.41 9.61 14.44 26.01

𝒚 1.2 3.8 9.3 15.7 24.9

0 5 10 15 20 25 30
x 2

5

10

15

20

25

30

y

worked example 5 (2 marks)

Apply an   𝑥  2   transformation on the following data. Plot the result and state the relationship if possible.

𝒙 0.5 1 1.5 2 2.5
𝒚 0.5 2 4.5 8 12.5

0 1 2 3 4 5 6 7
x

5

10

15

y

SolUTIoN

Step 1 Use the  𝑥 values to find the values of   𝑥 2.

𝒙 0.5 1 1.5 2 2.5

𝒙2 0.25 1 2.25 4 6.25

𝒚 0.5 2 4.5 8 12.5

490 11C TrAnsforming dATA

© Edrolo 2020



Step 2 Plot the values of  𝑦 against   𝑥 2.

0 1 2 3 4 5 6 7
x2

5

10

15

y

✓ 1 mark for plotting the graph

Step 3 Write the general formula for the relationship.

From the graph, we see  𝑦 is linear with   𝑥 2. 
The relationship takes the form  𝑦 = k𝑥2.

Step 4 Use a point on the graph to find  k.

We’ll use (  1, 2 ).

 𝑦 = k𝑥2

 2 = k  × 1   2

 2 = k  × 1    

 k = 2 

The relationship between  𝑥 and  𝑦 is 𝑦 = 2𝑥  2.
✓ 1 mark for identifying the relationship

2. Transforming data with    1 __ 𝒙   

When dealing with data with a hyperbolic shape, it is best to transform data using    1 __ 𝑥   . The process 

is the same as above, except that the values of    1 __ 𝑥    are calculated, and then  𝑦 is plotted against    1 __ 𝑥 .

Example

Here are some data points. They look roughly hyperbolic; the change in 𝑦 decreases as 𝑥 increases.

𝒙 0.3 0.7 1.1 2.0 2.9 4.1 5.0
𝒚 10.2 4.5 2.7 1.6 1.0 0.8 0.6

0 1 2 3 4 5 6 7
x

5

10

y

The  𝑥 values are used to find    1 __ 𝑥   . The plot of  𝑦 against    1 __ 𝑥    is below. The result is approximately linear, 

so there is direct variation between  𝑦 and    1 __ 𝑥   . The data can be modelled by  𝑦 =   k __ 𝑥 .

𝒙 0.3 0.7 1.1 2.0 2.9 4.1 5.0
1 __ 𝒙 3.33 1.43 0.91 0.5 0.34 0.24 0.2

𝒚 10.2 4.5 2.7 1.6 1.0 0.8 0.6

0 1 2 3 4 5 6 7

5

10

y

x
1
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worked example 6 (2 marks)

Apply a    1 __ 𝑥    transformation on the following data. Plot the result and state the relationship 
if possible.

𝒙 0.25 0.5 1 2 4
𝒚 6 3 1.5 0.75 0.375

0 1 2 3 4 5 6 7 8
x

1

2

3

4

5

6

7

8

y

SolUTIoN

Step 1 Use the  𝑥 values to find the values of    1 __ 𝑥

𝒙 0.25 0.5 1 2 4
1 __ 𝒙 4 2 1 0.5 0.25

𝒚 6 3 1.5 0.75 0.375

Step 2 Plot the values of  𝑦 against    1 __ 𝑥

0 1 2 3 4 5 6 7 8

1

2

3

4

5

6

7

8

y

1
x

✓ 1 mark for plotting the graph

Step 3 Write the general formula for the relationship.

From the graph, we see  𝑦 is linear with    1 __ 𝑥 .

The relationship takes the form  𝑦 =   k __ 𝑥 .

Step 4 Use a point on the graph to find  k.

Let’s use (  1, 1.5 ).

 𝑦 =   k __ 𝑥 

1.5 =    k _ 1 

 k = 1.5 

The relationship between  𝑥 and  𝑦 is 𝑦 =   1.5 ____ 𝑥  ,

which is 𝑦 =    3 _ 2𝑥 .

✓ 1 mark for identifying the relationship

3. Using CaS to transform data

Calculators can be used to test the linearity of transformed data.

worked example 7 (1 mark)

Use CAS to see if an   𝑥  2 or 1 __ 𝑥    transformation is appropriate for the following data.

𝒙 1 2 3 4 5
𝒚 0.6 4.3 13.2 30.5 67

SolUTIoN: TI-NSpIre

Step 1 From the home screen, select . Label list A as  
𝑥, list B as  𝑦, and list C as 𝑥2.

Step 2 Type the data into the  𝑥 and  𝑦 columns.

Step 3 In the row above row one of column  𝑥2, type
‘=x^2’. When prompted, select ‘Variable 
Reference’ and click ‘OK’.
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Step 4 Push ‘menu’, then go to ‘3: Data’ and ‘9: Graph’. 
Click on the  𝑦-axis and select ‘𝑦’. If the 𝑥 -axis
doesn’t already say ‘ 𝑥2’, click on it and select ‘𝑥2’.

Step 5 Examine the plot. If the data is linear, we can 
model the data using  𝑦 = k 𝑥2.

The data is not linear.

Step 6 Repeat steps 2–6 for the    1 __ 𝑥    transform, using 
‘=1/x’ instead of ‘=x^2’.

This plot also isn’t linear.

Neither a transformation of   𝑥  2   or a 
transformation of    1 __ 𝑥    is appropriate.

SolUTIoN: CaSIo ClaSSpad

Step 1 From the menu, select .

Step 2 Enter the  𝑥 data in column A, and the
corresponding  𝑦 data in column C.

Step 3 In cell B1, type ‘=a1^2’. Tap on cell B1 again, 
then click ‘Edit’, ‘Fill’, ‘Fill Range’ and change the 
range to B1:B5. Tap ‘OK’.

Step 4 Using the stylus, select all of the data from B1 
to C5. Tap the  icon, and change the style to 

.

Step 5 Examine the plot. If the data is linear, we can 
model the data using  𝑦 = k 𝑥2.

The data is not linear.

Step 6 Repeat steps 2–6 for the    1 __ 𝑥    transform, using  
‘=1/a1’ instead of ‘=a1^2’.

This plot also isn’t linear.

Neither a transformation of   𝑥  2 or a
transformation of    1 __ 𝑥    is appropriate.
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4. deciding which transformation to perform

When given a set of data, it will be unclear at first as to which type of transformation will suit the 
data. The choice can be made easier by plotting the data to observe its shape. Data with a parabolic 
shape will be best suited to an   𝑥  2 transformation.

worked example 8 (2 marks)

Find which transformation,   𝑥  2 or 1 __ 𝑥    , is appropriate for the following data.

𝒙 0.5 0.75 1 1.5 2 2.5
𝒚 0.54 0.37 0.23 0.15 0.11 0.08

SolUTIoN

Step 1 Plot the data.

0 0.5 1 1.5 2 2.5 3
x

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

y

Step 2 Examine the data. Does it look parabolic 
or hyperbolic?

The data here looks hyperbolic.

Step 3 If the data is parabolic, use an   𝑥  2 transformation.
If it’s hyperbolic, use a    1 __ 𝑥    transformation.

We will use a    1 __ 𝑥    transformation.

Step 4 Add a row to the table of values, and fill in the 
transformed data.

𝒙 0.5 0.75 1 1.5 2 2.5
1 __ 𝒙 2 1.33 1 0.67 0.5 0.4

𝒚 0.54 0.37 0.23 0.15 0.11 0.08

Step 5 Plot  𝑦 against the transformed data.

0 0.5 1 1.5 2 2.5 3
1
x

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

y

✓ 1 mark for plotting the graph

Step 6 Decide if the transformed data has a linear 
relationship with  𝑦.

The data here looks roughly linear. Thus, the 

transformation    1 __ 𝑥    is appropriate.

If a relationship is required, state the data can 

be modelled by  𝑦 =   k __ 𝑥 .
✓ 1 mark for choosing the right information

Questions 11C Transforming data

Refresher question

Q1. Which line is linear, which is parabolic and 
which is hyperbolic?

0 1 2 3 4
x

1

2

3

4
y

A

B

C
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1. Transforming data with  𝒙2  

Q2. Shiran has transformed some data.  
Does it look like the transformation  
made the data linear?

Q3. Transform the following data sets using   𝑥  2   and plot the result. Are the transformations appropriate?

a)  b) 

c) 

Check your understanding

Q4. The following plot shows the improvement 
in exam score compared to the increase in 
study time for five students. Perform an   𝑥  2
transformation on the data. Plot the result 
and state whether the transformation  
is appropriate.

Skill

x 2

y

Skill
𝒙 1 2 3 4 5 6
𝒚 1.2 7.8 27.8 66 119 220

𝒙 1 2 3 4 5 6
𝒚 0.9 4.3 9.5 15.3 24.3 34.8

𝒙 1 1.5 2 2.5 3 3.5
𝒚 2.2 5.6 11.7 22.5 37 54

0 1 2 3 4 5
Study time increase

10

20

30

Exam percentage increase

   

    

    

   

  (5, 30)

(4, 20)

(3, 12)

(2, 6)

(1, 2)

 
Application
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Q5. A teacher asked their students to name their 
favourite and least favourite movies.  
Students were then asked to state the  
number of times they had seen each movie, 
and rate it out of 10. The results are here.

Given that the data resembles a quadratic 
relationship with  k > 0 , what is the likely 
result of an   𝑥  2   transformation?

a. B. 

C. 

0 1 2 3 4 5
Times seen movie

1
2
3
4
5
6
7
8
9

10

Average rating

Application

0 5 10 15 20 25

1
2
3
4
5
6
7
8
9

10

0 5 10 15 20 25

1
2
3
4
5
6
7
8
9

10

0 5 10 15 20 25

1
2
3
4
5
6
7
8
9

10

2. Transforming data with 1 __ 𝒙   

Q6. Mel used a    1 __ 𝑥    transformation on a data set. 

A plot of  𝑦 against    1 __ 𝑥    is shown here. 
Is the transformation appropriate?

Q7. Transform the following data sets using    1 __ 𝑥    and plot the result. Are the transformations appropriate?

a) b) 

c) 

1
x

y

Skill

Skill
𝒙 0.25 0.5 1 2 3 4
𝒚 38 19 9 5.2 3.4 2.4

𝒙 0.25 0.5 1 2 3 4
𝒚 1.5 2.1 3 4.3 5.1 6

𝒙 1 2 3 4 5
𝒚 0.5 2 4.5 7.5 12
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Check your understanding

Q8. Wilma is walking from Wye River to Kennett 
River along the Great Ocean Road. 
Her distances from Wye River and Kennett 
River at various times are plotted on 
the right. She wants to show a direct 
relationship. Perform a    1 __ 𝑥    transformation,
ignoring the point (0, 6), and plot the result. 
Was the transformation appropriate?

Q9. Chai recorded data on the daily temperature 
and the number of people she sees wearing 
scarves at various points during the year. 
This data is graphed on the right.

Given that the data resembles a hyperbolic 
relationship with  k > 0  , what is the likely 
result of a    1 __ 𝑥    transformation on this data?

a. B. 

C. 

0 1 2 3 4 5 6
Distance from WR

1

2

3

4

5

6

Distance from KR

Application

0 5 10 15 20 25 30
Temperature

10
20
30
40
50
60
70
80
90

100

Number of people

Application

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

10

20

30

40

50

60

70

80

90

100

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

10

20

30

40

50

60

70

80

90

100

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

10

20

30

40

50

60

70

80

90

100

3. Using CaS to transform data

Q10. This data has already been transformed 
using   𝑥  2  . Plot  𝑦 against   𝑥 2   on a calculator 
and state whether the transformation 
linearised the data.

𝒙 0.5 1 1.5 2 2.5

𝒙2 0.25 1 2.25 4 6.25

𝒚 0.17 0.7 1.5 2.8 4

Skill
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Q11. Use CAS to see if an   𝑥  2   transformation, a    1 __ 𝑥    transformation, or neither are effective in linearising  
the following data.

a)  b) 

c) 

Check your understanding

Q12. Mr Nadan wanted to see if there was a 
preference of playing cricket or football at 
different times of the year. He asked five 
students to record the number of times a 
week they would play each sport over a year. 
Five data points representing the averages 
for different months are here. Use CAS to 
perform a    1 __ 𝑥    transformation on the following 
data. Is it effective at linearising the data?

Skill

𝒙 1 2 3 4 5
𝒚 0.25 1 2.25 4 6.25

𝒙 1 2 3 4 5
𝒚 0.125 1 3.5 8 15.5

𝒙 1 2 3 4 5
𝒚 5 2.5 1.6 1.3 1

Application

0 1 2 3 4 5
Times playing cricket

1

2

3

4

5

Times playing
football

(1, 4.8)

(1.7, 3.1)

(2.2, 2.1)
(2.9, 1.8)

(4.5, 1.1)

4. deciding which transformation to perform

Q13. Below are the results of an   𝑥2   and a    1 __ 𝑥    transformation on a data set. Which transformation has been 
more effective at linearising the data?

𝑥2: 1 __ 𝑥 :

Skill

0 5 10 15 20
x2

1
2
3
4
5
6
7
8
9

10
y

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1
x

1
2
3
4
5
6
7
8
9

10
y
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Q14. Each data set below has a table of values and a plot. Use these to decide which transformation to use, 
then transform the data and plot the result.

a) b) 

Check your understanding

Q15. Suggest transformations for the following graphs.

a) b) 

Q16. Yasmin has been investigating the risk of climbing Mt Kosciuszko in winter, as the temperature 
approaches zero. The higher the temperature, the more the snow and ice will melt in the sun. 
The data is given in the table below.

Temperature (°C) –4 –3 –2 –1 –0.7 –0.5

Risk 3 4 5 7 8 10

a) Plot the data, using temperature on the  𝑦-axis.

b) Choose an appropriate transformation. Perform the transformation and plot the result.

c) Use the point where the temperature is –4, to model the relationship between temperature,  T,
and risk,  R.

Skill

𝒙 0.5 1 1.5 2 2.5
𝒚 1 0.6 0.35 0.25 0.2

𝒙 0.5 1 1.5 2 2.5
𝒚 0.1 0.25 0.5 1 1.55

0 0.5 1 1.5 2 2.5
x

0.5

1

1.5

2

y

0 0.5 1 1.5 2 2.5
x

0.5

1

1.5

2
y

Skill

0.5 1 1.5 2 2.5
x

–2

–1.5

–1

–0.5

0.5

1

1.5

2
y

0.5 1 1.5 2 2.5
x

–5
–4.5

–4
–3.5

–3
–2.5

–2
–1.5

–1
–0.5

y

Application
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Joining it all together

Q17. Below is a set of data. For each part below, state which graph is the   𝑥  2   transformation and which is the 
 1 __ 𝑥    transformation for that data set.

a) Data set:

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
x

0.5
1

1.5
2

2.5
3

3.5
4

4.5
5

y

Graph A

0 2 4 6 8 10 12 14 16 18 20

0.5
1

1.5
2

2.5
3

3.5
4

4.5
5

y

Graph B

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

0.5
1

1.5
2

2.5
3

3.5
4

4.5
5

y

b) Data set:

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
x

0.5

1

1.5

2
y

Graph A

0 0.5 1 1.5 2 2.5

0.5

1

1.5

2
y

Graph B

0 5 10 15 20

0.5

1

1.5

2
y

Q18. Choose a transformation for the following data, plot the transformed data, then use the data point  
where  𝑦 = 1.5 to find an equation to model the data.

𝒙 0.5 1 1.5 2 2.5
𝒚 0.15 0.7 1.5 2.6 4.2

Skill
2 marks

Skill
2 marks
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Q19. Robin is collecting data on athletes. Different types of runners were interviewed about the distance 
they run, D, in kilometres, and the speed at which they run, S, in kilometres per hour. The data is below. 

Distance (km) 0.5 0.6 0.8 1 1.5

Speed (km/h) 25 20 14 12 8

a) Use a    1 __ 𝑥    transformation to linearise the data. Take  D  to be on the  𝑥-axis.

b) Plot the transformed data.

c) Using the data point of the runner who runs the furthest, find a model for the data using  S  and    1 __ D  .

d) Use the model found in part c) to interpolate how fast a 1200 metre runner would run.

Application
4 marks

Questions from multiple lessons

Q20. Given that  𝑦 is inversely proportional to the square root of  𝑥 and directly proportional to z,
what is the value of  k  if, at a point,  𝑥 = 64,  𝑦 = 1 and z = 4 ?

a. 16

B. 4

C. 2

d.  1 _
2 

e.  1 _
4 

Q21. The following histogram shows the long jump distance of  
21 female long jumpers at a qualifying event for 
the Olympics.

The qualifying female long jump standard for the  
Olympics is 6.80 m.

What percentage of the participating female long 
jumpers qualified for the Olympics? Round your  
answer to the nearest whole number.

a. 33%

B. 14%

C. 55%

d. 86%

e. 67%
VCAA 2017NH Exam 1 Data analysis Q2 – Adapted

Q22.  y  varies inversely with the square of  𝑥  and directly with  the square root of  z.

a) Find a rule relating  𝑦  with   𝑥  and z  in terms of  k  (1 mark)

b) If  k = −0.6 , find the value of  z   when  𝑥 = 3 and  𝑦 = − 5 . (1 mark)

Difficulty:

1 mark

Difficulty:

Year 10
1 mark

Fr
eq

ue
nc

y

Jump distance (m)
6.60 6.70 6.80 6.90 7.00 7.10 7.20

2

4

6

8

Difficulty:

2 marks
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Continuing on from the relationship  𝑦 = k𝑥2   used in lesson 11C, the formula  𝑦 = k𝑥2  + c  can be 
used to model even more relationships.

1. Recognising quadratic relationships

The model  𝑦 = k𝑥2  + c  fits almost all quadratic relationships. However, before the values of  
k  and  c  are found, it is essential to make sure the data has a quadratic nature. This is best done by 
transforming the data and seeing if the result is linear. If the result is linear, the model will fit the 
data. The gradient of the line is equal to  k , and the  𝑦-intercept is equal to  c.

Example

0 1 2 3 4 5 6
x

5

10

15

20
y

An   𝑥  2   transformation is performed on the data above, resulting in the plot below. This result is 
linear, so it can be concluded that the model  𝑦 = k𝑥2  + c  fits the data.

0 5 10 15 20 25
x2

y

5

10

15

20

LESSON 11D

Modelling with kx 2 + c
The key skills you will learn in this lesson are:

1. Recognising quadratic relationships

2. Solving for the unknown constants of  𝑦 = k 𝑥2  + c

VCAA key knowledge point:

“modelling of given non-linear data using 
the relationships  𝑦 = k 𝑥  2  + c and 
𝑦 =   k _ 𝑥   + c where  k > 0 ”

Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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woRked example 9 (1 mark)

Can the following data be represented by the model 
𝑦 = k𝑥2  + c?

SolUTIoN

Step 1 Transform the data using   𝑥  2.

We’ll use a table.

𝒙 1 2 3 4

𝒙2 1 4 9 16

𝒚 −2 5 24 61

Step 2 Plot  𝑦 against   𝑥 2.

0
3 4 5 6 7 8 9 10 11 12 13 14 15 16

–10
–5

5
10
15

20
25
30
35
40
45
50
55
60
65

y

x2

(16, 61)

(9, 24)

(4, 5)

(1, −2)

Step 3 Examine the data for linearity.

The data isn’t linear, so this data set can’t be 
modelled by  𝑦 = k𝑥2  + c.

2. Solving for the unknown constants of 𝒚 = 𝒌 𝒙2 + 𝒄

If the transformed data is linear, the model can be used for the data. There are two methods for 
finding  k  and  c:
● Choose two data points and substitute those into the model, to create two simultaneous

equations. Then solve these for  k  and  c.
or

● Draw a line of best fit onto the plot of transformed data, and find the gradient and  𝑦-intercept
of the line. Then  k  equals the gradient, and  c  equals the  𝑦-intercept.

The latter method will be used predominantly in this lesson.

woRked example 10 (1 mark)

The following data can be represented by  𝑦 =  k𝑥2  + c . Find  k  and  c  and state the equation.

𝒙 1 2 3 4

𝒚 8 12.5 22 37

0 1 2 3 4 5

–20
–15
–10
–5
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65

 

 

x

y

(1, –2)

(2, 5)

(3, 24)

(4, 61)
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SolUTIoN

Step 1 Transform the data using   𝑥  2.

We’ll use a table.

𝒙 1 2 3 4

𝒙2 1 4 9 16

𝒚 8 12.5 22 37

Step 2 Plot  𝑦 against   𝑥 2.

x2

y

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

5

10

15

20

25

30

35

40

Step 3 Draw a line of best fit, and state the gradient 
and  𝑦-intercept.

This line of best fit has a  𝑦-intercept of 5. The
gradient is calculated using the formula below.

 m =   
𝑦2 −  𝑦 1 _______ 𝑥2 −  𝑥 1

 

Choose two points on the line of best fit to 
calculate the gradient  m . In this case, one is the  
𝑦-intercept (0, 5) and the other can be any point
on the line, so we'll choose (5, 15). We have:

 m =   15 − 5_
5 − 0 

 m =   10_
5 

 m = 2 

x2

y
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15

20

25

30

35

40

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Step 4 Write the equation.

 k  is equal to the gradient 2, and  c  is equal to the 
𝑦-intercept 5.

 𝑦 = k𝑥2  + c 

 𝑦 = 2𝑥 2  + 5 

Questions 11d Modelling with kx2 + c 

Refresher question

Q1. If  𝑥 = 3, which of these is equal to  9?

a. 𝑥3 B.  4𝑥 C.  𝑥 + 5 d. 𝑥2

1. Recognising quadratic relationships

Q2. The following data has been transformed using   𝑥  2  . Can it be modelled accurately using  𝑦 = k𝑥2  + c?

Original data:

x

y

0 1 2 3 4

1

2

3

4

5

6

7

8

Transformed data:

x2

y

1

2

3

4

5

6

7

8

0 5 10 15

Skill
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Q3. Transform the following data sets using   𝑥  2   to see if they can be modelled accurately using  𝑦 = k𝑥2  + c.

a)  c) 

b) 

Check your understanding

Q4. Doug collected some data on his friends’ houses. He compared the width of each house,  w,  
to its floor area,  A . The results are below.

Width (m) 9 10 11.5 13

Area (m2) 145 170 220 275

Decide if the model  A = k w2  + c  can be used to accurately model this data.

Skill

x

y

1

2

3

4

5

6

7

8

0 1 2 3 4

(2, 2)

(4, 8)

3, —92

1, —12
x

y

0

5

–5

10

15

20

1 2 3 4

(2, 3)

(0, –1)

77
43,

–3
41,

x

y

1

2

3

4

5

6

7

8

0 1 2 3 4

—, 67
2

(3, 3)

(1, 1)
2, —32

0, —34

Application

2. Solving for the unknown constants of 𝒚 = 𝒌𝒙  2 + 𝒄

Q5. The data below can be modelled by the formula  𝑦 = k𝑥2  + c . The value of  k  is 3. Find  c.

x2

y

0
5

10
15

20
25
30
35
40
45
50

–5 5 10 15 20
y-intercept (0,–2)

Skill
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Q6. The following data sets can be modelled by  𝑦 =  k𝑥2  + c . Find  k  and  c  and state the equation for each. 
In each question,  k  and  c  are either whole numbers or relatively simple fractions.

a)  c) 

b) 

Check your understanding

Q7. Camila has been recording the number of people who go to the beach near her house on days of  
varying temperatures. Her data can be modelled by  N =  kT2  + c , where  N  is the number of people 
at the beach on a day with a maximum temperature of  T  ℃. Find  k  and  c  and state the equation.

T 12 20 27 35

N 53 106 170 272

Skill

𝒙 0 1 2 3

𝒚 0.9 1.5 3.1 5.4

𝒙 1 2 3 4

𝒚 −5.3 −3.4 −0.1 4.7

𝒙 1 2 3 4

𝒚 −3.1 3.2 13.1 26.8

Application

Joining it all together

Q8. Hasti and Gabriel were studying the amount of energy,  E , it takes to stop soccer balls travelling at 
different speeds,  s . Find if their data sets can be modelled by  E = k s2  + c  and if so, find the relevant 
values of  k  and  c , and state the equation.

Hasti:

s (m/s) 2 5 7 10

E (J) 1 7 11 17

(2 marks)

Gabriel:

s (m/s) 2 5 7 10

E (J) 1 6 12 26

(2 marks)

Q9. A machine makes circular placemats for dinner tables. The machine is quite old, and the placemats 
aren’t created as a perfect circle anymore. Some data on the radius of four placemats,  r , and the area 
of those placemats,  A , is below.

r (cm) 5 8 12 18

A (cm2) 76 190 440 965

r (cm)

A (cm2)

100
200
300
400
500
600
700
800
900

1000

0 5 10 15 20

a) Can a  A = k r2  + c  model fit the data well? If so,
find the model.

b) What would be the area of a placemat with radius
15 cm made by this machine? Round your answer
to two decimal places.

c) Two new placemats were measured. One had
a radius of 10 cm and an area of 303 cm2,
and the other had a radius of 6.5 cm and an area
of 145 cm2. Which one does not fit the model?

Application
4 marks

Application
3 marks
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Q10. Zoe measured the width of the inner edge,   Ei    , of three landscape photo frames and compared these to 
their total area,  A . A plot of her findings is below. In this question round all relevant answers to two 
decimal places.

Area (A)

Inner Edge (Ei)

Ei (cm)

A (cm2)

1000
2000
3000
4000
5000
6000
7000
8000
9000

10000

0 10 20 30 40 50 60 70 80 90 100

Ei (cm) 5 50 100

A (cm2) 147 2066 7489

a) Transform the data into a model of form  A = kEi
2  + c  using the left most and right most points to

find the slope. Round  k  and  c  to two decimal places. (2 marks)

b) Use the model to estimate the area of a frame with an inner edge of 70 cm, to two
decimal places. (1 mark)

Q11. Mahesh is measuring the increase in volume,  V , as water becomes ice, for ice cubes of varying widths,  w. 
He has fit the data to a  V = k w2  + c  model, getting values of  k =   1 _ 8    and  c =    1 _ 40 .

0.1

0.15

0.2

0.25

0.3

w (cm)

Change in volume (cm3)

0 0.5 1 1.5 2

0.05

7
50

1,

9
100

—,4
5

3
50

—,3
5

23
500

—,2
5

43
200

—,6
5

w (cm) 0.4 0.6 0.8 1.0 1.2

V (cm2) 0.046 0.06 0.09 0.14 0.215

a) Test Mahesh’s model for the following values of  w:

 w = 0.4   w = 0.6   w = 0.8 w = 1.0   w = 1.2 

Does the model seem to fit the data?

b) Test the model once more for the more distant point,  w = 3 . According to the data,  V = 2.74  
when  w = 3 .

Does the model still fit?

Application
3 marks

Application
2 marks
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VCaa question

Q12. The graph below shows the braking distance, in metres, of a car at different speeds, in kilometres  
per hour. The coordinates of a point on the graph are also shown.

0 20 40 60 80
Speed (km/h)

20

40

60

80
Braking distance (m)

(75, 45)

The relationship between braking distance and speed can be modelled by an equation of the form

 braking distance = k ×  (speed)2

Using this model, the braking distance, in metres, when the speed is 60 km/h is:

a. 24.0 B. 28.8 C. 30.0 d. 32.2 e. 48.5
VCAA 2015 Exam 1, Module 3: Graphs and relations. Q6

1 mark

Questions from multiple lessons

Q13. The graph to the right shows the relationship 
between time  t , in seconds, taken to travel 100 m 
at an average speed of  s  m/s. Also labelled is the 
average walking pace and the 100 m sprint record. 

Which statement is false?

a. As average speed increases, the time taken to 
travel 100 m decreases.

B. It will take 50 seconds to travel 100 m when 
travelling at 2 m/s.

C. The relationship between time and average 
speed is linear.

d. To complete the 100 m sprint in 9.58 seconds, 
the sprinter must have been travelling at an average speed of 10.44 m/s.

e. A formula that relates time and speed over a distance of 100 m is  time =    100 _ speed  s > 0 .

VCAA 2008 Exam 1 Module 3: Graphs and relations Q3 – Adapted 

Ti
m

e 
(s

)

Speed (m/s)

(2, 50) walking pace

(10.44, 9.58) 100 m sprint record

10 20

20

40

60

80

100
Difficulty:

1 mark
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Q14. A sequence can be generated using the following recurrence relation.

Tn+1   =  Tn   + 3 ,   T0   = −1

What are the first four terms of the sequence?

a. −1, −4, −7, −10

B. −1, 2, 5, 8

C. −1, −3, −9, −27

d. 1, 4, 7, 10

e. 2, 5, 8, 11
VCAA 2016 Exam 1 Recursion and financial modelling Q17 – Adapted

Q15. A car rental company, Canoe, uses the two equations below to calculate the total cost of a rental car. 
The  rental cost , in dollars, for a given amount of days of car rental, is calculated using the equation

 rental cost = 96 + 32 × days 

The additional  youth charge , in dollars, for drivers under 25, is calculated using the equation

youth charge = m ×  (  25 − age)2

Kris is 21 and will rent a car from Canoe for 15 days. 

He will pay $960, in total, for the rental car. 

Determine the value of  m  (2 marks)

VCAA 2009 Exam 2 Module 3: Graphs and relations Q3 – Adapted

Difficulty:

1 mark

Difficulty:

2 marks
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If doubling one variable halves the other, this is known as an inverse relationship. As either 
becomes very large, the other becomes very close to zero. A relationship of this type can be 
modelled as  y =    k ___ 𝑥    + c.

1. Recognising inverse relationships

Almost all hyperbolic relationships are expressed by the 
model  y =   k ___ 𝑥   + c.

However, before the values of  k  and  c  are found, 
it is essential to make sure the data follows a 
hyperbolic relationship.

The easiest way to identify whether the data fits the 
model of  y =   k ___ 𝑥   + c  is to linearise the data, and ensure
that the result follows a linear relationship.

Example

1 2 3 4 5
x

1

2

3

4

5

y

A    1 __ 𝑥    transformation can be applied to the above graph, 
resulting in a perfectly linear relation.

This shows the data has an inverse relationship, and can 
be modelled by  y =   k ___ 𝑥   + c.

A detailed explanation of the transformation is shown in 
the worked example below.

1 2 3 4 5

1

2

3

4

5

y

1
x

woRked example 11 (1 mark)

Can the following data be modelled by the equation 
y =   k ___ 𝑥   + c ?

2 4 6 8 10

x

5

10

15

20

25

30

35

y

(0.2, 17)

(0.1, 32)

(0.5, 8)
(1, 5)

(3, 3) (6, 2.5)

LESSON 11E

Modelling with k _ x   + c
The key skills you will learn in this lesson are:

1. Recognising inverse relationships

2. Solving for the unknown constants 𝑘 and 𝑐

VCAA key knowledge point:

“modelling of given non-linear data using 
the relationships y = kx 2  + c   and y =  k _ x  + c
where k > 0”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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SolUTIoN

Step 1 Create a table containing the data and find the corresponding    1 _ 𝑥    values.

𝒙 0.1 0.2 0.5 1 3 6

𝒚 32 17 8 5 3 2.5

1 _ 𝒙 10 5 2 1 0.33 0.17

Step 2 Plot  y  against    1 __ 𝑥 

2 4 6 8 10

5

10

15

20

25

30

y

    

(5, 17)

(10, 32)

(2, 8)

(0.17, 2.5)
(0.33, 3)

(1, 5)

1
x

Step 3 Examine the data for linearity.

The data is perfectly linear, therefore can be modelled by the equation  y =   k ___ 𝑥   + c.

woRked example 12 (1 mark)

Which of the following is inversely proportional and can be modelled by the equation  y =   k ___ 𝑥   + c?

a.  B. 

C.  d. 
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y
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e. 

SolUTIoN

Step 1 Search for a downward trend. Only A, B and D have a downward trend.

Step 2 Look for the distinctive hyperbola shape: a graph that begins steep and ends almost flat, 
that is all one smooth curve.

A becomes steeper as the  𝑥-variable increases, so it cannot be a hyperbola.

B begins to curve upwards, so it cannot be a hyperbola.

D begins steep, then gradually plateaus, and is a smooth curve throughout.  
The hyperbola must be D.

2. Solving for the unknown constants  𝒌  and  𝒄

In the equation for inverse proportionality,  k  can be any value greater than zero, and  c  can take on 
any value. In some examples,  k  or  c  will be unknown, and the rule of the function must be found.  
To find the rule, the known  𝑥 and  y  values can be entered to solve for the unknown variables. 

However, if the data has already been linearised, the value of  k  is simply the gradient and  c is
the  y-intercept.

Example

5 10 15 20
x

5

10

15

20

y

(10, 1)

(1, 10)

The rule for the graph is  y =   10 ____ 𝑥 

woRked example 13 (1 mark)

Given that this table varies according to the function 
y =   k _ 𝑥   + c , find the value of  k  if  c = 2.

𝒙 1 2 3 4 5

𝒚 7.0 4.5 3.7 3.3 3.0

2 4 6 8 10
x

20

40

60

80

y
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SolUTIoN

Method 1: Transforming the data

Step 1 Transform the data using a table.

𝒙 1 2 3 4 5

1 _ 𝒙 1.00 0.50 0.33 0.25 0.20

𝒚 7.0 4.5 3.7 3.3 3.0

Step 2 Plot  y  against    1 __ 𝑥 .

0.2 0.4 0.6 0.8 1 1.2 1.4

2

4

6

8

y

(1.0, 7.0)

(0.5, 4.5)

(0.33, 3.7)
(0.25, 3.3)

(0.2, 3.0)

1
x

Step 3 Draw a line of best fit, and calculate the 
gradient,  k,  using two points.

(1.0, 7.0)

(0.5, 4.5)

 k =   
y2 − y1 _________ 𝑥2 − 𝑥1

 

 k =   7.0 − 4.5_________
1 − 0.5 

 k =   2.5____
0.5 

 k = 5 

Method 2: Substituting a point

Step 1 Choose one point on the hyperbola.

(1, 7)

Step 2 Substitute in the point and c to generate an 
equation.

 7 =   k __ 1   + 2

Step 3 Solve the equation.

 7 = k + 2 

 k = 5 

Refresher question

Q1. Jorge must drive from Melbourne to Sandy Point. He was planning on travelling the whole distance at 
80km/h but wants to arrive earlier. Must he increase or decrease his speed? 

Questions 11e Modelling with k _ x   + c

1. Recognising inverse relationships

Q2. Josie is having her birthday party soon, and she has bought 50 slices of cake but does not know 
how many people are going to arrive. Below is the number of slices of cake there will be per person 
depending on the number of people who come.

a) Fill in the blank spaces in the table.

b) Is this an example of inverse variation?
Why/why not?

Application

Number of 
guests

1 10 50

Slices per 
person

50 10 2 1
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Q3. By transforming the following data, state whether an inverse relationship is present.

a)  b) 

Q4. Which of the following tables shows an inverse relationship that can be modelled by  y =   k ___ 𝑥   + c?

a.  B. 

C.  d. 

e. 

Q5. Which of the following graphs does not represent an inverse relationship that can be modelled by  
y =   k ___ 𝑥   + c?

a.  B. 

C.  d. 

Skill

2 4 6 8 10
x

2

4

6

8

10

y

(0.25, 9)

(0.5, 5)

(1, 3)

(2, 2)
(4, 1.5) (8, 1.25)

5 10 15 20 25 30 35

x

5

10

15

20

25

30

35

y

(0.25, 31)

(0.5, 17)

(1, 10)

(7, 4) (14, 3.5) (21, 3.33)

Skill
𝒙 1 2 3 4 5

𝒚 4 13 28 49 126

𝒙 7 8 9 10 11 12

𝒚 4.75 5.00 5.25 5.50 5.75 6.00

𝒙 0.5 1.0 1.5 2.0 2.5 3.0

𝒚 4.00 2.00 1.33 1 0.8 0.67

𝒙 10 11 12 13 14 15

𝒚 5 4 3 2 1 0

𝒙 10 20 30 40 50 60

𝒚 49 46 41 34 25 14

Skill

2 4 6 8 10
x

2

4

6

8

10

y

0.5 1 1.5 2 2.5 3
x

0.5

1

1.5

2

2.5

3

y

2 4 6 8 10
x

2
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6
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y

2 4 6 8 10
x

2

4

6

8

10

y
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e. 

Check your understanding

Q6. Plot a graph of the inverse relation that can be modelled by  y =   k ___ 𝑥   + c  given that it 
passes through the points (2, 1), (8, 0.25) and (0.5, 4). 

Do not find the equation of the line.

2 4 6 8 10
x

2

4

6

8

10

y

Skill

2. Solving for the unknown constants  𝒌 and  𝒄 

Q7. Given that  c = 3 , find the equation for the following inverse relationship by  
substituting the given point into the equation  y =   𝑘 _ 𝑥   + c.

2 4 6 8 10
x

10

20

30

40

50

60

70

y

(7, 4)

Q8. Ernestine works at a pet shop and notices something strange. She notices there is an 
inverse relationship between how much a puppy weighs, and how likely they are to 
be bought.

She places her findings in the table below:

Weight of puppy (grams) 300 400 500 600 700

Probability of being bought 0.300 0.225 0.180 0.150 0.129

Given that this relationship can be described by the equation

 probability of being bought =    k ___________
weight of puppy   + c 

and that  c = 0 , calculate the value of k.

Q9. The average price of bread sold by a bakery in a day has an inverse relationship with the amount of 
bread sold that day. 

Price of bread ($) 2 5 7.5 10 15

Number of loaves sold 32 14 10 8 6

Skill

Application

Application
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a) From the table, derive an equation in the form  number of loaves sold =  k ___________ price of bread  + c  given that
k = 60.

b) Using the equation, estimate the number of loaves sold in a day if the average price of a loaf was $1.

c) Given 154 loaves were sold in a week, calculate the price of a loaf of bread that week, assuming the
price didn’t change all week.

Check your understanding

Q10. The velocity of the planets squared varies inversely with their distance to the sun (AU) as shown in 
the following table.

Planet Mercury Venus Earth Mars Jupiter Saturn Uranus Neptune

Mean distance 
from Sun (AU)

0.39 0.72 1.00 1.53 5.20 9.54 19.18 30.06

Velocity (km/s) 47.97 35.30 29.95 24.22 13.14 9.70 6.84 5.46

Velocity2 (km/s) 2300.77 1246.25 897.3 586.47 172.56 94.06 46.78 29.85

a) Find the equation that relates the velocity squared and the distance to the sun in the terms
of  velocity squared =    k ____________________

distance from sun 

Give the value of k to one decimal place.

b) Using the equation, predict the distance from the sun of a planet that has a velocity of 42.28 km/s.
Round your answer to one decimal place.

Application

Joining it all together

Q11. As the US dollar decreases in value compared to other currencies, the price of gold is known to rise. 
Similarly, as the US dollar increases, the price of gold always falls, as shown by the graph below using 
arbitrary units:
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Price of gold 
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(0.25, 2)

a) Find the equation that relates the price of gold to the US dollar value, given that c = 1.

b) Using this equation, predict the value of the US dollar when the price of gold is 0.125.

Application
2 marks
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Questions from multiple lessons

Q12. The point (20, 21) lies on the graph of  𝑦 =   k _ 𝑥  
as shown below.

The value of  k is

a. 1.05

B. 21

C. 1

d. 420

e. 20
VCAA 2017 Exam 1 Module 4: Graphs and relations Q3 – Adapted 

Q13. The number of points scored by 25 different teams in 
their first game of a basketball tournament is displayed 
in the following histogram.

The median number of points scored by a team in their 
first game of the tournament is

a. at least 40 but less than 50.

B. at least 50 but less than 60.

C. at least 60 but less than 70.

d. at least 70 but less than 80.

e. at least 80 but less than 90.
VCAA 2017NH Exam 1 Data analysis Q3 – Adapted

Q14. George is an English teacher. He needs to mark as many exam papers as he can so that he can release 
his students’ results on time. 

The following graph shows the relationship between the  average marking speed  (papers per hour) 
and the  time taken  (in hours) to finish marking a whole class.
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Average marking speed (papers per hour)
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Assume that every class has the same number of students. 

a) For Class 11C, George marked at an average speed of 15 papers per hour. 

For Class 11D, George marked at an average speed of 6 papers per hour because of  
sleep deprivation.

How much longer did it take George to finish marking papers for 11D compared to the time he 
took for 11C? (1 mark)

(20, 21)
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The equation for the relationship between  averagemarking speed  and  timetaken  is in the form

 time taken =    k __________________________
average marking speed   

b) Find the value of  k  (1 mark)

c) Use the axes below to draw a graph of the relationship between  time taken
and     1 __________________________

average marking speed   (1 mark)
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VCAA 2017NH Exam 2 Module 4: Graphs and relations Q1 b,c – Adapted
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Logarithms can be used to express very small or very large numbers. There can be better 
understood through the following expression.

 𝑦 = log10(𝑥) ⇔ 𝑥 = 10𝑦 

Logarithmic functions are modelled by the formula  𝑦 = a log10(𝑥) + c  , where a and c are 
constants. Note that logarithms can have other numerical bases rather than 10, but in this topic 
only 10 is used for simplicity.

1. Recognising logarithmic relationships

Logarithmic functions can be identified by an initially steep gradient, that gradually plateaus as the 
value of 𝑥 increases. When a > 0 , a logarithmic functions will have a positive slope for all values of 𝑥.

Example

Here is a log graph with the corresponding table of values.

 𝑦 = log10(𝑥) 

woRked example 14 (1 mark)

Which of the following graphs shows a logarithmic function that can be modelled by the equation 
a log10(𝑥) + c  , where a > 0?

a. B. C.

d. e. 
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LESSON 11F

Modelling with logarithms
The key skills you will learn in this lesson are:

1. Recognising logarithmic relationships

2. Solving for the unknown constants of 𝑦 = a log10(𝑥) + c

VCAA key knowledge point:

“modelling of data using the logarithmic 
function 𝑦 = a log10(𝑥) + c where a > 0”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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SolUTIoN

Step 1 As a > 0, look for a graph that has a positive 
slope for all values of  𝑥.

A, B and E have a positive slope for all values of  𝑥.

Step 2 Look for the general form of a logarithm – the 
gradient should begin steep and gradually 
plateau as  𝑥 values increase.

A gets increasingly steeper, so it cannot  
be logarithmic.

B maintains the same slope, so it cannot  
be logarithmic.

E begins with a steep, positive gradient and 
gradually plateaus. Therefore, E must be the 
logarithmic function.

2. Solving for the unknown constants of  𝒚 = 𝒂 𝐥𝐨𝐠10(𝒙) + 𝒄 

The general form of a logarithmic function is  𝑦 = a log10(𝑥) + c . Here,  a  and  c  are constants and 
can take on any value, however in this course only values of a greater than zero are used. In some 
examples,  a   or  c   are unknown, and the rule of the function must be found. To find the rule, the 
known  𝑥 and  𝑦 values can be substituted to solve for the unknown variables.
Example

2 4 6 8 10
x

2

4

6

8

10

y

(1,2)
    

    

(10,6)

By substituting in (1, 2) and (10, 6), the following  
equations are found:

2 = a log10 (1) + c

6 = a log10 (10) + c

Solve for a and c simultaneously to get  a = 4   
and  c = 2. 

Therefore, the equation of the graph is 
  𝑦 = 4 log10 (𝑥)  + 2  .

woRked example 15 (1 mark)

Given that this table varies according to the function  𝑦 = a log10(𝑥) + c , find the value of  a  if  c = 2. 

𝒙 1 10 100 1000 10 000
𝒚 2 5 8 11 14

SolUTIoN

Step 1 Choose one point on the table.

(10, 5)

Step 2 Substitute the point into the given equation.

  5 = a log10 (10)   + 2  

Step 3 Solve for a.

 5 = a × 1 + 2 

 a = 3 
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Refresher question

Q1.   𝑦 = 8 log10 (𝑥)  + 5  

What are  a  and  c  in the above equation?

Questions 11F Modelling with logarithms

1. Recognising logarithmic relationships

Q2. The area covered by bacteria on a plate following a treatment with antibiotics is shown in the 
table below:

Incubation time (hours) 1 5 10 15 20

Area covered (cm2) 0 4.89 7.00 8.23 9.11

Plot the points on a graph, with 'incubation hours' on the 𝑥-axis and 'area covered' on the 𝑦-axis,  
and connect the points.

Is this a logarithmic function?

Q3. Which of the following graphs does not represent a logarithmic function?

a.  B.  C.

d.  e.

Q4. Which of the following tables can be modelled by  𝑦 = a log10(𝑥) + c  where a > 0?

a. B. 

C. d. 

e. 

Skill

Skill

200 400 600 800 1000
x

2

4

6

8

10
y

200 400 600 800 1000
x

2

4

6

8

10

y

200 400 600 800 1000
x

2

4

6

8

10
y

200 400 600 800 1000
x

2

4

6

8

10
y

200 400 600 800 1000
x

2

4

6

8

10
y

Skill
𝒙 2 4 6 8 10
𝒚 7 19 39 67 103

𝒙 2 4 6 8 10
𝒚 96 84 64 36 0

𝒙 2 4 6 8 10
𝒚 14 18 22 26 30

𝒙 2 4 6 8 10
𝒚 2.44 9.76 21.96 39.04 61.00

𝒙 2 4 6 8 10
𝒚 1.51 3.01 3.89 4.52 5.00
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Check your understanding

Q5. Genya has been tracking the number of deer that live in the forest near his home for 30 years.

He has noticed that the deer population follows a noticeable pattern, but he accidentally missed an entry.

The following table shows Genya’s incomplete record of the deer. 

Number of days 1 10 100 1000 10 000

Number of deer 0 300 600 1200

a) Complete the table above. Do not find the rule.

b) Can the deer population be modelled by a logarithmic function? Why or why not?

Application

2. Solving for the unknown constants of  𝒚 = 𝒂 𝐥𝐨𝐠10(𝒙) + 𝒄

Q6. Given that  c = 1 , find the equation for the 
following relationship by substituting the given 
point into the equation  𝑦 = a log10(𝑥) + c.

Q7. Elephants in Serengeti National Park have their population recorded yearly, as shown in the table below:

Year (Y) 1 2 3 4

Number of Elephants (E) 1000.000 1150.515 1238.561 1301.030

note: Some years the rangers believe they may have double counted, so half an elephant is counted.

a) Given that   E = a log10(Y) + c  , estimate the value of  a  to the nearest whole number.

b) Using the rule, find the number of elephants in the Serengeti National Park after 10 years.

Q8. The following graph shows the growth of a 
population of koalas in Wilson’s Promontory 
National Park in months, given they were  
introduced at month 1.

a) The model   K = a log10
(M)   can accurately

model the population of koalas in Wilson's 
Promontory National Park. Find the value 
of  a.

b) Using the model, find number of koalas in
Wilson’s Promontory National Park after
two years to the nearest whole number.
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Check your understanding

Q9. The volume of water within a water tank being filled is recorded in the following table.

Number of minutes 60 90 120 150

Volume of water in litres (V) 0 10.57 18.06 23.88

a) By first converting minutes into hours, find the equation   V = a log10 (H ) + c  , given that  a = 60 .

b) Find the volume of the tank at 50 hours to two decimal places.

c) If the tank has a total volume of 120 L, how long does it take to fill completely?

Application

Joining it all together

Q10. The value of an action figure modelled from a science fiction film increases according to the logarithmic 
function   𝑦 = 15 log10 (𝑥)  + 10  , where  𝑦 is the value of the action figure, in dollars, and  𝑥 is the  
number of years from 1977.

a) By finding three points on the function, plot the graph of price of action figure,  𝑦, against number of
years,  𝑥. (2 marks)

b) Find the value of the action figure in 2019 to the nearest cent. (1 mark)

c) In what year did four action figures cost $100? (1 mark)

Q11. Margaret has recently noticed that her knitting 
speed slows considerably as she progresses 
along a blanket. She decided she would record 
the area of the blanket knitted in square metres 
and compare it to the time in hours she spent 
knitting. The data is shown in the graph on  
the right.

a) Find the rule for the area of the blanket knitted in terms of the hours spent knitting, in the form of
 area of blanket = a log10(hours spend knitting) + c.

b) Margaret’s husband John enjoys knitting as well, but is significantly slower than his wife. His knitting
follows the equation:   area of blanket = 1.5 log10 (hours spent knitting )   + 2  . How much larger is the
area of Margaret’s blanket compared to John’s after 5 hours? Give your answer to two decimal places.

c) How much longer does it take John to knit 3 square metres of blanket? Give your answer to the
nearest minute.

Application
4 marks

Application
3 marks
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Questions from multiple lessons

Q12. Johnny’s job requires him to transport racehorses 
during the spring carnival. The following graph 
shows the distance Johnny travels each hour 
throughout an entire day. 

What was the average speed that Johnny was  
travelling over the entire day, including the time 
he spent resting?

a. 30.50 km/h

B. 43.75 km/h

C. 51.25 km/h

d. 75.00 km/h

e. 105.00 km/h
VCAA 2014 Exam 1 Module 3: Graphs and relations Q5 – Adapted 

Q13. A least squares regression line is fitted to the following data.

𝑥𝑥 −10.2 2.3 −1.3 −0.9 1.3 4.7 −8.7 −2.3

𝑦𝑦 13.6 −1.8 −1.2 2.5 2.1 −3.8 7.8 3.9

What is the equation of the line? Round all numbers to two decimal places.

a.  𝑦 = 0.96 − 1.02𝑥 B.  𝑦 = 1.02 − 0.96𝑥 C.  𝑦 = 1.03 − 0.95𝑥

d.  𝑦 = 0.95 − 1.03𝑥 e.  𝑦 = −1.02 + 0.96𝑥
VCAA 2018NH Exam 1 Data analysis Q8 – Adapted

Q14. The time taken to travel between two train stations varies inversely with the train’s speed.  
The  speed  (km/h) and the  time taken  (minutes) of a number of different trains during the day is  
recorded in the table below.

speed 90.00 85.71 78.26 75.00 72.00

time taken 2.0 2.1 2.3 2.4 2.5
1 ___________

time taken

A     1 ___________ time taken    transformation is performed to linearize the data.

a) Transform the data by completing the table of values. Round all values to two decimal places. (1 mark)

b) Plot the transformed data using the axes below. (1 mark)

 1 ___________
time taken
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CHAPTER

12
Investigating and 
comparing data 
distributions

AOS 6: Statistics



Data can be classified into two broad categories: numerical data and categorical data. 
These can then both be divided into two subgroups, as shown below.

Data

Numerical data

Continuous data Discrete data Nominal data Ordinal data

Categorical data

1. Categorical data

Data that is organised into several categories or groups is known as 
categorical data.

Categorical data can be classified in two ways: nominal and ordinal.

Ordinal variables are categorical variables that exist in a logical order, for 
example, drink size: small, medium, large.

Nominal variables do not have a logical order or hierarchy. For example, 
hair colour.

Example

The rating of a film from one star to five stars is an ordinal variable, as it 
naturally assumes an order.

The genre of film (action, comedy, drama, thriller) is nominal, as it does not 
logically assume an order.

worked example 1 (1 mark)

A poll asked the question ‘Ferrari makes the best cars. Do you agree?’ with the possible responses 
‘Strongly agree’, ‘Agree’, ‘Neutral’, ‘Disagree’, or ‘Strongly disagree’.

Are the responses ordinal or nominal?

SolUTIoN

Step 1 Identify whether there is a logical order for  
the responses.

It makes sense for them to start and end with 
either strongly agree and strongly disagree, and 
for neutral to be in the middle.

Therefore, there is a logical order.

Step 2 Classify the variable as ordinal or nominal.

The responses are ordinal.

You’ll be on the edge
of your seat watching this

action-packed film...

“What a great film”

LESSON 12A

Types of data
The key skills you will learn in this lesson are:

1. Categorical data

2. Numerical data

VCAA key knowledge point:

“types of data, including categorical (nominal or 
ordinal) or numerical (discrete or continuous)”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. Numerical data

Data that is represented by a quantity is known as numerical data. Numerical data can be classified 
in two ways: discrete and continuous.

Discrete data can be counted. It exists only as separate numerical values, and is not on a 
continuous scale. The number of students in a class is an example of discrete data.

Continuous data is measured, for example, distance, time, or weight. It exists on a continuous scale.

Example

The distance from home to school is a continuous variable, as it is measured and exists on a 
continuous scale.

The number of steps it takes to walk to school is discrete, as they are counted and can only exist as 
a whole number.

worked example 2 (1 mark)

The maximum temperature each day this year is being recorded. Is maximum temperature a 
discrete or continuous variable?

SolUTIoN

Step 1 Identify whether the variable is measured 
or counted.

Maximum temperature is a measured quantity; 
it can be measured to varying degrees  
of accuracy.

Step 2 Classify the variable as discrete or continuous.

Maximum temperature is a continuous variable.

Questions 12a Types of data

Refresher question

Q1. Are the number of dogs in a dog park counted or measured?

1. Categorical data

Q2. Students in a class are each asked what pets they have. This data is categorical.

Is it ordinal or nominal?

Q3. Classify the following categorical data as either ordinal or nominal.

a) Favourite flavour of ice cream

b) How often a student walks to school (never, once a month, once a week, daily)

c) Skill level (beginner, intermediate, advanced, expert)

d) Favourite brand of clothing

Check your understanding

Q4. Data is collected from a local university inquiring about the ages of their students. 
The possible answers are 14–17, 18–21, 22–25, and 26+.

Classify the data as ordinal or nominal data.

Skill

Skill

Skill

12A Types of dATA 527

© Edrolo 2020



2. Numerical data

Q5. Each member of the audience at a concert is asked their age in years. This data is numerical.

Is it discrete or continuous?

Q6. Classify the following numerical data as either discrete or continuous.

a) The number of people attending a football match

b) The distance from earth to the moon

c) The temperature of a pool

d) The number of children in a classroom

Check your understanding

Q7. The least time taken for Usain Bolt to run 100 metres is 9.58 seconds. Is time taken a discrete or 
continuous variable?

Skill

Skill

Application

Joining it all together

Q8. Classify the following as either ordinal, nominal, discrete or continuous.

a) The weight of a bag of apples

b) The different brands of apples

c) The classification of apples as small, medium or large

d) The number of apples in a bag

Q9. Classify the following as either categorical or numerical data.

a) The number of breeds of cat

b) The ranking of difficulty of maths questions from one to five

c) A postcode

d) Women‘s jean sizes

Skill
4 marks

Skill
4 marks

VCaa questions

Q10. The variables, number of moths (less than 250, 250–500, more than 500), and trap type 
(sugar, scent, light) are:

a. both nominal variables.

B. both ordinal variables.

C. a numerical variable and a categorical variable respectively.

d. a nominal variable and an ordinal variable respectively.

e. an ordinal variable and a nominal variable respectively.
VCAA 2017 Exam 1 Core: Data analysis. Q7

1 mark
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Q11. The following table shows the data collected from a sample of seven drivers who entered a supermarket 
car park. The variables in the table are:
	● Distance – the distance that each driver travelled to the supermarket 

from their home
	● Sex – the sex of the driver (female, male)
	● Number of children – the number of children in the car
	● Type of car – the type of car (sedan, wagon, other)
	● Postcode – the postcode of the driver’s home.

Distance (km)
Sex

(F = female, M = male) Number of children
Type of car

(1 = sedan, 2 = wagon, 3 = other) Postcode

4.2 F 2 1 8148

0.8 M 3 2 8147

3.9 F 3 2 8146

5.6 F 1 3 8245

0.9 M 1 3 8148

1.7 F 2 2 8147

2.5 M 2 2 8145

The number of categorical variables in this data set is

a. 0 B. 1 C. 2

d. 3 e. 4
VCAA 2014 Exam 1, Core: Data analysis. Q4

1 mark

Questions from multiple lessons

Q12. The following dot plot displays the  age , in years, of the 22 players in a university football team.

17 18 19 20 21 22 23 24 25 26
Age (years)

The percentage of players that are 20 years of age is closest to

a. 9% B. 14% C. 15%

d. 18% e. 25%
VCAA 2018 Exam 1 Data analysis Q1 – Adapted

Q13. A sequence of numbers can be generated using the recurrence relation below.

V0   = 1 ,   Vn+1   =  Vn   + 6 

What is the value of   V4 ?

a. 1 B. 7 C. 13

d. 19 e. 25
VCAA 2019NH Exam 1 Recursion and financial modelling Q17 – Adapted

Difficulty:

Year 10
1 mark

Difficulty:

1 mark
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Q14. Fruit Seed location Size Price ($ per kg)

Apple Internal Medium $4.99

Apricot Internal Medium $2.30

Avocado Internal Medium $5.20

Banana Internal Medium $3.49

Blackcurrant Internal Small $7.25

Blueberry Internal Small $6.95

Boysenberry Internal Small $6.99

Cherry Internal Small $8.99

Cranberry Internal Small $6.99

Fig Internal Medium $5.49

Grape Internal Small $5.89

Grapefruit Internal Large $9.49

Jackfruit Internal Large $12.49

Kiwifruit Internal Medium $4.99

Kumquat Internal Small $5.99

Lime Internal Small $1.99

Lychee Internal Small $14.99

Mango Internal Medium $6.99

Orange Internal Medium $2.99

Peach Internal Medium $10.49

Pineapple Internal Large $3.49

Pomegranate Internal Medium $7.99

Raspberry Internal Small $4.99

Strawberry External Small $2.49

Watermelon Internal Large $1.99

The data in the table displays information for 25 different types of fruit.

The four variables in this data set are:
●  Fruit  – type of fruit
●  Seed location  – where seeds are found (external, internal)
●  Size  – size of the fruit (small, medium, large)
●  Price  – the average prices for these fruits (dollars per kg)
a) How many variables in this data set are categorical variables? (1 mark)

b) How many variables in this data set are ordinal variables? (1 mark)

c) Name the large fruits that cost more than $3 per kg. (1 mark)

VCAA 2018 Exam 2 Data analysis Q1 a-c – Adapted

Difficulty:

3 marks
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1. Frequency tables

A frequency table consists of two columns. One column lists the different categories of the data set, 
and the other lists the frequency that the categories occur at.

A third column, known as the ‘tally’ column, can be used to help find the frequency, as shown in 
the worked example below.

Example

Anna, Joey, and Clary were playing a game of tag and decided to count how many times they 
were tagged. The results are shown in the frequency table below.

Person Frequency

Anna 2

Joey 4

Clary 3

The frequency table shows that Anna was tagged two times, Joey was tagged four times and Clary 
was tagged three times.

worked example 3 (1 mark)

A class of students were asked about their favourite ice cream flavours. Their answers were:

Chocolate, Strawberry, Chocolate, Chocolate, Vanilla, Chocolate, Strawberry, Chocolate, 
Chocolate, Strawberry, Strawberry, Vanilla, Chocolate, Chocolate, Chocolate

Display this information in a frequency table.

SolUTIoN

Step 1 Set up a table with the categories in the 
first column, the tally in the second, and the 
frequency in the third.

Favourite 
flavour

Tally Frequency

Chocolate

Strawberry

Vanilla

Step 2 Count the number of students who preferred 
chocolate, making a mark in the tally for every 
student counted. Repeat for strawberry  
and vanilla.

Favourite 
flavour

Tally Frequency

Chocolate

Strawberry

Vanilla

Step 3 Count the tallies for each flavour individually, 
and record them in the frequency column.

Favourite 
flavour

Tally Frequency

Chocolate 9

Strawberry 4

Vanilla 2

LESSON 12B

Categorical data distributions
The key skills you will learn in this lesson are:

1. Frequency tables

2. Bar charts

3. The mode

VCAA key knowledge point:

“display and description of categorical data 
distributions using frequency tables and bar 
charts; and the mode and its interpretation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. Bar charts

A bar chart is a visual representation of categorical data.

A bar chart shows the categories of a data set on the horizontal axis, and the frequency of the 
categories on the vertical axis.

Each category is given a separate bar. The height of each bar represents the frequency of that 
category, and the bars are drawn with a gap between them.

Example

The data from Anna, Joey, and Clary’s game of tag is shown in the bar chart below.
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Person

Anna Joey Clary

worked example 4 (1 mark)

Dr. Barras always works an exact amount of hours. Over a month, the number of hours he worked 
each day was recorded. This information is summarised in the frequency table below. From the 
frequency table, construct a bar chart.

Number of hours worked Frequency

0−4 4

5−8 15

9−12 8

13−16 2

SolUTIoN

Step 1 Set up the axes.

Draw the vertical axis from 0 to 15, and draw 
the horizontal axis such that there is a small 
gap between each category. Label each 
axis appropriately.
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Number of hours worked

0 – 4 5 – 8 9 – 12 13 – 16

Step 2 Match the height of each individual bar to the 
frequency written in the table.
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Number of hours worked

0 – 4 5 – 8 9 – 12 13 – 16
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3. The mode

The mode is the category that occurs the most frequently. It can also be called the modal category. 
In a bar chart, the mode is the tallest bar. There can be multiple modal categories of a data set, 
if two or more categories equally occur the most.

Example

In Anna, Joey, and Clary’s game of tag, it is clear Joey was tagged the most times, because his bar is 
taller than the others. Therefore, he is the modal category.

worked example 5 (1 mark)

Students in a class were surveyed and asked about their favourite type of chocolate. 
The results are shown in the following bar chart.
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Types of chocolate

Dark Milk White

Which is the most popular type of chocolate?

SolUTIoN

Step 1 Identify what the question is asking for.

The question refers to the ‘most popular’ 
type of chocolate. We are looking for the  
modal category.

Step 2 Identify the modal category.

The tallest bar in the bar chart is ‘Milk’. 
Therefore, milk chocolate is the most popular 
type of chocolate.

Questions 12B Categorical data distributions

Refresher question

Q1. Students in a class were surveyed about the pets they own.

If three students own a cat, seven own a dog and two own a guinea pig, which pet is most popular?

1. Frequency tables

Q2. A group of 20 people were asked to name their favourite sport. The following data was collected.

Sport Frequency

Football 11

Netball 6

Basketball 3

How many people chose netball as their favourite sport?

Skill
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Q3. In an office, the eye colour of each person was collected. The results were as follows:

Blue, Blue, Brown, Brown, Brown, Green, Hazel, Brown, Blue, Brown, Green, Brown, Green, Blue, 
Hazel, Brown, Brown, Blue, Hazel, Brown

Eye Colour Tally Frequency

a) Fill in the frequency table above.

b) How many people in the office have blue eyes?

Q4. The preferred movie genre of 25 people is shown below. The categories were abbreviated as A (Action), 
C (Comedy), D (Drama), R (Romance), and T (Thriller).

A, C, D, D, A, A, R, R, T, R, C, C, A, T, R, C, A, T, R, C, A, A, T, R, C

Create a frequency table that displays this information.

Q5. A group of 12 people were asked about their 
favourite genre of music. The results are 
shown in the following table.

Create a frequency table that displays the 
information from the table.

Check your understanding

Q6. A group of people were asked about their favourite pizza topping. The results of their responses are 
shown in this frequency table.

Pizza topping Frequency

Margherita 9

Hawaiian 4

Meat Lovers 2

Vegetarian 4

a) How many people were surveyed?

b) What percentage of people like vegetarian pizza the most? Round your answer to the nearest  
whole number.

Skill

Skill

Skill
Person Favourite genre

A Pop

B Classical

C Rock

D Classical

E Pop

F Pop

G Rock

H Pop

I Pop

J Rock

K Pop

L Rock

Skill
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2. Bar charts

Q7. The favourite holiday destination of 15 people is shown in the following frequency table.

Favourite holiday destination Frequency

Beach 8

Snow 3

City 4

Create a bar chart that displays this information.

Q8. A cafe recorded how many of each type of beverage was sold in one morning. A total of 200 beverages 
were sold. The data is shown in this frequency table.

Type of beverage Frequency

Coffee 38

Tea 46

Juice 83

Water ?

a) What is the missing frequency value?

b) Create a bar chart that displays the information from the table, including the missing value
from part a).

Check your understanding

Q9. A small university recorded the age of each 
member of its teaching staff. The results are 
shown in this bar chart.

Use the bar chart to create a frequency table.
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Q10. A class of 25 students was surveyed about 
their hair colour, and the following bar chart 
was created from the data collected.

The bar chart is incomplete. In the class five 
times the number of students who have red 
hair have brown hair.

a) Complete the bar chart.

b) Use the complete bar chart to create a
frequency table.

c) What percentage of the class
have red hair?

Skill

Skill

Skill

0

2

4

6

8

Fr
eq

ue
nc

y

Hair colour

Brown Blonde Black Red

Skill
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3. The mode

Q11. A class was asked what type of transport they 
use to get to school. The results are displayed  
in the bar chart below.

Which type of transportation is the 
most popular?
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Q12. Thirty students were asked about their 
favourite subject. The results are shown in 
the following bar chart.

Which subject is the mode?

Q13. A group of 1100 people were asked which city they were born in. The results are shown 
in the following frequency table.

City Frequency

Melbourne 492

Sydney 279

Canberra

a) What is the missing frequency value?

b) Where were the most people born?

Check your understanding

Q14. A group of 53 mothers was asked how many children they have. The results are shown in the following 
incomplete frequency table.

Number of children Frequency

1 8

2 18

3

4

There were twice as many mothers who have three children as there were mothers who have four children.

a) Complete the frequency table above.

b) What is the modal number of children?

Skill

Skill
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Subject

Maths English Science Sport

Skill

Skill
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Joining it all together

Q15. A group of 20 people were asked about their favourite type of tea. The results were:

Black, Peppermint, Chamomile, Black, Black, Peppermint, Chamomile, Black, Peppermint, Black, 
Peppermint, Chamomile, Black, Peppermint, Black, Chamomile, Black, Peppermint, Black, Peppermint.

a) Create a frequency table that displays this information.

b) Use the frequency table to create a bar chart.

Q16. A group of 24 people was asked about their favourite Australian animal. The results of the survey 
are shown in the following table:

Person Favourite animal

A Koala

B Emu

C Koala

D Kangaroo

E Wombat

F Emu

G Wombat

H Emu

I Koala

J Wombat

K Kangaroo

L Wombat

Person Favourite animal

M Koala

N Wombat

O Emu

P Wombat

Q Wombat

R Koala

S Kangaroo

T Koala

U Wombat

V Emu

W Emu

X Wombat

a) Create a frequency table displaying this information.

b) Construct a bar chart displaying this information.

c) Which animal is the most popular?

Q17. A concert hall was filled with 25 000 people for a concert by the Melbourne Symphony Orchestra. 
The people who attended the concert were asked to fill out a survey as to their favourite instrument family. 
In the survey 17.5% responded brass, 24.8% responded woodwind, 6.3% responded percussion and the 
rest responded strings.

a) Strings is the favourite family for what percentage of people?

b) Use the data to construct a frequency table.

c) From the frequency table, construct a bar chart.

d) What is the most popular instrument family?

Skill
2 marks

Application
3 marks

Application
4 marks
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Questions from multiple lessons

Q18. The parallel boxplots below display the distribution of typing speed, in words per minute, for three 
different year levels; Year 10, Year 11 and Year 12.

Typing speed (wpm)
55 60 65 70 75 80 85 90

Year 10
Year 11
Year 12

Which one of the following is not true?

a. The slowest typer is a Year 10.

B. Year 10s have the least variable typing speed.

C. At least 75% of Year 11s type faster than any Year 10.

d. In terms of the median typing speed, Year 12s are the fastest typers.

e. The fastest typer is a Year 11.
VCAA 2018NH Exam 1 Data analysis Q6 – Adapted

Q19. The first four terms of a sequence are 3, 6, 12, 24...

Which of the following recurrence relations could generate the above sequence?

a. T0   = 2 ,   Tn+1   = 3 Tn

B. T0   = 3 ,   Tn+1   = 2 Tn

C. T0   = 3 ,   Tn+1   = 3 Tn

d. T0   = 3 ,   Tn+1   =  Tn   + 2

e. T0   = 3 ,   Tn+1   =  Tn   + 3
VCAA 2017 Exam 1 Recursion and financial modelling Q19 – Adapted

Q20. Kevin wants to get feedback on the dinner he made for a group of 16 friends. He asked them all to specify 
whether they found the meal rancid, unpalatable, mediocre, appetising or divine.

Their responses are recorded below.

Unpalatable Mediocre Unpalatable Divine

Rancid Rancid Mediocre Appetising

Divine Mediocre Mediocre Mediocre

Divine Appetising Divine Divine

Use the data to

a) Complete the frequency table to the right. (1 mark)

b) Determine the percentage of Kevin’s friends who rated
Kevin’s dinner as ‘mediocre’. (1 mark)

VCAA 2008 Exam 2 Data analysis Q1 – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

Year 10
2 marks

Rating Frequency

Rancid

Unpalatable

Mediocre

Appetising

Divine

Total
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LESSON 12C

Displaying numerical data
The key skills you will learn in this lesson are:

1. Grouped data

2. Histograms

3. Dot plots

4. Stem plots

VCAA key knowledge point:

“display and description of numerical data 
distributions in terms of shape, centre 
and spread using histograms, stem plots 
(including back-to-back stem plots) and dot 
plots and choosing between plots”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.

1. Grouped data

Organising data into groups, or intervals, can make it easier to interpret. This is especially true 
when a data set is large, or the data is continuous.

There are guidelines for separating data into groups.
● Around 5–10 groups should be selected.
● Groups should have no gaps in between them.
● Groups should be chosen such that each data point fits into a group.
● Groups should not overlap.
● Groups should be the same size.
Usually groups have sizes that are easy to comprehend, such as 5, 10, 100, or 1000 units.

The way the groupings are organised will depend on whether the data is discrete or continuous.

Example

For groups (intervals) of size five:

Discrete data

Group (interval) Values in the group

0–4 0, 1, 2, 3, 4

5–9 5, 6, 7, 8, 9

10–14 10, 11, 12, 13, 14

etc. etc.

Continuous data

Group (interval) Values in the group

0–<5 0 to 5, not including 5

5–<10 5 to 10, not including 10

10–<15 10 to 15, not including 15

etc. etc.

Frequency chart

A frequency chart is used to 
communicate grouped data by 
displaying the number of data 
points that fall within each group 
of values. The group with the 
highest frequency is called the 
modal interval.

Example

Number of paintings 
within homes

Frequency

0–4 3

5–9 2

10–14 6

15–19 5

20–24 3

25–29 4

3 homes have 0 to 4 
paintings within them

Highest frequencyModal interval
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worked example 6 (2 marks)

A class sat a 30-mark maths quiz. The following data set contains the scores, out of 30, of individual 
students in the class.

Create a grouped frequency table of the data.

12 18 11 25 10 5 28 27 8 14 3 19 20

11 1 19 28 22 29 15 4 14 18 16 20 21

SolUTIoN

Step 1 Decide how the data should be grouped.

Splitting the data into groups of 5 marks 
is suitable.

Step 2 Draw a frequency table and put the groups of 
values in the left column.

Score of quiz Frequency

0–4

5–9

10–14

15–19

20–24

25–29

✓ 1 mark for appropriately grouping data

Step 3 Count the number of values that fall within each 
group and write this in the frequency column.

Score on quiz Frequency

0–4 3

5–9 2

10–14 6

15–19 6

20–24 4

25–29 5

✓ 1 mark for completing the grouped frequency table

2. Histograms

Histograms are very similar to bar charts, but there are 
some key differences. Each column within a histogram 
represents a group of values, whilst the height of each 
column represents the frequency of each group (interval).

As histograms represent the frequency of intervals of 
data, they are used to show grouped continuous data, 
or large numbers of discrete values.

note: There is no gap between the columns. This is 
because the columns represent intervals that have no 
gap between them. For example, there is no gap between 
0−<10 and 10−<20.

Example

0 10 20 30 40 50
Values

2

4

6

8

10

12

Frequency

worked example 7 (2 marks)

Use the scores from the previous worked example to:

a) Create a histogram.

b) Find how many students got less than 50% on the quiz.

12 18 11 25 10 5 28 27 8 14 3 19 20

11 1 19 28 22 29 15 4 14 18 16 20 21
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SolUTIoN: BY HaNd

a) Create a histogram.

Step 1 Create a grouped frequency table.

note: This was done in the previous example.

Step 2 Create the graph.

Mark the first value of each group on the 𝑥-axis
(0, 5, 10, etc.).

Draw vertical columns between each mark with 
a height equal to the groups’ frequency.

Label the 𝑥-axis with the title 'scores on quiz'
and the 𝑦-axis with 'frequency'.

0 5 10 15 20 25
Scores on quiz

1

2

3

4

5

6

Frequency

b) Find how many students got less than 50% on
the quiz.

Step 1 Find out what score is equal to 50% on the quiz.

There are 30 marks so find 50% of 30.
50 _ 100   × 30 = 15

Less than 50% is a score less than 15.

Step 2 Find out how many scores were less than 15. 

Look at the histogram. 

Columns 1, 2 and 3 show the scores less than 
15. Add the heights of the columns to find the
total amount.

 3 + 2 + 6 = 11 

Step 3 Interpret.

There were 11 students that scored less 
than 50%.

SolUTIoN: TI-NSpIre

a) Create a histogram.

Step 1 Open a new page by pressing  +  and 
select 'Add Lists & Spreadsheets'.

Step 2 Name a list 'scores'. Starting from row 1, 
enter data into the list titled 'scores'.

Step 3 Press  +  and select 
'Add Data & Statistics'.

Step 4 Move the cursor to the 𝑥-axis and click 'Click to
add variable'.

Step 5 Select 'scores'.

Step 6 Press , select 'Plot Type' → 'Histogram'.

Step 7 To adjust the column width and the starting 
point, move the cursor over the histogram bars 
and press  + . Select 'Bin Settings' →
'Equal Bin Width'.

Step 8 Set the column width to 5 by changing 
'Width' to 5.

Step 9 Set the starting point to 0 by changing 
'Alignment' to 0.

b) Find how many students got less than 50% on the quiz.

Please refer to 'Solution: By hand' for this part of the solution.
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SolUTIoN: CaSIo ClaSSpad

a) Create a histogram.

Step 1 From the main menu, tap .

Step 2 Press  and select .

Rename 'list1' to 'scores'.

Step 3 Starting from row 1, enter data into the list 
titled 'scores'.

Step 4 Configure the settings of the graph by 
tapping .

Step 5 Create a histogram by changing 'Type' 
to 'Histogram'.

Step 6 Specify the data set by changing ‘XList’ to 
'main\scores'.

Tap  to confirm.

Step 7 Tap  in the icon bar to plot the histogram.

Step 8 Set the starting point and column width by 
changing 'HStart' to 0 and by changing 
'HStep' to 5.

b) Find how many students got less than 50% on the quiz.

Please refer to 'Solution: By hand' for this part of the solution.

3. dot plots

Dot plots use stacked dots to convey the frequency of 
data values. Dot plots are best at conveying discrete 
numerical data or categorical data, but can also be 
used to display continuous numerical data. This can be 
achieved by grouping data and displaying the frequency 
of values within that group with the stacked dots 
(much like a histogram).

Example

0 1 2 3 4 5

The value '3' appears 8 times

Values

worked example 8 (4 marks)

The following data represents the number of pets owned by residents of George St in Fitzroy.

0 1 0 2 2 4 1 0 0 1 2 0 1

1 5 0 2 4 1 0 0 0 2 1 0 1

a) Create a frequency table of this data.

b) Create a dot plot representing the data.

c) What is the modal number of pets?

d) How many residents have one pet?
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SolUTIoN

a) Create a frequency table of this data.

Step 1 Find the frequencies for each data value.

As the data is discrete, no grouping is necessary.

Number of Pets Frequency

0 10

1 8

2 5

3 0

4 2

5 1

b) Create a dot plot representing the data.

Step 1 Create the dot plot.

Draw a number line that covers the relevant 
data values.

Draw dots above each value in accordance with 
the frequency of that value.

Label the plot with the title ‘number of pets’.

0 1 2 3 4 5
Number of pets

c) What is the modal number of pets?

Step 1 Look at the dot plot. Which stack has the 
most dots?

The number 0 has the most dots.

Step 2 Interpret.

The modal number of pets is 0.

d) How many residents have one pet?

Step 1 Read the frequency table or the dot plot.

Frequency table: Look for ‘1’ in the ‘number of 
pets’ column and the corresponding frequency 
in the right column. For number of pets = 1, 
the frequency is 8.

Dot plot: Find the value of 1 for number of pets. 
Count the number of dots above the value 1. 
There are 8 dots.

Step 2 Interpret.

There are eight residents with one pet.

4. Stem plots

Stem plots (or stem-and-leaf plots) display numerical data by grouping data points according 
to their largest unit (called a stem), and displaying individual values through their smallest 
unit (called a leaf). Each stem plot has a key that explains how to translate the stem and leaf 
information into a number.

Example

This is a stem-and-leaf plot.
Key: 3 | 8 = 38

3 8
4 3 6 9
5 2 5 8 8
6
7 5 7
8 3 7 8 8 9
9 0 4 8 9

Leaves are ordered 
numerically, with the 
smallest number nearest 
the stem

Empty stems 
cannot be skipped

The stem is ordered 
numerically, with the 

smallest number at the top

Line separates stem from leaves
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Refresher question

Q1. Fill out the table by placing the following data values into the correct group.

7 13 5 0 11 9 15 18 6 2 7 16 10

Group Values 

0–4

5–9

10–14

15–19

Back-to-back stem plots can be used to compare two sets of data. In these plots the two data sets 
share a stem, one of the data sets connects to the left of the stem and the other connects to the right.

Example

This is a back-to-back stem-and-leaf plot.
Key: 3 | 8 = 38

7 6 5 2 3 8
9 7 7 6 4 1 4 3 6 9

9 7 4 3 0 5 2 5 8 8
8 5 6

6 7 5 7
4 8 3 7 8 8 9

9 0 4 8 9

Leaves are still ordered 
numerically, with 

the smallest number 
nearest the stem

Stem plots are best at conveying ungrouped data. Stem plots should not be used if the range of 
data is large, or if the data values are large, as it becomes difficult to display the data concisely. 
On the other hand, if the data takes few values, a stem plot might be unnecessary.

worked example 9 (1 mark)

A local swimming squad record their personal best 50-metre freestyle times. The following data 
set contains the personal best times (in seconds) of all the individual members.

43 38 52 41 47 32 39 45 40 28 49 30 43

Create a stem plot using this data.

SolUTIoN

Step 1 Create the stem by finding all the different 
‘tens’ values.

2
3
4
5

Step 2 List the ‘units’ of each value off the stem that 
matches the ‘tens’ of the value. Remember to 
create a key.

2 8
3 0 2 8 9
4 0 1 3 3 5 7 9
5 2

Key: 2 | 8 = 28 seconds

Questions 12C Displaying numerical data
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1. Grouped data

Q2. Consider the following data set: 

24 31 36 26 55 41 59 47 40 21 43 22 60

21 67 52 42 59 33 28 21 30 18 39 40 62

a) How many of these numbers are between 10 and 19?

b) Fill out this grouped frequency table.

Group Frequency

10–19

20–29

30–39

40–49

50–59

60–69

c) Find the modal interval (the group with the highest frequency) and state its frequency.

Q3. A group of 26 students took part in a survey where they were asked how many hours of exercise they 
complete weekly. The following data set shows the results.

4 8 14 3 7 9 6 19 10 4 6 0 2

7 11 7 8 6 21 15 12 5 3 6 2 5

a) Using groups of 5 hours, create a grouped frequency chart.

b) How many students exercise less than 5 hours per week?

c) What percentage of students exercise less than 5 hours per week? Give your answer to one
decimal place.

Check your understanding

Q4. The following frequency graph displays 
the heights of high-rise buildings in 
Melbourne’s CBD.

Height (m) Frequency

50–<100 96

100–<150 78

150–<200 27

200–<250 8

250–<300 5

Total 214

a) Grant owns the entire top floor of a building. His floor is exactly 200 metres above the ground.
What number of Melbourne high-rises does Grant overlook?

b) Part of Grant’s suite is an outdoor balcony. He is concerned that other luxury dwellers who live on
the same level or above him can invade his privacy whilst he is out sunbathing. How many other
high-rise buildings can peer onto Grant and his outdoor balcony?

Application

Application
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2. Histograms

Q5. Use the following data set to answer the questions below.

11 27 29 20 27 10 22 11 9 16 5 24 10

12 3 17 1 25 34 21 16 13 7 23 29 17

a) Create a histogram with intervals of 5 units, starting with interval 0–4. 

b) What is the frequency of values of within the interval 10–14?

Q6. The girths of trees (in cm) in a local park are as follows:

15 110 76 22 84 18 94 11 45 72 53 81   118 
26 18 104 111 63 38 23 14 65 103 89 31 16

a) Create a histogram with intervals of 20 cm.

b) The local council are looking to build a treehouse in one of the larger trees. The council estimates that a 
tree of girth more than a metre is necessary to hold up multiple children. How many trees are suitable?

c) All the trees with a girth of less than 20 cm were planted within the last year. What percentage of 
trees have been within the park for more than a year? Give your answer to one decimal place.

Check your understanding

Q7. A group of 100 athletes from different 
disciplines had their resting heart rate 
measured. The following frequency table 
details the results.

a) Create a histogram using this chart.

b) Which intervals contain more than 25% 
of the athletes?

c) A resting heart rate less than 90 bpm is 
considered healthy. How many athletes 
are considered unhealthy?

Heart rate (bpm) Frequency 

30–<50 32

50–<70 43

70–<90 15

90–<110 8

110–<130 2

Skill

Application

Application

3. dot plots

Q8. Use the following data set to answer the questions below.

5 4 5 4 3 5 2 5 4 3 6 2 4

3 1 1 2 4 2 4 6 4 2 8 5 5

a) The following dotplot has been filled out for values 1–4. Complete the dotplot by filling out values 5–8.

0 1 2 3 4 5 6 7 8
Values

b) What is the modal value?

c) How many data values are equal to or less than 3?

Skill
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Check your understanding

Q9. Every day, Mr Robinson counts how many students in his General Maths class look at their phones at 
some point instead of doing questions. The data he has collected after 36 days is displayed below in a 
frequency chart.

a) Help Mr Robinson visually display the
effect of phones on his students by
creating a dot plot based upon his data.

b) On what percentage of days do none of Mr
Robinson's students look at their phones, 
to one decimal place?

Number of students on phone Frequency

0 7

1 5

2 13

3 6

4 3

5 1

6 0

7 1

Application

4. Stem plots

Q10. Use the following data set to answer the questions below.

45 28 73 38 75 27 39 47 76 89 63 75 37

37 19 37 39 49 57 26 75 55 49 20 70 63

a) Create a stem plot using this data.

b) How many values are greater than 70?

Q11. The following dot plots display the heights (in cm) of the local basketball and soccer teams.

180 185 190 195 200
Heights of soccer players (cm)

170 175 180 185 190
Heights of soccer players (cm)

a) Turn this data into a back-to-back stem plot, using the given stem:

17
18
19

b) What percentage of basketball players are taller than 190 cm? Give your answer to one decimal place.

c) How many soccer players are taller than the shortest basketball player?

d) What percentage of basketball players are taller than the tallest soccer player? Give your answer to
one decimal place.

Skill

Application
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Check your understanding

Q12. The following stem plot displays the maximum temperature in 
Melbourne for each day in June 2018.

a) Louis wears pants only when the maximum temperature for 
the day is lower than 12.5℃. On how many days did he 
wear pants?

b) Denise, on the other hand, always wears pants, but only 
wears a jumper when it is less than 15℃. On how many days 
did Denise not wear a jumper?

Application 10 6
11 2
12 0 5 6 8
13 1 1 1 3 5 6 6 8
14 0 1 1 2 4 5 5
15 0 1 3 3 6
16 6
17 6 8
18
19 1

Key: 10 | 6 = 10.6℃

Joining it all together

Q13. Use the following set of data to answer the questions below.

13 38 32 27 24 22 20 14 11 26 36 31 28

11 15 23 17 34 39 39 37 14 16 20 21 28

a) Create a grouped frequency table using this data with appropriate intervals. (2 marks)

b) Create a histogram based on the grouped frequency table. (1 mark)

c) Create a grouped dot plot based on the grouped frequency table. (1 mark)

d) Create a stem plot based on this data. (1 mark)

Q14. Harry surveyed his whole neighbourhood, and collected data on how many children are in each family.

a) Explain why a stem plot is not a suitable display of Harry’s data?

b) Which display, out of a dot plot or histogram, would be most suitable to this kind of data? 
Explain why.

Q15. A sports statistician wants to display the heights (rounded to the nearest millimetre) of every Olympian 
at the 2016 Rio Games on a single chart or graph.

a) Would a dot plot, stem plot or histogram be most suitable? Explain why.

b) What would be the best way of displaying data that compared the heights of male and female javelin 
throwers? Explain why.

Skill
5 marks

Application
2 marks

Application
2 marks
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VCaa questions

Q16. The histogram below shows the distribution of life expectancy of people for 183 countries.

40 45 50 55 60 65 70 75 80 85
Life expectancy (years)

15

0

5

10

20

25

30

35

40

45

50
Fr

eq
ue

nc
y

a) For this distribution, the modal interval is .
b) In how many of these countries is life expectancy less than 55 years?
c) In what percentage of these 183 countries is life expectancy between 75 and 80 years? Write your

answer correct to one decimal place.
VCAA 2015 Exam 2, Core: Data analysis. Q1

Q17. This ordered stem plot shows the percentage of homes connected 
to broadband internet for 24 countries in 2007.
The number of these countries with more than 22% of homes 
connected to broadband internet in 2007 is:

a. 4

B. 5

C. 19

d. 20

e. 22
VCAA 2013 Exam 1, Core: Data analysis. Q1

3 marks

1
1 6 7
2 0 1 1 3 4 4
2 5 7 8 9
3 0 0 1 1 1 2 2 3
3 5 7 8 8
4

Key: 1 | 6 = 16%
1 mark

Questions from multiple lessons

Q18. The following boxplot displays the population, in thousands of people, of the 65 most populated 
African cities.

Population (000’s)
0 2000 4000 6000 8000 10 000

The percentage of these 65 cities with a population greater than 2 000 000 is closest to

a. 15% B. 25% C. 50%

d. 75% e. 85%
VCAA 2017 Exam 1 Data analysis Q1 – Adapted

Difficulty:

Year 10
1 mark
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Q19. What is the sequence generated from the following recurrence relation?

T0   = 4,  Tn+1   = − 5 × Tn

a. 4, −1, −6, −11, −16…

B. 4, 9, 14, 19, 24…

C. 4, 20, 100, 500, 2500…

d. 4, −20, −100, −500, −2500…

e. 4, −20, 100, −500, 2500…
VCAA 2017NH Exam 1 Recursion and financial modelling Q17 – Adapted

Q20. Type of coffee Size Caffeine level Price

Cappuccino Medium Medium $3.50

Mocha Large Low $4.50

White mocha Large Low $4.99

Dark mocha Large Low $4.99

Espresso Small High $4.99

Latte Medium Medium $4.50

Cold brew Medium Medium $5.50

Cold brew latte Medium Medium $5.50

Iced americano Large High $6.50

Iced cappuccino Medium Medium $4.50

Iced mocha Large Low $5.50

Iced white mocha Large Low $5.99

Iced dark mocha Large Low $5.99

Iced espresso Small High $5.99

Iced latte Medium Medium $5.50

a) Use the data in the table to complete the following two-way frequency table. (2 marks)

Coffee size

Small Medium Large

Caffeine level

Low

Medium

High

Total

b) What percentage of large coffees had a high  caffeine level? (1 mark)

VCAA 2018 Exam 2 Data analysis Q1 d,e – Adapted

Difficulty:

1 mark

Difficulty:

Year 10
3 marks
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1. Shape of a distribution

The shape of a distribution is the way the data is arranged. The shape can be described in terms of 
symmetry and skew. 

It is important to remember that shape has nothing to do with where the data is located along the 
horizontal axis.

Symmetry 

A perfectly symmetrical distribution is mirrored around the centre of the data. A distribution is 
approximately symmetrical if it is close to mirrored around the centre of the data. 

Example

A perfectly symmetrical distribution:

0 0

3 9

4 2 3 8

5 2 5 6 8 9

6 3 6 9

7 6

Example 

An approximately symmetrical distribution:

0 0

4 1 6

5 3 5 6 9

6 2 3 5 8 9

7 2 4 8

8 5 6

Skew

A skew occurs when one side of a distribution is weighted more heavily than the other. 
	● A positive skew is when the left side of a distribution is weighted more than the right. There is 

a ‘tail’ to the distribution that points to the right (positive).
	● A negative skew is when the right side of a distribution is weighted more than the left. There is 

a ‘tail’ to the distribution that points to the left (negative).

LESSON 12D

Describing numerical data
The key skills you will learn in this lesson are:

1. Shape of a distribution

2. Location and spread of distributions

VCAA key knowledge point:

“display and description of numerical data 
distributions in terms of shape, centre 
and spread using histograms, stem plots 
(including back-to-back stem plots) and dot 
plots and choosing between plots”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Example

Positive skew Negative skew 

0

Tail points to larger values

0

Tail points to smaller values

0

Tail points to larger values

0

Tail points to smaller values

3 5 

4 1 3 4 4 6 9

5 0 3 7 8 

6 2 5 6

7 1 

8 4 8

9 1

Tail points to larger values
2 6 

3 8

4 

5 7

6 2 3 9

7 0 2 5 8

8 1 3 4 6 8 9

9 1

Tail points to smaller values

worked example 10 (1 mark)

Describe the shape of the following distribution.

0

SolUTIoN

Step 1 Is the distribution symmetrical, skewed or a 
mixture of both?

It is skewed.

Step 2 Is the distribution positively or 
negatively skewed?

The tail of the distribution points to the left, 
so the distribution is negatively skewed.

2. location and spread of distributions

location

The position of the data values within a distribution is known as the location. Location is found by estimating the 
centre of the data: the value, or group, in which there are approximately the same amount of data values that are 
greater than, and less than itself. Two distributions share a similar location if their centres are approximately the 
same, whist they differ in location if their approximate centres are different.
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Example

These two distributions are shaped identically, but differ in location. The second histogram has a 
centre that is more positive.

0 5 10 15 20

1

Centre

5 10 15 20 25

2

Centre

Spread

The spread of a distribution describes how variable a data set is. A distribution that contains values over a 
large number of intervals has a larger spread than a distribution that has values that are clustered together. 
Two distributions have a similar spread if they contain values over the same number of intervals.

Example

The data displayed in the first distribution has a larger spread than the data displayed in the 
second distribution.

0 5 10 15 20

1

Spread

0 5 10 15 20

2

Spread

note: Spread and location are relative to other distributions. 

worked example 11 (2 marks)

Compare the centre and spread of the following two distributions.

0 20 40 60 80 100

1

SolUTIoN

Step 1 Compare the centre.

Distribution 1 is centred around 55–60. Distribution 2 is centred around 45. Therefore, 
distribution 1 tends to have larger values. 
✓ 1 mark for correct comparison of centre

2 9 

3 2 4

3 5 6 8 8

4 0 1 2 2 4

4 5 6 6 7 8 9 9

5 0 1 3 4 4

5 5 8 9 

6 0

2
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Refresher question

Q1. Are these shapes symmetrical along the given axis?

a)  b) 

Step 2 Compare the spread.

Distribution 1 has a larger spread than distribution 2. It takes values from 10–100, 
whilst distribution 2 takes values from 29–60.
✓ 1 mark for correct comparison of spread

Questions 12d Describing numerical data

1. Shape of distributions

Q2. Are the following distributions perfectly symmetrical, approximately symmetrical or asymmetrical?

a)  b) 

Q3. Are the following histograms positively or negatively skewed?

a)  b) 

Q4. Explain how a distribution’s shape can be described as positively skewed, even if all 
of its data points are negative.

Skill

0 0

Skill

0 0

Skill
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Check your understanding

Q5. Describe the shape of the following distributions.

a)  b) 

c)  d) 

Skill

0

4 4 6 

5 2 4 5 8

6 1 3 5 7 7 9

7 0 2 3 8

8 0 4

0

13 3 9 

14 0 2 4 5 7 9

15 0 1 4 6 8

16 2 6 7 

17 1 6 9

18 5 8

19

20 4

21 1

2. location and spread of distributions

Q6. Compare the locations of the following pairs of histograms.

a)   

b)   

Skill

0 5 10 15 20

1

0 5 10 15 20

2

0 5 10 15 20

1

0 5 10 15 20

2
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Q7. Compare the spread of the following pairs of histograms. 

a)  

b)  

Check your understanding

Q8. Do the following pairs of distributions differ in spread, location, both, or neither?

a) 

b) 

c) 

Skill

0 5 10 15 20

1

0 5 10 15 20

2

0 5 10 15 20

1

0 5 10 15 20

2

Skill

0 5 10 15 20

1

0 5 10 15 20

2

0 5 10 15 20

1

0 5 10 15 20

2

0 5 10 15 20

1

0 5 10 15 20

2
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d) 

17 8

18 3 6 9

19 

20 6 

21 4 4 5 9

22 1 8

23 1 4 6 7 8 9

24 0 6 9

25 2 7

1   2
30 8

31 3 6 9

32 

33 6 

34 4 4 5 9

35 1 8

36 1 4 6 7 8 9

37 0 6 9

38 2 7

Joining it all together

Q9. Compare the following pairs of distributions by referencing their shape, location and spread.

a)   

b)   

c)   

Skill
8 marks

0 5 10 15 20

1

0 5 10 15 20

2

1 9

2 2 3 4 4

2 5 6 6 7 8 8 9

3 0 1 2 2 3 4 4 4 

3 5 5 6 6 6 7 7 8 9 9

4 0 0 0 1 1 3 4

4 5 5 6 8 9

5 0 3 3

5 6

1

0 20 40 60 80 100

2

0 5 10 15 20

1

0 5 10 15 20

2
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d) 

Q10. Fill out the following table referencing distributions A–F.

Description Distribution

Largest spread

Largest centre value

Skewed (positively or negatively)

Symmetrical (perfectly or approximately)

  

  

 

2 4

2 5 6 7 9

3 0 0 1 1 2 3 3 3 4 4

3 6 6 6 7 8 8 9 9 

4 0 1 1 2 2 3 4

4 6 7 7 8 9 9

5 1 2 2 3 4

5 5 6 8

6 0 4

6 6

1

0 20 40 60 80 100

2

Skill
4 marks

0 5 10 15 20

AA
5 1 

6 2 6 9

7 4 5 7 8

8 3 7

9 0 

B

0 5 10 15 20

C
8 3 

8 

9 1

9 6 8

10 0 4

10 6 7 8

11 1 2 2 3 4

11 5 7

D

0 5 10 15 20

E

100 110 120 130 140 150

FF
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Questions from multiple lessons

Q11. The  time , in minutes, taken for students to get from school to the local fish and chips shop was recorded 
and is displayed in the following boxplot.

Time (mins)
0 5 10 15 20 3025

The five-number summary for the  time  taken to get to to the fish and chips shop is

a. 2, 11, 14.5, 18, 22.5

B. 2, 12, 14.5, 18, 32.5

C. 3, 11, 14.5, 18, 22.5

d. 3, 12, 14.5, 18, 22.5

e. 3, 12, 15, 18, 22.5
VCAA 2017 Exam 1 Data analysis Q2 – Adapted

Q12. Gonzalo is saving up for a trip to Machu Picchu. He invests $4000 in a savings account with an interest 
rate of 4.4% per annum, compounding quarterly. Correct to the nearest cent, how much interest will 
Gonzalo earn in three years?

a. $528.00

B. $551.57

C. $557.91

d. $561.14

e. $563.33
VCAA 2015 Exam 1 Module 4: Business-related mathematics Q4 – Adapted

Q13. A group of 20 tourists visiting the Sydney Opera House were asked which country they were from. 
The results are displayed in the following frequency table.

Country Frequency

New Zealand 3

China 8

USA 5

UK 2

Japan 𝑥

a) What is the value of  𝑥 in the frequency table above? (1 mark)

b) Create a bar chart using the data from the frequency table. (2 marks)

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

3 marks
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The mean and median are both known as measures of centre, because they help determine the 
central position of the data set. They give an indication of a typical value from the data set.

1. Finding the mean and median

Mean

The mean is one way to measure the centre of a data set. The numbers in a data set are known as elements.

The mean is calculated using the formula:

 Mean =   
The sum of all elements in the data set 
 ________________________________________________

The total number of elements in the data set   

The mean can also be written as:

¯ 𝑥 =   
 ∑    𝑥 _____ n    ,where:

	●  ̄   represents the mean of the data set.
	●  𝑥 represents each element in the data set.
	● ∑     (Greek letter sigma) means ‘the sum of’.
	●  n  is the number of elements in the data set.

Example

Find the mean of the data set {3, 5, 4} using both formulae.

First formula Second formula

 Mean =   3 + 5 + 4 ___________ 3    =   12 ____ 3    = 4 ∑        𝑥 = 3 + 5 + 4 = 12 ,  n = 3 

so    ̄   =   12 ____ 3    = 4 

Therefore, the mean is 4 for this data set.

Median

The median is the middle value of a data set. To find the median, the data set is first rearranged 
into ascending order, from smallest to largest, then one of the following formulas is used:

	● If  n  is odd, the median is the located at the   (
n + 1 _______ 2 )

th
  position

	● If  n  is even, the median is the average of the two values either side of the   (
n + 1 _______ 2 )

th
  position  .

	ᶝ For example, if there are 20 values in a data set,    (
n + 1 _______ 2 ) = 10.5 

	ᶝ On either side of 10.5 we have the 10th and 11th values.
	ᶝ The median would be the average of these two values.

note:  n  is the number of elements in the data set.

LESSON 12E

Median and mean
The key skills you will learn in this lesson are:

1. Finding the mean and median

2. Finding the mean and median from tables and charts

3. Identifying the most appropriate measure of centre

VCAA key knowledge point:

“measures of centre and spread and their use 
in summarising numerical data distributions, 
including use of and calculation of the sample 
summary statistics, median, mean, range, 
interquartile range (IQR) and standard 
deviation; and choosing between the 
measures of centre and spread”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016–2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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worked example 12 (2 marks)

For the data set {43, 252, 465, 859, 245, 492, 453, 48, 239, 4}, calculate:

a) the mean.

b) the median.

SolUTIoN

a) For the data set {43, 252, 465, 859, 245, 492, 453,
48, 239, 4}, calculate the mean.

Step 1 To calculate the mean, firstly calculate the sum 
of the elements in the data set.

∑     𝑥 =  43 + 252 + 465 + 859 + 245 
+ 492 + 453 + 48 + 239 + 4

= 3100 

Step 2 Count the total number of elements 
in the data set.

There are 10 elements in this data set.

 n = 10 

Step 3 Use the formula    ̄   =   
 ∑     𝑥 _____ n   

This divides the sum by the total number of 
elements in the data set.

 ̄   =   
 ∑     𝑥 _____ n    =   3100 ______ 10    = 310

Therefore, the mean is 310.

b) For the data set {43, 252, 465, 859, 245, 492, 453,
48, 239, 4}, calculate the median.

Step 1 To calculate the median, firstly rearrange the 
data set from smallest to largest.

{4, 43, 48, 239, 245, 252, 453, 465, 492, 859}

Step 2 Identify whether the data set has an even or odd 
number of elements.

There are 10 elements, so there are an even 
number of elements. As there are an even 
number of elements, we must find the average 
of the    n _ 2 th and    n _ 2    + 1th elements.

Step 3 Use the formula    n _ 2    and    n _ 2   + 1  to find the
position of the two desired values.

n = 10

 n _ 2   =   10 _ 2    = 5

 n _ 2   + 1 =   10 _ 2    + 1 = 5 + 1 = 6

Therefore, the values we need are located at the  
5th and 6th positions.

Step 4 Find the average of these two values.

The 5th and 6th positions of the data set 
are shown:

{4, 43, 48, 239, 245, 252, 453, 465, 492, 859}

Average =    245 + 252 _____________ 2    = 248.5

Therefore, the median is 248.5.

2. Finding the mean and median from tables and charts

For different tables and charts, the mean and median can be calculated either by listing the data or 
writing the data in a frequency table.

Listing the data

For dot plots and stem-and-leaf plots, listing the elements in the data set will help in making 
calculations of mean and median

Dot plots

Example

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

This dot plot represents the data set: {0, 0, 5, 5, 5, 15, 15, 20, 20}.
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Stem-and-leaf plots

Example

1 2 5
2 3
3 6
4 5
5 1 4

Key: 5 | 1 = 5.1

This stem-and-leaf plot represents the data set: {1.2, 1.5, 2.3, 3.6, 4.5, 5.1, 5.4}.

Frequency tables

Mean

The mean can be calculated from a frequency table. To do this, the frequency table has an extra 
column added, column ‘ 𝑥f  ’, where the values from column  𝑥 are multiplied with the values from
the ‘Frequency  f  ’ column.

Then this formula is used:

 ̄   =   
 ∑     𝑥f
 ______  ∑     f
    

	● ¯ 𝑥  is the mean of the data set.
	● ∑     f  is the sum of the frequency column.

	● ∑        𝑥 f  is the sum of the  𝑥 f  column.
Example

Find the mean of this frequency table.

 𝒙 Frequency  𝒇  𝒙𝒇 

4 3 4 ⨉ 3 = 12

5 6 5 ⨉ 6 = 30

12 10 12 ⨉ 10 = 120

16 9 16 ⨉ 9 = 144

∑    𝒇 = 3 + 6 + 10 + 9 = 28 

  ∑      𝒙𝒇 = 12 + 30 + 120 + 144 = 306

 ̄   =   Σ𝑥𝒇 _ Σ𝒇    =   306 _ 28    = 10.9 

Median

To find the median from a frequency table, a cumulative frequency column is added to the 
frequency table. To calculate values in this column, add the frequency value of the current row to 
the cumulative frequency value of the row above.

The following formula is then applied to find the position of the median within the table.

Position of median =    n + 1 ________ 2 
	●  n  is the sum of the frequency column

	● If  n is odd, the median is the located at the   (
n + 1 _______ 2 )

th
  position

	● If  n  is even, the median is the average of the two values either side of the   (
n + 1 _______ 2 )

th
  position
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Example

Find the median of this frequency table.

 𝒙 Frequency  𝒇 Cumulative frequency 𝒄𝒇

4 3 3

6 6 3 + 6 = 9

12 10 9 + 10 = 19

16 9 19 + 9 = 28

n = 28

Position of median =    28 + 1 _ 2    =   29 _ 2    = 14.5

The median will be the average of the values either side of position 14.5. That is, the 14th  
and 15th values.

Using the cumulative frequency, we can look for these values:
● First row: contains the 1st to 3rd values – so the median is not in the first row.
● Second row: contains the 4th to 9th values – so the median is not in the second row.
● Third row: contains 10th to 19th values – both the 14th and 15th values are from the third row,

so both values are 12.
Therefore, the median is 12.

Interval frequency table

An interval frequency table is used to find mean and median of histograms.

For an interval frequency table, an additional midpoint column is added. The midpoint refers to 
the value that is exactly halfway between each interval.

To find the midpoint:

 Midpoint =   lower bound + upper bound________________________________
2 

This midpoint column takes the place of the  𝑥 data points in the calculation of  𝑥f

Example

Find the mean of this frequency table.

Interval Midpoint  𝒙 Frequency  𝒇  𝒙𝒇 

0–<5 2.5 3 2.5 ⨉ 3 = 7.5

5–<10 7.5 4 7.5 ⨉ 4 = 30

10–<15 12.5 12 12.5 ⨉ 12 = 150

∑    𝒇 = 3+4+12 = 19

  ∑      𝒙𝒇 = 7.5 +30+ 150 = 187.5

𝑥    =   Σ𝒙𝒇 _ Σ𝒇    =   187.5 _ 19    = 9.87

The mean is 9.87.

worked example 13 (1 mark)

Find the mean for the following dot plot.

1 2 3 4 5 6 7 8 9 10
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SolUTIoN

Step 1 Write the individual data points from the dot 
plot to complete a data set.

{1, 2, 2, 3, 3, 4, 4, 4, 4, 5, 5, 6, 7, 8, 8, 10}.

Step 2 Add all of the values in the data set.

∑       𝑥 = 1 + 2 + 2 + 3 + 3 + 4 + 4 + 4 
+ 4 + 5 + 5 + 6 + 7 + 8
+ 8 + 10

= 76 

Step 3 Find the number of elements in the data set.

There are 16 elements in the data set, so  n = 16 .

Step 4 Substitute these values into the formula    ̄   =   
 ∑     𝑥_____

n    
to find the mean.

 ̄   =   76 ____ 16   = 4.75

worked example 14 (2 marks)

Calculate the mean for this histogram.
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SolUTIoN

Step 1 Convert the histogram to an interval 
frequency table.

Looking at the histogram, the first interval 
(0–<5) has a frequency of 7, the second 
interval (5–<10) has a frequency of 3, and so on. 
The frequency table can be constructed using 
these values. Leave the second and fourth 
columns empty.

Interval Frequency 𝒇

0–<5 7

5–<10 3

20–<25 1

30–<35 1

Step 2 Because this is an interval table, the second 
column becomes a midpoint column. These 
values are found by averaging the bounds:

First row:    0 + 5 _______ 2    = 2.5

Second row:    5 + 10 ________ 2    = 7.5 , and so on.

Interval Midpoint  𝒙 Frequency  𝒇 

0–<5 2.5 7

5–<10 7.5 3

20–<25 22.5 1

30–<35 32.5 1

Step 3 Multiply the midpoint column  𝑥 with the
frequency column  f  to produce corresponding 
𝑥f  values.

Interval Midpoint  𝒙 Frequency  𝒇  𝒙𝒇 

0–<5 2.5 7 2.5 ⨉ 7 = 17.5

5–<10 7.5 3 7.5 ⨉ 3 = 22.5

20–<25 22.5 1 22.5 ⨉ 1 = 22.5

30–<35 32.5 1 32.5 ⨉ 1 =32.5 

✓ 1 mark  for completing the table

Step 4 Sum the totals for both the frequency  f  column 
and the  𝑥f  column.

∑    f  = 7 + 3 + 1 + 1 = 12

∑    𝑥f  = 17.5 + 22.5 + 22.5 + 32.5 = 95

Step 5 Apply the formula  ̄   =   
 ∑     𝑥f
 ______  ∑     f
     by substituting 

in the answers from the previous step.

 ̄   =   
 ∑     𝑥f
 ______

 ∑     f
   =    95 ____ 12  = 7.92

Therefore, the mean of the above histogram 
is 7.92.

✓ 1 mark  for finding the mean
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3. Identifying the most appropriate measure of centre

To decide which measure of centre is most appropriate for different data sets, it is important to 
understand the difference between the properties of the median and mean.

Outliers

The mean

The mean is greatly affected by extreme values that are unlike the rest of the data set.  
These extreme values are called outliers.

A large outlier will increase the value of the mean.

A small outlier will decrease the value of the mean.

Example

Consider the data set {3, 5, 4}.
	● The mean of this data set is 4.

Compare this to the data set {3, 5, 4, 200}.
	● 200 is an outlier, a value significantly larger than the rest of the data set.

	● The mean of this data set is:  Mean =   3 + 5 + 4 + 200______________________ 4    = 53 .
The mean has increased considerably from 4 to 53 with the addition of the outlier 200.

The median

The median is affected minimally by an outlier. This is because the median refers to the middle 
value, and therefore does not include the numerical value of the outlier.

Example

Consider the same data set, {3, 5, 4}.
	● The median of this data set is 4.

Compare this to {3, 5, 4, 200}.
	● Ordered data set {3, 4, 5, 200}
	● The central value is shared by 4 and 5.

	● Median =    4 + 5 ________ 2     = 4.5
The outlier has only slightly changed the median. Hence, the median is a more appropriate 
measure of centre when there are outliers present.

Skewed data

The distribution of a data set is said to be skewed when the data set is not symmetrical around 
the mean, and the curve appears distorted to the left or right. The median is the more appropriate 
measure of centre than the mean when representing skewed data.

Example

For this graph the mean is 12.6 and the median is 9. In this case the median is a better 
measure of centre. This can been seen by looking at how the median lines up with the tallest 
part of the histogram.
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worked example 15 (1 mark)

Which measure of centre is the most appropriate for the 
following histogram?
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SolUTIoN

Step 1 Does the data contain an outlier or is it skewed?

Yes, there is an outlier at the 40–<45 interval.

Step 2 Recall the properties of the mean and median.

The mean is affected by an outlier.

Step 3 Make a conclusion and decide which measure 
of centre is the most appropriate for the 
chosen data.

The median is the most appropriate measure of 
centre, since the mean will be affected  
by the outlier.

Questions 12e Median and mean

Refresher question

Q1. How many elements are in the following data set?

{4, 5, 324, 234, 5, 5, 2, 6, 53, 53}

1. Finding the median and mean

Q2. Find the average of 493 and 194, correct to one decimal place.

Q3. Find the median of the following data set.

{65, 90, 120}

Q4. a) Abby recently received her exam results for Semester 1. Her results are shown below.

Mathematics English Geography History Chemistry

66% 95% 40% 79% 10%

Calculate her mean score for the Semester 1 exam period.

b) Betty also received her exam results for Semester 1. Her results are shown below:

Mathematics English Geography History Chemistry

34% 20% 88% 51% 86%

Calculate her median score for the Semester 1 exam period.

c) Betty asked to review her exam scores, and found a mistake. Instead of 34%, she actually scored
100% in Mathematics.

Find her new mean and median scores after this amazing achievement.

Skill

Skill

Application
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Check your understanding

Q5. The mean price of the new Pineapple Watch across 3 different suppliers is $543.  
Use this information and the table below to calculate the price at which Supplier X sells this watch.

Supplier 𝑿 Supplier 𝒀 Supplier 𝒁

? $694 $345

Q6. The data set for the weight in kilograms of a group of puppies is shown below.

{10.4, 5.6, 6.5, 8.0, 5.3, 3.2, 7.9}

Show that the mean weight for this group of puppies is higher than their median weight.

Application

Application

2. Finding the mean and median from tables and charts

Q7. Construct a frequency table for the following data, and without doing any calculations, write how you 
would find the mean from the table, step-by-step.

{5, 4, 5, 5, 5, 7, 8, 8, 9, 10}

Q8. Find the median value from the dot plot below.

1
0

2 3 4 5 6 7 8

Q9. Find the mean value of the histogram below, correct to 2 decimal places.
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Q10. Find the mean and median values from the stem-and-leaf plot below, correct to 2 decimal places.

1 3 7 8
2 1 5
3 5 7
4 3 4 5
5 4 6
6 1 5
7 2 5 7
8 9
9 3

Key: 1 | 3 = 1.3

Skill

Skill

Skill

Skill
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Check your understanding

Q11. Which of these two frequency tables has the higher mean?

 𝒙 Frequency  𝒇 

4 11

5 9

9 9

15 1

Interval Frequency 𝒇 

0–<5 7

5–<10 15

10–<15 6

15–<20 2

Q12. Players of a claw game at a carnival try to grab as many chocolate bars as possible using the claw, within 
five minutes. The number of chocolate bars grabbed by players is displayed on a frequency table below.

Re-create this table with:
● a midpoint column
● a cumulative frequency column.
Use the new table to show that the median number of chocolate bars grabbed was five.

Interval Frequency 𝒇

0–<2 6

2–<4 3

4–<6 8

6–<8 2

8–<10 1

Skill

Application

3. Identifying the most appropriate measure of centre

Q13. Which of the following statements is true?

a. The mean is always smaller than the median when the distribution is skewed.

B. The mean of a dot plot can be found, but not the median.

C. Outliers can have a bigger effect on the mean than the median.

d. In a histogram, the mean is always larger than the median.

Q14. a) Study the following histogram, which shows the different ages for a group of 27 L-plate drivers. 
Which measure of centre represents this data set best and why?
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Skill

Application
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b) Study this dot plot for a group of 14 P-plate drivers. Explain why both measures of centre could be
appropriate for this data set.

18 19 20 21 22 23 24 25 26

c) Clarke, a new driver, had her speed recorded below. During her latest driving session she was in a
rush and accidentally drove at 170 km/h. Inspect the following data and make a conclusion on the
measure of centre that would be affected the most and why?

{50, 40, 30, 70, 60, 170}

Check your understanding

Q15. The data set below is given as part of a Year 11 General Maths test.

{169, 4, 6, 7, 8, 11, 3, 5, 6, 14}

One student, Finn, believes that the median is the most appropriate measure of centre. Is he correct? 
Explain your answer.

Q16. The amount of money Derek earns from his part-time job on a monthly basis is as follows. 
Which measure of centre is the most inappropriate choice for this data set, if there is an inappropriate 
choice at all? Explain your answer.

{300, 300, 300, 300, 300, 300, 300, 300, 300, 300, 300, 300}

Skill

Application

Joining it all together

Q17. Leon is performing a chemistry experiment with five test tubes, labelled A to E.

a) The pH value of each chemical is shown in the table below. Show that the mean pH level is 6.8
and that it is lower than the median. (2 marks)

Test tube A B C D E

pH 3 4 7 9 11

b) Leon accidentally poured too much acid into test tube F. Test tube F now has a pH of 2. To increase
the mean overall pH of the test tubes to 7, what pH should test tube G be? (2 marks)

Test tube A B C D E F G

pH 3 4 7 9 11 2 ?

Application
4 marks
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Q18. The heights of 33 students in a Year 11 cohort (in centimetres) is recorded in a histogram, shown below. 

140 150 160 170 180 190 200
Height (cm)
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a) Convert the histogram to a frequency table and find the mean height of the students, correct to 2
decimal places. (2 marks)

b) Which measure of centre is the most appropriate for this data set and why? (2 marks)

c) Without doing any calculations, what would be a possible value of the median so that the
distribution becomes symmetrical? Explain why you chose this value. (2 marks)

Application
6 marks

VCaa question

Q19. The following stem plot shows the areas in square kilometres, of 27 suburbs of a large city.

1 5 6 7 8
2 1 2 3 4 6 8 9 9
3 0 1 1 2 2 8 9
4 0 4 7
5 0 1
6 1 9
7
8 4

Key: 1 | 6 = 1.6 km2

The median area of these suburbs, in square kilometres, is:

a. 3.0

B. 3.1

C. 3.5

d. 30.0

e. 30.5
VCAA 2014 Exam 1, Core: Data Analysis. Q1

1 mark
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Questions from multiple lessons

Q20. The following two-way frequency table displays the  preferred beverage  (coffee, tea, juice) and  age  
(under 40 years, 40 years or over) of 83 people.

Age

Under 40 years 40 years or over

Preferred beverage

Coffee 18 21

Tea 9 16

Juice 14 5

Total 41 42

The percentage of people under 40 years old who chose tea as their preferred beverage is closest to

a. 32% B. 21% C. 78%

d. 22% e. 11%
VCAA 2016 Exam 1 Data analysis Q1 – Adapted

Q21. A sequence is defined by the following recurrence relation.

Tn+1   = −3 Tn  T0   = −  1 _
3 

Which term in the sequence is the first to be greater than 10?

a. T1 B. T2 C. T3

d. T4 e. T5

VCAA 2018NH Exam 1 Recursion and financial modelling Q18 – Adapted

Q22. The histogram below shows the distribution of the weight, in grams, of potatoes purchased on a 
particular day at a supermarket in Ireland. There were 90 customers that day.
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a) Describe the shape of the histogram. (1 mark)

b) Determine the number of customers that purchased 1800 g or more of potatoes. (1 mark)

c) Determine the percentage of customers that purchased between 1000 g and 1400 g of potatoes.
Round your answer to one decimal place. (1 mark)

VCAA 2007 Exam 2 Data analysis Q1 – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

Year 10
3 marks
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The range, interquartile range (IQR) and standard deviation are measures of spread. 
They are used to find out how “spread out” the values in a data set are.

1. Finding the range

Finding the range is the simplest way to measure the spread of a data set. The range of a data set 
is the difference between the largest number and the smallest number in the data set.

 Range = Largest number – Smallest number 

worked example 16 (1 mark)

Find the range of the data set shown below.

{4, 55, 6, 77, 87, 34, 56, 23, 11, 23, 4, 6, 94, 23, 123, –3, –6, –2}

SolUTIoN

Step 1 Find the largest number in the data set.

The largest number is 123.

Step 2 Find the smallest number in the data set.

The smallest number is −6.

Step 3 Subtract the smallest number from the 
largest number.

123 − (−6) = 129

Therefore, the range of the data set is 129.

worked example 17 (1 mark)

Find the largest and smallest data values of the data set {5, 6, 12, 27, 32}.

SolUTIoN: TI–NSpIre

Step 1 Open a new spreadsheet page by pressing 
 +  and press  (‘Lists and 

Spreadsheets’).

Step 2 Enter the data set into a list under the A column. 
Give the column a name in box containing A. 
Here we call it ‘data’.

LESSON 12F

Range, IQR and standard deviation
The key skills you will learn in this lesson are:

1. Finding the range

2. Finding the quartiles

3. Finding the interquartile range (IQR)

4. Finding the standard deviation

VCAA key knowledge point:

“measures of centre and spread and their use 
in summarising numerical data distributions, 
including use of and calculation of the sample 
summary statistics, median, mean, range, 
interquartile range (IQR) and standard 
deviation; and choosing between the 
measures of centre and spread”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Step 3 Press  then  (‘Statistics’) then 
(‘Stat Calculations’) then  (‘One Variable 
Statistics…’). Press  to set ‘Num of lists’ 
to 1.

Step 4 In the X1 list, use  to select the title of the 
column you created previously. In this case, 
it will be ‘data’.

Step 5 Press  to see the summary statistics for 
the data set. Use the up and down arrows to see 
the full list of results.

Step 6 Scroll down and read off the maximum and 
minimum values.

Minimum is MinX, so 5.

Maximum is MaxX, so 32.

SolUTIoN: CaSIo ClaSSpad

Step 1 From the menu, select .

Step 2 Type the values in column A.

Step 3 Tap ‘Calc’, then ‘One-Variable’. Check that ‘XList:’ 
is ‘list1’ and ‘Freq:’ is ‘1’.

Tap ‘OK’.

Scroll down. The smallest data value is given 
by ‘minX’ and the largest data value is given  
by ‘maxX’.

Here minX is 5 and maxX is 32.

2. Finding the quartiles

Quartiles

A more precise way to find the spread of a data set is to divide it using the interquartile range 
(IQR). Before this can be done, the data needs to be split into quartiles.

Looking at the data placed in ascending order:

The first quartile   ( Q1)   is the value 25% of the way along the rearranged data set.

The second quartile   ( Q2)   is the median value, 50% of the way along the rearranged data set.

The third quartile   ( Q3)   is the value 75% of the way along the rearranged data set.

To find the quartiles:

Step 1 Arrange the data into ascending order – from smallest to largest.

Step 2 Find   Q2    by finding the median of the data set.

Step 3 Split the data in half.

Step 4 Find   Q1    by finding the median of the first half of the data.

Step 5 Find   Q3    by finding the median of the second half of the data.

12F RAnge, IQR And stAndARd deVIAtIon 573

© Edrolo 2020



worked example 18 (1 mark)

Find   Q1 Q2    , and   Q3    of the following data set.

{3, 50, 34, 2, 34, 21, 4, 5, 7, 4, 3, 12, 4, 8, 10}

SolUTIoN

Step 1 Rearrange the data set from smallest to largest.

{2, 3, 3, 4, 4, 4, 5, 7, 8, 10, 12, 21, 34, 34, 50}

Step 2 Calculate the median (  Q2    ) of the data set. 
This was covered last lesson.

Position of median  (
n + 1 _______ 2 ) = 15 + 1________

2 

= 8th element

{2, 3, 3, 4, 4, 4, 5, 7, 8, 10, 12, 21, 34, 34, 50}

Therefore,   Q2    is 7.

Step 3 For a data set with an odd number of elements, 
we split the data into halves at the median, 
removing the median value.

split
{2, 3, 3, 4, 4, 4, 5 | 8, 10, 12, 21, 34, 34, 50}

This becomes {2, 3, 3, 4, 4, 4, 5} and 
{8, 10, 12, 21, 34, 34, 50}.

Step 4 Find the median for the first half of the data set. 
This the first quartile,   Q1:

Position of median  (
n + 1 _______ 2 ) = 7 + 1_______

2 

= 4th element

{2, 3, 3, 4, 4, 4, 5}

Therefore,   Q1    is 4.

Step 5 Find the median for the second half of the data 
set. This is the third quartile,   Q3:

Position of median  (
n + 1 _______ 2 ) = 7 + 1_______

2 

= 4th element

{8, 10, 12, 21, 34, 34, 50}

Therefore,   Q3    is 21.

In some cases, there are an even number of elements in the original data set. When this happens, 
the data will be split differently into the first and second halves.

worked example 19 (1 mark)

Find   Q1  ,   Q2  , and   Q3  of the following data set.

{2, 5, 6, 8, 8, 10, 12, 14, 15, 16}

SolUTIoN

Step 1 Calculate the median (  Q2    ) of the data set, 
remembering to take the average of the values 
that share the centre.

  Position of median  (
n + 1 _______ 2 ) = 10 + 1________

2 

= 5.5th element

{2, 5, 6, 8, 8, 10, 12, 14, 15, 16}

The 5th element is 8 and the 6th element is 10.

 Average =     8 + 10 _________ 2    = 9

Therefore,   Q2    is 9.

Step 2 For a data set with an even number of elements, 
split the data set into two halves, between the 
two values that share the centre.

The two values that share the centre are 8 
and 10.

split
{2, 5, 6, 8, 8, | 10, 12, 14, 15, 16}

This becomes {2, 5, 6, 8, 8} and 
{10, 12, 14, 15, 16}.

Step 3 Find the median for the first half of the data set. 
This the first quartile,   Q1:

Position of median  (
n + 1 _______ 2 ) = 5 + 1_______

2 

= 3rd element

{2, 5, 6, 8, 8} 
Therefore,   Q1    = 6.

Step 4 Find the median for the second half of the data 
set. This the third quartile,   Q3:

Position of median  (
n + 1 _______ 2 ) = 5 + 1_______

2 

= 3rd element

{10, 12, 14, 15, 16} 
Therefore,   Q3    = 14.
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worked example 20 (1 mark)

Find   Q1  ,   Q2  , and   Q3  of the following data set: {5, 6, 12, 27, 32}.

SolUTIoN: TI–NSpIre

Step 1 Using the same spreadsheet page from the 
previous example, find the values for   Q1 Q2
and   Q3

Q1    is ‘  Q1 X ’ on the calculator, so 5.5.

Q2    is ‘MedianX…’ on the calculator, so 12.

Q3    is ‘  Q3 X ’ on the calculator, so 29.5.

SolUTIoN: CaSIo ClaSSpad

Step 1 Use the steps from the previous example to 
obtain the same list of statistics.

Q1    is ‘  Q1   ’, so 5.5.

Q2    is ‘ Med ’, so 12.

Q3    is ‘  Q3   ’, so 29.5.

3. Finding the interquartile range (IQr)

The interquartile range is also referred to as the middle 50% of data values. This is because by 
subtracting the lower quartile (25%) from the upper quartile (75%), the middle 50% of data 
values are obtained.

To find the interquartile range (IQR), subtract the first quartile from the third quartile.

  IQR = third quartile  ( Q3)  – first quartile  ( Q1) 

25% mark
First quartile

(Q1) 

Interquartile range
(Q3 – Q1) 

50% mark
Second quartile

(Q2) 

75% mark
Third quartile

(Q3) 

25% of values 25% of values 25% of values 25% of values

worked example 21 (2 marks)

Find the interquartile range of the following data sets.

a) {3, 50, 34, 2, 34, 21, 4, 5, 7, 4, 3, 12, 4, 8, 10}

b) {2, 5, 6, 8, 8, 10, 12, 14, 15, 16}
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SolUTIoN

a) {3, 50, 34, 2, 34, 21, 4, 5, 7, 4, 3, 12, 4, 8, 10}

Step 1 From the previous worked example we know 
that   Q1    = 4 and   Q3    = 21.

Step 2 Find the interquartile range (IQR)

  IQR = third quartile  (Q3)   – first quartile  (Q1)
 IQR = 21 – 4 

 IQR = 17 

The IQR is 17.

b) {2, 5, 6, 8, 8, 10, 12, 14, 15, 16}

Step 1 From the previous worked example we know 
that   Q1    = 6 and   Q3    = 14.

Step 2 Find the interquartile range (IQR)

  IQR = third quartile  (Q3)   – first quartile  (Q1)
 IQR = 14 – 6 

 IQR = 8 

The IQR is 8.

4. Finding the standard deviation

To find the standard deviation, the variance   s2   must be calculated first. The variance is a measure 
of how much values in the data set deviate from the mean.

The standard deviation is simply the square root of the variance, shown in the formula below.

 s =  √ 

_____________
 ∑      (  𝑥 –   ̄ )2
____________

n – 1
 s  refers to the standard deviation

¯ 𝑥  is the sample mean – the mean of the data set.

 n  is the number of elements in the data set.

worked example 22 (1 mark)

Find the standard deviation of the dot plot below, to 2 decimal places.

1 2 3 4 5 6 7 8 9

SolUTIoN

Step 1 Extract the data points from the dot 
plot by studying each  𝑥 value and its
corresponding frequency.

{1, 1, 1, 2, 3, 3, 4, 9}

Step 2 Find the mean of the data set.

¯ 𝑥 =   1 + 1 + 1 + 2 + 3 + 3 + 4 + 9_________________________________________
8 

  = 3

Step 3 Subtract the mean from every single value in the 
data set. Write the answers as a new data set.

{–2, –2, –2, –1, 0, 0, 1, 6}

Step 4 Square every value in the new data set.

{4, 4, 4, 1, 0, 0, 1, 36}

Step 5 Add these values together.

 4 + 4 + 4 + 1 + 0 + 0 + 1 + 36 = 50 

Step 6 Divide the result by  n – 1 , that is, the number 
of elements in the data set subtracted by 1. 
The answer is known as the variance.

There are 8 elements in the data set.

 n = 8 – 1 = 7 

 50 ____ 7     = 7.143

Step 7 Take the square root of the variance to find the 
standard deviation.

 s =  √ 
_

 7.143   = 2.67 (to 2 decimal places) 

Therefore, the standard deviation for the data 
set is 2.67.

For frequency tables, stem plots and dot plots, first extract the data points from the graph to form 
a data set, as shown in the worked example, and follow the same steps to find the  
standard deviation.

576 12F RAnge, IQR And stAndARd deVIAtIon

© Edrolo 2020



worked example 23 (1 mark)

Calculate the standard deviation to two decimal places of the data set {5, 6, 12, 27, 32}.

SolUTIoN: TI–NSpIre

Step 1 Using the same spreadsheet page from the 
previous example, find the values for the 
standard deviation to two decimal places.

Standard deviation is  s𝑥 : =  sn–1   …  on the 
calculator, so 12.3814 …

To two decimal places, this is 12.38.

SolUTIoN: CaSIo ClaSSpad

Step 1 Use the steps from the previous examples to 
obtain the same list of statistics.

Standard deviation is   sx    on the calculator,  
so 12.381438.

To two decimal places, this is 12.38.

Questions 12F Range, IQR and standard deviation

Refresher question

Q1. Out of these four data sets, which one is the most spread out?

a. {3, 4}

B. {4, 5, 6, 7}

C. {1, 4, 10, 20}

d. {1, 100, 654, 1000}

1. Finding the range

Q2. Subtract the smallest value in this data set from the largest.

{4, 999, 43, 56, 23, 54, 2, 5, 75, 2}

Q3. Find the range for the following data set.

{2345, 2457, 24 543, 643, 2345, 243, 3425, 234}

Skill

Skill
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Q4. Find the range of this stem-and-leaf plot.

Q5. Find the range of this dot plot.

Check your understanding

Q6. Tim counted the number of times he got fined on public transport each month last year. The results are 
shown in the table below. Show that the range for this set of data is 11.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

3 4 2 5 1 5 3 7 3 9 2 12

Q7. Murphy and Jasper have been recording their heights for the past 10 years. The range of Jasper’s heights  
is 0.24 m. Show that the range of Murphy’s heights is greater than Jasper’s, and find Jasper’s current height.

Murphy:

1 2 3 4 5 6 7 8 9 10

1.23 m 1.30 m 1.41 m 1.50 m 1.64 m 1.70 m 1.77 m 1.89 m 1.97 m 2.01 m

Jasper:

1 2 3 4 5 6 7 8 9 10

1.31 m 1.33 m 1.35 m 1.37 m 1.40 m 1.41 m 1.45 m 1.46 m 1.51 m ?

Skill 2 5
3 1 4
4 2 5 8
5 1 6 9
6 1 2 5
7 6

Key: 2 | 5 = 2.5

Skill

1 2 3 4 5 6 7 8 9 10

Application

Application

2. Finding the quartiles

Q8. For the data set {3, 6, 7, 9, 13, 14, 14}:

a) What is the median (  Q2)?

b) Use the first half of the data {3, 6, 7} to find the median (  Q1   ) of the first half of the data.

c) Use the second half of the data {13, 14, 14} to find the median (  Q3   ) of the second half of the data.

Q9. For the data set {1, 2, 5, 5, 7, 9, 9} what are the values of   Q1 Q2    and   Q3?

Q10. For the data set {12, 13, 15, 18, 18, 20} what are the values of   Q1 Q2    and   Q3?

Q11. For the stem-and-leaf plot:

a) List the data from the plot, in ascending order.

b) What is the median (  Q2)?

c) List the first half of the data and find   Q1

d) List the second half of the data and find   Q3

Skill

Skill

Skill

Skill

1 2 4
2 5 9
3 3
4 1

Key: 1 | 2 = 12
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3. Finding the interquartile range

Q12. What does the interquartile range refer to?

a. The difference between the second quartile and the fourth quartile

B. The spread of the middle 50% of data values

C. The upper 25% of data values

d. The difference between the largest and smallest value of the data set

Q13. a) Find the IQR for this stem-and-leaf plot.

b) A mistake was made in the stem plot. The highlighted value
has been replaced by 2.4. Find the new IQR for the stem plot.

Check your understanding

Q14. In the Amazing Chef cooking competition, competitors were given a score out of 10 
based on several dishes.

a) The results for one chef, Kaiden, is show below. Find the IQR of his results.

Jam donuts Spaghetti Caesar salad Cheesecake Pizza Rice

1.4 9.9 4.5 7.8 3.4 10.0

b) Another contestant, Emily, has her results tabulated below. She is yet to be judged for her last dish.
What score must she get to have an IQR of 2.2?

Jam donuts Spaghetti Caesar salad Cheesecake Pizza Rice

5.4 7.8 6.2 5.4 4.9 ?

Skill

Skill
2 5
3 3 5
4 2 5 8
5 6 9
6 2 2

Key: 2 | 5 = 2.5

Application

4. Finding the standard deviation

Q15. If a data set has a variance of 49, find the standard deviation of the data set.

Q16. The amount of money Mary spends on online shopping over one week is recorded below.

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

$20 $23 $12 $5 $10 $12 $30

a) Find the variance of this data set.

b) Find the standard deviation of this data set, correct to two decimal places.

c) On the following Monday, it was Mary’s birthday. Mary decided to celebrate by spending $100
on a gift for herself. What is the new standard deviation for her 8-day shopping spree, correct to two
decimal places?

Skill

Application
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Check your understanding

Q17. Two dot plots are shown below. Without doing any calculations, state which dot plot has the higher 
standard deviation and why.

1 2 3 41 2 3 4 5 6 7 8 9

A B

Q18. Nicky is working at Coles. She weighs groceries on the scales, and the weights in kg are recorded over 
the course of an hour.

4.5 6.9 2.4 8.1 2.5 2.6

Nicky claims that the variance for these weights is 30.75, and the standard deviation is 5.45.

Where did Nicky go wrong in her calculations, and what are the correct answers, correct to two 
decimal places?

Skill

Application

Joining it all together

Q19. Find the IQR for the frequency table below.

𝒙 Frequency  𝒇 

4 3

5 2

12 4

15 2

Q20. a) Amy is a YouTuber and records daily vlogs. If her shortest vlog is 340 seconds, and the range of the 
length of her vlogs is 2.4 minutes, what is the length of her longest vlog, in seconds? (2 marks)

b) Amy records a new set of vlogs that showcase her trip to China. Show that the IQR of this data set is
lower than that of her daily vlogs, and circle the daily vlog(s) that Amy could adjust to ensure that
her IQR for the China series is higher. (3 marks)

Daily vlogs (in minutes):

11.2 11.5 12.4 15.6 20.4

China vlogs (in minutes):

10.3 10.6 10.4 11.3 12.5

c) Now Amy is YouTube famous. She decides to play advertisements for revenue. She receives revenue
if the standard deviation of the length of her advertisements is higher than 1 minute.

Use CAS to find the minimum length her next advertisement  𝑥 must be in order to receive revenue,
to 3 decimal places. (3 marks)

Advertisements (in minutes):

1.3 1.1 0.8 0.9 1.0  𝑥 

Skill
1 mark

Application
8 marks
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VCaa question

Q21. The dot plot below shows the distribution of daily rainfall, in millimetres, at a weather station 
for 30 days in September.

What is the value of the data point on the dot plot below that corresponds to the third quartile?

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

daily rainfall (mm)

Adapted from VCAA 2014 Exam 1, Core: Data Analysis. Q1

1 mark

Questions from multiple lessons

Q22. A manager is investigating the relationship between the time it takes for employees to complete tasks 
and the quality of work.

The variables  time taken  and  quality  (below satisfactory, satisfactory, good, excellent) are

a. both numerical.

B. both categorical.

C. a discrete variable and a nominal variable respectively.

d. a continuous variable and an ordinal variable respectively.

e. a continuous variable and a nominal variable respectively.
VCAA 2016 Exam 1 Data analysis Q2 – Adapted

Q23. Due to a faulty zipper, the price of a pair of jeans has been reduced by 60%. If the original price of the 
jeans was $45, how much has the price been reduced by?

a. $18

B. $19

C. $22

d. $23

e. $27
VCAA 2015 Exam 1 Module 4: Business-related mathematics Q1 – Adapted

Difficulty:

1 mark

Difficulty:

Year 10
1 mark
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Q24. Horacio has just opened his start-up business selling custom pet figurines.

The following dot plot shows the number of figurines sold each day over a period of 31 days.

0 2 4 6 8 10 12 14
Number of figurines sold

a) Identify the number of days on which Horacio made no sales. (1 mark)

b) Find the percentage of days on which more than 10 figurines were sold. Give your answer correct to
one decimal place. (1 mark)

c) Copy the following axis and construct a histogram displaying the distribution of  number of figurines
sold  for the 31-day period. Intervals should start at zero and have a width of two. (2 marks)

0 2 4 6 8 10 12 14
Number of figurines sold

14

12

10

8

6

4

2

Fr
eq

ue
nc

y

VCAA 2016 Exam 2 Data analysis Q1c-d – Adapted

Difficulty:

4 marks
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1. Five-number summaries

The five-number summary is five values that give key information about a set of data 
and its distribution. The summary is as follows:
● Minimum value
● First quartile (  Q1)
● Median (  Q2)
● Third quartile (  Q3)
● Maximum value.
Example

1 2 3 4 5 6 7 8 9 10

MedianMinimum

Q1 Q3

Maximum

The five-number summary for the data set 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 is:
● Minimum: 1
● First quartile: 3
● Median: 5.5
● Third quartile: 8
● Maximum: 10

worked example 24 (1 mark)

Create a five-number summary for the following data set:

18, 16, 21, 4, 24, 17, 34, 19, 15, 10, 14.

SolUTIoN

Step 1 Rewrite the data in ascending order:

4, 10, 14, 15, 16, 17, 18, 19, 21, 24, 34.

Step 2 Identify the minimum and the maximum values.

Minimum: 4

Maximum: 34

Step 3 Find the position of the median (  Q2   ) using 

the formula   (
n + 1 _______ 2   )  , where n is the number of

elements in the data set.

 11 + 1 ________ 2    = 6

4, 10, 14, 15, 16, 17, 18, 19, 21, 24, 34

The median is the sixth element of the data set, 
which is 17.

LESSON 12G

Boxplots and outliers
The key skills you will learn in this lesson are:

1. Five-number summaries

2. Outliers

3. Boxplots

VCAA key knowledge point:

“the five-number summary and the 
boxplot as its graphical representation 
and display, including the use of the 
lower fence (Q1 − 1.5 × IQR) and upper 
fence (Q3 + 1.5 × IQR) to identify 
possible outliers”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Step 4 To find Q1 and Q3, we split the data into two 
halves at the median. Further, if the data set 
has an odd number of elements, the median is 
removed before splitting the data.

We have an odd number of elements, 
so the median, 17, is removed.

split
4, 10, 14, 15, 16 | 18, 19, 21, 24, 34

Step 5 Think of Q1 and Q3 as the medians of the lower 
half and upper half respectively.

Find the Q1 and Q3 by finding the medians of 
each half:

4, 10, 14, 15, 16 and 18, 19, 21, 24, 34

Step 6 Write the values as the five-number summary:

Minimum: 4

First quartile: 14

Median: 17

Third quartile: 21

Maximum: 34

SolUTIoN: TI-NSpIre

Step 1 Press  +  and select ‘Add Lists & 
Spreadsheets’.

Step 2 Starting from row 1, enter data into the 
first column.

Step 3 Press .

Step 4 Select Statistics → Stat Calculations → One 
Variable Statistics.

Step 5 Press  to confirm one variable statistics 
for one data set only.

Step 6 Specify the data set by entering ‘a[]’ in ‘X1 List’.

Step 7 Press  to exit this window and generate 
the statistics.

MinX = Minimum

Q1X = Q1

MedianX = Median

Q3X = Q3

MaxX = Maximum

SolUTIoN: CaSIo ClaSSpad

Step 1 From the main menu, tap .

Step 2 Starting from row 1, enter the data into list1.

Step 3 Tap Calc → One Variable.

Step 4 Specify the data set by keeping ‘XList’ as list1.

Step 5 Scroll down until you find the five-number 
summary statistics.

minX = Minimum

Q1 = Q1

Med = Median

Q3 = Q3

maxX = Maximum
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2. outliers

Each data set has an upper and a lower fence. They are used to determine which points are 
outliers, and can be found using the following formulae. Any points outside the fences are 
classified as outliers.

Lower fence =   Q1   –  (  1.5 × IQR )
Upper fence =    Q3   +  (  1.5 × IQR )
Outliers can still be considered as the minimum or maximum value.

Example

876543210–1–2
IQR

Upper fence

Outlier

Lower fence

worked example 25 (2 marks)

Identify the outliers in the following data set:

75, 82, 87, 76, 81, 83, 82, 25, 83, 79, 105, 85, 78.

SolUTIoN

Step 1 Rewrite the data in ascending order:

25, 75, 76, 78, 79, 81, 82, 82, 83, 83, 85, 87, 105.

Step 2 Find the five-number summary.

Minimum: 25

First quartile (  Q1    ): 77

Median (  Q2    ): 82

Third quartile (  Q3    ): 84

Maximum: 105
✓ 1 mark for stating the five-number summary

Step 3 Find the IQR .

 IQR =  Q3   –  Q1   = 84 – 77 = 7 

Step 4 Find the lower fence.

Lower fence =    Q1   –  (  1.5 × IQR )
Lower fence =   77 –  (  1.5 × 7 )

Lower fence = 66.5

Step 5 Find the upper fence.

Upper fence =    Q3   +  (  1.5 × IQR )
Upper fence =   84 +  (  1.5 × 7 )

Upper fence = 94.5

Step 6 Determine if any elements in the data set lie 
below the lower fence or above the upper fence.

25, | 75, 76, 78, 79, 81, 82, 82, 83, 83, 85, 87, | 105.

Lower fence = 66.5 Upper fence = 94.5

The outliers are 25 and 105.
✓ 1 mark for stating the outliers

3. Boxplots

A boxplot is a graphical representation of a set of numerical data. It contains the five-number 
summary and any outliers.

A boxplot consists of a central box and whiskers. If outliers exist in the data set, they are shown 
as separate dots on the number line. The central box represents the interquartile range. The left 
and right borders of the box represent Q1 and Q3 , and the vertical line in the centre of the box
represents the median. The whiskers extend to the most extreme value that is not an outlier.
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The points between the minimum and Q1 , Q1 and the median, the median and Q3, and Q3 and the 
maximum all represent 25% of the data. 

25% 25% 25% 25%

MedianQ1 Q3

Example

The local pub recently hosted a speed dating function for singles over 40.  
The age of the participants was recorded and is shown in the box plot below.

45 46 47 48 49 50 51 52 53 54

From the box plot, it is evident that 50% of participants were between 46 and 49, and 75%  
were below 49.

worked example 26 (1 mark)

Use CAS to construct a boxplot using the following data:

1, 5, 5, 6, 7, 7, 7, 8, 8, 9.

SolUTIoN: TI-NSpIre

Step 1 Press  +  and select ‘Add Lists & 
Spreadsheets’.

Step 2 Name a column ‘list’. Starting from row 1, enter 
data into the column titled ‘list’.

Step 3 Press  +  and select ‘Add Data  
and Statistics’.

Step 4 Move the cursor to the 𝑥-axis and click ‘Click to
Add Variable’.

Step 5 Select ‘list’.

Step 6 Select  → Plot Type → Box Plot

SolUTIoN: CaSIo ClaSSpad

Step 1 From the main menu, tap  and rename 
list1 as ‘list’.

Step 2 Starting from row 1, enter data into the column 
titled ‘list’.

Step 3 Configure the settings of the graph by tapping 
 in the icon bar near the top of the screen.

Step 4 Create a boxplot by changing ‘Type’ to ‘MedBox’.

Step 5 Specify the data set by changing ‘XList’ 
to ‘main\list’.

Step 6 Tick the ‘Show Outliers’ box. Tap  to confirm.

Step 7 Tap  in the icon bar to plot the boxplot.
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Refresher question

Q1. The birth year of several World War II veterans was surveyed, but one mistake was made in taking down 
the years. Which one of the following numbers does not fit with the data?

1919, 1921, 1923, 1918, 1915, 191, 1916, 1922.

Questions 12G Boxplots and outliers

1. Five-number summaries

Q2. Construct a five-number summary for the dot plot below.

10 2 3 4 5 6 7 8 9

Q3. Construct a five-number summary for the stem plot below.

0 4
1 0 3 5 8
2 2 6 9
3 6 6
4 3
5 7

Key: 3 | 9 = 39

Q4. The shoe sizes of a small group of people were recorded. 
The results are shown in this frequency table.

Construct a five-number summary from the data in the 
frequency table.

Check your understanding

Q5. The five-number summary shown below was constructed from six pieces of data. Given that the original 
data consisted of whole numbers only, state the data.

Minimum: 6 Q1: 6 Median: 6.5 Q3: 8 Maximum: 9

Skill

Skill

Skill

Shoe size Frequency

7 3

8 5

9 3

10 2

Skill

2. outliers

Q6. Employees in an office were asked how many hours they work in a week. The following data shows 
15 responses. Without calculating the lower and upper fence, guess the one outlier.

40, 41, 43, 42, 39, 42, 40, 38, 40, 42, 19, 41, 40, 39, 40.

Q7. Using upper and lower fences, identify any outliers from the following data sets:

a) 5, 5, 6, 6, 6, 7, 7, 8, 8, 10, 14

b) 41, 43, 48, 48, 49, 49, 50, 50, 51, 51, 55, 59

Skill

Skill
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Q8. Using upper and lower fences, identify any outliers from the following dot plot:

4 5 6 7 8 9 10

Check your understanding

Q9. Tamara’s new job at the zoo involves weighing the wombat joeys  
immediately after they are born. An important aspect of this job is to note any 
outliers. This is to ensure that the joeys that weigh too much or too little can 
receive special care. After recording their weights, she displays the data in the 
stem plot shown to the right. Identify the outliers in this stem plot.

Skill

Application 0 9
1 8 9
2 0 0 1 1 2 3
3 1
4 0

Key: 5 | 1 = 5.1

3. Boxplots

Q10. Write down the five-number summary from the following boxplot.

0 1 2 3 4 98765

Q11. A class of 23 students was asked to rank Beyonce’s music out of ten. The results are shown below:

1, 4, 5, 5, 6, 7, 7, 7, 7, 8, 8, 8, 8, 9, 9, 9, 9, 9, 10, 10, 10, 10, 10.

Use a CAS to construct a boxplot from the data and include outliers.

Q12. A group of 18 people was surveyed about how many pets they own. The results are shown in the dot 
plot below.

0 1 2 3 4

a) Using CAS, construct a boxplot from the data.

b) Use the boxplot to find the interquartile range.

Skill

Skill

Skill
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Check your understanding

Q13. The maximum temperature over 24 days in July in Melbourne is shown in the boxplot below.

9 10 11 12 13 23222120191817161514

Between which two temperatures do exactly 6 days of data lie?

a. 13 and 19 degrees

B. 17 and 19 degrees

C. 14 and 19 degrees

d. 17 and 22 degrees

e. 14 and 17 degrees

Skill

Joining it all together

Q14. The handspan of 23 basketball players was recorded in 
centimetres in this table.

a) Use a CAS calculator to construct a boxplot.

b) Identify any outliers.

c) Construct a five-number summary.

Q15. The Biology exam mark of each of Mr Moses’ thirteen students is listed below:

66, 73, 47, 91, 67, 72, 65, 71, 61, 70, 68, 70, 71.

a) Construct a five-number summary that describes the biology results.

b) What is the interquartile range?

c) Mr Moses made a mistake. The student who got 72 should actually have scored 82.
Does this change the interquartile range? If so, what should it be?

Application
3 marks

Hand span 
(cm)

Frequency

19 1

20 0

21 0

22 1

23 4

24 6

25 8

26 2

27 1

Application
3 marks
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VCaa questions

Q16. A dot plot for a set of data is shown below.

1001 1002 1003 1004

Which one of the following boxplots would best represent the dot plot above?

a.  B. 

C. d. 

e. 

VCAA 2015 Exam 1, Core: Data analysis. Q8

1 mark

1001 1002 1003 1004 1001 1002 1003 1004

1001 1002 1003 1004 1001 1002 1003 1004

1001 1002 1003 1004
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Q17. The dot plot below shows the distribution of the time, in minutes, that 50 people spent waiting to get 
help from a call centre.

10 20 30 40 50 60 70 80 90 100 110

n = 50

Time

Which of the following boxplots best represents the data?

a. 

B. 

C. 

d. 

e. 

VCAA 2014 Exam 1, Core: Data analysis. Q6

1 mark

10 20 30 40 50 60 70 80 90 100 110

Time

10 20 30 40 50 60 70 80 90 100 110

Time

10 20 30 40 50 60 70 80 90 100 110

Time

10 20 30 40 50 60 70 80 90 100 110

Time

10 20 30 40 50 60 70 80 90 100 110

Time
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Questions from multiple lessons

Q18. The weights of 22 cavoodles are shown in the following stem plot.

The modal weight is

a. 11.0 kg

B. 11.6 kg

C. 11.9 kg

d. 12.1 kg

e. 12.8 kg
VCAA 2016 Exam 1 Data analysis Q3 – Adapted

Q19. Sonya borrows $10 000 which she will repay fully in a lump sum payment after eighteen months.

She has a choice of one of the following five loans, with the given interest rates and compounding periods:
● Loan 1 – 11.30% per annum, compounding monthly
● Loan 2 – 11.35% per annum, compounding monthly
● Loan 3 – 11.39% per annum, compounding monthly
● Loan 4 – 11.40% per annum, compounding quarterly
● Loan 5 – 11.45% per annum, compounding quarterly
The loan that will cost Sonya the least amount of money is

a. loan 1. B. loan 2. C. loan 3.

d. loan 4. e. loan 5.
VCAA 2018 Exam 1 Recursion and financial modelling Q19 – Adapted

Q20. The following back-to-back stemplot displays the distribution of the  height , in cm, of 21 jockeys and 21 
hockey players, separated by the  type of athlete  they are.

Jockeys Height (cm) Hockey players

7 13
9 9 8 8 8 8 6 5 5 4 2 14

5 4 4 3 2 1 15
5 4 2 16

17 4 5 5 7 7 7 8 9 9 9
18 0 1 2 3 3 4 5 7 9
19 1 3

Key: 17 | 4 = 174 cm

a) Which variable,  height  or  type of athlete , is a categorical variable? (1 mark)

b) Write down the modal  height (s), in cm, of the hockey players. (1 mark)

c) Use the information in the back-to-back stem plot to find the values of  𝑥 and  𝑦 in the table below. (2 marks)

Height (cm)

Minimum Q1 Median Q3 Maximum

Type of athlete
Jockeys 137  𝑥 149 154 165

Hockey players 174 177 180 184.5  𝑦 

VCAA 2017 Exam 2 Data analysis Q2 a-c – Adapted

 Weight

10 5 8 9
11 0 2 2 3
11 6 6 7 9 9
12 0 1 1 1 3 4
12 5 8 8
13 2

Key: 10 | 5 = 10.5 kg
Difficulty:

Year 10
1 mark

Difficulty:

1 mark

Difficulty:

4 marks
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1. Back-to-back stem plots

Back-to-back stem plots can be used to compare two sets of data. Specifically, the centre and the 
spread of the data can be compared.

To compare the centres of each set of data the median is used. To compare median values, use the 
words ‘higher’ or ‘lower’.

To compare the spread of each set of data, the interquartile range (IQR) and range are used. 
When the data contains outliers, the range will not give an accurate representation of the data, 
so only IQR is used. To compare IQR and range, use the words ‘larger’ or ‘smaller’.

The data set with a larger spread is ‘more variable.’ 

Example

Data from 20 house sales in Melbourne was compared to 20 house sales in Adelaide.

The median house price in Melbourne was $720 000 compared to $610 000 in Adelaide. 
Melbourne had a higher median house price than Adelaide.

The range of sale prices is Melbourne was $190 000 compared to $110 000 in Adelaide.  
Melbourne had a larger range of sale prices compared to Adelaide. The sale price in Melbourne 
was more variable than Adelaide.

worked example 27 (3 marks)

The test scores of two classes were recorded in this stem 
and leaf plot.

Compare these values for Class A and Class B:

a) Median

b) Interquartile range (IQR)

c) Range

SolUTIoN

a) Median

Step 1 Find the position of the median for Class A. 

(
n + 1 _ 2   ) = 13 + 1 _________ 2     = 7

The median is the 7th value: 57.

Step 2 Find the position of the median for Class B.

(
n + 1 _ 2   ) = 13 + 1 _________ 2     = 7

The median is the 7th value: 80.

Step 3 Compare the medians of the two classes.

The median of Class A is 57, and the median of 
Class B is 80. Class B has a higher median than 
Class A.

Class A Class B
6 6 2 1 4 4

7 6 5 5 9
3 2 1 6 0

7 5 7 6 8
0 8 0 0 1

9 5 7 8 9 9

Key: 2 | 7 = 27%

LESSON 12H

Comparing distributions
The key skills you will learn in this lesson are:

1. Back-to-back stem plots

2. Parallel boxplots

3. Interpreting data

VCAA key knowledge point:

“use of back-to-back stem plots or parallel 
boxplots, as appropriate, to compare the 
distributions of a single numerical variable 
across two or more groups in terms of centre 
(median) and spread (IQR and range), and the 
interpretation of any differences observed in 
the context of the data”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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b) Interquartile range (IQR)

Step 1 Calculate the first and third quartiles for Class A.

The median divides the data into two equal 
halves of six. 

Q1 is the average of the 3rd and 4th values. 

Q3 is the average of the 10th and 11th values. 

Step 2 Calculate the IQR for Class A.

IQR = Q3 − Q1

IQR = 69 − 46

IQR = 23

Step 3 Calculate the first and third quartiles for Class B.

Q1 = 68

Q3 = 97.5

Step 4 Calculate the IQR for Class B.

IQR = 97.5 − 68

IQR = 29.5

Step 5 Compare the IQR of the two classes.

The IQR of Class A is 23, and the IQR and of Class 
B is 29.5. Class B has a larger IQR than Class A.

c) Range

Step 1 Write the maximum and minimum values for 
each class.

Class A: maximum value is 80, minimum value 
is 41.

Class B: maximum value is 99, minimum value 
is 44.

Step 2 Calculate the range for each class

Class A: Range = 80 − 41 = 39

Class B: Range = 99 − 44 = 55

Step 3 Compare the range of the two classes.

The range of Class A is 39, and the range of Class 
B is 55. Class B has a larger range than Class A.

note: Class B has a larger IQR and range. 
As such, the test results for Class B are more 
variable than those of Class A.

2. parallel boxplots

A parallel boxplot is a plot containing two or more boxplots, plotted one above another. 
Parallel boxplots are useful for large spreads of data, and are capable of displaying more than 
two sets of data. In contrast, back-to-back stem plots are more detailed, but can only display two 
sets of data.

Parallel boxplots display the median, range and interquartile range of multiple sets of data.  
This makes comparison between sets of data relatively simple.

Parallel boxplots can be used to compare data in the same way as back-to-back stem plots: the 
centres can be compared using median, and the spreads can be compared using the IQR and range. 
If the data contains an outlier, the outlier is excluded when finding the range.

Example

0 1 2 3 4 5 6 7 8 9 10

Range 2

IQR 1

Outlier

Median 1 

Boxplot 1 

Boxplot 2 
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worked example 28 (3 marks)

The maximum temperature of every day in May last year 
was recorded in Sydney and Melbourne. The results are 
shown in this parallel boxplot.

For this parallel boxplot compare:

a) Median

b) Interquartile range (IQR)

c) Range

SolUTIoN

a) Median

Step 1 Find the medians for Sydney and Melbourne by 
looking at the plot.

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Sydney 

Melbourne 

The median for Sydney is 20 and for Melbourne 
is 18.

Step 2 Compare.

Sydney has a higher median than Melbourne.

b) Interquartile range (IQR)

Step 1 Find Q1 and Q3 for the Sydney boxplot by looking 
at the plot.

Q1 = 19

Q3 = 23

Step 2 Calculate the IQR.

IQR = Q3 – Q1

IQR = 4

Step 3 Find Q1 and Q3 for the Melbourne boxplot by 
looking at the plot.

Q1 = 17

Q3 = 19

Step 4 Calculate the IQR. 

IQR = Q3 – Q1

IQR = 2

Step 5 Compare the two.

4 > 2

Sydney has the larger IQR.

c) Range

Step 1 Find the maximum and minimum values for 
Sydney and use these to find the range.

Highest is 24, lowest is 16.

Range = 24 – 16

Range = 8

Step 2 Find the maximum and minimum values for 
Melbourne and use these to find the range.

Highest is 21.8, lowest is 14.2.

Range = 21.8 – 14.2

Range = 7.6

Step 3 Compare.

Sydney had a larger range of temperatures in 
May last year than Melbourne.

3. Interpreting data

To interpret the data in a back-to-back stem plot or a parallel boxplot, examine the data sets for 
any differences between them, and make a general comment about what is being shown.

The type of data will indicate what type of comparison you will make. For example:
● For data about prices interpret which data group is cheaper or more expensive.
● For data about height interpret which data group is taller or shorter.
● For data about length interpret which data group is longer or shorter.

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Sydney 

Melbourne 
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Example

A random sample of 100 women from Australia and Senegal were asked about their age 
at marriage. The data was recorded and is displayed in the parallel boxplot below:

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Senegal 

Australia 

An interpretation of this data is that women in Senegal generally get married at a younger age 
than women in Australia.

worked example 29 (2 marks)

Interpret the data from the earlier examples in this lesson.

a) b) 

SolUTIoN

a) 

Step 1 Recognise what the data is about.

The data is about test scores.

Step 2 Compare.

In general Class B had higher test scores than 
Class A.

b) 

Step 1 Recognise what the data is about.

The data is about daily maximum temperatures 
in May.

Step 2 Compare.

In general Sydney had higher maximum daily 
temperatures in May last year compared  
to Melbourne.

Class A Class B
6 6 2 1 4 4

7 6 5 5 9
3 2 0 6 0

7 5 7 6 8
0 8 0 0 1

9 5 7 8 9 9

Key: 2 | 7 = 27%

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Sydney 

Melbourne 

Questions 12H Comparing distributions

Refresher question

Q1. Desdemona and Cordelia recorded how many coffees they drank every day for a week. 

Desdemona: 2, 3, 2, 1, 3, 1, 0.

Cordelia: 4, 6, 5, 7, 5, 4, 3.

Who consistently drank more coffee over the week?
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1. Back-to-back stem plots

Q2. A number of men and women were asked how many 
litres of milk they normally drink in a year. The 
results are shown in this back-to-back stem plot.

a) What is the smallest value for women?

b) What is the greatest value for men?

c) Which group has a larger range?

d) Which group has the higher median?

Q3. Fernando and Lucas are in a competition to see 
who can score the most points in one season  
of basketball.

This boxplot displays the number of points each 
player scored in each game of the season.

Compare these values for Fernando and Lucas:

a) Median

b) Interquartile range (IQR)

c) Range

Q4. The following back-to-back stem plot shows 
sales figures for individuals at two small  
companies over one day.

Compare these values for Company A and 
Company B:

a) Median

b) Interquartile range (IQR)

c) Range

Check your understanding

Q5. The following data shows the ages of people from the UK and the USA on a bus tour around Japan:

UK: 29, 28, 31, 18, 27, 17, 22, 24, 26, 23, 28, 19, 25, 22, 26.

USA: 18, 21, 19, 18, 22, 20, 24, 18, 23, 34, 24, 21, 25, 19, 21.

a) Construct a back-to-back stem plot from the data.

b) Find the range of each set of data.

c) Use the range to find whether the people from the UK or the USA had the most variable ages.

Skill
Women Men
9 9 6 4 1 0 1 4

8 7 4 3 2 1 1 6
2 2 2 8

3 9
4 2 2 4 5 6 7

1 5 1 2 5 6

Key: 1 | 5 = 15 litres

Fernando Lucas
4 2 0 2 2

9 0 6 8 9
1 2 2

8 8 7 1 6
4 4 2

6 2 8

Key: 3 | 2 = 32 points
Skill

Company A Company B
5 0 5 7 8
2 1 2 7 8 9

9 1 2 2 5 5 6
9 5 5 3 1

6 6 5 3 1 1 4
5 8

Key: 4 | 5 = $4500
Skill

Skill

2. parallel boxplots

Q6. These parallel boxplots show the different  
prices of gouda cheese at two supermarkets.

a) Which supermarket has the higher median
price of gouda cheese?

b) Which supermarket has the larger spread,
as indicated by IQR?

Skill

0 5 10 15 20 25 30

Supermarket A 

Supermarket B 
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Q7. 150 people participated in a fitness course 
over the summer. The number of push ups 
they could do before and after the course is 
recorded in this parallel boxplot.

For these parallel boxplots compare:

a) Median

b) Interquartile range (IQR)

c) Range

Q8. The number of coffees sold each day  
in two cafes over a period of two weeks 
is shown here.

For this parallel boxplot compare:

a) Median

b) Interquartile range (IQR)

c) Range

Check your understanding

Q9. Three classes sat the same test on basic  
multiplication. The time taken to sit the test 
for the students in each class is shown in 
this parallel boxplot.

Which class had:

a) The highest median?

b) The smallest interquartile range?

c) Which class had the least variable times
(excluding outliers)?

Explain your answer.

Q10. The final score of two netball teams in every 
match of an eleven game season is recorded 
in this parallel boxplot.

Which of the following statements is not true?

a. At least 75% of the Prancing Pirates’
scores lie below Royal Rebels’ median.

B. The Prancing Pirates scored less than or
equal to 37 in at least six games.

C. The Royal Rebels scored more than 46 in
three games.

d. The Royal Rebels scored more than or
equal to 41 in at least six games.

e. The median of the Prancing Pirates is 37.

Skill

0 5 10 15 20 25 30 35 40

Before 

After 

60 65 70 75 80 85 90 95 100 105 110

Cafe A 

Cafe B 

Skill

Application

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Class A 

Class B 

Class C 

Skill

20 30 40 5025 35 45

Prancing Pirates 

Royal Rebels 
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3. Interpreting data

Q11. The following parallel boxplot displays the 
ages of residents in a retirement village.

Interpret this data.

Q12. The following parallel boxplot displays the 
prices of one-way economy flights from  
Melbourne to Los Angeles from two  
different airlines.

Interpret this data by comparing median 
price and variability (using IQR).

Check your understanding

Q13. Here is the data again from Question 2.  
Men and women were asked how many 
litres of milk they normally drink in a year. 
The results are shown in this back-to-back 
stem plot.

a) How many people were surveyed?

b) Explain why this statement is incorrect: 
“This data proves that men drink more 
milk than women.”

70 80 90 10075 85 95

Men 

Women 

Skill

750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300

Airline A 

Airline B 

Skill

Application
Women Men
9 9 6 4 1 0 1 4

8 7 4 3 2 1 1 6
2 2 2 8

3 9
4 2 2 4 5 6 7

1 5 1 2 5 6

Key: 1 | 5 = 15 litres

Joining it all together

Q14. The following data shows the number of hours per week 45 children across three year levels  
spent studying:

Year 10: 12, 6, 15, 25, 2, 17, 8, 21, 13, 19, 26, 11, 9, 3, 16

Year 11: 10, 16, 22, 17, 9, 18, 21, 28, 32, 19, 23, 13, 21, 20, 15. 

Year 12: 25, 29, 35, 21, 3, 31, 28, 25, 17, 28, 30, 26, 34, 29, 30. 

a) Construct a parallel box plot. (3 marks)

b) Using the information from the boxplots, explain why year level is associated with the number  
of hours per week spent studying. (1 mark)

Application
4 marks
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Q15. The following back-to-back stem plot 
displays the exam mark obtained by each 
student in two geography classes.

For this data:

a) Compare the medians.

b) Compare the interquartile ranges (IQRs).

c) Compare the ranges.

d) Which class had the more variable
result? Explain your answer.

e) Interpret the data.

Application
5 marks Class A Class B

4 5
9 5 3 2 1 5 8

5 4 4 3 1 1 6 1 4 7
7 6 4 1 7 1 1 3 4 7 8

5 1 8 2 2 3 4 7 9
9 9 1

Key: 3 | 8 = 38%

VCaa question

Q16. A weather station records daily 
maximum temperatures.

The boxplots below display the distribution 
of maximum daily temperature for the 
months of May and July.

Using the information from the boxplots, 
explain why the maximum daily 
temperature is associated with the 
month of the year. Quote the values of the 
appropriate statistics in your response.
Adapted from VCAA 2016 Exam 2, Core: Data analysis. Q2b.iii

6 8 10 12 14 16 18 20

July 

May 

Temperature (°C) 

1 mark

Questions from multiple lessons

Q17. The following histogram shows the 
distribution of the heights of Australian 
Olympians at the 2012 Olympics.

Using this histogram, the percentage of these 
399 Australian Olympians that are 190 cm or 
taller is closest to

a. 17%

B. 19%

C. 76%

d. 81%

e. 83%
VCAA 2016 Exam 1 Data analysis Q6 – Adapted

220160140 180 200
Height (cm)

n = 399

10

0

20
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70

80

90

100

110

120

130
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Difficulty:

Year 10
1 mark
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Q18. Kourtney goes to her favourite Japanese restaurant, Nobu, and orders a meal for $56. Kourtney then tips 
her waiter $5. The $5 tip as a percentage of the price of the meal is closest to

a. 0.09%

B. 0.89%

C. 1.12%

d. 8.93%

e. 11.20%
VCAA 2014 Exam 1 Module 4: Business-related mathematics Q2 – Adapted

Q19. The parallel boxplots display the number of  ice cream cones sold  each hour for two flavours; black sesame 
and green tea.

Ice cream cones sold
10 15 20 25 30 40 45 50 5535

Black sesame

Green tea

a) Describe the shapes of the distribution of the number of  ice cream cones sold  (including any outliers)
for green tea and black sesame. (1 mark)

b) Determine the value of the lower fence for the black sesame boxplot. (1 mark)

VCAA 2016 Exam 2 Data analysis Q2b – Adapted

Difficulty:

Year 10
1 mark

Difficulty:

2 marks
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CHAPTER

13
Investigating relationships 
between two numerical 
variables

AOS 6: Statistics



1. Response and explanatory variables

When investigating the relationship between two variables, it is important to find out whether  
the values of one variable affect, or explain, the values of the other. One of the variables is labelled as 
the explanatory variable and the other as the response variable according to the following definition:

The explanatory variable can affect, or explain, the values of the response variable.

The response variable is expected to change as a result of the explanatory variable.

Example

The relationship between the frequency of watering plants and plant height.

It is reasonable to expect that the frequency of watering will have some effect on the growth of a 
plant. Would it be reasonable to say the height of the plants controls how often they are watered? 
No. Therefore the frequency of watering is the explanatory variable and the plant height is the 
response variable.

woRked example 1 (1 mark)

Data is collected to investigate the relationship between the income of households and the number 
of days they spend on holiday per year. Identify the response and explanatory variables.

SolUTIoN

Step 1 Think about which variable can explain the 
values of the other.

The number of days spent on holiday cannot 
explain a higher or lower income.

An increased income allows a household to go 
on holiday as they have more spare money.

Step 2 Identify the explanatory and response variables.

Income can explain the number of days spent 
on holiday. Therefore ‘household income’ is the 
explanatory variable and the ‘number of days 
spent on holiday’ is the response variable.

2. Scatterplots

A scatterplot is a type of graph that displays the 
relationship between two variables. Both variables must 
be quantifiable; categorical data cannot be represented.  
It is convention to use the horizontal axis (𝑥-axis) for the
explanatory variable and the vertical axis (𝑦-axis) for the
response variable. A dot is used to signify a single data 
entry, and is placed at the point where its value aligns with 
both variables.

170cm  70kg
 

150 160 170 180 190 200
Height (cm)

50

60

70

80

90

100

Weight (kg)

LESSON 13A

Scatterplots
The key skills you will learn in this lesson are:

1. Response and explanatory variables

2. Scatterplots

VCAA key knowledge points:

“response and explanatory variables”
“scatterplots and their use in identifying 
and qualitatively describing the association 
between two numerical variables in terms of 
direction, form and strength”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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woRked example 2 (2 marks)

Create a scatterplot using the following data. This worked example follows on from the previous one.

Income ($ 000’s) 67 245 36 32 89 122 96 45 75 103

Days spent on holiday 12 28 5 4 10 23 18 13 16 20

SolUTIoN: BY HaNd

Step 1 Determine the explanatory and  
response variables.

As seen in the previous worked example, 
‘household income’ is the explanatory variable 
and ‘days spent on holiday’ is the  
response variable.

Step 2 Draw an 𝑥-axis and label it as the explanatory
variable. Then draw a 𝑦-axis and label it as
the response variable. Add tick marks and 
appropriately scale the axes.

0 50 100 150 200 250
Income (000's)

10

20

30

Days spent
on holiday

Step 3 Label each data point as a dot, in the position 
that represents their value.

0 50 100 150 200 250
Income (000's)

10

20

30

Days spent 
on holiday

SolUTIoN: TI-NSpIRe

Step 1 Open a new page by pressing  +  , 
then  (‘Add Lists & Spreadsheets’) .

Step 2 Name column A as the explanatory variable 
‘income’ and column B as the response variable 
‘days’, and enter the data into the  
subsequent columns.

Step 3 Press  + i and press  (‘Add Data  
& Statistics’) .

Step 4 Use the mouse to move to the horizontal axis 
and click on ‘Click to add variable’.  
Use the arrows to scroll down and select the 
explanatory variable ‘income’. Click on the 
vertical axis and select the response variable 
‘days’. The completed scatterplot will appear.

Step 5 If the values are not all visible, press , 
press  (‘Window/Zoom’) , then press  
(‘Zoom - Out’)  to adjust the display.
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SolUTIoN: CaSIo ClaSSpad

Step 1 Open the  application.

Step 2 Enter the values of the explanatory variable 
(income)  under ‘list1’ and the values of the 
response variable (days)  under ‘list2’.

Step 3 Press , choose the following settings and 
then press .

Step 4 Press  and the scatterplot will appear below.

Step 5 Press 
Resize

 to change between a half-screen 
graph and a full-screen graph.

Questions 13a Scatterplots

Refresher question

Q1. Could the following variables be related?

a) The number of balloons at a circus and the happiness of the children attending.

b) The amount of balloons at a circus and the heights of the clowns.
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1. Response and explanatory variables

Q2. Identify the response variable and the explanatory variable in the following situations  
and explain your choices.

a) The relationship between the daily maximum temperature and the number of people at the local 
swimming pool.

b) The relationship between age and the amount of time spent exercising daily.

c) The relationship between workers’ pay rate per hour and their surveyed level of happiness.

Check your understanding

Q3. Explain the faults in the following statements.

a) When investigating the relationship between the number of dogs in the neighbourhood to the 
average hours of sleep received by residents, the response variable is the number of dogs.

b) When investigating the relationship between the height of the waves at Bells Beach and the number 
of surfers at Bondi, the explanatory variable is the height of the waves.

Application

Application

2. Scatterplots

Q4. a) Complete the scatterplot by including  
 these data points:

Explanatory variable 13 20 22 11 18

Response variable 15 5 6 12 9

b) For a certain data point in this set, the value 
of the explanatory variable is 16. What is the 
value of the response variable at this point?

Q5. For which of the following pairs of variables would it be appropriate to construct a scatterplot?

a. The colour and heights of cats

B. The amount of time spent studying and subsequent results on a maths test

C. Phone models and their battery life

d. People’s age and whether they wear glasses or not

e. Number of cinema tickets sold for different movies

Q6. Students at a local secondary school must wear blazers regardless of the temperature. The table below 
shows the number of students who disobeyed this policy over the last 2 weeks of the school year,  
alongside the temperature on each of the days.

Day M T W Th F M T W Th F

Students not wearing a blazer 12 17 24 118 17 10 8 15 33 28

Temperature (°C) 23 24 26 33 25 21 20 23 27 26

Create a scatterplot, using temperature as the explanatory variable and the number of disobeying  
students as the response variable.

0 10 20
Explanatory variable

10

20

Response variable

Skill

Application

Application
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Check your understanding

Q7. The owners of a pub receive constant noise complaints from neighbours. They decide to record the 
number of patrons at their pub and the noise level every night, in order to understand how to restrict 
the noise. They collected data over an entire month, and the following table shows the average results 
for each day of the week.

Night Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Patrons 34 46 24 35 95 113 32

Noise level (dB) 74 85 62 71 104 112 54

a) Create a scatterplot with the number of patrons being the explanatory variable and the noise level
being the response variable.

b) The council sets a maximum noise level of 98 decibels for the pub. On which days is this regulation
currently broken?

c) The owners set a limit of 100 patrons in the pub at once. Based on the data at hand, are the owners
going to continue to break council regulations? Explain your answer.

Application

Joining it all together

Q8. Students were surveyed on how long they spent working on their history projects. Despite being  
adamant that quality is more important than quantity, Ms Riosa compared this data with the number  
of words contained within each project. The data for eight students is displayed in the following table.

Time spent (hours) 15 12 2 7 10 13 22 3

Words written 1230 1106 709 1058 976 1362 2589 542

a) Identify the explanatory and response variables.

b) Create a scatterplot using this data.

Q9. Josh is frustrated that the Wi-Fi in his room is very weak. He decides to record the internet speed in  
the centre of every room of his house, and also the distance from the room to the router. The data he 
collected is displayed in the following table.

Room Living room Balcony Kitchen Bedroom Office Bathroom

Internet speed (mbps) 14 9 11 6 23 17

Distance to modem (m) 10 18 13 22 3 7

Create a scatterplot using this data.

Q10. Malachy records the social media followers and average likes received on his and his friends’ social 
media accounts. The following table is a display of the data he collected.

Friends Malachy Jack Blaise Nathan Antoine Zahir Scott Max Julian

Followers 804 52 89 153 185 128 76 141 61

Likes 193 14 22 48 67 30 17 36 18

a) Create a scatterplot on your CAS using this data.

b) Identify an outlier, disregard it, and resketch the scatterplot by hand.

Application
2 marks

Application
2 marks

Application
2 marks
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Questions from multiple lessons

Q11. The following histogram displays the  height , in centimetres, of 75 competitors in an E-Sports tournament.
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The  height  for this sample of competitors is most frequently

a. greater than or equal to 168 cm and less than 170 cm.

B. greater than or equal to 170 cm and less than 172 cm.

C. greater than or equal to 172 cm and less than 174 cm.

d. greater than or equal to 174 cm and less than 176 cm.

e. greater than or equal to 176 cm and less than 178 cm.
VCAA 2018NH Exam 1 Data analysis Q3 – Adapted

Q12. A house was purchased for $800 000 with a deposit of $50 000.

The balance will be completely repaid with 85 monthly repayments of $10 000.

The total amount of interest charged is

a. $10 000

B. $50 000

C. $100 000

d. $850 000

e. $900 000
VCAA 2015 Exam 1 Module 4: Business-related mathematics Q5 – Adapted

Q13. The number of movies 13 different people watched on Netflix in a month is displayed below.

9 8 4 3 16 5 4 7 3 2 0 4 10

a) Create a five-number summary from the data above. (1 mark)

b) Determine if there are any outliers in the data. If there are outliers, what are they? (1 mark)

c) Draw a boxplot for the data. (1 mark)

Difficulty:

Year 10
1 mark

Difficulty:

Year 10
1 mark

Difficulty:

3 marks
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1. Finding the relationship between variables

Correlation is the measure of the strength of the relationship between the explanatory and 
response variables. However, before discussing correlation, it is important to find whether or not a 
relationship between the explanatory and response variables actually exists.

Other terms for correlation include “association” or “relationship”.

Example

Has a relationship No relationship

The temperature and the amount of ice cream sold. The amount of ice cream sold and the number of 
plants owned.

The length of hair and the amount of  
conditioner used.

The length of hair and the number of apples eaten.

The amount of time spent watching films and the 
ability to quote them.

The amount of time spent watching movies and the 
number of siblings.

The correlation between two variables is defined by 3 factors:
	● Direction
	● Strength
	● Form

The direction of correlation

If the points follow an upwards trend, from the lower left corner to the upper right corner of 
the graph, a positive relationship exists between the variables.

If the points follow a downwards trend, from the upper left corner to the lower right corner of 
the graph, a negative relationship exists between the variables.
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LESSON 13B

Correlation
The key skill you will learn in this lesson is:

1. Finding the relationship between variables

VCAA key knowledge point:

“scatterplots and their use in identifying 
and qualitatively describing the association 
between two numerical variables in terms of 
direction, form and strength”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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The strength of correlation

If the points follow the same line and are packed closely together, then a strong relationship 
exists between the two variables.
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If the values are more spread out across the plot, but roughly follow the same line, then a 
moderate relationship exists between the two variables.
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If the values are scattered across the plot, and a pattern exists but is barely visible, then a weak 
relationship exists between the two variables.
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If the values follow no pattern at all – scattered across 
the graph randomly, then there is no relationship 
between the variables. The explanatory and response 
variables have no effect on each other.
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The form of correlation

If the values follow a straight line, then the relationship 
between the variables is linear.
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If the values follow a curved line, then the relationship is non-linear.

worked example 3 (1 mark)

Describe the correlation of the following scatterplot in terms of strength, direction and form.
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SolUTIoN

Step 1 Identify the direction of the correlation.

The values are following an upwards trend from 
left to right.

Therefore, the direction of the correlation 
is positive.

Step 2 Find the strength of the correlation.

Every value is following the same straight line.

The values are packed together with 
medium density.

Therefore, the strength of the correlation 
is moderate.

Step 3 Identify the form of the correlation.

The values follow a straight line.

Therefore the form of correlation is linear.

Step 4 Summarise your answers and make a conclusion.

The correlation between the two variables is 
moderate, positive, and linear.

Questions 13B Correlation

Refresher question

Q1. Is there a relationship between the following variables?

a) Playing video games and level of intelligence

b) Smoking regularly and having good health

c) Drink driving and being in car accidents

1. Identifying the relationship between variables

Q2. The relationship between exercise and health is:

a. strong and positive. B. weak and negative.

C. weak and positive. d. weak and negative.

Q3. Describe the correlation of each of the scatterplots shown below, in terms of strength, direction and form.

a)  b) 

Q4. Annie is observing the association between an individual’s average driving speed in kilometres per 
hour and the length of their hair in centimetres. Draw an estimate of this association using a scatterplot, 
remembering to label the axes with appropriate titles.

Application

Skill
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Application
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Q5. After studying the following scatterplot 
for some time, Garen concluded that the 
correlation is weak, positive and non-linear. 

Is Garen’s conclusion correct? Why or why not?

Q6. Which of the following statements is false?

a. The explanatory variable is represented on the  𝑥-axis of a scatterplot and the response variable  
is represented on the  𝑦-axis.

B. A change in the explanatory variable will always cause a change in the response variable.

C. There can be more than one explanatory variable that affects the response variable.

d. It is possible for no relationship to exist between explanatory and response variables in terms 
of correlation.

Q7. Describe how the correlation seen in each scatterplot relates to the corresponding explanatory and 
response variables.

a)  b) 

c) 
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Check your understanding

Q8. John is organising a party in the North. The more attendees over 18 years old, the more cars there 
are in the parking lot. State the explanatory and response variables, and describe the direction of the 
correlation between them.

Q9. Which of the graphs below has the strongest relationship between  𝑥 and  𝑦?

a.  B.

C. d.

Application

Skill
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Joining it all together

Q10. Quinn is participating in a tetris tournament.

a) Construct a scatterplot that accurately portrays the relationship between her opponent’s experience
in years (up to 10) and Quinn’s respective win rate (%), with appropriate labels. Assume that there
is a moderate negative correlation between the two variables, and that Quinn has about five years’
experience of playing tetris. (2 marks)

b) Quinn progresses to the final round. Her last opponent is known to have 9 years of tetris experience.
Predict whether the matchup will be favourable for Quinn, with reference to the scatterplot you
created previously. (2 marks)

Application
4 marks
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Questions from multiple lessons

Q12. The following histogram displays the number of 
books read in the past year by 55 surveyed students.

The interquartile range for this distribution is

a. 2 books.

B. 3 books.

C. 4 books.

d. 6 books.

e. 8 books.
VCAA 2018NH Exam 1 Data analysis Q4 – Adapted

Q13. The first five terms of a sequence are −17, −8, 1, 10, 19...

Which of the following could be the recurrence relation that generates the above sequence?

a. T0   = −26 ,   Tn+1   =   1 _ 2 Tn

B. T0   = −17 ,   Tn+1   = −2 Tn

C. T0   = −17 ,   Tn+1   =  Tn   − 9

d. T0   = −26 ,   Tn+1   = 10 Tn

e. T0   = −17 ,   Tn+1   =  Tn   + 9

VCAA 2017 Exam 1 Recursion and financial modelling Q19 – Adapted
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Difficulty:

1 mark

Difficulty:

1 mark

VCaa question

Q11. The data in the table below shows a sample of actual temperatures and apparent temperatures recorded 
at a weather station. A scatterplot of the data is also shown.

The data will be used to investigate the association between variables apparent temperature and 
actual temperature.

Use the scatterplot to describe the association between apparent temperature and actual 
temperature in terms of strength, direction and form.

Apparent temperature 
(°C)

Actual temperature 
(°C)

24.7 28.5

24.3 27.6

24.9 27.7

23.2 26.9

24.2 26.6

22.6 25.5

21.5 24.4

20.6 23.8

19.4 22.3

18.4 22.1

17.6 20.9

18.7 21.2

18.2 20.5

VCAA 2016 Exam 2, Core: Data analysis. Q3

1 mark
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Q14. A group of male and female powerlifters were surveyed on the number of hours they spend at the gym 
each week. Their responses are recorded in the following back-to-back stem plot.

Number of hours
Men Women

0 4
8 5 5 0 6 8 8 9

4 3 3 3 2 1 0 0 1 2 2 4
8 8 7 6 5 1 7 7 9

2 2 1 0 2 0 0 1
5 2

Key: 1 | 0 = 10

a) Which group has a larger range? (1 mark)

b) What is the difference in the median of the two groups? (1 mark)

Difficulty:

2 marks
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1. Correlation and causality

Recall from last lesson that correlation is a measure of how two variables are related. Causation, 
on the other hand, indicates that one event is the result of another event. It is important to realise 
that causation is not the same as correlation. Two variables A and B may be related to one another, 
but that does not necessarily mean A causes B.

In fact, the presence of a relationship between A and B may be due to a number of different reasons:

A third variable

Example

As ice-cream sales increase, the number of people at the beach increases.

So do ice-cream sales cause the number of people at the beach to increase?

No, this relationship is likely caused by a third variable − hot weather.
● Hot weather results in more people buying ice-cream.
● Hot weather results in more people going to the beach.

Confounding variables

Example

The less a student attends lectures, the higher the score they get on the exam.

So does attending less lectures cause the student to do better on the exam?

No, this relationship could be caused by a hidden factor.
● The student could watch the lectures online because the lecturer speaks too fast and the

student is unable to take notes. By watching the lectures online, the student is able to pause the
lecture and not miss any information.

Coincidence

Example

The more clothes an individual owns, the more hours they work per week.

So does owning more clothes cause the individual to work more?

No, but a data set might show a relationship like this due to coincidence.

It is only by chance there is a correlation between these two variables.

worked example 4 (1 mark)

The more time an athlete spent warming up, the worse they performed in a 100 metre race. 
Give a reason why this occurs.

LESSON 13C

The Pearson correlation coefficient
The key skills you will learn in this lesson are:

1. Correlation and causality

2. Interpreting Pearson’s correlation coefficient

3. Finding Pearson’s correlation coefficient with CAS

VCAA key knowledge point:

“the Pearson correlation coefficient  r,
calculation and interpretation, and correlation 
and causation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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SolUTIoN

Step 1 Consider the possibility of a third variable 
influencing the results.

The third variable must influence both time 
spent warming up and the athletes performance 
in the race.

Time cannot be influenced by another variable, 
therefore a third variable does not exist for  
this case.

Step 2 Consider the possibility of a confounding variable.

A confounding variable is that the longer the 
athlete spent warming up, the more tired they 
became, and the worse they performed in the 
100 metre race.

Step 3 Consider the possibility of coincidence.

If no solutions were reached in steps 1 and 2, 
with no evidence to support a causal relationship 
between the two variables, then the correlation in 
question is likely due to pure chance.

In this case, a confounding variable was found.

Step 4 Make a conclusion by summarising the 
above answers.

A plausible explanation is that the longer the 
athlete spent warming up, the more tired they 
became, and the worse they performed in the 
100 metre race.

2. Interpreting pearson’s correlation coefficient

Recall that in the last chapter, terms such as strong, moderate, and weak were used to describe 
the strength of the relationship between two variables.

Pearson’s correlation coefficient is a numerical measure of the strength of the linear 
relationship between two variables, denoted by  r.

The properties of  r  are outlined below:

1.  r  must be between −1 and 1 ( − 1 ≤ r ≤ 1 )
2. If  r  is positive, the direction of the relationship is positive.
3. If  r  is negative, the direction of the relationship is negative.
4. The closer  r  is to −1 or 1, the stronger the strength of the relationship. Likewise, the closer  r  is to 0, the weaker

the strength of the relationship.

No relationship

Moderate
negative

Weak
negative

Weak
positive

Moderate
positive

Strong
positive

Strong
negative

–1
0

1
0.75–0.75 0.50–0.50 0.25–0.25

 𝒓-value Type of relationship

r = −1 Perfect negative linear relationship

−1 <  r ≤ −0.75 Strong negative linear relationship

−0.75 <  r  ≤ −0.50 Moderate negative linear relationship

−0.50 <  r  ≤ −0.25 Weak negative linear relationship

−0.25 <  r  ≤ 0.25 No relationship

0.25 ≤  r  < 0.50 Weak positive linear relationship

0.50 ≤  r  < 0.75 Moderate positive linear relationship

0.75 ≤  r  < 1 Strong positive linear relationship

r = 1 Perfect positive linear relationship

This new information can be applied to scatterplots and an  r -value can be assigned to measure 
the strength of the relationship between variables.

618 13C The PeArson CorrelATion CoeffiCienT

© Edrolo 2020



 r = 1    r = −1 

x

y

  x

y

 r = 0.75    r = −0.75 

2 4 6 8 10
x

2

4

6

8

10

12

y

  2 4 6 8 10
x

2

4

6

8

10

y

 r = 0.50    r = −0.50 

2 4 6 8 10
x

2

4

6

8

10

12

14

y

  2 4 6 8 10
x

2

4

6

8

10

12

14

y

 r = 0.25    r = −0.25 

2 4 6 8 10
x

5

10

15

20

y

  2 4 6 8 10
x

5

10

15

20

25

30

35

y

 r = 0 

2 4 6 8 10
x

50

100

150

y

 13C The PeArson CorrelATion CoeffiCienT 619

© Edrolo 2020



worked example 5 (1 mark)

Bailey observed the relationship between the number of cars that passed his house and the 
number of events in his town that day. He found that  r  = 0.78. Explain what this value represents 
in terms of strength, direction, and form.

SolUTIoN

Step 1 Determine the value of  r , between −1 and 1, and 
refer to the diagram above for the approximate 
strength and direction of the correlation.

Between 0.75 and 1, a strong, positive 
relationship exists.

0.78 is between 0.75 and 1, therefore  r  = 0.78 
also has a strong positive relationship.

Step 2 Recall that  r  measures the strength of 
linear relationships.

Therefore, the correlation is linear.

Step 3 Summarise the relationship by linking the above 
results together.

The correlation between the number of cars 
that pass Bailey’s house on a Saturday and the 
number of events in his town that Saturday is 
strong, linear and positive.

3. Finding pearson’s correlation coefficient with CaS

Pearson’s correlation coefficient  r  can be calculated by hand, using the formula:

r =   1 _ n − 1  ∑ 
 

 (
𝑥 − ¯ 𝑥 ______  s𝑥

   )(
𝑦 −   ̄  _____  s𝑦

   ) 

	●  n : number of data points
	●  𝑥: an  𝑥-value
	●  𝑦: a  𝑦-value
	● ¯ 𝑥 : mean of the  𝑥-values
	● ¯ 𝑦 : mean of the  𝑦-values
	● s𝑥    :  standard deviation of the  𝑥-values
	● s𝑦    :  standard deviation of the  𝑦-values

However, for General Mathematics,  r  will be found only using the calculator.

It is important to remember that  r  can only be calculated if the correlation is linear.

 r  is also heavily influenced by the presence of outliers in small data sets.

worked example 6 (1 mark)

Calculate the Pearson correlation coefficient of the following data set.

𝒙 23.1 9.8 12.4 12.2 43.5 4.3 12.4 6.7 9.9
𝒚 12.4 32.5 32.6 12.6 23.6 23.6 23.6 23.6 12.6

SolUTIoN: TI-NSpIre

Step 1 Open a new spreadsheet page by pressing 
 +  , then  ('Lists and Spreadsheets').

Step 2 In the top row, label column A as  𝑥 and column
B as  𝑦. Enter the data into the corresponding  𝑥
and  𝑦 columns as shown on the right.
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Step 3 Press  then  (‘Statistics’) then  
('Stat calculations') and then  ('Linear 
Regression (a+bx)').

Step 4 In the 'X List' and 'Y List' entries, select the titles 
of the columns you created previously.  
In this case, it will be  𝑥 and  𝑦. This generates the
screen below.

Step 5 Press  to yield a list of values for the data 
set. Scroll down to find the value of  r , and read 
off the answer.

We find the  r -value is −0.098959. Rounded to 2 
decimal places, this is −0.10.

SolUTIoN: CaSIo ClaSSpad

Step 1 From the menu, select .

Step 2 Input the  𝑥-values into 'list1' and the  𝑦-values
into 'list2'.

Step 3 Using the stylus, Select 'Calc', then 'Regression', 
and finally 'Linear Regression'.

Step 4 Press . This produces the screen below. 
Read off the r-value from the answer screen.

We find the  r -value is −0.098959. Rounded to 2 
decimal places, this is −0.10.

Questions 13C The Pearson correlation coefficient

Refresher question

Q1. Describe the strength of the relationship between the number of cars on the road and the number  
of clouds in the sky.

a. Strong

B. Moderate

C. Non-existent
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1. Correlation and causality

Q2. If there is a strong linear relationship between two variables, does this mean one variable  
causes the other?

Q3. Michael notices the more popular a television show is, the more unfavourable reviews it has.  
Which of the following options could be a reason why this relationship exists?

a. The more popular a television show is, the more disliked it is.

B. The more popular a television show is, the more liked it is.

C. The more popular a television show is, the more reviews it has, both favourable and unfavourable.

d. The more popular a television show is, the more favourable reviews it has.

Q4. The more cheeseburgers sold, the greater the height of the tide that evening.  
Why might this correlation exist?

a. A third variable

B. A confounding variable

C. Selling more cheeseburgers causes the tide to rise

d. Coincidence

Check your understanding

Q5. A study claims that the sweeter the snack, the more energy it contains. Jeremy decided to test this claim 
by eating very sweet candy. However, Jeremy felt tired immediately after.  
What is a possible confounding variable?

Skill

Application

Application

Application

2. Interpreting pearson’s correlation coefficient

Q6. The Pearson correlation coefficient must lie between what values?

a. 1 and 10

B. 0 and 1

C. −1 and 1

d. 0 and 10

Q7. Describe the strength, direction and form of the following correlation coefficients.

a)  r  = 0.5

b)  r  = 0.69

c)  r  = −0.20

Check your understanding

Q8. For the scatter plot on the right, Travis estimated 
that the correlation coefficient must be around 
0.8. Is he correct? Why or why not?

Skill

Skill

Application
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Q9. a) Predict which scatterplot will have the larger correlation coefficient.

a.  B. 

b) Estimate the approximate  r  values for each scatterplot.

Skill
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3. Finding pearson’s correlation coefficient with CaS

Q10. What is Pearson’s correlation coefficient a measure of?

a. The strength of the non-linear relationship between two variables

B. The strength of the linear relationship between two variables

C. The form of the relationship between two variables

d. The impact of one variable on another

Q11. Using a calculator, find Pearson’s correlation coefficient  r  for the following data sets, correct to two 
decimal places.

a) 

b) 

c) 

Check your understanding

Q12. Sam is researching a disease called Whitescale. He conducted a trial with eight subjects, and observed 
that the weaker the host’s body, the more severe the symptoms of Whitescale.

Strength of host’s body (0–10) 1.2 9.8 7.6 2.4 4.5 5.8 6.4 0.1

Severity of Whitescale (0–10) 9.7 0.4 4.3 8.8 7.1 6.5 5.3 9.3

a) Calculate the Pearson correlation coefficient for this data set, correct to two decimal places,
and verify Sam’s observation.

b) A new subject, Jora, contracted Whitescale with a severity level of 10. Sam found that Jora did
not have any physical strength. Sam decided to conduct the trial again, now with 9 subjects,
including Jora. Without doing any calculations, predict whether the value of  r  for this second
trial will have greater or less strength than the first trial.

c) Explain the reason for your prediction in part b).

Skill

Skill

𝒙 24.1 43.1 12.2 23.1 86.4 32.4 0.9 1.1 4.5
𝒚 12.4 32.5 65.6 101.3 109.2 107.8 23.4 23.6 12.6

Income per annum  𝒚 100 000 123 600 280 900 350 000 193 230 80 125 56 010

University GPA  𝒙 6.5 5.4 6.7 7.0 3.4 2.5 3.2

Number of hours spent exercising per week 23.0 25.6 40.1 32.5 11.0 8.6 15.4 10.0

Average number of hours of sleep per night 8.2 9.2 15.6 12.6 6.3 5.4 7.0 8.9

Application
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Joining it all together

Q13. At a fast food restaurant, the following poster is displayed on the wall.

Relationship between customer satisfaction
and burger patty size
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a) Predict the Pearson correlation coefficient value for the scatterplot and explain why you chose  
that value, incorporating strength, direction and form in your answer.

b) Matt, the chef at the restaurant, measured the size of his patties after he cooked them and seven 
customers were asked to rate their satisfaction with the meal on a scale from 0 to 20.  
The following data set was obtained. 

Diameter of burger patty (cm) 15.7 20.3 16.7 18.4 1.2 10.0 18.3

Customer satisfaction level (0-20) 19.0 20.0 16.2 18.5 0 11.1 19.0

Find the Pearson correlation coefficient,  r.

c) Is the above an example of cause or correlation? Explain your reasoning.

Application
3 marks

VCaa question

Q14. The table shows the hourly rate of pay 
earned by 10 employees in a company in 
1990 and 2010.

The value of the correlation coefficient,  r,  
for this set of data is closest to

a. 0.74

B. 0.86

C. 0.92

d. 0.93

e. 0.96
VCAA 2013 Exam 1, Core: Data analysis. Q8

Employee
Hourly rate of pay ($)

1990 2010

Ben 9.53 17.02

Lani 9.15 16.71

Freya 8.88 15.10

Jill 8.60 15.93

David 7.67 14.40

Hong 7.96 13.32

Stuart 6.42 15.40

Mei Lien 11.86 19.79

Tim 14.64 23.38

Simon 15.31 25.11

1 mark
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Questions from multiple lessons

Q15. A frozen drinks store is monitoring their sales over the summer. They notice that the higher the 
temperature on a particular day, the more drinks that are sold.

State the explanatory and response variables in this situation and the direction of correlation between 
the variables.

a. Explanatory variable:   temperature
Response variable:  drinks sold
Positive correlation

B. Explanatory variable:   drinks sold
Response variable:  temperature
Positive correlation

C. Explanatory variable:   temperature
Response variable:  drinks sold
Negative correlation

d. Explanatory variable:   drinks sold
Response variable:  temperature
Negative correlation

e. No relationship

Q16. A rare coin was bought for $4500 in 2009.

In 2019, it sold at auction for $6000.

What is the increase in value, as a percentage of the original purchase price? Round your answer to one 
decimal place.

a. 3.3%

B. 25.0%

C. 33.3%

d. 66.7%

e. 75.0%
VCAA 2015 Exam 1 Module 4: Business-related mathematics Q2 – Adapted

Q17. Sonya is starting a 30-day skipping program. She records the  time spent skipping  (mins) per day over the 
first six days, as well as the number of  calories burned.

Time spent skipping (mins) 5 7 3 8 12 4

Calories burned 51 72 30 78 122 39

a) Create a scatterplot using the data above. (1 mark)

b) Describe the correlation in terms of strength, direction and form. (1 mark)

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

2 marks
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1. Least squares regression model

The least squares regression model builds on the ‘line of best fit by eye’ covered in chapter 9.

Using the mean, standard deviation and Pearson’s correlation coefficient for the two variables, 
the process of least squares regression creates a very accurate line of best fit for the data. 

It works by minimising the total area of squares that have side lengths equal to the vertical 
distance between the points and the line, hence the name ‘least squares regression model’.

The difference between the data points and the line of best fit are known as the residuals. 

Outliers must be discarded for the model to be effective.
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The line that creates the minimum summed area of the squares is the line of best fit. 

Least squares regression by hand

The line of best fit is in the form:

 y = a + b𝑥 

where  𝑥 is the explanatory variable and  y  is the response variable.

The slope  b  is given by:

 b =  
r  sy____
 s𝑥

 

The intercept  a  is given by:

 a =   ̄  y  − b¯ 𝑥  
	● s𝑥    and   sy    are the standard deviation of variable  𝑥 (explanatory) and variable  y  (response) .
	● ¯ 𝑥  and    ̄  y   are the mean of variable  𝑥 (explanatory) and variable  y  (response) .
	●  r  is the Pearson’s correlation coefficient for the two variables.

Once  a  and  b  are found, they are substituted into the first equation, creating a linear equation. 
Then  𝑥 and  y  are replaced with the explanatory and response variables respectively.

Calculating the line of best fit using the least squares regression model by hand is not necessary 
in this course, but computing it using CAS is a required skill.

LESSON 13D

Least squares regression
The key skills you will learn in this lesson are:

1. Least squares regression model

2. Interpretation of regression lines

VCAA key knowledge point:

“use of the least squares line to model 
an observed linear association and the 
interpretation of its intercept and slope in the 
context of the data”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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Least squares regression using technology

worked exampLe 7 (1 mark)

Calculate the line of best fit,  in terms of the explanatory and response variables, using the 
following data. Use ‘battery life’ as the explanatory variable. Give all values to 3 decimal places. 

Battery life (hours) 10 12 6 15 18 14 8 10

Price of laptop ($) 2699 3499 689 3199 4899 2399 1299 1499

SoLUTIoN: TI-NSpIre

Step 1 Open a new page by pressing  +  , 
then  (‘Add Lists & Spreadsheets’) .

Step 2 Label column A as the explanatory variable 
‘battery’ and column B as the response variable 
‘price’, and enter the data into the  
subsequent columns.

Step 3 Press  + i and press  (‘Add Data 
& Statistics’) . Add the explanatory variable 
‘battery’ to the horizontal axis and the response 
variable ‘price’ to the vertical axis. A scatter plot 
should appear. 

Step 4 Press  , then ‘Analyze’, ‘Regression’, 
‘Show linear (a+bx) ’ to display the regression 
line on the scatterplot.

The equation of the regression line will be 
displayed alongside the line.

Step 5 Write the equation, and replace  𝑥 and  y  with 
‘battery life’ and ‘price’ respectively.

 y = −1101.475 + 311.761𝑥

 price = −1101.475 + 311.761 × battery life 

SoLUTIoN: CaSIo CLaSSpad

Step 1 Open the  application.

Step 2 Enter the values of battery life under ‘list 1’ and 
the values of price under ‘list 2’.
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Step 3 Press , choose the following settings and 
then press .

Step 4 Press  and a scatterplot will appear.

Step 5 Tap ‘Calc’, ‘Regression’, ‘Linear Reg’, and a ‘Set 
Calculation’ screen will appear. Press .

A ‘Stat Calculation’ screen will appear, showing 
the values of  a  and  b

Remember to change the ‘Linear Reg’ into 
y = a + b𝑥 form.

Step 6 Round the values of  a  and  b  to three decimal 
places, write the equation of the regression line, 
and substitute in the variables.

 a = −1101.475 

 b = 311.761 

 price = −1101.475 + 311.761 × battery life 

Step 7 Press  to plot the regression line on the 
scatterplot previously created.

2. Interpretation of regression lines

When creating a regression line  y = a + b𝑥, the values of a and b provide information about the data.
	● The value of  b  predicts the change in the response variable for a change of one unit in the

explanatory variable, otherwise known as the slope.
	● The value of  a  predicts the value of the response variable when the explanatory variable is

equal to zero, otherwise known as the 𝑦-intercept.
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Questions 13d Least squares regression

Refresher question

Q1. Match the distribution to the line that best conveys its trend. 
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worked exampLe 8 (1 mark)

Using the data from the previous example, find how much it will cost a customer to buy a phone 
with an extra hour of battery life.

0 5 10 15 20
Battery life (hours)

1000

2000

3000

4000

5000

Price ($)

y = −1101.475 + 311.761x

SoLUTIoN

Step 1 Find the equation of the regression line.

Previously worked out:  price = −1101.475 + 311.761 × battery life 

Step 2 Recognise the key information in the question.

The question is asking about the slope of the regression line and therefore the value of  b

The change in the value of the vertical axis (price)  when the horizontal axis (battery life)  
increases by one unit is the slope   b   of the regression line.

Step 3 Interpret the regression line.

The slope   b   of the regression line is 311.761. Therefore a consumer will pay $311.76 for 
an extra hour of battery life.
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1. Least squares regression model

Q2. Use the following data to answer question 2.

𝒙 14 8 3 10 17 16 12 4 6 11

𝒚 13 7 2 11 15 17 13 5 6 10

a) Create a scatterplot using this data.

b) Estimate a regression line in terms of  𝑥 and  y

c) Find the actual regression line, using the least squares model, in terms of  𝑥 and  y.
Give all values within your answer to three decimal places.

Q3. The driver of an ice cream van wants to compare the maximum temperature of each day for a week 
during summer to his number of sales.

Max temperature (°C) 26 29 34 28 31 42 36

Sales 28 53 94 50 76 153 107

a) Find the regression line, using the least squares model, in terms of 𝑥 and 𝑦.  
Give all values within your answer to three decimal places.

b) Find the regression line, using the least squares model, in terms of the two variables.  
Give all values within your answer to three decimal places.

Check your understanding

Q4. A principal aims to collect data regarding her pupils’ interests while at school. She picks ten random 
students for a survey, and asks how many hours they spend doing art work and maths work throughout 
a particular week. The following table displays the data she collected.

Hours of maths work completed 0 8 4 15 3 7 10 2 0 12

Hours of art work completed 7 2 5 16 6 3 0 9 1 1

a) Create a scatterplot with this data, using hours of maths work completed as the explanatory variable. 

b) Calculate the regression line of the data, using the least squares model, in terms of the variables.  
Give all values within your answer to three decimal places.

c) There are two outliers present in this data. Recalculate the regression line, in terms of the variables, 
after removing the two outliers. Give all values within your answer to three decimal places.

Skill

Application

Application
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2. Interpretation of regression lines

Q5. Identify, for each of the regression lines below, whether the values of  a  and  b  will be positive or negative.

a)  b) 

c) 

Q6. The following scatterplot displays the 
relationship between a household’s income 
and the number of children within 
the household.

a) Give the regression line in terms of the
two variables with the value of  b in
decimal form.

b) According to the regression line, how
many children would a household
without an income have?

Check your understanding

Q7. The regression line of the relationship between an amateur football team’s average number of players 
attending training and their total season wins is:

 total wins = 4 + 0.5 × training attendance 

a) One particular team decides training isn’t worth the time, and cancels it altogether. According to the
regression line, how many wins would they expect to have throughout the season?

b) How many wins does each player add to the tally, on average, purely by turning up to training
each week?

Skill

y = a + bx
y = a + bx

y = a + bx

Application
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Joining it all together

Q8. The following data displays the share (%)  of transport that cyclists take up in a sample of European cities, 
and the pollution index of those cities. The pollution index rates cities out of 100 based on how polluted 
their air is. A pollution index of 100 means the city is extremely polluted.

Cyclists’ share (%) 5 2 13 3 1 35 2 32

Pollution index 65.92 59.92 42.23 65.14 67.17 21.30 53.51 30.06

a) Find the regression line, in terms of the variables, using the least squares regression model.  
Give all values within your answer to three decimal places.

b) According to the regression line, what would be the pollution index of a European city without 
any cyclists? Give your answer to three decimal places.

c) According to the regression line, what is the change in the pollution index for every extra percent of 
cyclists’ share within a European city? Give your answer to three decimal places.

Q9. The following data displays the average daily 
maximum temperatures for the major cities 
in Australia, and the degrees latitude (South)  
that the cities are situated.

Latitude is a measure of distance from the 
equator, but it is measured in angles.

Latitude has a value of 0° at the equator, 90°N 
at the north pole and 90°S at the south pole.

The higher the magnitude of the latitude, the 
further away the location is from 
the equator.

City Sydney Melbourne Brisbane Adelaide Perth Hobart Darwin Canberra

Average daily 
maximum 
temperature (°C)

22.3 20.1 25.3 22.1 24.5 17.2 32.1 19.7

Latitude (°S) 33.87 37.81 27.47 34.93 31.95 42.82 12.46 35.28

a) Find the regression line, in terms of the variables, using the least squares regression model.  
Give all the values within your answer to three decimal places.

b) According to the regression line, what is the change in temperature for every degree of latitude 
travelled south? Give your answer to three decimal places.

c) According to the regression line, what would the average daily temperature be at the equator?  
Give your answer to three decimal places.

Application
3 marks

Application
3 marks
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VCaa questions

Q10. The maximum temperature and the minimum temperature at this weather station on each of the 30 
days in November 2011 are displayed in the scatterplot below. 
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The correlation coefficient for this data set is  r = 0.630 .

The equation of the least square regression line for this data set is 
 maximum temperature = 13 + 0.67 × minimum temperature

a) Interpret the vertical intercept of the least squares regression line in terms of maximum
temperature and minimum temperature.

b) Interpret the slope of the least squares regression line in terms of maximum temperature and
minimum temperature.

Adapted from VCAA 2012 Exam 2, Core. Q2 b,d

Q11. The scatterplot below shows the population and area (in square kilometres)  of a sample of inner 
suburbs of a large city.
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The equation of the least squares regression line for the data in the scatterplot is 
population = 5530 + 2680 × area

Interpret the slope of this least squares regression line in terms of the variables 
‘area’ and ‘population’.
Adapted from VCAA 2014 Exam 2, Core. Q2c

2 marks

2 marks
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Questions from multiple lessons

Q12. The following scatterplot and least squares 
regression line show the relationship 
between the time spent in the gym per week 
and bicep circumference.

By inspection, the value of the correlation 
coefficient ( r )  for this data is closest to

a. 0.98

B. 0.73

C. 0.16

d. −0.45

e. −0.83
VCAA 2010 Exam 1 Data analysis Q7 – Adapted

Q13. Kingsley invests $25 000 at 1.5% per annum with interest compounding monthly.

The value of Kingsley’s investment at the end of the fifth month is closest to

a. $25 157

B. $25 218

C. $26 932

d. $45 051

e. $50 284
VCAA 2014 Exam 1 Module 4: Business-related mathematics Q8 – Adapted

Q14. Nick and Vickie are artists. Together they sold 34 artworks last financial year. The distribution of the 
sale prices of these artworks is shown in the dot plot and boxplot.

0 3000 6000 9000 12 000 15 000
Sale price ($)

0 3000 6000 9000 12 000 15 000
Sale price ($)

a) Describe the shape of the distribution of the sale prices of the 34 artworks. (1 mark)

b) Determine the value of the lower fence. (1 mark)

VCAA 2018 Exam 2 Data analysis Q1 – Adapted
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Difficulty:

1 mark

Difficulty:
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Difficulty:
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1. Interpolation and extrapolation

When a regression line is found, predictions can be made 
by substituting values of the explanatory variable or 
response variable into the equation.

Interpolation is the process of predicting values that are 
within the domain of the data (between the smallest 
and largest value of the explanatory variable). This was 
previously covered in lesson 9D.

Extrapolation is the process of predicting values that 
are outside the domain of the data (smaller than the  
smallest value or larger than the largest value of the 
explanatory variable). This was previously covered  
in lesson 9E.

worked example 9 (2 marks)

When producing between 0 and 8000 products, a factory’s costs take the equation:

 costs = 4500 + 3 × products produced 

a) The factory spent $34 500. How many products did it produce?

b) Was this prediction made using interpolation or extrapolation?

SolUTIoN

a) The factory spent $34 500. How many products did
it produce?

Step 1 Substitute $34 500 into the equation.

 34 500 = 4500 + 3 × products produced 

Step 2 Find the number of products produced by 
the factory.

 34 500 = 4500 + 3 × products produced 

 30 000 = 3 × products produced 

 products produced =  30 000________
3 

 products produced = 10 000 

b) Was this predication made using interpolation
or extrapolation?

Step 1 Is the predicted value within or outside the 
domain of the data?

This regression line is based upon data values 
between 0 and 8000 products produced. 
The prediction was that 10 000 products would 
have been produced if the cost was $34 500. 
This prediction is outside the domain of the data.

Step 2 Determine whether the prediction was made 
using interpolation or extrapolation.

Because the predicted value is outside the 
domain of the data, the prediction was made 
using extrapolation.
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LESSON 13E

Predictions and limitations of models
The key skills you will learn in this lesson are:

1. Interpolation and extrapolation

2. Limitations of regression line predictions

VCAA key knowledge point:

“use of the model to make predictions and 
identify limitations of extrapolation”
Mathematics Area of Study key knowledge points derived 
from VCE Mathematics Study Design 2016-2020 p.22; 
© The Victorian Curriculum and Assessment Authority 
(VCAA). Used with permission.
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2. limitations of regression line predictions

Predictions based upon regression lines are not always accurate.
	● A regression line based upon a small sample of data is unreliable as the data can contain biases 

or lack diversity. The larger a data set is, the less likely it is that these problems will occur.
	● A regression line based upon data with a Pearson’s correlation coefficient between −0.5 and 0.5 

will provide little insight into the relationship between variables, as a prediction based upon a 
weak trend cannot be reliable.

	● When extrapolating, predictions may not be accurate as they are outside the domain of data, 
and therefore are based on a trend that is not proven to continue over all possible values. 
Extrapolating can provide some level of insight if relatively close to the domain of the data set.

0 10 20

10

20 Unreliable
prediction

0 10 20

10

20

Unreliable
prediction

0 10 20

10

20

Unreliable
prediction

worked example 10 (1 mark)

Interpolation was used to predict a point within a data set of 1000 values. The data has a  
Pearson’s correlation coefficient value of 0.39. Why might this prediction be unreliable?

SolUTIoN

Step 1 Check for sample size.

1000 participants is a large sample size, 
and therefore reliable.

Step 2 Check for correlation.

The value of  r  is 0.39. This is a weak positive 
correlation and therefore makes the  
prediction unreliable.

Step 3 Check that the prediction is within, or close to 
the domain of the data.

This is an example of interpolation, 
which is reliable.

Step 4 Summarise.

The prediction may be unreliable due to the 
weak correlation between the variables.

Questions 13e Predictions and limitations of models

Refresher question

Q1. What is the domain of the following data set?
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1. Interpolation and extrapolation

Q2. Predict the value of the response variable 
from the following regression line, given the 
value of the explanatory variable is four.

Q3. Predict the value of the explanatory variable from the following regression line, to three decimal places, 
given the value of the response variable is ten.

 response variable = 2.605 + 0.626 × explanatory variable 

Q4. An artist collects data on the amount of time, in hours, he spends on each individual artwork, and the 
artworks’ individual selling prices, in dollars. He finds the regression line of his data, between 10 and 
100 hours, to be:

 selling price = 3621 + 62 × time spent 

a) Predict the selling price of an artwork that took 35 hours to create, and determine whether this
prediction used interpolation or extrapolation.

b) An artwork sold for $10 000. Determine whether the artwork took over or under 100 hours to create,
and also determine whether this prediction used interpolation or extrapolation.

Check your understanding

Q5. Emilie thinks that her results on school tests, as a percentage, might be linked to the time she spends  
on Netflix, in hours, the night before the test. She finds that the trend has the regression line, between 0 
and 8 hours, of:

 results = 97.2 − 4.8 × hours spent on Netflix 

a) Predict Emilie’s test result if she spends 4 hours on Netflix the night before a test, and determine
whether this prediction used interpolation or extrapolation.

b) Emilie fell sick and spent 14 hours and 45 minutes on Netflix one night. Predict Emilie’s result on
the maths test the next day, and determine whether this prediction used interpolation or extrapolation.

c) Emilie got her English test back and scored 75.6%. Estimate how many hours and minutes Emilie
spent on Netflix the night before the English test, and determine whether this estimation used
interpolation or extrapolation.
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Application

Application

2. limitations of regression line predictions

Q6. From which of the following regression lines would predictions be most reliable?

a.  B.  C. Skill
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Q7. Explain the limitations of the following predictions:

a) There should be 86 people at the
beach on a day in which the maximum
temperature is 44°C.
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b) A clock that has deviated 30 seconds from the
correct time should be 36 years old.
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c) A player with $180 boots should score 11 goals.
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Q8. The regression line on the right is used to 
interpolate the number of cups of coffee a 
person drinks by the hours of sleep they 
got the night before. Explain whether this 
prediction would be reliable or not.

Check your understanding

Q9. The following regression line describes the average time in which headphones last, in days, in relation to 
their price, in dollars. The data consisted of 500 different headphones, between $10 and $200, and the 
value of the Pearson’s correlation coefficient of the data was 0.78.

 duration of headphone functionality = 33 + 3 × price 

Are there any limitations to predicting the price of headphones that last two years? Explain your answer.

Application

Application
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Joining it all together

Q10. The following regression line details the number of surfers at two Australian beaches in relation to the 
speed of the wind, in metres per second. The data was collected every day of a week during summer, 
with the speed of the wind varying from 0 m/s to 20 m/s.

Surfers Paradise:  number of surfers = 3 + 4 × speed of wind   r = 0.82 

Bondi Beach:   number of surfers = 1 + 5 × speed of wind r = 0.79 

a) Predict the speed of the wind given there are 71 surfers at Surfers Paradise. Determine whether the
prediction used interpolation or extrapolation.

b) A hurricane has winds of 32 m/s. Predict how many surfers would endure those conditions at
Surfers Paradise and Bondi Beach. Find the difference between the two.

c) Using the results from part b), explain how extrapolating data can give unreliable predictions.

d) With reference to the sample diversity of this data, explain how making predictions based upon a
small sample size can be unreliable.

Q11. The following regression line displays the relationship between the box office revenue and budgets of 
the highest grossing movies, in dollars.

 box office revenue = 58 000 000 + 2.6 × movie budget 

The data is based upon 200 movies, with budgets between $20 million and $200 million. The value of the 
Pearson’s correlation coefficient of the data was 0.43.

a) Predict the box office revenue of a movie that had a budget of $225 million, and determine whether
the prediction used interpolation or extrapolation.

b) Predict the budget of a movie that has a $348 million box office revenue, to the nearest dollar,
and determine whether the prediction used interpolation or extrapolation.

c) Are there any limitations of this regression line, regarding its ability to interpolate values?
If so, explain.

Application
4 marks

Application
3 marks

VCaa question

Q12. To investigate the difference in life 
expectancies between residents of Australia 
and the UK, least squares regression lines 
were fitted to data from the period between 
1975 and 2010.

The results are shown on the right.

The equations of the least squares 
regression lines are as follows.

Australia: 
 life expectancy = −451.7 + 0.2657 × year 

UK: 
 life expectancy = −350.4 + 0.2143 × year 

a) Use these equations to predict the difference between the life expectancies of Australia and the UK
in 2030. Give your answer correct to the nearest year. (2 marks)

b) Explain why this prediction may be of limited reliability. (1 mark)

Adapted from VCAA 2015 Exam 2, Core. Q5bi,bii

1975

83

82

81

80

79

78

77

76

75

74

73

72

1980 1985 1990 1995 2000 2005 2010

Australia
UK

3 marks
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Questions from multiple lessons

Q13. Olajide plays FIFA Ultimate Team, a video game based on the sport of soccer. He records the coin value 
(an in-game currency) of his last 10 opponents’ teams, along with the goal difference of the games.

The results can be seen in the following scatterplot. A least squares regression line has been added with 
value of opponent′s team  as the explanatory variable.

G
oa

l d
i�

er
en

ce

Value of opponent’s
team (000’s coins)

3

–3

2

1

0

–1

–2

200 400 600 800

The equation of the regression line is closest to

a.  goal difference = 2.11 − 0.0000063 × value of opponent′s team

B.  goal difference = 1.81 − 0.0000063 × value of opponent′s team

C.  value of opponent′s team = 2.11 − 0.0000063 × goal difference

d.  value of opponent′s team = 1.81 + 0.0000063 × goal difference

e.  value of opponent′s team = 1.81 − 0.0000063 × goal difference
VCAA 2017 Exam 1 Data analysis Q8 – Adapted

Q14. Each year, the value of a rare Italian violin increases by 5.5%.

In 2019, the violin has a value of $170 500.

In 2017, the value of the violin was closest to

a. $151 790 B. $152 261 C. $153 186

d. $153 649 e. $189 771
VCAA 2013 Exam 1 Module 4: Business-related mathematics Q6 – Adapted

Q15. The table below shows the number of  cricket players at training  and the  temperature  on the day of those 
training sessions.

Temperature (°C) 22 32 18 19 28 34 23 19 20

Cricket players at training 31 25 42 40 28 17 30 38 33

a) Determine the equation of the least squares regression line that can be used to predict the number
of  cricket players at training  from the  temperature . The equation should be in the form

 cricket players at training = a + b × temperature

Give values correct to two decimal places. (1 mark)

b) There is also a relationship between the number of  patrons at the cricketers′ bar  and the  temperature.
The equation of the least squares line is

 patrons at the cricketers′ bar = −33.46 + 3.27 × temperature

Interpret the slope of the regression line in terms of the variables  patrons at the cricketers′ bar
and  temperature  (1 mark)

VCAA 2017 Exam 2 Data analysis Q3a,bii – Adapted

Difficulty:

1 mark

Difficulty:

1 mark

Difficulty:

2 marks
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Answers



1A

1  N = 23

2 a i No ii No

 iii No iv No

 v No

b Yes

3 a Yes b No c No

d Yes e No f No

4 a Yes b Yes

5 a  a = 2 × (2) + 3 b a = 7 

6 a i  p = (1) − 4 ii p = −3

b i  f =  1 __ 3 (9) + 7 ii f = 10 

c i  h = −2.3(1.7) + 11 

c ii  h = 7.09 

7 a  y = 11 b a = −10 c p =   1 __ 4  

8 a 6 b 3.5 minutes c 38°C

9  A = 210(w + 30) 

10 a  ÷ 3, + 5 or  ×  1 __ 3 , + 5

b  − 5, × 3 c 3(y − 5) = 𝑥  or  3y − 15 = 𝑥 

11 a n =  1 __ 2(m − 4) or  n =  1 __ 2 m − 2

b 𝑥 =  1 __ 3(42 − y) or  𝑥 =  14 −  y __ 3  

c  c = 5g − 𝑥 

d w =  1 __ 6(66p − 3q + 66) or  w = 11p − 0.5q + 11

12 a  M = 0.625K 

b d =  1 __ 5(t − 30) or  0.2t − 6 = d 

13 C =  5 __ 9 (F − 32)

 9 __ 5 C = F − 32

   9 __ 5 C + 32 = F

14 a  A = 6 b c = −12 c r = −0.57 

15 a  C = 23.45 b t = 21 

16 a  K = 265 K

b  F = 77 °F

17 p − q =  1 __ r (12s + t) 

 r(p − q) = 12s + t 

 r =  12s + t_________
p − q   

18  𝑦 = 4𝑥 

The valueof𝑦 increases by a set amount, four, every time
𝑥increases by one.

Questions from multiple lessons

19 Graphs and relations

Decoding the question

Keywords: equation, ‘how many weeks’

Relevant lesson: 1A

We needto substitutevaluesintothegivenlinear
equationtofindan unknownvalue, inthiscase the
numberofweeks.

Information we are given

• Thereare 80 marblesinthe bagJonty found.

• Eachweek,Jonty plansto collect2 more.

• M = 80 + 2w

• Jonty nowhas 128 marbles.

Using the theory

Jonty nowhas 128 marbles.

SubstituteM = 128intothegivenequationandsolveforw

128 = 80 + 2w

48 = 2w

w = 24

Jonty has beencollecting marblesfor 24weeks.

Answer

B
✓1 mark for the correct answer

20 Data analysis

Decoding the question

Keywords: dot plot, percentage

Relevant lessons: 2E, 12C

Wemustcountthe numberofmembersthatare15
y earsofage andconvertthisfrequency to apercentage
frequency value.

Information we are given

• Thegiven dotplot

• Thereare 20 members.

Using the theory

Thereare4memberswithanageof15y ears,
ashighlightedbelow.

Age (years)
11 12 13 14 15 16 17 18 19 2010
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We canconvertthistoapercentageusingtheformula

percentage frequency =  
frequency
 ________________

total frequency
  × 100

percentage frequency = 4_ 20  × 100

percentage frequency = 20%

∴ 20%ofthe members are15 y ears ofage.

Answer

C
	✓1 mark for the correct answer

21a Graphs and relations

Decoding the question

Keyword: linear relation

Relevant lessons: 1A, 1E, 1F

We needtodetermine thelinearequationthatrepresents
Mary ’spurchase.

Information we are given

• She purchased 129 ly chees.

• She purchased 26 dragonfruits.

• She paid$258.80.

• L represents thepriceforeachly chee.

• D represents theprice foreachdragonfruit.

Using the theory

Thelinear relation thatrepresents Mary ’spurchasewill
be inthe form:

total price = number of lychees × cost per lychee 
+ number of dragonfruits × cost per dragonfruit.

Substitutethefollowingintotheequation.

total price = 258.80

number of lychees = 129and cost per lychee = L

number of dragonfruits = 26 and
cost per dragonfruit = D

Theequationis 258.80 = 129L + 26D

Answer

258.80 = 129L + 26D
	✓1 mark for the correct answer

21b Graphs and relations

Decoding the question

Keywords: linear relation, selling price

Relevant lessons: 1A, 1E, 1F

We needtousethe giveninformationto determine the
costofeachly chee.

Information we are given

• AlinearrelationrepresentingAlan’spurchase is
267L + 41D = 484.40.

• Thesellingpriceofeachdragonfruit is$4.00.

Using the theory

TherelationforAlan’spurchase is 267L + 41D = 484.40.
Theequationfound inpartacouldalsobe used.

Sincethesellingpriceforeach dragonfruitis$4.00,
substituteD = 4 into 267L + 41D = 484.40 andsolve
forL

267L + 41(4) = 484.40

267L = 484 . 40 − 164

L =  484.40 − 164_______________
267 

L = 1.20

Thesellingpriceforeach ly cheeis$1.20.

Answer

$1.20
✓1 mark for the correct answer

1B

1 𝑦 = −5

2 

3 a

 t (°C) 10 11 12 13 14 15 16 17 18 19 20

 r (mm) 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0

b 17°C

4 

5 a

 w 0 1 2 3 4 5 6 7 8 9 10

 M ($) 350 415 480 545 610 675 740 805 870 935 1000

b 3 weeks c No

6 a 7 b 3

c tn = tn−1 + 3,t0 = 7

7 a tn = tn−1 + 4,t0 = 5

b tn = tn−1 − 4,t0 = 20

c tn = tn−1 + 3,t0 = − 7

8 2,8.5,15,21.5

9 B

10 a tn = tn−1 − 4,t0 = 83

b 79 minutes, 75 minutes, 71 minutes

11 

 n 5 10 15 20 25 30 35 40 45

 p ($) 9.5 17 24.5 32 39.5 47 54.5 62 69.5

 n 5 10 15 20 25 30 35 40 45

 C 850 1600 2350 3100 3850 4600 5350 6100 6850

 n 0 1 2 3 4 5 6 7

 t  n  5 18 31 44 57 70 83 96
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12 a tn = tn−1 − 50, t0 = 620

b 

Alicia has$270onday 8.

13 a

 h (m) 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

 V  (m3) 3.1 3.8 4.4 5.0 5.7 6.3 6.9 7.5 8.2 8.8 9.4

b Yes

14 a 

b Week 11

15 a 

b 2 secondsand8seconds

Questions from multiple lessons

16 Graphs and relations

Decoding the question

Keywords: total number, rule

Relevant lesson: 1A

Thisquestionrequires usto substitutevaluesinto
thegivenlinearequationtodeterminewhichofthe
scenarios iscorrect.

Information we are given

• N = 100 + 65w

• N isthetotal numberoft-shirtsordered.

• wisthe numberofweeksthestore hasbeen open for.

Using the theory

Substitutethe numberofweeksforw into thegiven
equationforeachmultiple-choice option andcompare
to thenumberofweekstodetermine whichonesatisfies
the rule.

A 100after 1week.
100 = 100 + 65(1)

100 ≠ 165
Thisoptionis incorrect.

B 130after 2weeks.
130 = 100 + 65(2)

130 ≠ 230
Thisoptionis incorrect.

C 650after 10weeks.
650 = 100 + 65(10)

650 ≠ 750
Thisoptionis incorrect.

 n (day) 1 2 3 4 5 6 7 8

 t  n (amount, $) 620 570 520 470 420 370 320 270

Week 1 2 3 4 5 6 7 8

Distance (km) 3 5 7 9 11 13 15 17

 t (s) 0 1 2 3 4 5 6 7 8 9 10

 h (m) 1 10 17 22 25 26 25 22 17 10 1

D 975 after15 weeks.
975 = 100 + 65(15)

975 ≠ 1075
Thisoption isincorrect.

E 1075after15 weeks.
1075 = 100 + 65(15)

1075 = 1075
Thisoption iscorrect.

Answer

E
✓1 mark for the correct answer

17 Recursion and financial modelling

Decoding the question

Keywords: deposit, balance, repayments, interest

Relevant lesson: 3C

Thisquestion requires ustodeterminetheamountof
interestpaidforalaptopby calculatingtheamountof
money paidthroughaloanscheme.

Information we are given

• Thelaptopcosts$4000.

• Adepositof$200 waspaid.

• Thebalance willbe repaidwith 20 monthly 
repay mentsof$250.

Using the theory

Calculatethe principalafterthe deposithas been made.

principal = 4000 − 200

principal = 3800

Calculatethe totalamountofmoney repaid.

total repayment = number of monthly repayments 
× value of monthly repayment

total repayment = 20 × 250

total repayment = $5000

Calculatethe amountofinterestpaid,by subtractingthe
principal, P, fromthetotalrepay ment,A

I = A − P

I = 5000 − 3800

I = 1200

Answer

A
✓1 mark for the correct answer

18a Graphs and relations

Decoding the question

Keywords: linear, equation, transpose

Relevant lesson: 1A

Wemustusealgebratotransposethe equation sothat
pisonthelefthandsideoftheequalsign,withouta
coefficient,and therestofthe equation isonthe right
hand sideoftheequalsign.
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Information we are given

• 3d = 26 − 4p

Using the theory

We havetomoveptothe lefthand side oftheequalsign
and thenmanipulate allothervariables,coefficients and
constantssothatpisalone.

Add4ptobothsides.

4p + 3d = 26

Subtract3dfromboth sides.

4p = −3d + 26

Divideboth sidesby 4.

p =  −3d _ 4   + 6.5

Answer

p =  −3d _ 4   + 6.5
	✓1 mark for the correct answer

18b Graphs and relations

Decoding the question

Keywords: linear, equation, ‘what is the price’

Relevant lesson: 1A

We needtosubstitute theknowndistance valueintothe
equationtofindthe priceofacoffeeatthe Louvre.

Information we are given

• 3d = 26 − 4p

• The Louvre is 4.5km away fromthe EiffelTower.

Using the theory

We caneitherusetheequationgiveninthequestionor
the transposed equation foundin parta.

Inthissolutionwewillusetheequationgivenin
thequestion.

Substitute d = 4.5 intotheequation 3d = 26 − 4pand
solveforp

3 × 4.5 = 26 − 4p

13.5 = 26 − 4p

4p = 26 − 13.5

4p = 12.5

p =  12.5 _ 4   = 3.125

note:Thevalueofpcanalsobefound usingthe solve
functionony ourcalculator.

Theprice ofacoffeeattheLouvreis 3.13€, correctto
the nearestcent.

Answer

3.13€
	✓1 mark for the correct answer

1C

1 4

2 80

3 p = 2t

4 V = 350 + 2M

5 C = 534.68 + 0.0047L

6 C = 30 − 2g

7 20, 30

8 $70

9 24

10 a $17.15 b No c 2.9kilometres

11 a A = 500 + 10w b $740

12 75

13 $175

14 320 000litres

15 a 11 metres b 8

16 85

17 60 grams

18 a H = 0.5 +   1 _____ 350  × W,where Histhe numberof

hoursitwill takeJoeto writean essay ofWwords.

H = 0.5 +   1 _____ 350  × 1500

H = 4.79hours

4.79 > 4.5

Joecannotfinishhis essay intime.

∴ Joe isincorrect

b 375

19 V = lwd,whereVis thevolume, in m3,ofa planterbox
thatislmetreslong,wmetreswide,anddmetresdeep.

360 litres=  360 ______ 1000 m
3= 0.36 m3

0.36 = 1.2 × 0.6 × d

d =   0.36 __________
1.2 × 0.6 

∴ d = 0.5 m
20 A

Questions from multiple lessons

21 Recursion and financial modelling

Decoding the question

Keywords: increase, pattern

Relevant lesson: 1B

Thisquestion requiresusto use anarithmeticsequence
todeterminethe numberofpages Sarahwill read
inSeptember.
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Information we are given

• InJanuary ,she reads 12 pages.

• In February , she reads18pages.

• In March,she reads24 pages.

• InApril,she reads30 pages.

Using the theory

Findthe increase inthe numberofpagespermonth.

difference = number of pages in February 
− number of pages in January

difference = 18 − 12

difference = 6

Every month,Sarahwill read 6 more pagesthanthe
previous one.

Findthe numberofpagesSarah will readevery month
from May until September.

number of pages in May = number of pages in April + 6
number of pages in May = 30 + 6
number of pages in May = 36

number of pages in June = number of pages in May + 6
number of pages in June = 36 + 6
number of pages in June = 42

number of pages in July = number of pages in June + 6
number of pages in July = 42 + 6
number of pages in July = 48

number of pages in August = number of pages in July + 6
number of pages in August = 48 + 6
number of pages in August = 54

number of pages in September 
= number of pages in August + 6
number of pages in September = 54 + 6
number of pages in September = 60

Answer

C
	✓1 mark for the correct answer

22 Data analysis

Decoding the question

Keywords: dot plot, median

Relevant lesson: 12E

Thisquestionrequires usto analy se thedotplotto find
the medianvalue.

Information we are given

• Thegiven dotplot

• n = 19

Using the theory

Themedian isthe middlevalue ofa datasetandis

locatedin the(
n + 1 _ 2  )

th
position.Weare givenn = 19.

(
19 + 1 _ 2  ) = (

20 _ 2 ) = 10

Themedian willbethe 10th numberinthe data set.
Thefirst10 numbersarehighlightedbelow.

Distance (m)

n = 19

10 15 20 25 30 35 40

The10th valueislocatedaboveadistance of28m.

Wecan checkthatthis isthe rightanswerby counting
the numberofvaluesabove andbelow thedata point.
Inthis case,thereare 9 datapoints aboveand belowthe
median,meaningwehaveselected thecorrectpoint.

Answer

C
	✓1 mark for the correct answer

23a Recursion and financial modelling

Decoding the question

Keywords: show that, arithmetic sequence, common 
difference, calculation

Relevant lesson: 1B

We needto usethearithmeticsequencetoprovethatthe
common difference is 18.

Information we are given

• Thegiven arithmetic sequence

• Thecommon difference is 18.

Using the theory

Tofindthecommon difference,findthedifference between
twoconsecutivetermsinthearithmeticsequence.

common difference = term2 − term1

Substituteterm2 = 60and term1 = 42 intotheequation.

common difference = 60 − 42

common difference = 18

note:A‘show that’sty leofquestion requires usto
obtainthedesiredvalueorequationwithout usingit in
the working out. Inthis case,wecannot use thecommon
difference to find thenextterm inthesequenceand
subsequently provethatit is thecommon difference.

Answer

common difference = 60 − 42 = 18
	✓1 mark for the correct answer
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23b Recursion and financial modelling

Decoding the question

Keywords: arithmetic sequence, how many

Relevant lesson: 1B

We needtousethe arithmetic sequence andthecommon
differenceto determine thenumberofpush-upsCorey 
will doonthe 6th night.

Information we are given

• Thegivenarithmeticsequence.

• Thecommondifference is18.

Using the theory

Calculatethe numberofpush-upsCorey willdo each
nightstartingfrom night4 up until night6.

Forday 4:
number of push-ups on night 4 
= number of push-ups on night 3 + common difference
number of push-ups on night 4 = 78 + 18
number of push-ups on night 4 = 96

Forday 5:
number of push-ups on night 5 
= number of push-ups on night 4 + common difference
number of push-ups on night 5 = 96 + 18
number of push-ups on night 5 = 114

Forday 6:
number of push-ups on night 6 
= number of push-ups on night 5 + common difference
number of push-ups on night 6 = 114 + 18
number of push-ups on night 6 = 132

Corey willdo 132 push-upsonthe6thnight.

Answer

132
	✓1 mark for the correct answer

1D

1 10

2 (1,3)

3 (2,6)

4 a Week4 b $115

5 

At 𝑥 = 2, y1 = y2 = 1.Therefore,the pairof
simultaneousequationshasa solutionat (2,1).

𝒙 1 2 3
𝒚1 −3 1 5
𝒚2 3 1 −1

6 A

7 a (0,2) b (2,4)

c (−4,−1) d (−4, 2)

8 9:51 am

9 a (−0.25,2.25) b (−1.6, 1.2)

c (−0.75,0.5) d (0.67, −1.33)

10 7

11 j = 14, k = 6

12 $3.75

Questions from multiple lessons

13 Graphs and relations

Decoding the question

Keywords: fixed base wage, equation

Relevant lesson: 1C

Wemustrepresentthissituation using alinearequation
interms ofSand n

Information we are given

• Harry receivesay early fixedbasewageof$100000.

• He receivesanextra $5000foreachconcertheplay s.

• n isthe numberofconcertshe play s inay ear.

• Sis histotaly early salary .

Using the theory

Thevariablesgiven aren,thenumberofconcertsHarry 
play s,andS,Harry ’stotaly early salary .

Hissalary ,S,increases by $5000for every additional
concertplay ed,sothe coefficientofn willbe 5000.

Theconstant inthissituation is thefixed basewageof
$100000.Thiswill berepresented as‘+ 100 000’ in
theequation.

Hence,the equation to representthisrelationship is
S = 5000n + 100 000.

Answer

B
✓1 mark for the correct answer

14 Data analysis

Decoding the question

Keywords: boxplot, percentage

Relevant lesson: 12G

Wemustuseourknowledge ofboxplotsand quartilesto
deducethe percentageofweightsgreaterthan690g.

Information we are given

• The givenboxplot
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Using the theory

First,findthe valueof690gon theboxplot.

690glies onthe leftborderofthe box.Theleftborder
representsthe firstquartile, Q

1

Therefore,Q
1
 = 690.

Weight (g)
660 670 680 690 700 710 720 730 740 750

Q1

Weknowthat25%ofthedataliesbelowQ1

asshownbelow.

Q1 Median Q3

25% 25% 25% 25%

Hence,therestofthedatamustlieaboveQ1

Thisremainingpercentageis100% − 25% = 75%

∴ 75%ofmeerkatshavea weightgreaterthan690g.

Answer

D
	✓1 mark for the correct answer

15a Graphs and relations

Decoding the question

Keywords: amount, percentage

Relevant lessons: 1A, 1C

We needto usealinearequation andourknowledge of
percentages todeterminetheamountofmoney thatthe
group offriendscontributed towardsvenuecosts.

Information we are given

• Thegiven table

• Thegroup offriends spent$880onadultticketsand
$360on childtickets.

Using the theory

Inregardsto theprofitreceived,thetable detailsthat
40%ofthe money receivedforadulttickets and30%for
childtickets is allocatedtowards venue costs.

Write anequationbased onthisinformation.

venue costs = 0.4 × adult tickets + 0.3 × child tickets

Substituteadult tickets = 880andchild tickets = 360
intothis equation.

venue costs = 0.4 × 880 + 0.3 × 360

venue costs = 352 + 108

venue costs = 460

Answer

$460
✓1 mark for the correct answer

15b Graphs and relations

Decoding the question

Keywords: how much, percentage

Relevant lessons: 1A, 1C

We needto usealinearequationandthe valuesweare
given tofind howmuch money wasspentonadulttickets
by thegroup offriends inquestion.

Information we are given

• Thegiven table

• Thegroupoffriendscontributed$402 instaffwages.

• Thegroupoffriendspurchased$180worth of
childtickets.

Using the theory

The tabledetailsthat50%ofthe money receivedforadult
ticketsand40%forchildticketsisallocatedtostaffwages.

Write anequationbased on thisinformation.

staff wages = 0.5 × adult tickets 
+ 0.4 × child tickets

Substitutestaff wages = 402 andchild tickets = 180.

402 = 0.5 × adult tickets + 0.4 × 180

0.5 × adult tickets = 402 − 0.4 × 180

adult tickets =  402 − 0.4 × 180__________________
0.5 

adult tickets = 660

Answer

$660
✓1 mark for the correct answer

1E

1 3

2 a 𝑥 = 4,y = 3 b 𝑥 = 2,y = 5

3 a 𝑥 = 5,y = 1 b 𝑥 = 1,y = − 3

c 𝑥 = 9, y = 2 d 𝑥 = 6, y = − 10

4 (3,7)

5 a Equation(2)isintheformy = m𝑥 + c
thereforesubstitutionisappropriate.

b 𝑥 = −1,y = 3

6 a 𝑥 = 2, y = 4 b 𝑥 = 1, y = 3

c 𝑥 = −1,y = 1 d 𝑥 = 3,y = 2

7 a 𝑥 = 3,y = −2 b 𝑥 = 3,y = −2
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8 a 𝑥 = 5,y = 2 b 𝑥 = − 3,y = 3

c 𝑥 = 4, y = −2 d 𝑥 = 1, y = 3

9 Vegemite: $4.50, Nutella:$6.00

10 a Substitution b Substitution

c Elimination d Substitution

e Elimination f Elimination

11 a Elimination b Small: $2.50, Large:$4.00

12 Sugar: 200 g,Flour: 120g

Questions from multiple lessons

13 Recursion and financial modelling

Decoding the question

Keywords: recurrence relation

Relevant lesson: 1B

We needtointerprettheinformationto producea
recurrence relationthatmodelstheprovidedscenario.

Information we are given

• Linkbeginswith$150.

• Linkplanstospend$12.50 eachweek.

Using the theory

Recurrence relationsforlinearpatternsare writtenin
the form t0 = a, tn+1

 = tn + d,wherea is theinitialvalue
and disthecommon difference.Inthiscase,weare using
hinsteadoft

AsLinkbeginswith$150,this is thefirsttermofthe
sequence.Hence,a = 150.Sincehe spends$12.50
eachweek,the amountofhairspray money hehasleft
decreasesby $12.50each time.Hence, d = −12.5.

Therefore,a recurrence relation thatcan be usedto
model Link’ssituation is

h0 = 150  hn+1 = hn − 12.5

Answer

D
	✓1 mark for the correct answer

14 Recursion and financial modelling

Decoding the question

Keywords: transaction details, table, interest, monthly, 
annual rate of interest.

Relevant lesson: 3C

Thisquestion requiresus to usedetailsin an
amortisationtableto findtheannual interest rate.

Information we are given

• Thegiventable

• Interestiscalculatedmonthly onthe maximum
accumulated debtbalance.

Using the theory

First,calculatethe amountofinterestthatisaddedtothe
loanaccount.

Interest = A − P

Interest = $745.33 − $740

Interest = $5.33

The interestformula isgivenby I =  Prn _ 100 .Transpose

thisequationto have rasthe subjectand substitutethe
knownvalues.Since interest iscalculated onthe
monthly maximumaccumulateddebt, theprincipal
valueis 1280.00.

I =  Prn_
100 

r =   I _ Pn  × 100

r =   5.33 _____________ 1 × 1280.00  × 100

r = 0.416...%

The monthly interestrate needsto beconvertedtoan
annual interestrate.

r = 0.416...% × 12

r = 4.99...% p.a.

r ≈ 5% p.a.

Theannual rateofinterestforthisloanisclosestto5%p.a.

Answer

A
✓1 mark for the correct answer

15a Graphs and relations

Decoding the question

Keywords: revenue, price

Relevant lesson: 1C

We needto useourunderstandingofrevenue tofind the
priceofAnita’ssecond-handt-shirts.

Information we are given

• revenue = 24n

Using the theory

Revenue isthetotal amountofmoney collected,
disregardingany expenses.

Forabusinessthatsellsoneitem,likeAnita’s
second-handt-shirtstall,revenueisgivenby the simple
equationprice × number of items sold

price × number of items sold = 24n

We aretoldthatthenumber ofsecond-handt-shirtssold
isrepresented by n

∴price = 24

Answer

$24
✓1 mark for the correct answer
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15b Graphs and relations

Decoding the question

Keywords: revenue, cost, profit

Relevant lesson: 1C

We needto findthedifference betweenthe revenueand
costofselling 18second-hand t-shirts, inordertofind
theamountofprofitAnita earned.

Information we are given

• revenue = 24n

• cost = 15.5n + 14

• Anitasold18second-handt-shirts.

Using the theory

Profitisequal tothedifference between revenueandcost.

profit = revenue − cost

Substituterevenue = 24n and cost = 15.5n + 14 into
profit = revenue − cost

profit = 24n − (15.5n + 14)

profit = 8.5n − 14

SinceAnitasold18second-handt-shirts,
substituten = 18intoprofit = 8.5n − 14.

profit = 8.5 × 18 − 14

profit = 139

Anita earned$139ofprofit.

Answer

$139
	✓1 mark for the correct answer

1F

1 a s + 9 b s − 4

2 a 𝑥 = 7, y = 12 b 𝑥 = 5, y = 13

c 𝑥 = 10, y = 4

3 a 𝑥 = 0.6, y = 0.9 b 𝑥 = 7.9, y = 2.2

4 Length: 24cm,Width: 6cm

5 3n + 4p = 11.6, 6n + 2p = 14.8

6 a $15 b $11

c 9children,3 adults

7 a s + t = 13,3.5s + 2t = 35

b 7

8 a 4c + 2o = 17.8, 6c + 9o = 48.9

b $3.70

9 d = b + 6

d + 2 = 1.5(b + 2)

b = 10

d = 16

10 a l = s + 1.5, 130s + 160l = 1748

b $5.20

11 One carrotweighs120grams.

12 Katy aiscurrently 20y ears old.

13 4a + 6d = 168

7a + 3d = 166.5

14a + 6d = 333

a = 16.5

Alexgets paid $16.50perhour.

14 220adultsparticipated

15 Theagedifference is4y ears.

16 250cm2

17 B
✓1 mark for the correct answer

Questions from multiple lessons

18 Graphs and relations

Decoding the question

Keyword: total

Relevant lessons: 1E, 1F

Wemustusesimultaneous equations tocalculatethe
price ofa bathbombanda face maskinordertofind the
total amount spentby Klaudia.

Information we are given

• Isobel boughtfourbathbombsand one face mask
for$44.00.

• Jacksonboughttwo bathbombsandtwoface masks
for$43.00.

• Klaudiaboughtthreebath bombs andfourface masks.

Using the theory

First,represent Isobel andJackson’spurchasesasa pair
ofsimultaneousequations.

Letbbethe numberofbathbombsboughtand f bethe
numberofface masksbought.

Isobel: 4b + f = 44 ①

Jackson: 2b + 2f = 43 ②

Thesimultaneous equationscanbesolved using the
elimination method.

② × 2:

4b + 4f = 86 ③

③ − ① :

4b + 4f − (4b + f ) = 86 − 44

3f = 42

f = 14
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Substitutef = 14 into① andsolve forb

4b + 14 = 44

4b = 30

b = 7.5

note: Simultaneousequationscanalso besolved using
a calculator.Seevideosolution forabutton-by -button
demonstration.

Hence,a bathbombcosts$7.50 anda facemask
costs$14.00.

Klaudia boughtthreebathbombsand fourface masks.

Thetotal amount Klaudia spentis
3 × 7.5 + 4 × 14 = 78.5

∴ Klaudia spent$78.50.

Answer

C
	✓1 mark for the correct answer

19 Data analysis

Decoding the question

Keywords: histogram, boxplot, distribution

Relevant lessons: 12D, 12G

We needtoanaly se thegiven graphsto determinetheir
shapeandthe bestway todescribethem.

Information we are given

• Thegivenhistogram

• Thegivenboxplot

Using the theory

Theshape ofa distribution refersto theway thedata is
arrangedand canbedescribedin termsofsy mmetry 
and skew.

Aperfectly sy mmetrical distribution ismirroredaround
the centreofthedata.Adistributionisapproximately 
sy mmetricalifitisclose tobeingmirrored aroundthe
centre ofthe data. By lookingatthe histogram,we can
tell thatthedata is weightedto thecentrewiththe
distributiontailing offroughly equally onboth sides,
suggestingan approximately sy mmetricaldistribution.
Asthedataeitherside ofthe centredoesn’tmatch up
exactly ,the distribution isnotperfectly sy mmetrical.

Tocheckforoutliers,wecanlookattheboxplot.
Outliersarerepresentedby adoteithersideofthebox
plot.Astherearenodotsoneithersideoftheboxplot,
wecanconcludethattherearenooutliers.

Thedistributioncanbe bestdescribed asapproximately 
sy mmetricwith no outliers.

Answer

D
	✓1 mark for the correct answer

20a Graphs and relations

Decoding the question

Keywords: expression, profit

Relevant lesson: 1F

Thisquestion requiresustodeterminethe costand
revenue functions,and, subsequently ,theprofitfunction.

Information we are given

• The cinemacharges$20 perticket.

• They haveto pay $60aday to rentthevenueand
spendan averageof$4perticketsoldto pay 
their employ ees.

Using the theory

The revenuefunction is theamountofmoney they 
receivefrom customers.Since they charge$20perticket,
therevenuefunctionisrevenue = 20 × n

Thecostfunctionisthe expensesthatthe cinemahas. In
thiscase, itisa flat rate of$60 aday forrentand$4 per
ticket,forwages.

Hence,the costfunction iscost = 60 + 4 × n

Theprofitisthe differencebetweenthe costand
revenue functions.

profit = revenue − cost

profit = 20n − (60 + 4n)

profit = 20n − 60 − 4n

profit = 16n − 60

Theexpressionfortheprofitthecinemawill make is
profit = 16n − 60.

Answer

profit = 16n − 60
✓1 mark for the correct answer

20b Graphs and relations

Decoding the question

Keywords: profit, minimum

Relevant lesson: 1F

We needto usethe profitfunctionanddetermine the
minimumnumber ofticketsthe cinema needsto sellin
orderto reach$373 inprofit.

Information we are given

• The cinemawantsto makeaprofitofatleast$373
perday .

Using the theory

Fromparta, theprofitfunction isprofit = 16n − 60.

Substituteprofit = 373 into theequationandsolveforn

373 = 16n − 60

16n = 373 + 60

n =  373 + 60___________
16 

n = 27.0625
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Sincewecannothaveadecimalnumberoftickets,
weneedawholenumberanswer.Usually ,wewould
rounddownto27,however,weneedtoconsiderthe
contextofthequestion.

The cinemawants aminimumof$373profit,meaning
theirprofitcan begreaterthan$373 butnotless.

Ifthey sell 27 tickets,

profit = 16 × 27 − 60

profit = 372

They willonly make$372profit.

Therefore,a minimum of28tickets needtobesold
perday .

Answer

28tickets
	✓1 mark for the correct answer

2A

1 a 5 b 5 × 6

2 a 16 b 8

3 a 15 b 7 c −3

4 9.1

5 19

6 a 7 b 20

c 3 d 26

7 a 24 b 6 c 37

8 B

9 No,thereare 11plumsleft.

10 4 + (−3) × 6 − (−5) + 1 = −8

11 a 21 b 5

c 10 d 12

Expression ‘a’ hasthehighestvalue

12 $4.20

Questions from multiple lessons

13 Graphs and relations

Decoding the question

Keywords: equation, graph, point of intersection

Relevant lesson: 1D

Wemustuseacalculatortoplotthetwosimultaneous
equationsanddeterminethepointofintersection.
Thecoordinatesofthepointofintersectionwillbethe
pricesofthesmallandlargefridgemagnets.

Information we are given

• 3s + 4l = 21.80

• 6s + 3l = 24.60

Using the theory

Rearrangetheequationsso thatsorlisthesubject.
Wewill rearrange theequationsfors

Elizabeth:

3s + 4l = 21.80

3s = −4l + 21.80

s = − 4 _ 3 l +  
21.80_
3 

Ash:

6s + 3l = 24.60

6s = −3l + 24.60

s = −0.5l + 4.1

Replaceswith𝑦and lwith𝑥.

Elizabeth:y = − 4 _ 3 𝑥 +  
21.80_
3 

Ash: 𝑦 = −0.5𝑥 + 4.1

Usea calculatortographthetwo linesandfind thepoint
ofintersection.

6

4

2

−2

−2 2 4 6

(3.8, 2.2)

𝑦𝑦

𝑥𝑥

Thepointofintersectionis (3.8, 2.2).

Sinces,theprice ofa smallfridgemagnet,isrepresented
by y, thepriceofasmallfridge magnet isthe
y-coordinate ofthe pointofintersection.

Hence,thepriceofa smallfridge magnetis$2.20.

Seevideo solutionforabutton-by -buttondemonstration.

Answer

D
✓1 mark for the correct answer

14 Data analysis

Decoding the question

Keywords: histogram, number of students, distribution

Relevant lesson: 12C

Thisquestion requires ustointerpretthegraph in
terms ofthe numberofstudentsthatfallwithina
particular interval.

Information we are given

• Thegiven histogram

• 80 studentsparticipated inthespelling test.
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Using the theory

First,we will usethehistogramtofindthe percentageof
students withascorebetween10and 15.Thisisshown
inthefollowingdiagram.

10

20

30

40

Pe
rc

en
ta

ge

Score
5 10 15 20 25 30

We cansee thatthiscorrelatesto apercentage between
20and 30, butwe can’tbecompletely sure.This means
we willhave to calculatebothpercentages outof80to
find arange whichwill include theanswer.

20%of80:

 20 _ 100  × 80 = 16

30%of80:

 30 _ 100  × 80 = 24

Thismeansthatthenumberofstudentsthatreceiveda
scorebetween10and 15 is roughly in themiddle ofthe
values16 and24.Lookingatouroptions, Bisthe only 
optionbetweenthesetwo values.

∴The numberofstudentswithascorebetween 10 and
15 is closestto 20.

Answer

B
	✓1 mark for the correct answer

15a Graphs and relations

Decoding the question

Keywords: simultaneous equations, represent

Relevant lesson: 1F

Wemustconvertthe informationprovidedintotwo
simultaneousequations.

Information we are given

• Boston rentstwogames andsevenmoviesfor$46.40.

• Alana rentsfour gamesandfive movies for$49.60.

• g represents thecostofrentingagame.

• m representsthecostofrenting amovie.

Using the theory

Thetotal amountofmoney spentatBlockbusteron
rentalgamesandmovies canbefound usingthe formula:

number of games rented × price of game rental
+ number of movies rented × price of movie rental 
= total spent

We knowthatg representsthe costofrentingagame and
m representsthecostofrentinga movie,hence

number of games rented × g 
+ number of movies rented × m = total spent

Boston rentstwogames andseven moviesfor$46.40.
Substitute number of games rented = 2,
number of movies rented = 7and total spent = 46.4 into
theequation.

2g + 7m = 46.4

Alana rentsfourgamesandfivemoviesfor
$49.60.Substitute number of games rented = 4,
number of movies rented = 5 and total spent = 49.6 into
theequation.

4g + 5m = 49.6

These are thetwo simultaneous equationsthatrepresent
thegiven information.

Answer

2g + 7m = 46.4

4g + 5m = 49.6
✓1 mark for the first correct equation
✓1 mark for the second correct equation

15b Graphs and relations

Decoding the question

Keywords: simultaneous equations, cost

Relevant lesson: 1F

Wemustsolve thesimultaneousequations foundin part
ato findthevalueofg; thecostofrentingagame.

Information we are given

• The simultaneousequationsfound inparta

• g representsthecostofrentinga game.

Using the theory

Wemustsolve thesimultaneousequations foundin
parta.

2g + 7m = 46.4

4g + 5m = 49.6

Entertheequationsintothe ‘solvesimultaneous
equations’functionony ourcalculator.

Thecalculatorshouldgive:

g = 6.4

m = 4.8

Hence,the costofrentingagame is$6.40.

See videosolutionfora button-by -buttondemonstration.

Answer

$6.40
✓1 mark for the correct answer
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15c Graphs and relations

Decoding the question

Keywords: simultaneous equations, cost

Relevant lesson: 1F

Wemust use thevaluesofg andmtofindthe costof
rentingsix gamesand threemovies.

Information we are given

• Thevaluesofg andmfound inpartb

• Lauren rentedsix gamesandthree movies.

Using the theory

Recallfrom partathatthegeneral formulaforfinding
thetotalspentatBlockbusterwas

number of games rented × g 
+ number of movies rented × m = total spent

Recallfrom partb thatg = 6.4and m = 4.8.

Substituteg = 6.4and m = 4.8 into theformula:

number of games rented × 6.4
+ number of movies rented × 4.8 = total spent

Lauren rented sixgamesandthree movies.
Substitutenumber of games rented = 6 and
number of movies rented = 3 into theformulatofindthe
total spent.

6 × 6.4 + 3 × 4.8 = total spent

total spent = 52.8

Answer

$52.80
	✓1 mark for the correct answer

2B

1 0.00001

2 2 × 10 2

3 a 3.2815 × 10 4 b 8.2344 × 10 6

c 7.82 × 10 −4 d 3.8492 × 10 −8

4 B

5 2 × 10 4

6 0.009

7 a 354000 b 0.00492

c 0.000087408

8 C

9 5283.706

10 3.3 × 10 −5 km

11 2.7 × 10 −9

12 D

Questions from multiple lessons

13 Graphs and relations

Decoding the question

Keywords: table, equation, values

Relevant lesson: 1B

Wemustsubstitutethe numbersin thetableintothe
given equation tofind thevaluesofa, band c

Information we are given

• Thegiven table

• 𝑦 = −2𝑥 − 18

Using the theory

Find thevalueofa:

Substitute𝑥 = 3 and 𝑦 = a intotheequation
𝑦 = −2𝑥 − 18 and solve for a

a = −2 × 3 − 18

a = −6 − 18

a = −24

Find thevalueofb:

Substitutey = −12 and𝑥 = b into theequation
𝑦 = −2𝑥 − 18 and solve for b

−12 = −2b − 18

2b = −6

b = −3

Find thevalueofc:

Substitute𝑥 = 1 and 𝑦 = cintothe equation
𝑦 = −2𝑥 − 18 and solve for c

c = −2 × 1 − 18

c = −2 − 18

c = −20

∴a = −24, b = −3, c = −20

Answer

C
✓1 mark for the correct answer

14 Recursion and financial modelling

Decoding the question

Keywords: cost, per year, GST

Relevant lesson: 3B

Thisquestion requires ustocalculatethetotalcostofa
subscription includingGST.

Information we are given

• ThecostofaVPNsubscription is$60.00pery ear
plusGST.
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Using the theory

Calculatethe totalcostforthesubscription withoutGST.

subscription = 60.00 × 3

subscription = 180.00

Find thetotal costforthe subscriptionwithGST:

Q =  P × 11_
10

Q =  180 × 11___________
10

Q = 198.00

Thetotal price includingGSTforaVPNsubscription of
threey ears is$198.00.

Answer

C
	✓1 mark for the correct answer

15a Recursion and financial modelling

Decoding the question

Keywords: recurrence relation, represents

Relevant lesson: 1B

We needtouseourknowledge ofrecurrencerelationsto
modelthe balanceofRiley ’sbankaccount.

Information we are given

• Riley spendsexactly $170perday .

• Riley has$7100 atthe startofhertrip.

• The relation mustbein termsofBn Bn−1 andB0

Using the theory

UsingthetermsBn Bn−1 andB0,the recurrence relation
mustbein theformBn = Bn−1 + d, B0 = a,wheredisthe
commondifferenceanda isthe initial term.

AsRiley ’sbankaccountbalance willreduceby $170each
day ,dmustbe −170.

AsRiley ’sbankaccountbalance wasinitially $7100,
amustbe 7100.

Substituted = −170 anda = 7100 into
Bn = Bn−1 + d, B0 = a

Bn = Bn−1 − 170, B0 = 7100

Answer

Bn = Bn−1 − 170, B0 = 7100
	✓1 mark for the correct answer

15b Recursion and financial modelling

Decoding the question

Keywords: table of values, ‘show that’

Relevant lesson: 1B

Wemustcreateatableofvaluesthatshowsthe
daily balanceofRiley ’sbankaccountfromn = 0
(initialbalance)ton = 7(balanceafteroneweek).

Information we are given

• Riley spendsexactly $170 perday .

• Riley has$7100atthe startofhertrip.

• Riley has$5910inher bankaccountafteroneweek.

Using the theory

Createa tablewithtworows(oneforn andoneforBn)
fromn = 0 ton = 7.Thetable isshownbelow.

n 0 1 2 3 4 5 6 7

Bn

We knowthatB0 is7100.

Nowwe mustfindthe valuesB1 to B7

B1 = B0 − 170

B1 = 7100 − 170 = 6930

B2 = B1 − 170

B2 = 6930 − 170 = 6760

Repeatthis until B7 isfound.

B7 = B6 − 170

B7 = 6080 − 170 = 5910

PutallthevaluesfromB0 to B7intothe table as
seenbelow.

n 0 1 2 3 4 5 6 7

Bn 7100 6930 6760 6590 6420 6250 6080 5910

AsthevalueofB7 is5910 inthe table, itisproventhat
Riley has$5910 inherbankaccountafter aweek.

Answer

n 0 1 2 3 4 5 6 7

Bn 7100 6930 6760 6590 6420 6250 6080 5910

✓1 mark for the correct answer

2C

1 3

2 a 4 b 340 c 2.84

3 a 182.34 b 8300 c 3.01

4 5 km

5 $5.60

6 2

7 a 4 b 3 c 3

8 C

9 Emily andAn

10 $4

11 a ≈ 6 m 2 b ≈ 16hours c ≈ 2.5 kg

12 10 day s(answersclosetothisare correct)
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13 3minutesperquestion(answersclose tothisarecorrect)

14 a Ourestimate was 44.

The actual value is43.3,a differenceof0.7.

b Ourestimate was 1000.

The actual value is1078, adifferenceof78.

c Ourestimate was 3.

The actual value is2.90,a differenceof0.1.

15 a Thisisaguess(no right/wronganswer)

b CakeA:450cm2, CakeB: 625 cm2, CakeC: 450 cm2

c CakeA: 544cm2, CakeB: 624 cm2, CakeC: 516 cm2

d Yes orno

e Cake B

16 a Ruby : roundingtothe nearestten metres.

Ethan: roundingtothe nearest100metres.

Ishara: roundingto thenearestmetre.

b Actual value: 67004.60m2.Roundingtothe nearest
tenmetresestimatedabovetheactualvalue,rounding
tothe nearest100metresand roundingtothe nearest
metreestimated belowtheactualvalue.

c Closestestimate: Ishara

d Comparey ouranswertootherstudents

Questions from multiple lessons

17 Computation and practical arithmetic

Decoding the question

Keyword: value

Relevant lesson: 2A

Wemust evaluate eachoption using BIDMAS inorderto
identify whichexpression hasavalue of1.

Information we are given

• Thegiven expressions

Using the theory

Simplify eachexpression.

A (−10) × (−4)____________________ 8   + (−2)2

=  40 _ 8   + 4

= 5 + 4
= 9

B   6(4 − 3)2____________
(8 − 6)(7 + (−2) × 5)  

=   6 × 1 2 ___________________
2 × (7 + (−10)) 

=   6 ___________ 2 × (−3) 

=   6 _ −6 

= −1

C 3((9 − 2) + (−6)) + (−7) × 2
= 3(7 − 6) + (−14)
= 3 × 1 − 14
= 3 − 14
= −11

D 9 − (−3)  _____________ 4   −  1 _ 2(11 + (−7))

=  9 + 3 _ 4   −  
1 _ 2(11 − 7)

=  12 _ 4   −  
1 _ 2  × 4

= 3 − 2
= 1

E  (−3) × (5 − (−1))_________________________ (4 − 1)2  

=  (−3) × (5 + 1)_________________ 32  

=  (−3) × 6 ___________ 32  

=  −18 _ 9  

= −2

Answer

D
	✓1 mark for the correct answer

18 Data analysis

Decoding the question

Keywords: total, mean

Relevant lesson: 12E

Wemustusethe informationgiven tocalculatethe mean.

Information we are given

• Total distancerun was42.3 km.

• Hewenton nineruns.

Using the theory

Themeancan be found usingtheformula

mean =  sum of all elements _____________________
number of elements  

Inthis case,wehavebeen givenboththesum ofall
elementsand thenumber ofelements.

Thesumofallelementsisthe totaldistance run.
Thisis42.3 km.

Thenumberofelementsisthe numberofruns Lachlan
wenton.Thisis9.

Hence,substitutesum of all elements = 42.3and

number of elements = 9 into mean =  sum of all elements _____________________
number of elements  

mean =  42.3 _ 9 

mean = 4.7

Themeandistanceofthese runsis4.7km.

Answer

C
	✓1 mark for the correct answer
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19a Computation and practical arithmetic

Decoding the question

Keywords: evaluate, expression, mistake

Relevant lesson: 2A

We needtoinspectRafael’sworkingoutin orderto find
the linein whichhe madehisfirstmistake.

Information we are given

• Theexpression  
−(

3_
4 + 12) × 4 __________________
21 − 38  

• Thegivenworkingout

Using the theory

Lookthrougheachlineforchanges made fromthe
previouslineand makesurethatthecalculations
were correct.

Line1:
12changedto 48_4   Correct

21 − 38wascalculatedto be−17 Correct

Line2:
 3 _ 4  +  

48 _ 4  wascalculatedto be 
51_
4   Correct

Line3:
−(

51 _ 4  ) × 4wascalculatedto be51 Incorrect

−(
51 _ 4  ) × 4shouldhavebeen calculated tobe −51.

Thefirstmistakewasmadeonline 3.

Answer

Line3
	✓1 mark for the correct answer

19b Computation and practical arithmetic

Decoding the question

Keywords: evaluate, expression

Relevant lesson: 2A

We needtouse BIDMAS to evaluate theexpression.

Information we are given

• Theexpressionis  
−(

3_
4 + 12) × 4_________________ 21 − 38  

Using the theory

UsingBIDMAS,thefirststepistoevaluatethe brackets.

 3 _ 4  + 12 =  
3 _ 4  +  

48 _ 4   =  
51_
4 

 
−(

3 _ 4  + 12) × 4 _________________ 21 − 38    =  
−51 _ 4   × 4 __________
21 − 38  

Evaluatethe numerator.

−(
51 _ 4 ) × 4 = −51

Evaluatethe denominator.

21 − 38 = −17

 
−(

51 _ 4 ) × 4
 ___________ 21 − 38   =  

− 51 _ − 17  =  
51 _ 17  = 3

Answer

3
✓1 mark for the correct answer

2D

1 100

2 4

3 a 3 b −2

4 a 5 b 2 c 7

5 7

6 a 

b 0

7 4.56

8 a 3 b 0 c −5

9 a 0.004 b 1.015

10 10 000

11 a 100 kg b 0.40kg c 199 526.23kg

12 B

13 7.6

14 C

15 D

16 C

17 a 1 233 806 547 b 6

18 C

Questions from multiple lessons

19 Computation and practical arithmetic

Decoding the question

Keywords: rounding, multiplying

Relevant lesson: 2C

Wemustround416gramsto the nearesttengramsand
multiply this numberby 0.011.

Information we are given

• Dave picks416 gramsworthofstrawberries.

• The priceofstrawberriesis$0.011pergram.

• The priceofstrawberriesisdeterminedby rounding
theweightofthefruittothe nearesttengrams,and
multiply ingby the pricepergram.

Height 
(m)

Height 
(cm)

Height (cm) 
in scientific 

notation 

Order of 
magnitude 

Mount Everest 9000 900 000 9  × 105 5

Ant hill 0.09 9 9  × 10x 0
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Using the theory

First,roundthe weightofthe strawberriesto thenearest
tengrams.

416isbetween410and 420.

The lastdigitof416 is between 5–9,so we roundup
to 420.

Nowmultiply 420by the pricepergram.

price = 420 × 0.011 = 4.62

Davepay s$4.62.

Answer

A
	✓1 mark for the correct answer

20 Data analysis

Decoding the question

Keywords: dot plot, median

Relevant lesson: 12E

Wemust determinethe positionofthemedianandlocate
itonthe givendotplot.

Information we are given

• Thegiven dotplot

• Thereare 29 runninggroups.

Using the theory

The median islocated inthe (
n + 1 _ 2  )

th
position.Since

thereare 29 differentrunninggroups,n = 29.

Positionofthe median: 29 + 1 _ 2   =  30 _ 2   = 15

The median isinthe 15thposition.

The 15thvalue ishighlighted red inthedotplot below.

Number of people
6 7 8 9 10 11 12 13 14 15

The 15thvalue is 11.

Answer

B
	✓1 mark for the correct answer

21a Computation and practical arithmetic

Decoding the question

Keyword: scientific notation

Relevant lesson: 2B

Wemust write0.00327 inscientific notation.

Information we are given

• Awaterbottle contains0.00327litresofliquid.

Using the theory

Anumberwritteninscientificnotation isinthe form
𝑥 × 10 𝑦, where𝑥 is the base and 𝑦 is the exponent.

Write the numberandplacethe decimal pointafterthe
firstnon-zero digit.Thiswillbethe base.

0003.27

Thebase is3.27.

Find thedirection andthe numberofplaces thatthe
decimalpointmoved inthelaststep.Thiswillbe
the exponent.

0 . 0 0 3 . 2 7

Thedecimalplace movedthreeplaces tothe right.

Theexponentis−3.

0.00327written inscientific notationis 3.27 × 10 −3

Answer

3.27 × 10 −3

✓1 mark for the correct answer

21b Computation and practical arithmetic

Decoding the question

Keyword: added

Relevant lesson: 2B

Wemustensureboth numbersarewrittenas numerals
in millilitresbefore addingthem to find howmuch liquid
the bottlecontains.

Information we are given

• 1.893 × 10 2millilitresofwaterisaddedto thebottle.

Using the theory

First,convert0.00327litresto millilitres.

Since thereare 1000 millilitres inonelitre,multiply 
0.00327by 1000.

0.00327 × 1000 = 3.27

0.00327 L = 3.27 mL

Next,convert1.893 × 10 2 millilitresto numerals.

Write the numberexcluding ‘× 10 2’

1.893

Astheexponentof10 is2, movethe decimalplacetwo
placestothe right.

1 . 8 9 . 3

1.893 × 10 2 mL = 189.3 mL

Sum3.27mLand 189.3 mLtofind howmuch liquidthe
bottle contains.

3.27 mL + 189.3 mL = 192.57 mL

Thebottle contains192.57mLofliquid.

Answer

192.57mL
✓1 mark for the correct answer
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2E

1 Yes

2 C

3 a 80% b 32% c 6.67%

4 40%

5 a Sam: 54.55%.Charlie: 57.14%.

b Charlie

6 D

7 a 0.79 b 7 ___
20 c 5 __ 8

8 7 ___
20

9 a 10% b 59 _____
100

10 A

11 a 91 b 0.3 c 101.97

12 51pages

13 675 mL

14 B

15 a Achangefrom 12.3to 14.8isan increase of20.33%.

b Achangefrom 218 to 134 is adecreaseof38.53%.

c Achangefrom 0.34to0.37isan increase of8.82%.

16 Achangefrom 0.76to 3.25 isan increase of327.63%.

17 59.4%

18 Pole:91.60%

Flag: 8.14%

Cap:0.25%

19 Yes.750 mLhasoverflowedfromthebucket.

20 a 523 200

b 653 200

c 13 200

d 2.59%more 5–8y earoldsdo swimmingcompared
to0–4y earolds.

Questions from multiple lessons

21 Computation and practical arithmetic

Decoding the question

Keywords: convert, scientific notation

Relevant lesson: 2B

Wemustconvert0.00076 kgtoscientificnotation.

Information we are given

• Theweight ofaluminium hy droxide is0.00076kg.

Using the theory

Anumberwrittenin scientificnotation isinthe form
𝑥 × 10 𝑦where1 ≤ 𝑥 < 10.

First,place adecimalpointafterthefirstnon-zero digit
(7) andcountthe numberofplaces thedecimalpointhas
movedfromitsoriginalposition.

0 . 0 0 0 7 . 6

Thedecimalpointmoved 4 places. Hencethe exponentof
thebase 10will be4.

Thedecimalpointmoved tothe right,so theexponent
(4) ofthebase 10will benegative.

0.00076kgwritteninscientificnotation is7.6 × 10−4 kg

Answer

D
✓1 mark for the correct answer

22 Recursion and financial modelling

Decoding the question

Keywords: investment, value, growth

Relevant lesson: 3C

We needto usethegivengraph todetermine theprincipal
ofanotherinvestmentunderthesameconditions.

Information we are given

• The givengraph

• Another investmentwas made underthesame
growth conditions.

• The timeperiodforthe otherinvestmentis10y ears.

• After 10y ears,theotherinvestmenthasgrown
by $30 000.

Using the theory

Thegraph showsthatthe firstinvestment isgrowing ata
steady rate of$6000pery ear.This indicatesthatthisisa
simple interestaccount.

Calculate they early increase asapercentageofthe initial
valueoftheinvestment.

percentage =   6000 _ 250 000  × 100

percentage = 2.4%

The interestrate is 2.4%perannum.

Usethesimple interestformulaI =  Prn  _ 100 to findthe

principalofthe investment.SubstituteI = 30 000, r = 2.4
and n = 10 intotheformulaandsolveforP.

30 000 =  P(2.4 × 10)_____________
100 

3 000 000 = P(24)

P =  3 000 000___________
24 

P = 125 000

The initial investmentvalueis$125 000.

Answer

D
✓1 mark for the correct answer
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23a Computation and practical arithmetic

Decoding the question

Keyword: logarithmic scale

Relevant lesson: 2D

Wemust find thedifference instrength between thetwo
earthquakes,takinginto accountthelogarithmic scale.

Information we are given

• The firstearthquakemeasures3.4ontheRichterscale.

• Thesecondearthquake measures2.7 onthe
Richterscale.

• TheRichterscale is alogarithmicscale.

Using the theory

The Richterscale isa logarithmic scale using thebase
10logarithm.

magnitude on Richter scale = 
log 10(amplitude of earthquake)

Thiscanbe rearrangedtogivethe following:

amplitude of earthquake = 10 magnitude on Richter scale

Therefore,theactualamplitude ofan earthquakecan be
foundby raising10to thepowerofthe magnitude ofthe
earthquake on theRichterscale.

Findthe amplitudeofthe earthquake ofmagnitude 3.4
on the Richterscaleby raising10to thepowerof3.4.

103.4 = 2511.886...

Findthe amplitudeofthe earthquake ofmagnitude 2.7
on the Richterscaleby raising10to thepowerof2.7.

102.7 = 501.187...

Dividethe amplitudeofthefirstearthquake by thesecond
to find thedifferenceinstrengthofthe twoearthquakes.
2511.886... _____________ 501.187...   = 5.011...

The firstearthquakewas 5.0timesstrongerthan
thesecond.

Answer

5.0
	✓1 mark for the correct answer

23b Computation and practical arithmetic

Decoding the question

Keyword: order of magnitude

Relevant lessons: 2B, 2D

Wemust find theorderofmagnitudeby convertingthe
difference between thestrengthsofthetwo earthquakes
intoscientific notation.

Information we are given

• Thefirstearthquakemeasures 3.4ontheRichterscale.

• Thesecondearthquake measures2.7 onthe
Richterscale.

• TheRichterscale is alogarithmicscale.

Using the theory

Theorderofmagnitudeisgivenby the exponenton
the base 10,afterthe numberhasbeenconverted into
scientific notation.

From parta,the difference in strengthsofthe two
earthquakeswas5.0.

Write5.0 inscientific notation.

5.0 = 5.0 × 10 0

Theexponenton thebase 10 is0.

Therefore,theorderofmagnitude ofthe difference
betweenthe strengthsofthe twoearthquakesis0.

Answer

0
✓1 mark for the correct answer

2F

1 1 __ 5
2 Theratioofdogstocatsis3 : 1.

3 a Theratioofpencilsto pensis 3: 5.

b Theratioofroomsto guests is2 : 3.

c Theratioofstudentsatgovernmentschoolsto
Catholicschoolsis 3 : 1.

4 200

5 Yes

6 a Yes b No c Yes

7 No,it won’tfit. Itwillhavetobecroppedorstretched.

8 7.5 million

9 a Jar1 b 13 greenjelly beans

10 Theratioofhousestopeople is 2 : 5.

Thereshouldbeapproximately 200 000 homesin
Newcastle.

11 No.She doesn’thaveenoughsugarand milk.

12 Theratioofpeople walking,to catchingpublic transport,
todrivingtowork is 2 : 10:43.

In2051,2.580 millionpeople willdriveto work.

Questions from multiple lessons

13 Computation and practical arithmetic

Decoding the question

Keywords: logarithmic scale, magnitude, amplitude, 
‘how many times stronger’

Relevant lesson: 2D

Wemustusethegivenformulatocalculatethe
proportionaldifference inamplitude between the
two earthquakes.
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Information we are given

• magnitude = log 10(amplitude)

• The NewZealandearthquakehada magnitudeof6.3.

• TheJapanearthquake hada magnitude of9.0.

Using the theory

Calculatethe amplitudeofeachearthquakeusingthe
formula magnitude = log 10(amplitude)

NewZealand:
6.3 = log 10(amplitude)
amplitude = 106.3

amplitude = 1995 262.31…

Japan:
9.0 = log 10(amplitude)
amplitude = 109.0

amplitude = 1000000000

Dividetheamplitude oftheJapanearthquake by the
amplitude ofthe NewZealandearthquake.

 1 000 000 000_________________
1 995 262.31...  = 501.187...

Hence,the Japanearthquake was501.2 timesstronger
than theNew Zealandearthquake.

note:Thecorrectanswercanalso be foundby first
calculatingthe difference inmagnitude, andthenapply ing
the formulamagnitude = log 10(amplitude) once.

Answer

D
	✓1 mark for the correct answer

14 Data analysis

Decoding the question

Keywords: variables, numerical, ordinal, nominal

Relevant lesson: 12A

Wemustcategoriseeachofthe variablesaseither
numerical,ordinal or nominal.

Information we are given

• clothing size (extra small,small, medium,large,
extralarge)

• height(incm)

Using the theory

First,we mustclassify eachvariableas numericalor
categorical. Numericalvariablesrepresenta quantity 
and canbecounted ormeasured.Categoricalvariables
usually representaquality orattribute andcanalway sbe
broken into groups orcategories.

Heightismeasuredandhas notbeengiven withasetof
categories, so itmustbe numerical.

Clothing sizehasbeenpresented withasetofcategories,
soitmustbecategorical.

Categoricalvariablescan be eitherordinal ornominal.
Ordinalvariablesare thosewitha hierarchy ororder
amongthe categories.Nominalvariablescannotbe
ordered.Thecategoriesofclothing sizeareordinalas they 
havea naturalprogressionfromextra smalltoextralarge.

Hence,clothing sizeisordinalandheightis numerical.

Answer

A
✓1 mark for the correct answer

15a Computation and practical arithmetic

Decoding the question

Keyword: percentage

Relevant lesson: 2E

Wemustcalculatethe numberofcubsasa percentageof
thetotal numberofaardvarks inthe population.

Information we are given

• Thereare65aardvarkcubsand232fully -grown
aardvarks.

Using the theory

First,expressthe numberofaardvark cubsasa fraction
overthetotal numberofaardvarks.

65 ___________ 65 + 232  =  
65 _297

Multiply thisby 100toconvertto apercentage.
65 _ 297  × 100 = 21.8855...

Correctto the nearestpercent, 22%oftheaardvarks
arecubs.

Answer

22%
✓1 mark for the correct answer

15b Computation and practical arithmetic

Decoding the question

Keywords: change, percentage

Relevant lesson: 2E

Wemustcalculatethe numberofaardvarksthatpassed
away as apercentage change ofthe total numberof
aardvarksinthe population.

Information we are given

• Atthe beginningofmonitoring, therewere65
aardvarkcubsand 232fully -grown aardvarks.

• 11 aardvarkspassedaway .

Using the theory

We cancalculatethepercentagechange usingthe
following formula.

percentage change =  
difference
 _______________ 

original value
  × 100

Thedifference is −11,aseleven aardvarkshave
passedaway .
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The originalvalueisthe total numberofaardvarks:
65 + 232 = 297

percentage change =  − 11 _ 297  × 100

percentage change = − 3.703…

The negativevalue indicatesadecrease.

Answer

3.7%decrease
	✓1 mark for the correct answer

15c Computation and practical arithmetic

Decoding the question

Keywords: increased, current population

Relevant lesson: 2E

Wemust calculatethe current aardvarkpopulation using
thegivenpercentage change value.

Information we are given

• Atthebeginning ofmonitoring,therewere 65
aardvarkcubsand 232 fully -grownaardvarks.

• Thepopulationhas increasedby 24%.

Using the theory

An increase of24%meansthatthecurrentpopulation
willbe 124% oftheoriginalpopulation.

First,convertthistoa decimal by dividingby 100.
124 _ 100  = 1.24

Now,multiply the originalpopulationby 1.24tofindthe
currentpopulation.

current population = (65 + 232) × 1.24

current population = 297 × 1.24

current population = 368.28

Correcttothe nearestwhole number,the current
populationis 368aardvarks.

Answer

368aardvarks
	✓1 mark for the correct answer

2G

1 1000

2 15 seats

3 a 1440minutes b 4500grams

4 3 stickers

5 a 15 cents b 50 grams c 1.6minutes

6 19.2 minutes

7 a $75 b 6750

8 $68

9 a 2000mL b 0.13 cents c 32.38cents

10 $8.25

11 1530g

12 C

13 55hours

14 Numberoftickets = 5 × 100

Numberoftickets = 500

Priceofoneticket =  750_____
500 

Priceofoneticket = $1.50

profitselling 173 tickets = 173 × 1.5

profitselling 173 tickets = 259.5

259.5 < 260

ThereforeAgnes raiseslessthan$260 fromselling
173tickets.

15 a 19kits b 8trucks

Questions from multiple lessons

16 Computation and practical arithmetic

Decoding the question

Keywords: increase, percentage

Relevant lesson: 2E

Wemustfirstfind thedifference between thetwo
volumes andthenconvertthistoa percentageofthe
small volume.

Information we are given

• Asmall smoothie is260mL.

• Aregularsmoothieis 350 mL.

Using the theory

Wecan usetheformula forpercentagechange tofind the
percentage differencebetweensizes.

percentage change =  
difference
 _______________ 

original value
  × 100

Thedifferencecanbecalculatedas 350 − 260 = 90 mL.

Aswearelookingforthedifferenceasa percentageof
the smallsmoothie’svolume,the originalvalue will
be 260 mL.

Substitutedifference = 90andoriginal value = 260into

percentage change =   difference  ___________ original value   × 100.

percentage change =  90 _ 260  × 100 = 34.615…

Thisisclosestto 34.6%.

Answer

C
✓1 mark for the correct answer
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17 Data analysis

Decoding the question

Keywords: stem plot, median

Relevant lessons: 12C, 12E

We canlocate the medianvaluefromthestemplot using

the formula n + 1_ 2 

Information we are given

• Thegivenstem plot

• n = 35

Using the theory

Themedian isthe middlevalue ina dataset.In adataset

withn elements, itislocated in the (
n + 1 _ 2  )

th
position.

Substitute n = 35 into n + 1 _ 2  tofindthe positionof

the median.

 35 + 1 _ 2   = 18

Hence,themedianisthe18thvalueinthestemplot.
Thisvalueishighlighted.

13 5
14 2 7
15 0 3 6 8 8
16 3 4 5 9
17 0 0 6 7 7 7
18 4 8
19 5 5 8 9
20 0 2 9
21 2 5 5 6
22 0
23 1 4 8

Key : 13 |5 =$13.50 n=35

Themedian hourly wageis$17.70.

Answer

C
	✓1 mark for the correct answer

18a Computational and practical arithmetic

Decoding the question

Keywords: scale, actual distance

Relevant lesson: 2F

We canrepresentthe scale ofthefloorplan asafraction
and multiply thisby thegiven distance tofind the
actual distance.

Information we are given

• Thefloorplan hasascaleof1:500.

• Thedistance onthe floorplanis 14.2 cm.

Using the theory

Expressthescaleofthefloor planas afractionrelativeto
thedistanceonthefloorplan andtheactual distance.

 distance on floor plan_______________________
actual distance   =   1 _500 

Isolatethe actual distance

actual distance = distance on floor plan ÷   1 _500 

actual distance = distance on floor plan × 500

Substitute distance on floor plan = 14.2 into
actual distance = distance on floor plan × 500 tofind
theactualdistance.

actual distance = 14.2 × 500

actual distance = 7100

Theactualdistance is7100cm.

Answer

7100cm
✓1 mark for the correct answer

18b Computational and practical arithmetic

Decoding the question

Keywords: scale, distance

Relevant lesson: 2F

We canrepresentthe scale ofthe floorplanasa fraction
andmultiply this by thegiven distanceto findthe
distance on thefloorplan.

Information we are given

• The floorplanhasascaleof1:500.

• The actual distanceis 5205cm.

Using the theory

Expressthescaleofthefloor planas afractionrelativeto
thedistanceonthefloorplan andtheactual distance.

 distance on floor plan_______________________
actual distance   =   1 _500 

Isolatethe distance on floor plan

distance on floor plan = actual distance ×   1 _500 

Substitute actual distance = 5205 into

distance on floor plan = actual distance ×   1 _ 500 to find
thedistanceonthefloorplan.

distance on floor plan = 5205 ×   1 _500 

distance on floor plan = 10.41

Thedistanceonthe floorplanis 10.41 cm.

Answer

10.41cm
✓1 mark for the correct answer
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3A

1 30%

2 a 90.9% b 90.9 c 110%

3 Croissant− 44.4% (Note: Car− 12.5%)

4 100,100, 100, 100, 27.14

5 a 50%increase b 30.43%decrease

c 4.58%increase

6 $17.00

7 96runs

8 $63.75

9 a i $2.40

ii $14.40

b i $11.25

ii $13.75

c i $12.25

ii $24.75

10 33.44%

11 $64

12 $15

13 162 minutes

14 18%discounton the watch,33.33%discountonthe DVD,
40%discounton the chocolate, 32%discountonthebook.

The chocolatehas thebiggestpercentagediscount.

15 Zachwontheauctionwitha bidof$1550.

16 $180

17 $85

18 D

Questions from multiple lessons

19 Recursion and financial modelling

Decoding the question

Keywords: price, reduced

Relevant lesson: 3A

Wemust find 20% of$9.80 todeterminetheprice
reductionfora beanie.

Information we are given

• Theprice ofbeanies isusually $9.80.

• Thereisa 20% discounton all beanies.

Using the theory

Findthe price reduction when a 20%discount is applied
to thebeanie using thefollowingformula:

discount = original price ×  percentage change____________________
100 

Substitutein original price = 9.80 and
percentage change = 20 into theequation.

discount = 9.80 ×  20 _100
discount = 1.96

Thepriceofabeanieis reduced by $1.96.

Answer

A
✓1 mark for the correct answer

20 Data analysis

Decoding the question

Keywords: stem plot, modal

Relevant lesson: 12C

Theword‘modal’tells usthatwe need tofindthe most
frequently occurringnumberinthe stemplot.

Information we are given

• Thegiven stemplot

Using the theory

Themodalhoursdrivenisgivenby the mostfrequently 
occurring numberofhours driven.Thiscanbe foundby 
lookingatstem‘6’.Thereare fourleaves withthe number
‘6’correspondingtothisstem.Referringtoourkey ,
this meansthatfourstudentshavedriven66hours.

∴Themodalnumberofhoursdriven is 66.

Answer

D
✓1 mark for the correct answer

21a Recursion and financial modelling

Decoding the question

Keywords: express, percentage

Relevant lesson: 3A

We needto express$120 asapercentageof$800.

Information we are given

• Thefull price is$800.

• Theconcessionpriceis$120offthefullprice.

Using the theory

Thepercentagecan befound usingthefollowingformula:

percentage off original price 

=  amount off original price ___________________________
original price   × 100

Substituteamount off original price = 120 and
original price = 800 into theequation.

percentage off original price =  120 _ 800  × 100

percentage off original price = 15%

Concessioncardholders receive15%offthe fullprice.

Answer

15%
✓1 mark for the correct answer
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21b Recursion and financial modelling

Decoding the question

Keywords: total, pay

Relevant lesson: 1C

We needtodetermine thetotal costforafull-feepay er
whospendsan extra5 hours inthepool.

Information we are given

• Ahy drotherapistpool costsaflatrateof$800
persession.

• Full-fee pay ershaveto pay anextra $60perhourthat
they spend inthe pool.

• Johndoes nothaveaconcessioncard.

• Hespendsan extrafivehours inthepool.

Using the theory

Determinethe costfunction.

Johnischargedaflatrateof$800and anextra $60per
hourthathe spends there.

Thefunctionforthis scenarioiscost = 800 + 60 × t
where tisthetime inhours.

Hespendsanextrafive hoursin thepool.Substitute
t = 5intothe equation anddeterminehiscost.

cost = 800 + 60 × 5

cost = 1100

Itwill costhim$1100.

Answer

$1100
	✓1 mark for the correct answer

3B

1 10

2 $88

3 a $198 b $385 c $15.95

4 a $4.09 b $15.91 c $1.54

5 Theretailpriceofthe DC socksis$20.35. TheDCsocks
are moreexpensive.

6 $2 pershare

7 a 22.32 b 45.03 c 16.53

8 $5.80

9 BegaCheese,at$7.09, hasahighershareprice than
InghamsGroup,at$3.72.

10 Themissingnumbersare‘100’and ‘66.67’.

11 a 25% increase

b 30%decrease

c 16.67% increase

12 $1.46 perlitre

13 $0.25

14 Price includingGST:$2277

Discountedprice: $1821.60

15 Company Xhas4millionshares,anda percentage
dividendof8.93%.

Company Yhas14.28 millionshares,anda percentage
dividendof2.86%.

Company Xismoreattractiveto investors.

16 The English classhasdropped31.25%.

The Mathsclasshas increased 62.5%.

17 Kathy spent$280.50. Lindaspent$350.Therefore, Linda
spentmoremoney today .

18 Less than

19 $11.70

20 a $233 000 b $0.53

21 a 2.11%decrease b 1.35%decrease

22 a $8 b $99

Questions from multiple lessons

23 Recursion and financial modelling

Decoding the question

Keywords: increase in value, percentage

Relevant lesson: 3A

Wemustfirstfindthedifferencebetweenthetwovalues
andthenrepresentthisasapercentageoftheoriginalvalue.

Information we are given

• The painting was boughtfor$140000.

• The painting thensoldatauctionfor$189 000.

Using the theory

Thepercentage changecanbe foundusingthe
following formula:

percentage change =   change _______________ original value  × 100

Inthiscase,the originalvalueofthe painting
was $140000andthe changeinvaluewas
$189 000 − $140 000 = $49 000.

Substitute thesevaluesintotheformula.

percentage change =  49 000 _ 140 000  × 100

percentage change = 35%

Therewasa 35% increase invalue.

Answer

C
✓1 mark for the correct answer
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24 Data analysis

Decoding the question

Keywords: histogram, percentage

Relevant lessons: 2E, 12C

We needto analy sethe histogram tofind thepercentage
ofhouseholds withfewerthantwopets.

Information we are given

• Thegiven histogram

• Thesample size is45.

Using the theory

The numberofhouseholdswithfewerthan twopets is
thefrequency ofthe leftmostcolumn in thehistogram.
The frequency in ahistogramisgivenby the heightof
thecolumn.

Hence,26 householdshave fewerthantwo pets.

Representthis asapercentage ofthe total numberof
householdssurvey edusingtheformulapercentage

=  number of households with fewer than two pets  _________________________________________________
total number of households    × 100.

Substitutenumber of households with fewer than 
two pets = 26and total number of households = 45.

percentage =  26 _ 45  × 100

percentage = 57.77…%

percentage ≈ 58%

58% ofhouseholdsinthe sampleownfewerthantwopets.

Answer

C
	✓1 mark for the correct answer

25a Recursion and financial modelling

Decoding the question

Keyword: deposit

Relevant lesson: 3A

Thisquestion requires usto determine thedepositfor
thehouse.

Information we are given

• Thehousewaspurchasedfor$750 000.

• A20%depositwas paid.

Using the theory

Tofind thevalue ofthedeposit,find20%of$750000.

deposit = percentage × 750 000

deposit =  20 _ 100  × 750 000

deposit = 150 000

The depositwas$150000.

Answer

$150 000
	✓1 mark for the correct answer

25b Recursion and financial modelling

Decoding the question

Keywords: deposit, value, owe

Relevant lessons: 3A, 3B

Thisquestion requires ustodeterminetheprincipal
value afterpay ingthedeposit.

Information we are given

• Thehousewaspurchasedfor$750000.

• A20%depositwaspaid.

Using the theory

From parta,the depositpaidis$150000.

Find theprincipalvalueby subtractingthedepositfrom
the purchase value.

principal value = purchase value − deposit

principal value = 750 000 − 150 000

principal value = 600 000

Thehomeownersstillowe$600000afterpay ing
the deposit.

Answer

$600 000
	✓1 mark for the correct answer

25c Recursion and financial modelling

Decoding the question

Keywords: GST, included, calculate

Relevant lessons: 3B

Thisquestion requires ustodeterminethepriceofthe
housewithoutGST.

Information we are given

• Theprice inclusive ofGST is $750000.

Using the theory

DeterminetheamountofGSTincludedin theprice using

the formulaGST =  Q _ 11  

SubstituteQ = 750 000 into theequation.

GST =  750 000 _ 11 

GST = 68 181.8181…

GST ≈ 68 182

DeterminethepricewithoutGST.

price without GST = price with GST − GST

price without GST = 750 000 − 68 182

price without GST = 681 818

ThepriceofthehousebeforeGSTwasaddedwas
$681 818, correctto thenearestdollar.

Answer

$681 818
	✓1 mark for the correct answer
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3C

1 a i 3 _ 100
ii 0.03

b i 12

ii 4

iii 3

2 a I =  100 × 2 × 1_____________
100  b $2.00

3 a $11.25 b $33.75 c $78.75

4 a $648.00 b Yes

5 a n = 100 _____ r  (
A __ P  − 1) b r = 100 _____ n  (

A __ P  − 1)

c   A ___________ 
(1 + 

rn _____ 100)
  = P

6 a $700.00 b $350.00 c $116.67

7 a 2.8% b $39 000 c $12 800

d i $49.00

ii 7

8 45.56%

9 a I = 42Y b I = 3.5M

10 A = P + I

I =  Prn_____
100 

A = P +  Prn_____
100 

A = P(1 +  
rn _____ 100)

11 a $2230.00 b $5.58

12 a $180.00 b $0.47

13 $330.48

14 $275.00

15 a $325.00 b $4350.00 c 6.25%

d 11y ears

16 a 50% b $2000.00 c $2200.00

d i Legal Loans

ii TheDollarDealer

17 a $2145.00 b 7.5% c $3000.00

18 I = Prn

rmonthly =  
I ___

Pn 

rmonthly =  
231.25 ____________

75000 × 1 

rannual = rmonthly × 12

rannual =  
231.25 × 12_____________

75000 

rannual = 0.037

rannual = 3.7%

19 D

Questions from multiple lessons

20 Recursion and financial modelling

Decoding the question

Keyword: percentage

Relevant lesson: 3A

Thisquestion requiresustodeterminethe costofhiring
thebillboardasa percentageofthetotal amountearned
fromsellingtickets.

Information we are given

• The billboard costs$10 320 tohire.

• The musicianearneda totalof$86000sellingtickets.

Using the theory

Calculate thecostofhiringthe billboard asapercentage
ofthetotalamountearned fromsellingtickets.

percentage =  10 320 _ 86 000  × 100

percentage = 12%

Answer

D
✓1 mark for the correct answer

21 Data analysis

Decoding the question

Keywords: sample, mean, standard deviation, table

Relevant lessons: 12E, 12F

Thisquestion requiresustoperformone-variable
statistics analy sistodeterminethe mean andstandard
deviation ofthesample.

Information we are given

• The giventable

• The data isof14studentsfrom asample of
130students.

Using the theory

Enterthevalues into aspreadsheetonthegraphics
calculatorandperform one-variablestatisticsanaly sis.

Thevalues forthemean, ̄  𝑥and standard deviation, sx

are153.60 and19.03 respectively .

See videosolutionfora button-by -buttondemonstration.

Answer

E
✓1 mark for the correct answer

22a Recursion and financial modelling

Decoding the question

Keywords: calculate, amount, included, GST

Relevant lesson: 3B

Thisquestion requiresustodeterminethe amountof
GSTincludedin theprice.
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Information we are given

• Thebusinesschargescustomers$140 perbackpack.

• Theprice of$140 perbackpackincludesGST.

Using the theory

Tocalculatethe amountofGSTincluded in aproduct, use

theformula GST =  Q _ 11  whereQisthepriceincludingGST.

SubstituteQ = 140 into theequation.

GST =  140 _ 11 

GST = 12.7272…

GST ≈ $12.73

Answer

$12.73
	✓1 mark for the correct answer

22b Recursion and financial modelling

Decoding the question

Keywords: total amount

Relevant lesson: 3B

Thisquestion requires usto determine theamountof
money the company receivesasrevenuefrom thesaleof
10backpacksaftersubtractingGST.

Information we are given

• Thebusinesschargescustomers$140 perbackpack.

• Theprice of$140 perbackpackincludesGST.

• Acustomerpurchased 10backpacks.

Using the theory

From parta,weknow thatthe amountofGSTper
backpackis$12.73.

Calculatethe revenue receivedforonebackpack.

revenue for one backpack = price − GST

revenue for one backpack = 140 − 12.73

revenue for one backpack = 127.27

Calculatethe revenuefor 10backpacks.

revenue = 127.27 × 10

revenue = 1272.70

revenue ≈ 1273

Hence,Carl receives $1273 as revenue,correcttothe
nearestdollar.

Answer

$1273
	✓1 mark for the correct answer

3D

1 a 1 _____ 200 b 27

2 a A = 1000(1 +  
0.5 _____ 100 )

8

b $1040.71

3 a $14 674.84 b $3075.51 c $6197.54

4 $1.68

5 Tobi’saccountwillhavea greaterbalance.

6 a r = 100((
A __ P )

1 _ n  − 1)

b 0.22%

7 a $250 b 0.12% c $250 000

d 6y earsago e 2.4%

f 7compoundingperiods

8 a 9.9% b $1503.27 c 117 months

9 

10 a A = 4.1(1 +  
2 _____ 100 )

10

b $5.00

11 a $826.92 b $64.87 c $2 132 302.59

12 a 6.0% b 1969

13 $28 545.25

14 a $95 100.63 b $31 110.36

c Amountin long-term savings: $41 136.30

HECS-HELPloan:$70661.17

Barnesworthwon$29 525

15 a 1.0%

b Thereare 52weeks inay ear.

So A = 50(1 +  
8 ______ 5200 )

52

A = 54.16

16 Amountofinterestearntis I = A − P

Sothe amount ofinterestearnt in aparticulary ear is
the balancefrom theendofthepreviousy earminus the
new balance:

Interestearntinfifthy ear
= valueatendoffifthy ear–value atendoffourthy ear.

P = 20000, r = 0.06/4 and n = 4 × 5 = 20 forthe fifth
y earand n = 4 × 4 = 16 forthe fourthy ear.

Interestearntinfifthy ear

= 20000(1 +  
0.06 _____ 4  )

20
 − 20000(1 +  

0.06 _____ 4  )
16

17 a 2.6averageAustraliany early wages

b 5.8% c $188839

d 8.5 averageAustraliany early wages

Year 1 2 3

Simple $2000.00 $2000.00 $2000.00

Compound $2000.00 $2080.00 $2163.20
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e 8.7%

f 

g 11.5averageAustraliany early wages

18 $203

19 B

Questions from multiple lessons

20 Recursion and financial modelling

Decoding the question

Keywords: charge, increase

Relevant lesson: 3A

Thisquestion requiresus tocalculatethe increased cost
ofanairconditionerinstallationgiven apercentage
change figure.

Information we are given

• Thecostthisweekis$200.

• Thecostnextweekis increasedby 5.2%

Using the theory

To findthe increase incost, find 5.2% of$200.

5.2%expressedasa decimal is0.052.

cost increase = 5.2 % × 200

cost increase = 0.052 × 200

cost increase = 10.4

To findthetotalcost, addthe increase incosttothe
initial amount.

total cost to install = 200 + 10.4

total cost to install = 210.4

Thecharge nextweekwillbe$210.40.

Answer

C
	✓1 mark for the correct answer

21 Data analysis

Decoding the question

Keywords: variables, nominal, ordinal, numerical, categorical

Relevant lesson: 12A

We needtoclassify the givenvariables.

Information we are given

• Car type(1: Tesla, 2: Mustang,3:Other)

• Number plate type (custom,auto-generated)

Average 
Wage ($)

Average Melbourne 
House Price ($)

2020 95 447 945 886

2021 100 983 1 030 902

2022 106 840 1 123 559

2023 113 036 1 224 544

2024 119 592 1 334 606

2025 126 529 1 454 560

Using the theory

Whilethe variable car typeisclassifiedby numbers,
these numbers representdifferentcarbrands,separating
them into categories.Hence,car type is acategorical
variable.ThiseliminatesoptionC.Furthermore,thecar
brandsdonothave a naturalorder, makingit anominal
variable.ThiseliminatesoptionsB andE.

Thevariablenumber plate typeisclassifiedintotwo
differentcategories;‘custom’or‘auto-generated’.
Hence,itisacategoricalvariable.Asthereisnological
ordertothesecategories,itisnominal.

Therefore,bothvariablesare nominal.

Answer

A
✓1 mark for the correct answer

22a Recursion and financial modelling

Decoding the question

Keyword: simple interest rate

Relevant lesson: 3C, 3D

We needto use ourunderstandingofinterestratesto
determinethe interestClaire ischarged in thefirst month.

Information we are given

• Clairedecidestoborrow$7000topurchaseacar.

• She willpay interestata rate of4.3%permonth.

Using the theory

Thety peofinteresthas notbeenspecified aseither
simpleorcompound. However,since weareonly looking
fortheinterestcharged inthefirst month,thisvalue is
thesameforbothty pesofinterest.

Theformula fortheamountofinterestpaidforasimple

interestagreement isI =  Prn _ 100 

P = 7000asthisisthe principaloftheloan.

r = 4.3 asthe interestrate is4.3% permonth.

n = 1 aswe arecalculatingthe interestaccumulated in
one month.

Substitute P = 7000,r = 4.3and n = 1 into I =  Prn _ 100 

I =  7000 × 4.3 × 1________________
100 

I = 301

∴ In thefirstmonth,Clairewill pay $301 in interest.

Answer

$301
✓1 mark for the correct answer
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22b Recursion and financial modelling

Decoding the question

Keyword: simple interest rate

Relevant lesson: 3C

We needto determine theannualsimple interestrate
thatClaire ischargedifshedecidestoloan fromthe car
dealer’sfinancecompany .

Information we are given

• Claire decidesto borrow$7000 topurchase acar.

• Shewill pay $8.75 ininterestpermonth.

Using the theory

The formulaforthe amountofinterestpaidfora simple

interestagreementisI =  Prn _ 100 

SubstituteI = 8 . 75,P = 7000andn = 1 andsolveforr

8.75 =  7000 × r × 1 ______________ 100 

r =  8.75 × 100____________
7000 

r = 0.125%per month

Convertthe monthly interest rate toa y early interest rate
by multiply ing by 12:

yearly interest rate = monthly interest rate × 12

yearly interest rate = 0.125 × 12

yearly interest rate = 1.5%

∴The interestrateis 1.5%p.a.

Answer

1.5%
	✓1 mark for the correct answer

3E

1 a 1.8 b 1.62

2 $8.70

3 a $28.50 b $63.25

4 $365.58

5 16.6%

6 $250

7 a Interest: $210

r = 6.67%

b Interest: $250

r = 30.95%

8 Different,the 9 monthagreementhasa higher rate.

9 6pay ments

10 Interest = $502.50

Balanceafter interest= $75 502.50

11 

12 a $8802.51 b $5673.66

13 C

14 D

15 B

16 a Gordonshouldchoose Nigella’sloan.

b He willsave$37.68.

17 E

Questions from multiple lessons

18 Recursion and financial modelling

Decoding the question

Keywords: investment, interest, compounds daily

Relevant lesson: 3D

Wemustfindthevalue ofthe investmentusingthe
compound interestformula.

Information we are given

• Jacksoninvests$12000fortwoy ears.

• Interestcompounds daily atarateof4.5% perannum.

Using the theory

Find theinterestratepercompoundingperiod

r = yearly interest rate____________________
365

r =  4.5 _365 

r = 0.0123...%

Thecompoundinterestformulastates that

A = P(1 +   r _ 100 )
n
 whereA isthetotal valueofthe

investment,Pisthe principal,risthe interest rate
percompoundingperiod andn isthe numberof
compoundingperiods.

SubstituteP = 12 000,r = 0.0123…andn = 200 into
the formula.

A = 12 000(1 +  
0.0123… _ 100  )

200

A = 12 299.549…

A ≈ 12 300

His investmentisworth$12 300after 200day s,correctto
the nearestdollar.

Answer

D
✓1 mark for the correct answer

Payment 
number

Principal 
owed before 
payment ($)

Amount 
paid ($)

Interest 
paid 
($)

Debt 
repaid 
($)

Principal owed 
after payment 
($)

1 15 000.00 600.00 137.50 462.50 14 537.50

2 14 537.50 600.00 133.26 466.74 14 070.76

3 14 070.76 600.00 128.98 471.02 13 599.74

4 13 599.74 600.00 124.66 475.34 13 124.40
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19 Data analysis

Decoding the question

Keywords: histogram, interquartile range

Relevant lesson: 12F

Wemustidentify thevaluesofQ
1
andQ

3
fromthe

histogramtocalculatethe interquartile range.

Information we are given

• Thegivenhistogram

• Thesamplecontains 86students.

Using the theory

First,we mustfindthevaluesofQ1 andQ3

Thereare86datavalues inthesample.Hence, thereare
43valuesaboveand belowthe median.

Thefirstquartile,Q1,isthe median ofthefirsthalfofthe

data.Itisthe value in the 43 + 1 _ 2   = 22ndpositionofthe

firsthalfofthe data.The22nd valuelies inthe interval
from 2.5 mto3 m.

Themidpointofthis intervalis 2.75 m. Hence,Q1 = 2.75.

Thethirdquartile,Q3, is themedian ofthe second halfof

the data. It isthevalue inthe 43 + 1 _ 2   = 22ndpositionof

the second halfofthedata,whichisthe data pointinthe
65thpositionoverall.The65thvaluelies inthe interval
from 3.5 mto 4m.

Themidpointofthis intervalis 3.75 m. Hence,Q3 = 3.75.

Theinterquartilerange isgiven by theformula
IQR = Q3 − Q1

Substitute Q3 = 3.75and Q1 = 2.75 intotheformula.

IQR = 3.75 − 2.75

IQR = 1

Therefore,the interquartile range is 1 m.

Answer

C
	✓1 mark for the correct answer

20a Recursion and financial modelling

Decoding the question

Keywords: interest, investment

Relevant lesson: 3D

Thisquestion requiresus tocalculatethe interestearned
ineighty ears.

Information we are given

• $14000was investedforeighty ears.

• Atthe endofeighty ears,the investmentis
worth$15 783.77.

Using the theory

Interestcanbecalculated usingthe formula:
interest = final value − initial value

Substitutefinal value = 15 783.77and
initial value = 14 000.00 into theformula.

interest = 15 783.77 − 14 000

interest = 1783.77

Theamountofinterestearnedin eighty ears is$1783.77.

Answer

$1783.77
✓1 mark for the correct answer

20b Recursion and financial modelling

Decoding the question

Keywords: annual rate of interest, investment

Relevant lesson: 3D

Thisquestion requiresustodeterminethey early 
interest rate foracompoundinginterestscenario.

Information we are given

• $14000was invested foreighty ears.

• Atthe endofeighty ears, theinvestmentis
worth$15 783.77.

• Interestontheaccounthad beencalculatedand
paid monthly .

Using the theory

Thecompound interestformulafor interest

compounding monthly isA = P(1 +  
r  _ 1200 )

n

,where ris

the interest rateperannum andn isthenumberofmonths.

SubstituteA = 15 783.77, P = 14 000, n = 8 × 12 into
theformula.

15 783.77 = 14 000 × (1 +   r _ 1200 )
96

Use thesolve function onthe calculatorto determiner.

r = 1.499...%

r ≈ 1.5%

See videosolutionfora button-by -buttondemonstration.

Answer

1.5%p.a.
✓1 mark for the correct answer

4A

1 4

2 C

3 a 1 b 7

c 16 d 8

4 a 1 × 5 b 3 × 2

c 2 × 1 d 3 × 4
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5 a 4 × 3 b 10 c 29

6 a [0 0 0 0 0 0 0]

b 

⎡
 ⎢ 

⎣

1 0 0
 0 1 0 

0 0 1

⎤
⎥ 
⎦

7 a B, F b A, B,G

c B, E, F,G d B,C,D, G

e C,G

P C

8 
M
F
S
 
⎡
 ⎢ 

⎣

2 1.5
 1.5 2 

0.5 1
  
⎤
 ⎥

⎦

9 D

A B C

10  
Cats

 
Dogs [

3 1 2
 

2 1 0
]

V S M

11 a 
Boy s
 

Girls
 [
9 12 21

 
15 11 17

] b
 
 
 
Boy s
 

Girls
 [
21
 

17
]

V S M
c [9 12 21]

d 42.Itmeansthata totalof42 boy s were survey ed.

12 a 7

b 10peopleinClassB chose RuPaul’s DragRace.

c 𝑥3 2
d A: 26

B: 27

C: 25

e RuPaul’sDrag Race

13 a Wednesday : risotto

Thursday : casserole

Friday : pasta

Last night
P R S C

b Tonight  

P
R
S
C

  

⎡

 ⎢ 
⎣



0 1 0 0

 
0 0 0 1
 1 0 0 0 

0 0 1 0

⎤

⎥
⎦

14 E

Questions from multiple lessons

15 Matrices

Decoding the question

Keyword: element

Relevant lesson: 4A

The questionasksusto use ourknowledgeofelement
labellingto findwhatelementm

2 3
representswithin

matrix M

Information we are given

• Thegiven matrix

• Theelement inrowiandcolumnjin matrixMismi j

• Theelement inquestion ism2 3

Using the theory

Elementm
2 3
isthe elementin row 2andcolumn 3.

Row 2 representsthe numberoftimeseachperson
attendeda concertlastsummer.

Column3 representsthe numberoftimesJoey attended
eachty peofmusiceventlastsummer.

∴Theelementm2 3representsthe numberofconcerts
Joey attended lastsummer.

Answer

D
✓1 mark for the correct answer

16 Data analysis

Decoding the question

Keywords: variables, nominal, ordinal, numerical, categorical

Relevant lesson: 1A

Thetopicthatlinksthese key wordsis‘dataty pes’.

note:‘respectively ’ means‘intheorderalready mentioned’.

Information we are given

• Height (metres) (lessthan 20, 20-40, morethan 40)

• Type of tree(Eucalpy t,MountainAsh, Redwood)

Using the theory

Height (metres)placesdatapointsinto one ofthree
categories/groupsso itisacategoricalvariable.Wecan
getmore specificby checkingifthecategorieshavea
logical order. Inthiscase,they do-fromsmallestto the
largestheights-thusthis isan ordinal categorical variable.

note:Justbecausethesecategoriesinvolvenumbers,
itdoesn’tmeanthatitisanumericalvariable.

Type of treedoesnotusenumbersso itcannotbea
numerical variable. Itplacesdatapointsintooneofthree
categories/groupsso it isalso acategorical variable.
As before,wecangetmorespecificby checkingifthe
categorieshavealogicalorder. Inthiscase,they donot–
there isno inherentway torankEucaly pt,MountainAsh
and Redwood– thusthis isanominal categoricalvariable.

Answer

B

✓1 mark for the correct answer
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17a Matrices

Decoding the question

Keyword: cost

Relevant lesson: 4A

Thisquestion asksy outoinspectthegiven matrixtofind
the costofoneblockofEdlindtatWoolworths.

Information we are given

• Thegivenmatrix

• Allvalues areindollars.

Using the theory

Theelementsin matrixB representthecostofoneblock
ofeach brandofchocolate.

Theelementsin therowlabelled ‘E’ arethecostofone
blockofEdlindtatdifferentstores.

Theelementsin thecolumn labelled‘W’arethe costof
one blockofeach brandofchocolate atWoolworths.

TheintersectionofrowEandcolumnWisthe costofone
blockofEdlindtatWoolworths.

Thevalue ofthiselementis5.99.

Answer

$5.99
	✓1 mark for the correct answer

17b Matrices

Decoding the question

Keyword: order

Relevant lesson: 4A

Thisquestion asksforthe orderofmatrixB

Information we are given

• Thegivenmatrix

Using the theory

Theorder ofa matrixisexpressedas
number of rows × number of columns

Thereare 3 rowsand 2 columns in matrixB

Hence,the orderofmatrixB is 3 × 2.

Answer

3 × 2
	✓1 mark for the correct answer

17c Matrices

Decoding the question

Keywords: element, represent

Relevant lesson: 4A

By locatingthegiven elementinthe matrix,wewill find
whatitrepresents.

Information we are given

• The givenmatrix

Using the theory

Theelementb
1 2
is inthe first row andsecondcolumn of

thematrix.

Thefirstrow istheprice ofoneCadroloblock.

Thesecondcolumnisthe priceofthechocolates atIGA.

Answer

Theprice ofoneblockofCadrolo chocolateatIGA.
	✓1 mark for the correct answer

4B

1 −4

2 a [
−2 17

 
14 17

]

b [
7 4

 
17 4

]

c [
1 −10

 
−11 5

  ]

3 A,E
Bl
ue
be
rr
y 

 Ba
na
na

 Ch
oc
ol
at
e

4 
Small
 

Large [
34 31 39

 
46 39 46

]
5 9

6 a a = 7, b = −12 b c = 3, d = 8

c e = 0, f = −1,g = 2

7 a = 2, b = 6, c = 13

8 

⎡
 ⎢ 

⎣

3 −7
 −5 −2 

8 4
  
⎤
 ⎥ 

⎦

9 D

Al
ex

 Pa
ul
in
e

 Za
c

 Ke
lly 

10 a 
Change in weight (kg)
Change in body  fat (%) [

–1 1 2 −2


–5 –2 –2 –3
 ]

b Kelly 

11 D

Questions from multiple lessons

12 Matrices

Decoding the question

Keyword: matrix

Relevant lesson: 4A

Thequestion asks usforthe elementthat represents the
numberofhoursworkedonSaturday duringweek3.

 ANSWERS 673

© Edrolo 2020



Information we are given

• Thegiven matrix

Using the theory

Saturday is representedby the firstrow.Week 3 is
represented by thethirdcolumn(W3).

The elementinthe firstrowandthirdcolumnis 5,
circledbelow.

W1 W2 W3
Saturday 
 Sunday  [
4   7   5

 
5   7   8

]

∴Jane worked5 hoursonSaturday in week3.

Answer

B
	✓1 mark for the correct answer

13 Recursion and financial modelling

Decoding the question

Keywords: recurrence relation, terms

Relevant lesson: 6B

The firsttermin therecurrencerelationisB 0 = −1.
Usethe ruleBn+1 = −3Bn + 4 tofindthe next fourterms.

Information we are given

• B 0 = −1,  Bn+1 = −3 Bn + 4

Using the theory

B0 = −1,  Bn+1 = −3Bn + 4

The firsttermisB0 = −1,sowecan already eliminate
optionD.

Substituten = 0 into Bn+1 = − 3Bn + 4tofindthe
secondterm:

B1 = −3 B0 + 4 = (−3) × (−1) + 4 = 3 + 4 = 7

Substituten = 1 into Bn+1 = − 3 Bn + 4to findthe
thirdterm:

B2 = −3B1 + 4 = (−3) × 7 + 4 = −21 + 4 = −17

Substituten = 2 into Bn+1 = − 3Bn + 4tofindthe
fourthterm:
B3 = −3B2 + 4 = (−3) × (−17) + 4 = 51 + 4 = 55

Substituten = 3 into Bn+1 = −3Bn + 4tofindthe
fifthterm:

B4 = −3B3 + 4 = (−3) × 55 + 4 = −165 + 4 = −161

∴The firstfivetermsofthe recurrence relationare:
−1, 7, −17,55,−161.

Answer

B
	✓1 mark for the correct answer

14a Matrices

Decoding the question

Keywords: order, matrix

Relevant lesson: 4A

To findtheorderofmatrix N,thenumberofrowsand
columnsofthe matrixneedto befound.

Information we are given

• Thegiven matrix

Using the theory

Theorderofa matrix iswritten inthe form:
number of rows × number of columns

Thereare 3 rowsand 1 column.

∴Theorder ofmatrixN is3 × 1.

Answer

3 × 1
✓1 mark for the correct answer

14b Matrices

Decoding the question

Keyword: element

Relevant lesson: 4A

We needto findtheelementn
3 1
inthe matrix.

Information we are given

• Thegiven matrix

• Element n1 2

Using the theory

n
3 1
representsthe elementin row 3andcolumn 1of

matrix N

Column1

N = 
⎡
 ⎢ 

⎣

3
 3  

49

⎤
 ⎥ 

⎦
 
C
S
A

Theelementin row3 andcolumn 1 ofthe matrixis49.

Answer

49
✓1 mark for the correct answer

14c Matrices

Decoding the question

Keywords: sum, elements, matrix, represent

Relevant lesson: 4A

Find thesumoftheelementsby addingallthe numbers
in thematrix,anddetermine whatit represents.

Information we are given

• Thegiven matrix

Row 3
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Using the theory

Theelementsin thematrixare 36, 34 and49.

N = 
⎡
 ⎢ 

⎣

36
 34 

49

⎤
 ⎥ 

⎦
  
C
S
A

Addtheelementstogether:

36 + 34 + 49 = 119

36,34and49representthenumberofchild,student
andadultticketsrespectively ,soldforthemovie.Hence,
thesumofthesethreenumbersisthetotalnumberof
ticketssoldforthemovie.

Answer

119,the totalnumberofticketssold forthemovie.
	✓1 mark for the correct answer

4C

1 a 31 b 15

2 10

3 [
6
 
9 3  6]

4 a [
−8 2

 
−4 −6

] b [
40 −20

 
70 30

  ]

c [
3 1

 
4 10

]

5 a 2 b 9

6 1

7 a [−17 86 −217] b 

⎡
 ⎢ 

⎣

−1
 0 

14
 
⎤
 ⎥ 

⎦

c [
−4 41

 
−21 7

 ]

8 a [
0 2

 
2 22

] b [
14 −12

 
−5 1

  ]

c [
−2 0

 
−1 −19

]

9 a [
9 4 2

 
−10 4 −13

]

b [
5 −2 −2


0.5 4 −1.5

]

10 Expression2 and Expression 3

11 D

12 𝑥 = 3, y = −1

13 B

14 Hussain

15 A

Questions from multiple lessons

16 Matrices

Decoding the question

Keyword: matrix equation

Relevant lessons: 4B, 4C

Wemustrearrangeandevaluate thematrixequationto
find thevalue ofthe unknownmatrixM

Information we are given

• The givenmatrix

Using the theory

2 × [
6 −4

 
3 0

  ]canfirstbe simplifiedusingscalar

multiplication.Eachelementinthematrixismultipliedby 2.

2 × [
6 −4

 
3 0

  ]=[
2 × 6 2 × (−4)


2 × 3 2 × 0

  ]=[
12 −8

 
6 0

  ]

Hence,the equation isnow

[
12 −8

 
6 0

  ]− M =[
5 1

 
4 −1

]

AddMto both sidesoftheequation.

[
12 −8

 
6 0

  ]=[
5 1

 
4 −1

]+ M

Subtract[
5 1

 
4 −1

] frombothsidesofthe equation.

M =[
12 −8

 
6 0

  ]−[
5 1

 
4 −1

]

M =[
12 − 5 −8 − 1


6 − 4 0 − (−1)

]

M =[
7 −9

 
2 1

  ]

note: Mcanalso befound by directly substitutingthis
equation into thesolve functionony ourcalculator.

Answer

D
	✓1 mark for the correct answer

17 Data analysis

Decoding the question

Keywords: explanatory variable, least squares regression line

Relevant lesson: 13D

Inthisquestion,we mustevaluatewhichofthegiven
equationswouldbestrepresentthe regression lineon
thescatterplot.

Information we are given

• Distance coveredisthe explanatory variable.

• The givenscatterplot
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Using the theory

Asstatedin thequestion,distance coveredisthe
explanatory variable(𝑥) so pricemustbethe
responsevariable(𝑦).

Aleastsquaresregressionequationis oftheform
𝑦 = a + b𝑥, where a isthe𝑦-intercept, and bisthe
gradient.Aftersubstitutinginthe variables, theequation
becomes:price = a + b × distance covered

InoptionsA, B,andC,priceistheexplanatory variable.
Hence,thecorrectoption mustbeeither DorE.

The only difference betweenoptionsD andE is thevalue
ofthe𝑦-intercept.

Acommonerrorwouldbe toassumethatthe𝑦-intercept
oftheregressionline was507 by readingdirectly from
thegraph. However,thehorizontalaxisbeginsat5000,
not0, sothe𝑦-intercept cannot be read off of the graph.
The𝑦-intercept must be less than 507 as the gradient is
positive.Thus,the𝑦-intercept must be closest to 441.

∴The regressionequation mustbeclosestto
price = 441 + 0.013 × distance covered

Answer

E
	✓1 mark for the correct answer

18a Matrices

Decoding the question

Keywords: cost, matrix

Relevant lesson: 4A

Thisquestionasksusto inspectthe givenmatrix tofind
thecostofaMacBook.

Information we are given

• Thegiven matrix

• Valuesare indollars.

Using the theory

The elementsin matrix Mrepresentthecostofeachof
theproducts.Thenumbernexttothelabel‘MacBook’
willbe thecostofa MacBook.This numberis 1250.

Answer

$1250
	✓1 mark for the correct answer

18b Matrices

Decoding the question

Keyword: order

Relevant lesson: 4A

Wemust find thenumberofrowsand columnsin matrix
Mto determine itsorder.

Information we are given

• Thegiven matrix

Using the theory

Theorderofa matrix isexpressed as
number of rows × number of columns

Matrix Mhas4rowsand 1column.

Hence,theorderofmatrix Mis4 × 1.

Answer

4 × 1
✓1 mark for the correct answer

18c Matrices

Decoding the question

Keywords: discounted, new price matrix, equation

Relevant lesson: 4C

Wemustusescalarmultiplication to find thediscounted
price matrixN

Information we are given

• Thegiven matrix

• N = 0.75 × M

Using the theory

Thenewprice matrix,N,canbe foundusingthe
equationN = 0.75 × M.ThematrixMundergoesscalar
multiplicationof0.75,soeach elementinMmustbe
multipliedby 0.75.

N = 0.75 × 

⎡

⎢
⎣



1000

 
450

 
1250
 

800

 

⎤

 ⎥ 
⎦

 = 

⎡

⎢
⎣



0.75 × 1000

 
0.75 × 450

 
0.75 × 1250
 

0.75 × 800

 

⎤

 ⎥ 
⎦

 = 

⎡

⎢
⎣

750.0

 
337.50
 

937.50
 

600.00

⎤

⎥
⎦

Answer

N = 

⎡

⎢
⎣

750.0

 
337.50
 

937.50
 

600.00

⎤

⎥
⎦

✓1 mark for the correct answer

4D

1 2 × 4

2 Twocolumns

3 a No

b Yes,theproductwill bea 2 × 3 matrix.

c Yes,theproductwill bea 3 × 1 matrix.

4 Yes,theproductwill bea 2 × 4 matrix.

5 Themistakeis online 2.Themistake is3 × 4was
simplified to 10,itshould have beensimplified to 12.
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6 a [
10 13

 
16 14

]

b [
18 −10

 
−38 14

  ]

c 
[

6 3 1
 

−1 −1 _ 2 
3 _ 2 ]

7 

⎡
 ⎢ 

⎣

9
 −17 
8
  

⎤
 ⎥ 

⎦

8 B

9 Threecolumns.

10 C

11 a 

⎡
 ⎢ 

⎣

−32 −26
 –185 −28 

133  49
 
⎤
 ⎥ 

⎦
b 

⎡
 ⎢ 

⎣

−32 120 −38
−81 113 18
126 −252 77

  
⎤
 ⎥ 

⎦

c ACis notdefined d [
41 −61 5


−10 −8 70

]

e 

⎡
 ⎢ 

⎣

14 −35 7
2 52 −12

−49 37 −5
 
⎤
 ⎥ 

⎦
f BA isnotdefined.

12 Youssef

13 D

Questions from multiple lessons

14 Matrices

Decoding the question

Keywords: matrices, element, row  i  and column  j 

Relevant lesson: 4A

Thisquestion isaskingus toconstructamatrix usingthe
providedrulesthatarebased on eachelement’s rowand
columnposition.

Information we are given

• Theorderofmatrix Pis3 × 3.

• Theorderofmatrix Q is3 × 3.

• pi j = 5i − 2j

• qi j = 3i − 2j

Using the theory

First, recognisethateachelement inthe matrixP − Q
can begenerated by summingtheformulasthatgenerate
eachelement in matrixPand Q

(p − q) i j = pi j − qi j

Thismeansthattheformulaofeach elementin matrix
P − Qcanbefound:

(p − q) i j = (5i − 2j) − (3i − 2j)

Evaluating:

(p − q) i j = 5i − 2j − 3i − (−2j)

(p − q) i j = (5 − 3)i − (2 − 2)j

(p − q) i j = 2i

Theelementswithinthe matrixP − Qare equal invalue
tothe rownumber multipliedby two.

P − Q = 
⎡
 ⎢ 

⎣

1 × 2 1 × 2 1 × 2
2 × 2 2 × 2 2 × 2
3 × 2 3 × 2 3 × 2

⎤
 ⎥ 

⎦
 = 

⎡
 ⎢ 

⎣

2 2 2
 4 4 4 

6 6 6

⎤
 ⎥ 

⎦

Aslightly longerbutalsovalidmethod would have
beentoindividually generatematricesPand Qand then
subtractQfromP

P = 
⎡
 ⎢ 

⎣

3 1 −1
 8 6 4 

13 11 9
  
⎤
 ⎥ 

⎦
 Q = 

⎡
 ⎢ 

⎣

1 −1 −3
 4 2 0 

7 5 3
  
⎤
 ⎥ 

⎦

P − Q = 
⎡
 ⎢ 

⎣

3 − 1 1 − (−1) −1 − (−3)
8 − 4 6 − 2 4 − 0
13 − 7 11 − 5 9 − 3

  
⎤
 ⎥ 

⎦
 = 

⎡
 ⎢ 

⎣

2 2 2
 4 4 4 

6 6 6

⎤
 ⎥ 

⎦

Answer

B
	✓1 mark for the correct answer

15 Recursion and financial modelling

Decoding the question

Keywords: loan, ‘only pay the interest charged’

Relevant lesson: 3E

We needtofindthe valueofan interest-only loantwo
andahalfy ears into thefuture,giventhe presentvalue
oftheloan.

Information we are given

• The presentvalueoftheloanis$160 000.

• Each month, Mattiewill only pay the interestcharged
forthat month.

Using the theory

Aloan increasesinvalue throughcompound interest.
Thevalueofa loandecreaseswhenrepay mentsare made.

Every month,Mattie’srepay mentisequaltothe
amountofinterestthatwaschargedforthatmonth.
Hence,thevalueoftheloanstay sconstant.

Thevalue ofthe loanwas initially $160000,hencethe
valueoftheloan will be$160 000 in30monthstime.

Answer

D
	✓1 mark for the correct answer
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16a Matrices

Decoding the question

Keyword: order

Relevant lesson: 4A

Wemust determinethe orderofmatrixN

Information we are given

• Thegiven matrix

Using the theory

The orderofamatrix isexpressed as
number of rows × number of columns

There are4rowsand 1column.

Hence,theorderofmatrix Nis4 × 1.

Answer

4 × 1
	✓1 mark for the correct answer

16b Matrices

Decoding the question

Keyword: matrix product

Relevant lesson: 4D

We needto calculate thematrixproductRby solvingthe
matrix multiplication P × N

Information we are given

• R = P × N

• Thegiven matrixN

• Thegiven matrixP

Using the theory

Multiply ingthe matrices:

P × N = [29 13 25 34] × 

⎡

⎢
⎣

58

 
14
 

167
 

115

⎤

⎥
⎦

= [(29 × 58) + (13 × 14) + (25 × 167) 
+ (34 × 115)]

= [1682 + 182 + 4175 + 3910]

= [9949]
note:Thiscalculationcanbe performed on
y ourcalculator.

Answer

[9949]
	✓1 mark for the correct answer

4E

1 3 × 4

2 AB

3 a Thetotal numberofstudents thathadeachty pe
ofdinner.

b 13

c Thenumberofstudentsin eachclass.

4 a Thetotal numberofcars recordedoneach day .

b Theaverage numberofcars ofeach colourcounted
by Aliin 30 minseachday .

or

One fifthofthetotalnumberofcarsofeach
colourcounted.

5 a SP b $340

6 a 118

b [
223

 
226

] c $226

7 a [
2 3 1

 
3 1 2

] ×
⎡
 ⎢ 

⎣

1
1
1

⎤
 ⎥ 

⎦
 = [

6
6
]

Thetotal numberofitemseatenon Monday is6.

b [
2 3 1

 
3 1 2

]×
⎡
 ⎢ 

⎣

1
2 
1.5

⎤
 ⎥ 

⎦
 = [

9.5
 

8
  ]

$8 wasspentonTuesday .

8 a [
43 24 10

 
36 26 7

 ] and 
⎡
 ⎢ 

⎣

0.5
 1

2
  
⎤
 ⎥ 

⎦

or

[0.5 1 2] and 
⎡
 ⎢ 

⎣

43 36
 24 26 

10 7
 
⎤
⎥
⎦

b [
65.5

 
58
  ]

Thetotalamountofmoney madeonSaturday 
was$65.50.

9 a 102hats, 127gloves,202 scarves and71 socks.

b P = 

⎡

 ⎢ 
⎣



18 26 40 15
20 23 38 12
24 29 47 17
19 24 38 14
21 25 39 13

⎤

⎥
⎦

× 

⎡

⎢
⎣

11

 
7.5

 
11.5
 

6



⎤

 ⎥ 
⎦

 = 

⎡

 ⎢ 
⎣

943

 
901.5
 1124 

910
 

945

  

⎤

⎥
⎦

Theprofitmade on Monday was$943.

c [
1 _ 5 

1 _ 5 
1 _ 5 

1 _ 5 
1 _ 5 ] × 

⎡

 ⎢ 
⎣

943

 
901.5
 1124 

910
 

945

  

⎤

 ⎥ 
⎦

 = [964.7]

Theaverage profitwas$964.70.
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10 a 2 × 3

b i M = [
145 978.00

 
171 848.50

]

ii Total revenue fromsellingproductsA,Band C
atEastownand Noxland.

c Thenumberofcolumns inP ≠ numberofrowsinQ

Questions from multiple lessons

11 Matrices

Decoding the question

Keywords: matrix multiplication, total cost

Relevant lesson: 4E

Inthis question,we mustfind whichofthegiven matrix
products would showthetotaldistanceofSandra’sruns.

Information we are given

• Sandra will run theAlbertParkLake7times,TheTan
19 times,and PrincesPark 13times.

• AlbertPark Lake: 4.70km,TheTan: 3.82 km,Princes
Park: 3.21 km

Using the theory

Amatrixshowingthetotal distanceofSandra’sruns
shouldbe a1 × 1 matrixasitwillonly containone
element; avalue representingthetotaldistance.

Hence,identify ifeach matrixproductisdefinedand ifso,
itsorder.

IfXisa m × nmatrixandYisap × q matrix,thenXYis
defined ifn = p(ifthenumberofcolumns inXisequal
tothe numberofrows inY). XYwill beoforderm × q

A Thefirst matrix is3 × 1and thesecond matrix is
1 × 3.The numberofcolumnsin thefirstmatrix (1)
isequalto the numberofrows in thesecond matrix
(1),so themultiplicationisdefined.m = 3 and q = 3,
sothe productwillbe a3 × 3 matrix.

B The numberofcolumns(1) in thefirstmatrix isnot
equal to thenumberofrowsinthe secondmatrix (3),
sothe multiplication isnotdefined.

C Thefirst matrix is1 × 3and thesecond matrix is
3 × 1.The numberofcolumnsin thefirstmatrix (3)
isequalto the numberofrows in thesecond matrix
(3),so themultiplicationisdefined.m = 1 and q = 1,
sothe productwillbe a1 × 1 matrix.

D The numberofcolumns(3) in thefirstmatrix isnot
equal to thenumberofrowsinthe secondmatrix (3),
sothe multiplication isnotdefined.

E  Thefirst matrix is1 × 3and thesecond matrix is
3 × 3.The numberofcolumnsin thefirstmatrix (3)
isequalto the numberofrows in thesecond matrix
(3),so themultiplicationisdefined.m = 1 and q = 3,
sothe productwillbe a1 × 3 matrix.

Theonly matrixproductthatisdefinedand hastheorder
1 × 1 isoptionC.

Answer

C
✓1 mark for the correct answer

12 Data analysis

Decoding the question

Keywords: least squares line, equation, scatterplot

Relevant lesson: 13D

Wemustfindthe equation ofthe leastsquares regression
lineusinginformation fromthegivengraph.

Information we are given

• The givengraph

Using the theory

Theequationoftheleastsquaresline isinthe form
𝑦 = a + b𝑥, where 𝑥 is the explanatory variable, 𝑦 is
theresponse variable,b isthegradientanda isthe
𝑦-intercept.

First,we willcalculatethegradientwiththe formula

b =  
𝑦2 − 𝑦 1_________
𝑥2 − 𝑥 1 

We willneedto readtwo pointsofftheline.They could
be any twopoints,but in thissolutionwe have chosen
(1,46.4) and(10, 38.8).

Substitute these into theequation:

b =  38.8 − 46.4_____________
10 − 1

b = −0.84

Nowsolvefora by substituting in b = −0.84 andthe
point(1,46.4) intoy = a + b𝑥.

46.4 = a + (−0.84 × 1)

46.4 = a − 0.84

a = 47.2

Substitute inthe valuesofaand b,aswellas𝑥, the
explanatory variable (temperature),and𝑦, the response
variable (numberofhotchocolates),into𝑦 = a + b𝑥.
number of hot chocolates = 47.2 − 0.84 × temperature

Acommonerroristo read thevalueofthe𝑦-intercept off
the graph,buttheleftmost𝑥-value on the graph is 1, not 0.

Answer

E
✓1 mark for the correct answer

13a Matrices

Decoding the question

Keywords: matrix, order

Relevant lesson: 4A

We needto usethe numberofrowsandcolumnstofind
theorderofthegiven matrixQ
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Information we are given

• Thegiven matrixQ

Using the theory

The orderofamatrix iswrittenas
number of rows × number of columns

MatrixQhasthree rows andonecolumn.

Hence,itsordermustbe 3 × 1.

Answer

3 × 1
	✓1 mark for the correct answer

13bi Matrices

Decoding the question

Keyword: matrix product

Relevant lesson: 4D

Thisquestion is askingforthematrixproductRQ

Information we are given

• Thegiven matrixQ

• Thegiven matrixR

Using the theory

The matrixproduct canbefound usinga calculatoror
by hand.

By hand:

[120 380 710] × 
⎡
 ⎢ 

⎣

4.50
 8.00 

11.50

⎤
⎥
⎦

= [(120 × 4.50) + (380 × 8.00) + (710 × 11.50)]

RQ = [(540) + (3040) + (8165)]

RQ = [11 745]

Asthe answerisa matrixproduct, itmustbe presented
asa 1 × 1 matrix, notjusta number.

Answer

RQ = [11 745]
	✓1 mark for the correct answer

13bii Matrices

Decoding the question

Keywords: matrix product, represents

Relevant lesson: 4E

Thisquestion is askingfortheinformation represented
by the matrixproductRQ

Information we are given

• Matrix Qcontainsthepricesofeachpopcornsize.

• Matrix Rcontains thenumberofeach sizesold
lastmonth.

Using the theory

Theresultingmatrix productfrom partb isa 1 × 1
matrix.The multiplicationprocessmultiplied theprice
foreachpopcornsizeby the numberofeachsizesold.

[120 380 710] × 
⎡
 ⎢ 

⎣

4.50
 8.00 

11.50

⎤
⎥ 
⎦
 

= [(120 × 4.50  + (380 × 8.00) + (710 × 11.50)]
Forexample,ashighlightedabove,the pricefor asmall
popcorn ($4.50)was multipliedby the numberofsmall
popcornsold (120).Thiscalculatedthe revenue gained
from thesmall popcornsaleslastmonth.Thisprocess
was repeatedwitheach popcorn size.

Thematrix multiplicationprocessthencalculatedthe
sum ofeach ofthese threevalues. Hence,the valuein
matrix RQisthetotal revenue collectedfrom thepopcorn
saleslastmonth.

Answer

Therevenueofall popcornsalesinthe last month.
✓1 mark for the correct answer

4F

1 a 1 b 3

2 Thecircled number indicatesthere is aone−steppath
fromAtoC.

A B C

3 
A
B
C
  
⎡
 ⎢ 

⎣

0 3 1
 3 0 1 

1 1 0

⎤
⎥ 
⎦

A B C D

4 

A
B
C
D

 

⎡

 ⎢ 
⎣



0 0 2 0

 
0 0 1 2
 2 1 0 1 

0 2 1 0

⎤

⎥
⎦

5 

6 C

7 a i 1 ii 2

b 

⎡
 ⎢ 

⎣

5 6 3
 6 10 2 

3 2 13

⎤
⎥ 
⎦

c i 6 ii 3

B

C

D

E

A

680 ANSWERS

© Edrolo 2020



8 a Fourpeople

b 

c 

⎡

 ⎢ 
⎣



2 1 1 1 2


1 4 0 2 1

1 0 1 1 1
1 2 1 3 1



2 1 1 1 2



⎤

⎥
⎦

2

S H T G L

9 a  

S
H
T
G
L

  

⎡

 ⎢ 
⎣



0 1 0 0 0
1 0 1 1 0
0 1 0 0 1
0 1 0 0 1
0 0 1 1 0

⎤

⎥
⎦

note:Theorderofthe rowsand columnscan vary .

b 2

V W X Y Z

10 a  

V
W
X
Y
Z

  

⎡

 ⎢ 
⎣



0 1 1 0 0
1 0 1 1 1
1 1 0 0 1
0 1 0 0 1
0 1 1 1 0

⎤

⎥
⎦

b Noonecan befriendswith themselveson Facebook
sothese valuesareall 0.

c V = 2, W = 4, X = 3, Y = 2, Z = 3

d William

V W X Y Z

e  

V
W
X
Y
Z

  

⎡

 ⎢ 
⎣



2 1 1 1 2
1 4 2 1 2
1 2 3 2 1
1 1 2 2 1
2 2 1 1 3

⎤

⎥
⎦

f 2
A B C H M S

11 a 

A
B
C
H
M
S

  

⎡

⎢
⎣

0 0 0 0 1 0
0 0 0 0 0 1
0 0 0 0 1 1
0 0 0 0 1 0
1 0 1 1 0 0
0 1 1 0 0 0

⎤

⎥
⎦

 

A

B

C

E

D

b Canberra
A B C H M S

M2 = 

A
B
C
H
M
S

  

⎡

⎢
⎣



1 0 1 1 0 0
0 1 1 0 0 0
1 1 2 1 0 0
1 0 1 1 0 0
0 0 0 0 3 1
0 0 0 0 1 2

⎤

⎥
⎦

A B C H M S

M + M2 = 

A
B
C
H
M
S

  

⎡

⎢
⎣



1 0 1 1 0
0 1 0 0 1
1 1 1 1 1
1 0 1 1 0
1 0 1 3 1
0 1 1 0 1 2

⎤

⎥
⎦

A B C H M S

c M + M2 =  

A
B
C
H
M
S

  

⎡

⎢
⎣

1 1 1 1
1 0 0 1
1 1 1 1
0 1 1 0
0 1 3 2

1 1 1 0 2 3

⎤

⎥
⎦

Adelaide is alsoconnectedtoevery city by apath of
twostepsorless.

d Stepsdon’ttake intoaccountthedistancebetween
cities. Forexample,thedistancebetweenCanberra
toSy dney ,286km,istreatedasthe same asAdelaide
toSy dney ,whichis 1374km.

12 a i Birdseatlizards.

 ii Birds,lizardsandinsectsdo noteatbirds.

Questions from multiple lessons

13 Matrices

Decoding the question

Keywords: matrix, element, row, column, ‘determined by 
the rule’

Relevant lesson: 4A

Thequestion isaskingusto identify which matrixdoes
notfittheelement rule𝑥 

i j
 = i + 3j

Information we are given

• 𝑥
i j
is theelementin rowiand columnjofmatrixX

• 𝑥
i j
 = i + 3j

Using the theory

𝑥
i j
isthe elementin rowiandcolumnjofmatrixX

Aswe movedown acolumn in matrix X, thevalueofthe
elements will increaseby 1eachtime,asthecoefficient
ofi inthe matrixelementrule is1.

Aswemoveacrossarow,fromlefttoright,inmatrixX
thevalueoftheelementswillincreaseby 3eachtime,
asthecoefficientofjinthematrixelementruleis3.
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Thesearethe twoconstraintsofmatrixX

Fortheelement𝑥 1 1,substitute i = 1 and j = 1 into the
element rule𝑥 i j = i + 3j

𝑥1 1 = (1 × 1) + (3 × 1) = 4

Thisistrueforeachoption.

Nowweapply the twoconstraintsestablishedpreviously 
on the restoftheelements.

Aswe go across row 1,eachelementshouldbe 3 larger
thanthe onebefore, starting from4.This holds true in
every option.

Aswe go down column 1,each elementshouldbe 1
largerthanthe onebefore, starting from4.This holds
truein every optionexceptforoptionE.

Answer

E
	✓1 mark for the correct answer

14 Recursion and financial modelling

Decoding the question

Keywords: recurrence relation, term, positive

Relevant lessons: 6B, 6D

Wemustuse the given recurrence relation togeneratea
sequenceandidentify which term isthe firsttobepositive.

Information we are given

• t
0
 = −10, t

n+1
 = 2t

n
 + 11

Using the theory

Substitutet0 = −10 into therecurrencerelation
tn+1 = 2tn + 11tofindthe valueoft1
t1 = 2t0 + 11

t1 = 2 × (−10) = −20 + 11 = −9

Repeattheprocess fortherestofthe sequence until a
positivevalue isgenerated.

t2 = 2t1 + 11

t2 = 2 × (−9) +11 = −18 + 11 = −7

t3 = 2t2 + 11

t3 = 2 × (−7) + 11 = −14 + 11 = −3

t4 = 2t3 + 11

t4 = 2 × (−3) + 11 = −6 + 11 = 5

The firstpositive value in thesequenceis t4
Answer

D
	✓1 mark for the correct answer

15a Matrices

Decoding the question

Keyword: order

Relevant lesson: 4A

Wemustinspect matrixP2019tofind its order.

Information we are given

• Thegiven matrix

Using the theory

Theorderofa matrix isexpressed as
number of rows × number of columns

Thereare4 rowsand 1 column.

Hence,theorderofmatrix P2019is4 × 1.

Answer

4 × 1
✓1 mark for the correct answer

15b Matrices

Decoding the question

Keyword: how much

Relevant lesson: 4A

Wemustidentify the priceofacactusanda monstera
plantin thematrixandcalculate theirsum.

Information we are given

• Thegiven matrix

• Values areindollars.

• Nickbuy sacactusanda monstera plant.

Using the theory

Wecan findthepriceofeachoftheplantsby identify ing
theirelementsinP2019

Thevalue inrow‘C’ is 20. Hence,the priceofacactus
is $20.

Thevalue inrow‘M’ is40. Hence,the priceofa monstera
is $40.

Calculatethe sum.

20 + 40 = 60

Answer

$60
✓1 mark for the correct answer

15c Matrices

Decoding the question

Keywords: ‘number of each plant sold’, total revenue

Relevant lesson: 4D

Wemustfinda matrix that,when multipliedby matrix
P2019,will producea matrixcontainingthetotal revenue.

682 ANSWERS

© Edrolo 2020



Information we are given

• Thegivenmatrix

• Thegiventable

Using the theory

Thequestion asks usto findthetotalrevenuefrom the
pastweek.Asthe total is asingularvalue,thematrix
productmustbea 1 × 1 matrix.

TheorderofmatrixP2019is4 × 1.

To producea 1 × 1matrix,P2019mustbepre-multiplied
by a1 × 4 matrix.

Thevalueswithinthe 1 × 4 matrix mustbethe number
ofeach plantsold inthelastweekforthematrixproduct
tobethe revenue forthelastweek.

Thenumberofeachplantsoldisgiven inthetable.Asthe
plantsinthetableare in the same orderasthose inmatrix
P2019,the values can becopieddirectly intoa 1 × 4 matrix.

Answer

[22 24 17 31]
	✓1 mark for the correct answer

15d Matrices

Decoding the question

Keywords: ‘20% price increase’, scalar, product

Relevant lessons: 2E, 4C

Wemustidentify ascalarthat,when multipliedby P
2019

will causeeachelementto increaseby 20%.

Information we are given

• Thegivenskeletonequation

Using the theory

Multiplicationby ascalarcausesevery elementina
matrixto be multiplied by thescalar.

Theprice ofeachplantmustincreaseby 20%.

Hence,the 2020pricesmustbe 120%ofthe 2019prices.

Divide 120by 100toconvertfromapercentageto ascalar.

 120 _ 100  = 1.2

Answer

1.2
	✓1 mark for the correct answer

4G

1 [
22 −44

 
8 −16

]

2 

⎡
 ⎢ 

⎣

11 37 65
109 23 −3
305 −183 41

 
⎤
 ⎥

⎦

3 a [
7 2

 
−1 −9

]

b [
7 2

 
−1 −9

]

c They arethesame.

4 a [
1 0

 
0 1

]

They areinversesofeachother.

b [
1 0

 
0 1

]

They areinversesofeachother.

c 
[
1 9 _28 

0 25 _ 7  ]

They arenotinversesofeachother.

5 B

6 15

7 a  1 _ 92  [
4 8

 
−10 3

]

b  1 _ 27  [
−3 −7

 
9 12

 ]

c [
2 5

 
3 8

]

8 A−1 =   1 _ 116  [
9 −4

 
2 12

 ]

A × A−1 = [
12 4

 
−2 9

] ×  
1 _ 116  [

9 −4
 

2 12
 ] = [

1 0
 

0 1
] = I

9 a 𝑥 = 5, 𝑦 =  9 __ 2 

b 𝑥 =  5 ___ 12 , 𝑦 =  
− 49____
36 

c 𝑥 =  − 4 ___ 7  , 𝑦 =  
− 6 ___ 7 

10 a 𝑥 = 5, 𝑦 = 1

b 𝑥 = 2, 𝑦 = 3

c 𝑥 =  13 ___ 17 , 𝑦 =  
31 ___
17 

11 a [
3 4

 
5 3

] [
a
p
] = [

18
 

19
] b $2

12 B

13 b = − 2

14   1 _ 56  [
3 −7

 
2 14

 ]

15 a [
2 2

 
1 3

] [
a
c
 ] = [

180
 

170
]

a = 50,c = 40

Thecostofan adultticketis$50,thecostofa child
ticketis$40.

b C

16 D
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Questions from multiple lessons

17 Matrices

Decoding the question

Keyword: matrix product

Relevant lessons: 4C, 4D

The question is asking ustouseourknowledge ofthe
multiplicationofmatricesto determine whichofthe
optionsisequaltothe givenmatrix product.

Information we are given

• Thegiven matrixproduct

Using the theory

Findthe matrixproduct.

[12 3 9] × 
⎡
 ⎢ 

⎣

3
 15 

6
  
⎤
 ⎥ 

⎦
 = [(12 × 3) + (3 × 15) + (9 × 6)]

= [36 + 45 + 54]

= [135]

The matrixproduct simplifiesto a1 × 1 matrix, hence
optionB isnotcorrect.

[576] ≠ [135],hence optionCis notcorrect.
Workthrough theremainingoptionstofindthe answer.

A 3 × [4 3 9] × 
⎡
 ⎢ 

⎣

1
 15 

6
  
⎤
⎥
⎦

= 3 × [(4 × 1) + (3 × 15) + (9 × 6)] = 3 × [103] 
= [309] ≠ [135]

D 9 × [4 1 3] × 
⎡
 ⎢ 

⎣

1
5
2

⎤
⎥
⎦

= 9 × [(4 × 1) + (1 × 5) + (3 × 2)] = 9 × [15] 
= [135]

E 3 × [4 1 3] × 
⎡
 ⎢ 

⎣

1
5
2

⎤
⎥
⎦

= 3 × [(4 × 1) + (1 × 5) + (3 × 2)] = 3 × [15] 
= [45] ≠ [135]

Hence,theanswer isD.

note:All calculations within thissolutioncan be
completedony ourcalculator.

Alternative Solution:

Every number within thetwo matricesinthe given
matrix productisa multiple of3.Hence,3 canbe
removedfromeachofthematrices,asshownbelow.

[12 3 9] × 
⎡
 ⎢ 

⎣

3
 15 

6
  
⎤
 ⎥ 

⎦
 = 3 × [4 1 3] × 3 × 

⎡
 ⎢ 

⎣

1
5
2

⎤
⎥
⎦

Thetwo 3’scan bemultiplied by eachother,giving

9 × [4 1 3] × 
⎡
 ⎢ 

⎣

1
5
2

⎤
 ⎥ 

⎦

Answer

D
✓1 mark for the correct answer

18 Data analysis

Decoding the question

Keywords: dot plot, mean, standard deviation

Relevant lessons: 12C, 12E, 12F

We needto listthedatapointsand use ourcalculatorsto
findthe meanand standard deviation.

Information we are given

• Thegiven dotplot

Using the theory

Listthe valueofthedatapoints in aspreadsheetiny our
calculatorand use the‘one-variable statistics’ function.
Remembertoincludethe zeros.

Thecalculatorshouldreturn, correctto one decimal
place, ̄  𝑥 = 1.5 and s𝑥 = 2.2.

note: Make sure to use thevalueofs𝑥insteadofσ𝑥aswe
arefindingthestandarddeviationofasample,not
a population.

Seevideo solutionforbutton-by -button demonstration.

Answer

C
✓1 mark for the correct answer

19a Matrices

Decoding the question

Keyword: order

Relevant lesson: 4A

Wemustfindthe numberofrowsand columns in matrix
Ktodetermine its order.

Information we are given

• Thegiven matrix

Using the theory

Theorderofa matrix isexpressed as
number of rows × number of columns

Matrix Khas4rowsand 1 column.

Hence,theorderofmatrix Kis 4 × 1.

Answer

4 × 1
✓1 mark for the correct answer
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19b Matrices

Decoding the question

Keywords: how many, either

Relevant lesson: 4E

Thisquestionasksusto inspectthegivenmatrixtofind
howmany knightslive in eithertheValeortheIronIslands.

Information we are given

• Thegivenmatrix

Using the theory

EachelementofthematrixKrepresentsthepopulation
ofknightsofadifferentkingdom.

From the matrix, we candeterminethepopulationof
knightsoftheVale andthe IronIslands.

Vale: 29knights

Iron Islands: 20knights

Thequestion specifiesthepopulationofeither theVale
orthe Iron Islands,sotheirtwo separate populations
mustbesummed.

29 + 20 = 49

Answer

49knights
	✓1 mark for the correct answer

19c Matrices

Decoding the question

Keywords: matrix, multiplied, ‘total cost to armour all knights’

Relevant lesson: 4E

Thisquestion asks usto createanequation,thatwhen
multipliedwith thegivenequation,providesa 1 × 1
matrixwiththe totalcostofall armour.

Information we are given

• Thegivenmatrix

• Thegiventable

Using the theory

Letournew matrixbecalled L

Theproduct matrixL × Kgivesatotal cost,thereforeit
will only haveoneelement.TheorderofL × Kwillbe
1 × 1.

AsmatrixKisa4 × 1 matrix,the orderofmatrixL must
be 1 × 4forthe productmatrixtobedefinedand have
an orderof1 × 1.

Theorder ofthe information in thematrix must
correspondtothe orderofK,soTheNorth mustbethe
firstelement,TheValethe second,TheIron Islandsthe
third,and Dorne thefourth.

Answer

[15 29 11 23]
	✓1 mark for the correct answer

5A

1 3 × 3

2 5

3 a Vertices: 4, Edges: 4

b Vertices: 5, Edges: 5

c Vertices: 8, Edges: 12

4 5

5 Vertices: 11, Edges: 10

6 a Simple

b Thereare twoedgesjoiningthesametwovertices.

7 a i Simple:A,B,D

Complete: None

Connected:A,C,D, E

Disconnected: B,F

 ii Isomorphic pair: C andE

b i Simple:A,D, E, F

Complete:A

Connected:A,B, D,E,F

Disconnected: C

ii Isomorphic pair: DandE

c i Simple:A,C, D,E

Complete: D

Connected: B,D, E, F

Disconnected:A,C

ii Isomorphic pair: Band F

8 Althoughmany differentarrangementsarepossible,thisis
the standardcompletegraphwith6 vertices.

9 

10 The missingentry is2.
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11 a 

⎡

 ⎢ 
⎣



0 2 0 1

 
2 0 1 0
 0 1 0 0 

1 0 0 0

⎤

⎥
⎦

b 

⎡

⎢
⎣



0 1 0 0 2 1
1 0 0 1 1 1
0 0 0 0 1 0
0 1 0 1 1 1
2 1 1 1 0 1
1 1 0 1 1 0

⎤

⎥
⎦

c 

⎡

⎢
⎣



0 1 1 0 0 0 0 1
1 0 1 0 0 0 0 0
1 1 0 1 0 0 0 0
0 0 1 0 1 2 1 0
0 0 0 1 0 0 0 0
0 0 0 2 0 0 1 1
0 0 0 1 0 1 0 1
1 0 0 0 0 1 1 0

⎤

⎥
⎦

12 VerticesD andFhave themostedgesbetweenthem.

13 There aremany possiblegraphs.The graphdrawnwith
verticesarrangedasa hexagonisbelow.

14 The graphisdisconnected,withverticesA,B,and Cinone
part,D,E,and Ginanotherpart,andvertexFby itself.
Any twolinesthatjointhese partsalltogetherarevalid.
The followingisan example ofasolution.

A

B

C

D

G

F

E

M =

A
A B C D E F G

B
C
D
E
F
G

15 Vertices: 5

Edges: 10

16 D

2

61

3 4

5

17 2

18 Theverticesrepresentshippingports.The edges
represent thepathsshipscan take.

Theshipscannottraverse allthepathswithoutgoing
overthe same pathtwice.

19 D

20 C

21 B

Questions from multiple lessons

22 Networks and decision mathematics

Decoding the question

Keywords: sum, degrees, vertices

Relevant Lesson: 5A

Wemustfindthedegree ofeach vertex ineachgraph,
calculatethe sum foreach graphandthen compare
thesevalues.

Information we are given

• Thegiven graphs

Using the theory

Thedegreeofavertexisequaltothe numberofedges
connected to it.

Thedegreesofeachvertexcan be foundby countingthe
numberoftimesanedgeattachesto it.Theseare
shown below.

Graph A Graph B
2

2
3

2

3 3 3

4

2

Calculatethe sum ofthe degreesofthe verticesfor
eachgraph.

GraphA: 2 + 2 + 2 + 3 + 3 = 12

Graph B: 3 + 3 + 2 + 4 = 12

Calculatethe difference.

12 − 12 = 0

∴ThesumofthedegreesoftheverticesofGraph B is
equaltothesum ofthe degrees ofthevertices ofGraphA.
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Answer

C
	✓1 mark for the correct answer

23 Data analysis

Decoding the question

Keywords: boxplot, five-number summary

Relevant lesson: 12G

We needtoreadfeatures ofthegivenboxplotto deduce
the five-numbersummary ofthedata.

Information we are given

• Thegivenboxplot

Using the theory

Thefive-numbersummary ’slocation onthe boxplotis
shownbelow.

45
Length (m)

50 60 65 70

Q1

Minimum Maximum

Median

Q3

Hence,the five-numbersummary , readingfromleftto
right,is: 41.2, 51.4,54,57.4, 72.

note: Outliers should be includedin the
five-numbersummary .

Answer

A
	✓1 mark for the correct answer

24a Networks and decision mathematics

Decoding the question

Keywords: explain, adjacency matrix

Relevant lesson: 5A

We needtouseour knowledgeofadjacency matrices,
alongwith thecontextgiven inthequestion,todetermine
the meaningofa zero intheadjacency matrix.

Information we are given

• Thegivenadjacency matrix

• Theadjacency matrixshowsthe differentfriendships
between thefivepeers.

Using the theory

Eachelementin theadjacency matrix represents the
numberofedgesbetweenthe verticesoftherespective
row andcolumn.Anedge representsa friendship
betweenthe twocolleagues representedby the vertices.

∴Azerointhe adjacency matrix meansthatthetwo
colleagues, representedby the vertices, arenotfriends.

Answer

Azeroin theadjacency matrix means thatthetwo
colleagues arenotfriends.
✓1 mark for the correct answer

24b Networks and decision mathematics

Decoding the question

Keywords: value, adjacency matrix

Relevant lesson: 5A

We needto referbackto thegraphtofindthe valuesof𝑥
and𝑦.

Information we are given

• The givengraph

• The givenadjacency matrix

Using the theory

𝑥 is in row Mandcolumn B

Thevalue of𝑥will be the number of edges between
verticesMandBonthe graph.

Thereare noedgesbetweenMandB

𝑥 = 0

𝑦 is in row Jand columnB

Thevalue of𝑦will be the number of edges between
verticesJandBonthegraph.

There is one edgebetweenJandB

𝑦 = 1

Answer

𝑥 = 0, 𝑦 = 1
✓1 mark for the correct answer

5B

1 7

2 Planar

3 One possible answerisbelow.
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4 a Onepossibleanswer is below.

b Onepossibleanswer is below.

c Onepossibleanswer is below.

5 a Planar

b Planar

c Non−planar

6 D

7 a Ais

B is

b B

8 7

9 7

10 a 4 b 6 c 5

11 a 

Thegraph is connectedand planar,soEuler’s
formula applies.

b 5

12 

13 a 5

b Thesumofthedegreesis 18.Thesumofvertices’
degrees is doublethe numberofedges.

14 a Vertices: 13

Edges: 15

Faces: 4

b V + F = E + 2

13 + 4 = 15 + 2

 LHS = RHS

15 a 

b 
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c 

16 D

Questions from multiple lessons

17 Networks and decision mathematics

Decoding the question

Keywords: adjacency matrix, ‘missing elements’

Relevant lesson: 5A

We needtodetermine the missingelementsinthe
adjacency matrixby findingthe numberofedges
betweenthe verticesofthe respectiverowsand columns.

Information we are given

• Thegivengraph

• Thegivenadjacency matrix

Using the theory

Thefirstrowis thenumberofedgesbetweenvertexA
and eachothervertex.

Thereare0edgeswithitself,1 edge withB, 2edges with
Cand 2 edges withD

Hence,the valuesinthe firstrowfromleftto rightwill be
0, 1,2,2.

Fillouttherestoftherowsinthesamemanner.
Thematrixshouldlookasfollows:

A B C D



A
B
C
D

 

⎡

⎢
⎣



0 1 2 2
1 0 1 0
2 1 1 0
2 0 0 1

⎤

⎥
⎦

Themissingelementsarethree‘0’s,four‘1’sandtwo‘2’s.

Answer

B
	✓1 mark for the correct answer

18 Data analysis

Decoding the question

Keywords: variables, ‘nominal, ordinal, discrete or continuous’

Relevant lesson: 12A

Thisquestion asks usto identify whatty pe ofdataexam
gradeand timespentstudying are.

Information we are given

• Exam grade(highdistinction,distinction,pass,fail)

• Time spent studying(lessthan5 hours,5 to 10 hours,
morethan 10hours)

Using the theory

Wemustfirstidentify ifthevariablesexam grade
(highdistinction,distinction,pass,fail) and
time spent studying (lessthan 5hours, 5 to 10hours,
more than 10hours)are categoricalornumerical
variables. Ifthey arecategoricalvariables,determine
ifthey arenominal orordinal variables. Ifthey are
numericalvariables,determineifthey are discreteor
continuousvariables.

Exam gradeisa categoricalvariableasithasfour
categories: high distinction,distinction,passorfail.Asthe
categories withinthe variableexam gradecanbelogically 
orderedfrombesttoworstgrade,orviceversa, itisan
ordinalvariable.

Time spent studyingisacategoricalvariableasithas
threecategories:lessthan5hours,5to10hours,
morethan10hours.Asthecategorieswithinthe
variabletime spent studyingcanbelogically ordered
fromleasttimespentstudy ingtomosttimestudy ingor
viceversa,itisanordinalvariable.

∴Thevariablesare bothordinal.

Answer

B
✓1 mark for the correct answer

19a Networks and decision mathematics

Decoding the question

Keywords: ‘missing edge’, vertices, graph, draw

Relevant lesson: 5A

By comparingthe diagramto theprovidedgraph,wewill
identify themissingedge,and redrawthecompletegraph.

Information we are given

• The givendiagram

• The givengraph

• Eachvertex represents aroom.

• Eachedge representsawallbetweentwo rooms.

Using the theory

1 2 3

4

5
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From thediagram, we cansee therearewallsconnecting:

• Rooms1 &2

• Rooms2 &3

• Rooms3 &4

• Rooms3 &5

• Rooms4 &5

Onthediagramthere isawallbetween room 3 and room
5,y etonthe graphthere isno edge betweenvertex3 and
vertex5.

Redraw thegraph,butadd anedgethatconnects vertices
3 and 5.

Answer

1

2

3

45

	✓1 mark – Correct edge

19b Networks and decision mathematics

Decoding the question

Keywords: sum, degrees, vertices

Relevant lesson: 5A

By findingthe degree ofeachvertexofournewgraph
andaddingthem together,we canfindthesum ofthe
degreeofthevertices.

Information we are given

• Thegraphfrom parta

Using the theory

The degreeofa vertex isequaltothe numberofedges
connected to it.

The degreesofeachvertexcanbe foundby countingthe
number oftimesan edgeattachesto it.Theseareshown
in redonthe graphbelow.

1

2

3

45

3

22

1

2

The sumofthesedegrees is:

1 + 2 + 3 + 2 + 2 = 10

Answer

10
	✓1 mark for the correct answer

5C

1 Vertices:4

Edges:6

2 a 

b 

3 a Walkandtrail b Walk

c Walkandtrail

4 EGHFDCBA

5 ABorBC

6 a 

b 

7 a Walk

b Walkandcircuit

c Walk, circuit,andcy cle

8 a 8

b BCDFEGHBorBHGEFDCB

note: You may startatany oftheverticesaslongas
y oufollowoneoftheorders listed above.

A
B

D

C

A
B

D

C

A
B

E

D

C

A
B

E

D

C
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9 TherouteABA isneitheracircuitnora cy clebecause it
repeatstheedgeAB.Thismeansthatthe route isnota
circuit.Therefore,itcannotbe acy cle.

10 a GSFAYRPMVNWGorGWNVMPRYAFSG

b N, V,S,P,F and W

c NorF

11 a 

b i P, T, U,W, Y

ii Walk,Trail, Path

c i Yes

ii Walk,Trail

d i No

ii WZ

12 a 4

b i P

ii 5

c i SRQPONUT

ii Any three ofSRQPUTNO SRQPONTU SRTUNOPQ,
orSRUTNOPQ

Questions from multiple lessons

13 Networks and decision mathematics

Decoding the question

Keywords: planar graph, not

Relevant lesson: 5A

Thegraphthatisnotaplanargraph canbedetermined
by findingthegraph thatcannotbe drawnwithout
overlappingedges.

Information we are given

• Thegivengraphs

Using the theory

Aplanargraph is agraphthatcanbedrawnwith no
overlappingedges.By redrawingcertainedgesinthe
graphs inoptionsA, B,C,D andE,wecan determine
which graphsareplanarand canbedrawnwithout
overlappingedges,and whichgraph is non-planar.

T

S

R

Q

P
O

U

V

Z

W

X

Y

A They ellowedgecanbe redrawn sothatthegraph isin
planarform.

B The greenedge canbe redrawnso thatthegraphis in
planarform.

C The graphisalready inplanarform.

D The red edge canbe redrawnso thatthe graphis
inplanarform.

E The graphcannotbedrawnwithout overlapping
edges,so itis nota planargraph.

Answer

E
	✓1 mark for the correct answer

14 Recursion and financial modelling

Decoding the question

Keywords: compounding, recurrence relation

Relevant lessons: 3D, 6D

Therecurrence relationforcompoundinterestcanbe
used todetermine the amountinthe savingsaccount,Sn

afterny ears.

Information we are given

• Pauline deposited$3500.

• Interestcompoundsannually ata rateof2.8%
perannum.
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Using the theory

Sincewearedealingwithcompoundinterest,
therecurrencerelationisintheform
S
0
 = a S

n+1
 = R × S

n

S0isthe initialdeposit, whichis$3500.

The interest rate of2.8%perannumcanbe convertedto
thecommonratio usingtheformula:

R = 1 +   r _ 100 ,whereristhe interest rate expressedas

apercentage.

Substituter = 2.8 into R = 1 +   r _ 100 

R = 1 +  2.8 _ 100  = 1.028

∴S0 = 3500, Sn+1 = 1.028 × Sn

Answer

D
	✓1 mark for the correct answer

15a Networks and decision mathematics

Decoding the question

Keyword: ‘only one road’

Relevant lesson: 5C

Wemust use themapto findthetwopoolsdirectly 
accessible from Iona usingonly oneroad.

Information we are given

• Thegiven map

Using the theory

Thereisoneroadbetween IonaandJonty ,asshown below.

Iona

Kakadu
Jonty

Lima

Hunter

There isone roadbetweenIonaand Hunter,
asshown below.

Iona

Kakadu
Jonty

Lima

Hunter

Answer

Jonty and Hunter
✓1 mark for the correct answer

15bi Networks and decision mathematics

Decoding the question

Keywords: graph, vertices, ‘missing an edge’

Relevant lesson: 5C

Wemustassociate theconnections onthe map withthe
edgesonthegraphinorderto find themissingedge.

Information we are given

• Thegiven graph

Using the theory

Thefollowinggraphics showthetwoway stotravel
directly between Jonty andKakadu,withoutpassingany 
otherpools.

Iona

Kakadu
Jonty

Lima

Hunter

Iona

Kakadu
Jonty

Lima

Hunter

Hence,on thegraph,there should betwo edges
connectingKandJ.

However,thereisonly oneedgebetweenJandKon the
given graph.

Themissing edge isbetweenJandK.

Thecompletegraph isshown below.

L

K

J

IH
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Answer

JandK
	✓1 mark for the correct answer

15bii Networks and decision mathematics

Decoding the question

Keywords: loop, represent

Relevant lesson: 5C

Wemustexplainthesignificance ofalooponthe graph
inthecontextofthe givensituation.

Information we are given

• Thegivengraph

Using the theory

Aloopisanedgethatconnectsavertexbacktoitself.
Itindicatesthatonecantravelfromonevertexand
returnbacktothesamevertexwithoutpassingany 
othervertices.

Inthis case,there isalooponvertexK.Thismeansthat
peopleatKakaducantravelfrom, andreturn tothe pool
withoutpassingany oftheotherpools.

Answer

PeopleatKakadu cantravelfrom thepooland return
withoutpassingany oftheotherpools.
	✓1 mark – Correct explanation

5D

1 DECBAF

2 a 18km b 40km c 62km

3 28

4 

5 C

6 a 23.2km b 22.6km c 29.3km

7 ABCDE, 12.1 m

8 110km

9 3.2km

10 PCBFEDAP or PADEFBCP

5

M

V

S

J3 3

2

4

11 a

2660

Adelaide

2850

31502620

Brisbane

2130
730

710
650

1060
600

3010

Sydney

Melbourne

Hobart

Perth

Darwin

b Melbourne, Hobart,Sy dney ,Brisbane,Darwin, Perth,
Adelaide,Melbourne

or

Melbourne,Adelaide,Perth,Darwin,Brisbane,
Sy dney ,Hobart, Melbourne

Questions from multiple lessons

12 Networks and decision mathematics

Decoding the question

Keywords: graph, path

Relevant lesson: 5C

By recallingthedefinition ofthepath wewillgo through
theoptionson thegraphandestablishwhich does notfit
thedefinition.

Information we are given

• The givengraph

Using the theory

Apath does not repeatany verticesoredges, withthe
exception thatitmay startandfinishatthe same vertex.

Tofindwhichoftheoptions is nota path,wewill work
througheachoptionuntilwefindone thatdoesnotfit
thecriteria.

A This isapath asitdoes not repeatany verticesor
edges,asseen inthe diagram.

A

F E

C

B

D
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B Thisisa pathas itdoesnotrepeatany vertices or
edges,as seen in thediagram.

A

F E

C

B

D

C Thisisa pathas itdoesnotrepeatany vertices or
edges,as seen in thediagram.

A

F E

C

B

D

D Thisisa pathas itdoesnotrepeatany vertices or
edges,as seen in thediagram.

A

F E

C

B

D

E isnotapathas thereis noedgebetweenAandC.

Answer

E
	✓1 mark for the correct answer

13 Data analysis

Decoding the question

Keywords: histogram, most common

Relevant lesson: 12C

Wemust determinethe weightintervalwith thehighest
frequency by examiningthehistogram.

Information we are given

• Thegiven histogram

Using the theory

The weightintervalwith thehighestfrequency isthe
tallestbar.

Thetallestbarishighlightedgreeninthe
followinghistogram.

Fr
eq

ue
nc

y

Weight (kg)

1
2
3
4
5
6
7

2.5 3.0 3.5 4.0 4.5 5.0 5.5

Theweightintervalthis barcorresponds to isshownon
the𝑥-axis. The lower bound value is 4.0 and the upper
boundvalue is4.5.

∴Themostcommon intervalofweightforthecats is
greaterthan orequalto 4.0 kgandless than4.5 kg.

Answer

D
✓1 mark for the correct answer

14a Networks and decision mathematics

Decoding the question

Keywords: graph, cost

Relevant lesson: 5D

Wemustusethegivenweightedgraph andthe route
providedto findthesum oftheweightsassociatedto
the requirededgesto calculate thetotal costofthe
proposed route.

Information we are given

• Thegiven graph

• Theproposed route: Barcelona(B) – Madrid (M)–
Granada (G)

Using the theory

Thefollowingproposed routeishighlighted in red.

40 100

70

90
20 60 110

120

60

60

50

G

T

M

S

B

V

Thetotal costisthesumofthetwo weights, whichare
the numbersin redassociated witheach edge.

total cost = 100 + 120 = 220

Answer

$220
✓1 mark for the correct answer

14b Networks and decision mathematics

Decoding the question

Keywords: graph, cost, cheapest route

Relevant lesson: 5D

By findingall practical routesfromBarcelonatoGranada
and assessingtheir respective weights, we canfindthe
cheapest routeforSophie.

Information we are given

• Thegiven graph
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Using the theory

First,we will writeoutallthe practicalroutes from
Barcelona to Granada andfindtheirrespectivecosts.

BVG = 110 + 70 = 180

BMG = 120 + 100 = 220

BMTG = 120 + 20 + 40 = 180

BSMG = 60 + 60 + 100 = 220

BSTG = 60 + 50 + 40 = 150

Thecheapestroute willhavethesmallestsum.

Thesmallestsumaboveis 150,forBSTG.

ThismeansSophiewill passthroughSanSebastian
andToledo.

Answer

SanSebastianandToledo.
	✓1 mark for the correct answer

14c Networks and decision mathematics

Decoding the question

Keywords: Euler’s formula, graph

Relevant lesson: 5B

By findingthe numberofverticesandedges,wecansolve
forthe numberoffacesandcomplete Euler’sformula.

Information we are given

• Thegivengraph

• Euler’sformula v + f = e + 2

Using the theory

Thereare6vertices.

Thereare 11edges.

Solve forthenumberoffacesby substitutinginv = 6
and e = 11 into Euler’sformula.

6 + f = 11 + 2

f = 7

Substitute all valuesbackinto Euler’sformulaaswe must
giveouranswerinthisform.

Answer

6 + 7 = 11 + 2
	✓1 mark for the correct answer

5E

1 Vertices: 5

Edges: 8

2 a 8

b 

note: There aremany possibleanswers.

3 C

4 a 

A C

B D

E

F

A

B

D

C

E

F

note: There aremany possibleanswers.

b 

C

B

A

D

E

D

A

B

C

E

note: There aremany possibleanswers.

CA

B D

E

F

C

B

A

D

E
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5 a 6

b 

note:Thereare many possibleanswers.

6 B

7 B

8 

9 a 

b 

DA

2

3 4

8

B

C

E

D
A

7
2

3

9

5
5

B

C G

F

E

D

A

10
8

12

9
16

B

C
F

E

D

G HA

5050

25

25

25

50

50

B

C

F

E

10 a 

b C

11 a 8

b 

Totalweightis6.

c 

Totalweightis11.

12 53.5 m

13 a 

b $28 800

14 D

Questions from multiple lessons

15 Networks and decision mathematics

Decoding the question

Keywords: ‘isolated vertices’, ’minimum number of 
edges’, tree

Relevant lesson: 5E

Usingthedefinition oftrees,we needtofindthe
minimum numberofedgestoconnectall vertices.

Information we are given

• Thelocationofseven isolatedvertices

D

G
A

65

80

60

60

50

100

B

C

F

E

DA

3
2

1B C

DA 5

2
4

B
C

25

40
40

45
45

45

Pond B

Pond CPond A

Entrance

Pond E

Pond F

Pond D
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Using the theory

Trees areaspecial ty pe ofconnectedgraphwhich use as
fewedgesas possibletoconnecta groupofvertices.

Ina tree,the numberofedges isonelessthan the
numberofvertices.

Theformula ise = v − 1.

Substitute inv = 7.

e = 7 − 1.

e = 6

∴ 6edges areneeded.

Answer

C
	✓1 mark for the correct answer

16 Data analysis

Decoding the question

Keywords: standard deviation, mean

Relevant lessons: 12E, 12F

Wewill usethecalculatortofindthe standarddeviation
and meanoftheheightofthe13 dogs.

Information we are given

• Thegiventable

Using the theory

Ony ourcalculator,opena spreadsheet,enterthe
heightdata into acolumn andusethe one variable
statistic calculations.

Thevaluesshouldbe ̄  𝑥 = 38.8and s𝑥 = 12.08.

See video solutionfora button-by -buttondemonstration.

Answer

A
	✓1 mark for the correct answer

17a Networks and decision mathematics

Decoding the question

Keywords: ‘mathematical term’, connected graph, 
shortest length

Relevant lesson: 5E

We needtorecallthe mathematicalterm thatdescribesa
connectedgraphwith minimalweight.

Information we are given

• Thegivenweightedgraph

• Thegraph wearedescribingisaconnectedgraph.

• Thegraph wearedescribinghasminimal weight.

Using the theory

Inorderforthegraphto have minimalweight,as few
edgesaspossibleshouldbeused.Thetermthat
describesa connectedgraphwhich usesthefewest
numberofedges isa‘spanningtree’.However,there may 
be multiplespanningtrees.Thespanningtree withthe
lowesttotalweightiscalled a‘minimal spanningtree’.

Answer

Minimalspanningtree
✓1 mark for the correct answer

17b Networks and decision mathematics

Decoding the question

Keywords: draw, connected graph, shortest length

Relevant lesson: 5E

We needto use Prim’sAlgorithm to drawthe minimal
spanningtreeofthisweighted graph.

Information we are given

• The givenweighted graph

• The graphweare drawing is aminimal spanningtree.

Using the theory

The minimalspanningtree canbefound using
Prim’salgorithm.

First,selectany vertex. Inthis solution,wewillstarton
theleft.

120
70

40

60
50

70

60
110

140

130

100

120
80

50 70

Thenselectthe edgewiththe lowestweightthatis
connectedto thevertex.

120
70

40

60
50

70

60
110

140

130

100

120
80

50 70

Twoverticesarenowconnected.Lookatalltheedgesthat
are connected toeithervertex.Selecttheedgewiththe
lowestweightthatwillconnectanewvertextothe tree.
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120
70

40

60
50

70

60
110

140

130

100

120
80

50 70

Continue thisuntilevery vertex isincluded.

120
70

40

60
50

70

60
110

140

130

100

120
80

50 70

Answer

70
40

50
60

100

120

50 70

	✓1 mark for the correct answer

6A

1 12

2 18

3 a i Hasa rule

ii Add 7

b i Norule − random

c i Hasa rule

ii Divide by 2 or multiply by  1 __ 2
4 a Pattern: multiply by 2, Nextterm: 32

b Pattern: add8,Nextterm: 36

c Pattern: subtract6, Nextterm: −20

5 11,8, 5, 2, −1

6 Random

7 11

8 

9 t7isthe largest.

10 D4wasthe hottest.

11 Yes

a  t0 = 3 

  t2 = 11 

  t6 = 27 

b  t0 = 16 

  t3 = −5 

  t8 = −40

c  t0 = −66 

  t4 = −22 

  t9 = 33 

12 a 

Theplotmakesastraightline,so thissequence
is arithmetic.

b 

Theplotdoesn’tmake astraightline,so this
sequenceisn’tarithmetic.

c 

Theplotmakesastraightline,so thissequence
is arithmetic.

13 a Theplotmakesastraightline,so thissequence
is arithmetic.

b Theplotdoesn’tmake astraightline,so this
sequenceisn’tarithmetic.

14 

Thisis notanarithmeticsequence.

1 2 3 4
n

–6

–4

–2

2

4

6

8

10

tn

1 2 3 4
n

2

0

4

6

8

tn

1 2 3 4
n

–5

5

10

15

20

tn

1 2 3 4
n

10

0

20

30

40

50

60

tn
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15 

Thisisan arithmetic sequence.

16 C

17 Pattern:add 17

t5 = 56

18 Pattern:subtract68

t5 = −19

19 a 

b Arithmetic sequence.

c Year 2025

20 a 

b v3 = 1750

v4 = 1000

Intwoy ears from now.

21 A

1 2 3 4
n

500

0

1000

1500

2000

2500

tn

1 2 3
n

100

0

200

300

400

500

600

mn

1 2 3
n

500

0

1000

1500

2000

2500

3000

3500

4000

vn

Questions from multiple lessons

22 Recursion and financial modelling

Decoding the question

Keywords: geometric sequence, next term

Relevant lesson: 6A

We needtoanaly sethegivengeometric sequence in
orderto determine thenextterm.

Information we are given

• The firstfiveterms ofthe sequenceare 32, 16,8,4,2.

• Itisa geometricsequence.

Using the theory

Thequestion specifiesthatthisisageometricsequence.
Hence,we knowthatthe patternfollowsa repeated
multiplication ordivision andthere isno needtofocus
ona potentialadditionorsubtraction.

Lookingatthefirsttwotermsofthesequence,inorder
togetfrom 32 to 16,we mustdivideby two.To check
ifthisistheappropriate repeated division,divide each
termby the nexttosee ifthisappliesto allthe numbers
inthesequence.

16 ÷ 8 = 2

8 ÷ 4 = 2

4 ÷ 2 = 2

The rule forthissequenceistodivideby two.

Hence,the nextterminthissequence canbefound by 
dividingtheprevioustermby two.

next term = previous term ÷ 2

next term = 2 ÷ 2

next term = 1

Answer

D
✓1 mark for the correct answer

23 Data analysis

Decoding the question

Keywords: least squares line, bivariate data

Relevant lesson: 13D

Wemustusethe relevantformula andthegiven
informationtofindthe valueofb

Information we are given

• y = a + b𝑥

• ¯ 𝑥 = 4.30

• ¯ 𝑦 = 5.12

• s𝑥 = 2.94

• s𝑦 = 1.98

• a = −2.8
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Using the theory

Wecan use theformula a =  ̄  𝑦 − b¯ 𝑥to findthe valueofb

Substitutein ̄  𝑥 = 4.30,   ̄  𝑦 = 5.12 and a = −2.8.

−2.8 = 5.12 − b × 4.30

4.30b = 7.92

b = 1.841...

The valueofb is 1.8 correctto onedecimalplace.

Answer

D
	✓1 mark for the correct answer

24a Recursion and financial modelling

Decoding the question

Keywords: how many, gain, each week

Relevant lesson: 6A

We needto determine theweekly increasein Hector’s
followercountusing thegivengraph.

Information we are given

• Thegiven graph

• Hector’sfollowersincreaseweekly ataconstant rate.

Using the theory

From lookingatthegraph,wecan seethatinweek1,
Hectorhas4000followers.Lookingacrosstoweek 2,
the numberoffollowers is two intervalshigher.Aseach
interval represents100followers, Hector’sfollowers
haveincreasedby 200.As we knowthatthenumberof
followershehas increasesataconstant rate,we don’t
needto check withany otherdatapoints.

Answer

200followers
	✓1 mark for the correct answer

24b Recursion and financial modelling

Decoding the question

Keywords: constant rate, how many

Relevant lesson: 6A

Wecan use ouranswerfrom parta tofind Hector’s
number offollowersinweek6.

Information we are given

• Thegiven graph

Using the theory

From parta,weknow thatHectorgainsfollowersata
constantrateof200followersperweek.

Wecan followthispattern untilwe reachweek6.

Inweek 1,Hectorhas4000followers.

Inweek 2,Hectorhas4000 + 200 = 4200 followers.

Inweek 3,Hectorhas4200 + 200 = 4400 followers.

Inweek4, Hectorhas 4400 + 200 = 4600 followers.

Inweek 5, Hectorhas 4600 + 200 = 4800 followers.

Inweek6, Hectorhas 4800 + 200 = 5000 followers.

Answer

5000followers
	✓1 mark for the correct answer

6B

1 a 2 b 8

2 3

3 a tn+1 = tn + 2,  t0 = 3

b tn+1 = tn − 7,  t0 = 19

c tn+1 = tn + 6,  t0 = −13

4 Sn+1 = Sn + 3,  S0 = 6

5 8customersboughtphones.

Cn+1 = Cn + 2,  C0 = 8

6 t1 = 7

7 a t3 = 21 b t3 = −5 c t3 = −44

8 31cups

9 4020000

10 A

11 hn+1 = hn + 0.05, h0 = 1.25.

They earsheis 17 is h5

h1 = h0 + 0.05

= 1.30

h2 = h1 + 0.05

= 1.35

h3 = h2 + 0.05

= 1.40

h4 = h3 + 0.05

= 1.45

h5 = h4 + 0.05

= 1.50

12 24.40cm

13 a Fn+1 = Fn − 33, F0 = 4065

b 3966millionhectares

c 2019

14 a Tn+1 = Tn + 0.175,T0 = 0.8

b 2080s c 2070s

15 D
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Questions from multiple lessons

16 Recursion and financial modelling

Decoding the question

Keyword: arithmetic sequence

Relevant lessons: 6A, 6B

Wemustusethe information in thetabletodeduce the
commondifferencebetweenterms.We canthen use this
tofindthe seventh term in thesequence.

Information we are given

• Thegiventable

• Lorraine’smonthly profitformsanarithmeticsequence.

Using the theory

First,we needtofindthecommon difference.Thecommon
differenceisthedifferencebetweeneachpairof
adjacentterms.

Usingtheprofitfrommonths1 and2:

d = 215 − 170 = 45

Hence,the profit increasesby $45 each month.

We canusethiscommondifferencetofindthe profiteach
month until monthseven.

Month 4: 260 + 45 = 305

Month 5: 305 + 45 = 350

Month 6: 350 + 45 = 395

Month 7: 395 + 45 = 440

∴Theprofitin month seven will be$440.

Answer

D
	✓1 mark for the correct answer

17 Data analysis

Decoding the question

Keywords: least squares regression line, equation

Relevant lesson: 13D

Wemustuseacalculatortofindthe equation ofthe least
squares regression line.

Information we are given

• Thegiventable

Using the theory

Enterthedata intothecalculatorspreadsheetand find
the equation ofthe leastsquaresregressionline.

Theequationoftheleastsquaresregressionline is
𝑦 = 3.97 + 0.48𝑥.

See video solutionfora button-by -buttondemonstration.

Answer

C
	✓1 mark for the correct answer

18a Recursion and financial modelling

Decoding the question

Keywords: ‘show that’, common difference, 
arithmetic sequence

Relevant lesson: 6B

We needtoprovethatthecommondifferenceis 2000
usingthe givensequence.

Information we are given

• The givensequence

• In the 1sthour, they produced30000umbrellas.

• In the 2ndhour,they produced32 000 umbrellas.

• In the 3rdhour, they produced34000umbrellas.

Using the theory

To find the common difference,calculatethe difference
betweentwoconsecutiveterms inanarithmeticsequence.

Itcanbefound usingthe followingformula:

common difference = t1 − t0
Substitute t1 = 32 000and t0 = 30 000intothe formula.

common difference = 32 000 − 30 000

∴ common difference = 2000

Answer

common difference = 32 000 − 30 000 = 2000
✓1 mark – Correct method

18b Recursion and financial modelling

Decoding the question

Keywords: 8th hour, ‘how many’

Relevant lesson: 6B

We needtodeterminethe8thterm inthe sequence.

Information we are given

• The givensequence.

• The amountofstockproduced ineachhourformsthe
termsofanarithmeticsequence.

• The commondifference is2000.

Using the theory

Thefirstterm inthe sequence is30 000.This is our
initialvalue,a

Thecommon difference is 2000,henced = 2000.

Arecurrencerelationthatcanbe used to modelthis
situation followsthe form t0 = a tn+1 = tn + d
Substitute a = 30 000andd = 2000intothe relation.

t0 = 30 000, tn+1 = tn + 2000

Sincet0 representsthe numberofumbrellas produced in
thefirsthour,we needto findt7forthe8thhour.

We aregiven thevaluesforthe firstthreetermsalready .
So t0 = 30 000, t1 = 32 000 andt2 = 34 000.
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t3 = t2 + 2000
t3 = 34 000 + 2000
t3 = 36 000

t4 = t3 + 2000
t4 = 36 000 + 2000
t4 = 38 000

t5 = t4 + 2000
t5 = 38 000 + 2000
t5 = 40 000

t6 = t5 + 2000
t6 = 40 000 + 2000
t6 = 42 000

t7 = t6 + 2000
t7 = 42 000 + 2000
t7 = 44 000

∴Inthe8thhour,thefactory willproduce44000umbrellas.

Answer

44000umbrellas
	✓1 mark for the correct answer

18c Recursion and financial modelling

Decoding the question

Keywords: total, ‘first five hours’

Relevant lesson: 6B

We needto findthesum ofthefirstfivetermsof
thesequence.

Information we are given

• Thegiven sequence

Using the theory

From partb,we determinedthe firstfivetermsalready .

t0 = 30 000, t1 = 32 000, t2 = 34 000,t3 = 36 000and
t4 = 38 000.

Findthe sumofthefirstfive terms.

sum = t0 + t1 + t2 + t3 + t4
sum = 30 000 + 32 000 + 34 000 + 36 000 + 38 000

sum = 170 000

∴Atotalof170 000 umbrellasare producedduringthe
firstfive hours.

Answer

170000umbrellas
	✓1 mark for the correct answer

6C

1 C

2 a a = 2,d = 3

b a = 7,d = −2

c  a = 15,d = 5

3 a tn = 2n − 5

b tn = 11 − 4n

c tn = 9 + 3.5n

4 a tn = 24 − 2.5n

b −11

5 a 31 b 160 c −397

6 An = 12 + 2n

7 tn = 161 − 11n

8 15thterm

9 $82

10 28cm

11 a $27.50 b 23 day s

12 23weeks

13 $153.60

14 $5440

15 a $13 500 b $0.30

16 $1000

17 a 5.5% b $10368

18 a Cn = 18 − 3n b Week7

19 a tn = 3500 + 38.5n b 26quarters

c $5040

20 a bn = 670 − 50n b Day 13

21 a $7100 b 98weeks

22 a 83 million b 7134 millionpeople

c 2023 d 2035

23 a 37 b 43

Questions from multiple lessons

24 Recursion and financial modelling

Decoding the question

Keyword: ‘200 more ancient coins than the previous year’

Relevant lessons: 6B, 6C

Thisquestion requires ustodeterminethe initial valueof
a recurrence relation.

Information we are given

• Jacobwantstoexhibitacomplete collectionofancient
May ancoinsinanexhibition infoury ears.

• Eachy ear,hecollects200morecoinsthan the
previousone.

• Histeamofarchaeologistspredictthatthereare 4200
coinstocollect.

Using the theory

Thisscenario canbe modelledusinganarithmetic
recurrence relation intheform V0 = a, Vn+1 = Vn + d
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Asthe numberofcoins increasesby 200 eachy ear,
d = 200. Letthe numberofcoinscollected inthefirsty ear
be𝑥. In this case, we will use V1 insteadofV0 to represent
the initialvalue (numberofcoinscollectedinthe first
y ear),sothatV2 representsthesecondy ear,andsoon.

Hence,the recurrence relation thatmodelsthe number
ofcoinscollectedeachy earisgiven by 
V1 = 𝑥, Vn+1 = Vn + 200.

Usethisrecurrence relationto determine howmany 
coinsare collectedeachy ear.

V1 = 𝑥

V2 = V1 + 200
V2 = 𝑥 + 200

V3 = V2 + 200

V3 = (𝑥 + 200) + 200
V3 = 𝑥 + 400

V4 = V3 + 200

V4 = (𝑥 + 400) + 200
V4 = 𝑥 + 600

Attheend offoury ears,thetotal numberofancient
coinsthatJacob mustcollectis4200sowe mustfind the
sum ofthe fourterms.

4200 = V1 + V2 + V3 + V4

4200 = (𝑥) + (𝑥 + 200) + (𝑥 + 400) + (𝑥 + 600)

4200 = 4𝑥 + 1200

4𝑥 = 4200 − 1200

𝑥 =  4200 − 1200______________
4 

𝑥 = 750

∴ Jacob mustcollect750 coinsinthe firsty ear.

Answer

C
	✓1 mark for the correct answer

25 Data analysis

Decoding the question

Keyword: Pearson correlation coefficient

Relevant lesson: 13C

Wemustenterthe data into thecalculatorand use its
statisticsfunctionstofindthe valueofr

Information we are given

• Thegiventable

Using the theory

Enterthedata intothecalculatorspreadsheetand use
the two-variable statistics functionstocalculatethe value
ofr.Thevalue ofris0.65 correcttotwo decimal places.

See video solutionfora button-by -buttondemonstration.

Answer

E
✓1 mark for the correct answer

26a Recursion and financial modelling

Decoding the question

Keywords: how much, cost

Relevant lessons: 6B, 6C

We needtodeterminethevalueofthe 8thtermin
asequence.

Information we are given

• Customersarechargedbased onthe whole numberof
kilometresthey traveleach day .

• The firstkilometre costs$8.

• Eachkilometre afterthiscosts25 centsless thanthe
previousone.

• Oncethe costoftravel reacheszero,any additional
travelwithinthatday isfree.

Using the theory

Sincethecostperkilometredecreasesby 25 centswith
eachconsecutivekilometretravelled,thisscenarioisan
arithmeticsequencewithacommondifference,d,of−0.25.

Thefirstkilometrecosts$8,so this is ourinitialvalue,a

We canfindthe ruleforthe valueoftheterm aftern
iterations usingthe formula:

tn = a + n × d.

Substitute a = 8and d = −0.25 into theequation.

tn = 8 + n × (−0.25)

tn = 8 − 0.25n

Asthefirstterm isdenoted t0,the 8thterm is t7
Substitute n = 7 intothe equation.

t7 = 8 − 0.25(7)

t7 = 8 − 1.75

t7 = 6.25

Therefore,the 8thkilometre willcost$6.25.

Answer

$6.25
✓1 mark for the correct answer

26b Recursion and financial modelling

Decoding the question

Keyword: total cost

Relevant lesson: 6C

We needtofindthe sumofthefirst10 terms in the
sequencetodeterminethetotalcostoftravelling 10 km.

Information we are given

• Customersarechargedbased onthe whole numberof
kilometresthey traveleach day .
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• Thefirstkilometrecosts$8.

• Eachkilometreafterthiscosts 25centslessthanthe
previousone.

• Once thecostoftravelreaches zero,any additional
travelwithinthatday isfree.

Using the theory

From parta,theformula forthevalue ofthe termaftern
iterationsin thisscenario ist

n
 = 8 − 0.25n

Weneedto findthesum ofthetermsfrom t
0
to t

9
tofind

thetotalcostoftravelling 10 km.

Weknow thatthefirstkilometre costs$8,hencet
0
 = 8.

Find t1:
t1 = 8 − 0.25(1)

t1 = 7.75

Find t2:
t2 = 8 − 0.25(2)

t2 = 7.5

Find t3:
t3 = 8 − 0.25(3)

t3 = 7.25

Find t4:
t4 = 8 − 0.25(4)

t4 = 7

Find t5:
t5 = 8 − 0.25(5)

t5 = 6.75

Find t6:
t6 = 8 − 0.25(6)

t6 = 6.5

Find t7:
t7 = 8 − 0.25(7)

t7 = 6.25

Find t8:
t8 = 8 − 0.25(8)

t8 = 6

Find t9:
t9 = 8 − 0.25(9)

t9 = 5.75

The totalcostcanbe foundby calculatingthesum ofthe
first10terms.

total cost = t0 + t1 + t2 + t3 + t4 + t5 + t6 + t7 + t8 + t9
total cost = 8 + 7.75 + 7.5 + 7.25 + 7 
+ 6.75 + 6.5 + 6.25 + 6 + 5.75

total cost = 68.75

Therefore,thetotal costtotravel 10km is$68.75.

Answer

$68.75
	✓1 mark for the correct answer

26c Recursion and financial modelling

Decoding the question

Keyword: total cost

Relevant lesson: 6C

We needto findthe maximumcostoftraveleachday 
and subsequently ,the minimum numberofkilometres
travelledto incurthe maximumtotal cost.

Information we are given

• Customers arecharged basedonthewholenumberof
kilometresthey travel eachday .

• Thefirstkilometrecosts$8.

• Eachkilometreafterthiscosts 25cents lessthan the
previousone.

• Once thecostoftravel reacheszero, any additional
travel within thatday isfree.

Using the theory

From parta,wedeterminedthattheequationforthe
value ofthe termafterniterationswas t

n
 = 8 − 0.25n

Wefirst needto findthe numberofkilometres travelled
beforeadditionaltravelisfree.Therefore,we needto
findwhen t

n
 = 0.

0 = 8 − 0.25n

0.25n = 8

n =   8 _0.25 

n = 32

Thismeansthatthe 33rdkmtravelledisfree (asthe
initial valuewasdenoted t0),so aminimumof32 km
needsto betravelled to incurthemaximum charge.

note: 33km isnot thecorrectanswer.Since thecost
oftravel isfreeincludingandafterthe33rdkm,thecost
totravel32 kmand 33km isthesame.Thequestion
asksfortheminimumdistancetravelledto incurthe
maximum cost.

Answer

32km
✓1 mark for the correct answer

6D

1 5

2 3

3 a tn+1 = 5tn , t0 = 3 b tn+1 = − 
1 __ 3 tn , t0 = − 162

c tn+1 = 5tn , t0 =  
1 __ 4 

4 D

5 pn+1 = 2 pn   p0 = 1500

6 −  2 __ 3 
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7 a 512 b   7 _____
108  c 3

8  7 __ 2 

9 468

10 77.2cm

11 a 𝑥 = 14

bn+1 = 2n  b0 = 7

  b 448 c 8hours

12 pn+1 = 0.88pn  p0 = 101.325

13 a 2y ears b 4y ears

14 E

Questions from multiple lessons

15 Recursion and financial modelling

Decoding the question

Keyword: recurrence relation

Relevant lesson: 6B

Wemustidentify whichofthe given recurrence relations
could model Beatrice’s numberoffollowers.

Information we are given

• Beatrice has200 followers onday 1.

• Eachday ,Beatricehas20morefollowersthan she did
theday before.

Using the theory

First,we mustidentify whetherthesequence is
arithmeticorgeometric.

Since Beatrice’s numberoffollowers increasesby afixed
amounteach day , Fnincreases linearly ,so thesequence
mustbearithmetic.

Anarithmeticsequenceisgiven by Fn+1 = Fn + d
where dis thecommon differencebetweenterms inan
arithmeticsequence.Beatricegains20followerseach
day . Hence,d = 20.

Therecurrencerelationcan thereforebe writtenas
Fn+1 = Fn + 20.

Onday 1,Beatrice has200followers. Hence,F1 = 200.

∴Fn+1 = Fn + 20, F1 = 200

Answer

C
	✓1 mark for the correct answer

16 Data analysis

Decoding the question

Keywords: histogram, distribution, shape

Relevant lesson: 12D

Wemustlookatthedatadisplay edinthe graphto
determinethe shapeofthedistribution.

Information we are given

• The givenhistogram

Using the theory

Thereare more data valueson therightside ofthe
histogram thanthereare onthe left.Thereforethe
distributioncannotbeapproximately normalor
sy mmetricandoptionsA, B, andCare incorrect.

Sincethe rightside ofthedistribution isweightedmore
thantheleftandthe tailofthedistribution pointsto the
left,the distribution isnegatively skewed.

Answer

D
✓1 mark for the correct answer

17a Recursion and financial modelling

Decoding the question

Keywords: balance, savings account, investment

Relevant lessons: 3D, 6D

We needto usethe recurrence relationto determine the
valueoftheinvestmentafterfive y ears.

Information we are given

• V0 = 1 000 000 Vn+1 = 1.06 × Vn

Using the theory

Thevalue ofthe investmentafterfivey ears is denotedV5

We canusethe recurrence relation to find thevalues
fromV0 to V5

V1 = 1.06 × 1 000 000

V1 = 1 060 000

V2 = 1.06 × 1 060 000

V2 = 1 123 600

V3 = 1.06 × 1 123 600

V3 = 1 191 016

V4 = 1.06 × 1 191 016

V4 = 1 262 476.96

V5 = 1.06 × 1 262 476.96

V5 = 1 338 225.5776

Therefore,the valueofthe investmentafterfivey ears
is$1 338 225.58.

Answer

$1 338225.58
✓1 mark for the correct answer

17b Recursion and financial modelling

Decoding the question

Keywords: value, exceed

Relevant lessons: 3D, 6D

We canusethe given recurrence relationtodetermine
when thebalance willreach$1 500000.
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Information we are given

• V0 = 1 000 000 Vn+1 = 1.06 × Vn

Using the theory

Determine the nextterms in thesequenceusingthe
recurrencerelation:

V0 = 1 000 000 Vn+1 = 1.06 × Vn

V0 = 1 000 000

V1 = 1.06 × 1 000 000 = 1 060 000

V2 = 1.06 × 1 060 000 = 1 123 600

V3 = 1.06 × 1 123 600 = 1 191 016

V4 = 1.06 × 1 191 016 = 1 262 476.96

V5 = 1.06 × 1 262 476.96 = 1 338 225.5776

V6 = 1.06 × 1 338 225.5776 = 1 418 519.11226

V7 = 1.06 × 1 418 519.11226 = 1 503 630.25899

V7representsthevalue ofthe investmentafter
seveny ears.

Therefore,thebalance exceeds$1 500000after
seveny ears.

Answer

7y ears
	✓1 mark for the correct answer

6E

1 10𝑥 = 9

10𝑥2 = 8.1

2 t6 = 36.45

3 a tn = 2 × 0.99n

t8 = 1.85

b tn = 3 × 2 n

t8 = 768

c tn = (
4 __ 5)

n

t8 = 0.17

d tn = 2 × (−3)n

t8 = 13 122

4 Initial value is6.5.Commonratio is 0.9.Thesequence
isdecreasing.

5 Sandra willwin.She is usinga formulafor tn,whereas
Mandeep isusingarecursionformula.Mandeep has
to do eightcalculations togetfrom t2 to t10.Sandrajust
needs toperformonecalculation.

6 $1125.68

7 a Qn = 38000 × (1.031)n − 1

b Sn = 35000 × (1.04)n − 1

c Tn = 40000 × (1.02)n − 1

d Quentin

8 a Hn = 100 × (0.45)n 

b 9.11 cm

9 a Vn = 5000 × (0.82)n

b Year5

10 a R = √ 
_

tn = 6.21 × (√ 
_

)n

b tn = 9.8 × (0.91)n

11 a BBn =  
3 __ 2  × 0.73

n

BPn = 3 × 0.96n

BTn = 2 × 0.8n

b 

c TheBouncePRO ball.

d B e 102 bounces

12 a Im = 390 × (1.05)m

b Nq = 400 × (1.15)q

c Isabellewill reach $1000first.

13 B

Questions from multiple lessons

14 Recursion and financial modelling

Decoding the question

Keywords: successively increase, how long

Relevant lesson: 6C

Wecan usethearithmeticsequenceformula t
n
 = a + nd

tocalculatetheamountoftime Calliope spentstudy ing
in week13.

Information we are given

• Calliope studiedfor 150 minutes inthefirstweek.

• Timespentstudy ingincreasesby 15minuteseachweek.

Using the theory

Since Calliope’stime spentstudy ing increasesby a
constantamounteach week,itcan bemodelledby an
arithmeticsequence.

Anexpressionforthevalue inanarithmeticsequence
afternperiods istn = a + nd,wherea isthe firstterm of
the sequence anddisthecommondifference.

Inthis case,thefirstterm ofthe sequence is150andthe
common difference is 15.

Substitutea = 150 andd = 15 into tn = a + nd

∴ tn = 150 + 15n

Ball Bounce 1 Bounce 10

BIG−Bounce 3.65 m 0.21 m

BouncePRO 4.8 m 3.32 m

BallTECH 4 m 0.54 m
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To findthetime spentstudy ing in the13thweek,weneed
tosolve thisequationfor t12(dueto thefirsttermbeing
denotedt0)

t12 = 150 + 15 × 12

t12 = 150 + 180

t12 = 330

Answer

B
	✓1 mark for the correct answer

15 Data analysis

Decoding the question

Keyword: variables

Relevant lesson: 12A

We needtodetermine whatty peofdatathe given
variablesare.

Information we are given

• Number of doughnuts sold

• Day of the week

Using the theory

First,categorise eachvariableaseithernumerical
orcategorical.

Numericalvariables representaquantity and canbe
countedormeasured.Asnumber of doughnuts soldisa
variablethatiscounted,this isa numericalvariable.

Categoricalvariables representaquality orattribute
and arebrokendownintogroupsorcategories.
Day of the weekisacategoricalvariableas ithasthe
categoriesMonday ,Tuesday ,Wednesday ,Thursday ,
Friday ,Saturday and Sunday .Categoricalvariablescanbe
either nominalorordinalvariables.

Nominalvariablesarecategoricalvariablesthatcanbe
grouped but notordered.Asthere isno logical hierarchy 
withinthe day softheweek,this isa nominalvariable.

Thevariablesnumber of doughnuts soldand
day of the weekare anumerical variableanda nominal
variable respectively .

Answer

B
	✓1 mark for the correct answer

16a Recursion and financial modelling

Decoding the question

Keywords: recurrence relation, how many

Relevant lesson: 6D

We needtodetermine the initial valueofthe
recurrence relation.

Information we are given

• Kn + 1 = 0.8 Kn  K2020 = 85 000

• Knisthe projectedpopulationatthebeginningofy earn

Using the theory

K2020 representsthe projectedpopulationofkoalasat the
beginningof2020.

K2020 = 85 000

∴Theprojectedpopulation ofkoalas atthebeginningof
2020 is85 000.

Answer

85 000
✓1 mark for the correct answer

16b Recursion and financial modelling

Decoding the question

Keywords: recurrence relation, percentage

Relevant lessons: 6D, 6E

We needto useourknowledgeofrecurrence relations
todeterminethe projectedpercentage decrease ofkoala
populationsfrom y eartoy ear.

Information we are given

• Kn+1 = 0.8 Kn  K2020 = 85 000

Using the theory

The recurrence relationgivenis in theform

Kn+1 = R × Kn where R = 1 +  
percentage_____________

100 

Inthe recurrence relation,Kn + 1 = 0.8 × Kn

Substitute R = 0.8 into R = 1 +  percentage _____________ 100  andsolve

forpercentage

0.8 = 1 +  percentage____________
100 

 percentage ____________ 100   = −0.2

percentage = −20%

Thepercentage is negativeasthekoala population
decreaseseachmonth.

Therefore,the projectedpercentagedecrease ofkoala
populationsfrom y eartoy ear is20%.

Answer

20%
✓1 mark for the correct answer

16c Recursion and financial modelling

Decoding the question

Keywords: recurrence relation, show that

Relevant lesson: 6D

Weneedtoprovethatatthebeginningof2013,
thepopulationofkoalasisprojectedtobe68000.
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Information we are given

• Kn+1 = 0.8 Kn  K2020 = 85 000

• Knistheprojectedpopulationatthebeginningofy earn

Using the theory

We needto findthevalue ofK2021 as itrepresentsthe
projectedpopulationofkoalasatthebeginningof2021.

K2021 = 0.8 × K2020

K2021 = 0.8 × 85 000

K2021 = 68 000

∴The projectedpopulationofkoalasatthebeginningof
2021 is68000.

Answer

K2021 = 0.8 × 85 000 = 68000
	✓1 mark for the correct working

16d Recursion and financial modelling

Decoding the question

Keywords: recurrence relation, ‘change in population’

Relevant lesson: 6D

We needto usethe recurrence relationtofindthe
difference between K2022and K2021

Information we are given

• Kn + 1 = 0.8 Kn  K2020 = 85 000

• Knistheprojectedpopulationatthebeginningofy earn

Using the theory

The projectedchange inpopulation ofkoalas over2021
canbe foundusingthefollowingequation.

projected change during 2021 = K2022 − K2021

From partc, we knowthatthepopulationisprojected to
be68000atthebeginningof2021.

Wecan use therecurrencerelationtofindthe projected
populationatthe beginningof2022.

K2022 = 0.8 × K2021

K2022 = 0.8 × 68 000

K2022 = 54 400

SubstituteK2021 = 68 000 andK2022 = 54 400 into
projected change during 2021 = K2022 − K2021

projected change during 2021 = 54 400 − 68 000

projected change during 2021 = −13 600

∴The projectedchange inthekoalapopulation isa
reductionof13 600 koalas.

Answer

Reductionof13 600
	✓1 mark for the correct answer

6F

1 5

2 B

3 a 47 b 18 c −97

4 4

5 t 0 = 2

t 1 = −3

6 a 13 b −1 c −2

7 D

8 B

9 11

10 C

11 a P n = P n − 2 + P n − 1 b 2

c 42

Questions from multiple lessons

12 Recursion and financial modelling

Decoding the question

Keywords: recurrence relation, expression, after  n periods

Relevant lessons: 6B, 6D, 6E

Wemustfirstidentify the pattern in thesequence
generated by thegivenrecurrencerelation.This will
allow usto determine anexpression thatgivesthe value
ofthesequenceafternperiods.

Information we are given

• an + 1 = 5 × an
 a

0
 = 3

Using the theory

First,identify whetherthe givenrecurrencerelation is
arithmeticorgeometric.

Therecurrencerelationforan arithmetic sequence
involves acommondifference(afixednumber isadded
orsubtracted) while therecurrencerelationfora
geometricsequence involvesa commonratio (thetermis
multipliedordividedby a fixed number).

Inthe givenrecurrencerelation,an ismultipliedby 5.
Hence,thesequence is geometricand hasacommon
ratioof5.

Anexpressionforthevalue inageometricsequenceafter
nperiods is tn = t0 × Rn,where t0 istheinitial termandR
is thecommon ratio.

Substitute t0 = 3,R = 5, andt = a into tn = t0 × Rn to
findthe expressionforthissequence.

∴an = 3 × 5 n

Answer

C
✓1 mark for the correct answer

708 ANSWERS

© Edrolo 2020



13 Data analysis

Decoding the question

Keywords: least squares regression, equation

Relevant lesson: 13D

Thisquestion requiresus to usethe givengraph to
determinethe equation oftheleastsquares regression
line thathasbeenfitted tothe data.

Information we are given

• Thegivengraph

Using the theory

Aleastsquaresregression line is in theformy = a + b𝑥,
where𝑦 is the response variable and 𝑥 is the
explanatory variable.

Weknowthatthe response variable istheweightofthe
baby as itislocatedon the𝑦-axis and the explanatory 
variable islength asit islocated on the𝑥-axis. Therefore,
the equation isin theform weight = a + b × length
OptionsA,Cand Dcan beruledout.

We mustdecideifthe answeris B orEby determining
the valueofa,which isthe𝑦-intercept. In the given
graph, neitherthe𝑥-axis nor the 𝑦-axis starts at the
origin.Therefore,thepointat𝑦 = 2.6, where the line
appearsto becrossingthe𝑦-axis is not the 𝑦-intercept.
Asa result,we caneliminateOption B because weknow
thata ≠ 2.60.

Therefore,the answermustbe E.

Answer

E
	✓1 mark for the correct answer

14a Recursion and financial modelling

Decoding the question

Keyword: how many

Relevant lesson: 6D

We needtousea recurrence relation todeterminethe
thirdterminthesequence.

Information we are given

• Inthe firstmonth,they sold20 000 unitsofey eshadow.

• Each monthafterthis,they expecttosell 5%more
thanthepreviousmonth.

Using the theory

Thenumber ofcosmeticpalettessold growsby a
percentagerate,notaconstantvalue.Hence itcan be
representedby a recurrence relation inthe form

Pn + 1 = Pn × (1 +   r _ 100 ) P1 = initial value

Note thatin thiscase,ourinitialvalue isP1, ratherthan
P0,because inthe first month, 20000 unitsareexpected
tobesoldandwewanttocountfromthere.

Substitute P1 = 20 000andr = 5 into theequation.

Pn + 1 = Pn × 1.05, P1 = 20 000

P2 = 1.05 × P1

P2 = 1.05 × 20 000

P2 = 21 000

P3 = 1.05 × P2

P3 = 1.05 × 21 000

P3 = 22 050

∴ In thethirdmonth,they expectto sell22 050units.

Answer

22 050 units
✓1 mark for the correct answer

14b Recursion and financial modelling

Decoding the question

Keyword: difference

Relevant lesson: 6D

We needto useourrecurrence relationfrom partato
find thedifference between thesecondand fifthtermsof
thesequence.

Information we are given

• In thefirstmonth,they sold20000 unitsofey eshadow.

• Each month afterthis,they expectto sell 5%more
thanthe previous month.

Using the theory

Thedifference between thepredictedsalesofthe second
andfifthmonthcan be foundby subtractingP2fromP5

Frompartawedeterminedthe recurrence relationthat
models thisscenario is Pn + 1 = Pn × 1.05, P1 = 20 000.
We alsofound thefirstthreeterms.

P1 = 20 000

P2 = 21 000

P3 = 22 050

We cannowusethe recurrence relationtofindP4andP5

P4 = 1.05 × P3

P4 = 1.05 × 22 050

P4 = 23 152.50

P5 = 1.05 × P4

P5 = 1.05 × 231 152.50

P5 = 24 310.125

SubtractP2 fromP5 tofind thedifference in
predictedsales.

difference = P5 − P2

difference = 24 310.125 − 21 000

difference = 3310.125

difference ≈ 3310
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Answer

3310units
	✓1 mark for the correct answer

14c Recursion and financial modelling

Decoding the question

Keyword: total

Relevant lesson: 6D

We needto usethe recurrence relationtofindthe sumof
thefirstsixtermsofthesequence.

Information we are given

• Inthe first month, they sold 20000 units
ofey eshadow.

• Eachmonthafterthis, they expecttosell 5%more
than thepreviousmonth.

Using the theory

From partawedeterminedthe recurrence relation that
modelsthisscenariois Pn + 1 = Pn × 1.05, P1 = 20 000.
Wehavealso foundthefirstfiveterms.

P1 = 20 000

P2 = 21 000

P3 = 22 050

P4 = 23 152.50

P5 = 24 310.12…

Weneedto determine thevalueofP6

P6 = 1.05 × P5

P6 = 1.05 × 24 310.125

P6 = 25 525.63...

Findthe sumofthefirstsixterms.

sum = P1 + P2 + P3 + P4 + P5 + P6

sum = 20 000 + 21 000 + 22 050 
+ 23 152.50 + 24 310.12… + 25 525.63...

sum = 136038.25…

sum ≈ 136038

Answer

136038units
	✓1 mark for the correct answer

7A

1 Millimetres

2 B

3 a B,G,J b A, F,H c D, K

d C,L e E,I

4 A

5 A

6 C

7 a cm2 b m3 c mm2

8 a m b mm

9 10

10 a 12000cm3 b 4320m c 5000mm2

11 23450000mm

12 378000cm3

13 a 68.97cm² b 0.000033 cm2/pixel

14 2.41 m2

15 2500m3, 2 500000 L

16 Nada

17 a Thearea ofthe topofeachdeskcan becalculated
usingthe measurementsprovided.

b DeskB

Questions from multiple lessons

18 Geometry and measurement

Decoding the question

Keyword: area

Relevant lessons: 7F, 8G

Thisquestion requires ustodeterminetheareaofa
compositeshape.

Information we are given

• Thegiven diagram

Using the theory

Find thearea ofthe entiretriangle.

A
T
 =1 _ 2  × base × height

A
T
 =1 _ 2  × 20 × 6

A
T
 = 60m2

Find thearea ofthe unshadedrectangle.

A
R
 = length × width

A
R
 = 4 × 3

A
R
 = 12 m2

Find thearea ofthe shadedregion.

A
shaded

 = A
T
 − A

R

A
shaded

 = 60 − 12

A
shadead

 = 48

Thearea ofthe shadedregion is48m2.

Answer

D
✓1 mark for the correct answer
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19 Data analysis

Decoding the question

Keywords: histogram, boxplot, distribution, shape

Relevant lesson: 12A

Thisquestion requiresus todescribethedistributionof
a givensetofdata.

Information we are given

• Thegivenhistogram

• Thegivenboxplot

Using the theory

Lookingatthehistogram,itcanbeseenthatthe data is
skewed.Thetailofthedataispointingright,henceit is
positively skewed.ThiseliminatesoptionsA, B and Dand
leavesuswithoptionsCand E.

Aboxplotdisplay soutliersasdots.There aretwo dotson
the boxplot,indicatingthe existenceoftwo outliers.

∴Thedistributionispositively skewedwithoutliers.

Answer

C
	✓1 mark for the correct answer

20a Geometry and trigonometry

Decoding the question

Keyword: perimeter

Relevant lesson: 7A

We needtocalculatethe unknown sidelengths inorder
tofindthe perimeteroftheorange shape.

Information we are given

• Thegivendiagram

Using the theory

We canusetheknownside lengthsto find thetotal
length andwidth oftheshape.Thetwohorizontal
lengths onthe bottom ofthe shapecanbe added tofind
the totallength ofthe shape; 16cm.Thetwovertical
lengths onthe leftsideoftheshapecanbeaddedto find
the totalwidthofthe shape; 8 cm.

Theunknownside lengthsare highlighted blueandgreen.

12 cm
2 cm

6 cm

7 cm

7 cm

9 cm

16 cm

8 cm

Theblue sidelength mustbe 16 − 12 = 4 cm.

Thegreenside lengthmustbe 8 − 7 = 1 cm.

Thetotal perimeter is
6 + 2 + 12 + 7 + 7 + 9 + 4 + 1 = 48cm.

Answer

48 cm
✓1 mark for the correct answer

20b Geometry and trigonometry

Decoding the question

Keywords: perimeter, difference

Relevant lesson: 7A

We needtofindtheperimeteroftheblueshape inorderto
findthedifferenceinperimeterbetween the twoshapes.

Information we are given

• The givendiagram

Using the theory

First,we mustfindthe perimeteroftheblue shape.

We canusethe knownside lengthsto findthetotal
lengthandwidth ofthe shape.The lengthofthe shape is
givenasthe bottom lengthspanstheentireshape; 16cm.
Thetwo vertical lengthson therightsideoftheshape
canbeaddedto findthetotal widthoftheshape;8cm.

The unknown sidelengths arehighlighted inred
andgreen.

4 cm

16 cm

4 cm
8 cm

Thelength oftheblueshape is16cm,sothe redlengths
mustadd upto16cm.

Thewidth ofthe blueshapeis8cm,sothegreenlengths
mustadd upto8cm.

Theperimeterofthe blueshapeis
4 + 4 + 8 + 16 + 16 = 48cm.

Theperimeterofthe orangeshape is48cm fromparta.

Thedifference inperimeterbetweentheorange andblue
shape is 0cm.

Answer

0 cm
✓1 mark for the correct answer

7B

1 25 cm

2 7.81 m

3 a 8.94cm b 16.55 m c 21.63cm

4 12.21cm

5 100.72 m

6 300 m

7 a 5.74 mm b 32.50m c 10.82 m

8 14.42 mm

9 97.98 m
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10 9.9mm

11 49.356 km

12 Py thagoras’theorem statesthat a2 + b2 = c2 for
right-angledtriangles.

Leta = 5, b = 12, and c = 13.

a2 + b2 = c2

52 + 12 2 = 13 2

25 + 144 = 169

LHS = RHS

∴Triangleis right-angled

13 6.708 km

14 200cm2

15 a 269.26 cm b 47.7 cm

16 D

Questions from multiple lessons

17 Geometry and measurement

Decoding the question

Keywords: scale, represent

Relevant lesson: 7I

Thisquestionrequires usto usethegivenscaleto find
thescaleddistance whentheactualdistance is10km.

Information we are given

• Thescaleis 1:100 000

Using the theory

First,convert10km usingthegivenscale.

scaled distance =   10 _ 100 000 

scaled distance = 0.0001

Hence,thescaleddistance is0.0001 km.

Sincethe optionsaregiven incm,thislengthmustbe
convertedtocm.

Weknow that1 kmcan be convertedto100000cm.

scaled distance = 100 000 × 0.0001cm

scaled distance = 10cm

Answer

D
	✓1 mark for the correct answer

18 Data analysis

Decoding the question

Keywords: distribution, histogram, boxplot

Relevant lesson: 12C

Thisquestionrequires usto identify thepercentage
frequency fromthehistogramfora given intervaland use
thistofindthe numberofpeople.

Information we are given

• Thegiven histogram

• Thegiven boxplot

• Thereare 200 residents.

Using the theory

Theinterval between 65 and70y ears hasbeen
highlighted belowonthehistogramwewere given.

Age

Fr
eq

ue
nc

y 
(%

)

5
0

10
15

20
25
30
35

60 70 80 9050

Thisintervalhasapercentagefrequency of33%.
To determine thenumber ofresidentsbetweentheage
of65 and70,find 33%of200.

0.33 × 200 = 66

∴66 residents

note:Thisanswercould notbedeterminedfrom
the boxplot.

Answer

B
	✓1 mark for the correct answer

19a Geometry and measurement

Decoding the question

Keyword: show that

Relevant lesson: 7B

Wemustuse Py thagoras’theoremand themeasurements
in thediagram to showthath = 163.6.

Information we are given

• Thegiven diagram

• Theheightis163.6cm,correcttothe
nearestmillimetre.

Using the theory

Since thefrontofthetentcan besplitintotwo right-
angledtriangles,we willuse Py thagoras’theorem on one
oftheright-angledtrianglesto findh

Py thagoras’theorem statesthatfora right-angled
triangle,a2 + b2 = c2,where cisthehy potenuse. In this
case,wealready knowthelength ofthehy potenuseand
are lookingforan unknownsidelength.

To dothis, we canrearrangetheformula to givethevalue
ofa

a2 = c2 − b2

a = √ 
_
 c2 − b2
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Substitutec = 180andb =  150 _ 2   = 75,anda = h into

a = √ 
_
 c2 − b2

h = √ 
_____________
 1802 − 75 2

h = 163.6306...

Answer

Theheightofthetentis163.6 cm,correcttothe
nearestmillimetre.
	✓1 mark for the correct working

19b Geometry and measurement

Decoding the question

Keyword: convert

Relevant lesson: 7A

We canconvertfrom cmto km by firstfindingthe
conversion factorbetweenthetwounits.

Information we are given

• Theheightis163.6 cm.

Using the theory

To converta measurement intoa differentunit,
we canmultiply by theconversionfactor, givenby 

conversion factor =  
Cold unit _______ Cnew unit

 .

TheCvaluescanbefoundinthetablein 7A.The necessary 
Cvaluesareshownbelow.

Length

Name Unit C

Millimetre mm 0.001

Centimetre cm 0.01

Metre m 1

Kilometre km 1000

Cold unit = 0.01

Cnew unit = 1000

conversion factor =  0.01 _ 1000 

Multiply 163.6cm by theconversion factor.

 0.01 _ 1000  × 163.6 = 0.001636

Answer

0.001636km
	✓1 mark for the correct answer

7C

1 10.8cm

2 a 12.207cm b 14.59cm

3 30.71cm

4 a 20.81m b 23.54m

5 a 11.31m b 8.25 m

6 19.1cm

7 19.08cm

8 24.4cm

9 No,the longestdiagonal is22.74 cm.

10 5.59 m

11 BoxB

12 11.83 mm

13 21.83 m

14 1.6 m

Questions from multiple lessons

15 Geometry and measurement

Decoding the question

Keyword: length

Relevant lesson: 7B

Thisquestion requiresusto use Py thagoras’ theoremto
determinethe unknownlength.

Information we are given

• The givendiagram

Using the theory

We candeterminethelength oftheleash using
Py thagoras’ theorem.

Py thagoras’ theoremstatesthatc = √ 
_
 a2 + b2,wherec is

thelengthofthehy potenuse.

Substitute c = length of leash, a = 2and b = 0.7 into
theequation.

length of leash = √ 
___________
 22 + 0.7 2

length of leash = √ 
_
 4.49 

length of leash = 2.11896…

∴Thelength ofthe leash isclosestto2.1 m.

Answer

A
	✓1 mark for the correct answer

16 Recursion and financial modelling

Decoding the question

Keywords: loan, interest, compounding monthly

Relevant lesson: 6C

WemustdeterminetheamountHugoowes7months
afterestablishingaloanifhe only pay sbacktheinterest
chargedeachmonth.

Information we are given

• Jason establishesa loanfor$1 200000.

• Interestischargedatarateof4.9% perannum,
compoundingmonthly .

• Each month, Hugo willonly pay fortheinterest
charged thatmonth.
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Using the theory

Since Hugo only pay sbacktheinterestcharged each
month,the balanceoftheloan does notchange. Hence,
theamountthat he stillowesafter7months is equal to
the initial balanceoftheloan, whichis$1 200 000.

Answer

D
	✓1 mark for the correct answer

17a Geometry and measurement

Decoding the question

Keyword: straight-line distance

Relevant lesson: 7B

Thisquestion requires usto usePy thagoras’theorem to
determinethe unknown distance betweenAand B.

Information we are given

• Thegiven diagram

Using the theory

The lengthofABcanbe foundby apply ingPy thagoras’
theorem tothe triangle shownbelow.

13.40 m

B
b

a

5.
18

 m

0.
46

 m
0.

46
 m

A

0.76 m 0.76 m3.96 m 3.96 m1.98 m 1.98 m

a = 3.96 + 1.98 + 1.98 = 7.92

b = 5.18 _ 2   = 2.59

UsingPy thagoras’ theorem:

c = √ 
_
 a2 + b2

AB = √ 
_
 a2 + b2

AB = √ 
_____________________
(7.92 )2 + (2.59)2

AB = 8.332...

∴The straight-linedistancebetweenAand B,correctto
two decimal places,is8.33 m.

Answer

8.33 m
	✓1 mark for the correct answer

17b Geometry and measurement

Decoding the question

Keywords: directly above, straight-line distance

Relevant lessons: 7B, 7C

Thisquestion requires usto usePy thagoras’theorem in
threedimensionsto determinethe unknowndistance.

Information we are given

• Thegiven diagram

• Borisservesataheightof2.0 m directly abovepointA.

Using the theory

From parta, we knowthatthehorizontal straight-line
distancebetweenA andB is8.33 m.

Theserve occurs2 mdirectly abovepointA.

Thediagram belowillustrates thisscenario withpointC
representingthe positionthattheserveoccurs.

C

A B

2 m

8.33 m

Thestraight-linedistancethattheballtravelsisequal
tothedistancebetweenBandCinthediagramabove.
ThislengthcanbefoundusingPy thagoras’theorem.

c = √ 
_
 a2 + b2

BC = √ 
_____________
8.33 2 + 22

BC = 8.56…

∴Thestraight-linedistanceofBoris’serve,correctto one
decimalplace, is8.6 m.

Answer

8.6m
✓1 mark for the correct answer

7D

1 8cm

2 38,72

3 a Perimeter: 32 cm

Area: 48 cm2

b Perimeter: 17cm

Area: 15 cm2

c Perimeter: 28cm

Area: 42 cm2

d Perimeter: 44cm

Area: 91 cm 2

4 10.5 m2

5 2.42 km2

6 18.85,6,28.27

7 a C = 43.98 cm, A = 153.94 cm2

b C = 9.42 cm, A = 7.07 cm2

c C = 56.55 cm, A = 254.47 cm2

8 Yes

9 a 1.25 m b 3.93 m
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10 Area(red) =  2.5 + 6 _ 2   × 5.5

Area(red) = 23.375 cm2

Area(blue) =  5 + 2 _ 2   × 7

Area(blue) = 24.5cm2

Therefore,the bluetrapezium isbigger.

11 6378km

12 a ST= 90 m b Ellen

13 a 50.27mm2

b 52 mm2

Alex’sring isbigger.

14 C

Questions from multiple lessons

15 Geometry and measurement

Decoding the question

Keyword: length

Relevant lesson: 7C

Thisquestion requiresus toapply Py thagoras’ theorem
inthreedimensions tofind theunknownlength.

Information we are given

• Thegivendiagram

Using the theory

We canfirstfindthelength ofAL.Inordertodo this,
we mustlookatthetriangleLAF

G

H

J

10 cm

2 cm
4 cm

4 cm

4 cm

6 cm IK

L

E

F A

Drawthetriangleand labelthe knownlengthsofthe
sides,asshown below.

4 cm

4 
cm

AF

L

ThelengthofAL canbecalculated using
Py thagoras’theorem.

AL = √ 
____________
 AF2 + F L2

AL = √ 
_
 42 + 42

AL = √ 
_
 32 

NowthatlengthALhasbeenfound,the triangleAKL
canbe usedtofindthe lengthofthestraw.Thespecified
triangle isoutlinedbelow.

G

J

10 cm

2 cm
4 cm

6 cm IK

E

A

H

L

F

Drawthe triangle andlabel thelengthsofthesides,
asshownbelow.

10
 c

m

AL

K

√ 
_
 32 cm

ThelengthofAKcan befound usingPy thagoras’theorem.

AK = √ 
__________________
102 + (√ 

_
 32  )2

AK = √ 
_
 132 

AK = 11.489…

∴Thelength ofthe straw is closestto 11.49cm.

Answer

C
	✓1 mark for the correct answer

16 Data analysis

Decoding the question

Keywords: total, mean

Relevant lesson: 12E

Thisquestion requiresustodeterminethe meanofthe
givendataset.

Information we are given

• There aretwelvefamily members.

• The totalageofthefamily is 312y ears.
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Using the theory

The meancanbe foundusingtheformula

mean =   sum of all elements in the data set _________________________________________
total number of elements in the data set  

Inthiscase,thesumoftheelements is228 andthe
number ofelementsis 12.

mean =  228_12 

mean = 26

Answer

A
	✓1 mark for the correct answer

17a Geometry and measurement

Decoding the question

Keywords: trapezium, area, base

Relevant lesson: 7D

Thisquestion requires usto determine theareaof
atrapezium.

Information we are given

• Thegiven diagram

• GH = 7 m

• IJ = 10 m

• GJ = 4m

Using the theory

Theareaofatrapeziumisgivenby A =  a + b _ 2   × h

whereaandbareparallelsides.

Inthiscase,a = GH = 7, b = IJ = 10 andh = GJ = 4.

note: a andb areinterchangeable.

A = 7 + 10 _ 2   × 4

A = 8.5 × 4

A = 34

∴The area oftheplant nursery is34m2.

Answer

34m2

	✓1 mark for the correct answer

17b Geometry and measurement

Decoding the question

Keyword: perimeter

Relevant lessons: 7B, 7D

Thisquestion requires usto determine theperimeterof
atrapezium.

Information we are given

• Thegiven diagram

• GH = 7 m

• IJ = 10m

• GJ = 4 m

Using the theory

Inordertofind theperimeter,we mustknowthe lengths
ofalltheedges.

Thediagrambelowshowsalltheknownlengths,
alongwiththeunknownlengthlabelled𝑥.

G

4 m

7 m

7 m

3 m

x m

H

J I

First,calculatethe unknownlength usingPy thagoras’
theorem.Thetrianglethatwillhelp us identify itsvalue
is display edwiththeappropriatemeasurements.

4 
m

3 m I

H

x m

UsingPy thagoras’theorem:

𝑥 = √ 
_
 42 + 32

𝑥 = √ 
_
 25 

𝑥 = 5

Hence,thelength ofthe unknownside is5 m.

Theperimeter isthesum ofalledges.

perimeter = 10 + 7 + 5 + 4

perimeter = 26

∴Theperimeteroftheplant nursery is26.0 m.

Answer

26.0m
✓1 mark for the correct answer

7E

1 a C b A c E

2 18

3 a 37cm b 27cm c 38cm

4 P = 520m

Dionwalks 1040 meach day .

5 127.7cm

6 22.5

7 a 14cm2 b 30cm2 c 299cm2

8 9cm2
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9 3 m

10 24.54

11 a 60.00cm2 b 37.95 cm2 c 20.40cm2

12 339.48cm2

13 a 102.10cm2 b 816.80cm2

14 ParkB isthelargest,at2902 m2.

15 3 m2

16 a 2666.34cm2 b 12 727.46 cm2

17 D

Questions from multiple lessons

18 Geometry and measurement

Decoding the question

Keywords: perimeter, semi-circle, rectangular base

Relevant lessons: 7D, 7F

Thisquestion requiresus tocalculatethe perimeterof
the givencompositeshape.

Information we are given

• Thegivendiagram

Using the theory

Theperimeteroftheshapewillbe givenby the
circumferenceofthesemi-circleand theperimeterofthe
rectangleexcludingoneside length.

Calculatethe perimeterofthesemi-circle.

Thecircumferenceofacircleisgivenby 2πr.Hence,
theperimeterofasemicircleisπr

Theradiusofthesemi-circle is halfofthelengthofthe
rectanglethat isadjoiningit.

r = 42 _ 2   = 21

perimeter = π × 21

perimeter = 65.97…

Calculatethe perimeterofthe rectangle. Ensure totake
into accountonly the sidesthatareexposed.

perimeter = 42 + 12 + 12

perimeter = 66

Calculatethe totalperimeter.

total perimeter = 65.97…+ 66

total perimeter = 131.97…

∴The minimum lengthoffence requiredforthe plotof
land is closestto 132 m.

Answer

A
	✓1 mark for the correct answer

19 Data analysis

Decoding the question

Keywords: scatterplot, least squares regression line, equation

Relevant lesson: 9D

Thescatterplotmustbeanaly sed in ordertodetermine
theequationforthe regressionline.

Information we are given

• The givenscatterplotanda regressionline

Using the theory

Aleastsquares regression lineisgiveninthe form
𝑦 = a + b𝑥, where 𝑥 is the explanatory variable and
yisthe responsevariable. Lookingatthescatterplot,
we cansee that time employedisonthe𝑥-axis,
meaningit istheexplanatory variable,andsalaryis
onthe𝑦-axis, meaning it is the response variable.
This meansthattheequation mustbe inthe form
salary = a + b × time employed.AsoptionsAandB are
oftheformtime employed = a + b × salary,they can
beeliminated.

Next,find thevalueofa, whichisthe𝑦-intercept.
Lookingatthegraph, the𝑦-intercept appears to be at
72. However,thisgraph beginsat𝑥 = 5, not 𝑥 = 0.This
meansthatthe𝑦-intercept will actually be less than 72.
Option D canbeeliminated.

Lastly , use apointonthe graphto findthegradient,b
Itappearstogothroughthepoint(11,110). Substitute
salary = 110andtime employed = 12 intothe equation
salary = 40 + b × time employedandsolveforb

110 = 40 + b × 11

11b = 110 − 40

b = 110 − 40_
11

b = 6.3636...

b ≈ 6.4

∴Theequationoftheleastsquares regression lineis
closesttosalary = 40 + 6.4 × time employed

Answer

E
✓1 mark for the correct answer

20a Geometry and measurement

Decoding the question

Keywords: surface area, square centimetres, 
rectangular prism

Relevant lessons: 7D, 7H

Thisquestion requiresustodeterminethe surface area
forone side ofa 3Dshape.

Information we are given

• The givendiagram
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Using the theory

The lid istheshadedrectangle withdimensions 18cm by 
12 cm,as shownbelow.

12 cm

18 cm

A = l × w

A = 18 × 12

A = 216

∴The surface area ofthelid is 216 cm2.

Answer

216cm2

	✓1 mark for the correct answer

20b Geometry and measurement

Decoding the question

Keywords: total surface area, rectangular prism

Relevant lessons: 7D, 7H

Thisquestion requires usto calculate thetotal surface
area ofthe rectangularprism.

Information we are given

• Thegiven diagram

Using the theory

Thesurfaceareaofarectangularprismcanbefound
by addingupthesurfaceareaofallthefaces.Inthis
rectangularprism,therearetwo12 × 18cmfaces,
two4 × 12cmfacesandtwo4 × 18cmfaces.

TSA = 2 × (12 × 18) + 2 × (4 × 12) + 2 × (4 × 18)

TSA = 432 + 96 + 144

TSA = 672

∴The totalsurfaceareais672cm2.

Answer

672 cm2

	✓1 mark for the correct answer

7F

1 a 28cm 2 b 22 cm

2 5

3 a 36cm b 40 cm c 81.27 cm

4 30cm

5 22.94m

6 a 73.5 cm 2 b 61.5 m 2 c 64 m2

7 125.66 cm 2

8 518.7cm 2

9 7 m

10 2.28cm 2

11 32cm 2

12 ShapeA:42.28m 2

Shape B: 34.16m 2

ShapeAislarger.

13 A

Questions from multiple lessons

14 Geometry and measurement

Decoding the question

Keywords: hexagonal, equilateral, area

Relevant lesson: 7E

Wecan useHeron’sformulato findtheareaofeach
trianglewithinthehexagon.

Information we are given

• Thegiven diagram

• Thesidelengthofthehexagon is 3 m.

• Thehexagoncanbedividedintosix
equilateraltriangles.

Using the theory

Theareaofeachtrianglecanbefoundusing
Heron’sformula.

Heron’sformulastates that
A = √ 

__________________________
S(S − a)(S − b)(S − c) ,where a,b,andcare the

sidelengthsandS =  a + b + c____________
2 

First,findS

Since thetrianglesareequilateraland thehexagonhas a
sidelengthof3 m,allsidesofthe triangles mustalsobe
3 m inlength.

S = 3 + 3 + 3 ___________ 2   = 4.5

Substitutea = 3, b = 3,c = 3,andS = 4.5 into
A = √ 

__________________________
S(S − a)(S − b)(S − c)

A = √ 
____________________________________
4.5(4.5 − 3)(4.5 − 3)(4.5 − 3)

A = 3.897…

There arethreegreentriangles,somultiply thisareaby 3.

3.897… × 3 = 11.691…

∴Thetotal greenarea is 11.7 m2, correctto one
decimalplace.

Answer

B
✓1 mark for the correct answer

718 ANSWERS

© Edrolo 2020



15 Recursion and financial modelling

Decoding the question

Keywords: sequence, recurrence relation

Relevant lesson: 6D

Thisquestion requiresus tofind V
7
usingthegiven

recurrence relation.

Information we are given

• V
0
 = 23, V

n+1
 = 4 × V

n

Using the theory

Usethe recurrence relationV
0
 = 23, V

n+1
 = 4 × V

n
to

find termsV
1
to V

7

V
0
 = 23

V
1
 = 4 × 23 = 92

V
2
 = 4 × 92 = 368

V
3
 = 4 × 368 = 1472

V
4
 = 4 × 1472 = 5888

V
5
 = 4 × 5888 = 23 552

V
6
 = 4 × 23 552 = 94 208

V
7
 = 4 × 94 208 = 376 832

Answer

D
	✓1 mark for the correct answer

16a Geometry and measurement

Decoding the question

Keywords: show that, length

Relevant lesson: 7B

Thisquestion requiresus to use Py thagoras’ theoremto
showthatthe lengthdis6.9cm.

Information we are given

• Thegivendiagram

Using the theory

Thelengthdcanbe obtained by usingthe right-angled
triangledisplay edbelow.

4.8 cm

5 
cm d

UsingPy thagoras’theorem,

d = √ 
____________
 52 + 4.8 2

d = √ 
_
 48.04 

d = 6.9310…

∴Thelength ofsidedis6.9 cmcorrecttoone
decimal place.

Answer

d = √ 
____________
 52 + 4 . 8 2  ≈ 6.9

✓1 mark for the correct method

16b Geometry and measurement

Decoding the question

Keyword: perimeter

Relevant lessons: 7D, 7E

Thisquestion requiresustocalculatethe perimeterof
theshape.

Information we are given

• The givendiagram

Using the theory

Theperimeterofthe cardboardcan becalculatedusing
theunshaded diagram,as illustratedbelow.

1.7
 c

m 6.
7 

cm

10.6 cm

5.8 cm

d = 6.9 cm

Theperimeteristhe sum ofall thelengthsofthesides of
theshape.

perimeter = 6.9 + 5.8 + 6.7 + 10.6 + 1.7

perimeter = 31.7

∴Theperimeterofthe cardboardpiece is31.7 cm.

Answer

31.7cm
✓1 mark for the correct answer

16c Geometry and measurement

Decoding the question

Keyword: area

Relevant lessons: 7D, 7E

Thisquestion requiresustocalculatethe area ofthe
piece ofcardboard.

Information we are given

• The givendiagram

Using the theory

Thecardboardpieceiscomposed ofa rectanglewith a
trianglecutout.The totalareaofthecardboard piece
(Atotal)can becalculatedby subtractingtheareaofthe
triangle (AT) fromthe area ofthe rectangle(AR)
AR = l × w
AR = 10.6 × 6.7
AR = 71.02
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AT =  
1 _ 2  × b × h

AT =  
1 _ 2  × 5 × 4.8

AT = 12

Atotal = AR − AT
Atotal = 71.02 − 12
Atotal = 59.02

∴The totalareaofthepieceofcardboard is59 cm2,
correcttothe nearestwhole number.

Answer

59cm2

	✓1 mark for the correct answer

7G

1 42 cm 2

2 2 m3

3 a 384cm 3 b 675 mm 3 c 721 cm 3

4 a 729mm 3 b 6371.15cm 3

5 3534L

6 1.5 m

7 a 730.03 cm3 b 199 mL

8 a 90 m3 b 238.33cm 3

9 a 100.53 m 3 b 1675.52 m 3

10 561.2 mm3

11 136m

12 263.9 cm3

13 a 4188.79 cm3 b 69.46 cm3

14 a 56.99cm3 b 6.97 cm

15 Earth

16 261.80 cm3

17 a 6370.63 mL b 867.6cm3

18 a 1884.96 cm3 b 1544.62 mm3

19 3.845 m3

20 416.78 cm3

21 12.03 cm

22 a 23.60cm b 462.37cm3

23 4020cm3

24 a 170mL b 262 cm3

25 a 13.6cm

b New volume: 298 mL

Percent: 77.5%

26 1.47m

Questions from multiple lessons

27 Geometry and measurement

Decoding the question

Keywords: rectangular-based right pyramid, height

Relevant lesson: 7C

Thequestion requires ustouse Py thagoras’theoremto
calculatean unknownlength.

Information we are given

• Thegiven diagram

• JK = IK = HK = LK = 36km

• HI = JL = 25km

Using the theory

First,the lengthofIL(orHJ) mustbedetermined.This is
done inordertobeabletofindthe valueLP(orHP, IPor
JP),which willallowusto determineKP.ILcan befound
usingthetriangleHIL asshown below.

25 km

15 km

x
15 km

36 km

K

J

I
H

P

L

Drawthetriangleagainwiththe appropriate
measurementsasshownbelow.

15
 k

m

25 km I

L

H

ThelengthforILcanbe calculated using
Py thagoras’theorem

IL = √ 
_____________
 252 + 15 2

IL = √ 
_
 850 

IPishalfthelength ofIL

IP = HP = LP = JP =  √ 
_
 850   _ 2

To findthelengthforKP,weneedto lookatthetriangle
HKPwhichisoutlined inthefollowingdiagram.
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25 km

15 km

36 km

36 km

K

J

I

x

H
P

L

Drawthetriangleagainwith theappropriate
measurementsasshownbelow.

36 km

H

K

P

ThelengthforKPcanbecalculated using
Py thagoras’theorem

HK2 = HP2 + KP2

KP2 = HK2 − HP2

KP = √ 
______________
 HK2 − HP2

KP = √ 
________________
362 − (

√ 
_
 850  ____ 2  )
2

KP = 32.916…

Theheightofthepy ramid isclosestto 32.9 km.

Answer

E
	✓1 mark for the correct answer

28 Data analysis

Decoding the question

Keywords: mean, standard deviation, sample

Relevant lesson: 12F

Wemustusethecalculatortocalculatethe mean and
standard deviation ofa sample.

Information we are given

• Thegiventable

Using the theory

Enterthedata intoaspreadsheetony ourcalculatorand
use theone-variablestatisticstofindthe requiredvalues.

Thecalculatorwill returnvalues of ̄  𝑥 = 78.9and
s𝑥 = 16.2.

note:Aswearecalculatingthestandard deviation of
a sample,we use thevalueofs

𝑥
,ratherthanσ

𝑥
σ
𝑥
is the

standard deviation ofa population.

1  _  
2
 √ 
_  850 km

1 _ 2 √ 
_
 850 km

Seethevideosolutionforabutton-by -button
demonstration.

Answer

A
✓1 mark for the correct answer

29a Geometry and measurement

Decoding the question

Keywords: rectangle, semi-circle, perimeter, diameter

Relevant lessons: 7D, 7F

Wemustusethe givenperimetertoshowthatthe
diameterofthesemi-circle is19.74cm.

Information we are given

• The givendiagram

• The widthoftherectangle is60cm.

• The perimeteroftheskateboardis 182cm.

Using the theory

Theperimeterofthe skateboard willbethe sum ofthe
twohorizontallengths,WXand YZ,plustheperimeterof
thesemi-circlesXYandWZ. We knowthattheperimeter
is182 cm.

Thetwo horizontal lengthsare60cm each.

Sincethetwosemi-circlesareequalindimensions,
theperimeter ofthetwosemi-circleswillbe equal tothe
circumferenceofonewholecircle.Thecircumference
ofacircleisgivenby theformulaC = πd,wheredis
thediameter.

We cannowsetupanequationforthetotal perimeterof
theskateboard.

182 = 2 × 60 + πd

Solve fordtofind thediameter.

πd + 120 = 182

πd = 62

d =62_π 

d = 19.7352…

∴Thediameteris19.74cm,correcttotwo decimal places.

Answer

πd + 120 = 182
✓1 mark for the correct answer

29b Geometry and measurement

Decoding the question

Keywords: rectangle, semi-circle, area

Relevant lessons: 7D, 7F

We cancalculatetheareaoftherectangle andsemi-
circlesseparately to findthetotalarea ofthe skateboard.
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Information we are given

• Thegiven diagram

• Thewidthofthe rectangleis60cm.

• Thediameterofthe semi-circles is19.74 cm,
correctto twodecimalplaces.

Using the theory

First,calculatetheareaoftherectangle.
The areaofa rectangleisgiven by A = l × w

Substitutel = 19.74andw = 60 into theformula.

A = 19.74 × 60

A = 1184.4

Now,calculatetheareaofthesemi-circles.

Asthere aretwo semi-circlesofequaldimensions,we
canjustcalculate thearea ofonefullcircle.Theareaofa
circleisgiven by A = πr2

The radiusofa circle ishalfthelengthofitsdiameter.
Hence,the radius mustbe 1 _ 2  × 19.74 = 9.87cm.

Substituter = 9.87 into theformula.

A = π × 9.87 2

A = 306.0442…

Calculatethesum ofthese areas.

1184.4 + 306.0442… = 1490.4442...

∴The area is1490cm2,correcttothe nearest
squarecentimetre.

Answer

1490cm2

	✓1 mark for the correct answer

7H

1 15 cm²

2 50.3 mm²

3 9

4 a 108cm² b 8.25 m² c 67.25 cm²

5 8cm

6 82 986.3 m²

7 50cm²

8 a 75.40m² b 452.40 cm² c 1743.58 mm²

9 10857cm²

10 a 416cm² b 612.61 cm² c 114.85 m²

11 a 5.83 m b 503 m²

12 158cm²

13 B

14 0.32 m

15 VaseA: 867.08cm 2 Vase B:888cm 2

Vase Bhasa largerexternalsurfacearea.

16 a 350cm b 356cm

17 D

Questions from multiple lessons

18 Geometry and measurement

Decoding the question

Keywords: rectangular prism, square base, diagonal, 
height, volume

Relevant lessons: 7C, 7G

Thisquestion requires ustouse Py thagoras’theoremto
determinethevolume ofa given rectangularprismwith
missingside lengths.

Information we are given

• Thegiven diagram

• The rectangularprismhasa squarebase.

• Thediagonaloftheprism,DF,is 10cm.

• Theheightoftheprism,BF,is6cm.

Using the theory

Inordertocalculatethe volumeofasquare-based
rectangularprism,we needthelength andheight.

First,calculatethelength ofthe diagonal BD.Thiscan be
done usingthe triangleBDFand Py thagoras’theorem.

Thetriangle BDFisshown belowwith side
lengthslabelled.

10 cm

D

F

B

6 cm

BD = √ 
_____________
 DF2 − BF2

BD = √ 
___________
 102 − 62

BD = √ 
_
 64 

BD = 8

Wecan nowfind thelengthoftheprism using triangle
BCD.The triangle alongwith its knownlengths is
shown below.

8 cm

D

B

C

x cm

x cm
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Since thebase isasquare,sidesBCand CD mustbe equal.
Hence,wecan usePy thagoras’theorem tofind thevalue
of𝑥.

BD2 = BC 2 + CD2

82 = 𝑥 2 + 𝑥 2

2𝑥2 = 64

𝑥2 = 32

𝑥 = √ 
_
 32 

Hence,thelengthandwidthoftheprismareboth√ 
_
 32 cm.

Calculatethe volumeoftheprism.

V = l × w × h

V = √ 
_
 32  × √ 

_
 32  × 6

V = 192

∴Thevolume oftheprismis 192cm3.

Answer

D
	✓1 mark for the correct answer

19 Data analysis

Decoding the question

Keyword: Pearson correlation coefficient

Relevant lesson: 13C

Wemustenterthe data into thecalculatorand use its
statisticsfunctionstofindthe valueofr

Information we are given

• Thegiventable

Using the theory

Enterthedata intothecalculatorspreadsheetand use
the two-variable statistics analy sisfunctiontocalculate
the valueofr

Thevalue ofris0.85 correcttotwo decimal places.

See video solutionfora button-by -buttondemonstration.

Answer

A
	✓1 mark for the correct answer

20a Geometry and measurement

Decoding the question

Keywords: surface area, ball

Relevant lesson: 7H

Thisquestion requiresus todeterminethesurfacearea
ofasphericalball.

Information we are given

• Thebeachballhasa radiusof18.9cm.

Using the theory

Theformula forthesurfacearea ofa sphere isSA = 4πr2

Substitute r = 18.9intothe formula.

SA = 4π × 18.9 2

SA = 4488.833...

∴Thesurfaceareaofthebeach ball, tothe nearestwhole
number,is4489cm2.

Answer

4489cm2

✓1 mark for the correct answer

20b Geometry and measurement

Decoding the question

Keyword: minimum length

Relevant lesson: 7G

Thequestion requiresustodeterminethe minimum
lengthofa box ifitcontainsthreebeachballs.

Information we are given

• The givendiagram

• Eachbeachballhasa radiusof18.9cm.

Using the theory

Calculate thediameterofthe sphere.

diameter = 2 × radius

diameter = 2 × 18.9

diameter = 37.8

Thediameteristhe maximumlength ofthe sphere,sowe
cannow use thediameterto findthe maximumlengthof
threebeach balls.

length = 3 × 37.8

length = 113.4

Hence,fora box tofitallthreebeachballsasthe diagram
display s,it mustbeatleast 113.4cm long.

Answer

113.4cm
✓1 mark for the correct answer

7I

1 54

2 a = 6, b = 0.75

3 a No b Yes c Yes

4 1.6

5 SAS

6 a Yes b Yes c No

7 6

8 C
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9 Smaller

10 a 0.75 b 0.83 c 1.25

11 1.8

12 

13 a 900m b 20 cm

14 0.006

15 19.2 m

16 D

Questions from multiple lessons

17 Geometry and measurement

Decoding the question

Keywords: cone, slant edge, volume, surface area

Relevant lesson: 7G

Wemust first use thegiven measurementstocalculate
thevalueof𝑥. We can then substitute 𝑥 into the given
formulatofindthe totalsurfacearea.

Information we are given

• Theradius is 4 cm.

• Thevolume is120 cm3.

• Theslantedgeis𝑥cm.

• surface area = πr(r + 𝑥)

Using the theory

The volumeofaconeisgivenby formula V =  1 _ 3 πr
2h

Wealready knowthe valuesofVandr

ThevalueofhcanbeexpressedusingPy thagoras’theorem.

h2 + 42 = 𝑥 2

∴h = √ 
_
 𝑥2 − 42

Substitute V = 120,r = 4,andh = √ 
_
 𝑥2 − 42 intothe

formula V =  1 _ 3 πr
2 hand use thesolve function ony our

calculatorto solvefor𝑥.

120 = 1 _ 3  × π × 4
2 × √ 
_
𝑥2 − 42

𝑥 = 8.2032…

Nowthatweknowthevalue of𝑥, we can calculate the
surfacearea usingthe givenformula.

Substituter = 4 and𝑥 = 8.2032…into
surface area = πr(r + 𝑥)

surface area = π × 4(4 + 8.2032…)

8 m

12 m

104.5O 104.5O

75.5O 75.5O

8 m8 m

surface area = 153.3509...

∴Thetotal surface area is closestto 153 cm2.

Answer

E
✓1 mark for the correct answer

18 Recursion and financial modelling

Decoding the question

Keywords: recurrence relation, model

Relevant lessons: 3C, 3D, 6B

Thisquestion requires ustointerpretthecontextofa
recurrence relation.

Information we are given

• W
0
 = 12 000, W

n+1
 = W

n
 + 180

Using the theory

Theprovided sequencefollowsthe form
t0 = a tn+1 = tn + d,soit isanarithmeticsequence.
Arithmeticsequences modelsimpleinterestasthe
balance ofthe investmentincreases by asetamount
eachperiod.Hence,optionsDand Ecan beeliminated.

Calculate 180asa percentageof12 000 to find the
interestrate.

percentage =  common difference ____________________
initial value    × 100

percentage =   180 _ 12 000  × 100

percentage = 1.5%

∴Therecurrencerelationcould modela simple interest
investmentof$12000with aninterestrateof1.5%
perperiod.

Answer

B
✓1 mark for the correct answer

19a Geometry and measurement

Decoding the question

Keywords: total height, show that

Relevant lesson: 7B

WemustusePy thagoras’theoremtofindthe heightofthe
roofinordertofindthetotalheightofthe greenhouse.

Information we are given

• Thegiven diagram

• Thewallsare 3.2 m high.

• Thefront is7 mwide.

• Theslopingedgesare 3.8 mlong.

• Thetotal heightis𝑥 m.

Using the theory

First,wewill findtheheightofthe roof.
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3.5 m

3.8 m
h m

Py thagoras’theoremstates thatin aright-angled
triangle,a2 + b2 = c2,where cisthehy potenuse.

Substitutea = h, b = 3.5, andc = 3.8and solveforh

h2 + 3.5 2 = 3.8 2

h = √ 
_______________
 382 − 3.5 2

h = 1.4798...

𝑥is the total height of the greenhouse.

𝑥 = h + 3.2

𝑥 = 1.4798… + 3.2

𝑥 ≈ 4.68

Answer

𝑥 = √ 
_______________
 382 − 3.5 2 + 3.2 = 4.68

	✓1 mark for the correct method

19b Geometry and measurement

Decoding the question

Keywords: surfaces, excluding the base

Relevant lessons: 7F, 7H

Wemustfindthesurfaceareaofthegreenhouse,
excludingthe base.

Information we are given

• Thegivendiagram

• 𝑥 = 4.68

Using the theory

We canfirstfindtheareaofthefrontandbackofthe
greenhouse.Eachside is acomposite shape made upofa
rectangleanda triangle.

1.48 m

7 m

3.2 m

Thearea ofthe triangle is 1 _ 2  × 1.48 × 7.

Thearea ofthe rectangle is 3.2 × 7.

Hence,the areaofboth thefrontand backisgivenby :

2(
1 _ 2  × 1.48 × 7 + 3.2 × 7) = 55.16

Thetwo roofpanelsandtwo side walls areall rectangles.
Theirareacan be found usingtheformulaA = b × h

Roof: 2 × 3.8 × 9 = 68.4

Walls: 2 × 3.2 × 9 = 57.6

TSA = 55.16 + 68.4 + 57.6 = 181.16

∴Thetotalarea ofglassneeded is 181 m2.

Answer

181 m2

✓1 mark for the finding the area of the front of the greenhouse
✓1 mark for the correct answer

7J

1 k =  5 __ 6  or k = 0.833

2 a 2 b 4 c 84 cm2

3 a 28 cm 2 b 2450.5 mm 2 c 158.06cm 2

4 a Allangles areequalasthey arebothrectangles.

Shortside: 42 ___ 21  = 2

Longside: 59.4 _____ 29.7  = 2

∴The rectanglesaresimilar.

b 2494.8cm 2

5 a 16A b 1350cm 2

6 39 187.5cm 2

7 320 cm

8 a 0.5 b 0.125 c 4.5 cm 3

9 a 41.16cm3 b 1673.55 cm3 c 338.29 mm3

10 k =   length of image__________________
length of original  =  

2L ___ L   = 2

k3 = 23 = 8

volume of image = k3 × volume of original = 8 × V

∴ volume of image = 8V

11 a 0.295 b 6.5 cm

12 9804.7cm3

13 a 64v b 2w c 512 000cm 3

14 98.4%

15 12.5 mL

16 57 056 m2

17 D

18 A
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Questions from multiple lessons

19 Geometry and measurement

Decoding the question

Keywords: length, parallel

Relevant lesson: 7I

The question requires ustouseourknowledge ofsimilar
figures tocalculatethe lengthofan unknownside.

Information we are given

• Thegiven diagram

• Thelines UXandVWare parallel.

• ThelengthofTUis8cm.

• ThelengthofUVis4cm.

• ThelengthofUXis 10 cm.

Using the theory

First,label thediagram withthe appropriatelengths.
Thisisshown below.

T

U
10 cm

8 cm

4 cm
V

W

X

Thisshape iscomprisedoftwo triangles, TUXandTVW
Sincesides UXand VWare parallel,thesetwo trianglesare
similar.Thetwotrianglesare illustratedseparately below.

T

12 cm

V

W

T 8 cm

10 cm
U

X

By comparingthe sides TUand TV, thelinearscale factor,
k,can bedetermined.

k =  length of image_________________
length of original 

k = TV _
TU 

k =  12_8 

k = 1.5

Findthe lengthofVWby apply ingthe linearscalefactor.

VW = k × UX

VW = 1.5 × 10

VW = 15

∴The lengthofVWis 15cm.

Answer

C
✓1 mark for the correct answer

20 Data analysis

Decoding the question

Keywords: dotplot, mean, standard deviation

Relevant lessons: 12C, 12E, 12F

We needto listthedatapointsand use ourcalculatorsto
findthe meanand standard deviation.

Information we are given

• Thegiven dotplot

Using the theory

Listthe valueofthedatapoints in aspreadsheetony our
calculatorand use the‘one-variable statistics’ function.

Thecalculatorshouldreturn, correctto one decimal
place, ̄  𝑥 = 18.9 and s𝑥 = 1.9.

note: Make sure to use thevalue ofs𝑥insteadofσ𝑥as
wearefindingthestandarddeviationofasample,
notapopulation.

Seevideo solutionforbutton-by -button demonstration.

Answer

E
✓1 mark for the correct answer

21a Geometry and measurement

Decoding the question

Keywords: cylinder, hemisphere, radius, height, volume

Relevant lesson: 7G

Thisquestion requires ustocalculatethevolume ofa
compositeobject.

Information we are given

• Thegiven diagram

Using the theory

Theformulaforthe volumeofacy linder isV = πr2h

Vcylinder = π × 15 2 × 5

Vcylinder = 1125π

Vcylinder = 3534.29...

Theformulaforthe volumeofasphere is V =  4 _ 3 πr
3

Hence,theformula forthevolume ofa hemisphereis

V =  2 _ 3 πr
3

Vhemisphere =  
2 _ 3  × π × 15

3

Vhemisphere = 2250π

Vhemisphere = 7068.58…

Add thevolume ofthecy linderandhemisphere to
calculatethe totalvolume.
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V
total
 = V

cylinder
 + V

hemisphere

V
total
 = 3534.29...+ 7068.58...

V
total
 = 10 602.87...

∴Thevolume oftentAis 10603 m3.

Answer

10603 m3

	✓1 mark for the correct value for hemisphere volume
	✓1 mark for the correct value for cylinder and final volume

21b Geometry and measurement

Decoding the question

Keywords: percentage, volume

Relevant lesson: 7G

Thisquestion requiresus tofindthe percentageof
volume removed usingthe volumescalefactor.

Information we are given

• TentB is aconewith aheightof18 metres.

• Thetopthree metresofthetentare blockedoff.

Using the theory

Theblockedoffareaandtheentiretentaresimilarshapes.

Find thelengthscalefactor.Lettheentiretentbethe
originaland theblockedoffareabethe image.

k =   length of image__________________
length of original 

k =  3 _18 

k =  1 _ 6 

Find thevolumescale factor.

k3 = (
1 _ 6 )

3

k3 =   1 _216 

Thismeansthatthevolumeofblockedoffsection is  1 _216 

ofthevolume ofthe tent.Hence,thevolumeofthetent

thatisnotblockedoffis 1 −   1 _ 216  =  
215 _ 216  ofthevolume of

the entire tent.

Multiply  215 _ 216 by 100to convertthisto apercentage.

 215 _ 216  × 100 = 99.537…%

∴ 99.54%ofthevolume ofthetentis notblockedoff.

Answer

99.54%
	✓1 mark for the correct answer

8A

1 

2 3.7cm

3 sin(θ) =   Opposite _____________
Hypotenuse 

cos(θ) =  Adjacent _____________
Hypotenuse 

tan(θ) =  Opposite__________
Adjacent 

4 a 50.35 mm b 2.55 cm c 1.61 m

5 92 m

6 25°

7 a 57.53° b 35.55° c 72.77°

8 44°

9 8 m

10 a 1.5 m b 37°

11 4.95

12 43°

13 a 1.96 m b 66.25 m

14 a 45° b 77.8m

Questions from multiple lessons

15 Geometry and measurement

Decoding the question

Keywords: trapezoid prism, cylinder, radius, height

Relevant lessons: 7D, 7G

We needtofindthe volumeofthetrapezoidprismand
use thisvalue todeterminethe heightofa cy linderwith
thesamevolume,givenits radius.

Information we are given

• The givendiagram

• The trailerisinthe shapeofatrapezoidprism.

• The silois intheshapeofa cy linder.

• The silohasa radiusof2.5 m.

Using the theory

First,we mustfindthe volumeofthetrailerwhich is in
theshape ofatrapezoidprism.Thevolume willbethe
areaofthetrapezium facemultiplied by itslength.

Theareaofthe trapeziumcan befoundby theformula

A =  a + b _ 2   × h,where aand bare thelengthsofthe

parallel sidesand h istheheight.

Substitute a = 3.8,b = 2.8andh = 2.4 into

A =  a + b _ 2   × h

Adjacent
Opposite

Hypotenuse
θ
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A =  3.8 + 2.8 ___________ 2   × 2.4

A = 7.92

Multiply theareaofthetrapezium by thelength ofthe
trapezoid prism.

V = A × length

V = 7.92 × 11.6

V = 91.872

The formula forthevolumeofacy linder is V = πr2 h
Weknow thevolumethatthegrainfills,alongwiththe
radiusofthesilo.

Substitute V = 91.872 andr = 2.5 into V = πr2 hand
solve forh

91.872 = π × 2.5 2 × h

h =   91.872 ___________
π × 2.5 2  

h = 4.679…

∴The heightatwhich onetrailer-load ofgrainwouldsit
withinthesiloisclosestto4.7 m.

Answer

E
	✓1 mark for the correct answer

16 Data analysis

Decoding the question

Keyword: median

Relevant lessons: 12C, 12E

We needto usethe  n + 1 _ 2   ruleto determinethe median.

Information we are given

• Thegiven dotplot

• Thegiven boxplot

• Thereare 20zookeepers in thegroup.

Using the theory

The medianona boxplotisrepresented by aline inthe
box.Asthere isno middle line inthe givenboxplot,the
median willbeequal toeitherQ

1
or Q

3
. Sincewedon’t

knowwhetherthe medianisequaltoQ
1
orQ

3
onthe

boxplot,wewill usethedotplottodeterminethemedian.

Themediancan befound in the (
n + 1 _ 2  )

th
position ofthe

data points.Substituten = 20 into theformula.

 20 + 1 _ 2   = 10.5

The medianwill belocatedin between the10th andthe
11th positions,whichcanbe calculated by findingthe
average ofthesevalues.They are highlightedin the
followingdotplot.

Number of pets
543210

Thevalueofboth the10th andthe 11thdata pointsis 2.

∴Themedian numberofpetsowned is 2.

Answer

B
✓1 mark for the correct answer

17a Geometry and measurement

Decoding the question

Keywords: diameter, in centimetres

Relevant lesson: 7D

Wecan usethe measurementsprovidedto find the
diameteroftheglass.

Information we are given

• Theglass is cy lindrical inshape.

• Theglasshasa radiusof2.9cm anda heightof9.5 cm.

Using the theory

Thediameter(d) ofa circle isthelength fromonesideof
the circletothe other,throughthecentre.Itistwice the
length ofthe radius (r). Hence,d = 2r

Substituter = 2.9 into d = 2r

d = 2 × 2.9

d = 5.8

∴Thediameterofthe glassis5.8cm.

Answer

5.8cm
✓1 mark for the correct answer

17b Geometry and measurement

Decoding the question

Keywords: surface area, ‘including the bottom’

Relevant lesson: 7H

We needto recalltheformula forcalculating thesurface
areaofa cy linder,and rememberto subtract thearea of
oneofthecirclesduetotheopen topoftheglass.

Information we are given

• Theglass is cy lindrical inshape.

• Theglasshasa radiusof2.9cm anda heightof9.5 cm.

728 ANSWERS

© Edrolo 2020



Using the theory

Astheglassiscy lindrical,wewill needtheformula for
the surface areaofacy linder.

Thisisgivenas
SA = area of two circles + area of curved side
alsowrittenasSA = 2πr2 + 2πrh

However,asthetopoftheglassisexposed,wewillonly 
require thebottomcircleofthe cy linder.Hence,we must
subtractthe areaofonecircle fromthe formula.

SA = 2πr2 + 2πrh − πr2

SA = πr2 + 2πrh

We havebeengiven r = 2.9andh = 9.5.Substitute these
valuesintotheformula to find thesurfacearea.

SA = π × 2.9 2 + 2π × 2.9 × 9.5

SA = 199.522...

∴Thesurfacearea is 199.5 cm2,correcttoone
decimal place.

Answer

199.5cm2

	✓1 mark for the correct answer

8B

1 𝑥 = 3.72

2 35°

3 a 38.66° b 11.89°

4 20.56°

5 830.97m

6 61.4m

7 20°

8 a 48.01° b 8.62°

9 61.15m

10 5.7°

11 3.69m

12 602.6m

13 a 2.70° b 169.81 m

14 

𝑥 = 5.7349…

Theheightofthebuildingis 20.9m.

15 a 45.5m b 24.9°

16˚
M

N

x m

20 m

line of sight

Questions from multiple lessons

16 Geometry and measurement

Decoding the question

Keyword: angle

Relevant lesson: 8A

Thisquestion requiresustoapply trigonometricskillsto
determinethe unknownangle.

Information we are given

• The givendiagram

Using the theory

Thegiven triangle display slengthsforthe oppositeand
adjacentsidesofthe triangle,sothetangentfunction
mustbe usedtosolve forthe unknown angle.

tan(θ) =  opposite _ adjacent 

tan(θ) =  5 _ 20  =  
1 _ 4 

θ = tan −1(
1 _ 4 )

θ = 14.036…

∴Theangleisclosestto 14.0°.

Answer

C
	✓1 mark for the correct answer

17 Recursion and financial modelling

Decoding the question

Keywords: loan, interest rate, compounding period, lump sum

Relevant lesson: 3D

Wemustdeterminewhichloan willcostAshthe least
amountofmoney ,takingintoaccountthe different
interest rates andcompoundingperiods.

Information we are given

• Ashborrows$6500.

• Ashwill fully repay the loan in alumpsumpay ment
aftertwoy ears.

• The interest rates andcompoundingperiodsof
each loan.

Using the theory

Sincedifferentcompoundingperiods resultin
differentamountsofinterestbeingadded,we can
only directly comparetheloansthathavethe same
compounding periods.

Loans 1, 2and 3 all compoundmonthly andhaveannual
interest rates of9.70%, 9.72%and9.74% respectively .
Loan 1 hasthelowestannual interest rate of9.70%,so
outoftheloansthatcompoundmonthly ,loan1 willcost
Ashtheleast amountofmoney .
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Loans4and 5bothcompoundquarterly andhaveannual
interestratesof9.76%and 9.78% respectively . Loan 4
hasthe lowerannualinterestrateof9.76%,so outofthe
loans thatcompoundquarterly ,loan4will costAshthe
leastamountofmoney .

Nowwemustcompareloans 1and4usingthe

compoundinterestformulaA = P(1 +   r _ 100 )
n

Loan1:

Since interestcompoundsmonthly ,r =  9.70 _ 12   and

n = 2 × 12 = 24.

SubstituteP = 6500, r =  9.70 _ 12  andn = 24intothe

compoundinterestformula.

A = 6500(1 +  
(
9.70 _ 12 )
 _ 100  )

24

A = 7885.47…

Loan4:

Since interestcompoundsquarterly ,r =  9.76 _ 4  and

n = 2 × 4 = 8.

SubstituteP = 6500, r =  9.76 _ 4  andn = 8intothe

compoundinterestformula.

A = 6500(1 +  
(
9.76 _ 4 )
 _ 100  )

8

A = 7882.60…

7882.60… < 7885.47…

∴ Loan4willcostAsh theleastamountofmoney .

Answer

D
	✓1 mark for the correct answer

18a Geometry and measurement

Decoding the question

Keyword: scale factor

Relevant lesson: 7I

Thisquestion requires usto determine thescalefactor
theengineer uses inhisplans.

Information we are given

• Thegiven diagram

• A1 cmline isusedtorepresenta lengthof1 m.

Using the theory

Asall unitsofmeasurementneedtobethe sameto
calculatescalefactors,we needto convert1 metre into
centimetres.Thereare 100 centimetres in ametre.

The formulaforthe scale factorisgivenas

k =   length of image__________________
length of original  . Substitute length of image = 1 and

length of original = 100 tofind thescalefactor.

k =   1 _100 

k = 0.01

Answer

k = 0.01
✓1 mark for the correct answer

18b Geometry and measurement

Decoding the question

Keyword: area

Relevant lesson: 7J

Thisquestion requires ustoapply scalefactors inthe
contextofareas.

Information we are given

• Thegiven diagram

• Thelid’sarea is21 m2.

Using the theory

From parta, thescalefactorwasdeterminedtobe0.01.
To use thisscalefactorwithareas, itmustbe converted
tok2

k2 = 0.01 2

k2 = 0.0001

Calculatethe planarea.

A
image

 = k2 × A
original



A
image

 = 0.0001 × 21

A
image

 = 0.0021m2

∴Thearea ofthe lid onthe plan is0.0021 m2.

Answer

0.0021 m2

✓1 mark for the correct answer

8C

1 

2 150°

3 a 315° b 120° c 175°

4 D

5 141°

6 B
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7 a 

b 

c 

8 

9 

10 A

11 a 10.94m b 16.56cm c 4.73m

12 204.78°

13 175 m

50°

N

60°

N

30°
or

N

10°

N

Celine

Tim

297.48°
MEL

SYD

ADE

Edroloton

35.3°
N 53.92°

N

20°

14 a 50.17° b 332.97°

c 117.58km d 67.03°

15 a Bearing ofB fromA= 57.99°

Angle = 51 + 57.99

= 109°,afterroundingto thenearestdegree.

b 4.50km

c 8.25km away ,atbearing 345.96°.

16 D

Questions from multiple lessons

17 Geometry and trigonometry

Decoding the question

Keywords: horizontal distance, angle of depression

Relevant lessons: 8A, 8B

Thisquestion requiresusto use trigonometricfunctions
tocalculatethe angleofdepression.

Information we are given

• The givendiagram

• The table is30cm tallerthanthe chair.

• The horizontaldistancebetweenthe tableandthe
chair is60 cm.

Using the theory

Drawa right-angledtriangle usingthehorizontal and
verticaldistancesbetweenthe tableandchair.Make sure
thatthetriangle includesthe angleofdepressionfrom
pointGto H

60 cm

30
 c

m

G

H

θ

Theknown sidelengths aretheopposite andadjacent
sides,so we must usethe tangentformula tofind the
angleofdepression.

tan(θ) =  opposite _ adjacent 

tan(θ) =  30 _ 60  =  
1 _ 2 

θ = tan −1(
1 _ 2 )

θ = 26.565…°

∴TheangleofdepressionofpointHfrompointGis
closestto 27°.

Answer

B
	✓1 mark for the correct answer
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18 Data analysis

Decoding the question

Keyword: variables

Relevant lesson: 12A

Thisquestionrequires usto classify the variables given.

Information we are given

• Typing speed(in wordsperminute)

• Language(English, French,German)

Using the theory

First,we mustclassify each variable asnumerical or
categorical.Numerical variablesrepresentaquantity 
andcan becountedormeasured. Categorical variables
usually representaquality orattributeand canalway sbe
broken into groupsorcategories.

Typing speedis measured andhasnotbeen givena setof
categories,soit mustbenumerical.

Languagehasbeenpresentedwithasetofcategories,so it
mustbecategorical.

Categoricalvariablescanbe eitherordinalornominal.
Ordinal variablesarethosewith ahierarchy ororder
amongthe categories.Nominal variablescannotbe
ordered.Thecategoriesoflanguageare nominalasthey 
do notfollow alogical orderornatural progression.

Hence, typing speedis numerical andlanguage is nominal.

Answer

D
	✓1 mark for the correct answer

19a Geometry and measurement

Decoding the question

Keywords: angle of depression, distance

Relevant lessons: 8A, 8B

Thisquestion requires usto apply trigonometric
functionsto determinetheunknownlength.

Information we are given

• Thegiven diagram

Using the theory

First,wecan find theangleXPY

AsXPisavertical line,XPYwillbeequalto90° minusthe
angle ofdepression.

90° − 30° = 60°

P

XY

20 m
60˚

The distance betweenthetwo arrows,XY, cannow be
calculatedby usingthesinefunction.

sin(θ) =   opposite _____________
hypotenuse 

sin(60°) =  XY _____________
20 

XY = 20 × sin(60°)

XY = 17.3205...

∴Thedistancebetweenthe twoarrows is17.32 m,
correcttotwodecimalplaces.

Answer

17.32 m
✓1 mark for the correct answer

19b Geometry and measurement

Decoding the question

Keyword: angle of elevation

Relevant lessons: 8A, 8B

Thisquestion requires ustoapply trigonometric
functionsto findan unknownangle.

Information we are given

• Thegiven diagram

Using the theory

Theangle ofelevationfrom Ptothe top ofthewall is
marked θ

T

P1.2
 m

30 m
θ

Thetwo knownlengthsare theoppositeand theadjacent
sides,sowe mustusethetangentfunction to determine
the angle.

tan(θ) =  opposite _ adjacent 

tan(θ) =  1.2_30 

θ = tan −1(
1.2 _ 30 )

θ = 2.29…°

∴Theangleofelevationis2°,correcttothe
nearestdegree.

Answer

2°
✓1 mark for the correct answer

8D

1 48.59°

2 a   𝑥 _________ sin(32° )  =  
7 _________ sin(78° )  b 𝑥 = 3.79 cm

3 a 7.08cm b 32.46 m c 16.31 mm

4 D

5   a _______ sin(A)  =  
b _______

sin(B) 

  𝑥 _________ sin(40°)  =  
90 _________

sin(86°) 
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𝑥 = sin(40°) ×   90 _________ sin(86°) 

𝑥 = 57.9921…

∴Thedistancebetweenthe shedandthe veggiepatch is
58 metres.

6 Distance fromboatA: 147.49m
Distance fromboat B: 308.96 m

7 a θ = sin−1(6 × sin(99°) _________ 43  )

b θ = 7.9°

8 a 75.19° b 83.22° c 62.77°

9 

10 Letαbethethirdangle,asshown below:

40°

a

θ

200 m

150 m

 sin(α) _______ 150   =  
sin(40°) _________ 200 

α = sin−1(150 × 
sin(40°) _________ 200 )

Simplify thefraction:

α = sin−1(
3 × sin(40°) ______________ 4 )

Interioranglesofa triangle addupto 180°,so:

θ + α + 40° = 180°

θ = 180° − 40° − α

∴θ = 140° − sin−1(
3 × sin(40°) ______________ 4 )

11 119°

12 a 

 

9 cm

12 cm

A

B C
32°

39 cm

32 cm

33 cm

45 cm

61°

60.99°

58.01°

58°

43.90°

78.10°

9 cm

12 cmB

A

C
32°

b 44.96° and135.04°

c 12.96° and103.04°

13 17.7cm and 28.3 cm

14 D

15 a AngleMLN

b 32.24°

c 45.76°

d 8.06 m

16 a 

Let𝑥 be the distance between points BandC.

  𝑥 _________ sin(36°)  =  
200 _________ sin(32°) 

𝑥 = sin(36°) ×   200 _________ sin(32°) 

 𝑥 = 221.8395…

∴Thedistance between pointsBandCis
221.84 metres.

b 

453 m

17 E

Questions from multiple lessons

18 Geometry and measurement

Decoding the question

Keywords: bearing, distance

Relevant lessons: 8A, 8C

Thisquestion requiresusto use ourknowledgeon
bearingsandtrigonometric functionstodeterminean
unknownlength.

200 m

A

B

N

C

36°

32°

112°

68

221.84 m

D

B

N

C
21°

21°

47°
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Information we are given

• Thelostdog randirectly westfrom itskennel and
then directly south.

• Itwasfound ona bearingof226°from itskennel.

• Itwasfound exactly 4km away .

Using the theory

Firstdrawadiagramthatrepresentstheinformationgiven.

N

226˚

4 km

Findthe valueofaninteriorangleofthetriangle.

Westisatabearingof270°fromnorth.

interior angle = 270° − 226°

interior angle = 44°

We nowhave aright-angledtrianglewith aknown side
lengthand knownangle asshown.Thedistancethe dog
travelleddirectly west is labelled𝑥.

44˚x cm

4 km

Wecan use thecosine function todeterminethe
unknownlength.

cos(θ) =  
adjacent
 _____________ 

hypotenuse
 

cos(44°) =  𝑥 _____________ 4 

𝑥 = 4 × cos(44°)

𝑥 = 2.877…

∴The distancethatthe dogtravelledwestisclosestto
2.9km.

Answer

A
	✓1 mark for the correct answer

19 Data analysis

Decoding the question

Keywords: stem plot, median

Relevant lessons: 12C, 12E

Wemustlocate themedian valuefrom thestem plot

usingtheformula n + 1_ 2 

Information we are given

• Thegiven stemplot

• n = 31

Using the theory

Themedian isthe middlevalue ina dataset.In adataset

with n elements, itislocatedin the(
n + 1 _ 2  )

th
position.

Substituten = 31into n + 1 _ 2  tofindthepositionof

themedian.

 31 + 1 _ 2   = 16

Hence,the median is the16th valuein thestem plot.
Thisvalue iscircled.

0 1 2
0 5 6 8 8 9
1 0 1 1 3 4 4
1 6 7 8 9 9 9
2 2 2 3 4 4
2 5 5 6 7
3 0 1
3 6

Key :0| 1= 1   n=31

Themedian numberofteabagsconsumed is18.

Answer

B
✓1 mark for the correct answer

20a Geometry and measurement

Decoding the question

Keyword: length

Relevant lesson: 7A

We needto determine thelengthofan unknown edge.

Information we are given

• Thegiven diagram

• PointTisdirectly halfway between OandS

Using the theory

Weknowthat Tisexactly halfway between OandS

ThelengthofOSis62 km.

Hence,thelength ofSTmustbehalfof62 km.
1 _ 2  × 62 = 31

∴ThelengthofSTis 31km.
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Answer

31km
	✓1 mark for the correct answer

20b Geometry and measurement

Decoding the question

Keyword: angle

Relevant lesson: 8A

We needtousetrigonometric functionstodeterminethe
unknown angleSRT

Information we are given

• Thegivendiagram

Using the theory

From parta,the lengthofSTis 31km.
DrawthetriangleSRT

57 km

31 km S

R

T

Theknownlengthsaretheadjacentandoppositesides,so
usethe tangentfunctionto calculatethe unknown angle.

tan(∠SRT) =  opposite _ adjacent 

tan(∠SRT) =  31_57 

∠SRT = tan −1(
31 _ 57 )

∠SRT = 28.539…°

∴TheangleSRTis 28.5°, correctto onedecimalplace.

Answer

28.5°
	✓1 mark for the correct answer

8E

1 36°

2 5.37cm

3 a 7.80cm b 45.54mm c 1.55m

4 10.4cm

5 100

6 a 57.12° b 43.23° c 18.57°

7 45.08°

8 2.16

9 a 13.7 m b 56°

10 944 m

11 a 3.67km

b 108°

12 a 3.5km

b 97°

13 E

Questions from multiple lessons

14 Geometry and measurement

Decoding the question

Keywords: bearing, angle

Relevant lesson: 8C

Thisquestion requiresustoapply ourknowledgeof
bearingsandalternateanglestodeterminethebearing
ofAfrom B

Information we are given

• The givendiagram

Using the theory

Theangle thatwe needtodetermineislabelled𝑥.

30˚
x˚

57˚

31˚

NorthA

B

C

Usingsupplementary angles,theangle𝑥 can be
determinedas shownbelow.

𝑥 + 30° + 31° + 57° = 180°

𝑥 = 180° − 30° − 31° − 57°

𝑥 = 62°

ThebearingofAfrom B is equal to 360° minus 62°.

360° − 62° = 298°

∴ThebearingofA fromB is298°.

Answer

A
✓1 mark for the correct answer

15 Recursion and financial modelling

Decoding the question

Keywords: increase, value

Relevant lesson: 3D

Thisquestion requiresustodeterminethe originalvalue
ofthevaseeighty earsago.
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Information we are given

• Thepercentage increase invalue is5%pery earfor
the pasteighty ears.

• Thisy ear,thevase’svalue is$165000.

Using the theory

Wecan model thisscenario usingthe compound interest

formulaA = P × (1 +   r _ 100 )
n
,whereA isthe valueof

thevaseafterny ears, Pistheinitialvalue,and risthe
growth rate.

Substitutethe valuesn = 8,A = 165 000,andr = 5 into
theequation.

165 000 = P × (1 +  
5 _ 100 )

8

P = 165 000_
1.05 8

P = 111 678.494…

∴The original valueofthevaseisclosestto$111 678.

Answer

C
	✓1 mark for the correct answer

16a Geometry and measurement

Decoding the question

Keywords: distance, straight line

Relevant lesson: 7B

Thisquestion requires usto usePy thagoras’theorem to
calculatethe unknown length.

Information we are given

• Herhouse islocated400 m northand 357m eastof
the field.

Using the theory

Adiagramdepictingthe positionofApril’shouse relative
to thefield is shownbelow.

400 m

357 m

H

F

Thistriangle isright-angledasthe knowndistancesare
in termscompassdirections.Hence, Py thagoras’ theorem
canbe usedto determinethe lengthofFH

FH = √ 
________________
 4002 + 357 2

FH = √ 
___________
 287 449 

FH = 536.1427…

∴Augusthastowalk 536 m fromherhometo gettothe
football field.

Answer

536 m
✓1 mark for the correct answer

16b Geometry and measurement

Decoding the question

Keyword: three-figure bearing

Relevant lessons: 8A, 8C

Thisquestion requires ustofindthe bearingofthe
football field fromAugust’shome usingtrigonometry .

Information we are given

• Herhouse islocated400m northand 357 m eastof
thefield.

Using the theory

Adiagram showingherjourney ,alongwiththe angleof
the three-figure bearing,isshown inthe diagrambelow.
Thethree-figurebearingwill be180°plusθ°

400 m

357 m

H

F

°θ

To findthevalue ofθthetangentmustbe used,asthe
triangleis right-angled andthelengths display edare the
opposite andadjacentedges.

tan(θ) =  opposite _ adjacent 

tan(θ) =  357_400 

θ = tan −1(
357 _ 400 )

θ = 41.74…°

bearing = 180° + 41.74…°

bearing = 221.74…°

∴Thethree-figurebearing,correcttothe nearestdegree,
ofthefootballfieldfromAugust’s home is 222°.

Answer

222°
✓1 mark for the correct answer
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8F

1 A,D

2 Aside lengthoranangle

3 a 

b 

c 

4 Thesizeofthe triangle cannotbedetermined.Atleast
one sidelength isneededto determine atriangle.Ifonly 
anglesareknown,thetriangle canbescaledtoany size.

5 Step 3

6 a 

b 

c 

7 C

18 mm

21.0 mm

10.8 mm

31°

59°

0.3 m0.55 m

0.6 m
28.6° 61.4°

37°

53°

1.3 cm

1.0 cm

0.8 cm

5.8 cm

2.7 cm
4.8 cm

98°

55 °
27°

52.7 mm

46.5 mm

33.7 mm 60.5°

80.4°

39.1°

5.5 cm85°

64.4°

30.6°3.1 cm

6.1 cm

8 

9 a No b Yes c Yes

10 B

11 

Questions from multiple lessons

12 Geometry and measurement

Decoding the question

Keywords: triangle, angles, ‘could not’

Relevant lesson: 8D

This is anambiguouscaseofthe sine rulewheretwo side
lengthsareknown andtheshorterknownside(XY) is
opposite theacuteangle (∠XZY).We mustfindallangles
inthetwopossibletriangles forXYZ

Information we are given

• SideXYhasa lengthof6cm.

• Side YZhasalength of10cm.

• AngleXZYhasa magnitudeof32°.

Using the theory

Drawthe triangleXYZ.There aretwo possibleway s to
drawthe triangle,asthisisan ambiguouscase ofthe
sine rule.

70°

50 cm 50 cm

70°

50 cm

70° 70°

50 cm 50 cm

70° 70°
50 cm

56°

5.4 cm 4.6 cm

56°

4.6 cm 5.4 cm

56°

5.4 cm 4.6 cm
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X

X

Y10 cm

6 cm
6 cm

32°
Z

Findbothpossible valuesoftheangle YXZusingthe
sine rule.

  10 ______ sin(∠YXZ) =  
6 ______

sin(32°) 

∠YXZ = sin −1(10 ×  
sin(32°) ______ 6 )

The calculatorwillreturn thevalue ofthe acuteangle.

∠YXZ = 62.03…°

Tofind thesecondpossible valueof∠YXZ,subtractthis
from 180°.

180° − 62.03...° = 117.96…°

The interioranglesofa triangle mustadd upto 180°.
Sincewe knowtheangleofXZYandthe twopossible
angles ofYXZ,we cannow find thetwo possible valuesof
angleZYX

180° − 32° − 62.03…° = 85.96…°

180° − 32° − 117.96…° = 30.03…°

The possibleanglesare62°, 118°, 86°,and 30°.

∴94°could notbe anangle intriangleXYZ

Answer

D
	✓1 mark for the correct answer

13 Data analysis

Decoding the question

Keyword: variables

Relevant lesson: 12A

Weneedtodeterminethedata ty pesofthegivenvariables.

Information we are given

• Number of cars owned

• Income level(low,medium, high)

Using the theory

First,categoriseeachvariableaseither numerical
or categorical.

Numericalvariablesrepresenta quantity andcan be
countedormeasured.Asnumber of cars ownedisa
variablethatcanbecountedand hasnotbeengivenwith
asetofcategories, itisa numerical variable.

Categoricalvariables represent aquality orattributeand
are brokendown into groupsorcategories.Income level
is acategorical variableas ithasthecategories‘low’,
‘medium’ and‘high’. Categorical variables canbeeither
nominal orordinalvariables.Ordinal variables are
categoricalvariablesthatcanbeordered.Asthere isa
logicalordertothe variable income level(low,medium,
high), itisanordinal variable.

Thevariablesnumber of cars ownedandincome level
(low, medium,high)are a numericalvariableand an
ordinalvariablerespectively .

Answer

A
✓1 mark for the correct answer

14a Geometry and measurement

Decoding the question

Keywords: angle, possible values

Relevant lesson: 8D

Thisquestion requires ustousethe sine ruleto
determinethepossiblevalues fortheangle EGF

Information we are given

• Thegiven diagram

• PointGis 14 metresfrom pointF

Using the theory

Therearetwoscenariosforthepossiblevaluesof∠EGF
asshown.

24° G G

F

14 m14 m
22 m

E
x m

x m

Thesine rulestatesthat sin(A) ______ a   =  sin(B)______ b 

Substitutethe appropriatevaluesintothe formula.

 sin(∠EGF) ______ 22   =  sin(24°)______
14 

sin(∠EGF) =  22 × sin(24°) ____________ 14 

∠EGF = sin −1(
22 × sin(24°)____________ 14  )

∠EGF = 39.729…°

∠EGF ≈ 40°

However,thisisan ambiguouscase ofthe sine rule,
so wemustconsiderthepossibility that∠EGF isan
obtuseangle.

To calculate theotherpossible valueof∠EFG,subtract
the answerfrom 180°.
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∠EGF = 180° − 40°

∠EGF = 140°

∴Thetwo possible valuesfor∠EGFare40° and140°.

Answer

40° and140°
	✓1 mark for the correct answer

14b Geometry and measurement

Decoding the question

Keywords: ‘within the park’, value

Relevant lesson: 8D

Thisquestion requiresus to usethe sine ruleto
determinean unknownlength.

Information we are given

• Thegivendiagram

• PointG is within thepark.

Using the theory

IfpointGiswithinthepark,thenthe lengthof𝑥 must be
lessthan 30 m. Fromparta,wedeterminedthat∠EGF
can beeither40°or140°.

For∠EGF = 40°:

24° 40° G

F

14 m22 m

E
x m

Asweknowthe anglesum ofa triangle is180°,∠EFGcan
be calculated.

∠EFG = 180° − 24° − 40°

∠EFG = 116°

Usingthesinerule:

 sin(116°) ___________ 𝑥   = 
sin(24°)
 _ 14

𝑥 = 
14 × sin(116°)________________ sin(24°)

𝑥 = 30.9…

30.9… > 30,hence itisoutside theboundary .

For∠EGF = 140°:

24°
140°

G

F

14 m
22 m

E
x m

Asweknowthe anglesum ofa triangle is180°,∠EFGcan
be calculated.

∠EFG = 180° − 24° − 140°

∠EFG = 16°

Usingthe sine rule:

 sin(16°) _ 𝑥   =  sin(24°)_
14 

𝑥 =  14 × sin(16°)_______________
sin(24°) 

𝑥 = 9.48…

9.48… < 30,hence itis inside theboundary .

∴Thevalueof𝑥, to the nearest metre, is 9 m.

Answer

9 m
✓1 mark for the correct answer

8G

1 64°

2 Area =  1 __ 2  × 11 × 10 × sin(40°)

3 a 19.70cm2 b 147.48cm2 c 282.04 m2

4 177.13cm²

5 11 184.8 m²

6 θ = sin −1
(

30 ____________ 1 __ 2  × 9 × 11
 
)

7 a θ = 61.11° b 𝑥 = 22.97

8 61.04 m

9 118.3°

10 575.2 m

11 A

12 30

13 a 517 m² b 689 m²

14 Area ofleftwhitetriangle:

Area =  1 __ 2  × 6 × 14.5 × sin(70°) = 40.8766…

Area ofrightwhitetriangle:

Area =  1 __ 2  × 9.5 × 11 × sin(66°) = 47.7327…

Total white area: 40.8766… + 47.7327... = 88.6093…

Total area oftile: Area = 13 × 13 = 169

Total purplearea: 169 − 88.6093… = 80.3906…

Percentageofpurplearea:

 80.3906… ____________ 169   × 100 = 47.5684…

∴Thepercentageofthetilethatispurple is47.6%.
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Questions from multiple lessons

15 Geometry and measurement

Decoding the question

Keywords: lengths, angle

Relevant lesson: 8E

Sinceall threeside lengthsareknown, themagnitudeof
angle θcanbefound usingthe cosine rule.

Information we are given

• Thegiven diagram

Using the theory

The cosine rule statesthatcos(C) =  a
2 + b2 − c2 _______________ 2ab  , where c

isthe sideopposite theunknown angleC.

Inthegiventriangle, theside oppositeangle θhas a
lengthof11 m.Hence,c = 11.Theothertwosidesare
interchangeable asa andb

Substitutea = 8,b = 14, c = 11,andC = θintothe
cosine rule.

cos(C) =  a
2 + b2 − c2 _______________ 2ab 

cos(θ) =  8
2 + 14 2 − 11 2_______________
2 × 8 × 14  

Answer

C
	✓1 mark for the correct answer

16 Data analysis

Decoding the question

Keywords: least squares regression, equation, scatter plot

Relevant lesson: 13D

Thisquestionrequires usto usethegivengraphto
determinetheequationoftheleastsquares regression
linehas beenfittedto thedata.

Information we are given

• Thegiven graph

Using the theory

Aleastsquaresregressionlineisintheform𝑦 = a + b𝑥,
where𝑦is the response variable and 𝑥 is the
explanatory variable.

Weknow thatthe responsevariable isthewidth ofthe
frame asit is located onthe𝑦-axis and the explanatory 
variableislengthas itislocatedonthe𝑥-axis.
Therefore,theequationcan bewritten intheform
width = a + b × length

Next,determine thevalue ofa, whichisthe𝑦-intercept.
The linecrossesthe𝑦-axis at approximately 1. Looking at
theprovidedoptions,a = 1.25.

Now,determinethevalueofbby findingthegradientof
the lineusingtwopoints offthegraph.We will usethe
points (20,15) and(100, 70) in thissolution. Note that
the gradientfoundwill beanestimate,butitshould be
accurate enoughfor ustodetermine thecorrectoption.

b =  
𝑦 2 − 𝑦 1_
𝑥2 − 𝑥 1

Let (𝑥1  𝑦1) = (20, 15)and (𝑥2  𝑦2) = (100, 70)

b =  70 − 15___________
100 − 20 

b = 0.6875

Outoftheprovided options,the equation ofthe lineis
closesttowidth = 1.25 + 0.69 × length

Answer

C
✓1 mark for the correct answer

17a Geometry and measurement

Decoding the question

Keywords: cosine rule, distance

Relevant lesson: 8E

Wemustfirstdeterminethe unknownangle GSPand
then use thecosine ruletofindthe unknownlengthGP

Information we are given

• Thegiven diagram

Using the theory

Beforewe canusethe cosine rule, we need todetermine
the angleGSP.Thediagrambelowoutlinesthe twoangles
we needtodetermine around pointS,𝑥and α.AngleGSP
is equal toα

128°

48°

S
x

G

α

Theangle of48°atGandthe angle𝑥add up to 180° as
they aresupplementary angles.Findthe valueof𝑥.

180° = 𝑥 + 48°

𝑥 = 180° − 48°

𝑥 = 132°

Theanglesα, 𝑥and 128° add up to 360°. Use these to
determinethevalueofα

360° = α + 𝑥 + 128°

360° = α + 132° + 128°

α = 360° − 132° − 128°

α = 100°
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ThetriangleGSP,withtheknown lengthsand internal
angles,isshown.

G P

S

100°

24 m 28 m

Thecosine rulestates thatc = √ 
___________________________
a2 + b2 − 2ab × cos(C)

where Cistheangle oppositelengthc

Substitutec = GP, a = 24, b = 28andC = 100°intothe
equationand solvefor lengthGP

GP = √ 
________________________________________________
242 + 28 2 − 2 × 24 × 28 × cos(100°)

GP = 39.91…

∴ Pendles kicked theball40m, roundedtothe
nearestmetre.

Answer

40 m
	✓1 mark for the correct angle GSP
	✓1 mark for the correct answer

17b Geometry and measurement

Decoding the question

Keyword: bearing

Relevant lessons: 8C, 8D

We candetermine thebearingofPfrom Gusing the
sinerule.

Information we are given

• Thegivendiagram

Using the theory

To determine thebearingofPfromG,we canfindthe
angleSGPandadd itto thebearingofSfrom G.Wecando
thisusing thesine ruleorcosine rule. Inthissolution,
we willusethe sine rule.

G P

S

100°

24 m 28 m

40 m

48°
θ

Thesine rule is givenas  a _ sin(A)  =  
b _ sin(B) ,whereA and

Baretheanglesoppositethe sidelengthsaand b
respectively . Substitute a = 28, b = 40,B = 100and
A = θ,andsolveforθ

  28 _ sin(θ)  =  
40 ___________

sin(100°)

sin(θ) =  28 × sin(100°)____________
40 

θ = sin −1(
28 × sin(100°)____________ 40  )

θ = 43.57…°

Thebearingwillbethe sum ofangleθandthe bearingof
SfromG

bearing = 48° + 43.57…°

bearing = 91.57…°

∴ThebearingofPendlesfrom Grundy ,tothe nearest
degree, is92°.

Answer

92°
✓1 mark for the correct answer

9A

1 C

2 (0,3) (3,9) (4, 11) (5,13)

3 a 

b 

4 

(2, −5)

(4, −11)

(3, −8)

(0, 1)

–10 –5 0 5 10
x

–15

–10

–5

5

10
y

(1, −2)

5 When 𝑥 = 0, y = 1

When 𝑥 = 1, y = 0.5

–5 0 5
x

–5

5

y

(0, 1)

6 

 𝒙 0 1 2 3 4

 𝒚 0 5 10 15 20

 𝒙 0 1 2 3 4

 𝒚 5 7 9 11 13

 𝒙 0 1 2 3 4

 𝒚 1 −2 −5 −8 −11

 𝒙 −1 0 1 2

 𝒚 −2 1 4 7
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7 

–10 –5 0 5 10
x

–5

5

10

y

(0, 10)

(1, 5)

(2, 0)

8 𝑥-intercept: (–6, 0) y-intercept: (0,6)

9 

10 a 

b 

 𝒙 0 1 2

 𝒚 10 5 0

(0, 6)

–10 –5 0 5 10
x

–5

5

10

y

–10 –5 0 5 10
x

–5

5

10

y

(0, 7)

(–7, 0)

–10 –5 0 5 10
x

–5

5

10

y

(−6, 0)

(0, 2)

c 

11 

12 a 

b 

–5 0 5 10 15
x

–5

5

10
y

(0, 7)

(14, 0)

–5 0 5
x

–10

–5

5

10
y

(0, −7)

–5 0 5
x

–5

5
y

(0, 2)

–4 –3 –2 –1 0 1 2 3 4
x

–4

–3

–2

–1

1

2

3

4
y

(0, 2)
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13 a y =  5 __ 7  𝑥 +  
2 __ 7 

b y = 15𝑥 +  9 __ 2 

14 

15 a 

b 

–2 –1 0 2
x

–2

–1

1

2
y

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

–5
–4
–3
–2
–1

1
2
3
4
5

y

10

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4
y

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4
y

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4
y

c 

16 i 𝑥 = −38 has an 𝑥-intercept and y = 23hasa
y-intercept.

ii 𝑥 = −38is vertical, and y = 23 is horizontal.

17 

18 

19 a 

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6
x

–4

–3

–2

–1

1

2

3

4
y

 𝒙 −2 −1 0 1

 𝒚 1 __ 3  
2 __ 3  1 4 __ 3  

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5
x

–4

–3

–2

–1

1

2

3

4
y

(0, 1)

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5
x

–4

–3

–2

–1

1

2

3

4
y

(0, −1)

𝒅 0 100 200

𝒉 1125 900 675

0 100 200 300 400 500 600
d

100
200
300
400
500
600
700
800
900

1000
1100
1200

h
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b y-intercept: 760,𝑥-intercept: 570

c SunriseRidge d SunriseRidge

e CumulusPeak

20 B

Questions from multiple lessons

21 Graphs and relations

Decoding the question

Keywords: straight line, intercept, plot

Relevant lesson: 9A

We needto usethegiven intercepts toplotthe line.

Information we are given

• Alinehas an𝑥-intercept at 𝑥 = 8and a𝑦-intercept at
𝑦 = 6.

• Theline islinear.

Using the theory

Alinewithan𝑥-intercept of 8 crosses the 𝑥-axis at (8, 0)
anda𝑦-intercept of 6 crosses the 𝑦-axis at (0, 6).

Plotthe pointson agraph.

(8, 0)

(0, 6)

y

x

Sincethe lineislinear,it isastraightlinethatgoes
through thesetwopoints.

(8, 0)

(0, 6)

y

x

Answer

B
	✓1 mark for the correct answer

0 100 200 300 400 500 600
d

100
200
300
400
500
600
700
800
900

1000
1100
1200

h

22 Data analysis

Decoding the question

Keywords: stem plot, percentage

Relevant lesson: 12C

Wemustcountthe numberofvalueslowerthan 50
minutesandrepresentthis numberasa percentageof
the total numberofvalues.

Information we are given

• Thegiven stemplot

• Thesample contains 25people.

Using the theory

Find thenumberofvalueslessthan 50.Theseareall the
numbers highlightedred.

1 5 6 7 7
2 2 5 6
3 2 7 8 8
4 1 1 2 6 9
5 0 1 3 7 8
6 2 4 5 7

Key :1| 1= 11minutes

Thereare 16values lessthan 50.

Representthisasapercentageofthe total number
ofvalues.

percentage =   number of values___________
total number of values  × 100

percentage =  16 _ 25  × 100

percentage = 64%

∴64%ofthepeoplespent lessthan 50 minutes driving
towork.

Answer

D
	✓1 mark for the correct answer

23a Graphs and relations

Decoding the question

Keywords: how many, equation

Relevant lesson: 1A

We needto determine thenumberofcases produced
usingthegivenequation.

Information we are given

• Cost = 200 + 1.25 × number of cases

• Thecostis$325.

Using the theory

Theequationstatesthat
cost = 200 + 1.25 × number of cases

Substitutecost = 325 intothe equation andsolve for
number of cases
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325 = 200 + 1.25 × number of cases

125 = 1.25 × number of cases

number of cases =  125_1.25
number of cases = 100

Answer

100cases
	✓1 mark for the correct answer

23b Graphs and relations

Decoding the question

Keywords: equation, grid, relationship

Relevant lesson: 9A

We needtographthe equation that modelsthe number
ofcasesproducedon thegiven setofaxes.

Information we are given

• Thegivengrid

• Cost = 200 + 1.25 × number of cases

Using the theory

Thehorizontal axisspansfrom 0 to 140.Determine
and plotthecoordinates fornumber of cases = 0and
number of cases = 140anddrawa lineto connect
the points.

Atnumber of cases = 0:

Substitute number of cases = 0 into
cost = 200 + 1.25 × number of cases

cost = 200 + 1.25 × (0)

cost = 200

Plotthepoint (0, 200) onthe graph.

Atnumber of cases = 140:

Substitutenumber of cases = 140into
cost = 200 + 1.25 × number of cases

cost = 200 + 1.25 × (140)

cost = 375

Plotthepoint (140, 375) onthe graphand drawa lineto
connectthetwo points.

Thestraightlinegoingthroughthetwopoints represents
the equation cost = 200 + 1.25 × numberofcases

Answer

Co
st

 ($
)

Number of cases
20 40 60 80 100 120 140

100

200

300

400

	✓1 mark for the correct graph

9B

1 D

2 1 __ 3
3 a 2 b −1 __ 2 c 1 __ 3
4 4

5 A

6 A

7 a 𝑦 = 2𝑥 + 3 b 𝑦 = − 1 __ 2  𝑥 + 1

c 𝑦 =  1 __ 3  𝑥 − 1

8 D

9 The𝑦-intercept represents the height of the batter (cake)
before itisplaced in theoven.

10 𝑦 = 1.5𝑥 + 2

11 a 𝑦 =  1 __ 2  𝑥 + 4 b 𝑦 = −2𝑥 + 7

12 a 𝑦 = 𝑥 + 1 b 𝑦 = − 1 __ 2  𝑥 + 3

13 a 6 L b 16 L

14 𝑦 =  3 __ 2  𝑥 −  
5 __ 2 

15 a 𝑦 = 2𝑥 + 3 b 𝑦 = −0.75𝑥 + 0.25

16 a 𝑦 = −2𝑥 + 4.5 b 𝑦 = 0.25𝑥 − 3

17 B,C,E,F

18 a C = 500 + 80h

b 

c Your Mate’sGates d $90

e $400 f $1570

19 A

Questions from multiple lessons

20 Graphs and relations

Decoding the question

Keywords: equation, ‘passes through the points’

Relevant lesson: 9B

We needto usethe providedpoints todeterminethe
equation ofaline.

Information we are given

• The linepassesthroughthepoints (3,1) and (3,8).

0 1 2 3 4 5 6 7 8 9 10 11 12
h

100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500

Cost ($)

y-intercept
(0, 500)
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Using the theory

Lookingat thegivencoordinates,the 𝑥-coordinate is the
sameforboth.Hence, thelinethatgoesthroughboth
these pointsmustbea vertical line.The𝑥-coordinate is 3.

∴The linepasses throughthe points(3, 1) and (3,8) is
𝑥 = 3.

Answer

A
	✓1 mark for the correct answer

21 Recursion and financial modelling

Decoding the question

Keywords: Fibonacci, sequence, recurrence relation

Relevant lesson: 6F

Wemust find theoptionthatdoes notfitthegiven
Fibonacci-relatedrecurrencerelation.

Information we are given

• t0 = 1, tn = tn−2 + tn−1

Using the theory

Weneedto testeach option againstthe given Fibonacci-
related recurrencerelation.ForFibonacci-related
sequenceswehaveto takethevaluesoft

0
and t

1
asgiven,

hence wecanonly testthe valuesoft
2

t
3
and t

4
for

each option.

A 1, 3,4,7, 11…

t
0
 = 1 and t

1
 = 3

t
2
 = t

1
 + t

0
 = 3 + 1 = 4

t
3
 = t

2
 + t

1
 = 4 + 3 = 7

t
4
 = t

3
 + t

2
 = 7 + 4 = 11

Hence,optionAfitsthe Fibonacci-related
recurrence relation.

B 1, −2,−1, −3,−4…

t
0
 = 1 and t

1
 = −2

t
2
 = t

1
 + t

0
 = −2 + 1 = −1

t
3
 = t

2
 + t

1
 = −1 + −2 = −3

t
4
 = t

3
 + t

2
 = −3 + −1 = −4

Hence,option B fitsthe Fibonacci-related
recurrence relation.

C 1, 5,6,11, 17…

t
0
 = 1 and t

1
 = 5

t
2
 = t

1
 + t

0
 = 5 + 1 = 6

t
3
 = t

2
 + t

1
 = 6 + 5 = 11

t
4
 = t

3
 + t

2
 = 11 + 6 = 17

Hence,optionCfitsthe Fibonacci-related
recurrence relation.

D 1, −1,0,−1,0…

t
0
 = 1 and t

1
 = −1

t
2
 = t

1
 + t

0
 = −1 + 1 = 0

t
3
 = t

2
 + t

1
 = 0 + −1 = −1

t
4
 = t

3
 + t

2
 = −1 + 0 = −1

 Hence,option Ddoes notfittheFibonacci-related
recurrence relation.

E 1, 2, 3,5,8…

t
0
 = 1 and t

1
 = 2

t
2
 = t

1
 + t

0
 = 2 + 1 = 3

t
3
 = t

2
 + t

1
 = 3 + 2 = 5

t
4
 = t

3
 + t

2
 = 5 + 3 = 8

Hence,option E fitstheFibonacci-related
recurrence relation.

Answer

D
	✓1 mark for the correct answer

22a Graphs and relations

Decoding the question

Keywords: show that, graph

Relevant lesson: 9B

Thisquestion requires ustoprovek = 250given an
equationand apointonagraph.

Information we are given

• Thegiven graph

• k = 250

Using the theory

From thegraph,wecan read offthegiven point(2000,8).

Weare toldthatthe equation ofthe lineis

extension =  force _ k 

Substituteforce = 2000 andextension = 8.

8 =  2000 _ k 

k =  2000 _ 8 

k = 250

Answer

k =  2000 _ 8   = 250

	✓1 mark for the correct method

22b Graphs and relations

Decoding the question

Keywords: equation, calculate

Relevant lesson: 9B

Thisquestion requires ustousethe linearequationto
calculatethe force requiredto causethe springtoextend
by 20 cm.
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Information we are given

• extension =  force _ k 

• k = 250

Using the theory

Theequationisextension =  force _ k 

Substituteextension = 20 into theequation.

20 =  force _ 250 

force = 250 × 20

force = 5000

∴Theamountofforce applied is5000 N.

Answer

5000 N
	✓1 mark for the correct answer

9C

1 −4

2 −2

3 30 L

4 a B = 10 + 3n b H = 1.5 + 0.6t

c W = 1.6t

5 T = −0.06t + 20

6 80 L

7 0 ≤ Distance ≤ 400

8 a 0 ≤ n ≤ 6 b 0 ≤ t ≤ 31

c 0 ≤ t ≤ 2500

9 0 ≤ t ≤ 40

10 M = 800 + 400n

11 a 12 b 6

12 MechanicA: $290, Mechanic B: $285

Itwouldbe cheapertohire mechanic B.

13 a C = 40 + 70n b $530

c C = 530 + 50m d $930

14 E

Questions from multiple lessons

15 Graphs and relations

Decoding the question

Keywords: straight line, equation

Relevant lesson: 9B

Wemustapply ourknowledgeoflineargraphs todeduce
an equation fortheline.

Information we are given

• The givengraph

• The lineisstraight.

Using the theory

Lineargraphs aregenerally presentedin theform
𝑦 = m𝑥 + c,wherecisthe𝑦-intercept and mis
thegradient.

Lookingatthegraph, wecanseethatthe linepasses
throughthe𝑦-axis at 𝑦 = −20. Hence, c = −20.

Wecanalsosee the linepassesthroughthe𝑥-axis at 𝑥 = 5.

Substitute (5,0) intothe equation𝑦 = m𝑥 − 20to find
thegradient.

0 = m(5) − 20

20 = 5m

m = 4

∴Theequationoftheline is𝑦 = 4𝑥 − 20.

Answer

C
✓1 mark for the correct answer

16 Data analysis

Decoding the question

Keyword: variables

Relevant lesson: 12A

We needtodeterminethedataty pesofthegivenvariables.

Information we are given

• Length of a movie (less than1 hour, 1–2 hours,
over2 hours)

• Popularity(low, medium,high)

Using the theory

Firstly ,categorise each variable aseithernumerical or
categorical,then determine whetherthey arenominal,
ordinal,discrete orcontinuous.

Thevariablelength of a movieonitsownwouldclassify as
numerical. However,inthisexample, itisbroken intothree
categories(lessthan1 hour, 1-2 hours,over2 hours).
Hence,itisacategoricalvariable.Sincethecategoriesless
than 1hour, 1-2 hoursand over 2hoursfollowalogical
order,length of a movieisanordinalvariable.

note: Justbecauseavariable containsnumbers,this
doesn’t immediately classify itasa numerical variable.

Thevariablepopularityinthissituation isbroken into
threecategories (low, medium,high) so itisalso a
categorical variable.Since thecategories low,medium
andhighfollow alogicalorder,popularityisalso an
ordinalvariable.

Answer

C
✓1 mark for the correct answer
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17a Graphs and relations

Decoding the question

Keywords: complete, fixed amount, charge per tennis 
ball, graph

Relevant lessons: 9A, 9B, 9C

We needto determine theequationofthe givengraph
and interpretits meaninginthe contextofthe question.

Information we are given

• Thegiven graph

• The factory chargesafeethatconsistsofafixedamount
anda chargepernumberoftennisballsproduced.

Using the theory

Number of tennis ballsisonthe𝑥-axis and feeison the
𝑦-axis. Hence, the equation for this line will be in the
formfee = m × number of tennis balls + c,wherecis
the𝑦-intercept and represents the fixed amount, and m
isthe gradientand represents thecharge pertennis
ballproduced.

The lineintersectsthe𝑦-axis at 20, meaning that c = 20.

Hence,thefixedamountis$20.

The linegoesthroughthe point(400, 100).Substitute
c = 20,fee = 100andnumber of tennis balls = 400into
theequationfee = m × number of tennis balls + cand
solve form

100 = 20 + m × 400

400m = 100 − 20

m = 100 − 20_
400

m = 0.20

Hence,thechargepertennisballis$0.20.

Answer

Hopkinschargesafixedamountof$20 andachargeper
tennisballof$0.20.
	✓1 mark for the correct answer

17b Graphs and relations

Decoding the question

Keywords: charge, fee, linear relation, representing, graph

Relevant lessons: 9A, 9B

We needto determine theequationforHoppers’offer
andsketchitonthe givengraph.

Information we are given

• HopkinsandHoppersbothchargea feeof$100for
400tennisballs.

• Hoppers’chargepertennisballis$0.15.

Using the theory

Thelinearequation isinthe form
fee = m × number of tennis balls + cwherecisthe
𝑦-intercept and represents the fixed amount, and m is
the gradientand representsthe charge pertennis
ballproduced.

Since Hoppers’chargepertennisball is $0.15,m = 0.15.

Hoppersalso charge$100for400tennis balls.

Substitutem = 0.15,fee = 100and
number of tennis balls = 400 intotheequation
fee = m × number of tennis balls + candsolveforc

100 = c + 0.15 × 400

c = 100 − 0.15 × 400

c = 40

Hence,theequationthatrepresentsHopkins’charge is
fee = 0.15 × number of tennis balls + 40.

They-interceptis40.Weknow thattheline willgo
throughthepoints (400, 100) and (0, 40),so plot
thesepointsonthegiven graphand drawa lineto
connectthem.Ensureto extendtheline bey ond
number of tennis balls = 400.

Answer

Fe
e 

($
)

Number of tennis balls
100 200 300 400 500 600 700

50

100

150

0

(400, 100)

Hoppers

Hopkins

✓1 mark for the correct answer

9D

1 −5 __ 6
2 A

3 a 

2 4 6 8 10
x

2

4

6

8

10

12

y
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b 

c 

4 Holly 

5 𝑦 = 2𝑥 − 3

6 a 𝑦 = −  11 ___ 7 𝑥 + 
519 _____ 7 b 𝑦 = −  35 ___ 34𝑥 + 

840_____
17

c 𝑦 =  11 ___ 6  𝑥 −  
41 ___ 3

7 D

8 C

9 a 

b 

w =  11 ___ 40 h −  
43 ___ 4

2 4 6 8 10
x

1

2

3

4

5

y

2 4 6 8 10
x

–8

–7

–6

–5

–4

–3

–2

–1

y

20 40 60 80 100 120
Height (cm)

5

10

15

20

25

W
ei

gh
t (

kg
)

20 40 60 80 100 120
Height (cm)

5

10

15

20

25

W
ei

gh
t (

kg
)

c 16 750g d 1482 mm

10 Othercoordinate: (−1, −1)

𝑦 =  5 __ 2 𝑥 +  
3 __ 2 

Questions from multiple lessons

11 Graphs and relations

Decoding the question

Keywords: equation, ‘represents’, ‘total cost’

Relevant lesson: 1C

We needtofindthe equation that representsthe
wordedsituation.

Information we are given

• Hamishchargesacall-outfee of$140.

• Hamishcharges$90foreachhourofwork.

Using the theory

First, identify the fixedand variable componentsofthe
totalcost.

Thefixedcomponent isthecall-outfee of$140.

Thevariablecomponentisthe additional feeof$90per
hoursince thischangesaccordingtothe numberofhours
ofwork.

Linear modelsare ofthe formy = m𝑥 + cwhere m
representsthevariablecomponentandcrepresentsthe
fixedcomponent.

Hence,y = 90𝑥 + 140.

Rewritetheequation in termsofthegiven variables C
andt

C = 90t + 140

Answer

C
✓1 mark for the correct answer

12 Data analysis

Decoding the question

Keywords: histogram, distribution, percentage

Relevant lesson: 12C

Thisquestion requiresusto use thehistogramto
determinethe percentageofducksadopted.

Information we are given

• The givenhistogram

• There are180ducks in thesample.

Using the theory

Determinethe numberofducksthatweigh 125 gor
more.The required columnsare highlightedinthe
following histogram.
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Fr
eq

ue
nc

y

Weight (g)
110 120 130 140

10
20
30
40
50
60
70

100
0

number of ducks adopted = 24 + 2

number of ducks adopted = 26

Hence,26 ducksare adopted.

Representthis asapercentage ofthe total number
ofducks.

percentage =  number of ducks adopted____________
total number of ducks   × 100

percentage =  26 ____________ 180  × 100

percentage = 14.444…%

∴The percentageofducksadoptedisclosestto 14%.

Answer

B
	✓1 mark for the correct answer

13a Graphs and relations

Decoding the question

Keywords: graph, unknown mass

Relevant lesson: 9B

Thisquestion requires usto readthey-coordinateofa
given pointfromthe graph.

Information we are given

• Thegiven graph

• Themass dissolves in60seconds.

Using the theory

Usetheverticalgridlinesprovidedonthegraphto
movevertically fromthehorizontalaxisatthepoint
time = 60untilthegridlineintersectswiththeline.
Attheintersectionpoint,usethehorizontalgridlines
tofindthemassvalueatthispoint.

M
as

s (
m

g)

Time (s)
20 40 60 80 100

500

1000

1500

∴ 1200mgofthecompoundwilldissolve in 60 seconds.

Answer

1200mg
✓1 mark for the correct answer

13b Graphs and relations

Decoding the question

Keyword: slope

Relevant lesson: 9B

Thisquestion requires ustodeterminetheslope of
the graph.

Information we are given

• Thegiven graph

Using the theory

Theslopeofthegraph willtellusthe rate atwhichthe
compound is dissolved.

From parta,wedeterminedthat1200 mgofthe
compoundwill dissolve in60seconds.

Lookingatthegraph,we cansee thatitpassesthrough
the origin.

Usethe twopoints (0, 0) and (60, 1200)tofind
the gradient.

m =  
𝑦2 − 𝑦 1________
𝑥2 − 𝑥 1 

m =  1200 − 0________
60 − 0 

m =  1200________
60 

m = 20

Theslope is20.

∴ 20 mgofthecompoundisdissolvedeachsecond.

Answer

20 mg
✓1 mark for the correct answer

9E

1 C

2 5

3 a 120 metres b 130 metres

c 130 metres d Meiting andNina

4 25customers

5 a July 21: 35°

September21: 50°

November 21: 70°

b November 21

c January 21isoutsidethedomain,andso interpolation
can’tbeused.

6 90

7 a 58% b 72%
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c 44% d 3 practice exampapers

e No,two data pointsarenotsufficientto reasonably 
determinea relationshipbetweenvariables.

8 a Michael b No

9 a Yes b No

10 a Ford Falcon: 56.5kph

HoldenCommodore: 47.5 kph

b Ford Falcon: 84 kph

HoldenCommodore: 85 kph

c 75 metres

11 a AccountA is increasing. AccountB isdecreasing.

b 

c B = 5500 − 400m

d AccountA: $2800 AccountB: $1900

e At7.5 months

Questions from multiple lessons

12 Graphs and relations

Decoding the question

Keywords: line, coordinates,  𝑥-intercept

Relevant lesson: 9B

Wemustusethegivencoordinatestocalculate the
equationoftheline inordertofindthe𝑥-intercept.

Information we are given

• Theline passesthrough thepoints (2,4) and(6, −2).

Using the theory

Lineargraphsare ofthe form𝑦 = m𝑥 + c,where m is
the gradientandc isthe𝑦-intercept.

Thegradientcanbefound usingthe formula m =  
𝑦2 − 𝑦 1_________
𝑥2 − 𝑥 1 

Usingthegivencoordinates(2,4)and (6, −2), substitute
𝑦 2 = −2, 𝑦 1 = 4, 𝑥 2 = 6and𝑥 1 = 2 intothe equation.

m =  (−2) −4 ____ 6 − 2   =  
−6 _ 4   = − 

3 _ 2 

Substitute one ofthe pointsinto𝑦 = − 3 _ 2 𝑥 + cand solve

forc

We are goingto use(2, 4).

4 = − 3 _ 2  × 2 + c

1 2 3 4 5 6 7 8 9 10 11 12
Months active

1000

2000

3000

4000

5000

6000

Ac
co

un
t b

al
an

ce
 ($

)

c = 7

Hence,the equation ofthe lineis 𝑦 = − 3 _ 2 𝑥 + 7.

The𝑥-intercept occurs when 𝑦 = 0,so substitute 𝑦 = 0

into 𝑦 = − 3 _ 2 𝑥 + 7 and solve for 𝑥.

0 = − 3 _ 2 𝑥 + 7

 3 _ 2 𝑥 = 7

𝑥 = 7 ×  2 _ 3 

𝑥 =  14_3 

∴Thecoordinate ofthe𝑥-intercept is (
14 _ 3  , 0)

Answer

E
✓1 mark for the correct answer

13 Recursion and financial modelling

Decoding the question

Keywords: compounding, recurrence relation

Relevant lesson: 6D

Therecurrencerelation canbedetermined by findingthe
commonratioand initialvalue ofthegeometricsequence.

Information we are given

• Kelly deposited$2000 into asavingsaccount.

• Interestcompoundsmonthly ata rateof1.8%
perannum.

Using the theory

Sincewearedealingwithcompoundinterest,the
recurrence relation isin theformS0 = a Sn+1 = R × Sn

where a isthe initial valueand Risthe commonratio.

a is equal tothe initialdeposit,whichis$2000.

They early interestrateof1.8% is equivalenttoa

monthly interest rate of  1.8% _ 12   = 0.15%.

The monthly interestratecan beconvertedtothe

commonratio usingthe formulaR = 1 +  percentage_____________
100 

Substitutepercentage = 0.15 intothe formula.

R = 1 +  0.15 _ 100  = 1.0015

∴S0 = 2000, Sn+1 = 1.0015 × Sn

Answer

C
✓1 mark for the correct answer

14a Graphs and relations

Decoding the question

Keywords: equation, line

Relevant lesson: 9B

We needtodeterminetheequationoftheline given
inthegraph.
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Information we are given

• Thegiven graph

• Thebaghad1000mLofsalinesolution when
firstadministered.

• Aftersix hours,therewas640mLofsalinesolutionleft.

Using the theory

Determine twocoordinatesthatlieonthe graph.

Attime = 0,volume = 1000.Thecoordinate (0, 1000)
liesonthegraph.

Attime = 6,volume = 640.Thecoordinate (6, 640) lies
on thegraph.

The variable timeison thehorizontal axisandvolume is
on theverticalaxis.Hence,theequationofthelinewill
be intheform volume = m × time + cwheremis the
gradientand cisthe𝑦-intercept.

Sincethe initialvolume is1000mL,weknow thatthe
𝑦-intercept is 1000, hence c = 1000.

The gradientcanbe foundusingm =  
𝑦2 − 𝑦 1_________
𝑥2 − 𝑥 1 

Substitutethe coordinates(0, 1000) and (6, 640) into
theformula.

m =  1000 − 640______________
0 − 6 

m =  360______________
−6 

m = −60

∴The equationforthegraph is
volume = −60 × time + 1000.

Answer

volume = −60 × time + 1000
	✓1 mark for the correct gradient and 𝑦-intercept
	✓1 mark for the correct variables

14b Graphs and relations

Decoding the question

Keywords: graph, linear trend

Relevant lesson: 9B

Thisquestion requires usto determine theamountof
timeleftuntilthevolume reacheszero.

Information we are given

• Thegiven graph

Using the theory

From parta,theequationofthegraph was
volume = −60 × time + 1000.Whenthe IVdripis
completely administered,the amountofsalinesolution
leftinthe bag is zero. Hence,substitute volume = 0 into
theequationandsolvefortime

0 = −60 × time + 1000

60 × time = 1000

time = 1000_60 

time = 16.66…

Thismeansthatthe IVwilltakeatotal of16hours and
40 minutestobecompletely administered. However,
the questionaskshow muchlonger itwilltake. Since it
hasalready been sixhours, subtractthis fromthe total
amountoftime.

∴ Itwill takeanother 10hours and40minutes.

Answer

10hoursand40minutes
✓1 mark for the correct answer

9F

1 B

2 20

3 a (6,27) b (−2, 3) c (11,376)

4 a l =  5 __ 6 d −  
1 __ 6 

b Day 1:0.67cm

Day 10:8.17cm

Day 20: 16.50cm

Theestimatesforday s 1and 10 arerelatively 
accurate,because they are closeto theoriginaldata.
Theestimateforday 20 isprobably very inaccurate.

5 3

6 a (6,4)

b (5,2)

1 2 3 4 5 6
x

1

2

3

4

5

6

7

8
y

1 2 3 4 5 6
x

1
2
3
4
5
6
7
8
9

10

y
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c (1,4)

7 a 

b 

Theaverage speedfor adelivery of150km willbe
about 102km/h.Theaveragespeedforadelivery of
200kmwill beabout 122km/h.

c Theaverage speedfor a150kmdelivery , 102km/h,
isplausible,as thetop speedlimitinVictoria is
110km/h.Theaveragespeed fora200kmdelivery ,
122km/h,isnotrealistic.Thereis noway any 
vehicleobserving speedlaws inVictoriacould
maintain suchanaverage.Thisisanexample
ofanswersbecoming more inaccurate when
extrapolatingpointsfaraway from thedataset.

8 a Thepoint involving6000 km flights involves
interpolation.The9000and 12000 km flights
involve extrapolation,becausethey areoutsidethe
domain ofthedataset.

b Interpolation isgenerally moreaccuratethan
extrapolation.Estimatingthe priceofa6000km
flightwouldbe quiteaccurate.Estimatingthe price
ofa9000kmflightwouldreasonably accurate,
because thispoint is notfaroutsidethedomain ofthe
dataset.However,wewouldexpectan estimation on
the priceofa 12000kmflighttobevery inaccurate,
because itisfaroutsidethe domainofthe data set.

1 2 3 4 5 6
x

1
2
3
4
5
6
7
8
9

10
y

50 100 150 200
Delivery distance (km)

50

100

Average speed (km/h)

Delivery distance (km)

50

100

Average speed (km/h)

50 100 150 200

9 a 

b A = 20 000 + 1300w c 43 400

10 a 

b 

c y = − 𝑥 __ 2  + 10

d Theexpected happiness ata ratio of9:1 is5.5.
Theexpected happiness ata ratio of1:1 is9.5.

11 a I = 3T − 40

b Tareq’s modelpredictsahighernumberof
ice-creamssold.

c Ariel’smodelis more likely tobeaccurate.The point
ofinterest,T = 30,iswithinthedomain ofhermodel,
soshecan interpolatethe point.Tareqhasto
extrapolatethe point.

Questions from multiple lessons

12 Graphs and relations

Decoding the question

Keywords: line of best fit, data, interpolation

Relevant lesson: 9E

Wemustanaly se thegiven graphto determine whichof
thepointswas notestimatedusinginterpolation.

5 10 15 20
Games won

10000

20000

30000

40000

50000

60000

70000

Average attendance

1 2 3 4 5 6 7 8 9 10
Customers : sta�

1
2
3
4
5
6
7
8
9

10
Average happiness

1 2 3 4 5 6 7 8 9 10
Customers : sta�

1
2
3
4
5
6
7
8
9

10
Average happiness
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Information we are given

• Thegiven graph

Using the theory

Interpolation isusedto predictvalueswithinthedomain
oftheexistingdatapoints.The𝑥-coordinate of the leftmost
datapointisapproximately 0.08.The𝑥-coordinate of the
rightmostdatapointisapproximately 0.91.

The𝑥-coordinate for points F,H, IandGareall between
0.08and0.91.

The𝑥-coordinate for point J is approximately 0.05,
which isoutsidethe domainoftheexistingdata points.

∴Point Jcouldnothavebeenestimated
usinginterpolation.

Answer

B
	✓1 mark for the correct answer

13 Data analysis

Decoding the question

Keywords: histogram, median

Relevant lesson: 12E

Wemust locatethe median valuefrom thehistogram

usingthe n + 1 _ 2  rule.

Information we are given

• Thegiven histogram

• Angelo’s observationsspan aperiodof46 day s.

Using the theory

Inadatasetwithn elements, themedian islocatedin

the (
n + 1 _ 2  )

th
position.

Substituten = 46 into  n + 1_ 2 

 46 + 1 _ 2   = 23.5

The median istheaverageofthe 23rdand24thvalues.

Calculatethecumulative frequency ofeachcolumnof
thehistogram.

Interval Frequency Cumulative frequency

150–<175 3 3

175–<200 4 7

200–<225 7 14

225–<250 8 22

250–<275 6 28

The 23rdand24thvaluesarebothintheinterval 250–<275.

∴The median mustbeatleast250 butlessthan 275.

Answer

C
	✓1 mark for the correct answer

14a Graphs and relations

Decoding the question

Keywords: draw, graph, equation

Relevant lesson: 9C

Thisquestion requires ustoplota function on thesame
graph asthegiven function.

Information we are given

• Thegiven graph

• R = 80n

Using the theory

Theeasiestway to plotastraightline is toplottwo
pointsthatlieontheline andconnectthem.Inthis
solution,we willplotn = 0 andn = 2000.

Forn = 0:

R = 80 × 0

R = 0

Hence,thepoint(0,0) liesontheline.

Forn = 2000:

R = 80 × 2000

R = 160 000

Hence,thepoint(2000, 160000) lieson theline.

Plotthesetwo pointsonthegraph anddrawaline to
connectthem.

Answer

C 
($

)

n
500 1000 1500 2000

20 000
40 000
60 000
80 000

100 000
120 000
140 000
160 000

✓1 mark for the correct graph

14b Graphs and relations

Decoding the question

Keywords: graph, profit

Relevant lesson: 9C

Thisquestion requires ustocalculatetheprofitwhen
given thecostandrevenuefunctions.

Information we are given

• C = 40n + 15 000

• R = 80n

• Thecompany is expecting tosell 1500laptopbags.
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Using the theory

Calculatethe revenue ifthecompany sells 1500
laptopbags.

R = 80n

R = 80 × 1500

R = 120 000

Calculatethe cost ifthecompany produces 1500
laptopbags.

C = 40n + 15 000

C = 40 × 1500 + 15 000

C = 75 000

Find theprofitby subtractingthecostfromthe revenue.

profit = 120 000 − 75 000

profit = 45 000

Hence,the company will make aprofitof$45 000 ifthey 
sell 1500laptopbags.

Answer

$45 000
	✓1 mark for the correct cost and revenue values
	✓1 mark for the correct profit value

9G

1 a y = − 0.5𝑥 + 5

b − 6 < 𝑥 ≤ 8

2 

3 a 

–15 –10 –5 0 5 10 15

–15

–10

–5

5

10

15

x

y

–10 –5 5 10
x

–10

–5

5

10

y

b 

c 

4 

5 𝑦 = −2𝑥 − 14.5, −12 ≤ 𝑥 < −1

𝑦 = 2.5𝑥 − 10, −1 ≤ 𝑥 < 10

6 a 𝑦 = 2𝑥 + 3, 0 ≤ 𝑥 < 8

𝑦 = −1.5𝑥 + 31, 8 ≤ 𝑥 < 20

b 𝑦 = 3𝑥 + 15, −8 ≤ 𝑥 < −2

𝑦 = −4𝑥 + 1, −2 ≤ 𝑥 < 2

𝑦 = 2𝑥 − 11, 2 ≤ 𝑥 ≤ 9

c 𝑦 = −0.8𝑥 − 6, 𝑥 < −5

𝑦 = −2, −5 ≤ 𝑥 < 6

𝑦 = 2𝑥 − 14, 𝑥 ≥ 6

7 D = − 3 __ 4 t + 23, 0 ≤ t ≤ 20

D = 8, 20 < t ≤ 30

D = − 2 __ 3 t + 28, 30 < t ≤ 42

8 3

9 D

10 a C = 90 + 70n, 0 ≤ n ≤ 4

C = 370 + 65(n − 4)  n > 4or
C = 110 + 65n, n > 4

–10 –5 5 10
x

–10

–5

5

10

y

5 10 15 20
x

5

10

15

20

y

10 20 30 40
x

5

10

15

20

25

y
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b C = 80 + 75n, 0 ≤ n ≤ 3

C = 305 + 60(n − 3)  n > 3 or

C = 125 + 60n, n > 3

c Andrew

d Bob

11 𝑦 = −2𝑥 + 35

𝑦 = −2𝑥 − 20

12 D = 100t, 0 ≤ t < 6

D = 600, 6 ≤ t < 21

D = −60t + 1860, 21 ≤ t < 31

note: Itisnotimportantwhetherthe inequality signs
are < or≤.

13 a 100km/h b 30minutes

c 

d 70km/h e k = 30

Questions from multiple lessons

14 Graphs and relations

Decoding the question

Keywords: straight line, coordinates, graph

Relevant lesson: 9B

Thisquestionrequires usto determine theequationof
theline inordertofind its𝑥-intercept.

Information we are given

• Thegiven graph

• Thelinepassesthroughthe points(6, 21)and (8, 27).

Using the theory

Lineargraphsareoftheform 𝑦 = m𝑥 + c,wherem is
thegradientandcisthe𝑦-intercept.

First,determine thegradient oftheline using the

formulam =  
𝑦2 − 𝑦 1_________
𝑥2 − 𝑥 1 

Usingthegivencoordinates (6,21)and (8,27),substitute
𝑦 2 = 27, 𝑦 1 = 21, 𝑥 2 = 8 and𝑥 1 = 6intothe equation.

m =  27 − 21 _ 8 − 6   =  
6 _ 2  = 3

Distance from
school (km)

0 1 2 3

20

school

stage 2

sta
ge

 1

40

60

80

100

120

140

160

180

200

220

240

Time (hours)

Hence,𝑦 = 3𝑥 + c

Substitutethe point(27, 8) into theformula𝑦 = 3𝑥 + c
and solveforc

27 = 3 × 8 + c

27 = 24 + c

c = 3

Hence,𝑦 = 3𝑥 + 3.

To findthe𝑥-intercept, substitute 𝑦 = 0into 𝑦 = 3𝑥 + 3
and solvefor𝑥.

0 = 3𝑥 + 3

3𝑥 = −3

𝑥 = −1

∴The𝑥-intercept occurs at (−1, 0).

Answer

B
✓1 mark for the correct answer

15 Data analysis

Decoding the question

Keywords: two-way frequency table, percentage

Relevant lessons: 2E, 12B

Wemustcalculate thenumber offemales whochose
Spriteas theirfavourite softdrinkasa percentageofthe
total numberoffemalessurvey ed.

Information we are given

• Thegiven table

Using the theory

Thepercentagecan befound usingthefollowingformula:

percentage = number of females who chose Sprite___________
total number of females  × 100

ThenumberoffemaleswhochoseSpriteastheir
favourite softdrinkis 35.

Thetotal numberoffemalessurvey edis 78.

Substitutethesevalues into theformula.

percentage = 35 _ 78  × 100

percentage = 44.871…%

∴Thepercentage offemaleswhochoseSpriteas their
favourite softdrinkisclosestto45%.

note:Acommonerror isto calculatethe percentage
usingthetotalnumber ofpeopleratherthanthe total
numberoffemales.

Answer

E
✓1 mark for the correct answer
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16a Graphs and relations

Decoding the question

Keywords: point, show that, value, equation

Relevant lesson: 9B

We needtosubstitute thegivenpointintotheequation
toprovethatk = −13.

Information we are given

• Thegivengraph

• USD = 0.65 × AUD + k

• Thepoint(200, 117) liesonthegraph.

Using the theory

Substitutethepoint (200, 117) into theequation
USD = 0.65 × AUD + kandsolve fork

117 = 0.65 × 200 + k

k = 117 − 0.65 × 200

k = −13

Answer

k = 117 − 0.65 × 200 = −13
	✓1 mark for the correct method

16b Graphs and relations

Decoding the question

Keywords: intercept, horizontal axis, equation

Relevant lesson: 9B

We needtousethe equation andgiven kvalueto
determinethe horizontalaxis intercept.

Information we are given

• Thegivengraph

• USD = 0.65 × AUD + k

• k = −13

Using the theory

Theequation,includingthekvalueof−13,is
USD = 0.65 × AUD − 13.

SinceAUDisonthe horizontalaxis,substitute USD = 0
intothe equationtosolveforthehorizontal axis intercept.

0 = 0.65 × AUD − 13

0.65 × AUD = 13

AUD =   13 _0.65
AUD = 20

∴Thehorizontal axisinterceptoccursat(20,0)

Answer

(20,0)
	✓1 mark for the correct answer

16c Graphs and relations

Decoding the question

Keywords: interpret, intercept

Relevant lesson: 9C

We needtodeterminethe meaningofthe horizontalaxis
intercept inthecontextofthe question.

Information we are given

• The graphdisplay sthe relationshipbetweenUSDand
AUDatacurrency exchange agency .

• USD = 0.65 × AUD − 13

Using the theory

Inpartb,we foundthehorizontalaxisinterceptoccurs
whenAUD = 20.This meansthatwhen$20AUDis
convertedto USD fromthiscurrency exchangeagency ,
$0USDisreceived.Forevery dollarafterthefirst$20AUD
exchanged,$0.65 USDis received.Hence, thecurrency 
exchangeagency mustchargea$20flatratecharge
orcommission.

Answer

There is a$20commission forany conversion ofAUD
into USD.
✓1 mark for the correct answer

10A

1 a i 2 > 0

ii − 3 < − 2

b i E

ii D

2 True

3 a 

b 

c 

4 a 𝑥 < 2 b 1.5 < y ≤ 4

5 a 

b 

c 

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

–5 –4 –3 –2 –1 0 1 2 3 4 5
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–3 –2 –1 0 1 2 3
x

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6
y

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

ANSWERS 757

© Edrolo 2020



d 

6 E

7 

8 False

9 a 

b 

c 

10 a 𝑥 ≤ 1

b − 4 < y < 3
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y
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Time (hours after the exam started)
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12 C

13 a 

b 

c 

14 C

15 

16 Theinequality shownonthesetofaxesis: −3 < y < 1

Questions from multiple lessons

17 Graphs and relations

Decoding the question

Keywords: line segment graph, speed

Relevant lessons: 9B, 9G

Thisquestion requiresus to usethe givengraph to
determinethe speedTorri swamin herlegofthe race.

Information we are given

• Thegivengraph

• Thegiventable

Using the theory

Torri’s speedcan be determined by calculating theslope
forher legofthe race.

From thegraph,we cansee thatTorri’spartwould
extendfrom (113, 200) to (171, 300).

Theslope oftheline canbecalculated usingtheformula

m =  
𝑦2 − 𝑦 1 ________ 𝑥2 − 𝑥 1 

Usingthepoints (113,200) and (171,300),substitute
𝑦 2 = 300, 𝑦 1 = 200, 𝑥 2 = 171 and𝑥 1 = 113 into

m =  
𝑦2 − 𝑦 1 ________ 𝑥2 − 𝑥 1 

m =  300 − 200 ____________ 171 − 113 

m =  100 _ 58 

m = 1.724…

m ≈ 1.7

To determine theunits,wecan lookattheaxesofthe
givengraph.Time isexpressedinsecondsand distance
isexpressed inmetres. Sincespeed isexpressed asa
function inrelationto distanceovertime,the unitsmust
be metresper second.

∴Torri’sspeed is closestto 1.7 m/s.

–5 –4 –3 –2 –1 0 1 2 3 4 5
y

–5 –4 –3 –2 –1 0 1 2 3 4 5
y

–5 –4 –3 –2 –1 0 1 2 3 4 5
x

4 5 6 7 8 9 10
 weight (kg)

Answer

C
	✓1 mark for the correct answer

18 Data analysis

Decoding the question

Keywords: stem plot, percentage

Relevant lesson: 12C

Wemustcountthe numberofvalues greaterthan10
minutesandrepresentthisasapercentageofthetotal
numberofvalues.

Information we are given

• The givenstem plot

• The samplecontains20 people.

Using the theory

Findthe numberofvalues greaterthan10.These arethe
numbershighlightedbelow.

0 6 7 7 8 8 9
1 0 0 0 1 3 7 8
2 2 2 4 5 7
3 1 3

Key :0 | 6=6minutes

Thereare 11 valueslargerthan 10.Representthis asa
percentageofthetotal numberofvalues.

percentage =   frequency ___________
total frequency  × 100

percentage =  11 _ 20  × 100

percentage = 55%

∴55%ofstudentsspentmorethan10minutes
eatingbreakfast.

Answer

C
	✓1 mark for the correct answer

19a Graphs and relations

Decoding the question

Keywords: piecewise linear model, graph, equation

Relevant lessons: 9B, 9G

Wemustfindthe valueofm usingthecoordinatesofthe
pointdisplay ed onthe graphand thegivenequation.

Information we are given

• The givengraph

• 𝑦 = m𝑥 + 6 where −7 ≤ 𝑥 < −0.8

Using the theory

Substitute thepoint (−0.8,4.4) into theequation
𝑦 = m𝑥 + 6 and solve for m

4.4 = m × (−0.8) + 6
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4.4 − 6 = −0.8m

−1.6 = −0.8m

m =  −1.6 _ −0.8 

m = 2

Answer

2
	✓1 mark for the correct answer

19b Graphs and relations

Decoding the question

Keywords: piecewise linear model, graph, equation

Relevant lessons: 9B, 9G

We needto determine theendpoints ofthe missing
section andusethemto finditsequation.

Information we are given

• Thegiven graph

• 𝑦 = 4𝑥 − 8 where  8 __ 3  ≤ 𝑥 < 4

Using the theory

The missingsectionofthe model isdrawnin green inthe
followinggraph.

10

5

−5

105−5−10

−10

x

y

(−0.8, 4.4)

Todeterminethe equation oftheline,werequirethe
coordinatesoftwopoints.

The leftendpointis (−0.8,4.4).

The rightendpointwillbe theleftendpointofthepink

line.Since thedomainofthepinkline is 8 __ 3  ≤ 𝑥 < 4,

theleftendpointofthe pinklineis locatedat𝑥 =  8 __ 3 

Substitute 𝑥 =  8 __ 3  into 𝑦 = 4𝑥 − 8 to work out the

𝑦-coordinateoftheendpoint.

𝑦 = 4 ×  8 _ 3  − 8

𝑦 =  32 _ 3   − 8

𝑦 =  8 _ 3 

Hence,thetwo endpointsofthe missingsection ofthe

modelare (−0.8,4.4) and(
8 __ 3  

8 __ 3)

Let 𝑦 = m𝑥 + c bethe equation ofthe missingsection of
the model.

Determinethevalueof m usingthe formula

m =  
𝑦2 − 𝑦 1 ________ 𝑥2 − 𝑥 1 

Let (𝑥1  𝑦1) = (−0.8, 4.4) and (𝑥2  𝑦2) = (
8 __ 3  

8 __ 3 )

m =  
8 _ 3 − 4.4 _________ 8 _ 3 − (−0.8)

 

m = −0.5

Hence,theequationbecomes 𝑦 = −0.5𝑥 + c

Wecan nowfindthe valueof c by substituting(−0.8,4.4)
intotheequation 𝑦 = −0.5𝑥 + c

4.4 = −0.5 × −0.8 + c

4.4 = 0.4 + c

c = 4

Substitute c = 4 intothe equation 𝑦 = −0.5𝑥 + c

𝑦 = −0.5𝑥 + 4

Answer

𝑦 = −0.5𝑥 + 4
	✓1 mark for finding the endpoint coordinates
	✓1 mark for the correct equation

10B

1 a 0

b 

2 a 1 > 0

b True

3 a Yes

b No

c Yes

4 D

5 a 2

b 9

c n ≥  1 __ 4 p or 4n ≥ p

d No

–6 –4 –2 0 2 4 6
x

–6
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4

6

y
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6 

7 a 

b 

c 
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8 a 

b 

c

9 a y < −𝑥 + 3 b y ≥ 3𝑥 − 6 c y > −2𝑥 + 5

10 D

11 a No b Yes

12 a t ≥  1 ___ 10 s or 10t ≥ s
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b 

c 3

13 D

Questions from multiple lessons

14 Graphs and relations

Decoding the question

Keywords: relationship, inequality, ‘at least’

Relevant lesson: 10B

Wemustfindtheinequality thatrepresentsthe
wordedsituation.

Information we are given

• Thereareatleastthreeall femaleacts forevery five
all maleacts.

• m representsthenumberofall maleacts.

• frepresentsthe numberofall femaleacts.

Using the theory

First,considerthe ratio ofthree femaleacts tofive
male acts.

f : m

3 : 5

Representthis asanequation.

 f _ m  =  
3 _ 5 

f =  3 _ 5 m

5f = 3m

The phrase“atleastthreefemale actsforevery five male
acts” requiresthesign≥ since femalesacts (f)are on the
left-handside ofthe equation andmale acts(m) areon
the right.

This meansthatthe expressionbecomes5f ≥ 3m

This canalso be writtenas 3m ≤ 5f

Answer

C
	✓1 mark for the correct answer

0 10 20 30 40 50
s

2

4

6

8

10

t 15 Data analysis

Decoding the question

Keywords: standard deviation, mean

Relevant lessons: 12E, 12F

Wewill usethecalculatortofindthe standarddeviation
and meanofthe weightofthe nine koalas.

Information we are given

• Thegiven table

Using the theory

Open aspreadsheetony ourcalculator.Entertheweight
dataintoa columnandusethe one variablestatistics
calculationsto findthe meanandstandard deviation of
a sample.

Thevaluesshouldbe ̄  = 6.42 ands𝑥 = 1.90.

Seevideo solutionforabutton-by -buttondemonstration.

Answer

C
✓1 mark for the correct answer

16a Graphs and relations

Decoding the question

Keywords: meaning, inequality

Relevant lesson: 10A

Thisquestion requires ustointerpretagiven inequality 
ofonevariableinthe contextoftheproblem.

Information we are given

• 𝑥 is the number of pens produced each day .

• Inequality 1: 𝑥 ≥ 50

Using the theory

𝑥is the number of pens produced per day .

The≥ sign means greaterorequalto.

∴Theinequality 𝑥 ≥ 50 indicates that the number of
pensproducedperday mustbe greater orequalto 50.

Answer

Atleast50 pensareproducedperday .
✓1 mark for the correct answer

16b Graphs and relations

Decoding the question

Keywords: state, value

Relevant lessons: 9A, 9B

Thisquestion requires ustodeterminean unknown
equationwhengivenitsgraph.

Information we are given

• Thegiven graph

• 𝑦 = a
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Using the theory

Therearetwolinesplottedon thegraph;𝑥 = 50and
𝑦 = a

Thehorizontal linemustbe the𝑦 = a graph.

Thehorizontal linehasa𝑦-intercept of 140, hence the
equationoftheline is𝑦 = 140.

∴ a = 140

Answer

a = 140
	✓1 mark for the correct answer

16c Graphs and relations

Decoding the question

Keywords: graph, draw

Relevant lessons: 9A, 9B

Thisquestionrequiresustoplotalineonagivenset
ofaxes.

Information we are given

• Thegivengraph

• 𝑥 + 𝑦 = 300

Using the theory

Transpose𝑥 + 𝑦 = 300 into graphical form.

𝑦 = 300 − 𝑥

To findthe𝑦-intercept, set 𝑥 = 0.

𝑦 = 300

To findthe𝑥-intercept, set 𝑦 = 0.

𝑥 = 300

Plotthetwo interceptsanddraw astraightlinebetween
them.Thisisthegraphof𝑥 + 𝑦 = 300.

Answer

x

y

50 100 150 200 250 300 350

50

100

150

200

250

300

0

x = 50

	✓1 mark for the correct answer

10C

1 𝑦 > 12 −  3 __ 2 𝑥
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4 a Inside b Outside c Outside

d Inside e Outside

5 y < 𝑥 + 4or y − 𝑥 < 4

6 a a ≥ 18 b 175 ≤ h < 185

c e + c ≤ 120

7 a c ≥ 2d

c < 40

c + d ≤ 55

b 

8 Morethan 30 macaronsmustbe sold eachday .

The numberofcroissants tobe sold eachday isbetween
20and 100,inclusive.

The total numberofpastriessoldcannotexceed 150.

9 C

10 a 

b 216.7cm

11 D

12 a 

b Yes
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c
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13 E

14 C

Questions from multiple lessons

15 Graphs and relations

Decoding the question

Keyword: inequalities

Relevant lesson: 10B

Wemustfindan inequality to describe thesituation
whereone musicteacheris requiredforevery eight
students, in termsof𝑥and 𝑦.

Information we are given

• Atleastonemusicteacherisrequiredforevery 
eightstudents.

• 𝑥 is the number of music teachers.

• 𝑦 is the number of students.

Using the theory

First,considerthe ratioofone musicteachertoevery 
eight students.

𝑥 : 𝑦

1 : 8

Representthisasanequation.

 𝑦 _ 𝑥  =  
8 _ 1 

𝑦 = 8𝑥

Thephrase“atleastonemusicteacherforevery eight
students” requiresthe ≤ signsince musicteachersareon
the right-hand sideoftheequationand studentsareon
the left.Thismeansthatthe expressionbecomes𝑦 ≤ 8𝑥.

Answer

E
	✓1 mark for the correct answer

16 Recursion and financial modelling

Decoding the question

Keywords: recurrence relation, model

Relevant lessons: 3C, 6B

Thegiven recurrence relation mustbeanaly sedinorder
todetermine thepotential scenariothatitcouldbe used
tomodel.

Information we are given

• M0 = 50000, Mn+1 = Mn + 3250

Using the theory

First,wewill determine whetherthe relation modelsa
simpleinterestorcompoundinterestinvestment.
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Therecurrencerelationincreasesby aflatrateof
$3250eachperiod.Thismeansitdoesn’tincreaseby 
apercentageofthecurrentvalue,andinsteadmust
continually increaseby apercentageoftheprincipal
investment.Hence,therecurrencerelationismodelling
asimpleinterestinvestment.OptionsDandEcan
beeliminated.

M0 = 50 000 showsthatthe initialvalue ofthe
investment is $50000.OptionCcan be eliminated.

To findtheannual interest rate, represent3250 asa
percentageof50000.

percentage =   3250 _ 50 000  × 100

percentage = 6.5%

∴The recurrence relationcouldbe usedto model a
simpleinterestinvestmentof$50 000 withan annual
interestrateof6.5%.

Answer

B
	✓1 mark for the correct answer

17a Graphs and relations

Decoding the question

Keywords: interpret, constraint, in terms of

Relevant lessons: 10B, 10C

We needtointerpretthegiven constraintinthe context
ofthequestion.

Information we are given

• 𝑥 is the number of blackcurrant juices sold in one day .

• 𝑦 is the number of apple juices sold in one day .

• Constraint4: 𝑥 ≤ 2𝑦

Using the theory

Constraint4 statesthat𝑥 ≤ 2𝑦.

Ifthiswasan equality ,itcould bewritten as𝑥 = 2𝑦,
which meansthatthe valueof𝑥will alway s be twice
thatof𝑦. Hence, the inequality 𝑥 ≤ 2𝑦 means that 𝑥will
alway sbe lessthan orequalto twice thatof𝑦.

As𝑥 represents blackcurrant juices and 𝑦 represents
applejuices,thenumberofblackcurrantjuicessoldina
day willalway sbe lessthan orequaltotwice the number
ofapplejuicessold.

Answer

Thenumber ofblackcurrantjuicessoldin aday mustbe
nomorethan twice thenumber ofapplejuices.
	✓1 mark for the correct answer

17b Graphs and relations

Decoding the question

Keywords: constraint, represents, inequality

Relevant lessons: 10B, 10C

We needtodetermine the inequality shown inthegraph.

Information we are given

• The givengraph

• Constraint 5is bounded by lineC

Using the theory

First, ignoreany inequality propertiesandjustconsider
theline.Atevery pointonLine C,the 𝑥-coordinate is 120.
Hence,the equation ofline Cis𝑥 = 120. As line Cisan
inequality ,we needtodeterminetheappropriatesignto
apply inthis situation.

Thefeasible regionlies onthe right-hand side ofthis
inequality ,sothetwosignsthatcan be usedare ≥and >.
Asthe inequality is drawnwith asolid lineratherthan a
dotted one,the≥ sign istheappropriatesignto use.

∴The inequality is𝑥 ≥ 120.

Answer

𝑥 ≥ 120
	✓1 mark for the correct answer

10D

1 (1.25,0.25)or(
5 __ 4  

1 __ 4 )

2 A: (3,4)

B: (−4, 11)

3 a (−4,−2),(4,−2),(0.6,4.9)

b (−1,0), (4.5,0), (−1, 4.5),(1.6, 5.8)

c (−4,8), (−4,−6),(1.2, −2.4), (0.8,−3.6)

4 a y ≤ 𝑥 + 4

b (
− 7 ____ 3  , 

5 __ 3 ),(
3 __ 2 , − 6),(

8 __ 5 , 
28 ___ 5  ),(

90 ___ 13 , 
− 31 _____ 13  )

5 Maximum: 11

Minimum: −18

6 a Minimum: −8

Maximum: 16

b Minimum: −12

Maximum: 13.5

c Minimum: −28

Maximum:9.6

7 a i 2 < S < 25

ii 2 < L < 20

iii S + L ≤ 40

b $2685

8 D

9 704 m²

10 a The numberofpiecesofbananabreadsoldwasless
thanorequal tothree timesthe numberofblueberry 
muffinssold.
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b 

c R = 3M + 2B d $100

11 y ≤ −0.5𝑥 + 5

Questions from multiple lessons

12 Graphs and relations

Decoding the question

Keywords: feasible region, inequalities, within

Relevant lesson: 10C

Thisquestionrequires usto identify whichofthe options
fitwithinthe feasibleregion.

Information we are given

• 𝑥 < 14

• 𝑦 < 8

• 𝑥 + 𝑦 > 18

Using the theory

Thisquestioncanbe solvedwithoutgraphingthefeasible
region andsimply checkingifeach pointfitsallthree
inequalitiesprovided.

(15, 4)does notliewithinthe feasible regionas𝑥 < 14
andthispointhas𝑥 = 15. Option A can be eliminated.

(7, 12) and (10, 13) do notlie within thefeasible region
as𝑦 < 8and these points have 𝑦 = 12 and 𝑦 = 13
respectively . Bothoptions B andCcan beeliminated.

(12, 7)doeslie within thefeasible regionasall
inequalitieshave been fulfilled.12 < 14, 7 < 8and
12 + 7 = 19 > 18.OptionDlies in thefeasible region.

To makesure,wewillstill lookatoptionE.

(12, 6)doesn’tliewithinthe feasible region.𝑥 < 14
and𝑦 < 8are satisfied, however, 𝑥 + 𝑦 > 18is not.
Replacing𝑥and 𝑦 with this point gives us 12 + 6 = 18
which is notgreaterthan 18. Option E canbe eliminated.

note: Graphingeachofthethree inequalitiestoobserve
thefeasibleregion isanotherway to solvethis question.

Answer

D
	✓1 mark for the correct answer

0 10 20 30 40 50 60
M

60

10

20

30

40

50

y 13 Data analysis

Decoding the question

Keyword: variables

Relevant lesson: 12A

We needto categorisethe givenvariablesaseither
numerical,nominal orordinal.

Information we are given

• Weight(less than1 kg,1–2kg,over 2kg)

• Si𝑧e(small,medium, large)

Using the theory

Firstly ,categoriseeach variableas either numericalor
categorical.Ifa variable iscategorical,determine whether
itisnominalorordinal.

Thevariableweighton itsown would classify as
numerical.However, inthisexample, itisbroken into
three categories(lessthan 1 kg, 1–2 kg,over2 kg),so it
is acategoricalvariable.Sincethe categories‘less than
1kg’,‘1–2 kg’and‘over2 kg’ followalogicalorder,
weightisan ordinalvariable.

note:Justbecause avariablecontainsnumbers, itdoesn’t
immediately classify as anumerical variable.

Thevariablesi𝑧eisbrokenintothreecategories
(small, medium,large),so itisalsoacategoricalvariable.
Since thecategories‘small’,‘medium’and ‘large’followa
logicalorder,si𝑧eisan ordinalvariable.

The variablesweight(less than 1 kg, 1–2 kg,over 2kg)
andsi𝑧e(small, medium,large)are bothordinalvariables.

Answer

E
✓1 mark for the correct answer

14a Graphs and relations

Decoding the question

Keywords: describe, inequality, in terms of

Relevant lesson: 10B

Weneedtoexplaintheinequality intermsofthe
givenvariables.

Information we are given

• 𝑥 is the amount of red paint used, in litres.

• 𝑦 is the amount of white paint used, in litres.

• Inequality 4: 𝑥 ≥ 1

Using the theory

The≥ sign means greater thanorequalto.Hence,𝑥has
tobegreaterthan orequalto 1.

As𝑥 represents the amount of red paint used, in litres,
the amountofred paintusedmustbe atleastonelitre.

Answer

Antoniorequiresatleastone litre ofredpaint.
✓1 mark for the correct answer
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14b Graphs and relations

Decoding the question

Keywords: line, boundary, inequality, region

Relevant lesson: 10C

We needtointerprettheinequalitiesto identify the
feasibleregion onthe providedgraph.

Information we are given

• Inequality 1: 𝑥 + 𝑦 ≥ 5

• Inequality 2: 𝑥 + 𝑦 ≤ 7

• Inequality 3: 𝑦 ≥ 2𝑥

• Inequality 4: 𝑥 ≥ 1

• Thegivengraph

Using the theory

Inequality 1: 𝑥 + 𝑦 ≥ 5

Since thetotal amountofpaintused mustbegreater
than orequalto 5litres,thefeasibleregion willlieabove
thisline.

Inequality 2: 𝑥 + 𝑦 ≤ 7

Sincethetotalamountofpaintusedmustbelessthan
orequalto7litres,thefeasibleregionwillliebelow
thisline.

Inequality 3: 𝑦 ≥ 2𝑥

Since theamountofwhitepaintmustbe greaterthan
orequalto twice theamountofredpaint,thefeasible
regionwilllie abovethisline.

Inequality 4: 𝑥 ≥ 1

Since theamountofredpaintused mustbegreaterthan
orequalto 1 litre,the feasible regionwilllie tothe right
ofthisline.

Answer

y

x
20 4 6 8

2

4

6

8

	✓1 mark for the correct answer

10E

1 B

2 P = 25

3 a The maximum isP = 4whichoccursat(4, 16)

b The maximum isC =  146 _____ 3  whichoccurs at(
26 ___ 3  34 ___ 3 )

c The minimum isS = 20whichoccurs at(4, 8)

(20, 20)

0 5 10 15 20 25 30
x

10

20

30

40

50

y

P = (0, 4)

(4, 16)

0 5 10 15 20
x

10

20

y

0 5 10 15 20
x

10

20

y
  0,= 73

3
C
2

  , 34
3

26
3

 0, 10=S
2

(4, 8)

0 5 10 15 20
x

10

20

y
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d The minimumis T = 17which occursat (7, 8)

4 a 

b W = 500y − 50(𝑥 + y)

 y =  1 __ 9  𝑥 +  
1 _____ 450 W

The maximumamountofmoney is$5200.

5 Set1: B, Set 2: C,Set3: A,Set4: D

6 a 

(7, 8)

0 5 10 15 20
x

10

20

y

 0,=T
3

17
3

0 5 10 15 20
x

10

20

y

0 5 10 15 20
x

10

20

y

 0, )=W
450

104
9

(4, 12)

0 50 100 150 200
x

50

100

150

200

250

300

y

b 120 muffins, 180brownies, P = 570

c 4𝑥 + 2y ≤ 660 or 2𝑥 + y ≤ 330

d 60 muffins, 210brownies,P = 465

7 a T = 10𝑥 + 30y

b Minimum valueofTis150minutes.Tinawill worka
minimum of2.5 hours.

c R = 15𝑥 + 40y

d 12express cuts,4salon cuts.R = 340

(120, 180)

0 50 100 150 200
x

50

100

150

200

250

300

350

400

y

(0, 380)=P
1.5

(60, 210)

0 50 100 150 200
x

50

100

150

200

250

300

y
(0, 310)=P

1.5

(6, 3)

0 5 10 15 20
x

20

y

 = (0, 5)T
30

   0,=R
40

17
2

(12, 4)

0 5 10 15 20
x

10

20

y
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8 Theobjective function was P= 1300𝑥 + 2100𝑦.
Substituting(2,7)gave themaximum profitof$17 300.

Questions from multiple lessons

9 Graphs and relations

Decoding the question

Keywords: linear programming, inequalities, boundaries, 
feasible region

Relevant lessons: 10C, 10D

Wemustplotthesetofinequalitiestofindthecoordinates
thatdefinetheboundary ofthe feasible region.

Information we are given

• 𝑥 + 𝑦 ≤ 12

• 𝑦 ≥ 𝑥 − 4

• 𝑥 ≥ 0

• 𝑦 ≥ 0

Using the theory

Plotallinequalitiesony our calculatororby hand.

x ≥ 0

x + y ≤ 12 y ≥ x – 4

y ≥ 0
x

y

15

10

5

5 10 15

Theverticesofthefeasible regionare:

Theorigin,(0,0).

Theintersectionof𝑥 ≥ 0and 𝑥 + 𝑦 ≤ 12.
To findthispoint, substitute𝑥 = 0 into 𝑥 + 𝑦 = 12.
0 + 𝑦 = 12
𝑦 = 12
Thepoint is(0, 12).

Theintersectionof𝑦 ≥ 0and 𝑦 ≥ 𝑥 − 4.
To findthispointsubstitute𝑦 = 0into 𝑦 = 𝑥 − 4.
0 = 𝑥 − 4
𝑥 = 4
Thepoint is(4,0).

Theintersectionof𝑥 + 𝑦 ≤ 12 and 𝑦 ≥ 𝑥 − 4.
To findthispoint, substitute𝑦 = 𝑥 − 4 into 𝑥 + 𝑦 = 12.
𝑥 + 𝑥 − 4 = 12
2𝑥 = 16
𝑥 = 8

Substitute𝑥 = 8into 𝑥 + 𝑦 = 12.

8 + 𝑦 = 12

𝑦 = 4

Thepointis(8,4).

Thecoordinatesofthepoints thatdefinetheboundaries
ofthefeasibleregion are(0, 0),(0, 12), (4,0), (8,4).

Answer

E
✓1 mark for the correct answer

10 Data analysis

Decoding the question

Keywords: histogram, distribution, shape

Relevant lesson: 12D

Wemustlookatthe datadisplay edin thegraphto
determinethe shapeofthedistribution.

Information we are given

• The givenhistogram

Using the theory

Therearesubstantially moredata valueson therightside
ofthehistogramthan thereare onthe left.Therefore,
thedistribution cannotbeapproximately normal or
sy mmetric andoptionsA, B, andEare incorrect.

Sincethebulkofthedataisonthe rightand thetailof
thedistribution pointsto theleft,thedistributionis
negatively skewed.

Answer

C
✓1 mark for the correct answer

11a Graphs and relations

Decoding the question

Keywords: explain, in terms of

Relevant lesson: 10B

Weneedtointerprettheinequality intermsofthe
givenvariables.

Information we are given

• 𝑥is the number of cappuccinos sold each day .

• 𝑦is the number of lattes sold each day .

• Eachcappuccinocosts$4andeachlattecosts$3.50.

• Constraint 3: 4𝑥 + 3 . 5𝑦 ≥ 200

Using the theory

Theequation4𝑥 + 3.5𝑦 represents the total revenue
earnedfrom sellingcappuccinosand lattes.Thisis
becausethecoefficients4 and3.5 arethepricesof
cappuccinos andlattes respectively ,and𝑥and 𝑦 represent
the numberofcappuccinosand lattessold respectively .

For 4𝑥 + 3.5𝑦 ≥ 200,the sign ≥ means greater than or
equal to,hencethetotalrevenueearnedsellingcoffees
hastobe greaterthanorequal to 200.
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Answer

The revenue earned sellingcappuccinosand lattes must
beatleast$200eachday .
	✓1 mark for the correct answer

11b Graphs and relations

Decoding the question

Keywords: graph, line, draw

Relevant lesson: 10B

Weneedtoplottheline4𝑥 + 3.5𝑦 = 200 onto the
givengraph.

Information we are given

• Thegiven graph

Using the theory

Determinethe𝑥-intercept and 𝑦-intercept of the
givenline.

The𝑥-intercept occurs when 𝑦 = 0,so substitute 𝑦 = 0
intothe equation andsolve for𝑥.

4𝑥 + 3.5 × 0 = 200

4𝑥 = 200

𝑥 =  200_4 

𝑥 = 50

The point(50, 0)liesonthe graph.

The𝑦-intercept occurs when 𝑥 = 0,so substitute 𝑥 = 0
intothe equation andsolve for𝑦.

4 × 0 + 3.5𝑦 = 200

3.5𝑦 = 200

𝑦 =  400_7 

The point(0,  
400 _ 7  ) liesonthegraph.

Plotthesetwo pointson thegraphand draw alineto
connectthem.

Answer

y

x
200 40 60 80 100

20

40

60

80

100

	✓1 mark for the correct answer

11c Graphs and relations

Decoding the question

Keyword: maximum

Relevant lesson: 10C

We needto isolatethe feasibleregion on thegraphand
determinethe maximumnumberofcappuccinos sold
eachday .

Information we are given

• Thegiven graph

• Constraint1:𝑥 ≥ 10

• Constraint2: 5𝑦 ≥ 3𝑥

• Constraint3:4𝑥 + 3.5𝑦 ≥ 200

• Constraint4:𝑥 + 𝑦 ≤ 100

• 𝑥 is the number of cappuccinos sold each day .

Using the theory

Find thefeasible region.

Inequality 1: 𝑥 ≥ 10

Valuesof𝑥 must be greater or equal to 10, hence the
feasible region isto theright oftheline𝑥 = 10.

Inequality 2: 5𝑦 ≥ 3𝑥

Isolating𝑦 gives us 𝑦 ≥  3 __ 5 𝑥. As a greater or equal to sign

follows𝑦, the feasible region is above the line 5𝑦 = 3𝑥.

Inequality 3: 4𝑥 + 3.5𝑦 ≥ 200

Isolating𝑦 gives us 𝑦 ≥   1 _ 3.5 (200 − 4𝑥).Asa greateror

equaltosignfollows𝑦, the feasible region is above the
line 4𝑥 + 3.5𝑦 = 200.

Inequality 4: 𝑥 + 𝑦 ≤ 100

Isolating𝑦 gives us 𝑦 ≤ 100 − 𝑥. Asa less than orequal
tosign follows𝑦, the feasible region is below the line
𝑥 + 𝑦 = 100.

y

x
200 40 60 80 100

20

40

60

80

100

𝑥represents the number of cappuccinos sold each day ,
so wearelookingforthe largestvalueof𝑥 inside the
feasible region.Thisisthe cornerpointwhere thelines
3𝑥 = 5𝑦 and 𝑥 + 𝑦 = 100 intersect.

Considerthetwo equations 3𝑥 = 5𝑦 and 𝑥 + 𝑦 = 100.
Previously ,weisolatedthe𝑦 in the equation
𝑥 + 𝑦 = 100,and obtained 𝑦 = 100 − 𝑥.
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Substitute𝑦 = 100 − 𝑥 into 3𝑥 = 5𝑦andsolve for𝑥.

3𝑥 = 5(100 − 𝑥)

3𝑥 = 500 − 5𝑥

8𝑥 = 500

𝑥 = 62.5

It is notpossibletosellhalfacappuccino,sowe must
round downto62.Ifwe wereto roundupto 63,the point
wouldbe outsidethe feasibleregion.

Answer

62cappuccinos
	✓1 mark for the correct answer

11A

1 

2 a Direct b Inverse c Inverse

3 No

4 C

5 

–10 –5 5 10
x

–10

–5

5

10

y

–10 –5 5 10
x

–10

–5

5

10

y

6 a 

b 

c 

7 W = 12H

8 a 

–10 –5 5 10
x
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5 10
x
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y
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–10
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b 

9 D

10 3

11 a t =  75 ___ s  

b 

c 53.57km/h d 63 minutes

Questions from multiple lessons

12 Graphs and relations

Decoding the question

Keywords: points, inequality

Relevant lesson: 10B

Wemust testallthegivenpointsto determine whichone
doesnotsatisfy the inequality .

Information we are given

• −2𝑦 ≥ 3𝑥 + 14

Using the theory

Substituteeachofthe givenpointsfor𝑥and 𝑦 to
determineifthey satisfy the inequality −2𝑦 ≥ 3𝑥 + 14.

A (−6, 2)
−2 × 2 ≥ 3 × −6 + 14
−4 ≥ −18 + 14
−4 ≥ −4
True

B (−4, −8)
−2 × −8 ≥ 3 × −4 + 14
16 ≥ −12 + 14
16 ≥ 2
True

50

10

20

30

40

50

100 150 200 250 300
r

v

50
s

2

0

4

t

–2

–4

C (−2,−3)
−2 × −3 ≥ 3 × −2 + 14
6 ≥ −6 + 14
6 ≥ 8
Not true

D (−3,−5)
−2 × −5 ≥ 3 × −3 + 14
10 ≥ −9 + 14
10 ≥ 5
True

E (−12,2)
−2 × 2 ≥ 3 × −12 + 14
−4 ≥ −36 + 14
−4 ≥ −22
True

∴Thepoint (−2, −3) doesnotsatisfy the inequality 
−2𝑦 ≥ 3𝑥 + 14.

Answer

C
✓1 mark for the correct answer

13 Recursion and financial modelling

Decoding the question

Keywords: loan, interest, compounding monthly

Relevant lesson: 6C

Wemustdetermine theamountMary owes 10 months
afterestablishingaloan ifsheonly pay sbackthe interest
chargedeach month.

Information we are given

• Mary establishesa loanfor$1000.

• Interestischargedata rateof3.3%perannum,
compounding monthly .

• Eachmonth, Mary willonly pay forthe interest
chargedthatmonth.

Using the theory

Since Mary only pay s backtheinterestcharged each
month,the balanceoftheloan doesnotchange. Hence,
the amountthatshestillowesafter 10 months isequal to
the initialbalance oftheloan,whichis$1000.

Answer

A
✓1 mark for the correct answer

14a Graphs and relations

Decoding the question

Keywords: feasible region, coordinates

Relevant lesson: 10D

Wemustdetermine thecoordinatesofA by findingthe
pointofintersectionbetweentwo lines.
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Information we are given

• Thegivengraph

Using the theory

To findthecoordinates ofA,findthe pointofintersection
betweenthe lines𝑦 = 0.8𝑥 − 2 and 𝑦 = −𝑥 + 6 using
the substitution method.

0.8𝑥 − 2 = −𝑥 + 6

0.8𝑥 + 𝑥 = 6 + 2

1.8𝑥 = 8

𝑥 =  40 _ 9 

Substitute𝑥 =  40 _ 9  into𝑦 = −𝑥 + 6.

𝑦 = − 40 _ 9   + 6

𝑦 =  14 _ 9 

∴ThecoordinatesofpointAare (
40 _ 9  14 _ 9  )

Answer

(
40 _ 9  14 _ 9  )

	✓1 mark for the correct answer

14b Graphs and relations

Decoding the question

Keywords: feasible region, maximum solution, 
objective function

Relevant lesson: 10D

Wemustfindthe maximumsolutionoftheobjective
function usingthe corner-pointprinciple.

Information we are given

• Thegivengraph

Using the theory

Thecorner-pointprinciple statesthatthe minimumor
maximumsolutionofanobjective functionwilllie onone
oftheverticesofthefeasible region.Therefore,tofind
the maximumsolution, wemustsubstitute eachcorner
pointintotheobjectivefunctionC = −2𝑥 + 7𝑦.

For (
40 _ 9  14 _ 9  ):

C = −2 ×  40 _ 9   + 7 ×  
14 _ 9  

C =  −80 _ 9   +  
98 _ 9  

C =  18 _ 9 

C = 2

For (−1,7):
C = −2 × (−1) + 7 × 7
C = 2 + 49
C = 51

For (
−60 _ 11  −70 _ 11  ):

C = −2 ×  −60 _ 11   + 7 ×  
−70 _ 11  

C =  120 _ 11  −  
490 _ 11  

C =  −370 _ 11  

C = −33.63…

51 > 2 > −33.63…

∴The maximumsolutionoftheobjective functionis 51.

Answer

51
	✓1 mark for the correct answer

11B

1 6

2 C

3 a y =  kz ___ 𝑥  b y =  k 𝑥
2 ____ 

3 √ 
_
 z 
  c y =  k ___ 𝑥z 

4 E =  1 __ 2 mv
2

5 B

6 −24

7 a 𝑥 =  1 __ 2 or𝑥 = − 
1 __ 2 

b k = −10

c k =  −1 ___ 9 

8 a C = 11w b $7.70

9 Inversevariation

10 a 0.7 b 3.15 kg c 300 cm

11 C

12  1 __ 2 

13 D

Questions from multiple lessons

14 Graphs and relations

Decoding the question

Keywords: graph, inverse variation, constant of 
proportionality

Relevant lessons: 11A, 11B

Wemustusethe coordinatesdisplay ed inthegivengraph
tofind theconstantofproportionality .

Information we are given

• The givengraph

• The graphdisplay s inversevariation.

Using the theory

Thegraph display sinversevariation.

𝑦 ∝  1 _ 𝑥 
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Replacetheproportionality signwiththeconstant
ofproportionality .

𝑦 =  k _ 𝑥 

Substitutethe point(4, 1) into𝑦 =  k _ 𝑥 and solvefork

1 =  k _ 4 

k = 4

Answer

B
	✓1 mark for the correct answer

15 Data analysis

Decoding the question

Keywords: parallel boxplots, false

Relevant lessons: 12G, 12H

We needto analy sethe boxplotsto determinewhich of
thestatementsisfalse.

Information we are given

• Thegiven parallel boxplots

Using the theory

OptionAstatesthat nurseshave theleastvariable salary .
Nurses’ salarieshaveboththe smallest interquartile
range andthesmallestrangeoutofthe threeoccupations.

Hence,optionAistrue.

Option B statesthatthemedicalprofessionalwiththe
lowestsalary isa nurse.Theminimumsalary (leftmost
data point) foreach occupationisapproximately :

Nurse:$48000

Dentist:$66 000

Doctor: $167000

Hence,optionB istrue.

OptionCstatesthatmorethan50%ofthedoctorshave a
highersalary than all ofthedentistsand nurses.Forthis
statementto be true,the mediansalary foradoctorwould
have tobegreaterthanthemaximumsalary ofadentist
andthe maximum salary ofanurse.Themediansalary 
foradoctorisapproximately $256000.Themaximum
salariesfora nurseanddentistare approximately 
$110000and$240000respectively .

Hence,optionCistrue.

Option Dstatesthatatleast50% ofthedentistshavea
lowersalary thanallofthedoctors.Forthisstatement
to betrue,the mediansalary foradentistwouldhave
to beless thanthe minimum salary fora doctor.The
median dentistsalary isapproximately $188000and the
minimumdoctorsalary isapproximately $167000.

Hence,optionDisfalse.

Option E statesthatthedoctorsarethe highest-paid
in termsofmediansalary .The mediansalary foreach
occupation areapproximately :

Nurse: $73000

Dentist:$188000

Doctor: $256000

Hence,optionE is true.

Answer

D
✓1 mark for the correct answer

16a Graphs and relations

Decoding the question

Keywords: table of values, equation, line, response variable

Relevant lesson: 9B

Wemustusethevaluesinthe table to find theequation
oftheline.

Information we are given

• Thegiven table

• The relationship between widthand area islinear.

• Theform ofthe linearequationis
area = m × width + c

Using the theory

Weare toldthatthe linearequationis intheform
area = m × width + c

Find m using thefollowingformulam =  
𝑦2 − 𝑦 1_________
𝑥2 − 𝑥 1 

Let (𝑥1  𝑦1) = (2, 5) and (𝑥2  𝑦2) = (3, 7.5)

m =  7.5 − 5 _ 3 − 2   =  
2.5 _ 1   = 2.5

Substitutem = 2.5 intothe equation
area = m × width + c

area = 2.5 × width + c

Substitutea pointfrom thetableinto
area = 2.5 × width + c.We will usethepoint(2, 5).

5 = 2.5 × 2 + c

5 = 5 + c

c = 0

Substitutec = 0into theequationarea = 2.5 × width + c

area = 2.5 × width

Answer

area = 2.5 × width
✓1 mark for the correct answer
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16b Graphs and relations

Decoding the question

Keywords: table of values, equation, line, response variable, 
graph, axes

Relevant lesson: 11A

Wemustplottwo pointsto drawthe graphthatshows
the relationshipbetweenwidth andarea

Information we are given

• Thegiventable

• The relationshipbetweenwidthandareaislinear.

• Area isonthe vertical axis.

Using the theory

Plottwopoints fromthe giventableofvalues.Inthis
solution wewill use thepoints(2,5)and (6, 15).

A
re

a

Width
2 4 6 8 10

5

10

15

20

25

(6, 15)

(2, 5)

Connectthetwo pointswitha line.This will bethe graph
thatrepresentsthe relationship between widthand area

Answer

A
re

a

Width
2 4 6 8 10

5

10

15

20

25

	✓1 mark for the correct answer

11C

1 Linear: C,Quadratic:A,Hy perbolic: B

2 No,asthe graphisn’tlinear.

3 a 

Theplotisn’tlinear,sothetransformation
isn’tappropriate.

b 

Theplot lookslinear.
This is anappropriate transformation.

c 

Theplotisn’tlinear,sothistransformation
isn’tappropriate.

4 

Study time increase

Exam percentage increase

0 5 10 15 20 25

10

20

30

Theplotlookslinear,so thetransformation isappropriate.

5 A

6 Yes

100 20 30 40
x2

50
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y

0 10 20 30 40
x2

10
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30

40

y

0 5 10 15 20
x2

10
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y
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7 a 

The transformationisappropriate.

b 

The transformationisn’tappropriate.

c 

The transformationisn’tappropriate.

8 

The transformationisn’tappropriate.

9 A

0 1 2 3 4 5
1
x

10

20

30

40

y

0 1 2 3 4 5
1
x

1
2
3
4
5
6
7
8
9

10

y

0 0.5 1 1.5
1
x

3

6

9

12

15

y

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1
x

1

2

3

4

5

y

10 

Thetransformationlinearisedthe data well.

11 a The𝑥 2transformationlinearisesthe data well.

b Neithertransformation linearisesthedata.

c The 1 __ 𝑥 transformationlinearises thedata well.

12 Yes, itlinearisesthe datawell.

13 The𝑥 2transformationwas much moreeffective.

14 a Thedata canbelinearised usinga 1 __ 𝑥 transformation.

b The datacanbe linearised usingan𝑥 2

transformation.

15 a An 𝑥2transformationwouldworkwellforthisgraph.

b A 1 __ 𝑥 transformationwouldworkwellforthisgraph.

0 1 2 3 4 5 6 7 8
x2

1

2

3

4

5
y

0 0.5 1 1.5 2

1
x

1

2

3

4

5

y

0 1 2 3 4 5 6 7
x2

1

2

3

4

5

y
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16 a 

b The 1 __ 𝑥 transformation workswellforthisgraph.

c T = − 12 ___ R  

17 a 𝑥2 transformation: GraphA

 1 __ 𝑥 transformation:Graph B

b 𝑥2 transformation: Graph B

 1 __ 𝑥 transformation:GraphA

18 

y =  2 __ 3 𝑥
2

19 a 

b 

1 2 3 4 5 6 7 8 9 10
Risk

–5

–4.5

–4

–3.5

–3

–2.5

–2

–1.5

–1

–0.5

Temperature

0.1 0.2 0.3 0.4 0.5
Risk

–5

–4.5

–4

–3.5

–3

–2.5

–2

–1.5

–1

–0.5

Temperature

0 1 2 3 4 5 6 7
x2

1

2

3

4

5

y

Distance 0.5 0.6 0.8 1 1.5

 1 __________ Distance  2 5 __ 3
5 __ 4 1 2 __ 3

Speed (km/h) 25 20 14 12 8

0 0.5 1 1.5 2

10

20

30

40

S

   1 _ D   

c Using (1.5, 8)…

 S =  k __ D 

8 =   k ____ 1.5 

 k = 12

So wehaveS =  12 ___ D 

d D = 1.2

 S =  12 ____ 1.2 

 S = 10

A 1.2 kilometre runnerwouldrunatabout 10km/h.

Questions from multiple lessons

20 Graphs and relations

Decoding the question

Keywords: inversely proportional, directly proportional

Relevant lesson: 11B

Wemustfirstfinda rulerelating𝑦 with 𝑥 and 𝑧, interms
ofk,then substitute in theprovided valuesto findthe
valueofk

Information we are given

• 𝑦is inversely proportional to the square root of 𝑥.

• 𝑦is directly proportional to 𝑧.

• 𝑥 = 64

• 𝑦 = 1

• 𝑧 = 4

Using the theory

First,weneedtofindarulerelating𝑦with 𝑥 and 𝑧,
intermsofk

𝑦 is inversely proportional to the square root of 𝑥:

𝑦 ∝   1 ____ √ 
_ 

𝑦 isdirectly proportionalto𝑧:

𝑦 ∝ 𝑧

𝑦 is inversely proportional to the square root of 𝑥 and
directly proportional to𝑧:

𝑦 ∝   z ____ √ 
_ 

Replacetheproportionality signwiththeconstant
ofproportionality .

𝑦 =  kz ____ √ 
_ 

Substitute𝑥 = 64, 𝑦 = 1 and 𝑧 = 4into 𝑦 =  kz ____ √ 
_ 

1 =  k × 4 ____ 
√ 
_
 64 
 

k =   √ 
_
 64  ____ 4 

k = 2
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Answer

C
	✓1 mark for the correct answer

21 Data analysis

Decoding the question

Keywords: histogram, distribution, percentage

Relevant lesson: 12C

Thisquestionrequires usto usethegivenhistogramto
determinethepercentageoffemalelongjumpers who
jumpedover6.80m.

Information we are given

• Thegiven histogram

• Thereare 21longjumpersinthe sample.

Using the theory

Determinethenumberoflongjumperswhojumped
over6.80m,andthushavequalifiedfortheOly mpics.
Thisisthesumofthefrequenciesofthecolumnsshaded
inorangeinthehistogrambelow.

Fr
eq

ue
nc

y

Jump distance (m)
6.60 6.70 6.80 6.90 7.00 7.10 7.20

2

4

6

8

numberqualified = 7 + 4 + 2 + 1 = 14

Calculatethe numberoffemalelongjumpers who
qualifiedfortheOly mpicsasapercentageofthenumber
ofparticipants.

percentage =   number qualified___________
number of participants  × 100

percentage =  14 _ 21  × 100

percentage = 66.6…

∴67%ofthelongjumpershavequalifiedfortheOly mpics.

Answer

E
	✓1 mark for the correct answer

22a Graphs and relations

Decoding the question

Keywords: varies, inversely, directly, rule

Relevant lesson: 11B

Wemust find therule for𝑦 in terms of 𝑥,𝑧and k

Information we are given

• 𝑦 varies inversely with the square of 𝑥.

• 𝑦 varies directly with the square root of 𝑧.

Using the theory

𝑦varies inversely with the square of 𝑥:

𝑦 ∝  1 __ 𝑥2 

𝑦variesdirectly withthe square rootof𝑧:

𝑦 ∝ √ 
_
 

𝑦varies inversely with the square of 𝑥 and directly with
the square rootof𝑧:

𝑦 ∝  √ 
_
 z  _____ 𝑥2 

Replacethe proportionality sign withtheconstant of
proportionality ,k

𝑦 =  k√ 
_
 z  _____ 𝑥2 

Answer

𝑦 =  k√ 
_
 z  _____ 𝑥2 

	✓1 mark for the correct answer

22b Graphs and relations

Decoding the question

Keywords: varies, value

Relevant lesson: 11B

Wemustfindthevalue of𝑧 by substituting the given
values into the rule fromparta.

Information we are given

• k = −0.6

• 𝑥 = 3

• 𝑦 = −5

Using the theory

From parta,the expression is𝑦 =  k√ 
_
 z  _____ 𝑥2 

Substitutek = −0.6,𝑥 = 3and 𝑦 = −5 into 𝑦 =  k√ 
_
 z  _____ 𝑥2  and

solve for𝑧.

−5 =  −0.6√ 
_
 z  _____ 32 

√ 
_
  =  −5 × 3 

2 ________ −0.6 

𝑧 = 5625

Answer

5625
	✓1 mark for the correct answer
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11D

1 D

2 Yes

3 a Yes,the modelcan beusedforthis dataset.

b No,the model can’tbeusedforthis dataset.

c No,the model can’tbeusedforthis dataset.

4 Yes,the modelwill fitthisdataset.
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y
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0
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300

area

5 c = −2

6 a k =  1 __ 2 

 c = 1

 y =  𝑥
2 ___ 2  + 1

b k = 2

 c = −5

 y = 2𝑥 2 − 5

c k =  2 __ 3 

 c = −6

 y =  2 __ 3 𝑥
2 − 6
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7 k =  1 __ 5 

c = 25

N =  T
2 ___ 5  + 25

8 Hasti’sdata setcannotbe modelledby  E = ks2 + c

Gabriel’sdata setcanbe modelledby E = k s2 + c

k =  1 __ 4 

c = 0

E =  s
2 ___ 4 

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
T2

50
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300
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0
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s2
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E

0
10 20 30 40 50 60 70 80 90 100

s2

–5

5

10

15

20

25

30
E

9 a k = 3

 c = 0

 A = 3r2

b 675cm2

c Theplacematwithradius6.5cmdoesnotfit
themodel.

10 a k = 0.74

 c = 128.60

 A = 0.74 Ei
2 + 128.60

b 3754.60cm2

11 a 

Themodelfitsthedataaccurately .

b Accordingto themodel,whenw = 3,
V = 1.15 ≠ 2.74.

Themodelclearly does notfitvaluesaroundw = 3.

12 B

Questions from multiple lessons

13 Graphs and relations

Decoding the question

Keywords: graph, relationship, false

Relevant lesson: 11A

We needto determine whichoneofthegiven statements
is false.

0 50 100 150 200 250 300 350 400
r2 (cm2)

100

200

300

400

500

600

700

800

900

1000

A (cm2)

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

Ei2 (cm2)

A (cm2)

 w (cm) 0.4 0.6 0.8 1.0 1.2

 V (cm3) 0.046 0.06 0.09 0.14 0.215

Model Value of  V (cm3) 0.045 0.07 0.105 0.15 0.205
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Information we are given

• Thegivengraph

Using the theory

Forthe relationshipto belinear, timeandspeedmust
havea directrelationship.Therelationship between time
and speed isinversely proportional. Hence,C is false.

Anotherway offindingoutwhethera relationshipis
linearisby lookingatthegraph.Alinear relationship
isalway srepresentedby astraightline.The lineinthe
givengraph is notstraight.

Answer

C
	✓1 mark for the correct answer

14 Recursion and financial modelling

Decoding the question

Keywords: sequence, recurrence relation

Relevant lesson: 6B

Wemustusethegivenrecurrencerelationto generate
the firstfourtermsofthesequence.

Information we are given

• Tn+1 = Tn + 3

• T0 = −1

Using the theory

We canusethe recurrence relation togenerate the
sequenceterm by term.

We are giventhe firsttermas T0 = −1.

Substitute T0 = −1 into Tn+1 = Tn + 3tofind T1

T1 = T0 + 3 = −1 + 3 = 2

Substitute T1 = 2 into Tn+1 = Tn + 3 tofind T2

T2 = T1 + 3 = 2 + 3 = 5

Substitute T2 = 5 into Tn+1 = Tn + 3 tofind T3

T3 = T2 + 3 = 5 + 3 = 8

∴Thefirstfourterms ofthesequenceare −1, 2, 5and 8.

Answer

B
	✓1 mark for the correct answer

15 Graphs and relations

Decoding the question

Keywords: cost, equation, value

Relevant lesson: 11B

We needtosubstitute theknownvaluesintothegiven
formulas tofind thevalueofm

Information we are given

• Cost = 96 + 32 × da𝑦s

• Youth charge = m × (25 − age )2

• Kris is21y earsold.

• Kris willrentacarfromCanoe for15 day s.

• Kris willpay $960 in total.

Using the theory

Kriswill rentthecarfor 15day s. Substitute da𝑦s = 15
into theequationcost = 96 + 32 × da𝑦sanddetermine
thecost.

cost = 96 + 32 × (15)

cost = 96 + 480

cost = 576

The rentalcostis$576.

Kris is under25y earsold,hencehe will pay ay outh
chargeontopofthe usualcostofrentinga car.

Determinethey outhcharge usingthe formula
𝑦outh charge = total cost − rental cost

Substitute total cost = 960and rental cost = 576.

𝑦outh charge = 960 − 576

𝑦outh charge = 384

Substitute𝑦outh charge = 384and age = 21 into
𝑦outh charge = m × (25 − age )2and solvefor m

384 = m × (25 − 21 )2

m =   384 _____ (25−21)2 

m =  384_16 

m = 24

Answer

24
✓1 mark for the correct youthcharge value
	✓1 mark for the correct value of m

11E

1 Increase

2 a 

b Yes,asthe relationshipcanbe representedby 

Slicesperperson =   50 ___________________
Numberofpeople 

3 a 

Inverserelationship ispresent

Number of people 1 5 10 25 50

Slices per person 50 10 5 2 1

2 4 6 8 10
x

5

10

15

20
y
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b 

Inverse relationshipispresent

4 C

5 E

6 

7 y =  7 __ 𝑥  + 3

8 k = 90

9 a numberofloavessold =   60 _______________ price of bread  + 2

b 62 loaves c $3

10 a velocitysquared =   897.3 ______________________
distance from the sun 

b 0.5 AU

11 a USdollarvalue =   0.25 _____________ Price of gold  + 1

b $3

Questions from multiple lessons

12 Graphs and relations

Decoding the question

Keywords: point, value

Relevant lesson: 11B

Thisquestionrequires usto usetheprovided

coordinatestofindthe valueofkin theequation𝑦 =  k __ 𝑥 

Information we are given

• Thepoint (20,21) lieson thegraphof𝑦 =  k __ 𝑥 

5 10 15 20 25
x

20

40

60

80

100

120

140

y

2 4 6 8 10
x

2

4

6

8

10

y

 

 
 (8, 0.25)

(2, 1)

(0.5, 4)

Using the theory

Theprovidedpoint(20,21)allowsustosubstitutethe

values𝑥 = 20and 𝑦 = 21 into the equation 𝑦 =  k __ 𝑥 to

findk

21 =  k _20 

k = 21 × 20

k = 420

Answer

D
✓1 mark for the correct answer

13 Data analysis

Decoding the question

Keywords: histogram, median

Relevant lesson: 12E

Wemustfindthemedianintervalby referringto
thehistogram.

Information we are given

• Thegiven histogram

• Thereare 25 teams.

Using the theory

Ina datasetwithn values,the median is located in

the (
n + 1 _______ 2   )

th
position.

Since thereare 25teams,substitute inn = 25.

 25 + 1 _ 2   = 13

Hence,the median is inthe 13thposition.Wecanfindthe
medianby determiningthenumberofteamsthatscored
pointswithineachinterval,andkeepingtrackofthe
cumulative frequency .

Interval Frequency Cumulative frequency

30–<40 1 1

40–<50 7 8

50–<60 6 14

Since thecumulativefrequency isgreaterthan 13for
the interval 50–<60,the 13thpositionislocatedin the
50–<60 interval.

∴The mediannumberofpointsscored by ateam intheir
firstgameofthetournamentisatleast50 butlessthan60.

Answer

B
✓1 mark for the correct answer

14a Graphs and relations

Decoding the question

Keywords: average speed, graph, ‘how much longer’

Relevant lesson: 13E
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We needtofindthe differencebetweenthe timetaken
tomarkpapersata speedof15 papersperhourand6
papersperhour.

Information we are given

• Thegivengraph

Using the theory

Labelthe pointson thecurvewhere
averagemarkingspeed = 15 and
averagemarkingspeed = 6anddeterminethe
time takentomarkateach respective speed.Thisis
shownon thegraphbelow.

Ti
m

e 
ta

ke
n 

(h
ou

rs
)

Average marking speed (papers per hour)
50 10 15 20

5

10

(6, 5)

(15, 2)

Ittook2hourstomarkpapersfor11Cand5hours
for11D.

Find thedifference.

difference = 5 − 2

difference = 3

∴ George tookanextra3 hoursto markpapers forclass
11Dcomparedto class11C.

Answer

3hours
	✓1 mark for the correct answer

14b Graphs and relations

Decoding the question

Keywords: equation, relationship, form

Relevant lesson: 11E

We needtodetermine thevalue ofthe constantof
proportionality , k

Information we are given

• Thegivengraph

• Theequationforthe relationshipbetween
averagemarkingspeedandtimeis in theform

averagemarkingspeed =   k _time 

Using the theory

From parta,we determinedtwocoordinatesthatlieon
the graph,(2, 15)and (5,6).

Usingthe point(5,6),substitute
average markingspeed = 6and time = 5 intothe

equation average markingspeed =   k _time 

note:Thepoint(2,15) couldalsobe usedhere.

6 =  k _ 5 

k = 6 × 5

k = 30

Answer

k = 30
✓1 mark for the correct answer

14c Graphs and relations

Decoding the question

Keywords: axes, draw a graph, relationship

Relevant lesson: 11E

We needtodrawthegraph forthevariables

average markingspeedand  1 _____ time usingtheprovided axes.

Information we are given

• The givengraph

• timetaken =   k ___________
average marking speed 

Using the theory

Inpartbwe determined thatk = 30.
Hence,the relationshipbetween
time takenandaveragemarkingspeedis

time taken = 30 ×   1 _________________________
average marking speed 

Astheaxesprovidedhas  1 _________________________
average marking speed on the

horizontalaxis,the graphwillbe linearandhavea
gradientof30.As thereis noconstant,the linegoes
throughthe origin.

Answer

Ti
m

e 
ta

ke
n 

(h
ou

rs
)

1
average marking speed

0.2 0.4 0.6 0.8 1

6

12

18

24

✓1 mark for the correct answer
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11F

1 a = 8,c = 5

2 

Yes

3 D

4 E

5 a 

b Yes.Thedeerpopulationisincreasing,buttherate
ofincreaseslowsasthenumberofday sincreases.
Thisfitsthedescriptionofalogarithmicfunction.

6 y = 5 log 10(𝑥) + 1

7 a 500 b 1500

8 a 800 b 1104

9 a V = 60 log 10(H)  b 101.94litres

c 100hours

10 a 

b $34.35 c 1987

11 a area of blanket = 2.5 log 10(hours spent knitting) + 3

b 1.70m2

c 3 hours 38 minutes
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 x Intercept
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(20, 9.11)

(15, 8.23)

(10, 7)

(5, 4.89)

Number of days 1 10 100 1000 10 000

Number of deer 0 300 600 900 1200
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(20, 29.52)

(10, 25)

(1, 10)

Questions from multiple lessons

12 Graphs and relations

Decoding the question

Keywords: distance, average speed

Relevant lesson: 9G

We needto study thegraphto find thetotal distance
travelled,and use thisto findtheaveragespeed.

Information we are given

• Thegiven graph

• We arefindingthe averagespeedoverthe entireday .

Using the theory

Theformulaforspeedisspeed =  distance_________
time  

Wearefindingtheaveragespeedovertheentireday ,
sothetimewillbe24hours.

Asthevertical axisrepresents
distancefromstartingpoint,andthe function isnever
downwardssloping,the totaldistance travelled inthe
day willbe thehighestpointthatthepiecewisefunction
reaches. Readingoffthegraph, thisis 1050km.

Substitute time = 24anddistance = 1050into
speed =  distance_________

time  

speed =  1050_24 

speed = 43.75

∴Johnny ’saveragespeedovertheentireday was
43.75km/h.

Answer

B
✓1 mark for the correct answer

13 Data analysis

Decoding the question

Keywords: least squares regression line, equation

Relevant lesson: 13D

Wemustuseacalculatortofindthe equation ofthe least
squares regression line.

Information we are given

• Thegiven table

Using the theory

Enter thedata within theprovided table intoy our
calculatorand use itsstatisticsfunctionstofindthe least
squares regression line.

Thecalculatorwillreturnvaluesofa = 0.96and
b = −1.02 correcttotwo decimal places.Substitutethese
intothe equation𝑦 = a + b𝑥.

𝑦 = 0.96 − 1.02𝑥

Seevideo solutionforabutton-by -buttondemonstration.
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Answer

A
	✓1 mark for the correct answer

14a Graphs and relations

Decoding the question

Keywords: table, inversely, transformation

Relevant lesson: 11C

Wemustfindthevaluesof   1 ____________ time taken  andcomplete

thetable.

Information we are given

• Thegiventable

Using the theory

Completethetableby finding   1 ____________ time taken  foreachvalueof

time taken

speed 90.00 85.71 78.26 75.00 72.00

time taken 2.0 2.1 2.3 2.4 2.5

   1 _ time taken  1 _ 2.0   = 0.50  1 _ 2.1   = 0.48  1 _ 2.3   = 0.43  1 _ 2.4   = 0.42  1 _ 2.5   = 0.40

Answer

speed 90.00 85.71 78.26 75.00 72.00

time taken 2.0 2.1 2.3 2.4 2.5

   1 _time taken 0.50 0.48 0.43 0.42 0.40

	✓1 mark for the correct answer

14b Graphs and relations

Decoding the question

Keywords: inversely, transformation, plot, axes

Relevant lesson: 11C

Wemustploteachpointusingthegivensetofaxes.

Information we are given

• Thegiventable

• Thegivenaxes

Using the theory

Ploteachpointusingthetablefrompartaonthe
givenaxes.

Answer

 1 _ time taken 

70 75 80 85
Speed

90 95
0.38

0.40

0.42

0.44

0.46

0.48

0.50

0.52

	✓1 mark for the correct answer

12A

1 Counted

2 Nominal

3 a Nominal b Ordinal

c Ordinal d Nominal

4 Ordinal

5 Discrete

6 a Discrete b Continuous

c Continuous d Discrete

7 Continuous

8 a Continuous b Nominal

c Ordinal d Discrete

9 a Numerical b Categorical

c Categorical d Categorical

10 E

11 D

Questions from multiple lessons

12 Data analysis

Decoding the question

Keywords: dot plot, percentage

Relevant lessons: 2E, 12C

Wemustdeterminethe numberofplay ersthatare20
y earsoldandrepresentthis asapercentage ofthe total
numberofplay ers.

Information we are given

• The givendotplot

• There are22 play ersinthe team.

Using the theory

Therearefourplay erswhoare20y earsold,ashighlighted
inthefollowing.

17 18 19 20 21 22 23 24 25 26
Age (years)

Representthisasapercentageofthetotalnumberof
play ersusingthefollowingformula:

percentagefrequency  =   frequency ___________
total frequency  × 100

Substitute infrequency  = 4and totalfrequency  = 22.

percentagefrequency  =  4 _ 22  × 100

percentagefrequency  = 18.181…%

percentagefrequency  ≈ 18%

Hence, 18%oftheplay ersare 20y earsold.
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Answer

D
	✓1 mark for the correct answer

13 Recursion and financial modelling

Decoding the question

Keywords: sequence, recurrence relation

Relevant lesson: 6B

We needto usethegiven recurrence relationto generate
asequenceofnumbersin orderto findV4

Information we are given

• V0 = 1, Vn+1 = Vn + 6

Using the theory

Wemust firstfind thevaluesofV1 V2and V3 in orderto
find V4

Findthe valueofV1:
V1 = V0 + 6
V1 = 1 + 6
V1 = 7

Findthe valueofV2:
V2 = V1 + 6
V2 = 7 + 6
V2 = 13

Findthe valueofV3:
V3 = V2 + 6
V3 = 13 + 6
V3 = 19

Findthe valueofV4:
V4 = V3 + 6
V4 = 19 + 6
V4 = 25

Answer

E
	✓1 mark for the correct answer

14a Data analysis

Decoding the question

Keywords: variables, categorical

Relevant lesson: 12A

We needto determine thenumberofcategorical
variablesinthisdata set.

Information we are given

• Thegiven table

• Therearefourvariables inthisdataset:

• Fruit– ty pe offruit

• Seed location–whereseedsarefound
(external,internal)

• Size– size ofthe fruit(small,medium,large)

• Price–theaveragepricesforthesefruits
(dollarsperkg)

Using the theory

Categoricalvariablesare variables thatcanbe organised
into afinitenumberofcategories.Anumerical variable is
representedasaquantity .

Thevariablefruitgivesthety pesoffruit.Asdifferent
fruitsarecategorisedaccordingtotheirname,this is a
categoricalvariable.

Thevariableseedlocation givesthe locationwhere
seedsarefound. Because therearetwogiven categories;
external and internal,thisisa categorical variable.

Thevariablesizedescribesthesizesofthefruits.
Sinceithasbeencategorisedintothreecategories;
small,mediumandlarge,thisisacategoricalvariable.

Thevariablepricedetermines thecostsofthese fruits.
Since itis measured indollars andcantake any value,
this isa numericalvariable.

∴Therearethree categorical variables inthis dataset.

Answer

3
✓1 mark for the correct answer

14b Data analysis

Decoding the question

Keywords: variables, ordinal

Relevant lesson: 12A

We needto determine thenumberofordinal variablesin
the dataset.

Information we are given

• Thegiven table

• Thereare fourvariables inthisdataset:

• Fruit–ty peoffruit

• Seed location–whereseedsarefound
(external,internal)

• Si𝑧e– sizeofthefruit (small, medium,large)

• Price–theaveragepricesforthesefruits
(dollarsperkg)

Using the theory

Categoricalvariablescan eitherbenominal orordinal.
Nominalvariablesdo not havea logical orderor
hierarchy whileordinal variablesdo.

Fromparta,thethreecategoricalvariablesarefruit
seedlocationandsize.

Thevariablefruitliststhedifferentty pesoffruit.
Sincethenamesoffruitshavenologicalhierarchy ,
thisisanominalvariable.

Thevariableseedlocation stateswhere theseedsare
found.Since thelocationofseeds(external, internal)
have nological order,thisisa nominalvariable.
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Thevariablesizecategorisesfruitsaseithersmall,
mediumorlarge.Sincethecategoriescanbelogically 
orderedfromsmalltolarge,thisvariableisan
ordinalvariable.

∴Thereis one ordinalvariable inthisdataset.

Answer

1
	✓1 mark for the correct answer

14c Data analysis

Decoding the question

Keywords: name, more than

Relevant lesson: 12A

We needtoidentify thelargefruitsthatcost more than
$3 by referring tothe columnssizeandprice

Information we are given

• Thegiventable

Using the theory

Thelargefruitsaregrapefruit,jackfruit,pineapple
andwatermelon.

Theircosts,perkilo,are$9.49,$12.49,$3.49and
$1.99respectively .

∴Theonly largefruitsthatcostover$3 perkiloare
grapefruit,jackfruit andpineapple.

Answer

Grapefruit,jackfruitandpineapple
	✓1 mark for the correct answer

12B

1 Dogs

2 6

3 a 

b 5

4 

5 

Eye Colour Tally Frequency

Blue 5

Brown 9

Green 3

Hazel 3

Movie Genre Frequency

Action 7

Comedy 6

Drama 2

Romance 6

Thriller 4

Genre Of Music Frequency

Pop 6

Rock 4

Classical 2

6 a 19

b 21%

7 

8 a 33

b

9 

10 a 

b Hair colour Frequency

Brown 10

Blonde 5

Black 8

Red 2

c 8%

11 Bus

12 Sport

13 a 329

b Melbourne

0

2

4

6

8

Fr
eq

ue
nc

y

Type of holiday

Beach Snow City

0

2

4

6

8

Fr
eq

ue
nc

y

Type of beverage

Co�ee Tea Juice Water

Age Group Frequency

20–40 15

41–60 50

61–80 35

0

2

4

6

8

10

Fr
eq

ue
nc

y

Hair colour
Brown Blonde Black Red
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14 a 

b 2 and 3

15 a 

b 

16 a 

b 

c Wombat

17 a 51.4%

b 

Number of children Frequency

1 8

2 18

3 18

4 9

Type of tea Frequency

Black 9

Peppermint 7

Chamomile 4

0

2

4

6

8

10

Fr
eq

ue
nc

y

Type of tea

Black Peppermint Chamomile

Animal Frequency

Koala 6

Kangaroo 3

Emu 6

Wombat 9

0

2

4

6

8

10

Fr
eq

ue
nc

y

Animal

Koala Kangaroo Emu Wombat

Instrument 
family

Frequency

Brass 4375

Woodwind 6200

Percussion 1575

Strings 12850

c 

d Strings

Questions from multiple lessons

18 Data analysis

Decoding the question

Keywords: boxplot, distribution, not true

Relevant lessons: 12G, 12H

We needto analy se theboxplotsto determine whichof
the statementsisfalse.

Information we are given

• Thegiven boxplots

Using the theory

OptionAstates thattheslowestty per is aYear10.
Lookingattheminimum acrossallthreey earlevels,Year
10’sisthe lowestofthethree. Hence,statementAistrue.

Option B statesthatYear10s havethe leastvariable
ty pingspeed.We needto lookatthe rangeofallthree
Yearlevels.

ForYear10s,their minimum andmaximum
are 57 and66respectively .Thismeansthatthe
range = 66 − 57 = 9.

ForYear11s,their minimum andmaximum
are 63 and77respectively .Thismeansthatthe
range = 77 − 63 = 14.

ForYear12s,their minimum andmaximum
are 73 and86respectively .Thismeansthatthe
range = 86 − 73 = 13.

TheYear10s havethe smallestrange outofthethree,
which means thatthey have theleastvariabledata.
Hence,statementBistrue.

OptionCstatesthatatleast75%ofYear 11sty pefaster
than any Year 10.Weknow thatforany givenfive-
numbersummary , 75%ofthedatawillalway sbe greater
orequal to Q1

Comparingthetwo boxplots, we seethatQ1 forYear11s
is greaterthanthe maximum forYear10s.This means
thatatleast 75%ofYear 11sty pefasterthan any Year10,
which isillustrated inthefollowingdiagram.

0

5000

10 000

15 000

Fr
eq

ue
nc

y

Instrument family

Brass Woodwind Percussion Strings
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Typing speed (wpm)
55 60 65 70 75 80

Year 10 Year 11

max
Q1

max

Hence,statementC istrue.

Option D statesthat intermsofthe median,Year12s are
the fastestty pers.We needto compare themedians ofall
threey earlevels.

55 60 65 70 75 80 85 90
Typing speed (wpm)

Year 10 Year 11

Q2

Q2

Q2

Year 12

We cansee thatthe medianforYear12sisthe largestout
ofallthree. HencestatementDistrue.

Option E statesthatthefastestty perisa Year 11.Wecan
seethatthe maximumvalueacrossall threey earlevelsis
86,which isaYear12.Hence, statementE is false.

Answer

E
	✓1 mark for the correct answer

19 Recursion and financial modelling

Decoding the question

Keywords: sequence, recurrence relation

Relevant lessons: 6B, 6D

Wemustidentify whichofthe recurrence relations could
modelthe givensequence.

Information we are given

• 3, 6, 12,24…

Using the theory

Wemustgeneratethe firstfourtermsofeachsequence
and see ifthey matchthe sequencegiven.Startingfrom
T0,thegivensequence hasthevaluesT0 = 3,T1 = 6,
T2 = 12, andT3 = 24.

A T0 = 2, Tn+1 = 3Tn
T0 = 2 ≠ 3
A is incorrect.

B T0 = 3, Tn+1 = 2Tn
T0 = 3
T1 = 2 × 3 = 6
T2 = 2 × 6 = 12
T3 = 2 × 12 = 24
B is correct.

C T0 = 3, Tn+1 = 3Tn
T0 = 3
T1 = 3 × 3 = 9 ≠ 6
Cis incorrect.

D T0 = 3, Tn+1 = Tn + 2
T0 = 3
T1 = 3 + 2 = 5 ≠ 6
Dis incorrect.

E T0 = 3, Tn+1 = Tn + 3
T0 = 3
T1 = 3 + 3 = 6
T2 = 6 + 3 = 9 ≠ 12
Eis incorrect.

Answer

B
✓1 mark for the correct answer

20a Data analysis

Decoding the question

Keywords: data, frequency table

Relevant lesson: 12B

Wemustcountthe numberofresponsesforeach rating
andcompletethe frequency table.

Information we are given

• The givenresponses

• The giventable

Using the theory

Countthe numberofeach responseprovidedin the
question.The numberofeach responseis asfollows:

Rancid: 2
Unpalatable: 2
Mediocre: 5
Appetising: 2
Divine: 5

Writeeachofthesevalues inthecorresponding row of
thefrequency table.

note:Astherewere 16 people atKevin’sdinner,the
totalfrequency mustadd upto16.

Answer

Rating Frequency

Rancid 2

Unpalatable 2

Mediocre 5

Appetising 2

Divine 5

Total 16

✓1 mark for the correct answer

ANSWERS 789

© Edrolo 2020



20b Data analysis

Decoding the question

Keywords: data, percentage, ‘mediocre’

Relevant lesson: 2E

We needto expressthe numberof‘mediocre’ responses
asa percentageoutofthetotal numberofresponses.

Information we are given

• Thegiven responses

Using the theory

Referringtothecompleted frequency tablefromparta,
the numberof‘mediocre’ responses is five.Convertthis
to apercentage ofthe total numberofresponses.

percentage =   frequency ___________
total frequency  × 100

percentage =  5 _ 16  × 100 = 31.25

∴31.25%ofKevin’sfriendsrated thedinneras‘mediocre’.

Answer

31.25%
	✓1 mark for the correct answer

12C

1 

2 a 1

b 

c Group: 20–29, Frequency : 7

3 a 

b 7 c 26.9%

4 a 201

b 12 (mustexcludeGrant’s apartment)

Group Values

0–4 0, 2

5–9 5, 6, 7, 7, 9

10–14 10, 11, 13

15–19 15, 16, 18

Group Frequency

10–19 1

20–29 7

30–39 5

40–49 6

50–59 4

60–69 3

Hours Frequency

0–4 7

5–9 12

10–14 4

15–19 2

20–24 1

5 a 

b 6

6 a 

b 5 c 76.9%

7 a 

b 30−<50 and50–<70

c 10

8 a 

b 4 c 10

0 5 10 15 20 25 30
Values

1

2

3

4

5

6

Frequency

0 20 40 60 80 100
Tree girth (cm)

1

2

3

4

5

6

Frequency

30 40 50 60 70 80 90 100 110 120
Heart rate

(bpm)

10

20

30

40

Frequency

0 1 2 3 4 5 6 7 8
Values
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9 a 

b 19.4%

10 a 

b 6

11 a 

b 33.3% c 2 d 66.7%

12 a 3 b 9

13 a 

b 

10 15 20 25 30 35
Values

1

2

3

4

5

6
Frequency

c 

0 1 2 3 4 5 6 7
Students on phones

1 9

2 0 6 7 8

3 7 7 7 8 9 9 

4 5 7 9 9 

5 5 7

6 3 3

7 0 3 5 5 5 6

8 9

Key: 1|9 = 19

17 

18 2 4 5 5 8 8

19 0 0 1 2 5 7

8 7 7 7 7 5 5 5 3 2

       5 3 0

Key: 18|2 = 182 cm

Group Frequency

10–14 5

15–19 3

20–24 6

25–29 4

30–34 3

35–39 5

10–14 15–19 20–24 25–29 30–34 35–39
Values

d 

14 a Astherearen’tmany differentvaluesthatthedata
cantake,a stemplot isnotnecessary .

b It isunnecessary to useahistogramas thedata is
discreteand does not needtobegrouped.Adotplot
ismoresuitedasitcandisplay ungrouped data.

15 a Histogram.There is avery largedatasetand alarge
rangeofvaluesthatthedata willspan.Therefore,
thedata should begrouped.Histogramsare most
suitedtodisplay large amountsofgroupeddata.

b Backto backstem plot.Thestatistician wantsto
comparethe datasets,and abackto backstem plot
isbestatcomparisons.

16 a 70–<75 b 14 c 16.4%

17 C

Questions from multiple lessons

18 Data analysis

Decoding the question

Keywords: boxplot, percentage

Relevant lesson: 12G

Wemustuseourknowledge ofboxplotsand quartilesto
deducethe percentageofcitieswitha population greater
than2 000000.

Information we are given

• The givenboxplot

Using the theory

First,find thevalue of2 000000on theboxplot.

Thevalue ‘2 000 000’ isrepresented by ‘2000’ on the
boxplotasthepopulationscale is inthousandsofpeople.

2 000000lies onthe median line.

We knowthatthemedian representsthe middlevalue of
anordered setofdata,hence 50% ofthe datalies above
themedian and50%ofthedata liesbelowthe median.

Hence,the percentageofcitieswith apopulationgreater
than2 000000isclosest to 50%.

Answer

C
	✓1 mark for the correct answer

19 Recursion and financial modelling

Decoding the question

Keywords: sequence, recurrence relation

Relevant lesson: 6D

Wemustgenerateasequenceusingthegiven
recurrencerelation.

1 1 1 3 4 4 5 6 7

2 0 0 1 2 3 4 6 7 8 8

3 1 2 4 6 7 8 9 9

Key: 1|1 = 11
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Information we are given

• T0 = 4, Tn+1 = −5 × Tn

Using the theory

Usethe recurrence relation T0 = 4, Tn+1 = −5 × Tn to
find T1 T2 T3and T4

Findthe valueofT1:

T1 = −5 × T0

T1 = −5 × 4

T1 = −20

Findthe valueofT2:

T2 = −5 × T1

T2 = −5 × (−20)

T2 = 100

Findthe valueofT3:

T3 = −5 × T2

T3 = −5 × 100

T3 = −500

Findthe valueofT4:

T4 = −5 × T3

T4 = −5 × (−500)

T4 = 2500

The sequence generatedfrom therecurrencerelation is
4, −20, 100, −500, 2500…

Answer

E
	✓1 mark for the correct answer

20a Data analysis

Decoding the question

Keyword: two-way frequency table

Relevant lesson: 12B

Thisquestion requires usto presentthe given
informationina two-way frequency table.

Information we are given

• Thegiven tables

Using the theory

The two-way frequency table only considersthe
variablescoffeesizeandcaffeine level

Inregardsto coffeesize, therearethree categories;
‘small’,‘medium’and‘large’. We willfilloutthetableone
column atatime,startingatthe topleft.

Countthenumberofsmallcoffeeswithlow,medium
andhighlevelsofcaffeine.Thenumbersare0,0and
2respectively .

Countthenumberofmediumcoffeeswithlow,
mediumandhighlevelsofcaffeine.Thenumbersare
0,6,and0respectively .

Countthenumberoflargecoffeeswithlow,
mediumandhighcaffeinelevels.The numbersare6,0,
and 1respectively .

Calculatethe sum ofeachcolumn andfilloutthe‘total’
rowatthebottom.

Answer

Coffee size

Small Medium Large

Caffeine level

Low 0 0 6

Medium 0 6 0

High 2 0 1

Total 2 6 7

✓2 marks for the correct answer

20b Data analysis

Decoding the question

Keyword: percentage

Relevant lessons: 2E, 12B

We needto findthepercentageoflargecoffees thathave
a highcaffeinelevel.

Information we are given

• Thegiven table

Using the theory

Usingthecompletedtwo-way frequency table from parta,
wecan seethatthe numberoflarge coffeeswith high
caffeinelevelsis 1.There area totalof7 largecoffees.

Thepercentagecan befound usingthefollowingformula:

percentage =   frequency ___________
total frequency  × 100

Substitutefrequency = 1 and totalfrequency = 7 into
the formula.

percentage =  1 _ 7  × 100

percentage = 14.2857…%

∴ 14%ofthelarge coffeeshavea highcaffeinelevel.

Answer

14%
✓1 mark for the correct answer

12D

1 a Sy mmetrical b Asy mmetrical

2 a Perfectly sy mmetrical

b Approximately sy mmetrical

3 a Positively skewed

b Negatively skewed
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4 Theshapeofadistributionisindependentfrom
itslocation.

5 a Negatively skewed b Perfectly sy mmetrical

c Approximately sy mmetrical

d Positively skewed

6 a Histogram 2 hasamorepositive centrethan
histogram 1.

b Thehistogramsshareasimilarlocation.

7 a Histogram 2 hasagreaterspreadthan histogram 1.

b Thehistogramsshareasimilarspread.

8 a Location b Neither

c Both d Location

9 a Both distributionshavea negativeskew.
Distribution 1hasa largerspreadanda lesspositive
centre thandistribution2.

b Both distributionsare approximately sy mmetrical.
Distribution 1hasa smallerspread anda more
positive centrethandistribution 2.

c Distribution 1 isnegatively skewed,whiledistribution
2 ispositively skewed.Thedistributionssharea
similarspread,butdifferincentre,withdistribution2
havinga more positivecentre.

d Distribution1ispositively skewed,whiledistribution
2isperfectly sy mmetrical.Distribution1hasalarger
spreadandamorepositivecentrethandistribution2.

10 

Questions from multiple lessons

11 Data analysis

Decoding the question

Keywords: boxplot, five-number summary

Relevant lesson: 12G

Wecanreadfeaturesoftheboxplottodeducethe
five-numbersummary ofthedata.

Information we are given

• Thegivenboxplot

Using the theory

Afive-numbersummary islistedas: minimum,Q1

median,Q3,maximum.

Theminimum istheleftmostdata point.Thisisthe
outlierat2 representedby a dot.

Q1 istheleftborderofthebox.This islocated at 12.

Themedian isthe verticalline inthe middleofthebox.
Thisislocatedat14.5.

Description Distribution

Largest spread B

Largest centre value F

Skewed (positively or negatively) A,D,E

Symmetrical (perfectly or approximately) B,C,F

Q3isthe rightborderofthebox.Thisislocatedat 18.

The maximum isthe rightmostdatapoint.This is the
outlierat32.5 representedby a dot.

∴Thefive-numbersummary is 2, 12,14.5,18, 32.5.

note:Outliersareincludedwhenidentify inga
five-numbersummary .

Answer

B
✓1 mark for the correct answer

12 Recursion and financial modelling

Decoding the question

Keywords: compounding quarterly, interest

Relevant lesson: 3D

We canusethe compound interestformula to find the
amountofinterestearnedduringthethree-y earperiod.

Information we are given

• Gonzalo invests$4000forthreey ears.

• The interest rate is4.4% p.a,compoundingquarterly .

Using the theory

Thevalue ofa compound-interest investment is givenby 
thefollowingformula.

A = P(1 +   r _ 100 )
n
,where

• A is thetotal valueoftheinvestment.

• Pisthe principalvalue.

• ristheinterestratepercompoundingperiod,
asapercentage.

• n isthe numberofcompoundingperiods.

Inthiscase,P = 4000,r =  4.4% ______ 4   = 1.1%and

n = 4 × 3 = 12.

Substitute thesevaluesintotheformula.

A = 4000(1 +  
1.1 _ 100 )

12

A = 4561.144…

Findthe interestearnedusingtheformula: I = A − P

SubstituteA = 4561.144…andP = 4000into the formula.

I = 4561.144… − 4000

I = 561.144…

∴TheinterestGonzalowillearntothenearestcent
is$561.14.

Answer

D
✓1 mark for the correct answer
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13a Data analysis

Decoding the question

Keywords: frequency table, value

Relevant lesson: 12B

Wemustfindthe valueof𝑥using the data in the
frequency tableandthe informationgiveninthe question.

Information we are given

• Thegiven table

• 20touristsweresurvey ed.

Using the theory

Weknow that20tourists weresurvey ed.Thus, the
frequenciesinthe table mustadd upto 20.

3 + 8 + 5 + 2 + 𝑥 = 20

Solvefor𝑥.

𝑥 = 20 − 3 − 8 − 5 − 2

𝑥 = 2

Answer

2
	✓1 mark for the correct answer

13b Data analysis

Decoding the question

Keywords: frequency table, bar chart

Relevant lesson: 12B

Wemust createa barchartusingthe frequency table
given inthequestionandthe information foundinparta.

Information we are given

• Thegiven table

Using the theory

Draw asetofaxeswithcountryonthehorizontalaxis
andfrequency on thevertical axis.

Fr
eq

ue
nc

y

Country

New
Zealand

China USA UK Japan

2

0

1

3

5

7

4

6

8

9

Add inabarfor eachcountry .Theheightofeach
country ’sbarshouldcorrespondwith itsvalue inthe
frequency table.

Answer

Fr
eq

ue
nc

y

Country

New
Zealand

China USA UK Japan

2

0

1

3

5

7

4

6

8

9

✓1 mark for the correct axes
✓1 mark for the correct bar heights

12E

1 10

2 343.5

3 90

4 a 58% b 51%

c Meanscore:69%,Median score: 86%

5 $590

6 Meanweight: 6.7 kg

Medianweight:6.5kg

Meanweight isgreaterthanmedianweight.

7 

Makean𝑥f columnby multiply ing𝑥and f together.
Sumupfrequency columnand𝑥f column.Dividethe
𝑥f totalby thefrequency totaltofindthemean.

8 4

9 11.63

10 Mean: 4.95, Median:4.50

11 Table2

12 

𝒙 𝒇

4 1

5 4

6 0

7 1

8 2

9 1

10 1

Interval Midpoint 𝒙 Frequency 𝒇 Cumulative 
frequency 𝒄𝒇

0–<2 1 6 6

2–<4 3 3 9

4–<6 5 8 17

6–<8 7 2 19

8–<10 9 1 20
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As n = 20,the median is theaverage ofthe n __ 2
th and

 n __ 2  + 1
th values.

Themedian isthe averageofthe 10th and 11thvalues.

Interval4–<6istheintervalthatholdsthe 10th and11th

values.Thus,the10th and 11th valuesareboth 5.

Themedian is5 chocolate bars.

13 C

14 a Themedianwouldrepresentthisdatasetbestbecause
thereisanextremeoutlierat75–<80whichwould
increasetheoverallmeansignificantly ,renderingitan
inaccuraterepresentationofthedataset.

b Both measures ofcentreare acceptable because the
dataset isperfectly sy mmetrical.Thevalue ofthe
mean andthevalueofmedianwill be equal.

c Themeanwouldbe affectedthe most, because 170
isanextremely large outlier.

15 Medianisthe mostappropriate measure ofcentre since
there isalarge outlierpresent(169).

16 Thereis noinappropriatechoiceforthedataset.Thisis
becauseboththe mean andmedian areequal.

17 a Mean: 6.8, Median: 7

Themedian isgreaterthanthe mean.

b 13

18 a 

Mean: 178.71 cm

b Themedian isthe more appropriate measure of
centre asthedata is skewed.

c Foradistributiontobesy mmetrical,themean
mustequalthemedian.Asthemeanis178.71cm,
themedianwouldhavetobe178.71cm.

19 B

Questions from multiple lessons

20 Data analysis

Decoding the question

Keywords: two-way frequency table, percentage

Relevant lessons: 2E, 12B

Interval Midpoint Frequency 𝒙𝒇

150–<155 152.5 1 152.5

155–<160 157.5 1 157.5

160–<165 162.5 2 325

165–<170 167.5 3 502.5

170–<175 172.5 4 690

175–<180 177.5 5 887.5

180–<185 182.5 6 1095

185–<190 187.5 7 1312.5

190–<195 192.5 3 577.5

195–<200 197.5 1 197.5

∑f = 33 ∑𝑥f = 5897.5

Wemustcalculatethenumberofpeopleunder40y ears
oldwhochoseteaastheirpreferredbeverageasa
percentageofthetotalpeopleunder40y ears
oldsurvey ed.

Information we are given

• The giventable

Using the theory

Thepercentage canbefound usingthe following formula:

percentage =   frequency ___________
total frequency  × 100

The numberofpeople under40y earsoldwho chose tea
astheirpreferredbeverage is9.

Thetotal numberofpeople under40y ears old survey ed
is41.

Substitutefrequency = 9and totalfrequency = 41 into
theformula.

percentage =  9 _ 41  × 100

percentage = 21.95…

∴Thepercentageofpeople under40y earsoldwho
chose teaas theirpreferred beverage isclosestto22%.

Answer

D
✓1 mark for the correct answer

21 Recursion and financial modelling

Decoding the question

Keywords: sequence, recurrence relation, positive

Relevant lesson: 6D

Wemustusethe recurrence relation to generatea
sequenceandidentify thepositionofthefirstterm
greaterthan10.

Information we are given

• Tn+1 = −3Tn  T0 = − 
1 _ 3 

Using the theory

SincewehavebeengiventhevalueofT0,wecanuse
therecurrencerelationtogeneratethesequenceterm
by term.

FindT1

T1 = −3T0

T1 = −3 × (−
1 _ 3 ) = 1

FindT2

T2 = −3T1

T2 = −3 × 1 = −3

FindT3

T3 = −3T2

T3 = −3 × (−3) = 9

FindT4

T4 = −3T3

T4 = −3 × 9 = −27
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Find T5

T5 = −3T4
T5 = −3 × (−27) = 81

81 > 10

∴ T5isthe firsttermgreaterthan 10.

Answer

E
	✓1 mark for the correct answer

22a Data analysis

Decoding the question

Keywords: describe, shape, histogram

Relevant lesson: 12D

We needto determine theshape ofthegivenhistogram.

Information we are given

• Thegiven histogram

Using the theory

Wecan seethatthemajority ofthe data isclustered
around theright-handside ofthe histogram andthatthe
distributiontrails offto theleft.

∴Thisdistribution hasa negative skew.

Answer

Negatively skewed
	✓1 mark for the correct answer

22b Data analysis

Decoding the question

Keywords: determine, number

Relevant lesson: 12C

Wecan use thehistogramto findthe numberof
customerswho purchased 1800 gormore ofpotatoes.

Information we are given

• Thegiven graph

Using the theory

Thegraphbelowshowstheintervalsthatare1800
andgreater.

1000800 1200 1400 1600 1800 2000
Weight (g)

2

0

4

6

8

10

12

14

16

Fr
eq

ue
nc

y
Countthefrequency ofeachbarand calculatethesum.

numberofcustomers = 12 + 7

numberofcustomers = 19

∴ 19customerspurchased 1800gor more ofpotatoes.

Answer

19customers
✓1 mark for the correct answer

22c Data analysis

Decoding the question

Keywords: percentage, between

Relevant lessons: 2E, 12C

Weneedtodeterminethenumberofcustomersthat
purchasedbetween 1000gand1400gofpotatoes,
thenrepresentthisasapercentageofthetotalnumber
ofcustomers.

Information we are given

• Thegiven graph

• Therewere90customers intotal.

Using the theory

Thegraphbelowshowstheintervalsbetween 1000
and 1400.

1000800 1200 1400 1600 1800 2000
Weight (g)

2

0

4

6

8

10

12

14

16

Fr
eq

ue
nc

y

Countthefrequency ofeachbarand calculatethesum.

numberofcustomers = 3 + 4 + 7 + 7

numberofcustomers = 21

Calculatethe percentage usingtheformula

percentage =   frequency ___________
total frequency  × 100.

percentage =  21 _ 90  × 100

percentage = 23.33…

∴ 23.3%ofcustomers purchased between 1000 gand
1400g ofpotatoes.

Answer

23.3%
✓1 mark for the correct answer
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12F

1 D

2 997

3 24 309

4 5.1

5 9

6 Most numberoftimes fined is 12

Leastnumberoftimesfined is1

12 − 1 = 11

Therange is 11.

7 Jasper’sheightattheend of10y earsis 1.55 metres.

Therange ofMurphy ’s heightsis: 2.01 − 1.23 = 0.78

0.78 > 0.24,thereforeMurphy ’srangeofheightisgreater.

8 a 9 b 6 c 14

9 Q1: 2  Q2: 5  Q3: 9

10 Q1: 13, Q2: 16.5, Q3: 18

11 a {12, 14, 25, 29,33,41}

b 27

c {12, 14, 25}, Q 1: 14

d {29, 33,41}, Q3: 33

12 B

13 a 2.4 b 2.6

14 a 6.5 b 7.6

15 7

16 a 75 b 8.66 c 30.76

17 B

Standarddeviation measuresofhow much thedatais
spread outfrom the mean.ThedatapointsofBare more
spread outthan thedatapointsofA.

18 Variance: 6.15

Standarddeviation: 2.48

Nicky gotthe variance wrong.

19 8

20 a 484seconds

b Daily vlogIQR: 6.65

Chinavlog IQR: 1.55

Daily vlogIQR ishigher.

Amy couldadjustevery daily vlogexceptthe one
thatrunsfor 12.4 minutestoensureshe hasahigher
Q3 orlowerQ 1for anoveralllarger IQR.

c 3.433minutes

21 2.6 mm

Questions from multiple lessons

22 Data analysis

Decoding the question

Keyword: variables

Relevant lesson: 12A

Thisquestion asks ustoclassify the variables time taken
andquality

Information we are given

• Timetaken

• Quality(belowsatisfactory ,satisfactory ,
good,excellent)

Using the theory

Wemustfirstdecideifthe variables time taken and
qualityarecategoricalornumerical variables. Ifthey are
categorical variables,determine ifthey are nominalor
ordinal.Ifthey arenumerical variables, determine ifthey 
arediscrete orcontinuous.

Timetakenisanumericalvariableastimeismeasured,
andinthiscase,isn’tbrokendownintocategories.
Timeexistsonacontinuousscaleandisn’trepresented
only asseparatenumericalvalues.Hence,time takenis
acontinuousvariable.

Qualityisa categorical variable asithas fourcategories:
belowsatisfactory ,satisfactory ,goodandexcellent.
Asthesecategoriescanbelogically orderedfromthe
lowestquality tohighestquality ,qualityisan
ordinalvariable.

∴Thevariables time takenand qualityarea continuous
variable andanordinalvariable respectively .

Answer

D
✓1 mark for the correct answer

23 Recursion and financial modelling

Decoding the question

Keywords: price, reduced

Relevant lesson: 3A

Wemustfind60%of$45todetermine the reduction in
theprice ofthejeans.

Information we are given

• The originalpriceofthejeanswas$45.

• The priceofthejeanshasbeenreducedby 60%.

Using the theory

Findtheprice changeusingthefollowingformula:

pricechange = originalprice ×  percentage change___________
100 

Substitute inoriginalprice = 45andpercentage
change = 60.

pricechange = 45 ×  60 _100 
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pricechange = 27

∴The priceofthejeanswas reduced by $27.

Answer

E
	✓1 mark for the correct answer

24a Data analysis

Decoding the question

Keywords: dot plot, identify, number of days

Relevant lesson: 12C

Wecan identify by ey e thenumberofday sonwhich no
saleswere madefromlookingatthedotplot.

Information we are given

• Thegiven dotplot

Using the theory

Avalueof0 onthe dotplotindicates nosaleswere made
on aparticularday .Countthe numberofdotsthereare
over0.

0 2 4 6 8 10 12 14
Number of figurines sold

There areninedots at0on thedotplot.

∴Horaciomadenosalesonnineday sduringthe31
day period.

Answer

9day s
	✓1 mark for the correct answer

24b Data analysis

Decoding the question

Keywords: percentage, ‘more than 10’

Relevant lesson: 12C

Wemust find thenumberofday s onwhich morethan 10
saleswere madeandthenconvertthistoa percentage.

Information we are given

• Thegiven dotplot

• Datawascollected overaperiodof31 day s.

Using the theory

There aretwo valuesgreaterthan 10 in thedotplot.
Thesearehighlighted.

0 2 4 6 8 10 12 14
Number of figurines sold

note:Thetwo valuesat 10are not included because we
are lookingforthe day sonwhichmore than10aresold.

Morethan10figurinesweresoldontwooutofthe
31day s.

Convertthisto apercentage usingthe formula

percentage =   frequency ___________
total frequency  × 100.

percentage =  2 _ 31  × 100

percentage = 6.45…

∴ Morethan10figurinesweresoldon6.5% ofthe day s
duringthe 31-day period.

Answer

6.5%
✓1 mark for the correct answer

24c Data analysis

Decoding the question

Keywords: histogram, distribution, intervals

Relevant lesson: 12C

Wemustusetheinformationprovidedinthedot
plottoconstructahistogramusingtheprovidedaxis
andspecifications.

Information we are given

• Thegiven dotplot

• Thegiven axis

• Intervals should startat0andhavea widthoftwo.

Using the theory

First,groupthevaluesfromthe dotplotintointervals
oftwo.Theintervals muststartat0and endafterthe
highestdatavalue (13).Countthe numberofdatavalues
there arewithineach interval,and display this data ina
frequency chart.

Number of figurines sold Frequency

0−<2 13

2−<4 5

4−<6 5

6−<8 1

8−<10 3

10−<12 2

12−<14 2
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We cannow use thefrequency charttodrawthe
histogram.Drawvertical columnsattheborderofeach
intervalwith aheightequaltothegroup’sfrequency .

Answer

0 2 4 6 8 10 12 14
Number of figurines sold

14

12

10

8

6

4

2

Fr
eq

ue
nc

y

	✓1 mark for the correct interval width
	✓1 mark for the correct interval frequencies

12G

1 191

2 

3 

4 

5 {6,6,6, 7,8,9}

6 19

7 a 14 b 41,43,59

8 4,6

9 0.9,3.1, 4.0

10 

Minimum: 3

Q1: 5

Median: 6

Q3: 6

Maximum:8

Minimum:4

Q1: 14

Median: 24

Q3: 36

Maximum: 57

Minimum: 7

Q1: 7.5

Median: 8

Q3: 9

Maximum: 10

Minimum:0

Q1: 3

Median: 5

Q3: 6

Maximum:8

11 

12 a 

b 1

13 D

14 a 

b 19 cm

c 

15 a 

b 6 c Increases IQRto 6.5

16 C

17 A

Questions from multiple lessons

18 Data analysis

Decoding the question

Keywords: stem plot, modal weight

Relevant lessons: 12B, 12C

Wemustidentify themostfrequently occurringvalue in
thedata setby ey e.

Information we are given

• The givenstem plot

Using the theory

The modalweight istheweightthatoccursmost
frequently inthestemplot.

1 2 3 4 5 6 7 8 9 10

1 2 3 40

19 20 21 22 23 24 25 26 27

Minimum: 19

Q1: 23

Median: 24

Q3: 25

Maximum: 27

Minimum:47

Q1:65.5

Median: 70

Q3: 71.5

Maximum: 91
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  Weight

10 5 8 9

11 0 2 2 3

11 6 6 7 9 9

12 0 1 1 1 3 4

12 5 8 8

13 2

Key : 10 | 5 = 10.5kg

The weight12.1 kgoccursthreetimes inthestemplot.
Allotherweightsoccurtwotimesorless. 12.1kg isthe
mostcommon valueand is,therefore,the modal weight.

Answer

D
	✓1 mark for the correct answer

19 Recursion and financial modelling

Decoding the question

Keywords: loan, interest rate, compounding period, lump sum

Relevant lesson: 3D

Wemust determinewhich loanwill costSony atheleast
amountofmoney taking into accountthedifferent
compoundingperiods.

Information we are given

• Sony aborrows $10000.

• Sony awillfully repay the loanin alumpsumpay ment
aftereighteen months.

• Loan 1– 11.30% perannum,compounding monthly 

• Loan 2– 11.35% perannum,compounding monthly 

• Loan 3– 11.39% perannum,compounding monthly 

• Loan4– 11.40% perannum,compoundingquarterly 

• Loan 5– 11.45% perannum,compoundingquarterly 

Using the theory

Wecan only directly comparetheloansthathavethe
samecompoundingperiods.

Loans1,2 and3 allcompound monthly and have
annual interestratesof11.30%, 11.35%and 11.39%
respectively . Loan 1hasthe lowestannual interestrate
of11.30%,so outofthethree options, loan 1willcost
Sony a theleastamountofmoney .

Loans4and5bothcompoundquarterly andhave
annualinterestratesof11.40%and11.45%respectively .
Loan4hasthelowerannualinterestrateof11.40%,
sooutofthetwooptions,loan4willcostSony atheleast
amountofmoney .

Nowwemustcompareloans 1and4. We canusethe
compoundinterestformulato findthetotalvalue ofthe
loansafter18 months.Thecompound interestformula

states:A = P(1 +   r _____ 100 )
n
,where

• A isthe totalvalue ofthe loan

• Pistheprincipal

• ris theinterestratepercompoundingperiod

• n isthenumberofcompoundingperiods

Loan 1:
Since interestcompoundsmonthly ,r =  11.30 _______ 12  and n = 18.

SubstituteP = 10 000,r =  11.30 _______ 12  andn = 18 into the

compound interestformula.

A = 10 000(1 +  
(
11.30 _______ 12  ) _____ 100  )

18

A = 11 837.73…

Loan4:
Since interestcompoundsquarterly ,r =  11.40 _______ 4  and

n =  18 ___ 3   = 6.

SubstituteP = 10 000,r =  11.40 _______ 4  andn = 6 into the

compound interestformula.

A = 10 000(1 +  
(
11.40 _______ 4  ) _____ 100  )

6

A = 11 836.56…

Since 11 836.56… < 11 837.73…,loan 4 willcostSony a
the leastamountofmoney .

Answer

D
✓1 mark for the correct answer

20a Data analysis

Decoding the question

Keywords: variable, categorical

Relevant lesson: 12A

We needto identify thecategorical variableoutofheight
and typeofathlete

Information we are given

• Thegiven stemplot

• height(cm)andtypeofathlete(jockey s,
hockey play ers)

Using the theory

Categoricalvariablesare variables thathavecategories.
Numericalvariablesare counted ormeasuredvariables.

The variableheightis measuredandcantakeonany value.

Hence,itisa numericalvariable.

Thevariabletypeofathletehastwo categories,‘jockey s’
and ‘hockey play ers’.

Hence,itisacategoricalvariable.

Answer

typeofathlete
✓1 mark for the correct answer
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20b Data analysis

Decoding the question

Keyword: modal height

Relevant lessons: 12B, 12C

We needtofindthe modal height(s) ofthe setofdatafor
hockey play ers.

Information we are given

• Thegivenstem plot

Using the theory

Themodalvalue isthe mostfrequently occurringvalue
inthesetofdata.The most frequently occurringheight
ofhockey play ersisthe mostfrequently occurringheight
onthe right-hand sideofthestem plot.

Theseare shown in thefollowingstem plot.

Jockeys Height (cm) Hockey players

7 13

9 9 8 8 8 8 6 5 5 4 2 14

5 4 4 3 2 1 15

5 4 2 16

17 4 5 5 7 7 7 8 9 9 9

18 0 1 2 3 3 4 5 7 9

19 1 3

Key :17 | 4= 174 cm

∴The modalheightsofhockey play ersare 177cm and
179cm.

Answer

177cm and179cm
	✓1 mark for the correct answer

20c Data analysis

Decoding the question

Keywords: values, table

Relevant lesson: 12E

Thisquestionrequiresustofindcomponentsofa
five-figuresummary whengivenastemplot.

Information we are given

• Thegiventable

Decoding the question

Thevalue of𝑥is Q1ofthejockey s’heights.

Themedian is in the(
21 + 1 ________ 2 ) = 11thpositionofthe

dataset. It iscircled inthefollowing.

Jockeys Height (cm) Hockey players

7 13

9 9 8 8 8 8 6 5 5 4 2 14

5 4 4 3 2 1 15

5 4 2 16

17 4 5 5 7 7 7 8 9 9 9

18 0 1 2 3 3 4 5 7 9

19 1 3

Key :17 | 4= 174 cm

Q1 isthe medianofthelowerhalfofthe data. Hence,Q1

will be in the(
10 + 1 ________ 2 ) = 5.5thposition.ThismeansQ1 is

theaverageofthe5thand6thvaluesasshownin
thefollowing.

Jockeys Height (cm) Hockey players

7 13

9 9 8 8 8 8 6 5 5 4 2 14

5 4 4 3 2 1 15

5 4 2 16

17 4 5 5 7 7 7 8 9 9 9

18 0 1 2 3 3 4 5 7 9

19 1 3

Key : 17 | 4= 174cm

Theaverageofthesetwo valuesis 145 + 146 ____________ 2   = 145.5.

∴𝑥 = 145.5

Thevalueof𝑦is the maximum height of the
hockey play ers.

It iscircled inthe following.

Jockeys Height (cm) Hockey players

7 13

9 9 8 8 8 8 6 5 5 4 2 14

5 4 4 3 2 1 15

5 4 2 16

17 4 5 5 7 7 7 8 9 9 9

18 0 1 2 3 3 4 5 7 9

19 1 3

Key : 17 | 4= 174cm

∴𝑦 = 193

Answer

𝑥 = 145.5 and 𝑦 = 193
	✓1 mark for the correct value of 𝑥

✓1 mark for the correct value of 𝑦

12H

1 Cordelia

2 a 1 litre b 56litres

c Men d Men

3 a Fernando: 18, Lucas: 9

Fernandohad ahighermedian score.

b Fernando: 17.5, Lucas: 10

Fernandohad alargerIQRofpointsscored.

c Fernando: 24, Lucas: 26

Fernandohad asmallerrange ofpointsscored.

4 a Company A: 3900,Company B: 1900

Company Ahad higher mediansalesfigure.

b Company A: 1900,Company B: 1550

Company Ahad alargerIQRofsalesfigures.
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c Company A: 4100,Company B: 5300

Company Ahadasmallerrangeofsalesfigures.

5 a 

b UK: 14y ears, USA: 16y ears

c Peoplefrom theUSAhadthe mostvariable ages.

6 a SupermarketA b SupermarketA

7 a Before: 7,After: 25

The median numberofpush-upsbefore waslower
thanafter.

b Before: 5,After: 10

The IQRbefore wassmaller thanafter.

c Before: 14,After: 27

The range beforewassmallerthanafter.

8 a CafeA: 72,Cafe B: 94

CafeAhada lowermedian numberofcoffeessold.

b CafeA: 17,Cafe B: 14

CafeAhada greaterIQRofcoffeessoldthan CafeB.

c CafeA: 30,Cafe B: 38

CafeAhadasmallerrangeofcoffeessold thanCafeB.

9 a Class C b ClassA

c ClassAbecauseithadthesmallest IQR andrange.

10 C

11 Women inthis retirementvillageare generally older
than men.

12 The medianpriceforAirlineAis$950.The medianprice
forAirline B is$1050,$100moreexpensive.The spread
in termsofIQRforAirlineAis$150.Thespread in terms
ofIQRforAirlineB is$75,$75 less.AirlineAhasan
outlierat$800.AirlineAgenerally hasalowerpricethan
AirlineB,but ismorevariable.

13 a 29

b Thisdatashowsthatinthisgroupofpeoplemen
drinkmoremilkthanwomen,butthesampleistoo
smalltomakeageneralstatementaboutallmen
andwomen.

14 a 

1 8 8 8 9 9

2 0 1 1 1 2 3 4 4

2 5

3 4

9 8 7

 4 3 2 2

9 8 8 7 6 6 5

  1

Key: 1|5 = 15 years old

UK USA

0

Year 12

Year 11

Year 10

5 10 15 20 25 30 35

b Themediannumberofhoursofstudy perweekin
Year10is13,inYear11is19,andinYear12is28.
Thenumberofhoursstudy ingaweekgenerally 
increasesastheYearlevelincreases.Thespread
intermsofIQRforYear10is11,forYear11itis7,
andforYear12itis5.Thevariability decreasesas
they earincreases.

15 a ClassA: 64, Class B: 75.5

ClassAhad alower medianscore thanClass B.

b ClassA: 17, Class B: 16

ClassAhad alarger IQR ofscores thanClass B.

c ClassA: 48, Class B: 46

ClassAhad alarger rangeofscoresthanClassB.

d ClassAhad the morevariable results because both
the IQRand rangeofscoreswerelargerthan Class B.

e IngeneralClassBgothigherexammarksthan
ClassA.

16 The mediansforthetwo monthsdiffer.In May ,the median
maximumtemperatureisabout14.5°C,whileinJuly ,
themedianmaximumtemperatureisabout9°C.

or

ComparingthetwoIQRvaluescanbeusedasthe
differenceistheIQRsindicatesthepresenceof
anassociation.

Questions from multiple lessons

17 Data analysis

Decoding the question

Keywords: histogram, percentage

Relevant lessons: 2E, 12C

We needto analy se thehistogram to findthepercentage
ofAustralianOly mpiansthatare190cmortaller.

Information we are given

• Thegiven histogram

• Thesample size is399.

Using the theory

ThenumberofAustralian Oly mpiansthatare 190cm or
talleristhesum ofthe frequenciesofthethree rightmost
intervalsinthe histogram.Thefrequency ofan interval in
a histogram isgivenby theheightofthecolumn.

Hence,60 + 13 + 3 = 76AustralianOly mpiansare
190cmortaller.

Representthisasapercentageofthe total number
ofAustralianOly mpians usingtheformula

percentage =   frequency ___________
total frequency  × 100.

Substitutefrequency = 76and totalfrequency = 399
intothe formula.
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percentage =  76 _ 399  × 100

percentage = 19.04…%

∴ 19%ofAustralian Oly mpians atthe 2012Oly mpics
were 190 cm ortaller.

Answer

B
	✓1 mark for the correct answer

18 Recursion and financial modelling

Decoding the question

Keyword: percentage

Relevant lesson: 3A

Wemustrepresentthe$5tipasapercentageofthe
$56meal.

Information we are given

• The mealcost$56.

• Kourtney tippedthe waiter$5.

Using the theory

WecanfindV2asapercentageofV1usingthe
followingformula:

percentage =  
V2 ___ V1
  × 100

We are finding$5 asapercentage of$56, sosubstitute
V1 = 56and V2 = 5.

percentage =  5 _ 56  × 100

percentage = 8.928…%

∴The$5 tipasa percentageofthepriceofthe meal is
closestto8.93%.

Answer

D
	✓1 mark for the correct answer

19a Data analysis

Decoding the question

Keywords: describe, shape, distribution

Relevant lessons: 12D, 12G

We needtodescribe theshape ofeachboxplot.

Information we are given

• Thegivenboxplot

Using the theory

Theboxplotforgreenteaflavoured icecreamsshows
thatthewhiskeronthe right-handsideislongerthanthe
left.The median isalsoontheleftside ofthe box.This
means thatthebulkofthedatalies in theleftsideofthe
distribution,andtrailsofftothe rightside,indicatinga
positive skew.Thereare nooutlierspresent. Hence,the
distribution is positively skewed withno outliers.

Theboxplotfor blacksesameflavoured ice creamsalso
showsthewhiskeronthe right-handsidelongerthanthe
left.The median isagain furtherto theleftofthe data.
This meansthatthedatatrailsoffon the rightside of
thedistribution, indicatingapositive skew.There is one
outlieronthe left-hand side.Hence,thedistributionis
positively skewed withan outlier.

Answer

Greentea: positively skewed withno outliers.

Blacksesame:positively skewedwithanoutlier.
✓1 mark for the correct answer

19b Data analysis

Decoding the question

Keywords: lower fence, boxplot

Relevant lesson: 12G

We needto use theformulalowerfence = Q1 − 1.5 × IQR
todeterminethelowerfencefortheblacksesame boxplot.

Information we are given

• The givenboxplot

Using the theory

Thelowerfence canbecalculated usingtheformula
lowerfence = Q1 − 1.5 × IQR,whereIQR = Q3 − Q1

By lookingattheboxplot,wecan seethatQ1 is 38and Q3
is48.

Substitute Q1 = 38 andQ3 = 48 intotheequation.

lower fence = 38 − 1.5 × (48 − 38)

lowerfence = 38 − 1.5 × 10

lowerfence = 23

Answer

23
✓1 mark for the correct answer

13A

1 a Yes b No

2 a EV: Temperature

RV: Numberofpeopleatthepool

This is because itistemperature thatdictatesthe
attendancerates.

b EV: Ageofparticipants

RV: Amountoftimespentexercisingdaily 

Agecannotbeimpactedby any thingother
thantime.Thereforetheageoftheparticipants
cannotbetheresponsevariable,andmustbethe
explanatory variable.
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c EV: Workers'pay 

RV: Happiness

Aworkers’pay caninfluencetheirhappiness,
buttheirhappiness cannotchangetheirpay .

3 a The amountofsleepthat residentsgetcan
bechanged by theamountofdogs inthe
neighbourhood,buttheamountofdogs inthe
neighbourhoodcannotbe changedby the amount
ofsleep theresidents get.Therefore theamountof
sleepisthe response variable andthe amountof
dogsisthe explanatory variable.

b The twovariablesare unrelatedsothere is no
explanatory or responsevariablethatmakes sense.

4 a 

b 8

5 B

6 

7 a 

0 10 20
Explanatory variable
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Response variable

20 25 30 35
Max temperature (°C)
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Students without a blazer

0 20 40 60 80 100 120
Patrons

40

60

80

100

120

Noise level (dB)

b Friday andSaturday 

c Yes.On Friday nightsthepubaverages95 patrons,
which isunderthe 100patronlimit,y etexceedsthe
noise limitof98decibels.

8 a Theexplanatory variableisthe timespentonthe
projectand the responsevariableis thenumberof
wordswritten.

b 

9 

10 a 

0 5 10 15 20 25
Hours spent (hours)
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Words written
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Distance to router (m)
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Wi-Fi speed (mbps)
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b 

Questions from multiple lessons

11 Data analysis

Decoding the question

Keywords: histogram, most frequently

Relevant lesson: 12B

Wemustidentify by ey ethe mostfrequently occurring
intervalofthehistogram.

Information we are given

• Thegivenhistogram

Using the theory

Thequestion asks usto findthe‘mostfrequently ’
occurring interval.Thisisthe modal interval.Ina
histogram,the modal interval istheinterval withthe
tallestcolumn.Theinterval 170–<172 cm isthetallest
withafrequency ofnine.Allother intervalshave a
frequency ofeightorless.

∴Theheightforthis sampleofcompetitorsis most
frequently greaterthanorequalto 170cmandless
than 172 cm.

Answer

B
	✓1 mark for the correct answer

12 Recursion and financial modelling

Decoding the question

Keywords: deposit, monthly repayments, interest

Relevant lesson: 3E

Thisquestion requiresus todeterminethetotalamount
ofmoney paidinorderto find theinterestcharged.

Information we are given

• Ahousewaspurchasedfor $800000.

• Adepositof$50000 wasmade.

• Thebalancewillbe completely repaid with85
monthly repay mentsof$10000.

Using the theory

Calculatethe totalamountofmoney paid,A

A = deposit + (pa𝑦ment × number of pa𝑦ments)

0 50 100 150 200
Followers

20

40

60

80

Likes A = 50 000 + (10 000 × 85)

A = 900 000

Calculate thetotal amountofinterest paidby subtracting
theoriginal priceofthehouse,P0 ,fromthe totalamount
ofmoney paid,A

I = A − P0

I = 900 000 − 800 000

I = 100 000

Answer

C
	✓1 mark for the correct answer

13a Data analysis

Decoding the question

Keyword: five-number summary

Relevant lesson: 12G

Wemustfindthe five-numbersummary ofthegiven data.

Information we are given

• The givendata

• There are13 people inthe sample.

Using the theory

Thefive-number summary isas follows: minimumvalue,
Q1, median,Q3, maximum value.

Orderthe data in ascendingorder.

0 2 3 3 4 4 4 5 7 8 9 10 16

Identify theminimum andmaximum values.

minimum value = 0

ma𝑥imum value = 16

Findtheposition ofthe median usingthe formula n + 1 _______ 2 

where n isthe numberofelements in thedataset.

 13 + 1 _ 2   =  14 _ 2   = 7

The medianisthe 7thelementofthedataset,which is4.

0 2 3 3 4 4 4 5 7 8 9 10 16

median = 4

Q1 isthe medianofthelowerhalfofthe data.
Thelowerhalfofthe data is:0 2 3 3 4 4
FindthepositionofQ1 usingtheformula 

n + 1 _______ 2  ,wheren is

thenumberofelements inthelowerhalfofthedataset.
 6 + 1 _ 2   =  

7 _ 2  = 3.5
Q1 isthe mean ofthe 3rd and4th elements ofthedataset,

whichis 3 + 3 _______ 2   =  
6 __ 2  = 3

Q1 = 3
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Q3 is themedian ofthe upperhalfofthedata.
The upperhalfofthedatais: 5 7 8 9 10 16
Q3 is themeanofthe3rdand4thelementsofthedata set,

which is 8 + 9 _______ 2   =  
17 ___ 2   = 8.5

Q3 = 8.5

Hence,thefive-numbersummary is:

0, 3, 4, 8.5, 16

Answer

0, 3, 4, 8.5, 16
	✓1 mark for the correct answer

13b Data analysis

Decoding the question

Keyword: outliers

Relevant lesson: 12G

Wemust find thelowerand upperfencesofthe data to
determineifthereare any outliers.

Information we are given

• Thegiven data

• Thefive-numbersummary fromparta

Using the theory

Any pointsoutside thelowerorupperfencesare
classified asoutliers.

lower fence = Q1 − (1.5 × IQR)

upper fence = Q3 + (1.5 × IQR)

Tofind thelowerand upperfenceswemustfind theIQR.

IQR = Q3 − Q1

SubstituteQ3 = 8.5 andQ1 = 3 intothe equation.

IQR = 8.5 − 3 = 5.5

SubstituteIQR = 5.5,Q1 = 3,andQ3 = 8.5 intothe
formulasforthe lowerand upperfences.

lower fence = 3 − (1.5 × 5.5) = 3 − 8.25 = −5.25

upper fence = 8.5 + (1.5 × 5.5) = 8.5 + 8.25 = 16.75

Nothingliesbey ondthe loweror upper fencessothere
are nooutliers.

Answer

No outliers
	✓1 mark for the correct answer

13c Data analysis

Decoding the question

Keywords: boxplot

Relevant lesson: 12G

Wemust use ouranswersfrom partaandbto drawa
boxplotforthe data.

Information we are given

• Thegiven data

• Thefive-number summary from parta

• Thedistribution contains nooutliers,asfound in partb.

Using the theory

Aboxplotisagraphical representationofthefive-number
summary andany outliers. Itconsistsofacentral box
and whiskers. Ifoutliers existinthedataset, they are
shown asseparatedots onthe numberline.Theleft
and rightbordersofthebox representQ1 andQ3,and
the verticalline inthe centreofthebox representsthe
median.The whiskersextendtothe most extremevalue
thatisnotanoutlier.

Thefive-numbersummary ofthe data is:

0, 3, 4, 8.5, 16

Thereare nooutliersinthe dataset.

Usethis information todrawtheboxplot.

Answer

0 1 2 3 87654 9 10 11 12 13 14 15 16
Number of movies watched

✓1 mark for the correct answer

13B

1 a No b Yes c Yes

2 A

3 a Weak,linear,negativerelationship

b Strong,linear,negativerelationship

4 𝑥-axis – Length of hair (cm)

y-axis – Drivingspeed(kilometresperhour)

Thevaluesofthescatterplotshould bedistributed
randomly and follow nopattern.

5 No,the relationshipbetweenthevariables is linear,
moderate,and negative.

Therelationship ismoderate because thevariablesare
packed relatively closely together.

Therelationship islinearbecausethevaluesvaguely 
followa straightline instead ofa curvedone.

Therelationship isnegativebecausethevaluestrend
downwards,from top lefttobottom right.

6 B

7 a Thereisa strong,linear, positiverelationship
betweenthe marksoutof50on theexamandthe
percentagescoredonthe exam.
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b Thereisa weak,linear,positive relationshipbetween
shoesizeand height.

c Thereisnorelationshipbetweenthenumberof
surfersatabeachandthenumberofseagullsat
abeach.

8 Explanatory variable: thenumberofattendeesover 18
y earsold

Responsevariable: thenumberofcarsinthe parking lot

Positive correlation.

9 B

10 a 

Thescatterplotshould showmoderateto strong
correlationstrength,linearform,andhavea negative
direction.Apossiblescatterplotisshownabove.

b No,unfavourable.Thescatterplotshowsastrong/
moderatenegativecorrelation.Therefore,themore
experienceanopponenthas,thelowerQuinn’s
winrate.

Againstan opponentwith9y earsofexperience,
Quinn hasapredictedwin rateof0–10%.

note: answermay vary dependingony ourgraph
from parta.

11 Thereisa strong,linear,positivecorrelation between
actual temperature andapparenttemperature.

Questions from multiple lessons

12 Data analysis

Decoding the question

Keywords: histogram, interquartile range

Relevant lesson: 12F

Wemustidentify thevaluesofQ1 andQ3 fromthe
histogramtocalculatethe interquartile range.

Information we are given

• Thegivenhistogram

• Thesamplecontains 55students.

Using the theory

First,we mustfindthevaluesofQ1 andQ3

Relationship between opponent experience and win rate

2 4 6 8 10
x

Opponent's experience in years

20

0

40

60

80

100

y

W
in

 ra
te

 (%
)

Thereare 55 datavaluesinthe sample.The medianwill

be inthe 55 + 1 ________ 2   = 28thpositionofthedataset, meaning

thereare 27values aboveand belowthe median.

Thefirstquartile,Q1, is themedian ofthe first halfofthe

data. Itis thevalue inthe 27 + 1 ________ 2   = 14thpositionofthe

firsthalfofthe data.The14thvaluelies inthe interval
from0to 2 books.

The midpointofthis intervalis 1book. Hence,Q1 = 1.

Thethirdquartile, Q3, isthe medianofthesecondhalfof

thedata. Itisthevalue inthe 27 + 1 ________ 2   = 14thpositionof

thesecondhalfofthedata,which is thedata pointin the
42ndpositionoverall(thereare 28datavalues beforethe
second halfofthedata begins).The42ndvaluelies inthe
intervalfrom 6to 8 books.

The midpointofthis intervalis 7books. Hence,Q3 = 7.

The interquartilerangeisgiven by theformula
IQR = Q3 − Q1

Substitute Q3 = 7 andQ1 = 1 intotheequation.

IQR = 7 − 1

IQR = 6

∴The interquartile rangeis6books.

Answer

D
✓1 mark for the correct answer

13 Recursion and financial modelling

Decoding the question

Keywords: sequence, recurrence relation

Relevant lessons: 6B, 6D

Weneedtogeneratearecurrencerelationforthe
givensequence.

Information we are given

• The givensequence

Using the theory

First,determinewhetherthesequenceisarithmetic
orgeometric.

Checkifthesequencehasa commondifference usingthe
formulacommon difference = Tn − Tn−1

Substitute Tn = −8 andTn−1 = −17intothe equation as
−8 follows −17 inthesequence.

common difference = −8 − (−17) = 9

CheckusingTn = 1and Tn−1 = −8as1follows−8in
thesequence.

common difference = 1 − (−8) = 9

Hence,thissequence isanarithmeticsequencewith a
commondifference of9.
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ArithmeticsequencesareoftheformT0 = a
Tn+1 = Tn + dwhereaisthe firstelementinthe
sequenceanddisthe commondifference.

∴ T0 = −17, Tn+1 = Tn + 9

Answer

E
	✓1 mark for the correct answer

14a Data analysis

Decoding the question

Keywords: back-to-back stem plot, range

Relevant lessons: 12F, 12H

Wemust find therangeformenandwomen and
determinewhichone is larger.

Information we are given

• Thegiven back-to-backstem plot

Using the theory

The range ofadataset isthedifference between the
maximum andminimum value.

Findthe range forboth menand womenusingthe
formularange = maximum − minimum

Men: range = 25 − 5 = 20

Women: range = 21 − 4 = 17

20 > 17

∴The men survey ed have alargerrange thanthe women.

Answer

Men
	✓1 mark for the correct answer

14b Data analysis

Decoding the question

Keywords: back-to-back stem plot, median

Relevant lessons: 12E, 12H

Wemust find themedianresponse ofthe men and
women survey ed,and thenfindthe differencebetween
thetwo.

Information we are given

• Thegiven back-to-backstem plot

Using the theory

The median islocated inthe (
n + 1 _______ 2 )

th
positionofan

ordered data set,wheren isthe numberofelements in
thedataset.

Formen:

n = 18

 18 + 1 _ 2   =  19 _ 2   = 9.5

The median isthe meanoftheelementslocated in the9th
and 10thpositions.

Number of hours
Men Women

0 4

8 5 5 0 6 8 8 9

4 3 3 3 2 1 0 0 1 2 2 4

8 8 7 6 5 1 7 7 9

2 2 1 0 2 0 0 1

5 2

Key : 1 |0 = 10

15 is located inthe9thpositionand16 islocatedin the
10thposition.

 15 + 16 _ 2   = 15.5

Hence,the medianfor menis 15.5hours.

Forwomen:

n = 17

 17 + 1 _ 2   =  18 _ 2   = 9

Themedian istheelementlocated inthe9thposition.

Number of hours
Men Women

0 4

8 5 5 0 6 8 8 9

4 3 3 3 2 1 0 0 1 2 2 4

8 8 7 6 5 1 7 7 9

2 2 1 0 2 0 0 1

5 2

Key : 1 |0 = 10

12 is located inthe9thposition.

Hence,the medianforwomen is12 hours.

Find thedifference inthe medianfor menand women.

difference = 15.5 − 12 = 3.5

∴Thedifferenceinthemedianofthetwogroupsis
3.5hours.

Answer

3.5 hours
✓1 mark for the correct answer

13C

1 C

2 No

3 C

4 D

5 Jeremy ’slevelofactivity beforehandisa confounding
variable. Ifhewasdoingstrenuousactivity beforeeating
the candy ,he would betired.

6 C
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7 a Moderate,linear,positive.

b Moderate,linear,positive.

c No relationship.

8 Yeshe is correct.The scatterplotvaluesfollow a
positive trend,packed closely together–strongpositive
relationshipcanbe inferred.

Astrongpositiverelationshiphas rbetween0.75 and 1.
Hisguess,0.8,iswithinthe range0.75to1.

9 a Thefirstscatterplot,A.

b A:within0.4to 0.6

B:within −0.8 to −0.9

10 B

11 a 0.60 b 0.65 c 0.91

12 a −0.96

Strong, negative correlation.

Anegativecorrelationimpliesan inverserelationship.

Thisimpliesthatwhentheimmunesy stem
decreases,Whitescaleseverity increases.
Thisverifiestheobservation.

b Thesecondtrialwillhavea strongervalueofrthan
the first.

c Jora hasimmunesy stem strengthof0 anda
severity levelof10.Thisisan extremeexampleof
the relationshipwewere expecting–the weaker
the host’s immunesy stem,the moreseverethe
sy mptomsofWhitescale.This isstrong evidence
fortherelationshipbetweenthetwovariables,
and thereforestrengthensthe relationship.

13 a Datapointsare approximately linear.
Theupwards trend ofthedata indicatesapositive
rvalue.

Thepointsbeing packedclosely togetherimpliesa
strongrelationship.Thevalue ofrisbetween0.75
and 1.

b 0.98

c Correlation.Itisn’tcausalbecauseconfounding
variablesexist,suchasgoodcustomerservice.

Goodcustomer servicewhileserving largerpatties
wouldalso increasecustomersatisfaction.

Therefore,largerpatties may notnecessarily be the
causeofcustomersatisfaction.

14 E

Questions from multiple lessons

15 Data analysis

Decoding the question

Keywords: explanatory, response, variables, correlation

Relevant lesson: 13B

Wemustdeterminewhichistheexplanatory andresponse
variableandifthecorrelation is negativeorpositive.

Information we are given

• Thehigherthetemperatureonaparticularday ,
themoredrinksaresold.

Using the theory

Theexplanatory variable canaffect,orexplain,the results
ofthe responsevariable.

The responsevariable is expectedto change asa resultof
achangein theexplanatory variable.

Sinceit ispossible thatthe temperaturecould affectthe
numberofdrinkssold,temperatureisthe explanatory 
variable anddrinkssoldisthe responsevariable. Itis not
logical toassumethattemperaturecouldbeaffected by 
thenumberofdrinks sold

We are toldthatasthe temperatureincreases,thenumber
ofdrinkssoldalso increases.Hence,thecorrelation
between temperatureanddrinkssoldispositive.

Answer

A
✓1 mark for the correct answer

16 Recursion and financial modelling

Decoding the question

Keywords: increase in value, percentage

Relevant lesson: 3A

Wemustfirstfindthe differencebetweenthetwovalues
andexpressthis asapercentageofthe original value.

Information we are given

• The coinwasboughtfor$4500.

• The cointhensoldatauctionfor$6000.

Using the theory

Thepercentagechangecanbefoundusingthe
followingformula:

percentagechange =   change ____________ original value  × 100

Inthiscase,the originalvalueofthe coinwas$4500 and
thechangein valuewas$6000 − $4500 = $1500.

Substitute thesevaluesintotheformula.

percentagechange =   change ____________ original value  × 100

percentagechange =  1500 _ 4500  × 100

percentagechange = 33.333…%

∴Therewasa 33.3% increase invalue, correctto one
decimal place.

Answer

C
✓1 mark for the correct answer
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17a Data analysis

Decoding the question

Keywords: table, scatterplot

Relevant lesson: 13A

Wemust createa scatterplot usingthedatain thetable.

Information we are given

• Thegiven table

Using the theory

First,determine whichvariableis theexplanatory 
variableand whichisthe responsevariable.

The explanatory variable canaffect,orexplain,the values
oftheresponse variable.

The response variable isexpectedtochangeas aresultof
theexplanatory variable.

Sincethe timeSony aspendsskippingcouldaffectthe
number ofcaloriessheburns, timespentskipping isthe
explanatory variableandcalories burnedis theresponse
variable.Hence,timespentskipping islocatedon the
𝑥-axis and caloriesburnedis locatedonthe𝑦-axis.

Appropriately scale theaxes,makingsure itcovers all of
thegivendata values.

Plotthe data points.

Answer
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	✓1 mark for the correct answer

17b Data analysis

Decoding the question

Keywords: correlation, strength, direction, form

Relevant lesson: 13B

Wemust use thescatterplotformpartato describethe
correlation interms ofstrength,directionandform.

Information we are given

• Thegiven table

Using the theory

Recallthescatterplotfrom parta.

Ca
lo

rie
s b

ur
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2 4 6
Time spent skipping (mins)

8 1210

20

40

60

80
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120

Find thestrengthofthecorrelation.

Thepointsfollowthesamelineandarepacked
closely together.

Hence,thestrength ofthe correlation is strong.

Identify the direction ofthecorrelation.

Thevaluesarefollowinganincreasingtrendfromleft
toright.

Hence,thedirectionofthecorrelation ispositive.

Identify the formofthecorrelation.

Thevalues roughly follow astraightline.

Hence,theformofthe correlation islinear.

∴Thecorrelation between thetwo variables isstrong,
positiveandlinear.

Answer

Strong,positive andlinear
✓1 mark for the correct answer

13D

1 A: II

B: III

C: I

2 a 

b 𝑦 = 𝑥 or similar c 𝑦 = 0.174 + 0.963𝑥

3 a 𝑦 = −165.915 + 7.621𝑥

b sales = −165.915 + 7.621 × max temperature

0 5 10 15 20
x

5

10

15

20

y
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4 a 

0 5 10 15 20
Maths work (hours)

5

10

15

20

Art work (hours)

b hoursofartworkcompleted =
3.979 + 0.167 × hoursofmathsworkcompleted

c hoursofartworkcompleted =
8.136 − 0.698 × hoursofmathsworkcompleted

5 a 𝑎will be negative, 𝑏 will be positive

b 𝑎will be positive, 𝑏 will be negative

c 𝑎and 𝑏 will be positive

6 a numberofchildren =

1 + 0.00002 × household income

b 1child

7 a 4wins b 0.5 wins

8 a pollutionindex = 64.435 − 1.185 × cyclists'share
oftransportation

b 64.435

c −1.185

9 a averagedailymaxtemperature =

38.652 − 0.491 × degreeslatitudesouth

b −0.491°C

c 38.652°C

10 a Onaverage,whenthe minimum temperatureis0°C,
the maximumtemperature willbe 13°C.

b Onaverage,themaximumtemperature
increasesby 0.67°Cforeach 1°Cincrease in the
minimumtemperature.

11 Onaverage,population increasesby 2680peoplefor
eachadditionalsquarekilometre ofarea.

Questions from multiple lessons

12 Data analysis

Decoding the question

Keyword: correlation coefficient

Relevant lesson: 13C

We needtoestimatethestrength ofthe correlation using
the givenleastsquares regression lineand scatterplot.

Information we are given

• The givengraph

Using the theory

Estimatethestrengthofcorrelationbetweenthe
datapoints.

Thedatapointsfollowan upwardstrendand aresituated
relatively closely aroundthe regressionline.

Hence,there isa moderate,positive,linearrelationship,
so0.5 ≤ r < 0.75.

Theonly optionwith0.5 ≤ r < 0.75 isoption B.

Answer

B
	✓1 mark for the correct answer

13 Recursion and financial modelling

Decoding the question

Keywords: compounding monthly, value, fifth month

Relevant lesson: 3D

Weneedtoapply thecompoundinterestformulato
determinethevalueofKingsley ’sinvestmentafter
fivemonths.

Information we are given

• He invested $25000.

• Theinterestrateis1.5%p.a.andinterest
compoundsmonthly .

Using the theory

Thetotal valueofacompound interestinvestmentis
givenby the followingformula.

A = P(1 +   r _____ 100 )
n
where

• A is thetotal valueoftheinvestment,

• Pisthe principal,

• risthe interestratepercompoundingperiod asa
percentage,and

• n isthe numberofcompoundingperiods.

First,we willworkoutr.Asinterestcompounds monthly ,

thisisgiven asr =  1.5 ____ 12  = 0.125.

AsKingsley invested$25 000,P = 25 000.Aswe are
lookingforthe valueafterthe fifth month,n = 5.
Substitute thesevaluesintothecompound interest
formulato findthevalue ofA

A = 25 000(1 +  
0.125 _ 100  )

5

A = 25 156.64…

This is closestto $25 157.

Answer

A
	✓1 mark for the correct answer
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14a Data analysis

Decoding the question

Keywords: shape of the distribution, dot plot, boxplot

Relevant lesson: 12D

Thisquestion requires usto determine theshape ofthe
data by lookingatthe dotplotand/orboxplot.

Information we are given

• Thegiven dotplot

• Thegiven boxplot

Using the theory

Inthissolution, we aregoingtofocusonthedotplot.

Wecan seethatthemajority ofthe data isclustered
around theleft-handside ofthe dotplotandthatthe
distributiontrails offto theright.

∴Thisdistribution hasapositive skew.

Answer

Positively skewed
	✓1 mark for the correct answer

14b Data analysis

Decoding the question

Keyword: lower fence

Relevant lesson: 12G

We needto readvaluesofftheboxplotto calculate the
lowerfence.

Information we are given

• Thegiven boxplot

Using the theory

The formulato calculate thelowerfence is
lower fence = Q1 − 1.5 × IQR,whereIQR = Q3 − Q1

WeneedtofindQ1andQ3.Thesecanbereadoff
theboxplot.

Q1 = 2000andQ3 = 6000.

SubstituteQ1 = 2000andQ3 = 6000 intothe formulafor
thelowerfence.

lowerfence = Q1 − 1.5 × IQR

lower fence = Q1 − 1.5 × (Q3 − Q1)
lower fence = 2000 − 1.5 × (6000 − 2000)

lowerfence = −4000

Answer

−4000
	✓1 mark for the correct answer

13E

1 160cm to 185cm

2 6

3 11.813

4 a $5791; interpolation b Over; extrapolation

5 a 78%; interpolation b 26.4%;extrapolation

c 4hours and30minutes; interpolation

6 B

7 a Thisprediction usesextrapolation.

b Thesamplesizeistoosmallforapredictionto
bereliable.

c Thereis notenough correlationfora predictionto
be reliable.

8 Thiswouldnotbea reliableprediction.As thevalueof
ris −0.299, thereisa weakrelationshipbetweenthe
variables.Estimationsbasedonthis regressionlinehave
novalidity .

9 Thiswouldnotbea reliableprediction.As thedomain
ofthedataisbetween 10and 200 dollars,the response
variabletakesvaluesbetween63and633day s.
Twoy ears = 730day s.Therefore, thisprediction isan
extrapolationand unreliable.

10 a 17 m/s; interpolation

b 131surfersatSurfers Paradise

161surfersatBondi Beach

Thisisa differenceof30 surfers.

c Ina hurricane,y ou’dexpectthere tobe nosurfers,
y etextrapolatingbothoftheseregression linesto
32 m/sgives 131and 161 surfersateachbeach.
Whenextrapolatingdata,apresumptionis made
thatthetrendthatiswithinthe rangeofthedata set
will continueoutside thedomainofthedata.Asseen
in thiscase, thispresumption does notalway shold
true, makingextrapolation unreliable.

d Asthesamplesizeissosmall(aweekofdata),
thesamplemay havelackeddiversity ,suchas
differentweatherconditions.Makingpredictions
basedoffoneweekofdataatarandomtimeduring
they earcouldleadtounreliablepredictions.

11 a $643 million;extrapolation

b $111 538 462; interpolation

c Thevalueof𝑟 is 0.43, which indicates a weak
positive correlation.Ifthereisa weakcorrelation
betweenthe variables,the regressionline becomes
a weakpredictorofvalues. Interpolatingvalues is
thereforeunreliable.

12 a 3y ears

b Theregressionequationwas used to make
predictionsoutsidethe available range ofdata.
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Questions from multiple lessons

13 Data analysis

Decoding the question

Keywords: explanatory variable, least squares regression line

Relevant lesson: 13D

Inthis question,we mustevaluate whichofthegiven
equationswouldbest representtheregression lineon
the scatterplot.

Information we are given

• Thegivenscatterplot

• Thevalueofopponent′steamisthe
explanatory variable.

Using the theory

Aleastsquaresregression equation isofthe form
𝑦 = a + b𝑥, where a isthe𝑦-intercept, and b is
the gradient.As stated in thequestion,the valueof
opponent′s teamistheexplanatory variable,𝑥,
sogoaldifference mustbethe responsevariable,𝑦.
Aftersubstitutinginthe variables, theequationbecomes:
goaldifference = a + b × valueofopponent′s team

InoptionsC,Dand E,goaldifferenceisthe explanatory 
variable,which isincorrect.Hence, thecorrectoption
mustbeeitherAorB.

Theonly differencebetweenoptionsAandB isthevalue
ofa,the𝑦-intercept.

Acommonerrorwould beto assume thatthe𝑦-intercept
ofthe regression lineis 1.81by readingdirectly from the
graph. However,thehorizontalaxisbeginsat50 000,
not0,so acannotbe 1.81.Option Bis eliminated.

Theregressionequation mustbeclosestto
goaldifference = 2.11 − 0.0000063
× valueofopponent′s team

Answer

A
	✓1 mark for the correct answer

14 Recursion and financial modelling

Decoding the question

Keywords: increases by 5.5%, value

Relevant lesson: 3D

Wemustusethecompound interestformula tocalculate
the valueoftheviolinin 2017.

Information we are given

• Thevalueincreasesby 5.5%eachy ear.

• Theviolinhasa valueof$170 500in 2019.

Using the theory

Since thevalue oftheviolin increasesby 5.5%eachy ear,
the value is increasing undercompoundingconditions.

Thevalue ofa compound-interest investment is givenby 
thefollowingformula.

A = P(1 +   r _____ 100 )
n
,where

• A is thetotal valueoftheinvestment

• Pisthe principalvalue

• ristheinterestratepercompoundingperiod,
asapercentage

• n isthe numberofcompoundingperiods.

Inthiscase,A = 170 500,Pisthe valueoftheviolinin
2017,r = 5.5%,and n = 2.

Substitute thesevaluesintotheformula.

170 500 = P(1 +  
5.5 _ 100 )

2

Use thesolve function ony ourcalculatortosolve forP

P = 153 186.136…

See videosolutionforbutton-by -buttondemonstration.

∴Thevalueofthe violin in2017wasclosestto$153 186.

Answer

C
✓1 mark for the correct answer

15a Data analysis

Decoding the question

Keywords: ‘determine the equation’, least squares 
regression line

Relevant lesson: 13D

We needtoenterthedata provided inthetable into
ourcalculatorsto findtheequationoftheleastsquares
regressionline.

Information we are given

• The giventable

• The equation should beinthe form
cricketplay ersattraining = a + b × temperature

Using the theory

Enterthedatawithintheprovidedtable intoy our
calculatoranduse its statistics functions tofind theleast
squares regressionline.

Thecalculatorwill returnvaluesofa = 60.90and
b = −1.23correctto twodecimalplaces.Substitute
these intothe equation
cricketplay ersattraining = a + b × temperature

cricketplay ersattraining = 60.90 − 1.23 × temperature

See videosolutionfora button-by -buttondemonstration.

Answer

cricketplay ersattraining = 60.90 − 1.23 × temperature
✓1 mark for finding the correct equation
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15b Data analysis

Decoding the question

Keywords: relationship, interpret, slope, ‘in terms of 
the variables’

Relevant lesson: 13D

We needto explain whattheslope ofthe leastsquares
regressionline representsintermsofthe variables
patronsatthecricketers′ barandtemperature

Information we are given

• patronsatthecricketers′bar
= −33.46 + 3.27 × temperature

Using the theory

When interpretinga regressionline𝑦 = a + b𝑥,
thevalueofb,orthe slope,predictsthe changein
the responsevariablefor aone-unitchange inthe
explanatory variable.

The response variable isthepatronsat thecricketers′bar
andthe explanatory variable isthe temperature

∴ Forevery one-degree Celsiusincreasein temperature
thereare 3.27 extrapatronsatthecricketers′ bar

Answer

Onaverage, forevery one-degree increase in
temperature,thereare anestimated3.27extra
patronsatthecricketers′ bar
	✓1 mark for the correct answer
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A
Adjacency matrices Adjacency matrices are symmetric, 
square matrices which have a row and column for each vertex. 
p. 174

Adjacent (adj) Adjacent is used to refer to the side that is 
directly adjacent to the angle of interest in a right-angled 
triangle. p. 330

Ambiguous case The ambiguous case of the sine rule occurs 
when two different triangles can be created using the given 
information. p. 355

Angle of depression The angle of depression is the angle 
below the horizontal. p. 338

Angle of elevation The angle of elevation is the angle above 
the horizontal. p. 337

Area The area is the amount of two-dimensional space a 
shape takes up. p. 252

Area scale factor Area scale factors relate the difference in 
area between two similar figures. 

 Area scale factor =   are of image ___________
area of original  = k

2 p. 322

Arithmetic recurrence relation Arithmetic recurrence 
relations model arithmetic growth or decay, where each 
iteration increases or decreases by a constant amount. p. 222

Arithmetic sequence Arithmetic sequences are sequences 
with repeated addition or subtraction. p. 213

B
Back-to-back stem plot A back-to-back stem plot is a type of 
stem plot that can be used to compare a numerical variable 
with a categorical variable that has exactly two categories. 
p. 544, 593

Bar chart A bar chart is a graph that is commonly used to 
display categorical data shown in a frequency table. p. 532

Base-height formula The base-height formula is a formula 
used for finding the area of a triangle. The base-height formula 

is:  area =  1 _ 2  × base × height p. 281

Boxplot A boxplot is a graphical representation of a 
five-number summary as well as any outliers. p. 585

Bridge A bridge is an edge that would turn a connected graph 
into a disconnected graph if it were removed. p. 173

C
Capacity The capacity is similar to the volume, however it is 
the amount that the object can hold. p. 253

Categorical data Categorical data represents a quality or 
attribute. Categorical data has a group of categories. p. 526

Circuit A circuit is a trail beginning and ending at the same 
vertex such that no edges are repeated. Vertices may be 
repeated. p. 192

Column matrix A column matrix is a matrix with only one 
column and any number of rows. It is sometimes called a 
column vector. p. 121

Complete graph A complete graph is a graph in which every 
vertex is directly connected to every other vertex by an edge. 
p. 172

Composite shapes A composite shape is a shape made up of 
two or more simple shapes. p. 290

Compound Interest Compound interest is interest that is added 
to the principal amount after each time period, causing future 
interest earnings to increase more each period. 

 A = P  (1 +  r _ 100 )
n
  p. 102

Compounding periods The compounding period is the length 
of time between the points when interest is calculated for an 
investment or loan. p. 102

Confounding variables Confounding variables are related 
external factors that can contribute to an association. 
They sometimes cause researchers to erroneously believe a 
relationship exists. p. 617

Connected graph A connected graph is one in which every 
vertex is connected, directly or indirectly. Every vertex is able 
to be reached by any other vertex by travelling along the 
edges. p. 172

Continuous data Continuous data is numerical data that can 
be measured and exist on a continuous scale. p. 527

Corner-point principle For an objective function in a feasible 
region, the maximum and minimum points are always corners 
of the feasible region. p. 465

Correlation Correlation is the measure of the strength of the 
relationship between two variables. p. 609

Cosine rule The cosine rule is a formula that relates one angle 
in a triangle to the three side lengths. The cosine rule states 
that for triangle ABC:   c2 = a2 + b2 − 2ab cos (C)  p. 362

Cycle A cycle is a path beginning and ending at the same 
vertex such that no edges or vertices are repeated (other than 
the starting/ending vertex). p. 192

D
Degree (of a vertex) The degree of a vertex is the number of 
connections it has to edges. p. 171

Determinant The determinant of a matrix is a number that 
tells us whether or not the matrix has an inverse. p. 163

Direct variation Direct variation is where an increase in one 
variable results in an increase in the other. It can be seen as a 
linear equation that goes through the origin with the rule 
 𝑦 = k𝑥. p. 476

Dividends Dividends are a share of the profit made by a 
company that is distributed to shareholders. p. 86
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Discrete data Discrete data is numerical data that is counted, 
not measured. It only exists as whole units and not as part of a 
continuous scale. p. 527

Domain The domain is the set of possible values of the 
explanatory variable. p. 403

Dot plot A dot plot is a simple way to display numerical data. 
p. 542

E
Edge An edge is a line that joins vertices on a graph. p. 171

Element The numbers contained within a matrix are known 
as elements. The element in row i and column j of matrix X is 
denoted   𝑥 i j . p. 120

Elimination (simultaneous equations) A method of solving 
simultaneous equations that involves the equations being added 
or subtracted in a way that eliminates one of the variables. p. 27

Euler’s formula For a connected planar graph, Euler’s formula 
is:  V−E + F=2 p. 185

Explanatory (independent) variables The explanatory 
variable, EV, can be useful in explaining or predicting the 
changes observed in the response variable. p. 603

Extrapolation Extrapolation is the method of making 
predictions that are outside of the scope of the data set. 
p. 423, 635

F
Face Faces are separate areas that are bordered by the edges 
in a planar graph. p. 183

Feasible regions A feasible region is a region that satisfies a 
set of inequalities. It is normally shaded for clarity. p. 456

Fibonacci-related sequences Fibonacci-related sequences are 
sequences where each term is found by adding the previous 
two terms. p. 245

Five-number summary The five-number summary provides 
key information about a set of data and its distribution, 
including spread and centre. A five-number summary is 
written as minimum,   Q1 , median,   Q3, maximum. p. 583

Frequency tables A frequency table is a table that tallies how 
often each value or category in a data set occurs. p. 531

G
Geometric recurrence relation Geometric recurrence 
relations model geometric growth or decay, where each 
iteration is multiplied by a constant factor. p. 235

Geometric sequence A geometric sequence is a sequence 
with repeated multiplication or division. p. 213

Goods and Services Tax (GST) GST is a 10% tax applied to 
most sales in Australia. p. 85

Gradient The gradient (slope) is the steepness of a line, which 
represents the change in 𝑦 for each one-unit increase in 𝑥. 

It can be found using the formula  gradent =  rise _ run   or

 gradient =  
𝑦2 − 𝑦 1 ______ 𝑥2 − 𝑥 1  . p. 390, 628

Graphs A graph is a diagram that is used to show the 
connections between a group of things, people or activities. 
p. 171

Grouped data Grouped data is data that has been organised 
into set groups or intervals, making large data sets easier to 
work with. p. 539

Grouped frequency distribution table A grouped frequency 
distribution table groups data in regular intervals. p. 539

H
Heron’s formula Heron’s formula is a formula used to find 
the area of a triangle when all three side lengths are known. 
Heron’s formula is  A = √ 

_________________
S (S − a)(S − b)(S − c) where 

 S =  a + b + c ___________ 2    p. 282

Hire-purchase agreement A hire-purchase agreement 
involves a customer paying a deposit on an item and then 
making small regular payments until the item is paid off. p. 111

Histogram A histogram is a visual representation of a 
grouped frequency distribution table. p. 540

Horizontal lines Horizontal lines are represented by the 
equation  𝑦 = c, where c is the 𝑦-intercept. p. 384

Hyperbolic relationships Hyperbolic relationships are graphs 

of relations of the form  𝑦 =  k _ 𝑥  + c  where  k ≠ 0  and  𝑥 ≠ 0.
p. 510

Hypotenuse (hyp) The hypotenuse is the longest side of a 
right-angled triangle. p. 260, 330

I
Identity matrix The identity matrix (I) is a square matrix in 
which each element in the main diagonal is one. All other 
elements are zero. p. 121, 162

Included angle formula The included angle formula is a 
formula used for finding the area of a triangle. The included 

angle formula is:  area =  1 _ 2  ab sin(C) p. 375

Inequalities An inequality is an equation that, instead of an 
 =  sign, uses a  <, >, ≤  or  ≥ sign. p. 439

Interpolation Interpolation is the method of making 
predictions that are within the scope of a data set. p. 415, 635

Interquartile range The interquartile range, IQR, is the spread 
of the middle 50% of data values.  IQR = Q3 − Q1 p. 575

Inverse matrix Some square matrices have an inverse matrix. 
The inverse matrix has the special property that when it 
is multiplied with the original matrix from the left or right, 
the answer is the identity matrix. The inverse matrix of A is 
denoted by   A−1 . p. 163

Inverse variation Inverse variation is where an increase in one 
variable results in a decrease in the other. The graph of the 

relationship between 𝑥 and 𝑦 is a hyperbola with the rule  𝑦 =   k _ 𝑥  .
p. 476

J
Joint variation Joint variation is where one variable is affected 
by two or more variables. p. 477
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L
Least squares regression Least squares regression is the 
process of finding the line of best fit with the minimum sum of 
squared residuals for the data. p. 626

Line of best fit The line of best fit is a linear equation that 
shows the general trend of a data set. p. 408

Linear graphs Linear graphs possess a constant gradient, 
and result in a straight line when graphed. p. 382

Linear relationship A linear relationship is a relationship 
between two quantities in which the quantities change in 
response to each other by a constant amount. p. 2

Logarithmic scale Logarithmic scale are scales which use 
logarithms of base 10 to plot data that has a large range. p. 56

Logarithms A mathematical operation with a base, argument, 
and exponent. p. 55, 519

Logarithms (logs) to the base 10 The log to base 10 of a 
number is the power to which 10 must be raised to create this 
number.  log 10(𝑥) = 𝑦  implies that  10𝑦 = 𝑥. p. 56, 520

Loop A loop is an edge that connects a vertex back to itself. 
p. 171

M
Matrix A matrix is a tool for displaying a collection of 
numerical values. The values are arranged into rows and 
columns depending on what the matrix represents. p. 120

Mean The mean of a set of data is one measure of its centre. 
It is calculated by adding all the data values together and then 
dividing the sum by the number of values. p. 560

Median The median is the middle value in an ordered set 
of data. p. 560

Minimum spanning tree The minimum spanning tree is the 
spanning tree for a graph with the lowest weight. p. 205

Modal interval The modal interval is the interval with highest 
frequency, similar to mode. p. 539

Mode The mode is the most frequently occurring category or 
data value. p. 533

N
Negatively skewed distribution A negatively skewed 
distribution is when a distribution of data trails off as the 
values decrease. p. 551

Nominal data Nominal data is categorical data that can be 
grouped but not ordered. p. 526

Numerical data Numerical data represents a quantity 
(a numeric value). p. 527

O
Objective functions An objective function represents 
a quantity to be minimised or maximised in a linear 
programming problem, such as distance, cost or time. p. 465

Opposite (opp) Opposite is used to refer to the side that is 
directly opposite the angle of interest in a right-angled triangle. 
p. 330

Order (of matrices) The order of a matrix describes its 
dimensions. The order is expressed as 
 numberofrows × numberofcolumns. p. 120

Order of magnitude Orders of magnitude relate to powers of 
10, and are used to describe the approximate size of a number. 
p. 55

Ordinal data Ordinal data is categorical data that can be 
grouped and ordered. p. 526

Outliers Outliers are values which fall far outside the rest of 
the data set. p. 565, 585

P
Parallel boxplots Parallel boxplots are multiple boxplots 
drawn one above the other. They allow for easy comparison 
between data sets. p. 594

Path A path is a walk in which no edges or vertices are 
repeated. p. 191

Pearson’s correlation coefficient (𝒓) Pearson’s correlation 
coefficient (r) is a measure of the strength and direction of a 
linear relationship between two variables. p. 618

Percentage change The percentage change is an expression 
of the difference between two values as a percentage of the 
initial value. It is found using the formula 

 Percentagechange =   Difference ___________ Original value  × 100. p. 62

Perimeter The perimeter is the distance around the outside of 
a shape. p. 251

Personal loans A personal loan is a compound interest loan, 
often used to pay for large personal expenses. Mathematically, 
loans function in the same way as investments: both start with 
a principal amount and involve the payment of interest. p. 112

Piecewise linear model A piecewise linear model is a graph 
composed of different straight line segments. p. 430

Planar graph A planar graph is a graph that can be drawn 
such that no edges overlap. p. 183

Point of intersection The point of intersection is the point at 
which two lines meet. p. 20

Positively skewed distribution A positively skewed distribution 
is a distribution that trails off as the values increase. p. 551

Prim’s algorithm Prim’s algorithm is an algorithm that finds 
the minimal spanning tree. p. 205

Prism A prism is a three-dimensional object with a uniform 
cross-section. p. 296

Pyramid A pyramid is a three-dimensional object with a 
polygon base and triangular sides that meet at the top. p. 297

Pythagoras’ theorem Pythagoras’ theorem states that for a 
right-angled triangle,   a2 + b2 = c2 . p. 260

Q
Quadratic relationships Quadratic relationships are graphs of 
relations of the form  𝑦 = k𝑥2 + c. p. 502

Quartiles Quartiles divide a distribution of data in quarters. 
The symbols used to refer to the quartiles are   Q1,  Q2  and   Q3.
p. 573
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R
Range Range is a measure of a data set’s spread. 
 Range = maximumvalue − minimumvalue p. 572

Recurrence relations A recurrence relation is a formula that 
relates the current term in a sequence to the next term in the 
sequence. p. 222

Recursion Recursion is a method of defining a number 
sequence that follows a pattern. p. 9

Response (dependent) variables The response variable 
may be explained or predicted by changes in the explanatory 
variable. p. 603

Row matrix A row matrix is a matrix with only one row, and any 
number of columns. It is sometimes called a row vector. p. 121

S
Scalar multiplication Scalar multiplication is the 
multiplication of a matrix by a number. Each element in the 
matrix is multiplied by the number (scalar). p. 133

Scale factor (𝒌) The scale factor indicates the change in size 
between the original figure, and the image. All sides scale 
proportionately. p. 316

Scatterplot A scatterplot is a bivariate graph where each data 
point is represented by a dot. p. 603

Scientific notation A number written in scientific notation is 
of the form  𝑥 = 10 𝑦  , where  1 ≤ 𝑥 < 10, and 𝑦 is an integer. 
This is useful for very large and very small numbers. p. 45

Sequence A sequence is a list of numbers separated by 
commas. They often follow a pattern, but can also be random. 
p. 213

Shares Shares are units of ownership in a company. p. 86

Significant figures Significant figures are digits within a number 
that contribute to the value of that number with certainty. p. 50

Similar figures Similar figures refer to two figures that have 
the same shape but different size. p. 314

Simple graph A simple graph does not contain any loops or 
duplicate edges. p. 172

Simple interest Simple interest is interest that is a fixed 

portion of the initial investment.  I =  Prn _ 100   p. 92

Simultaneous equations Simultaneous equations are a set 
of equations which are used to solve for unknown values. 
The solution is the point where each equation is true. p. 20

Sine rule The sine rule is a formula that relates the angles in 
a triangle to the sides opposite them. The sine rule states that 

for triangle ABC:     a _____ sin(A)   =  
b _____ sin(B)   =  

c _____ sin(C)    p. 353

Sliding line method The sliding line method is a way of 
determining the maximum and minimum solutions of an 
objective function. It involves transposing the objective 
function so it is in terms of 𝑦 and sliding the line up and down 
the 𝑦-axis, to intersect the corners of the feasible region. p. 469

Spanning trees A spanning tree is a tree which connects all 
vertices in the original graph. p. 204

Spread The spread refers to the range of values included in 
the data set. p. 553

Square matrix A square matrix has an equal number of rows 
and columns. p. 121

Standard deviation Standard deviation is a measure of the 
spread of a distribution around the mean. It is equal to the 
square root of the variance. p. 576

Stem plot A stem plot is a plot that splits each number into 
two parts, and groups points according to their left-most 
digits. p. 543

Substitution (simultaneous equations) A method of solving 
simultaneous equations that involves a variable from one 
equation being substituted into the other. p. 26

Surface area The surface area (S) of a three-dimensional 
object is the sum of the areas of all the faces. p. 307

Symmetric distribution A symmetric distribution is a 
distribution where the data is evenly distributed around the 
mean, and does not trail off in either direction more than the 
other. p. 551

T
Term A term is a number in a sequence. p. 213

Trail A trail is a walk in which no edges are repeated. p. 191

Transforming data Transforming data is the process of taking 
non-linear relationships between two variables and making 
them linear. p. 489

Trees Trees are a special type of connected graph which 
use as few edges as possible to connect a group of vertices. 
They contain no loops or cycles. p. 204

True bearings A true bearing is a measurement of the direction 
of one point from another point. It is measured clockwise from 
north and presented as a three-digit number. p. 343

U
Unit-cost depreciation Unit-cost depreciation is the 
depreciation of an asset by a set amount for each unit of use. 
p. 229

Unitary method The unitary method is used to find the value 
for a large number of identical items by first calculating the 
value for one item. p. 72

V
Vertex A vertex is a dot on a graph that represent entities 
such as objects, people or activities. p. 171

Vertical lines Vertical lines are represented by the equation 
 𝑥 = b, where b is the 𝑥-intercept. p. 384

Volume The volume is the amount of three-dimensional 
space an object takes up. p. 252, 296

Volume scale factor Volume scale factors relate the 
difference in volume between two similar figures. 

 Volumescalefactor =   volume of image___________
volumeoforiginal  = k

3  p. 322
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W
Walk A walk is a series of edges that pass through any 
number of vertices, in any order, starting and finishing at any 
vertex. p. 191

Weighted graphs Weighted graphs are graphs where each 
edge is assigned a ‘weight’, often representing time, cost, 
or distance. p. 198

X
𝒙-reciprocal transformation   (1 _ 𝒙  ) The 𝑥-reciprocal
transformation is a type of transformation used to linearise 
non-linear data. It works by ‘compressing’ 𝑥-values that are 
greater than one, whilst ‘stretching’ 𝑥-values that are less 
than one. p. 491

𝒙-squared transformation The 𝑥-squared transformation is 
a type of transformation used to linearise non-linear data. 
It works by ‘stretching’ the larger 𝑥-values more than the 
smaller 𝑥-values. p. 489

Z
Zero matrix The zero matrix is a matrix in which every 
element is 0. p. 121
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