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MatheMatics and statistics 1.1 Internally assessed 
4 credits

Apply numeric reasoning in solving problems

Factors, multiples and primes
The set of whole numbers is infinite: 0, 1, 2, 3, 4, 5, 6, 7, …

The following ideas should be familiar.

Example
1.  The multiples of 3 are 3, 6, 9, 12, 15, …  multiply 3 by 1, 2, 3, 4, 5, … 

2.   The factors of 21 are 1, 3, 7, 21 
(factor pairs: 1 × 21 = 21, 3 × 7 = 21)  1, 3, 7, 21 divide into 21 exactly, with no remainder  

3.   31 is a prime number since it has exactly two factors, 1 and 31. 
 21 is a composite number as it has more than two factors.

4.  The lowest common multiple (LCM) of 8 and 6 is 24. 
  multiples of 8 are 8, 16, 24, 32, … the first multiple of 8 that is also a multiple of 6, is 24 

5.  The highest common factor (HCF) of 45 and 36 is 9. 
  45 = 9 × 5, 36 = 9 × 4; 4 and 5 have no common factor 

6. The prime factorisation of 60 is 2 × 2 × 3 × 5 or 22 × 3 × 5.
 A factor tree is shown alongside. Prime factors are circled. 

 60

2  30

    2  15

    3  5

   60 = 2 × 30 = 2 × 2 × 15 = 2 × 2 × 3 × 5 

Exercise A:  Factors, multiples 
and primes

1. Find whole numbers between 40 and 60 inclusive 
which are:

 a. multiples of 9

 b. factors of 240

 c. prime numbers

d. composite numbers with exactly four factors

2. Two strategies are shown for finding the LCM of 
15 and 20.

Answers
p.  319

a. List the multiples of 15 (the smaller number), 
until you reach a number which is a multiple 
of 20 (the bigger number).

b. List the multiples of 20 (the bigger number), 
until you reach a number which is a multiple 
of 15 (the smaller number).

c. What is the LCM of 15 and 20? 

d. Explain which strategy is quicker, and why.
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e. Use the quicker strategy to find the LCM of: 

  i. 18 and 60

  ii. 12 and 32

3. a.  Express the following numbers as a product of 
their prime factors.

  i. 30

  ii. 70

  iii. 165

b. A cuboid has sides whose lengths are whole 
numbers greater than 1. Find the dimensions 
of the cuboid if it has volume:

  i. 30 mm3 

  ii. 70 cm3

  iii. 165 m3

4. a. i.  One factor pair multiplying to 51 is 
1 × 51. Find the other factor pair.

ii. One factor pair of 34 is 1 × 34. Find the 
other factor pair.

iii. Explain how you can use these results to 
find the HCF of 34 and 51.

b. Use the strategy in a. to work out the HCF of:

  i. 38 and 57

  ii. 39 and 65

5. A red light flashes every 12 seconds. A blue light 
flashes every 10 seconds. At 10 a.m. exactly, 
Mia notices that both lights flashed together. She 
decided to wait until both lights flashed together 
again. How long did she have to wait?

6. Jenny takes her dog to the vet on the first of the 
month every 6 months. Louis takes his cat to the 
vet on the first of the month every 4 months. Zane 
takes his hamster to the vet on the first of the 
month every 9 months. One month, all three took 
their animals to the vet on the same day. How 
many months will pass before this happens again?

7. The prime factorisation of a = 22 × 3 × 53. 
The prime factorisation of b = 23 × 53.
a. i.  If a is doubled it becomes 2a. What is the 

prime factorisation of 2a?

ii. If b is tripled, it becomes 3b. What is the 
prime factorisation of 3b?

iii. What is the LCM of a and b?
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MatheMatics and statistics 1.4 Internally assessed 
3 credits

Apply linear algebra in solving problems

Linear relationships
Tables, graphs and formulae can be used to 
describe a relationship between two variables. In a 
linear relationship, the graph is a straight line.

The gradient of a straight line is a measure of 
the slope of the line (how steep it is). The gradient 
describes how one variable is changing compared to 
the other variable.

For any two points on the line, the gradient of the line 
is defined as follows:

gradient = vertical distance between the points
horizontal distance between the points

The gradient is sometimes described more simply as:

gradient = rise
run

Example
Ralph the gardener charges for his hours of 
work as shown in the table. For each extra hour 
of work the cost increases by $25. The pattern 
shows how to work out the cost for a given 
number of hours of work.

Hours of 
work h

Cost in 
dollars C Pattern

0 0 25 × 0

1 25 25 × 1

2 50 25 × 2

3 75 25 × 3

4 100 25 × 4

5 125 25 × 5

6 150 25 × 6

The graph of this relationship is shown below.

y

x

175

150

125

100

75

50

25

0

Gardening charges

  1 2 3 4 5 6 7
1

1

1

1

1

1

1

25

25

25

25

25

25

The shaded steps on the graph show that for 
each 1 hour of work, the cost of hiring Ralph 
increases by $25, so the gradient of the line is 
25
1

 = 25.

The relationship between Ralph’s cost and his 
hours of work is:

Cost of 
gardener = $25 × the number of 

hours worked

  Using symbols, the rule for the relationship is: 
C = 25h



140  Achievement Standard 91029 (Mathematics and Statistics 1.4)

© ESA Publications (NZ) Ltd, ISBN 978-0-908340-50-7 –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

The gradient of a linear relationship may be a fraction.

Example
Ralph’s friend Ginny is also a gardener. The 
graph of Ginny’s charges is shown below.
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Gardening charges

  1 2 3 4 5 6 7

y

x

2

45

2

45

2

45

The line representing Ginny’s charges has a 
gradient of 45

2
The gradient of the graph shows that for each 
extra 2 hours of work, Ginny’s cost increases by 
45 dollars. This works out as $45

2  per hour (or 
$22.50 per hour).

Some of Ginny’s charges are shown in the table.

Hours of 
work h

Cost in 
dollars C Pattern

0 0 45
2  × 0 

2 45 45
2  × 2

4 90 45
2  × 4

6 135 45
2  × 6

The rule for the relationship between hours 
worked and cost for Ginny is C = 45

2 h

The steeper a line is, the larger its gradient and the 
higher the rate of change of the vertical variable 
compared to the change in the horizontal variable.

Example
When Ralph and Ginny’s gardening cost lines 
are shown on the same graph, it can be seen 
that Ralph’s line is steeper than Ginny’s line. 
This means that Ralph is charging a higher 
hourly rate than Ginny.

This relationship was also seen in the tables 
and formulae of charges in the previous worked 
examples.

Ralph charged 25 dollars per hour, and Ginny 
charged 45

2  = 22.5 dollars per hour, so Ralph’s 
rate was higher.
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MatheMatics and statistics 1.6 Externally assessed 
4 credits

Apply geometric reasoning in solving problems

Finding unknown angles
When finding the size of unknown angles in a figure, 
at least two steps of reasoning will be required.
The following rules for finding unknown angles are 
already familiar.

Rule Diagram Example

Adjacent 
angles on 
a straight 
line add to 
180°

a b
x

50°

a + b = 180° x = 40° 
(∠s on a line)

Angles at a 
point add to 
360°

b
a

c

100°

x
120°

a + b + c = 360° x = 140° 
(∠s at a point)

Vertically 
opposite 
angles are 
equal

a b
80°

x

a = b x = 80° 
(vert opp ∠s)

The abbreviated form of each rule is usually acceptable 
when giving geometric reasons.

Example
Find the value of x and y in the diagram below 
which is made up of 3 straight lines intersecting 
at a point.

Give geometrical reasons for your answers.

x
y

x – 20°

Solution

 x + 90 + x – 20 = 180 (∠s on a line)

 2x + 70 = 180  simplifying 

 2x = 110  subtracting 70° 

 x = 55°

 y = x – 20  (vert opp ∠s)

  = 55 – 20

 y = 35°

Exercise A:  Finding unknown 
angles

1. Find the value of x in the diagram below. Give a 
geometrical reason for your answer.
a. 

60°

70°

x

 

 

 

 

b. 
100°

64°
x

 

 

 

 

Answers
p.  341

2.  Find the value of x in the diagram below. Give a 
geometrical reason for your answer.

a. 

94° x
x

 

 

 

 

b. 

124°

x°

x°
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3. Light rays are reflected from a mirror as shown in 
the figure.

70°

xx

 Find the size of angle x. Give reasons and show all 
working.

4. Tom cuts a cake into two 
pieces so he gets twice as 
much as his little sister. He 
makes a sketch of the figure 
to work out the angle at the 
centre of his slice of cake.

 Form an equation and solve it to find this angle. 
Give reasons.

5. The figure shows a laptop with its lid open.

2x3x

 Find the angle through which the lid has been 
opened. Form an equation and solve it to find this 
angle. Give reasons.

6. a.  Give a geometric reason for the relationship 
x + 2x = 180°

x

2x

y

 

 

2x

x

b. Find the value of x.

 

 

c. Find the value of y (give a reason for your 
answer).

 

 

7. Find the value of x in the diagram below. Give a 
geometrical reason for your answer.

x

x

 

 

 

 

8. PQ and RS are straight lines.

bc

9°

P

R

S

Qa

  Find the size of angles a, b, c. Give reasons.

 

 



Apply geometric reasoning in solving problems 203

© ESA Publications (NZ) Ltd, ISBN 978-0-908340-50-7 –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Applications of Pythagoras’ theorem
When solving practical problems involving Pythagoras’ 
theorem:
•  identify the right-angled triangle involved and 

make a clear drawing of it
•  label the sides of the triangle with the 

measurements supplied (or worked out from the 
information given)

•  label the unknown side length with a letter such 
as x.

In some diagrams, an extra line may need to be drawn 
in order to form a right-angled triangle (remember that 
horizontal lines form right angles with vertical lines).

Questions may be set in 3-dimensional situations.

Example
A ramp joins two platforms, which are 6.3 m 
apart. If the first platform is 1.5 m high and the 
second platform is 2.3 m high, find the length of 
the ramp.

6.3 m1.5 m

ramp 2.3 m

Solution

By drawing a horizontal line as shown below, 
the right-angled triangle labelled ABC is formed, 
where BC = 6.3 m, AC = (2.3 – 1.5) = 0.8 m 
and the unknown side length AB is labelled x.

A

C

x

B 6.3 m
0.8 m

 a2 = b2 + c2   Pythagoras’ theorem 

 x2 = 6.32 + 0.82

 x2  = 40.33

 x = 6.35059…  taking square root 

The ramp is of length 6.4 m (1 d.p.)

In an isosceles triangle,             
the axis of symmetry divides  
the triangle into two congruent  
right-angled triangles.

Example
An athlete swims 300 metres from point A on the 
shore of a lake, to a marker at B. She then swims 
another 300 metres from the marker to the shore 
of the lake at a point C, as shown in the diagram 
below.
If A and C are 
100 metres apart, how 
far from the shore is the 
marker? (Assume AC is 
the shoreline.)

Solution
The axis of symmetry BM of the triangle ABC is 
drawn (ABC is an isosceles triangle). 
The length BM (marked x) 
is the distance of the 
marker from the shore.

BM bisects the side AC 
so the length of AM is 
50 metres.

x

B

A M C50 m

300 m

In triangle ABM,

 3002 = 502 + x2  Pythagoras’ theorem 

 x2 = 3002 – 502  rearranging 

 x2 = 87 500

 x = 295.80…  taking square root 

The marker is 296 m (3 s.f.) from the shore.

B

A C
100 m

300 m
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Exercise M:  Applications 
of Pythagoras’ 
theorem

1. A painter leans his 2.6 m ladder against a wall. 
The foot of the ladder is 0.85 m from the wall. 
How far up the wall does the ladder reach?

0.85 m 

ladder
2.6 m

wall

 

 

 

 

 

 

2. There are two walls 20 m apart with a window 
in each. A rope 25 m long is tightly stretched 
between the bases of the two windows as shown 
in the figure. 

  Calculate the    
difference in  
height between  
the bases of the  
two windows.

 

 

 

 

3. A diagram of a playground slide is shown. The 
ladder PQ is 4.2 m long and the slide QR is 12.3 m 
long. Find the distance PR between the base of 
the ladder and the end of the slide.

12.3 m4.2 m

Q

P R

 

 

 

 

Answers
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25 m

20 m

 4. A field ABCD is 45 m long 
and 32 m wide. Harry walks 
diagonally across the field 
from A to C. His sister, Emily, 
walks from A to C around

 the edge of the field, along AB then BC.
 How much further does Emily walk than Harry?  

 

 

 

 

 

5. Two cars leave from the 
same point. The first car 
travels south at 80 km h–1 
and the second car travels 
west at 60 km h–1.  
How far apart are the two 
cars after 3 hours? 

60 km h–1

80 km h–1

 

 

 

 

 

6.  An L-shaped room has dimensions as shown.

25 m

20 m

10 m

10 m
A

B

C

  A builder runs a tape from A to B to C. Find the 
total length of the tape. Give answer to the 
nearest millimetre.

 

 

 

 

 

D

BA

C
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MatheMatics and statistics 1.12 Externally assessed 
4 credits

Demonstrate understanding of chance and data

The statistical enquiry cycle (PPDAC)
The statistical enquiry cycle summarises the steps 
involved in a statistical investigation.

Conclusion

Problem

Plan

DataAnalysis

Statistical 
enquiry 

cycle

Statistical literacy involves the ability to understand, 
interpret and evaluate the results of statistical 
investigations undertaken by others.

Data collection
It is often impractical to carry out a census 
(an investigation involving every member of a 
population of interest). Instead, a portion of the 
population, known as a sample, is investigated.
• The sample should be random (each member 

of the population has the same chance of being 
chosen) so that the variables of interest in 
the sample are similar in value to those of the 
population.

• If the sample does not accurately reflect the 
characteristics of the whole population then the 
sample is said to be biased.

Statistical analysis of a random sample allows 
inferences (conclusions) to be made about the 
population as a whole.

In a statistical investigation, data may be collected 
by the investigators themselves. Alternatively, a data 
set may be obtained from a secondary source – it is 
important that this data source is listed. 

Selecting a random sample
Suppose you are given a list of 500 students, and you 
have to select a random sample of 30 names from the 
list.

‘Drawing names from a hat’ is a good reliable method 
that has no bias.

A quicker method is to use the random numbers on 
your calculator, as follows:

• give each student a number from 1 to 500
•  set your scientific calculator to produce random 

numbers from 1 to 500
  (Press:  and take
 the whole number part, ignoring repetitions)
• obtain the first 30 random numbers
•  identify the sample of 30 students by matching 

the numbers to the names.

Example
Select a random sample of 8 names from the 
following list of 15 names:

John, Will, Anne, Helen, Henry, Tom, Liz, Luke, 
Nathan, Jacob, Angus, Amy, Jack, Sally, Pat

Solution

Enter the names in a table and give a number to 
each name.

Number Name Number Name
1 John    9 Nathan
2 Will 10 Jacob

   3 Anne    11 Angus
   4 Helen 12 Amy

5 Henry    13 Jack
6 Tom    14 Sally

   7 Liz 15 Pat
   8 Luke

Using your calculator, obtain 8 numbers in the 
range 1–15

(Press:  and take the 
whole number part only, ignoring repetitions)

A typical result might be:

13, 3, 4, 8, 13 discard (no repeats), 7, 14, 11, 9

Highlight or tick the names, as shown.
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In a statistical investigation it is important that the data collection method is verified as random, so that the 
sample is representative of the population (shares its features). This allows inferences to be made about the 
population. 

Exercise A:  Selecting a random sample
Use the random numbers on your calculator to answer the questions in Exercise A.

1. Select 8 names from the list of 12 names in the table.

Number 1 2 3 4 5 6 7 8 9 10 11 12

Name

Sa
ra

h

M
ill

ie

Ph
iz

Bo
z

Li
z

Jo
hn

Bi
ll

An
n

Ja
m

es

Ba
rr

y

Am
y

Pe
tra

 List the 8 numbers, and in the table highlight your choices.
 Random numbers used:

 

2. Allocate a number to each country in the table. Select 10 countries from the list of 15. Highlight your 
selection and list the numbers.

Number

Country

Br
az

il

Pe
ru

Bo
liv

ia

Su
da

n

Li
by

a

Ko
re

a

An
go

la

Za
m

bi
a

US
A

N
Z

UK Ch
in

a

N
ig

er

Po
la

nd

Ku
w

ai
t

 Random numbers used:

  

3. At Mountain High School there is a boys’ soccer team and a girls’ netball team. The players in each squad are 
listed in the table. Select a sample of 7 players from the soccer team and 5 players from the netball team.

Soccer team

Number

Name

Lu
ke

Pe
te

r

Jo
hn

Ia
n

Ca
rl

An
dy

Se
an

Ka
rl

M
ik

e

Ku
rt

Am
os

Sa
ng

M
ar

k

Jo
el

Al
an

 Random numbers used: 

  

Netball team

Number

Name

Gr
ac

e

M
eg

Em
m

a

El
la

Lo
rn

a

Sa
ra

h

Pr
ue

Em
ily

In
di

a

Ro
se

La
ur

a

Bi
an

ca

 Random numbers used:

 

 

Answers
p.  352
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Answers

Achievement Standard 91026 
Mathematics and Statistics 1.1
Exercise A:  Factors multiples and primes (page 1)
1. a. 45, 54     b. 40, 48, 60

c. 41, 43, 47, 53, 59  d. 46, 51, 55, 57, 58

2. a. 15, 30, 45, 60   b. 20, 40, 60   c. 60

d.  Multiples of bigger number is quicker as step size is larger.

e. i. 180  ii. 96

3. a. i. 2 × 3 × 5  ii. 2 × 5 × 7  iii. 3 × 5 × 11

b. i. 2 mm × 3 mm × 5 mm  ii. 2 cm × 5 cm × 7 cm

iii. 3 m × 5 m × 11 m

4. a. i. 3 × 17   ii. 2 × 17

iii.  17 is a common factor, and 2 and 3 have no factors in common 
so 17 is the HCF.

b. i. 19  ii. 13

5. 60 seconds (or 1 minute)

6. 36 months (or 3 years)

7. a. i. 23 × 3 × 53  ii. 23 × 3 × 53  iii. 23 × 3 × 53

b. i. Yes  ii. Yes  iii. No

iv.  22 × 53 = 500  Multiply smaller powers of common prime factors

Exercise B: The integers (page 4)
1. a. –8   b. 64  c. 0   d. –36

e. 14   f. 20  g. 11   h. –39

i. 10   j. 12  k. –60   l. –12

m. 3   n. 36  o. –16   p. –27

2. a. 3   b. 13

3. 17 °C colder

4. a. –27 °C  b. –18 °C

5. –7 

6. 2 

Exercise C:  Order of operations  (page 5)
1. a. 3  b. 5  c. 24  d. 24  e. 1  f. 16

g. 27  h. –16  i. –19  j. 0  k. –119 l. 1

m 24  n. 3 969 o. –3

2. Loss of $250 000 per year.

3. $199

4. a. 35 g b. 76 g

5. 63

6. a. $3.50 b. 11

7. 33 – 34 × (15 – 49)2 – 2(42 – 3 × 5)2

 = –1 × (15 – 7)2 – 2(16 – 15)2

 = –1 × 82 – 2(1)2

 = –1 × 64  – 22

 = –64  – 4

 = –60

 Correct working is:

 33 – 34 × (15 – 49)2 – 2(42 – 3 × 5)2

 = 33 – 34 × (15 – 7)2 – 2(16 – 15)2

 = 33 – 34 × 82 – 2(1)2

 = 33 – 34 × 64  – 2 × 1

 = 33 – 2 176   – 2

 = –2 143 – 2

 = –2 145

8. Numerator is cost (in cents) of 6 rulers plus two packets of pencils plus 
6 individual pencils plus postage. Dividing by 100 gives the total cost in 
dollars (which is $15.10).

Exercise D:  Powers of numbers (page 7)
1. a. 2 025  b. 676   c. 361   d. 243

e. 64   f. 2 401

2. a. 25   b. –64   c. –1 296  d. –23

e. –98   f. 0

3. a. 144 cm2 b. 4 times

4. a. 81   b. 216

5. a. 40   b. 6 750 cm3

6. a. 1
16

   b. 1
3
   c. 1

216   d. 1
128

e. 1   f. 1
25

7. a. 16   b. 27  c. 16
9

   d. 32
243

8. a. 25
16 or 1.5625  b. 625  c. 512   d. 2  e. 7

8

Exercise E:  Roots of numbers (page 9)
1. a. 17   b. 32   c. 81   d. 11

e. 7   f. 12

2. a. 7  b. 4  c. –3  d. 5  e. 2  f. 1

3. a. i. 36, 38, 49  ii. 144, 150, 169

iii. 9, 12, 16  iv. 100, 107, 121

b. i. 6, 38 , 7  ii. 12, 150, 13

iii. 3, 12 , 4  iv. 10, 107, 11

c. i. 6.16  ii. 12.25  iii. 3.46  iv. 10.34

4. 10 cm

5. Answers will vary – an example is shown.

 42  lies between 36  and 49 
So, 42  is between 6 and 7 
6.5 × 6.5 = 42.25 so 42  < 6.5

 6.4 × 6.4 = 40.96 so 42  > 6.4

 6.45 × 6.45 = 41.6025 so 42  is between 6.45 and 6.5, and so on

 Answer is 6.48 (2 d.p.)

6. a. 5   b. 163   c. 4

7. a. 3  b. 10  c. 4  d. 3  e. 2

8. Should put brackets around (–4 ÷ 5), or enter – 45 using the fraction key. 
Correct answer is 625 (no brackets required around 0.00032).
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300
angle at the centre 191
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angle between line and plane 238
angle between two planes 240
angle in a semi-circle 191
angle measurer 248
angle of depression 212, 232
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angle sum of a triangle 177
angles 171, 173
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arc (circle) 191
area of similar shapes 188
arrowhead 180
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average 286, 287
axis of symmetry 117, 123, 180

back-to-back stem-and-leaf 
plot 289

bar graph 291
base (indices) 47
base angles (isosceles triangle) 177
bearings 214
BEDMAS 4, 13, 47
BEMA 47

benchmark fractions 10
biased 281
bimodal 261
bivariate data 293
boundary line 167
box 263
box-and-whisker plot 263

census 268, 281
centre (circle) 191
certain (event) 305
changing subject of formula 65
chord 191, 193
circle 191, 193
circumference 191
classes (grouped data) 283
cleaning data 257
clinometer 212, 232, 248
clusters 261
coefficient 45, 152
co-interior angles 173
collecting data 257
column graph 291
combinations of events 314
comparing fractions 10
comparison (variables) 253
comparison question 253
complementary angles 173
composite bar graph 291
composite number 1
compound interest 41
conclusion (statistics) 254, 276, 

300
concyclic points 196
conditional probability 316
constant 145
continuous data 283

convert decimals to/from 
fractions 25

corresponding angles (parallel 
lines) 173

corresponding angles (similar 
triangles) 242

corresponding sides 242
cosine 206, 226
cube root 8
cyclic quadrilateral 196

data 254, 283, 300
database 253
data collection 281, 283
data source 281
decay curve 136
decimal 25, 26
decimal place 28
denominator 10
diameter 191
difference of two squares 53
directly proportional 21
dirty data 257
discrete data 283
displaying data 261
distribution (sample) 261, 263, 

265
distributive law 52, 54
divide (algebraic terms) 46
divide (fractions) 13, 50
dot plot 261

elimination method 67
equally likely outcomes 309
equation of a line 96
equation of a parabola 126
equilateral triangle 177


