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The following three themes have been fully integrated throughout the Pearson Edexcel International 
Advanced Level in Mathematics series, so they can be applied alongside your learning.

1. Mathematical argument, language and proof 

• Rigorous and consistent approach throughout

• Notation boxes explain key mathematical language and symbols

2. Mathematical problem-solving 

• Hundreds of problem-solving questions, fully integrated 
into the main exercises

• Problem-solving boxes provide tips and strategies

• Challenge questions provide extra stretch 

3. Transferable skills

• Transferable skills are embedded throughout this book, in the exercises and in some examples

• These skills are signposted to show students which skills they are using and developing

The Mathematical Problem-Solving Cycle

specify the problem

interpret results
collect information

process and
represent information

vi ABOUT THIS BOOK

ABOUT THIS BOOK

Each chapter starts with a 
list of Learning objectives

The Prior knowledge 
check helps make sure 
you are ready to start the 
chapter

Glossary terms will 
be identifi ed by bold 
blue text on their fi rst 
appearance.

The real world applications of 
the maths you are about to learn 
are highlighted at the start of the 
chapter.

Finding your way around the book

Each chapter is mapped to the 
specifi cation content for easy 
reference
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viiABOUT THIS BOOK

Exercise questions are carefully graded 
so they increase in diffi  culty and gradually 
bring you up to exam standard

Transferable skills are 
signposted where 
they naturally occur 
in the exercises and 
examples

Each section begins 
with explanation and 
key learning points

Problem-solving boxes 
provide hints, tips and 
strategies, and Watch 
out boxes highlight areas 
where students often lose 
marks in their examsEach chapter ends with a Chapter review 

and a Summary of key points

Exercises are packed 
with exam-style 
questions to ensure you 
are ready for the exams

Exam-style questions 
are fl agged with

Problem-solving 
questions are fl agged 
with

E

P

A full practice paper at the back of 
the book helps you prepare for the 
real thing

After every few chapters, a Review exercise 
helps you consolidate your learning with 
lots of exam-style questions

Step-by-step worked 
examples focus on the 
key types of questions 
you’ll need to tackle
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viii QUALIFICATION AND ASSESSMENT OVERVIEW

QUALIFICATION AND 
ASSESSMENT OVERVIEW
Qualification and content overview
Statistics 1 (S1) is an optional unit in the following qualifications:

International Advanced Subsidiary in Mathematics

International Advanced Subsidiary in Further Mathematics

International Advanced Level in Mathematics

International Advanced Level in Further Mathematics

Assessment overview
The following table gives an overview of the assessment for this unit.

We recommend that you study this information closely to help ensure that you are fully prepared for 
this course and know exactly what to expect in the assessment. 

Unit Percentage Mark Time Availability

S1: Statistics 1

Paper code WST01/01

33 ​​ 1 _ 3 ​​ % of IAS

16 ​​ 2 _ 3 ​​ % of IAL

75 1 hour 30 min January, June and October 

First assessment June 2019

IAS: International Advanced Subsidiary, IAL: International Advanced A Level.

Assessment objectives and weightings Minimum 
weighting in 
IAS and IAL

AO1
Recall, select and use their knowledge of mathematical facts, concepts and techniques in a 
variety of contexts.

30%

AO2

Construct rigorous mathematical arguments and proofs through use of precise statements, 
logical deduction and inference and by the manipulation of mathematical expressions, 
including the construction of extended arguments for handling substantial problems 
presented in unstructured form.

30%

AO3

Recall, select and use their knowledge of standard mathematical models to represent 
situations in the real world; recognise and understand given representations involving 
standard models; present and interpret results from such models in terms of the original 
situation, including discussion of the assumptions made and refinement of such models.

10%

AO4
Comprehend translations of common realistic contexts into mathematics; use the results of 
calculations to make predictions, or comment on the context; and, where appropriate, read 
critically and comprehend longer mathematical arguments or examples of applications.

5%

AO5
Use contemporary calculator technology and other permitted resources (such as formulae 
booklets or statistical tables) accurately and efficiently; understand when not to use such 
technology, and its limitations. Give answers to appropriate accuracy.

5%
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ixQUALIFICATION AND ASSESSMENT OVERVIEW

Relationship of assessment objectives to units

S1

Assessment objective

AO1 AO2 AO3 AO4 AO5

Marks out of 75 20–25 20–25 15–20 5–10 5–10

% 26​​ 2 _ 3 ​​–33​​ 1 
_ 3 ​​ 26​​ 2 _ 3 ​​–33​​ 1 

_ 3 ​​ 20–26​​ 2 _ 3 ​​ 6​​ 2 _ 3 ​​–13​​ 1 _ 3 ​​ 6​​ 2 _ 3 ​​–13​​ 1 _ 3 ​​

Calculators
Students may use a calculator in assessments for these qualifications. Centres are responsible for 
making sure that calculators used by their students meet the requirements given in the table below.

Students are expected to have available a calculator with at least the following keys: +, –, ×, ÷, π, x2,

​​√ 
__

 x ​​, ​​ 1 __ x ​​, xy, ln x, ex, x!, sine, cosine and tangent and their inverses in degrees and decimals of a degree, 

and in radians; memory. 

Prohibitions
Calculators with any of the following facilities are prohibited in all examinations:

•	 databanks 

•	 retrieval of text or formulae

•	 built-in symbolic algebra manipulations

•	 symbolic differentiation and/or integration 

•	 language translators

•	 communication with other machines or the internet
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x EXTRA ONLINE CONTENT

Whenever you see an Online box, it means that there is extra online content available to support you.

 Extra online content

SolutionBank
SolutionBank provides worked solutions for questions in the book. Download the 
solutions as a PDF or quickly fi nd the solution you need online.

Use of technology 
Explore topics in more detail, visualise 
problems and consolidate your understanding. 
Use pre-made GeoGebra activities or Casio 
resources for a graphic calculator.

 Find the point of intersection 
graphically using technology.

Online
x

y

GeoGebra-powered interactives Graphic calculator interactives

Interact with the maths 
you are learning using 
GeoGebra's easy-to-use 
tools

Explore the mathematics you are learning and 
gain confi dence in using a graphic calculator

Interact with the mathematics you are learning 
using GeoGebra's easy-to-use tools

Calculator tutorials
Our helpful video tutorials will 
guide you through how to use 
your calculator in the exams. 
They cover both Casio's scientifi c 
and colour graphic calculators.

Step-by-step guide with audio instructions 
on exactly which buttons to press and what 
should appear on your calculator's screen

 Work out each coeffi  cient quickly using 
the nCr and power functions on your calculator.

Online

F01_IAL_S1_45140_PRE_i-x.indd   10 08/02/2019   09:47

U
nc

or
re

ct
ed

 p
ro

of
, a

ll 
co

nt
en

t s
ub

je
ct

 to
 c

ha
ng

e 
at

 p
ub

lis
he

r d
is

cr
et

io
n.

 N
ot

 fo
r r

es
al

e,
 c

irc
ul

at
io

n 
or

 d
is

tri
bu

tio
n 

in
 w

ho
le

 o
r i

n 
pa

rt.
 ©

P
ea

rs
on

 2
01

9

SAM
PLE



1CHAPTER 1MATHEMATICAL MODELLING 

1 MATHEMATICAL
MODELLING

Imagine that a scientist discovers that 
the number of leopards in Sri Lanka 
changes from year to year, and she wants 
to investigate these changes. Instead of 
tracking every leopard, she can create 
a mathematical model. By using a 
mathematical model, the investigation 
becomes more manageable, less time-
consuming and cheaper. It also enables 
the scientist to make predictions. 

A� er completing this chapter you should be able to: 

● Understand what mathematical modelling is → page 2

● Design a simple mathematical model  → pages 3–4

1.1

1 Write down the defi nition for qualitative and 
quantitative data. ← International GCSE Mathematics

2 List three areas outside of mathematics where 
statistics can be used.  ← International GCSE Mathematics

Prior knowledge check

Learning objectives

M01_IAL_S1_45140_U01_001-004.indd   1 04/02/2019   08:53

U
nc

or
re

ct
ed

 p
ro

of
, a

ll 
co

nt
en

t s
ub

je
ct

 to
 c

ha
ng

e 
at

 p
ub

lis
he

r d
is

cr
et

io
n.

 N
ot

 fo
r r

es
al

e,
 c

irc
ul

at
io

n 
or

 d
is

tri
bu

tio
n 

in
 w

ho
le

 o
r i

n 
pa

rt.
 ©

P
ea

rs
on

 2
01

9

SAM
PLE



MATHEMATICAL MODELLING 2 CHAPTER 1

1.1	 Mathematical models

A mathematical model is a simplification of a real-world situation. It can be used to make 
predictions and forecasts about real-world situations. This helps solve and improve the 
understanding of real-world situations by analysing the results and the model. 

The model will aim to include all the main features of the real-world situation but, given the 
difficulties of the real world, the model may have to be based on certain assumptions. As a result, 
these assumptions will need to be taken into consideration when analysing the results. 

There are many advantages of mathematical models, and these include (but are not limited to): 

■	 they are relatively quick and easy to produce

■	 they are usually a much more cost-effective way of analysing the real-world situation 

■	 they enable predictions to be made

■	 they help improve the understanding of our world 

■	 they help show how certain changes in variables will affect the outcomes

■	 they help simplify complex situations.

However, mathematical models do have disadvantages, and these include: 

■	 simplification of the real-world situation can cause errors, as the model does not include all 
aspects of the problem and may have included some assumptions 

■	 the model may work only in certain conditions that are difficult or expensive to fulfil in the  
real world. 

Example 1

Give two advantages and disadvantages of using a mathematical model: 

Advantages Disadvantages

They are relatively quick and easy to produce Simplification of a real-world situation may 
cause errors as the model is too simplistic 

They help enable predictions to be made The model may work only in certain conditions

SKILLS ANALYSIS
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3CHAPTER 1MATHEMATICAL MODELLING 

1.2	 Designing a model

The process of designing a model generally involves seven stages, outlined below. 

Stage 1: The recognition of a real-world problem 

Stage 2: A mathematical model is devised 

Stage 3: �Model used to make predictions about the  
behaviour of the real-world problem 

Stage 4: Experimental data are collected from the real world 

Stage 5: Comparisons are made against the devised model 

Stage 6: �Statistical concepts are used to test how well the  
model describes the real-world problem 

Stage 7: Model is refined

Example 2

A scientist is investigating the population of owls and notices that the population varies year 
to year. Give a summary of the stages that are needed to create a mathematical model for this 
population variation.
1	 Some assumptions need to be made to ensure the model is manageable. Birth and death rates of 

owls should be included, but food supply and environment changes should not. 
2	 Plan a mathematical model which will include diagrams. 
3	 Use this model to predict the population of the owls over a period of years. 
4	 Include and collect fresh data that match the conditions of the predicted values. You may also 

use historical data from the previous years.
5	 Analyse the data using techniques you will meet in this course to compare the predicted data 

with the experimental data.
6	 Use statistical tests that will provide an objective means of deciding if  the differences between 

the model’s predictions and experimental data are within acceptable limits. 
If  the predicted values do not match the experimental data closely enough, then the model can be 
refined. This will involve repeating and refining steps 2–6. This model is then constantly refined 
making the model more and more accurate. 

SKILLS EXECUTIVE FUNCTION

1	 Briefly explain the role of statistical tests in the process of mathematical modelling. 
2	 Describe how to refine the process of designing a mathematical model. 

Exercise 1A SKILLS ANALYSIS; EXECUTIVE FUNCTION
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MATHEMATICAL MODELLING 4 CHAPTER 1

3	 It is generally accepted that there are seven stages involved in creating a mathematical model. 
They are summarised below. Write down the missing stages. 
Stage 1: 
Stage 2: A mathematical model is devised 
Stage 3: Model used to make predictions 
Stage 4: 
Stage 5: Comparisons are made against the devised model 
Stage 6: 
Stage 7: Model is refined

  1	 Mathematical models can simplify real-world problems and are a quick way to describe a real-
world situation. Give two other reasons why mathematical models are used.

  2	 Give two advantages and two disadvantages of the use of mathematical models. 
  3	 Explain how mathematical modelling can be used to investigate climate change.
  4	 A statistician is investigating population growth in Southeast Asia. Give a summary of the 

stages that are needed to create a mathematical model for this investigation. 

1	 A mathematical model is a simplification of a real-world situation. 

2	 It is generally accepted that there are seven stages involved in creating a mathematical model.

•  Stage 1: The recognition of a real-world problem 

•  Stage 2: A mathematical model is devised

•  Stage 3: Model used to make predictions 

•  Stage 4: Experimental data collected 

•  Stage 5: Comparisons are made against the devised model 

•  Stage 6: �Statistical concepts are used to test how well the model describes the  
real-world problem 

•  Stage 7: Model is refined

3	 There are advantages and disadvantages to mathematical models.  
Some of these are:

Advantages Disadvantages

They are relatively quick and easy to produce Simplification of a real-world situation may cause 

errors as the model is too simplistic 

They help enable predictions to be made The model may work only in certain conditions

Summary of key points

Chapter review 1 SKILLS ANALYSIS; EXECUTIVE FUNCTION
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2 MEASURES OF 
LOCATION AND 
SPREAD

Wildlife biologists use 
statistics such as mean 
wingspan and standard 
deviation to compare 
populations of endangered 
birds in diff erent habitats.

Aft er completing this chapter you should be able to:

● Recognise diff erent types of data → pages 6−8

● Calculate measures of central tendency such as the mean, 
median and mode → pages 9−12

● Calculate measures of location such as percentiles  → pages 13−15

● Calculate measures of spread such as range, interquartile 
range and interpercentile range  → pages 16−17

● Calculate variance and standard deviation  → pages 18−21

● Understand and use coding  → pages 21−25

1 Calculate the mean, mode and median of the following data: 

10, 12, 38, 23, 38, 23, 21, 27, 38 ← International GCSE Mathematics 

2 A train runs for 3 hours at a speed of 65 km per hour, and for the next 
2 hours at a speed of 55 km per hour. Find the mean speed of the train 
for the 5 hour journey.  ← International GCSE Mathematics 

3 Find the mean, median, mode and range of the data shown in this 
frequency table.

Number of 
peas in a pod

3 4 5 6 7

Frequency 4 7 11 18 6

← International GCSE Mathematics

2.2
2.3

Prior knowledge check

Learning objectives
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MEASURES OF LOCATION AND SPREAD6 CHAPTER 2

2.1	 Types of data

In statistics, we collect observations or measurements of some variables. These observations are 
known as data. Variables associated with non-numerical data are qualitative variables, and variables 
associated with numerical data are quantitative variables. The flowchart below shows different 
types of data in more detail. 

Types of data

Examples include
favourite colour or
favourite animal

Discrete data -
Takes specific values

in a given range

Continous data -
Takes any value in

a given range

Examples include
number of girls in

a family or number
of bowling pins le�

standing

Examples include
a person's weight

or the distance
between two points

Qualitative
(Non-numerical data)

Quantitative
(Numerical data)

	 A variable that can take 
only specific values in a given 
range is a discrete variable.

Hint

	 A variable that can take 
any value in a given range is a 
continuous variable.

Hint

Example 1

State whether each of the following variables is continuous or discrete. 
a	 Sprint times for a 100 m race
b	 Length 
c	 Number of 10 cent coins in a bag 
d	 Number of boys in a family

a	 Sprint times are continuous

b	 Length is continuous

c	 Number of 10 cent coins is discrete

d	 Number of boys in a family is discrete

Time can take any value, as determined by the  
accuracy of the measuring device. For example:  
9 seconds, 9.1 seconds, 9.08 seconds, 
9.076 seconds, etc.

You can’t have 2.45 boys in a family.

You can’t have 5.62 coins.
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7CHAPTER 2MEASURES OF LOCATION AND SPREAD

The time, x seconds, taken by a random sample of females to run 400 m is measured  
and is shown in two different tables.
a	 Write down the class boundaries for the first row of each table. 
b	 Find the midpoint and class width for the first row for each table.

Large amounts of discrete data can be written as a frequency table or as grouped data.  
For example, the table below shows the number of students with a specific shoe size. 

Shoe size(​x​) Number of 
students, f

39 3

40 17

41 29

42 34

43 12

Data can also be presented as a grouped frequency table. The specific data values are not  
included in the table, instead they are grouped. You will need to know: 

■	 the groups are commonly known as classes

■	 how to find the class boundaries 

■	 how to find the midpoint of a class 

■	 how to find the class width. 

The number of anything is called its frequency,  
where f stands for frequency.

A frequency table is a quick way of writing a long  
list of numbers. For instance, this table tells us that  
3 students have a shoe size of 39, and 17 students  
have a shoe size of 40, etc.

Example 2 SKILLS INTERPRETATION

Table 1 Table 2
Time to run 

400 m (s)
Number of 

females f
Time to run 

400 m (s)
Number of 

females f
55–65 2 55–65 2
65–70 25 66–70 25
70–75 30 71–75 30
75–90 13 76–90 13

It may seem that the classes overlap. However, 
this is not the case, as 55–65 is the shorthand 
form of writing 55 < x , 65

The data has gaps and therefore the class 
boundaries are halfway between 55 and 65.

a	 The class boundaries for Table 1 are 55 s, 
65 s as the data has no gaps and therefore 
the class boundaries are the numbers of the 
class. The class boundaries for Table 2 are 
54.5 s, 65.5 s because the data has gaps. 

b	 The midpoint for Table 1 is ​​ 1 __ 2 ​​ (55 + 65) = 60 
The midpoint for Table 2 is ​​ 1 __ 2 ​​ (54.5 + 65.5) = 60
The class width for Table 1 is ​65 − 55 = 10​ 
The class width for Table 2 is ​65.5 − 54.5 = 11​
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MEASURES OF LOCATION AND SPREAD8 CHAPTER 2

1	 State whether each of the following variables is qualitative or quantitative:
a	 The height of a building 
b	 The colour of a jumper
c	 Time spent waiting in a queue
d	 Shoe size 
e	 Names of students in a school

2	 State which of the following statements are true:
a	 The weight of apples is discrete data. 
b	 The number of apples on the trees in an orchard is discrete data. 
c	 The amount of time it takes a train to make a journey is continuous data.
d	 Simhal collected data on car colours by standing at the end of her road and writing down  

the car colours. The data she collected is quantitative.

3	 The distribution of the lifetimes of torch batteries are shown in the grouped frequency table below. 
a	 Write down the class boundaries for the second group. 
b	 Work out the midpoint of the fifth group.

Lifetime  
(Nearest 0.1 of an hour)

Frequency

5.0–5.9 5
6.0–6.9 8
7.0–7.9 10

8.0–8.9 22
9.0–9.9 10

10.0–10.9 2

4	 The grouped frequency table below shows the distributions of the weights of 16-week-old kittens. 
a	 Write down the class boundaries for the third group. 
b	 Work out the midpoint of the second group. 

Weight (kg) Frequency
1.2–1.3 8
1.3–1.4 28
1.4–1.5 32
1.5–1.6 22

	 Sometimes it is not possible or practical to count the number of all the objects 
in a set, but that number is still discrete. For example, counting the number of apples 
on all the trees in an orchard or the number of bricks in a multi-storey building might 
not be possible (or desirable!) but nonetheless these are still discrete numbers.

Hint

Exercise 2A SKILLS INTERPRETATION
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9CHAPTER 2MEASURES OF LOCATION AND SPREAD

2.2	 Measures of central tendency

A measure of location is a single value which describes a position in a data set. If the single value 
describes the centre of the data, it is called a measure of central tendency. You should already 
know how to work out the mean, median and mode of a set of ungrouped data and from ungrouped 
frequency tables.

■	 The mode or modal class is the value or class that occurs most often.

■	 The median is the middle value when the data values are put in order.

■	 The mean can be calculated using the 

formula ​​   x ​​ = ​​ 
Sx ___ n ​​  

Combining means

If set A, of size n1, has mean ​​   x ​​1 and set B, of size ​n​2, has a mean ​​   x ​​2, then the mean of the combined 
set of A and B is: 

​​   x ​​ = ​​ 
n1​   x ​1 + n2​   x ​2 __________ n1 + n2

 ​​

●	​​    x ​​ represents the mean of the data. You say ‘x bar’.
●	 Sx represents the sum of the data values.
●	 n is the number of data values.

Notation

The mean of a sample of 25 observations is 6.4. The mean of a second sample  
of 30 observations is 7.2. Calculate the mean of all 55 observations.

For the first set of observations:

​​   x ​​ = ​​ Σx ___ n ​​ , so 6.4 = ​​ Σx ___ 
25

 ​​

​Σx​ = 6.4 × 25 = 160

For the second set of observations:

​​   y ​​ = ​​ 
Σy

 ___ m ​​, so 7.2 = ​​ 
Σy

 ___ 
30

 ​​

​Σy​ = 7.2 × 30 = 216

Mean = ​​ 160 + 216  __________ 
25 + 30

 ​​ = 6.84 (3 s.f.)

Sum of data values = mean × number of data values

	 You can use x and y to represent 
two different data sets. You need to use different 
letters for the number of observations in each 
data set.

Notation

You need to decide on the best measure to use in particular situations.

■	 Mode	� This is used when data are qualitative, or when quantitative with either a single mode or 
two modes (bimodal). There is no mode if each value occurs just once. 

■	 Median	� This is used for quantitative data. It is usually used when there are extreme values, as they 
do not affect it as much as they affect the mean.

■	 Mean	� This is used for quantitative data and uses all the pieces of data. It therefore gives a true 
measure of the data. However, it is affected by extreme values.

Example 3 SKILLS INTERPRETATION
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MEASURES OF LOCATION AND SPREAD10 CHAPTER 2

You can calculate the mean and median for discrete data presented in a frequency table.

■	 For data given in a frequency table, the  
mean can be calculated using the formula  

​​   x ​​ = ​​ 
Sxf

 ____ 
Sf

 ​​ 
●	 Sxf   is the sum of the products of the 

data values and their frequencies.
●	 Sf   is the sum of the frequencies.

Notation

Li Wei records the shirt collar size, x, � Shirt collar size 15 15.5 16 16.5 17
Frequency 3 17 29 34 12

 
of the male students in his year.  
The results are shown in the table.

For these data, find:
a	 the mode	 b	 the median	 c	 the mean.
d	 Explain why a shirt manufacturer might use the mode when planning production numbers.

1	 Priyanka collected wild mushrooms every day for a week. When she got home each day she 
weighed them to the nearest 100  g. The weights are shown below: 

500        700        400        300        900        700        700
a	 Write down the mode for these data.
b	 Calculate the mean for these data.
c	 Find the median for these data.
On the next day, Priyanka collected 650 g of wild mushrooms.
d	 Write down the effect this will have  

on the mean, the mode and the median.

	 Try to answer part d 
without recalculating the 
averages. You could recalculate 
to check your answer.

Hint

Example 4 SKILLS REASONING/ARGUMENTATION

a	 Mode = 16.5

b	 There are 95 observations 

so the median is the ​​ 95 + 1 _______ 
2

 ​​  = 48th.

There are 20 observations up to 15.5  
and 49 observations up to 16.

Median = 16

c	​​    x ​​ = ​​ 15 × 3 + 15.5 × 17 + 16 × 29 + 16.5 × 34 + 17 × 12      _________________________________________________   
95

  ​​

= ​​ 45 + 263.5 + 464 + 561 + 204    ______________________________  
95

 ​​  = ​​ 1537.5 _______ 
95

 ​​  = 16.2

d	 The mode is an actual data value and gives the 
manufacturer information on the most common size  
worn/purchased.

16.5 is the collar size with the 
highest frequency.

The 48th observation is therefore 
16.

The mean is not one of the data 
values and the median is not 
necessarily indicative of the most 
popular collar size.

Exercise 2B SKILLS REASONING/ARGUMENTATION
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11CHAPTER 2MEASURES OF LOCATION AND SPREAD

2	 Taha collects six pieces of data, x1, x2, x3, x4, x5 and x6. He works out that Sx is 256.2
a	 Calculate the mean for these data.
Taha collects another piece of data. It is 52.
b	 Write down the effect this piece of data will have on the mean.

3	 The daily mean visibility, v metres, for Kuala Lumpur in May and June was recorded each day. 
The data are summarised as follows:

May: n = 31, Sv = 724 000
June: n = 30, Sv = 632 000

a	 Calculate the mean visibility in each month.
b	 Calculate the mean visibility for the total recording period.

4	 A small workshop records how long it takes, in minutes, for each of their workers to make a 
certain item. The times are shown in the table.

Worker A B C D E F G H I J
Time in minutes 7 12 10 8 6 8 5 26 11 9

a	 Write down the mode for these data.
b	 Calculate the mean for these data.
c	 Find the median for these data.
d	 The manager wants to give the workers an idea of the average time they took.  

Write down, with a reason, which of the answers to a, b and c she should use.

5	 The frequency table shows the number of � Breakdowns 0 1 2 3 4 5
Frequency 8 11 12 3 1 1

 
breakdowns, b, per month recorded by a lorry  
firm over a certain period of time.
a	 Write down the modal number of breakdowns.
b	 Find the median number of breakdowns.
c	 Calculate the mean number of breakdowns.
d	 In a brochure about how many loads reach their destination on time, the firm quotes  

one of the answers to a, b or c as the number of breakdowns per month for its vehicles.  
Write down which of the three answers the firm should quote in the brochure.

6	 The table shows the frequency distribution for � Number of petals 5 6 7 8 9
Frequency 8 57 29 3 1

 
the number of petals in the flowers of a group  
of celandines.
Calculate the mean number of petals.

7	 A scientist is investigating how many eggs the endangered kakapo bird lays in each brood cycle. 
The results are given in this frequency table.

Number of eggs 1 2 3
Frequency 7 p 2

If the mean number of eggs is 1.5, find the value of p.

P

Use the formula for the mean of 
an ungrouped frequency table to 
write an equation involving p.

Problem-solving
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MEASURES OF LOCATION AND SPREAD12 CHAPTER 2

You can calculate the mean, the class containing the median, and the modal class for continuous data 
presented in a grouped frequency table by finding the midpoint of each class interval.

The length, x mm, to the nearest � Length of pine cone (mm) 30–31 32–33 34–36 37–39
Frequency 2 25 30 13

 
mm, of a random sample of pine  
cones is measured. The data are  
shown in the table.
a	 Write down the modal class.	 b	 Estimate the mean.	 c	 Find the median class.

a	 Modal class = 34–36

b	 Mean = ​​ 30.5 × 2 + 32.5 × 25 + 35 × 30 + 38 × 13     _________________________________________   
70

 ​​

= 34.54

c	 There are 70 observations so the median is the 35.5th.  
The 35.5th observation will lie in the class 34–36.

The modal class is the class with the 
highest frequency.

Use ​​   x ​​ = ​​ 
Sxf

 ____ 
Sf

 ​​, taking the midpoint of 

each class interval as the value of x. 
The answer is an estimate because 
you don’t know the exact data values. 

1	 The weekly wages (to the nearest €) of the production � Weekly wage 
(€)

Frequency

175–225   4
226–300   8
301–350 18
351–400 28
401–500   7

 
line workers in a small factory are shown in the table.
a	 Write down the modal class.
b	 Calculate an estimate of the mean wage.
c	 Write down the interval containing the median.

2	 The noise levels at 30 locations near an outdoor concert venue were measured  
to the nearest decibel. The data collected are shown in the grouped frequency table.

Noise (decibels) 65–69 70–74 75–79 80–84 85–89 90–94 95–99
Frequency 1 4 6 6 8 4 1

a	 Calculate an estimate of the mean noise level.� (1 mark)
b	 Explain why your answer to part a is an estimate.� (1 mark)

3	 The table shows the daily mean temperatures in Addis Ababa for the 30 days of June one year.

Temperature 
(°C)

8 < t , 10 10 < t , 12 12 < t , 14 14 < t , 16 16 < t , 18 18 < t , 20 20 < t , 22

Frequency 1 2 4 4 10 4 5

a	 Write down the modal class.� (1 mark)
b	 Calculate an estimate for the mean daily mean temperature.� (1 mark)

E

E

Example 5 SKILLS INTERPRETATION

Exercise 2C SKILLS INTERPRETATION
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13CHAPTER 2MEASURES OF LOCATION AND SPREAD

4	 Two shops (A and B) recorded the ages of their workers. �

Since age is always 
rounded down, the class 
boundaries for the 16–25 
group are 16 and 26. This 
means that the midpoint 
of the class is 21.

Problem-solving

Age of worker 16–25 26–35 36–45 46–55 56–65 66–75
Frequency A 5 16 14 22 26 14
Frequency B 4 12 10 28 25 13

By comparing estimated means for each shop, determine which  
shop is better at employing older workers.

P

2.3	 Other measures of location

The median describes the middle of the data set. It splits the data set into two equal (50%) halves.

You can calculate other measures of location such as quartiles and percentiles.

The data below shows how far (in kilometres) 20 employees live from their place of work.

  1      3      3      3      4      4      6      7      7      7

  9    10    11    11    12    13    14    16    18    23

Find the median and quartiles for these data.

Example 6

Use these rules to find the upper and lower quartiles for discrete data.

■	 To find the lower quartile for discrete data, divide n by 4.  
If this is a whole number, the lower quartile is halfway  
between this data point and the one above. If it is not a  
whole number, round up and pick this data point.

■	 To find the upper quartile for discrete data, find ​​ 3 _ 4 ​​ of n. If this is a whole number, the upper 
quartile is halfway between this data point and the one above. If it is not a whole number,  
round up and pick this data point.

	 Q1 is the lower 
quartile, Q2 is the median 
and Q3 is the upper quartile.

Notation

Lowest
value

Highest
valueQ1 Q2 Q3

10%
85%

25% 25% 25% 25%

The lower quartile is 
one-quarter of the way 
through the data set.

Percentiles split the 
data set into 100 parts. 
The 10th percentile 
lies one-tenth of the 
way through the data.

This is the median value. The upper quartile is 
three-quarters of the way 
through the data set.

85% of the data values 
are less than the 85th 
percentile, and 15% 
are greater.
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MEASURES OF LOCATION AND SPREAD14 CHAPTER 2

	 For grouped continuous data, or 
data presented in a cumulative frequency table:

Q1 = ​​ n __ 
4

 ​​ th data value

Q2 = ​​ n __ 
2

 ​​ th data value

Q3 = ​​ 3n ___ 
4

 ​​ th data value

Watch out

Q2 = ​​ 20 + 1 _______ 
2

 ​​  th value = 10.5th value

Q2 = ​​ 7 + 9 ______ 
2

 ​​  = 8 km

Q1 = 5.5th value

Q1 = 4 km

Q3 = 15.5th value

Q3 = 12.5 km

Q2 is the median. It lies halfway between the 
10th and 11th data values (7 km and 9 km 
respectively).

​​ 20 ___ 
4

 ​​ = 5 so the lower quartile is halfway between 

the 5th and 6th data values.

​​ 3 × 20 ______ 
4

 ​​  = 15 so the upper quartile is halfway 

between the 15th and 16th data values.

The length of time (to the nearest minute) � Time spent on the 
internet (minutes) 30–31 32–33 34–36 37–39

Frequency 2 25 30 13

 
spent on the internet each evening by a  
group of students is shown in the table.

a	 Find an estimate for the upper quartile.	 b	 Find an estimate for the 10th percentile.

When data are presented in a grouped 
frequency table you can use a technique called 
interpolation to estimate the median, quartiles 
and percentiles. When you use interpolation, 
you are assuming that the data values are 
evenly distributed within each class.

a	 Upper quartile: ​​ 3 × 70 _______ 
4
 ​​  = 52.5th value

Using interpolation:

33.5 36.5Q3

27 5752.5

​​ 
Q3 − 33.5

  ____________  
36.5 − 33.5

 ​​ = ​​ 52.5 − 27  __________ 
57 − 27

 ​​

	​​ 
Q3 − 33.5
 __________ 

3
 ​​	 = ​​ 25.5 _____ 

30
 ​​

	 Q3	= 36.05

b	 The 10th percentile is the 7th data value.

​​ 
P10 − 31.5

  ___________  
33.5 − 31.5

 ​​ = ​​ 7 − 2 _______ 
27 − 2

 ​​

​​ 
P10 − 31.5
 __________ 

2
 ​​  = ​​ 5 ___ 

25
 ​​

P10 = 31.9

The endpoints on the line represent the class 
boundaries.

Use proportion to estimate Q3. The 52.5th value 

lies ​​ 52.5 − 27 ________ 
57 − 27

 ​​  of the way into the class, so Q3 lies 

​​ 
Q3 − 33.5

 __________ 
36.5 − 33.5

 ​​ of the way between the class 

boundaries. Equate these two fractions to form 
an equation and solve to find Q3.

Problem-solving

The values on the bottom are the cumulative 
frequencies for the previous classes and this class.

	 You can write the 10th percentile as P10.Notation

Example 7 SKILLS INTERPRETATION
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15CHAPTER 2MEASURES OF LOCATION AND SPREAD

1	 The daily mean pressure (hPa) during the last 16 days of  
July in Perth is recorded. The data are given below: 

1024  1022  1021  1013  1009  1018  1017  1024
1027  1029  1031  1025  1017  1019  1017  1014

a	 Find the median pressure for that period.
b	 Find the lower and upper quartiles.

2	 Zaynep records the number of books in the collections of  
students in her year. The results are in the table below.

Number of books 35 36 37 38 39
Frequency   3 17 29 34 12

Find Q1, Q2 and Q3.

3	 A hotel is worried about the reliability of its lift. � Number of 
breakdowns

Frequency

0–1 18
2–3   7
4–5   1

 
It keeps a weekly record of the number of times  
it breaks down over a period of 26 weeks.  
The data collected are summarised in the  
table opposite.
Use interpolation to estimate the median  
number of breakdowns. � (2 marks)

4	 The weights of 31 cows were recorded to the nearest kilogram. The weights are shown in the table.
a	 Find an estimate for the � Weight of  

cow (kg) 300–349 350–399 400–449 450–499 500–549

Frequency 3 6 10 7 5

 
median weight.

b	 Find the lower quartile, Q1.
c	 Find the upper quartile, Q3.
d	 Interpret the meaning of the value you have found for the upper quartile in part c.

5	 A roadside assistance company kept a record over a week of the amount of time, in minutes, 
people were kept waiting for assistance. The times are shown below.

Time waiting, t (minutes) 20 < t , 30 30 < t , 40 40 < t , 50 50 < t , 60 60 < t , 70
Frequency 6 10 18 13 2

a	 Find an estimate for the mean time spent waiting. � (1 mark)
b	 Calculate the 65th percentile. � (2 marks)

The firm writes the following statement for an advertisement:

Only 10% of our customers have to wait longer than 56 minutes.

c	 By calculating a suitable percentile, comment on the validity of this claim.� (3 marks)

	 This is an ungrouped 
frequency table so you do not 
need to use interpolation. Use 
the rules for finding the median 
and quartiles of discrete data.

Hint

E

E

Exercise 2D SKILLS INTERPRETATION

	 hPa (hectopascal) 
is the SI unit used to measure 
atmospheric pressure in weather 
and meteorology.

Notation
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MEASURES OF LOCATION AND SPREAD16 CHAPTER 2

6	 The table shows the recorded wingspans, in metres, of 100 endangered California condor birds.

Wingspan, w (m) 1.0 < w , 1.5 1.5 < w , 2.0 2.0 < w , 2.5 2.5 < w , 3.0 3.0 < w
Frequency 4 20 37 28 11

a	 Estimate the 80th percentile and interpret the value.� (3 marks)
b	 State why it is not possible to estimate the 90th percentile.� (1 mark)

E

2.4	 Measures of spread

A measure of spread is a measure of how spread out  
the data are. Here are two simple measures of spread.

■	 The range is the difference between the largest  
and smallest values in the data set.

■	 The interquartile range (IQR) is the difference between  
the upper quartile and the lower quartile, Q3 − Q1.

The range takes into account all of the data but can be affected by extreme values. The interquartile 
range is not affected by extreme values but only considers the spread of the middle 50% of the data.

■	 The interpercentile range is the difference between the values for two given percentiles.

The 10th to 90th interpercentile range is often used since it is not affected by extreme values but still 
considers 80% of the data in its calculation.

	 Measures of spread 
are sometimes called measures of 
dispersion or measures of variation.

Notation

The table shows the masses, in tonnes, of 120 African bush elephants.

Mass, m (tonnes) 4.0 < m , 4.5 4.5 < m , 5.0 5.0 < m , 5.5 5.5 < m , 6.0 6.0 < m , 6.5
Frequency 13 23 31 34 19

Find estimates for:
a  the range      b  the interquartile range      c	 the 10th to 90th interpercentile range.

a	 Range is 6.5 − 4.0 = 2.5 tonnes

b	 Q1 = 30th data value: 4.87 tonnes
Q3 = 90th data value: 5.84 tonnes
The interquartile range is therefore  
5.84 − 4.87 = 0.97 tonnes

c	 10th percentile = 12th data value:  
4.46 tonnes
90th percentile = 108th data value:  
6.18 tonnes
The 10th to 90th interpercentile range is 
therefore 6.18 − 4.46 = 1.72 tonnes

Use interpolation: ​​ 
Q1 − 4.5

 ________ 
5.0 − 4.5

 ​​ = ​​ 30 − 13 _______ 
23

 ​​

Use interpolation: ​​ 
Q3 − 5.5

 ________ 
6.0 − 5.5

 ​​ = ​​ 90 − 67 _______ 
34

 ​​

Use interpolation to find the 10th and 90th 
percentiles, then work out the difference between 
them.

The largest possible value is 6.5 and the smallest 
possible value is 4.0.

Example 8 SKILLS INTERPRETATION
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17CHAPTER 2MEASURES OF LOCATION AND SPREAD

1	 The lengths of a number of slow worms  
were measured, to the nearest mm.  
The results are shown in the table.
a	 Work out how many slow worms were  

measured. 
b	 Estimate the interquartile range for the  

lengths of the slow worms.
c	 Calculate an estimate for the mean length  

of the slow worms.
d	 Estimate the number of slow worms  

whose length is more than one  
interquartile range above the mean.

2	 The table shows the monthly income for workers in a factory.

Monthly income, x ($) 900 < x , 1000 1000 < x , 1100 1100 < x , 1200 1200 < x , 1300
Frequency 3 24 28 15

a	 Calculate the 34% to 66% interpercentile range.� (3 marks)
b	 Estimate the number of data values that fall within this range.� (2 marks)

3	 A train travelled from Manchester to Liverpool. The times, to the nearest minute, it took for the 
journey were recorded over a certain period. The times are shown in the table.

Journey time (minutes) 15–16 17–18 19–20 21–22
Frequency 5 10 35 10

a	 Calculate the 5% to 95% interpercentile range.� (3 marks)
b	 Estimate the number of data values that fall within this range.� (1 mark)

4	 The daily mean temperature (°C) in Santiago for each of the first ten days of June is given below: 
14.3    12.7    12.4    10.9    9.4    13.2    12.1    10.3    10.3    10.6

a	 Calculate the median and interquartile range.� (2 marks)
The median daily mean temperature in Santiago during the first 10 days of May  
was 9.9 °C and the interquartile range was 3.9 °C.
b	 Compare the data for May with the data for June.� (2 marks)
The 10% to 90% interpercentile range for the daily mean temperature in Santiago  
during July was 5.4 °C.
c	 Estimate the number of days in July on which the daily mean temperature fell  

within this range.� (1 mark)

P

For part d, work out ​​   x ​​ + IQR, and determine which 
class interval it falls in. Then use proportion to work 
out how many slow worms from that class interval 
you need to include in your estimate.

Problem-solving

E

E

E/P

Length of slow 
worms (mm)

Frequency

125–139   4
140–154   4
155–169   2
170–184   7
185–199 20
200–214 24
215–229 10

Exercise 2E SKILLS INTERPRETATION

M02_IAL_S1_45140_U02_005-028.indd   17 04/02/2019   08:55

U
nc

or
re

ct
ed

 p
ro

of
, a

ll 
co

nt
en

t s
ub

je
ct

 to
 c

ha
ng

e 
at

 p
ub

lis
he

r d
is

cr
et

io
n.

 N
ot

 fo
r r

es
al

e,
 c

irc
ul

at
io

n 
or

 d
is

tri
bu

tio
n 

in
 w

ho
le

 o
r i

n 
pa

rt.
 ©

P
ea

rs
on

 2
01

9

SAM
PLE



MEASURES OF LOCATION AND SPREAD18 CHAPTER 2

2.5	 Variance and standard deviation

Another measure that can be used to work out the spread of a data set is the variance.  
This makes use of the fact that each data point deviates from the mean by the amount x − ​​   x ​​.

■	 Variance = ​​ 
S(x − ​   x ​)2

 _________ n ​​  = ​​ 
Sx2

 ____ n ​​  − ​​(​ 
Sx ___ n ​ )​​

2

 = ​​ 
Sxx ___ n ​​

where Sxx = S(x − ​​   x ​​)2 = Sx2 − ​​ 
(Sx)2

 _____ n ​​

The second version of the formula, ​​ 
Sx2

 ____ n ​​  − ​​(​ 
Sx ___ n ​ )​​

2

, is easier to work with when given raw data. 

It can be thought of as ‘the mean of the squares minus the square of the mean’.

The third version, ​​ 
Sxx ___ n ​​  , is easier to use if you can use your calculator to find Sxx quickly.

The units of the variance are the units of the data squared. You can find a related measure of spread 
that has the same units as the data.

■	 The standard deviation is the square root of the variance:

σ = ​​√ 

_________

 ​ 
S(x − ​   x ​)2

 _________ n ​ ​​  = ​​√ 

___________

 ​ 
Sx2

 ____ n ​  − ​(​ 
Sx ___ n ​ )​

2
 ​​ = ​​√ 

___

 ​ 
Sxx ___ n ​ ​​

	 Sxx is a summary 
statistic, which is used to make 
formulae easier to use and learn.

Notation

	 σ is the symbol we use 
for the standard deviation of a data 
set. Hence σ2 is used for the variance.

Notation

The marks gained in a test by seven randomly selected students are:
3    4    6    2    8    8    5

Find the variance and standard deviation of the marks of the seven students.

Sx = 3 + 4 + 6 + 2 + 8 + 8 + 5 = 36

Sx2 = 9 + 16 + 36 + 4 + 64 + 64 + 25 = 218

variance, σ2 = ​​ 218 ____ 
7

 ​​  − ​​(​ 
36 ___ 
7
 ​)​​

2
 = 4.69

standard deviation, σ = ​​√ 
_____

 4.69 ​​ = 2.17

■	 You can use these versions of the formulae for variance and standard deviation for grouped data 
that is presented in a frequency table:

●	 σ2 = ​​ 
S f  (x − ​   x ​)2

 __________ 
S f

 ​​  = ​​ 
S fx2

 _____ 
S f

 ​​  − ​​(​ 
S fx

 ____ 
S f

 ​)​​
2

 

●	 σ = ​​√ 

__________

 ​ 
S f  (x − ​   x ​)2

 __________ 
S f

 ​ ​​  = ​​√ 

______________

  ​ 
S fx2

 _____ 
S f

 ​  − ​(​ 
S fx

 ____ 
S f

 ​)​
2

  ​​

where f  is the frequency for each group and S f  is the total frequency.

Use the ‘mean of the squares minus the square 
of the mean’:

σ2 = ​​ 
Sx2

 ____ n ​​  − ​​(​ 
Sx ___ n ​ )​​

2

Example 9 SKILLS EXECUTIVE FUNCTION
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19CHAPTER 2MEASURES OF LOCATION AND SPREAD

Shamsa records the time spent out of school � Time spent out of school, x (min) 35 36 37 38
Frequency 3 17 29 34

 
during the lunch hour to the nearest minute,  
x, of the students in her year.  
The results are shown in the table.

Calculate the standard deviation of the time spent out of school.

Example 10

If the data are given in a grouped frequency table, you can calculate estimates for the variance and 
standard deviation of the data using the midpoint of each class interval.

Akira recorded the length, in minutes, of each phone call she made for a month.  
The data are summarised in the table below.

Length of phone call, l (min) 0 , l < 5 5 , l < 10 10 , l < 15 15 , l < 20 20 , l < 60 60 , l < 70
Frequency 4 15 5 2 0 1

Calculate an estimate of the standard deviation of the length of Akira’s phone calls.

Length of 
phone call,  

l (min)

Frequency Midpoint  
x

fx fx2

0 , l < 5 4 2.5 4 × 2.5 = 10 4 × 6.25 = 25

5 , l < 10 15 7.5 112.5 843.75

10 , l < 15 5 12.5 62.5 781.25

15 , l < 20 2 17.5 35 612.5

20 , l < 60 0 40 0 0

60 , l < 70 1 65 65 4225

total 27 285 6487.5

S fx2 = 6487.5      S fx = 285      S f = 27

σ2 = ​​ 6487.5 ________ 
27

 ​​  − ​​(​ 
285 _____ 
27

 ​)​​
2
 = 128.858 02

σ = ​​√ 
___________

  128.858 02 ​​ = 11.4 (3 s.f.)

You can use a 
table like this to 
keep track of your 
working.

S fx2 = 3 �× 352 + 17 × 362 + 29 × 372  
+ 34 × 382 = 114 504

S fx = 3 �× 35 + 17 × 36 + 29 × 37  
+ 34 × 38 = 3082

S f = 3 + 17 + 29 + 34 = 83

σ2 = ​​ 114 504 ________ 
83

 ​​  − ​​(​ 
3082 ______ 
83

 ​ )​​
2
 = 0.741 47…

σ = ​​√ 
___________

  0.741 47… ​​ = 0.861 (3 s.f.)

σ2 is the variance, and σ is the standard deviation.

Use σ2 = ​​ 
S fx2

 _____ 
S f

 ​​  − ​​(​ 
S fx

 ____ 
S f

 ​)​​
2

	 The values of S fx2, S fx and S f are 
sometimes given with the question.

Hint

Example 11 SKILLS EXECUTIVE FUNCTION
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MEASURES OF LOCATION AND SPREAD20 CHAPTER 2

1	 The summary data for a variable x are:  Sx = 24    Sx2 = 78    n = 8
Find:
a	 the mean
b	 the variance σ2

c	 the standard deviation σ.

2	 Ten collie dogs are weighed (w kg). The summary data for the weights are:
Sw = 241    Sw2 = 5905

Use this summary data to find the standard deviation of the collies’ weights. � (2 marks)

3	 Eight students’ heights (h cm) are measured. They are as follows:
165    170    190    180    175    185    176    184

a	 Work out the mean height of the students.
b	 Given Sh2 = 254 307, work out the variance. Show all your working.
c	 Work out the standard deviation.

4	 For a set of 10 numbers: Sx = 50    Sx2 = 310
For a different set of 15 numbers: Sx = 86    Sx2 = 568
Find the mean and the standard deviation of the combined set of 25 numbers.

5	 Nahab asks the students in his year group how much allowance they get per week.  
The results, rounded to the nearest Omani Riyals, are shown in the table.

Number of OMR 8 9 10 11 12
Frequency 14 8 28 15 20

a	 Work out the mean and standard deviation of the allowance.  
Give units with your answer.� (3 marks)

b	 How many students received an allowance amount more than one standard  
deviation above the mean?� (2 marks)

6	 In a student group, a record was kept of the number of days of absence each student  
had over one particular term. The results are shown in the table.

Number of days absent 0 1 2 3 4
Frequency 12 20 10 7 5

Work out the standard deviation of the number of days absent. � (2 marks)

E

P

E

E

Exercise 2F SKILLS EXECUTIVE FUNCTION
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21CHAPTER 2MEASURES OF LOCATION AND SPREAD

7	 A certain type of machine contained a part that tended to wear out after different  
amounts of time. The time it took for 50 of the parts to wear out was recorded.  
The results are shown in the table.

Lifetime, h (hours) 5 , h < 10 10 , h < 15 15 , h < 20 20 , h < 25 25 , h < 30
Frequency 5 14 23 6 2

The manufacturer makes the following claim:

90% of the parts tested lasted longer than 
one standard deviation below the mean.

Comment on the accuracy of the manufacturer’s  
claim, giving relevant numerical evidence.� (5 marks)

8	 The daily mean wind speed, x (knots) in Chicago is recorded. The summary data are:
Sx = 243    Sx2 = 2317

a	 Work out the mean and the standard deviation of the daily mean wind speed.� (2 marks)
The highest recorded wind speed was 17 knots and the lowest recorded wind speed was 4 knots.
b	 Estimate the number of days in which the wind speed was greater than one  

standard deviation above the mean.� (2 marks)
c	 State one assumption you have made in making this estimate.� (1 mark)

E/P

You need to calculate estimates for the mean 
and the standard deviation, then estimate the 
number of parts that lasted longer than one 
standard deviation below the mean.

Problem-solving

E

2.6	 Coding

Coding is a way of simplifying statistical calculations. Each data value is coded to make a new set of 
data values which are easier to work with.

In your exam, you will usually have to code values using a formula like this: y = ​​ x − a _____ 
b
 ​​

where a and b are constants that you have to choose, or are given with the question.

When data are coded, different statistics change in different ways.

■	 If data are coded using the formula y = ​​ x − a _____ 
b
 ​​

●	 the mean of the coded data is given by ​​   y ​​ = ​​ ​   x ​ − a _____ 
b
 ​​

●	 the standard deviation of the coded data is given 

by σy = ​​ 
σx ___ 
b
 ​​ , where σx is the standard deviation 

of the original data.

	 You usually need to find the mean 
and standard deviation of the original data 
given the statistics for the coded data. You 
can rearrange the formulae as:

●	​​    x ​​ = b​​   y ​​ + a
●	 σx = bσy

Hint

The manager at a local bakery calculates the mean and standard deviation of the 
number of loaves of bread bought per person in a random sample of her customers 
as 0.787 and 0.99 respectively. If each loaf costs $1.04, calculate the mean and 
standard deviation of the amount spent on loaves per person. 

Challenge

M02_IAL_S1_45140_U02_005-028.indd   21 04/02/2019   08:55

U
nc

or
re

ct
ed

 p
ro

of
, a

ll 
co

nt
en

t s
ub

je
ct

 to
 c

ha
ng

e 
at

 p
ub

lis
he

r d
is

cr
et

io
n.

 N
ot

 fo
r r

es
al

e,
 c

irc
ul

at
io

n 
or

 d
is

tri
bu

tio
n 

in
 w

ho
le

 o
r i

n 
pa

rt.
 ©

P
ea

rs
on

 2
01

9

SAM
PLE



MEASURES OF LOCATION AND SPREAD22 CHAPTER 2

a Original data, x 332 355 306 317 340

Coded data, y 3.2 5.5 0.6 1.7 4.0

b	 Sy = 15, Sy2 = 59.74

​​   y ​​ = ​​ 15 ___ 
5
 ​​ = 3

σy
2 = ​​ 59.74 ______ 

5
 ​​  − ​​​(​ 

15 ___ 
5
 ​)​​​ 

2

​​ = 2.948

σy = ​​√ 
______

 2.948 ​​ = 1.72 (3 s.f.)

c	 3 = ​​ ​   x ​ − 300 ________ 
10

 ​​  so ​​   x ​​ = 30 + 300 = 330 °C

1.72 = ​​ 
σx ___ 
10

 ​​ so σx = 17.2 °C (3 s.f.)

When x = 332, y = ​​ 332 − 300 _________ 
10

 ​​  = 3.2

Substitute into ​​   y ​​ = ​​ ​   x ​ − a _____ 
b
 ​​  and solve to find ​​   x ​​.

You could also use ​​   x ​​ = b  ​​   y ​​ + a with a = 300, b = 10 
and ​​   y ​​ = 3.

Substitute into σy = ​​ 
σx ___ 
b
 ​​ and solve to find σx .

You could also use σx = b  σy with σy = 1.72 and  
b = 10.

Data on the maximum gust, g knots, are recorded in Chicago during May and June.

The data were coded using h = ​​ 
g − 5

 _____ 10 ​​  and the following statistics found: 

Shh = 43.58   ​​      h ​​ = 2      n = 61

Calculate the mean and standard deviation of the maximum gust in knots.

2 = ​​ 
​   g ​ − 5
 ______ 

10
 ​​

​​   g ​​ = 2 × 10 + 5 = 25 knots

σh = ​​√ 

_______

 ​ 43.58 ______ 
61

 ​ ​​  = 0.845…

σh = ​​ 
σg

 ___ 
10

 ​​

σg = σh × 10 = 8.45 knots (3 s.f.)

Use the formula for the mean of a coded variable:

​​   h ​​ = ​​ 
​   g ​ − a

 _____ 
b
 ​​  with a = 5 and b = 10.

Calculate the standard deviation of the coded 

data using σh = ​​√ 

___

 ​ 
Shh ___ n ​ ​​  , then use the formula for 

the standard deviation of a coded variable: 

σh = ​​ 
σg

 __ 
b
 ​​ with b = 10.

A scientist measures the temperature, x °C, at five different points in a nuclear reactor.  
Her results are given below:

332 °C    355 °C    306 °C    317 °C    340 °C

a	 Use the coding y = ​​ x − 300 _______ 10 ​​  to code these data.

b	 Calculate the mean and standard deviation of the coded data.
c	 Use your answer to part b to calculate the mean and standard deviation of the original data.

Example 12 SKILLS INTERPRETATION

Example 13 SKILLS INTERPRETATION
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23CHAPTER 2MEASURES OF LOCATION AND SPREAD

As seen in Example 11, Akira recorded the length, in minutes, of each phone call she made for a 
month, as summarised in the table below. This example will now show you how to solve this type 
of question with a different method. 

Use y = ​​ x − 7.5 _______ 5 ​​   to calculate an 

estimate for: 

a	 the mean 
b	 the standard deviation.

Length of phone call Number of occasions
0 , l < 5 4

5 , l < 10 15

10 , l < 15 5

15 , l < 20 2

20 , l < 60 0

60 , l < 70 1

Example 14

a	 Length of 
phone call

Number of 
occasions

Midpoint x y = ​​ 
x − 7.5
 ________ 

5
 ​​

0 , l < 5 4 2.5 −1

5 , l < 10 15 7.5 0

10 , l < 15 5 12.5 1

15 , l < 20 2 17.5 2

20 , l < 60 0 40 6.5

60 , l < 70 1 65 11.5

Total 27

Mean of coded data: 

= ​​ 16.5 _____ 
27

 ​​ = 0.6111

Mean of original data

= 0.6111 = ​​ x − 7.5 _______ 
5

 ​​

0.6111 × 5 = x − 7.5
x = 10.56

b	 Length of 
phone call

Number of 
occasions

Midpoint x y = ​​ 
x − 7.5
 ________ 

5
 ​​  fy fy2

0 , l < 5 4 2.5 −1 −4 4

5 , l < 10 15 7.5 0 0 0

10 , l < 15 5 12.5 1 5 5

15 , l < 20 2 17.5 2 4 8

20 , l < 60 0 40 6.5 0 0

60 , l < 70 1 65 11.5 11.5 132.25

Total 27 16.5 149.25

Standard deviation of coded data	= ​​√ 

_________________

  ​ 149.25 _______ 
27

 ​  − ​(​ 
16.5 _____ 
27

 ​)​
2
 ​​ = 2.27

Standard deviation of original data = 2.27 × 5 = 11.35
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MEASURES OF LOCATION AND SPREAD24 CHAPTER 2

1	 A set of data values, x, is shown below: 
110    90    50    80    30    70    60

a	 Code the data using the coding y = ​​ x ___ 10 ​​ 

b	 Calculate the mean of the coded data values.
c	 Use your answer to part b to calculate the mean of the original data.

2	 A set of data values, x, is shown below: 
52    73    31    73    38    80    17    24

a	 Code the data using the coding y = ​​ x − 3 _____ 7 ​​ 

b	 Calculate the mean of the coded data values.
c	 Use your answer to part b to calculate the mean of the original data.

3	 The coded mean price of televisions in a shop was worked out. Using the coding y = ​​ x − 65 ______ 200 ​​  

the mean price was 1.5. Find the true mean price of the televisions. � (2 marks)

4	 The coding y = x − 40 gives a standard deviation  
for y of  2.34

Write down the standard deviation of x.

5	 A study was performed to investigate  
how long a mobile phone battery lasts  
if  the phone is not used. The grouped 
frequency table shows the battery life  
(b hours) of a random sample of  
100 different mobile phones.

Battery life  
(b hours)

Frequency 
( f  ) 

Midpoint 
(x) y = ​​ x − 14 ______ 2 ​​  

11–21 11
21–27 24
27–31 27
31–37 26
37–43 12

a	 Copy and complete the table.

b	 Use the coding y = ​​ x − 14 ______ 2 ​​  to calculate an estimate of the mean battery life. 

6	 The lifetime, x, in hours, of 70 light bulbs is shown in the table below.

Lifetime, x (hours) 20 , x < 22 22 , x < 24 24 , x < 26 26 , x < 28 28 , x < 30
Frequency 3 12 40 10 5

The data are coded using y = ​​ x − 1 _____ 20 ​​   �
Code the midpoints of each class interval. 
The midpoint of the 22 , x < 24 class 
interval is 23, so the coded midpoint will 

be ​​ 23 − 1 ______ 
20

 ​​  = 1.1

Problem-solving

a	 Estimate the mean of the coded values ​​   y ​​. 
b	 Hence find an estimate for the mean lifetime  

of the light bulbs, ​​   x ​​.
c	 Estimate the standard deviation of the lifetimes  

of the light bulbs.

E

	 Adding or subtracting 
constants does not affect how spread out 
the data are, so you can ignore the ‘−40’ 
when finding the standard deviation for x.

Watch out

P

P

Exercise 2G SKILLS INTERPRETATION
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25CHAPTER 2MEASURES OF LOCATION AND SPREAD

7	 The weekly income, i, of 100 workers was recorded. 

The data were coded using y = ​​ i − 90 _____ 100 ​​  and the following summations were obtained: 

Sy = 131,  Sy2 = 176.84
Estimate the standard deviation of the actual workers’ weekly income. � (2 marks)

8	 A meteorologist collected data on the annual rainfall, x mm, at six randomly selected places.

The data were coded using s = 0.01x − 10 and the following summations were obtained: 

Ss = 16.1,  Ss2 = 147.03

Work out an estimate for the standard deviation of the actual annual rainfall. � (2 marks)

9	 The daily mean pressure, p hPa, in Accra during August is recorded. 

The data are coded using c = ​​ 
p
 __ 2 ​​ − 500 and the following 

summary statistics were obtained:

n = 30  ​​     c ​​ = 10.15    Scc = 296.4

Find the mean and standard deviation of the daily mean pressure.� (4 marks)

E

E

E/P

  1	 On a science test, the mean mark for a group of eight students is 65. The mean mark  
for a second group of 12 students is 72. Calculate the mean mark for the combined group  
of 20 students.

  2	 The data set below shows the prices (x) of six shares on a particular day in the year 2007:

807    967    727    167    207    767

a	 Code the data using the coding y = ​​ x − 7 _____ 80 ​​ 

b	 Calculate the mean of the coded data values.
c	 Use your answer to part b to calculate the mean of the original data.

  3	 Different teachers using different methods taught two groups of students. Both groups of 
students took the same examination at the end of the course. The students’ marks are shown  
in the grouped frequency table.

Exam mark 20–29 30–39 40–49 50–59 60–69 70–79 80–89
Frequency group A 1 3 6 6 11 10 8
Frequency group B 1 2 4 13 15 6 3

a	 Work out an estimate of the mean mark for group A and an estimate  
of the mean mark for group B. 

b	 Write down whether or not the answer to a suggests that one method  
of teaching is better than the other. Give a reason for your answer.

Chapter review 2 SKILLS PROBLEM-SOLVING
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MEASURES OF LOCATION AND SPREAD26 CHAPTER 2

  4	 The lifetimes of 80 batteries, to the nearest hour, are shown in the table below.

Lifetime (hours) 6–10 11–15 16–20 21–25 26–30
Frequency 2 10 18 45 5

a	 Write down the modal class for the lifetime of the batteries.
b	 Use interpolation to find the median lifetime of the batteries.

The midpoint of each class is represented by x and its corresponding  
frequency by f, giving S fx = 1645.
c	 Calculate an estimate of the mean lifetime of the batteries.

Another batch of 12 batteries is found to have an estimated mean lifetime of 22.3 hours.
d	 Estimate the mean lifetime for all 92 batteries. 

  5	 A frequency distribution is shown below.

Class interval 1–20 21–40 41–60 61–80 81–100
Frequency 5 10 15 12 8

Use interpolation to find an estimate for the interquartile range.

  6	 A frequency distribution is shown below.

Class interval 1–10 11–20 21–30 31–40 41–50
Frequency 10 20 30 24 16

a	 Use interpolation to estimate the value of the 30th percentile.
b	 Use interpolation to estimate the value of the 70th percentile.
c	 Hence estimate the 30% to 70% interpercentile range.

  7	 The times it took a random sample of runners to complete a race are summarised in the table.

Time taken, t (minutes) 20–29 30–39 40–49 50–59 60–69
Frequency 5 10 36 20 9

a	 Use interpolation to estimate the interquartile range.� (3 marks)

The midpoint of each class was represented by x and its corresponding frequency by f giving: 

S fx = 3740    S fx2 = 183 040

b	 Estimate the variance and standard deviation for these data.� (3 marks)

  8	 The heights of 50 clover flowers are summarised in the table.

Height, x (mm) 90 < x , 95 95 < x , 100 100 < x , 105 105 < x , 110 110 < x , 115
Frequency 5 10 26 8 1

a	 Find Q1.
b	 Find Q2.
c	 Find the interquartile range.
d	 Use S fx = 5075 and S fx2 = 516 112.5 to find the standard deviation.

E
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27CHAPTER 2MEASURES OF LOCATION AND SPREAD

  9	 The daily mean temperatures recorded in Dakar, Senegal, during September are  
shown in the table below.

Temp (°C) 25 < t , 27 27 < t ,  29 29 < t , 31
Frequency 12 14 4

a	 Estimate the mean and standard deviation of the temperatures.� (3 marks)
b	 Use linear interpolation to find an estimate for the 10% to 90%  

interpercentile range.� (3 marks) 
c	 Estimate the number of days in September when the daily mean temperature 

in Dakar is more than one standard deviation greater than the mean.� (2 marks)

10	 The daily mean wind speed, w knots, was recorded at Toronto Pearson International Airport, 

during May. The data were coded using z = ​​ w − 3 _____ 2 ​​ 

Summary statistics were calculated for the coded data:
n = 31      Sz = 106      Szz = 80.55

a	 Find the mean and standard deviation of the coded data.� (2 marks)
b	 Work out the mean and standard deviation of the daily mean wind speed at  

Toronto Pearson International Airport during May.� (2 marks)

11	 20 endangered owls were caught for ringing (wrapping a label around their legs to  
help identify them). Their wingspans (x cm) were measured to the nearest centimetre.
The following summary statistics were worked out:

Sx = 316      Sx2 = 5078

a	 Work out the mean and the standard deviation of the wingspans of the 20 birds.� (3 marks)
One more bird was caught. It had a wingspan of 13 centimetres.
b	 Without doing any further calculation, say how you think this extra wingspan  

will affect the mean wingspan.� (1 mark)

20 eagles were also caught for ringing. Their wingspans (  y cm) were also measured to the 

nearest centimetre and the data coded using z = ​​ 
y − 5

 _____ 10 ​​ 

The following summary statistics were obtained from the coded data:
Sz = 104      Szz = 1.8

c	 Work out the mean and standard deviation of the wingspans of the eagles.� (5 marks)

E/P

E

E

A biologist recorded the heights, x cm, of 20 plant seedlings.  
She calculated the mean and standard deviation of her results: 

​​   x ​​ = 3.1 cm      σ = 1.4 cm

The biologist subsequently discovered she had written down one value 
incorrectly. She replaced a value of 2.3 cm with a value of 3.2 cm.

Calculate the new mean and standard deviation of her data.

Challenge
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MEASURES OF LOCATION AND SPREAD28 CHAPTER 2

  1	 The mode or modal class is the value or class that occurs most often.

  2	 The median is the middle value when the data values are put in order.

  3	 The mean can be calculated using the formula ​​   x ​​ = ​​ 
Sx ___ n ​​  

  4	 For data given in a frequency table, the mean can be calculated using the formula ​​   x ​​ = ​​ 
Sxf

 ____ 
S f

 ​​ 

  5	 To find the lower quartile for discrete data, divide n by 4. If this is a whole number, the lower 
quartile is halfway between this data point and the one above. If it is not a whole number, 
round up and pick this data point.

  6	 To find the upper quartile for discrete data, find ​​ 3 _ 4 ​​ of n. If this is a whole number, the upper 
quartile is halfway between this data point and the one above. If it is not a whole number, 
round up and pick this data point.

  7	 The range is the difference between the largest and smallest values in a data set.

  8	 The interquartile range (IQR) is the difference between the upper quartile  
and the lower quartile, Q3 − Q1.

  9	 The interpercentile range is the difference between the values for two given percentiles.

10	 Variance = ​​ 
S(x − ​   x ​)2

 ________ n ​​  = ​​ 
Sx2

 ____ n ​​  − ​​(​ 
Sx ___ n ​ )​​

2

 = ​​ 
Sxx ___ n ​​ , where Sxx = S(x − ​​   x ​​)2 = Sx2 − ​​ 

(Sx)2

 _____ n ​​

11	 The standard deviation is the square root of the variance:

σ = ​​√ 

_________

 ​ 
S(x − ​   x ​)2

 ________ n ​ ​​  = ​​√ 

___________

 ​ 
Sx2

 ____ n ​  − ​​(​ 
Sx

 ___ n ​ )​​​ 
2

​ ​​ = ​​√ 

____

 ​ 
Sxx ___ n ​ ​​

12	 You can use these versions of the formulae for variance and standard deviation for grouped 
data that is presented in a frequency table:

σ2 = ​​ 
S f  (x − ​   x ​)2

 _________ 
S f

 ​​  = ​​ 
S fx2

 _____ 
S f

 ​​  − ​​(​ 
S fx

 ____ 
S f

 ​)​​
2

     σ = ​​√ 

_________

 ​ 
S f  (x − ​   x ​)2

 _________ 
S f

 ​ ​​  = ​​√ 

_____________

  ​ 
S fx2

 _____ 
S f

 ​  − ​​(​ 
S fx

 ____ 
S f

 ​)​​​ 
2

​ ​​ 

where f   is the frequency for each group and S f  is the total frequency.

13	 If data are coded using the formula y = ​​ x − a _____ 
b
 ​​  

•	 the mean of the coded data is given by ​​   y ​​ = ​​ ​   x ​ − a _____ 
b
 ​​  

•	 the standard deviation of the coded data is given by σy = ​​ 
σx ___ 
b
 ​​  where σx is the standard 

deviation of the original data.

14	 If set A, of size n1, has mean ​​   x ​​1, and set B, of size n2, has a mean ​​   x ​​2, then the mean of the 
combined set of A and B is:

​​ 
​   x ​ = n1​   x ​1 + n2​   x ​2  _____________ n1 + n2

 ​​

Summary of key points
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2929

Visual representations can 
help to illustrate the key 
features of a data set without 
the need for complicated 
calculations. Graphs and 
charts are vital in many 
industries, from the fi nancial 
sector to journalism. Graphs sector to journalism. Graphs 
and charts help you to and charts help you to 
visualise complicated data, visualise complicated data, 
here for example showing the here for example showing the 
diff erent food groups.diff erent food groups.

1 The table shows the number of siblings for 60 students: 

Number of siblings Frequency
0  5

1  8

2 29

3 15

4  3

Draw a pie chart to show the data. 
← International GCSE Mathematics

2 Work out the interquartile range for this set of data:

3, 5, 8, 8, 9, 11, 14, 15, 18, 20, 21, 24 
← Statistics 1 Section 2.4

3 Work out the mean and standard deviation for this set of data:

17, 19, 20, 25, 28, 31, 32, 32, 35, 37, 38 
← Statistics 1 Sections 2.2, 2.5

2.1
2.4

3 REPRESENTATIONS 
OF DATA

Aft er completing this chapter you should be able to:

● Draw and interpret histograms → pages 30–34

● Identify outliers in data sets → pages 35–37

● Draw and interpret box plots  → pages 38–40

● Draw and interpret stem and leaf diagrams  → pages 40–44

● Work out whether or not data are skewed  → pages 44–47

● Compare two data sets  → pages 48–49

Prior knowledge check

Learning objectives
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REPRESENTATIONS OF DATA30 CHAPTER 3

3.1	 Histograms

Grouped continuous data can be represented in a histogram.

Generally, a histogram gives a good picture of how the data are distributed. It enables you to see a 
rough location, the general shape and how spread out the data are.

In a histogram, the area of the bar is proportional (related in size) to the frequency in each class.  
This allows you to use a histogram to represent grouped data with unequal class intervals.

■	 In a histogram, to calculate the�
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height of each bar (the frequency  
density) use the formula: 

area of bar = k × frequency.

k = 1 is the easiest value to  
use when drawing a histogram.  

If k = 1, then 

frequency density = ​​ 
frequency

 ___________ 
class width

 ​​

■	 Joining the middle of the top of  
each bar in a histogram forms a  
frequency polygon.

Example 1

In a random sample, 200 students were asked how long it took them to complete their homework 
the previous night. The times were recorded and summarised in the table below. 

Time, t (minutes) 25 < t , 30 30 < t , 35 35 < t , 40 40 < t , 50 50 < t , 80
Frequency 55 39 68 32 6

a	 Draw a histogram and a frequency polygon to represent the data.
b	 Estimate how many students took between 36 and 45 minutes to complete their homework.

a Time, t  
(minutes)

Frequency
Class  
width

Frequency 
density

25 < t , 30 55 5 11

30 < t , 35 39 5 7.8

35 < t , 40 68 5 13.6

40 < t , 50 32 10 3.2

50 < t , 80 6 30 0.2

Frequency density = ​​ 55 __ 5 ​​ = 11

Class width �= 30 − 25 = 5

SKILLS INTERPRETATION
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31CHAPTER 3REPRESENTATIONS OF DATA

0

2

4

6

8

10

12

14
Fr

eq
ue

nc
y 

de
ns

ity

Time,  (min)
20 30 40

36 45

50 60 70 80
t

b	 Shaded area �= (40 − 36) × 13.6 + (45 − 40) × 3.2  
= 70.4 students

To draw the frequency polygon, join 
the middle of the top of each bar of 
the histogram.

To estimate the number of students 
who spent between 36 and 45 
minutes, you need to find the area 
between 36 and 45.

The histogram below displays the information gathered from 100 people, regarding how long,  
in minutes, they took to complete a word puzzle. 

Time (minutes)

Fr
eq

ue
nc

y 
de

ns
ity

0 1 2 3 4 5 6 7 8 9 10

a	 Why should a histogram be used to represent these data? 
b	 Write down the underlying feature associated with each of the bars in a histogram.
c	 Given that 5 people completed the puzzle between 2 and 3 minutes, find the number  

of people who completed the puzzle between 0 and 2 minutes.

Example 2 SKILLS INTERPRETATION

M03_IAL_S1_45140_U03_029-053.indd   31 04/02/2019   08:57

U
nc

or
re

ct
ed

 p
ro

of
, a

ll 
co

nt
en

t s
ub

je
ct

 to
 c

ha
ng

e 
at

 p
ub

lis
he

r d
is

cr
et

io
n.

 N
ot

 fo
r r

es
al

e,
 c

irc
ul

at
io

n 
or

 d
is

tri
bu

tio
n 

in
 w

ho
le

 o
r i

n 
pa

rt.
 ©

P
ea

rs
on

 2
01

9

SAM
PLE



REPRESENTATIONS OF DATA32 CHAPTER 3

a	 Time is continuous, and continuous data can be 
represented in a histogram.

b	 The area of the bar is proportional to the frequency. 

c	 There are 25 small squares between 2 and 3 minutes. 
Therefore, 25 small squares represents 5 people. 
1 small square represents ​​ 1 __ 5 ​​ of a person. 
There are 20 small squares between 0 and 2 minutes. 
Thus, 20 × ​​ 1 __ 5 ​​ = 4 people. 

1	 The data in the table show the mass, in kilograms,  
of 50 adult puffer fish.
a	 Draw a histogram for these data.
b	 On the same set of axes, draw a frequency polygon.

2	 Some students took part in an �

40 50 60 70
Time (seconds)

Fr
eq

ue
nc

y 
de

ns
ity

80 90 100 110 120

2

0

4

6

8

10

12

14

16

 
obstacle race. The time for each  
student to complete the race  
was noted. The results are shown  
in the histogram. 
a	 Give a reason to justify the  

use of a histogram to  
represent these data.

90 students took between 60 and  
70 seconds to complete the race.
b	 Find the number of students  

who took between 40 and  
60 seconds.

c	 Find the number of students  
who took 80 seconds or less.

d	 Calculate the total number  
of students who took part  
in the race.

Mass, m (kg) Frequency
10 < m , 15   4
15 < m , 20 12
20 < m , 25 23
25 < m , 30   8
30 < m , 35   3

P

	 Frequency density × class width is 
always proportional to frequency in a histogram, 
but not necessarily equal to frequency.

Watch out

Exercise 3A SKILLS PROBLEM-SOLVING; INTERPRETATION
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33CHAPTER 3REPRESENTATIONS OF DATA

3	 A Fun Day committee at a local sports �

0 10 20 30
Distance (metres)

Fr
eq

ue
nc

y 
de

ns
ity

40 50 60

2

0

4

6

8

10

 
centre organised a tennis ball throwing  
competition. The distance thrown by  
every competitor was recorded and the  
data is shown in the histogram. Forty  
people threw the ball less than 20 m.
a	 Why is a histogram a suitable  

diagram to represent these data?
b	 How many people entered the  

competition?
c	 Estimate how many people threw  

between 30 and 40 metres.
d	 How many people threw between  

45 and 65 metres?
e	 Estimate how many people threw less than 25 metres.

4	 A farmer found the masses of a random �

20 22 24 26
Mass, m

Fr
eq

ue
nc

y 
de

ns
ity

28 30 32 34
0

 
sample of lambs. The masses were  
summarised in a grouped frequency  
table and represented by a histogram.  
The frequency for the class 28 < m , 32  
was 32.
a	 Show that 25 small squares on the  

histogram represents 8 lambs.
b	 Find the frequency of the  

24 < m , 26 class.
c	 How many lambs did the farmer  

weigh in total?
d	 Estimate the number of lambs that  

had masses between 25 and 29 kg.

PP

P

You can use area to solve histogram problems 
where no vertical scale is given. You could also 
use the information given in the question to work 
out a suitable scale for the vertical axis.

Problem-solving
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REPRESENTATIONS OF DATA34 CHAPTER 3

5	 The partially (not entirely) completed  
histogram shows the time, in minutes,  
that passengers were delayed at an airport. 

a	 i	 Copy and complete the table.

Time, t (min) Frequency
  0 < t , 20 4
20 < t , 30
30 < t , 35 15
35 < t , 40 25
40 < t , 50
50 < t , 70

ii	 Copy and complete the histogram. � (4 marks)

b	 Estimate how many passengers were delayed between 25 and 38 minutes.� (2 marks)

6	 The variable y was measured to the nearest whole number. 60 observations were taken and are 
recorded in the table below.

y 10–12 13–14 15–17 18–25
Frequency 6 24 18 12

a	 Write down the class boundaries for the 13–14 class. � (1 mark)

A histogram was drawn and the bar representing the 13–14 class had a width of 4 cm and a 
height of 6 cm.

For the bar representing the 15–17 class, find:

b	 i  the width 	 (1 mark)
	 ii  the height. 	 (2 marks)

7	 The table here shows the hourly wage in euros for 31 employees�  
working at a retail store. A histogram was drawn using this data.  
The 8 < w , 10 group was represented by a bar of width 1 cm  
and a height of 8 cm.

a	 Find the width and height of the bar representing  
the 10 < w , 11 group.� (2 marks)

b	 Estimate the mean and standard deviation  
of the employees working at the store.� (3 marks)

c	 Use linear interpolation to find an estimate for the lower quartile of wages.� (2 marks)

d	 Estimate how many employees had an hourly wage higher than the mean  
plus one standard deviation.� (2 marks) 

E/P

0 10 20 30
Time, t (minutes)

Fr
eq

ue
nc

y 
de

ns
ity

40 50 60 70
0

1

2

3

4

E/P

Remember that area is proportional to frequency.

Problem-solving

E/P Hourly wage, w (C) Frequency
  4 < w ,   8 4
  8 < w , 10 8
10 < w , 11 6
11 < w , 12 7
12 < w , 15 5
15 < w , 16 1

The table below shows the lengths of 108 fish in an aquarium. 

Length (cm) 5–10 10–20 20–25 25–30 30–40 40–60 60–90

Frequency 8 16 20 18 20 14 12

If the data were represented by a histogram, what would be the ratio of the heights of 
the shortest and highest bars?
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35CHAPTER 3REPRESENTATIONS OF DATA

3.2	 Outliers

An outlier is an extreme value that lies outside the overall pattern of the data.

There are a number of different ways of calculating outliers, depending on the nature of the data and 
the calculations that you are asked to carry out.

■	 A common definition of an outlier is any value that is:

●	 either greater than Q3 + k(Q3 − Q1)

●	 or less than Q1 − k(Q3 − Q1)

In the exam, you will be told which method to use to identify  
outliers in data sets, including the value of k.

	 Q1 and Q3 are the 
first and third quartiles.

Notation

Example 3

The blood glucose levels of 30 females are recorded. The results, in mmol/litre, are shown below: 
1.7, 2.2, 2.3, 2.3, 2.5, 2.7, 3.1, 3.2, 3.6, 3.7, 3.7, 3.7, 3.8, 3.8, 3.8,
3.8, 3.9, 3.9, 3.9, 4.0, 4.0, 4.0, 4.0, 4.4, 4.5, 4.6, 4.7, 4.8, 5.0, 5.1

An outlier is an observation that falls either 1.5 × the interquartile range above the upper quartile,  
or 1.5 × the interquartile range below the lower quartile.
a	 Find the quartiles. 	 b	 Find any outliers.

a	 Q1: ​​ 
30 ___ 
4

 ​​ = 7.5; pick the 8th term = 3.2

Q3: ​​ 
3(30)
 ______ 

4
 ​​  = 22.5; pick the 23rd term = 4.0

Q2: ​​ 
30 ___ 
2
 ​​ = 15; pick the 15.5th term = 3.8

b	 Interquartile range = 4.0 − 3.2 = 0.8
Outliers are values less than  
3.2 − 1.5 × 0.8 = 2
or greater than 4.0 + 1.5 × 0.8 = 5.2
Therefore 1.7 is the only outlier.

Work out n ÷ 4 and round up. �

Work out 3n ÷ 4 and round up. �

Use the definition of an outlier given in the 
question.

Work out n ÷ 2 and go halfway to the next term. 

1.7 < 2, so it is an outlier.

SKILLS ANALYSIS

The table below shows the lengths of 108 fish in an aquarium. 

Length (cm) 5–10 10–20 20–25 25–30 30–40 40–60 60–90

Frequency 8 16 20 18 20 14 12

If the data were represented by a histogram, what would be the ratio of the 
heights of the shortest and highest bars?

Challenge
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REPRESENTATIONS OF DATA36 CHAPTER 3

a	 Mean = ​​ Σx ___ n ​​  = ​​ 252 _____ 
12

 ​​  = 21 cm

Variance = ​​ Σx2
 ____ n ​​  − ​​   x ​​ 2 = ​​ 5468 ______ 

12
 ​​  − 212 

= 14.666…

Standard deviation �= ​​√ 
_________

 14.666… ​​  
= 3.83 (3 s.f.)

b	 Mean − 2 × standard deviation  
= 21 − 2 × 3.83 = 13.34

Mean + 2 × standard deviation  
= 21 + 2 × 3.83 = 28.66

32 cm is an outlier.

Use the definition of an outlier given in the 
question.

Use the summary statistics given to work out the 
mean and standard deviation quickly.

	 Different questions might use 
different definitions of outliers. Read the 
question carefully before finding any outliers.

Watch out

Sometimes outliers are legitimate values (values that are acceptable according to the rules)  
which could be correct. For example, there really could be a giant African land snail 32 cm long.

However, there are occasions when an outlier should be removed from the data since it is clearly an 
error and it would be misleading to keep it in. These data values are known as anomalies (values that 
are different from what is normal or expected).

■	 The process of removing anomalies from a data  
set is known as cleaning the data.

Anomalies can be the result of experimental or recording  
error, or could be data values which are not relevant to  
the investigation.

Here is an example where there is a clear anomaly:

Ages of people at a birthday party: 12, 17, 21, 33, 34, 37, 42, 62, 165

​​   x ​​ = 47      σ = 44.02   ​​      x ​​ + 2σ = 135.04

The data value recorded as 165 is significantly  
higher than ​​   x ​​ + 2σ, so it can be considered an  
outlier. An age of 165 is impossible, so this value  
must be an error. You can clean the data by  
removing this value before carrying out any analysis.

	 Be careful not to remove 
data values just because they do not 
fit the pattern of the data. You must 
justify why a value is being removed.

Watch out

	 You can write 165 ≫ 135.04 where 
≫ is used to denote ‘much greater than’.
Similarly you can use ≪ to denote ‘much less 
than’.

Notation

The lengths, in cm, of 12 giant African land snails are given below:
17, 18, 18, 19, 20, 20, 20, 20, 21, 23, 24, 32

a	 Calculate the mean and standard deviation, given that  
Σx = 252 and Σx2 = 5468.

b	 An outlier is an observation which lies ±2 standard  
deviations from the mean. Identify any outliers for these data.

	 Σx is the sum of 
the data and Σx2 is the sum 
of the square of each value.

Notation

Example 4 SKILLS ANALYSIS
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37CHAPTER 3REPRESENTATIONS OF DATA

1	 Some data are collected. Q1 = 46 and Q3 = 68.

A value greater than Q3 + 1.5 × (Q3 − Q1) or less than Q1 − 1.5 × (Q3 − Q1)  
is defined as an outlier.

Using this rule, work out whether or not the following are outliers:

a	 7	 b	 88	 c	 105

2	 The masses of male and female turtles are given in grams. For males, the lower quartile was 
400 g and the upper quartile was 580 g. For females, the lower quartile was 260 g and the upper 
quartile was 340 g.

An outlier is an observation that falls either 1 × the interquartile range above the upper quartile  
or 1 × the interquartile range below the lower quartile.

a	 Which of these male turtle masses would be outliers?

400 g    260 g    550 g    640 g

b	 Which of these female turtle masses would be outliers?

170 g    300 g    340 g    440 g

c	 What is the largest mass a male turtle can be without being an outlier?

3	 The masses of arctic foxes are found and the mean mass was 6.1 kg. The variance was 4.2.

An outlier is an observation which lies ±2 standard deviations from the mean.

a	 Which of these arctic fox masses are outliers?

2.4 kg      10.1 kg      3.7 kg      11.5 kg

b	 What are the smallest and largest masses that an arctic fox can be without being an outlier?

4	 The ages of nine people at a children’s birthday party are recorded. Σx = 92 and Σx2 = 1428.

a	 Calculate the mean and standard deviation of the ages. � (3 marks)

An outlier is an observation which lies ±2 standard deviations from the mean.

One of the ages is recorded as 30.

b	 State, with a reason, whether or not this is an outlier. � (2 marks)

c	 Suggest a reason why this age could be a legitimate data value. � (1 mark)

d	 Given that all nine people were children, clean  
the data and recalculate the mean and standard  
deviation. � (3 marks)

	 The definition of an outlier 
here is different from that in 
question 1. You will be told which 
rule to use in the exam.

Hint

E

After you clean the data you will need to 
find the new values for n, Σx and Σx2.

Problem-solving

Exercise 3B SKILLS EXECUTIVE FUNCTION; ANALYSIS
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REPRESENTATIONS OF DATA38 CHAPTER 3

a	 Draw a box plot for the data on blood glucose levels of females from Example 3.
Lower quartile	= 3.2
Upper quartile	= 4.0
Median	 = 3.8
Outlier	 = 1.7
Lowest value	 = 2.2
Highest value	 = 5.1

The blood glucose levels of 30 males are recorded. The results are summarised below:
Lower quartile	= 3.6
Upper quartile	= 4.7
Median	 = 4.0
Lowest value 	 = 1.4
Highest value 	 = 5.2

An outlier is an observation that falls either 1.5 × the interquartile range above the upper quartile 
or 1.5 × the interquartile range below the lower quartile.

b	 Given that there is only one outlier for the males, draw a box plot for these data on the same 
diagram as the one for females.

c	 Compare the blood glucose levels for males and females.

Example 5 SKILLS INTERPRETATION

3.3	 Box plots

A box plot can be drawn to represent important features of the data. It shows the quartiles, 
maximum and minimum values and any outliers.

A box plot looks like this:

Median

marks100 20 30 40 50 60

Lower 
quartile

Upper 
quartile

Highest value that is 
not an outlier, or the 
boundary for outliers

Outlier

Lowest value that is  
not an outlier, or the 
boundary for outliers

Two sets of data can be compared using box plots.
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39CHAPTER 3REPRESENTATIONS OF DATA

a	

0 1 2 3
Blood glucose level (mmol/litre)

4 5 6

Females

b	 Outliers are values less than 
3.6 − 1.5 × 1.1 = 1.95

or values greater than 
4.7 + 1.5 × 1.1 = 6.35

There is one outlier, which is 1.4

0 1 2 3
Blood glucose level (mmol/litre)

4 5 6

Females

Males

c	 The median blood glucose level for females is 
lower than the median blood glucose level for 
males.
The interquartile range (the width of the 
box) and range for blood glucose levels are 
smaller for the females.

When comparing data you should compare a 
measure of location and a measure of spread. 
You should also write your interpretation in the 
context of the question.

The end of the box plot is plotted at the outlier 
boundary (in this case 1.95) as we do not know 
the actual figure.

When drawing two box plots, use the same scale 
so they can be compared. Remember to give each 
a title and label the axis.

Problem-solving

1	 A group of students took a test. The summary data are shown in the table.

Lowest mark Lower quartile Median Upper quartile Highest mark
5 21 28 36 58

Given that there were no outliers, draw a box plot to illustrate these data.

2	 Here is a box plot of marks in an examination. �

10 20 30
Marks

40 50 60 70 80

a	 Write down the upper and lower quartiles.
b	 Write down the median.
c	 Work out the interquartile range.
d	 Work out the range.

Exercise 3C SKILLS INTERPRETATION

The quartiles and outliers were found in Example 3.

The outlier is marked with a cross. The lowest 
value which is not an outlier is 2.2.

Always use a scale and label it. Remember to give 
your box plot a title.
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REPRESENTATIONS OF DATA40 CHAPTER 3

3	 The masses of male and female turtles are �

0 100 200 300 400
Mass (g)

500 600 700

Males

Females
 

given in grams. The data are summarised  
in the box plots.
a	 Compare and contrast the masses of the  

male and female turtles.
b	 A turtle was found to have a mass of 330 grams.  

State whether it is likely to be a male or a  
female. Give a reason for your answer.

c	 Write down the size of the largest female turtle.

4	 The average weight (in kg) for 30 different breeds of dog are shown below. 
13    15    16    19    20
21    22    22    24    24
25    25    26    26    26
27    29    29    30    30
33    33    38    46    48

a	 Calculate Q1, Q2 and Q3.� (3 marks)

An outlier is defined as a value which lies either 1.5 × the interquartile range above  
the upper quartile, or 1.5 × the interquartile range below the lower quartile. 
b	 Show that 46 kg and 48 kg are outliers.� (1 mark)
c	 Draw a box plot for this data.� (3 marks)

P

E

3.4	 Stem and leaf diagrams

■	 A stem and leaf diagram is used to order and present data given to 2 or 3 significant figures. 
Each number is first split into its stem and leaf. For example, take the number 42:

42

2 is the leaf4 is the stem

■	 It enables the shape of the distribution of the data to be revealed, and quartiles can easily be 
found from the diagram.

■	 Two sets of data can be compared using back to back stem and leaf diagrams.

	 The blood glucose levels of 30 males are recorded. The results, in mmol/litre, are given below. 
4.4 2.4 5.1 3.7 4.7 2.2 3.8 4.2 5.0 4.7 4.1 4.6 4.7 3.7 3.6
2.1 2.5 3.8 4.2 4.0 3.5 4.8 5.1 4.5 3.6 1.4 3.2 4.7 3.6 5.2

a	 Draw a stem and leaf diagram to represent the data. 
b	 Find: 

i	 the mode	 ii	 the lower quartile
iii	 the upper quartile	 iv	 the median.

Example 6 SKILLS INTERPRETATION; EXECUTIVE FUNCTION

M03_IAL_S1_45140_U03_029-053.indd   40 04/02/2019   08:57

U
nc

or
re

ct
ed

 p
ro

of
, a

ll 
co

nt
en

t s
ub

je
ct

 to
 c

ha
ng

e 
at

 p
ub

lis
he

r d
is

cr
et

io
n.

 N
ot

 fo
r r

es
al

e,
 c

irc
ul

at
io

n 
or

 d
is

tri
bu

tio
n 

in
 w

ho
le

 o
r i

n 
pa

rt.
 ©

P
ea

rs
on

 2
01

9

SAM
PLE



41CHAPTER 3REPRESENTATIONS OF DATA

a	 Step 1: Rearrange the numbers in ascending order. 
1.4 2.1 2.2 2.4 2.5 3.2 3.5 3.6 3.6 3.6 3.7 3.7 3.8 3.8 4.0
4.1 4.2 4.2 4.4 4.5 4.6 4.7 4.7 4.7 4.7 4.8 5.0 5.1 5.1 5.2

Step 2: Choose an appropriate stem and leaf for the data. For these data,  
the whole number part is chosen as the stem and the decimal part is chosen  
as the leaf. 

Step 3: Draw the stem and leaf diagram.

Stem Leaf
1 4
2 1 2 4 5
3 2 5 6 6 6 7 7 8 8
4 0 1 2 2 4 5 6 7 7 7 7 8
5 0 1 1 2

Step 4: Include a key. 

Stem Leaf Key: 1 | 4 = 1.4
1 4
2 1 2 4 5
3 2 5 6 6 6 7 7 8 8
4 0 1 2 2 4 5 6 7 7 7 7 8
5 0 1 1 2

b Stem Leaf Key: 1 | 4 = 1.4
1 4 (1)
2 1 2 4 5 (4)
3 2 5 6 6 6 7 7 8 8 (9)
4 0 1 2 2 4 5 6 7 7 7 7 8 (12)
5 0 1 1 2 (4)

i	 From the diagram, you can see the mode is  
4.7 as it occurs the most frequently. 

ii	 Lower quartile: ​​ 30 ___ 4 ​​ = 7.5, so pick the 8th term which is 3.6 

iii	 Upper quartile ​​ 3(30) ____ 4 ​​  = 22.5, so pick the 23rd term which is 4.7 

iv	 Median ​​ 30 ___ 2 ​​ = 15, so pick the 15.5th term which is 40.5  
(halfway between 4.0 and 4.1)

This row contains all the numbers 
between 5.0 and 5.2

This row contains all the numbers 
between 2.0 and 2.5

This is the number of pieces of data 
in the row.
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REPRESENTATIONS OF DATA42 CHAPTER 3

Achara recorded the resting pulse rate for the 16 boys and 23 girls in her year at school.  
The results were as follows:

Girls Boys
55 80 84 91 80 92 80 60 91 65
98 40 60 64 66 72 67 59 75 46
96 85 88 90 76 54 72 71 74 57
58 92 78 80 79 64 60 50 68

a	 Construct a back to back stem and leaf diagram to represent these data.
b	 Comment on your results.

Example 7 SKILLS INTERPRETATION; EXECUTIVE FUNCTION

The blood glucose levels of 30 females are recorded. The results, in mmol/litre, are shown in the 
stem and leaf diagram below: 

Stem Leaf Key: 2 | 1 = 2.1
2 2 2 3 3 5 7 (6)
3 1 2 6 7 7 7 8 8 8 8 9 9 9 (13)
4 0 0 0 0 4 5 6 7 8 (9)
5 1 5 (2)

An outlier is an observation that falls either 1.5 × the interquartile range above the upper quartile 
or 1.5 × the interquartile range below the lower quartile.
a	 Find the quartiles. 	 b	 Find any outliers.

Example 8 SKILLS ANALYSIS

a	 Use the steps outlined in Example 6 to complete the stem and leaf 
diagram. The lowest value always goes next to the stem when ordering. 

Girls Boys
0 4 6

8 5 4 5 0 7 9
6 4 0 6 0 0 4 5 7 8

9 8 6 2 7 1 2 4 5
8 5 4 0 0 0 8 0
8 6 2 2 1 0 9 1

b	 The back to back stem and leaf diagram shows that the resting 
pulse rate for the boys tends to be lower than that for the girls.

Key: 0 | 4 | 6 means
40 for the girls and  
46 for the boys

a	 Lower quartile: ​​ 30 ___ 4 ​​ = 7.5, so pick the 8th term = 3.2

Upper quartile: ​​ 3(30) ____ 4 ​​  = 22.5, so pick the 23rd term = 4.0

Median: ​​ 30 ___ 2 ​​ = 15, so pick the 15.5th term = 3.8
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43CHAPTER 3REPRESENTATIONS OF DATA

b	 Interquartile range = 4.0 − 3.2 = 0.8
Outliers are values less than 3.2 − (1.5 × 0.8) = 2 
or values greater than 4.0 + (1.5 × 0.8) = 5.2 
Therefore 5.5 is an outlier. 

1	 Thirty college students were asked how many movies they had in their collection.  
The results are as follows: 

12    25    34    17    12    18    29    34    45    6    15    9    25    3    29
22    20    32    15    15    19    12    26    27    27    32    35    42    26    25

Draw a stem and leaf diagram to represent these data.
a	 Find the median. 
b	 Find the lower quartile. 
c	 Find the upper quartile. 

2	 The following stem and leaf diagram shows some information about the marks gained by a 
group of students in a statistics test.
Stem Leaf Key: 2 | 3 means 23 marks

0 8 9 (2)
1 2 5 5 9 (4)
2 3 6 6 6 7 (5)
3 4 4 5 7 7 7 7 7 9 (9)
4 5 8 8 9 (4)

a	 Write down the highest mark. 
b	 Write down the lowest mark. 
c	 How many students scored 26 marks?
d	 What is the modal mark?
e	 Find the median.
f	 Find the lower quartile. 
g	 Find the upper quartile. 

3	 A class of 16 boys and 13 girls completed a Physics test. The test was marked out of 60.  
Their marks are shown below: 

Boys Girls
45 54 32 60 26 54 47 32
28 34 54 56 34 34 45 46
32 29 47 48 39 52 24 28
44 45 56 57 33

a	 Draw back to back stem and leaf diagrams to represent these data. 
b	 Comment on your results.

Exercise 3D SKILLS INTERPRETATION; EXECUTIVE FUNCTION
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REPRESENTATIONS OF DATA44 CHAPTER 3

3.5	 Skewness

The shape (skewness) of a data set can be described using diagrams, measures of location and 
measures of spread. 

■	 A distribution can be symmetrical, have a positive skew or have a negative skew.
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0 1 2 3 4 5 6 7 8 9

This distribution is said  
to be symmetrical 

This distribution is said  
to have a positive skew 

This distribution is said  
to have a negative skew 

■	 Data which are spread evenly are symmetrical. 

■	 Data which are mostly at lower values have a positive skew.

■	 Data which are mostly at higher values have a negative skew. 

There are several ways of comparing skewness. Sometimes you will be told which to use,  
and sometimes you will have to choose one depending on what data you have available.

You can see the shape of the data from a box plot. You can also look at the quartiles.

Q1 Q2 Q3

Q1 Q2 Q3

Q1 Q2 Q3

Symmetrical

Positive Skew

Negative Skew

Q2 − Q1 = Q3 − Q2

Q2 − Q1 < Q3 − Q2

Q2 − Q1 > Q3 − Q2

4	 The stem and leaf diagram below shows the median age, in years, of a selection of African 
elephants in Tanzania.
Stem Leaf

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

Find: 	 Key: 1 | 8 = 18 years
a	 the median 
b	 the interquartile range and any outliers.
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45CHAPTER 3REPRESENTATIONS OF DATA

Another test uses the measures of location: 

■	 Mode = median = mean describes a distribution which is symmetrical 

■	 Mode < median < mean describes a distribution with a positive skew 

■	 Mode > median > mean describes a distribution with a negative skew 

You can also calculate ​​ 
3(mean – median)

  ________________  
standard deviation

 ​​ which tells you how skewed the data are. 

Negative skew Symmetrical
0

Positive skew

■	 A value of 0 implies that the mean = median and the distribution is symmetrical 

■	 A positive value implies that the median < mean and the distribution is positively skewed

■	 A negative value implies that median > mean and the distribution is negatively skewed

The further from 0 the value is, the more likely the data will be skewed.

The following stem and leaf diagram shows the scores obtained by a group of  
students in a test.

Score Key: 6 | 1 means 61
2 1 2 8 (3)
3 3 4 7 8 9 (5)
4 1 2 3 5 6 7 9 (7)
5 0 2 3 3 5 5 6 8 9 9 (10)
6 1 2 2 3 4 4 5 6 6 8 8 8 9 9 (14)
7 0 2 3 4 5 7 8 9 (8)
8 0 1 4 (3)

The modal value is 68, the mean is 57.46 and the standard deviation is 15.7  
for these data. 

a	 Find the three quartiles for this data set. 

b	 Calculate the value of ​​ 
3(mean – median)

  _________________  standard deviation ​​ and comment on the skewness.

c	 Use two further methods to show that the data are negatively skewed. 

Example 9 SKILLS ANALYSIS
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REPRESENTATIONS OF DATA46 CHAPTER 3

1	 In a survey of the earnings of some college students who worked weekend jobs,  
the median wage was $36.50. The 75th percentile was $45.75 and the interquartile  
range was $30.50. Use the quartiles to describe the skewness of the distributions. 

2	 A group of estate agents recorded the time spent on the first meeting with a random  
sample of 120 of their clients. The mean time spent with their clients is 31.1 minutes  
and the variance is 78.05. The median time is 29.7 minutes and Q1 and Q3 values are  
25.8 minutes and 34.8 minutes. 

One measure of skewness is found using ​​ 
3(mean – median)

  _________________  standard deviation ​​

a	 Evaluate this measure and describe the skewness of the data

The estate agents are undecided whether to use the median and quartiles,  
or the mean and standard deviation to summarise the data. 

b	 State, giving a reason, which you would recommend for them to use.

Exercise 3E SKILLS ANALYSIS

a	 Q1: ​​ 
50 ___ 
4

 ​​ = 12.5, therefore we use the 13th term = 46

Q2: ​​ 
50 ___ 
2
 ​​ = 25, therefore we use the mean of the 25th

and 26th terms = 60

Q3: ​​ 
3(50)
 ______ 

4
 ​​  = 37.5, therefore we use the 38th term = 69

b	​​ 
3(mean − median)

  _________________  
standard deviation

 ​​ = ​​ 
3(57.46 − 60)

  ______________ 
15.7

 ​​  = −0.486

Therefore the data are negatively skewed.

c	 (Q3 – Q2) < (Q2 – Q1)
	 9	 <	 14
Therefore negatively skewed

	Mean	<	median	<	mode
57.46	<	 60	 <	 68
Therefore negatively skewed
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47CHAPTER 3REPRESENTATIONS OF DATA

3	 The following stem and leaf diagram summarises the wing length,  
to the nearest mm, of a random sample of 67 birds. 

Wing length Key: 5 | 0 means 50 mm
5 0 0 0 1 1 2 2 3 3 3 4 4 (12)
5 5 5 6 6 6 7 8 8 9 9 (10)
6 0 1 1 1 3 3 4 4 4 4 (10)
6 5 5 6 7 8 9 9 (7)
7 1 1 2 2 3 3 (6)
7 5 7 9 9 (4)
8 1 1 1 2 2 3 3 4 (8)
8 7 8 9 (3)
9 0 1 1 2 (4)
9 5 7 9 (3)

a	 Write down the mode. 
b	 Find the median and quartiles of the data. 
c	 Construct a box plot to represent the data. 
d	 Comment on the skewness of the distribution. 
e	 Calculate the mean and standard deviation for the data. 
f	 Use another method to shows that the data is skewed.
g	 State, giving a reason, which of b or e would you  

recommend using to summarise the data in the diagram. 

An orange farmer randomly selects 120 oranges from her farm.  
The histogram below shows the diameters (in mm) of the oranges.

Diameter (mm)

Fr
eq

ue
nc

y 
de

ns
ity

60 70 80 90 100

1

2

3

4

5

6

0
0

Calculate an estimate of the mean and standard deviation. Comment on 
why the mean is only an estimate, whether there any outliers, and the 
type of skewness displayed by the histogram. 

Challenge
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REPRESENTATIONS OF DATA48 CHAPTER 3

3.6	 Comparing data

■	 When comparing data sets you can comment on:
●  a measure of location      ●  a measure of spread

You can compare data by using the mean and standard  
deviation or by using the median and interquartile range.  
If the data set contains extreme values, then the median  
and interquartile range are more appropriate statistics to use.

	 Do not use the median 
with the standard deviation or the 
mean with the interquartile range.

Watch out

Example 10

The daily mean temperature (°C) during August is recorded at  
London Heathrow Airport and Dubai International Airport.

For London Heathrow, Σx = 562.0 and Σx2 = 10 301.2

a	 Calculate the mean and standard deviation for London Heathrow.

For Dubai International, the mean temperature  
was 31 °C with a standard deviation of 1.35 °C.

b	 Compare the data for the two airports using the information given.

SKILLS ANALYSIS

1	 The box plots below show the distribution of speeds of cars on two motorways.

55 60 65 70 75 80 85
Speed (kilometres per hour)

90

Motorway B

Motorway A

Compare the distributions of the speeds on the two motorways.

P

Exercise 3F SKILLS EXECUTIVE FUNCTION; ANALYSIS

a	​​    x ​​ = 562.0 ÷ 31 = 18.12… = 18.1 °C (3 s.f.)

 = ​​√ 

____________________

   ​ 10 301.2 ________ 
31

 ​  − ​​(​ 
562.0 ______ 

31
 ​ )​​​ 

2

​ ​​ = 1.906…

= 1.91 °C (3 s.f.)

b	 The mean daily temperature at Dubai 
International is significantly higher and the 
spread of temperatures is lower than at 
London Heathrow. 

Use ​​   x ​​ = ​​ Σx ___ n ​​  . There are 31 days in August, so n = 31.

Use your calculator to do this calculation in one 
step. Round your final answer to 3 significant 
figures.

Compare the mean and standard deviation as a 
measure of location and a measure of spread. 
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49CHAPTER 3REPRESENTATIONS OF DATA

2	 Two classes of primary school children complete a puzzle. Summary statistics for the times the 
children took, in minutes, are shown in the table. 

n Σx Σx2

Class 2B 20 650 22 000
Class 2F 22 598 19 100

Calculate the mean and standard deviation of the times and compare the distributions.

3	 The stem and leaf diagram below shows the age, in years, of the members of a sports club. 
Male Female

Key: 1 | 4 | 0 represents a male  
aged 41 and a female aged 40

8 8 7 6 1 6 6 6 7 7 8 8 9
7 6 5 5 3 3 2 1 2 1 3 3 4 5 7 8 8 9 9

9 8 4 4 3 3 2 3 3 4 7
5 2 1 4 0 1 8

9 0 5 0

a	 Find the median and interquartile range for the males. 
b	 The median and interquartile ranges for the females are 27 and 15 respectively.

Make two comparisons between the ages of the males and females.

4	 In the box plots here, the marks for a group  
of students taking their Mathematics exam  
for the first time are shown on the top. 
The marks for a group of students who are  
retaking their Mathematics exam are shown  
on the bottom.
Compare and contrast the marks between  
the two groups taking the exam.� (3 marks)

P

E/P

10 1009080706050403020

Students taking the exam for the �rst time

Students retaking their exam

1	 Aroon and Bassam decided to go on a touring holiday in Europe for the whole of July.  
They recorded the distance they drove, in kilometres, each day:

155, 164, 168, 169, 173, 175, 177, 178, 178, 178, 179, 179, 179, 184, 184, 185,  
185, 188, 192, 193, 194, 195, 195, 196, 204, 207, 208, 209, 211, 212, 226

a	 Draw a stem and leaf diagram and find Q1, Q2 and Q3. 
Outliers are values that lie below Q1 − 1.5(Q3 − Q1) or above Q3 + 1.5(Q3 − Q1).
b	 Find any outliers.
c	 Draw a box plot of these data.
d	 Comment on the skewness of the distribution.

Chapter review 3 SKILLS PROBLEM-SOLVING; ANALYSIS
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REPRESENTATIONS OF DATA50 CHAPTER 3

2	 Cross-country runners from the Marathon Club and the Runners Club were keen  
to see which club had the faster runners overall. They decided that all the members  
from both clubs would take part in a cross-country run. The time each runner took  
to complete the run was recorded.
The results are summarised in the box plots.

25 30 35 40
Time (min)

45 50 55 60 65 70 75 80

Marathon Club

Runners Club

a	 Write down the time by which 50% of the Marathon Club runners had completed the run.
b	 Write down the time by which 75% of the Runners Club runners had completed the run.
c	 Explain what is meant by the cross (×) on the Marathon Club box plot.
d	 Compare and contrast these two box plots.
e	 What conclusions can you draw from this information about which club has the faster runners?
f	 Give one advantage and one disadvantage of comparing distributions using box plots.

3	 Random samples of 35 tortoises were taken from two different zoos and their ages were recorded. 
The results are summarised in the back to back stem and leaf diagram below. 

Zoo 1 Zoo 2
8 7 2 5 5 6 7 8 8 9

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

6 6 5 2 2 5 0 0 5 5 5
8 6 5 4 2 1 1 6 2 5 6 6

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

4 9 9

a	 The lower quartile, median and upper quartile for Zoo 1 are 44, 64 and 76 years respectively.  
Find the median and the quartiles for Zoo 2.

b	 An outlier is a value that falls either:
more than 1.5 × (Q3 − Q1) above Q3 or 
more than 1.5 × (Q3 − Q1) below Q1 

State any outliers in the above data for Zoo 2.
c	 State the skewness of each distribution. Justify your answer. 

P

Key: 7 | 3 | 1 �means 37-year-olds for Zoo 1 
and 31-year-olds for Zoo 2

M03_IAL_S1_45140_U03_029-053.indd   50 04/02/2019   08:57

U
nc

or
re

ct
ed

 p
ro

of
, a

ll 
co

nt
en

t s
ub

je
ct

 to
 c

ha
ng

e 
at

 p
ub

lis
he

r d
is

cr
et

io
n.

 N
ot

 fo
r r

es
al

e,
 c

irc
ul

at
io

n 
or

 d
is

tri
bu

tio
n 

in
 w

ho
le

 o
r i

n 
pa

rt.
 ©

P
ea

rs
on

 2
01

9

SAM
PLE



51CHAPTER 3REPRESENTATIONS OF DATA

4	 The histogram shows the time taken by a group of 58 girls�

50 52 54 56
Time (seconds)

Fr
eq

ue
nc

y 
de

ns
ity

58 60 62 64

0.5
0

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

 
to run a measured distance.
a	 Work out the number of girls who took longer than  

56 seconds.
b	 Estimate the number of girls who took between  

52 and 55 seconds.

5	 The table gives the distances travelled to school, in km, of the population of children in a 
particular region of the United Kingdom.

Distance, d (km) 0 < d , 1 1 < d , 2 2 < d , 3 3 < d , 5 5 < d , 10 10 < d
Number 2565 1784 1170 756 630 135

A histogram of these data was drawn with distance along the horizontal axis.  
A bar of horizontal width 1.5 cm and height 5.7 cm represented the 0  –1 km group.
Find the widths and heights, in cm, to 1 decimal place, of the bars representing  
the following groups:
a	 2 < d , 3	 b	 5 < d , 10� (5 marks)

6	 The labelling on bags of garden compost indicates � Mass, m (kg) Frequency
14.6 < m , 14.8   1
14.8 < m , 18.0   0
18.0 < m , 18.5   5
18.5 < m , 20.0   6
20.0 < m , 20.2 22
20.2 < m , 20.4 15
20.4 < m , 21.0   1

 
that the bags have a mass of 20 kg.  
The actual masses of a random sample of 50 bags  
are summarised in the table opposite.
a	 On graph paper, draw a histogram of these data.
b	 Estimate the mean and standard deviation of the  

mass of a bag of compost.
(You may use Σfy = 988.85, Σfy2 = 19 602.84)

c	 Using linear interpolation, estimate the median. 

d	 One measure of skewness is given by ​​ 
3(mean – median)

  _________________  standard deviation ​​. Evaluate this coefficient for the data. 

e	 Comment on the skewness of the distribution of the weights of bags of compost. 

P

E/P
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REPRESENTATIONS OF DATA52 CHAPTER 3

7	 The number of bags of potato crisps sold per day in a coffee shop was recorded  
over a two-week period. The results are shown below.

20      15      10      30      33      40      5      11      13      20      25      42      31      17
a	 Calculate the mean of these data.
b	 Draw a stem and leaf diagram and find the median and quartiles for these data.

An outlier is an observation that falls either 1.5 × the interquartile range above the  
upper quartile or 1.5 × the interquartile range below the lower quartile.
c	 Determine whether or not any items of data are outliers.
d	 On graph paper, draw a box plot to represent these data. Show your scale clearly.
e	 Comment on the skewness of the distribution of bags of crisps sold per day.  

Justify your answer.

8	 For three weeks, Suha and Jameela each count the number of bicycles they see on  
their routes to school. The data they collected are summarised in this back to back  
stem and leaf diagram. 

Suha Jameela

Key: 5 | 0 | 6 means  
Suha counts 5 bicycles and  
Jameela counts 6 bicycles

9 9 7 5 0 6 6
7 6 5 3 3 2 2 2 1 1 1 1 1 5

5 3 3 2 2 2 1 2 2 2 3 7 7 8 9
2 1 3 2 3 4 7 7 8

4 2

a	 Write down the modal number of bicycles Jameela counts on her route.

The quartiles are summarised in the table below: 

Suha Jameela

Lower quartile X 21
Median 13 Y

Upper quartile Z 33

b	 Find the values of X, Y, and Z.

9	 The table shows summary statistics of  
the mean daily temperature in Toronto  
in April 1987 and April 2015. 

a	 Calculate the mean of the mean daily temperatures in each of the two years.� (2 marks)
b	 In 2015, the standard deviation was 1.02. Compare the mean daily temperatures in  

the two years. � (2 marks)
c	 A recorded temperature is considered ‘normal’ for the time of year if  it is within one  

standard deviation of the mean. Estimate for how many days in April 2015 a ‘normal’  
mean daily temperature was recorded. State one assumption you have made in  
making the estimate. � (3 marks)

E Min Max Median Σx Σx2

1987 7.0 17.0 11.85 356.1 4408.9
2015 10.1 14.1 12.0 364.1 4450.2
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53CHAPTER 3REPRESENTATIONS OF DATA

The table shows the lengths of the films in a film festival,  
to the nearest minute.

Length (min) Frequency

70–89 4

90–99 17

100–109 20

110–139 9

140–179 2

A histogram is drawn to represent the data, and the bar representing the 
90–99 class is 3 cm higher than the bar representing the 70–89 class.

Find the height of the bar chart representing the 110–139 class. 

Challenge

  1	 A common definition of an outlier is any value that is:
•	 greater than Q3 + k(Q3 − Q1)
•	 or less than Q1 − k(Q3 − Q1)

  2	 The process of removing anomalies from a data set is known as cleaning the data.

  3	 On a histogram, to calculate the height of each bar (the frequency density) use the formula:

area of bar = k × frequency

  4	 Joining the middle of the top of each bar in a histogram forms a frequency polygon.

  5	 When comparing data sets you can comment on:
•	 a measure of location
•	 a measure of spread

  6	 A stem and leaf diagram reveals the shape of the data and enables quartiles to be found. 

  7	 Two sets of data can be compared using back to back stem and leaf diagrams. 

  8	 A box plot represents important features of the data. It shows quartiles, maximum and 
minimum values, and any outliers. 

  9	 Box plots can be used to compare two sets of data.

10	 Diagrams, measures of location, and measures of spread can be used to describe the shape 
(skewness) of a data set.

11	 You can describe whether a distribution is skewed using 

•  quartiles 

•  shape from box plots 

•  measures of location 

•  the formula ​​ 
3(mean – median)

  ________________  
standard deviation

 ​​, where a larger value means greater skew. 

Summary of key points
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