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ABOUT THIS BOOK

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
e Rigorous and consistent approach throughout
e Notation boxes explain key mathematical language and symbols

2. Mathematical problem-solving The Mathematical Problem-Solving Cycle

e Hundreds of problem-solving questions, fully integrated specify the problem

into the main exercises
e Problem-solving boxes provide tips and strategies interpret results

collect information
e (Challenge questions provide extra stretch

process and
3. Transferable skills represent information

» Transferable skills are embedded throughout this book, in the exercises and in some examples
e These skills are signposted to show students which skills they are using and developing

Finding your way around the book

Glossary terms will
be identified by bold

cppemance, 1 MATHEMATICAL |
MODELLING : , Speciicaton contant for a5y

reference

Each chapter starts with a
list of Learning objectives

The Prior knowledge The real world applications of
check helps make sure g ; Ny e the maths you are about to learn
Yﬁu 5;"9 ready to start the g WO, ; are highlighted at the start of the
chapter 39y 4

chapter.
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ABOUT THIS BOOK

12 CHAPTER2 MEASURES OF LOCATION AND SPREAD MEASURES OF LOCATION AND SPREAD CHAPTER 2 13

Each section begins

H H lculate the mean, the class containing the median, and the modal class for continuous data Ve a ed the ages i e [
You can cal g ) ’ 4 Two shops (A and B) recorded the ages of their workers.
with explanation and @ ik g e midpom of sl mmes ©
kev | . int [Ageof worker | 1625 [ 2635 [ 36,45 | 4653 | 56.65 [6675]  Sinceageisavays
ey learnin oints [Freqencya |5 1716 [ 16 | 2 "2 [ 14 |  roundeddoun theclse
y 9P [ suus USRS [Frequoeys | ¢ [ 12 [0 [ 5 [ 5 [ 55| 16-25
gr0up are 16 and 26 This
‘The length, xmm, to the nearest [ Length of pine cone (mm) | 30 31 | 3233 | 3436 | 37.39 | By comparing estimated means for each shop, determine which ‘means that the midpoint
mm, of a random sample of pine [ Frequency 2 25 [ [ 13 shop is better at employing older workers. il O
cones is measured. The data are
shown in the table.
Step_ bY‘Step worked a Write down the modal class. b Estimate the mean. ¢ Find the median class.
examples focus on the — 1 The modal cass s the s with the @) other measures of location
. S T IS ST U highest frequency. The median describes the middle of the data set it splits the data set into two equal (50%) halves.
key types of questions o T 2oloa]
’ 454 X iy tking the ok
you’ll need to tackle st st s s s sss | LI G R Thelowerquartlel i the e v _ Theupper Yl
e The answeris an estimate because one-quarter of the way. " three-quarters of theway
obsenation e the coss 34-36 T o e dta st I oo e[
Qe e value:
e the ~ 1 - 85%.
w INTERPRETATION data setinto 100 parts. 5 are less than the 85th
‘The 10th percentile 10% - percentile, and 15%
1 ¥ wages (to the nearest €) of the production Weekly wage | Frequency lies one-tenth of the are greater
H line workers in a small factory are shown in the table. © B way through the data.
Transferable skills are  Virite down the modal ass. (T
. I . 226300 3 Use these rules to find the upper and lower quartiles for discrete data,
Slgnposted Where b Calculatean esimatc of the mean wage. 2ot ; ; b
© Write down the interval containing the median. 01330 18 ® Tofind the lower quartile for discrete data, divide by 4. Qs the lover
351-400 28 If this is a whole number, the lower quartile is halfway
they naturally occur e mm— oot i e e ey e
H H hol 2 k thi 2 .
in the exercises and O s —. IR bR ol dp AT ikl ot o . f
o 8 it saibed. T dafs Selscied srs oy b tHe FRoMned FeaBeA b = To find the upper quartile for discrete data, find 3 of . If this is a whole number, the upper
exam p IeS = quartile is halfway between this data point and the one above. If it is not a whole number,
[ose ecibelsy | 6569 | 7078 | 7579 | 80-84 | 5589 [ 5094 [ 5599 | B ik st point.
[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 ais an estimate. (1 mark)
Exercises are packed (©) 3 The table shows the daily mean temperatures in Addis Ababa for the 30 days of June one year. “The data below shows how far in kilometres) 20 employees live rom their place of work.
B Temperature |8 < (<10 [10=/<12[12=5(<14|14=1<16/16=(<18|18<1<20|20=<22 1 3 3 3 4 4 6 7 7 7
with exam-style ‘ \
. [quenq | 1 ‘ B | 7 ‘ 7 ‘ 0 ‘ 7 ‘ 0 ‘ 9 10 11 11 12 13 14 16 18 23
questions to ensure you S TRio R ol Find the raco NIRRT ...
are ready for the exams b Calculate an estimate for the mean daily mean temperature. (1 mark)

Exercisequestions are carefully graded
so they increase in difficulty and gradually
bring you up to exam standard

Problem-solving boxes
provide hints, tips and
strategies, and Watch
out boxes highlight areas
where students often lose
marks in their exams

Exam-style questions
are flagged with

Problem-solving
questions are flagged

with (&)

Each chapter ends with a Chapter review
and a Summary of key points

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

EXAM PRACTICE 179

Exam practice

Mathematics

International Advanced Subsidiary/
Advanced Level Statistics 1

Time: 1 hour 30 minutes

You must have: Mathematical Formulae and Statistical Tables, Calculator
Answer ALL questions

REVIEW E (ERCISE

1 Sudeshna is undergoing a training course which awards a certificate to each student who passes

Uncorrected proof, all content subject to change at publisher discretion. @t for resale, circulation or distribution in whole or in part. ©Pearson 2019
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1 a Give two reasons to justify use the of
mathematical models.
It has been suggested that there are seven
stages involved in creating i

‘The dailytotal sunshine, 5, in Amman is
recorded.

The data are coded using x = 105 + 1 and the

model. They are summarised below, with.

stages 3, 4 and 7 missing.

Stage 1. The recognition of a real-world,
problem

Stage 2. A mathematical model s devised

Stage 3.

Stage 4

Stage 5. Comparisons are made against
the devised model.

Stage 6. Work out the uncoded mean earnings.
« Statistcs 1 Sections 2.2,2.6 Fail
deseribes the real-world
problem. (® 6 A teacher standardises the test marks of
Stage . his class by adding 12 to each one and

b Wite down the missing stages.
« Statistics 1 Sections 1.1,1.2

120
5
The mean of the coded data is 24 and the
standard deviation is 2. Find the mean
and standard deviation of the original
dat « Statistics 1 Sections 2.2,2.5, 2.6

2 Data are coded using y

3 The number of patients, x, seen by a
doctor each week is coded using
y=14x-20
‘The coded numbers of patients have a
mean of 60.8 and standard de
Find the mean and standard deviation
Of .« Statistics 1 Sections 22, 25,2.6

n=30  Tx=947  S,=3306537

Find the mean and standard deviation of

the daily total sunshine. @
- Statistics 1 Sections 2.2,2.5,2.6

The coded mean of employee annual

carnings (USDx) for a store s 18.

‘The coding used was y =

720
1000

then reducing the mark by 20%.

If the standardised marks are represented

by .and the original marks by m:

a write down a formula for the coding
the teacher has use m

‘The following summary statistics are

calculated for the standardised marks:

n=28 =528 5,=13

b Calculate the mean and standard
deviation of the original marks
gained. [€)
« Statistics 1 Sections 25, 2.6

‘The following histogram shows the variable
£ which represents the time taken, in minutes,
bya group of people to swim S00m.

a test while taking the course. If she fails the test she can retake the test up to three more times,
and i she passes she will be awarded a certificate.

“The probability of passing the test on the first attempt is 60%, but the probability of passing
reduces by 10% on each attempt

a Complete the tree diagram below to show this information. @

Pass
0.6

Pass

b Given that the probability of Sudeshna being awarded a certificate is 91.6%, find the
probability that she passed on the first or second attempt. @

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

08/02/2019
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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.

| Percentage |Mark | Time | Availability
S1: Statistics 1 33% % of IAS 75 1 hour 30 min January, June and October
Paper code WST01/01 16% % of IAL First assessment June 2019

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

Assessment objectives and weightings

Recall, select and use their knowledge of mathematical facts, concepts and techniques in a

2 variety of contexts.

30%

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.

AO2 30%

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.

AO3 10%

Comprehend translations of common realistic contexts into mathematics; use the results of
AO4 | calculations to make predictions, or comment on the context; and, where appropriate, read 5%
critically and comprehend longer mathematical arguments or examples of applications.

Use contemporary calculator technology and other permitted resources (such as formulae
AO5 | booklets or statistical tables) accurately and efficiently; understand when not to use such 5%

technology, and its limitations. Give answers to appropriate accuracy.

FO1_IAL_S1_45140_PRE_i-x.indd 8 @
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QUALIFICATION AND ASSESSMENT OVERVIEW

Relationship of assessment objectives to units

Assessment objective
s1 AO1 AO2 AO3
Marks out of 75 20-25 20-25 15-20 5-10 5-10
% 262-33% 265-33% 20-265 65-135 65-135
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: +, —, x, +, 7, X,
1
VX, S
and in radians; memory.

x?, In x, e¥, x!, sine, cosine and tangent and their inverses in degrees and decimals of a degree,

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

e communication with other machines or the internet

FO1_IAL_S1_45140_PRE_i-x.indd 9 @
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‘ Extra online content

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

SolutionBank

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

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

ofiintersection O

graphically using technology.

GeaGebra

GeoGebra-powered interactives

CASIO.

Graphic calculator interactives

using GeoGebra's easy-to-use tools

T [EXE]:Show coordinates
Htih VI=xZ%-6— 1 v
i:v Y{!=2x+ 1 T X
s NT =IO 1711
! (-2,0 [ | | fBm | (X
@-n ! ! N\ = __* | INTSECT
/ SRASiRAst x—}'_s | 1 \wg‘l ] | - ]
Interact with the mathematics you are learning Explore the mathematics you are learning and

gain confidence in using a graphic calculator

Calculator tutorials

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

Finding the value of the first derivative

to access the functio

(CCDRO

on exactly which

n press:

(swrr) @

S _

P Pearson

@ Work out each coefficient quickly using g Step-by-step guide with audio instructions
the *C, and power functions on your calculator.

buttons to press and what

should appear on your calculator's screen

FO1_IAL_S1_45140_PRE_i-x.indd 10
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A
MODELLING

\

Learning objectives

After completing this chapter you should be able to: u' ’

- v -

e Understand what mathematical modelling is - page 2 i
® Design a simple mathematical model - pages 3-4 PR
. . k v < ?

S AN
Prior knowledge check
Imagine that a scientist discovers that
— the number of leopards in Sri Lanka
changes from year to year, and she wants
List three areas outside of mathematics where §' | toinvestigate these changes. Instead of
statistics can be used. <« International GCSE Mathematics & 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.

1 Write down the definition for qualitative and
guantitative data. « International GCSE Mathematics 3%

L

MO1_IAL_S1_45140_U01_001-004.indd 1 /h 04/02/2019 08:53
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2 CHAPTER1 MATHEMATICAL MODELLING
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m 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):
m 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 a L{TEJ) ANALYSIS

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

MO1_IAL_S1_45140_U01_001-004.indd 2 @
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MATHEMATICAL MODELLING CHAPTER 1

@ 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 e m EXECUTIVE FUNCTION

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.

Exercise @ m ANALYSIS; 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.

MO1_IAL_S1_45140_U01_001-004.indd 3 @
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3 Itis 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

Chapter review ° (NI  ANALYSIS; EXECUTIVE FUNCTION

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.

Summary of key points

1 A mathematical model is a simplification of a real-world situation.
2 Itis generally accepted that there are seven stages involved in creating a mathematical model.
- Stage 1: The recognition of areal-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

MO1_IAL_S1_45140_U01_001-004.indd 4 @

04/02/2019 08:54



2 MEASURES OF
% LOCATION AND | -
3 SPREAD

i 3 i

Learning objectives
After completing this chapter you should be able to:
Recognise different types of data -» pages 6-8

Calculate measures of central tendency such as thesmean,
median and mode —\pages 9-12

Calculate measures of location such as percentiles - pages 13-15

on. ﬁ%t for resale, circulation or distribution in whole or in part. ©Pearson 2019

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

l

Calculate the mean, mode and median of the following data:
10,12, 38, 23, 38, 23,21, 27, 38 <« International GCSE Mathematics
A train runs for 3 hours at a speed of 65 km per hour, and for the next

2 hours at aspeed of 55 km per hour. Find the mean speed of the train *\
forthe 5 hour journey. « International GCSE Mathematics

Find the mean, median, mode and range of the data shown in this —
frequency table. o= Wildlife biologists use

¥ statistics such as mean
lllﬂl e @ wingspan and standard
peadiinifpad s deviation to compare
Frequency --ﬂ &8 populations of endangered

« International GCSE Mathematics B birds in different habitats.
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@ 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 ]

Qualitative

(Non-numerical data)

m A variable that can take

only specific values in a given
range is a discrete variable.

Quantitative
(Numerical data)

’ Hint

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

Example °

Examples include
number of girls in
a family or number
of bowling pins left
standing

State whether each of the following variables is continuous or discrete.

a Sprint times for a 100m race

b Length

¢ Number of 10 cent coins in a bag

d Number of boys in a family

a Sprint times are continuous

b Length is continvous

¢ Number of 10 cent coins is discrete

d Number of boys ina family is discrete

MO2_IAL_S1_45140_U02_005-028.indd 6

—l

Time can take any value, as determined by the
accuracy of the measuring device. For example:

continuous variable.

9 seconds, 9.1 seconds, 9.08 seconds,

9.076 seconds, etc.

You can’t have 5.62 coins.

You can't have 2.45 boys in a family.

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

04/02/2019 08:55
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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 The number of anything is called its frequency,
students, / where f stands for frequency.
39 3
40 17 —— Afrequency table is a quick way of writing a long
41 29 list of numbers. For instance, this table tells us that
3 students have a shoe size of 39, and 17 students
42 34 .
have a shoe size of 40, etc.
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.

Example e m INTERPRETATION

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.

Uncorrected proof, all content subject to change at publisher discretion. @t for resale, circulation or distribution in whole or in part. ©Pearson 2019

Table 1 Table 2
Time to run Number of Time to run Number of
400m (s) females f° 400m (s) 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.

ka The class boundaries for Table 1 are 555, b The midpoint for Table 1 is %(55 +65) =60
The midpoint for Table 2 is £(54.5 + 65.5) = 60
The class width for Table 1is 65 -55 =10

The class width for Table 2 is 65.5 —54.5 = 11

| G655 as the data has no gaps and therefore
the class boundaries are the numbers of the
class. The class boundaries for Table 2 are

54.55, 65.55 because the data has gaps.

MO2_IAL_S1_45140_U02_005-028.indd 7 @ 04/02/2019 08:55
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Exercise m INTERPRETATION

State whether each of the following variables is qualitative or quantitative:
a The height of a building

b The colour of a jumper

¢ 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.
¢ 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 Frequency
(Nearest 0.1 of an hour)
5.0-5.9
6.0-6.9
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

m 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.

M02_IAL_S1_45140_U02_005-028.indd 8 @
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@ 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 m

x 7
formula x = 2— e X represents the mean of the data. You say x bar".

n
e Xx represents the sum of the data values.
e 1 is the number of data values.

Combining means

If set A, of size n;, has mean X, and set B, of size n,,-has a mean X, then the mean of the'‘combined
set of 4 and Bis:

X, + n,x,

Comtn,

Example o m INTERPRETATION

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.

X =

For the first set of ©bservations:

_ X X
X = 7, 50 6.4 = % ’
Xx=64x%x25 =160 Sum of data values = mean x number of data values

For the second set of observations:

= N
Y= m %90 E T30 m You can use x and y to represent

Ty =72 x 30 = 216 two different data sets. You need to use different
co +¥ic letters for the number of observations in each
+
=—— T _° _ data set.
Mean 55 1 30 6.84 (3 s.f)

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

® Mode Thisis 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 Thisis 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.

MO2_IAL_S1_45140_U02_005-028.indd 9 @ 04/02/2019 08:55
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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 @h o el
° X/ IS the sum O € products o e
y data values and their frequencies.

X =
3f e Xf'is the sum of the frequencies.

Example o (Y ([N REASONING/ARGUMENTATION

Li Wei records the shirt collar size, x, Shirt collar size 15 11551 16 | 165 17
of the male students in his year. Frequency 3 17 29 34 12
The results are shown in the table.

For these data, find:

a the mode b the median ¢ the mean.

d Explain why a shirt manufacturer might use the mode when planning production numbers.

2 Mode = 16.5 | 16.5 is the collar size with the

highest frequency.

b There are 95 observations
95 + 1
2

There are 20 observations up to 15.5

so the median is the = 456th.

The 48th observation is therefore

and 49 observations up to 16. D
Median = 16
—_ 15 x3+155x%x17 +16 x29+16.5 x 34 + 17 x 12
c X =
95
_ 45+ 263.5 + 464 + 561 +204 _ 1537.5 _ 162
a 95 - 95

The mean is not one of the data
values and the median is not
manufacturer information on the most common size necessarily indicative of the most

worn/purchased. popular collar size.

d The mode is an actual data value and gives the

Exercise @ m REASONING/ARGUMENTATION

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.

¢ Find the median for these data. m Try to answer part d
On the next day, Priyanka collected 650 g of wild mushrooms. without recalculating the
d Write down the effect this will have aivereizes. Tl colllel vegaleulzite

on the mean, the mode and the median. o e el Bt

MO2_IAL_S1_45140_U02_005-028.indd 10 @
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2 Taha collects six pieces of data, x;, X,, X3, X4, X5 and x,. He works out that 2.x 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.

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, v = 724 000
June: n =30, v = 632000
a Calculate the mean visibility in each month.
b Calculate the mean visibility for the total recording period.

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
Time in minutes 7 12 10 8 6 8 5 26 11

a Write down the mode for these data.
b Calculate the mean for these data.
¢ 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 ¢ she should use.

The frequency table shows the number of Breakdowns | 0 | 1 | 21 3 | a4 | s

breakdowns, b, per month recorded by a lorry Fréquency s |11 l12] 3 1 1

firm over a certain period of time.

a Write down the modal number of breakdowns.
b Find the median number of breakdowns.

¢ 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 ¢ as the number of breakdowns per month for its vehicles.
Write down which of the three answers the firm should quote in the brochure.

The table shows the frequency distribution for Number of petals | 5 | 6 | 7 | 8 | 9

the number of petals in the flowers of a group

Frequency 8 | 57 129

of celandines.
Calculate the mean number of petals.

A scientist is investigating how many eggs the endangered kakapo bird lays in each brood cycle.

The results are given in this frequency table. .
Problem-solving

Number of eggs 1 2 3 Use the formula for the mean of
Frequency 71 p |2 an ungrouped frequency table to
write an equation involving p.

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

MO2_IAL_S1_45140_U02_005-028.indd 11 @
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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.

Example o m INTERPRETATION

The length, x mm, to the nearest
mm, of a random sample of pine
cones is measured. The data are
shown in the table.

a Write down the modal class.

b

Length of pine cone (mm)

30-31

32-33

34-36

37-39

Frequency

25

30

13

Estimate the mean.

a Modal class = 34-36

305 x2+325x25+35x30+35x13

b Mean =

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.

SKILLS INTERPRETATION

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

¢ Find the median class.

The modalclass is the class with the
highestfrequency.

Use X =

S/

xf

, 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.

) ! - Weekly wage | Frequency
line workers in a small factory are shown in the table. €)
a Write down the modal class. 175-225 4
b Calculate an estimate of the mean wage. 226-300 8
¢ Write down the interval containing the median. 301-350 18
351-400 28
401-500 7
@ 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 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 | § </ <10 [ 10</<12|12<t<14|14<1<16|16<:<18|18<1<20(20=<¢<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)

MO2_IAL_S1_45140_U02_005-028.indd 12
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@ 4 Two shops (A and B) recorded the ages of their workers. Problem-solving

Age of worker | 16-25 | 26-35 | 36-45 | 46-55 | 56-65 | 66-75 Since age is always

Frequency A 5 16 14 22 26 14 rounded down, the class
boundaries for.the 16-25

F B 4 12 10 28 25 13
requency group are 16 and 26. This
By comparing estimated means for each shop, determine which means that the midpoint
shop is better at employing older workers. of theclass is 21.

@ 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 lower quartile is This is the median value. The upper quartile is
one-quarter of the way three-quarters of the way
through the data set. Lowest \ Highest through the data set.

value Q Q; Q; value
. : | | | l I\I\
Percentllfes split the /:5% < 750 —><_ 750 —>< 2506 — 85% of the data values
data set into 100 parts. - are less than the 85th
The 10th percentile 10% B percentile, and 15%
lies one-tenth of the ’ are greater.

way through the data.

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. )
the |
If this is a whole number, the lower quartile is halfway m O o i (e

between this data point and the one above. If it is not a
whole number, round up and pick this data point.

quartile, Q, is the median
and Q; is the upper quartile.

® To find the upper quartile for discrete data, find % 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.

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.
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Q, is the median. It lies halfway between the

Q, = 202+ 1th value = 10.5th valve
Q =’ ; EP

Q, = 5.5th value

respectively).

20

Q1 = 4km
Qs = 15.5th value

the 5th and 6th data values.

3x20

Q3 =12.5km

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.

Example a (J(NEJP INTERPRETATION

10th and 11th data values (7 km and 9 km

=15 so the upper quartile is halfway

between the 15th and 16th data values.

| atch out %)

Q3=

data value

il 5 so the lower quartile is halfway between

The length of time (to the nearest minute) :
- ‘ Time spent on the | 3 3) 1735 33 | 3436 | 37-39
spent on the internet each evening by a internet (minutes)
group of students is shown in the table. Frequency 7 25 30 13
a Find an estimate for the upper quartile. b _Find an estimate for the 10th percentile.
a Upper quartile: 3x70 _ 52 5th valve The endpoints on the line represent the class
boundaries.
Using interpolation:
335 Qs 36.5
o 3 < .
57 5005 57 | The values on the bottom are the cumulative

Q=835 525+ 27
865-335 57 -27

Q;-335 255

3 30
Qs = 36.05
b The 10th percentile is the 7th data value.
Pio = 31.5 7 =2
335 -8L5 27-2
Po-315"5

2 25
PTO = 319

MO2_IAL_S1_45140_U02_005-028.indd 14

Problem-solving

Use proportion to estimate Q;. The 52.5th value

52.5— 27
57 — 27
Q,-335

36.5—335

lies

frequencies for the previous classes and this class.

of the way into the class, so Q; lies

of the way between the class

boundaries. Equate these two fractions to form

an equation and solve to find Qs.

m You can write the 10th percentile as Py,.
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Exercise @ m INTERPRETATION

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
1027 1029 1031 1025 1017 1019 1017

a Find the median pressure for that period.

m hPa (hectopascal)

is the Sl unit used to measure
atmospheric pressure in weather
and meteorology.

1024
1014

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 Q;, Q, and Q;.

m 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.

Uncorrected proof, all content subject to change at publisher discretion. @t for resale, circulation or distribution in whole or in part. ©Pearson 2019

Number of Frequency
It keeps a weekly record of the number of times breakdowns
it breaks down over a period of 26 weeks. 0-1 18
The data collected are summarised in the 23 7
table opposite. 45
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
median weight. cow"ikg) 300-349 | 350-399 | 400-449 | 450-499 | 500549
b Find the lower quartile, Q. Frequency 3 6 10 7 5

¢ Find the upper quartile,

A hotel is worried about the reliability of its lift.

Qs.

d Interpret the meaning of the value you have found for the upper quartile in part c.

people were kept waiting for assistance. The times are shown below.

A roadside assistance company kept a record over a week of the amount of time, in minutes,

MO2_IAL_S1_45140_U02_005-028.indd 15

Time waiting, # (minutes) | 20 <7<30 | 30<7<40 | 40<:<50 | 50<¢<60 | 60<1<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.
¢ By calculating a suitable percentile, comment on the validity of this claim. (3 marks)
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@ 6 The table shows the recorded wingspans, in metres, of 100 endangered California condor birds.

Wingspan, w (m) 10=sw<15|15=s=w<20(20=w<25|25=w<3.0 30=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)

m Measures of spread

A measure of spread is a measure of how spread out
he d H ol ¢ d Measures of spread
the data are. Here are two simple measures of spread. are sometifmes called measures of

® The range is the difference between the largest dispersion or measures of variation.
and smallest values in the data set.

® The interquartile range (IQR) is the difference between
the upper quartile and the lower quartile, Q; — Q,.

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.

Example o ({[IK3) INTERPRETATION

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

Mass, m (tonnes) | 40 <m <45 | 45=m<50|50=sm<55|55=m<60|60=m<6.5
Frequency 13 23 31 34 19

Find estimates for:

a the range b the interquartile range ¢ the 10th to 90th interpercentile range.

The largest possible value is 6.5 and the smallest

a Rang25 6.5 -40 272.57tO|’1I’165 . A
possible value is 4.0.

b Q, = 30th data valve: 4.87 tonnes
Qs = 90th datavalue: 5.64 tonnes

Q -45 30-13

The interquartile range is therefore Use interpolation: 5045 23
5.64 - 4.87 = 0.97 tonnes
c 10th percentile = 12th data value: ————— Use interpolation: Q;-55 _90-¢67
4.46 tonnes 6.0-55 34
90th percentile = 108th data value:
6.18 tonnes Use interpolation to find the 10th and 90th
The 10th to 90th interpercentile range is — percentiles, then work out the difference between
therefore 6.18 — 4.46 = 1.72 tonnes them.

MO2_IAL_S1_45140_U02_005-028.indd 16 @
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Exercise @ m INTERPRETATION

@ 1 The lengths of a number of slow worms Length of slow Frequency

were measured, to the nearest mm. worms (mm)

The results are shown in the table. 125-139 4

a Work out how many slow worms were 140-154 4
measured. 155-169 2

b Estimate the interquartile range for the 170-184 7
lengths of the slow worms. 185-199 20

¢ Calculate an estimate for the mean length 200-214 24
of the slow worms. 215-229 10

d Estimate the number of slow worms Problem-soiving

whose length is more than one : ¢

. - For part d, work out ¥ + IQR, and determine which

interquartile range above the mean. : , . :
class intervalit falls in. Then use proportion to work
out how many slow worms from that class interval
you need to include in your estimate.

@ 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:
143 127 124 109 94 132 121 103 103 10.6
aCalculate 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.

¢ Estimate the number of days in July on which the daily mean temperature fell
within this range. (1 mark)
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@ 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.

So£_ 3l (Seff S

| i =
Variance == ="~ ) =" CEETID 5. is 0 summary
. , (S x)2 statistic, which is used to make
where S, =2 (x - X)? = 2x? - n formulae easier to use and learn.
. Sx2 (Ix\?. . . .
The second version of the formula, = —\57 ) s iseasier to work with when given raw data.

It can be thought of as ‘the mean of the squares minus the square of the mean’.
S,
The third version, % is easier to use if you can use your calculator to find S, 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:

~ \/E(x -X)? \/Exz (g)z _ S m o is the symbol we use
7= n “Vn " \n) T\ n for the standard deviation of a data
set. Hence o2 is used for the variance.

Example o (N3P EXECUTIVE FUNCTION

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=236

Sx?=9+16+36+4 +64+64+25=218 Use the ‘mean of the squares minus the square
2 of the mean”.
variance, 0@ = 218 _ (E) = 4.69 1 2
7Y g2 X _ (&)
standard deviation, o =y4.69 = 2.17 n n

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

,_Sfe- 3 (2fx)2
o’ = =

S 3 \3f
. U_\/Ef(x—f)z _\/Efx’-_ <2fx>2
B s Vs \3f

where f'is the frequency for each group and Xf'is the total frequency.

MO2_IAL_S1_45140_U02_005-028.indd 18 @

04/02/2019 08:55



Uncorrected proof, all content subject to change at publisher discretion. @t for resale, circulation or distribution in whole or in part. ©Pearson 2019

® |

MEASURES OF LOCATION AND SPREAD CHAPTER 2 19

Shamsa records the time spent out of school | Time spent out of school, x (min) | 35 | 36 | 37 | 38
during the lunch hour to the nearest minute, Frequency 3 [ 17129 | 34
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.

Sfx? = 3 x 352 + 17 x 362 + 29 x 372 @ The values of 2fx?, 3fx and %f are
+ 34 x 382 = 114 504 sometimes given with the question.

Sfx=3x35+17 x 36 + 29 x 37
+ 34 x 386 = 3082
Sf=3+17+29 + 34 =83

o _ 114504 _ (3052
S &3

o =V0.74147... =0.661 (3 s.f)

o2 is the variance, and o is the standard deviation.
3 <2fx)2
- 3f \3f

2
) = 0.74147... B

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.

Example @ m EXECUTIVE FUNCTION

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, /(min) | 0</<5 |5</<10[10</<15|15<]<20|20<[<60|60</=<70
Frequency 4 15 5 2 0 1

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

You can use a

Length of Frequenc Midpoint X X2
g q Y P 4 p table like this to
phone call, x —
. keep track of your
[ (min) .
working.
Lo<I<5 4 2.5 4x%x25=10|4x625=25
5<I1<10 15 7.5 12.5 843.75
10<I=<15 5 12.5 62.5 781.25
15 <I=< 20 2 17.5 35 612.5
20 < 1= 60 0 40 O O
60 <1=<70 1 65 65 4225
| total 27 285 64875

S fx2="64875 Sfx = 285 Sf=27

o? = 64875 (285
27 27

0 =y128.85802 =114 (3 s.f)

2
) =128.85602
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1

The summary data for a variable x are: 2x =24 Sx2=178 n=38
Find:

a the mean

b the variance o2

¢ the standard deviation o.

Ten collie dogs are weighed (w kg). The summary data for the weights are:
Sw =241 Sw?=5905
Use this summary data to find the standard deviation of the collies’ weights. (2 marks)

Eight students’ heights (2 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 242 = 254 307, work out the variance. Show all your working.

¢ Work out the standard deviation.

For a set of 10 numbers: >x = 50 >x? =310
For a different set of 15 numbers: 2x = 86 S x2 =568
Find the mean and the standard deviation of the combined set of 25 numbers.

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 | I5 | 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)

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)
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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, A (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: Problem-solving

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.

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:
3x =243 2x?=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)

¢ State one assumption you have made in making this estimate. (1 mark)

Challenge

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.

@ 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.
X—-a

In your exam, you will usually have to code values using a formula like this: y =

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 = *—¢

m You usually need to find the mean
Y—a and standard deviation of the original data

b given the statistics for the coded data. You
can rearrange the formulae as:

e the mean of the coded data is given by y =

o the standard deviation of the coded data is given o
o X=by+a
g

, Where o, is the standard deviation o

Ux
b
of the original data.

by o, = . =bo,
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Example @ (J((NE:JP INTERPRETATION

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

x =300

10

a Use the coding y =

317°C

to code these data.

340°C

b Calculate the mean and standard deviation of the coded data.

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

a |Original data, x | 332|355 306

317

340

Coded data, y | 3.2 55| 0.6

17

4.0

b Sy =15, 3)? = 59.74
15

y=€=3

59.74 15)2
2 — [— =
5 5 ( 5 2.9486

0,=1/2.948 =172 (3 s.1)

S

X — 300

c 3=—FF50Xx =30+ 300 =330°C

10
UX

172 = 0

so o, =172°C (3 sf)

Example @ (N} INTERPRETATION

_332-300 _

When x =332, y 0

3.2

X—a
b
You could alse use X = by + a with @ =300, b = 10

and y =3.

Substitute into y = and solve to find x.

@
Substitute into o, = f andsolve to find o.

You could also use o =bo, with o, = 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 & = gl_()

Shh:43'58 1’7:2

n=>06l

and the following statistics found:

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

g=2x%x10+ 5 = 25 knots

o, = 4‘2?8 = 0.845...
Og
ay —E

0, =0, x 10 = 845 knots (3 s.f)

MO2_IAL_S1_45140_U02_005-028.indd 22

Use the formula for the mean of a coded variable:

E=%witha=5andb=10.

Calculate the standard deviation of the coded

S
data using o, = V#, then use the formula for
the standard deviation of a coded variable:

Og .
O'h=?WIth b =10.
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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.

x—-175 Length of phone call | Number of occasions
Usey= 5 to calculate an 0<l<5 4
estimate for: 5<7<10 15
a the mean 10<iI=<15 5
b the standard deviation. 15<7=<20 2
20< /=60 0
60 </=<70 1
a Length of Number of | Midpoint x y =22 7.5
phone call occasions 5
O<I=5 4 2.5 —1
5<1=<10 15 7.5 o)
10<I<15 5 12.5 1
15 <1< 20 2 17.5 2
20 < /=60 o) 40 6.5
60 <I=<70 1 65 1.5
Total 27
Mean of coded data:
= % = 0.611
Mean of original data
x—-75
= ogin =X
061 x5=x-75
x =10.56
b Length of Number of | Midpoint x x-75
| pho:]e call occasions " YTs P H
o<I=<5 4 2.5 -1 -4 4
5<1=10 15 7.5 0 O O
10<1I=<15 5 12.5 1 5 5
15<[/= 20 2 17.5 2 4 5
20 <Il= 60 0 40 6.5 O O
60 <I=70 1 65 11.5 11.5 132.25
Total 27 16.5 149.25
L 149.25 [16.5\?
Standard deviation of coded data = \/ 57~ (7) =227

Standard deviation of original data = 2.27 x 5 = 11.35
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Exercise @ m INTERPRETATION

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 = %

b Calculate the mean of the coded data values.

¢ Use your answer to part b to calculate the mean of the original data.

2 A set of data values, x, i1s shown below:
52 73 31 73 38 80 17 24
a Code the data using the coding y = XT_3

b Calculate the mean of the coded data values.

¢ 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

the mean price was 1.5. Find the true mean price of the televisions.

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

Write down the standard deviation of x.

X —65

200
(2 marks)

LCEUEINY 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.

Battery life | Frequency

@ 5 A study was performed to investigate
(b hours) f)

how long a mobile phone battery lasts

Midpoint
(x)

if the phone is not used. The grouped 11-21 11

frequency table shows the battery life 2127 24
(b hours) of a random sample of 77.3] 27
100 different mobile phones. 31-37 26

3743 12

a Copy and complete the table.
x p—
2

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

b Use the coding y =

4 . .
to calculate an estimate of the mean battery life.

Lifetime, x (hours) |20 < x <22 |22<x<24|24<x<26|26<x<28

28<x=30

Frequency 3 12 40 10

5

x-1
2
a Estimate the mean of the coded values y.

The data are coded using y =

b Hence find an estimate for the mean lifetime
of the light bulbs, X.

¢ Estimate the standard deviation of the lifetimes
of the light bulbs.

23-1
be >0 =11

MO2_IAL_S1_45140_U02_005-028.indd 24 @

Problem-solving

Code the midpoints of each class interval.
The midpoint of the 22 < x < 24 class
interval is 23, so the coded midpoint will
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@ 7 The weekly income, 7, of 100 workers was recorded.

]

The data were coded using y = 1_ 0?)0 and the following summations were obtained:
Sy =131, 3)*=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:
25=16.1, 25> =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 ¢ = % — 500 and the following

summary statistics were obtained:
n =30 ¢ =10.15 S..=296.4

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

Chapter reviewe (WK PROBLEM-SOLVING

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
x=7

80
b Calculate the mean of the coded data values.

a Code the data using the coding y =

¢ 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 4 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 4 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.
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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 £, giving 3,fx = 1645.

¢ 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

3140

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.

¢ 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, ¢ (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:
3fx? =183040

b Estimate the variance and standard deviation for these data.

S fx= 3740

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

(3 marks)

Height, x (mm) N<=x<95 |95=x<100|100<x<105|105==x<110|1l0=x< 115
Frequency 5 10 26 8 1

a Flnd Ql'

b Flnd Qz.

¢ Find the interquartile range.
d Use Xfx =5075and Xfx? = 516 112.5 to find the standard deviation.
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9 The daily mean temperatures recorded in Dakar, Senegal, during September are
shown in the table below.

Temp(°C) | 25<¢<27 |27<t<29|29=<r<3l
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)

¢ 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 = WT_Z'

Summary statistics were calculated for the coded data:
n=231 2z=106 S..=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:
>x =316 2x2=15078

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 () cm) were also measured to the
y-35
10
The following summary statistics were obtained from the coded data:

3z=104 S..=1.8

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

Challenge

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

nearest centimetre and the data coded using z =

X =3.1cm o=1.4cm

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.
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Summary of key points

1

2

3

10

11

12

13

14

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 = %
%
For data given in a frequency table, the mean can be calculated using the formulax = 2—);{

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 % of n. If this is awhole 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.

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

The interquartile range (IQR) is the difference between the upper quartile
and the lower quartile, Q; — Q;.

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

S(x-X)?_ 3x? (g)z _ (Ex)?

Variance = 7 =— p 7

Lo where Sy = 3 (x - X)2= 32 —

The standard deviation is the square root of the variance:

SEERRECEANG

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

2 Sf(v=%)"  2fd - (Efx)z Ef(x x)2 Efx2 Efx
T OSA 3f \3f

where f'is the frequency for each group and 31 is the total frequency.

—da

If data are coded using the formula y = a
X —a
b

+ the standard deviation of the coded data is given by o, = % where o is the standard
deviation of the original data.

+ the mean of the coded data is given by y =

If set A, of size n;, has mean X, and set B, of size n,, has a mean X,, then the mean of the
combined set of 4 and Bis:
X = mX, + 1%,
ny+n,
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After completing this chapter you should be able to:
Draw and interpret histograms -> pages 30-3%
Identify outliers in data sets - pagés 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

EEACHLT TR

£ "
Prior knowledge check . ¥

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

Number of siblings Frequen&
0 5
1 8
2 29
3 15
4 3

Draw a pie chart to show the data. 7
<« International GCSE Mathematics

| 2 Work out the interguartile range for this set of data:
3,5,8,8,9 11,14, 15, 18, 20, 21, 24
4 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

& <
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' Visual representations can
help toillustrate the key
features of a data set without
the need for complicated
calculations. Graphs and
charts are vital in many
industries, from the financial
sector to journalism. Graphs

and charts help you to

visualise complicated data,
here for example showing the

different food groups.

A
. N
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m 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.

® |n a histogram, to calculate the
height of each bar (the frequency
density) use the formula:

area of bar = k x frequency.

k =1 is the easiest value to

use when drawing a histogram.

If k=1, then

frequency density =

frequency
class width

Frequency density

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

T ) ) wrewenermon

In a random sample, 200 students were asked how long it took them to complete their homework

A
90+
80+
704
60
504
40+
304
20+

10+

0 T

A

(U E— N

0 1 2

7 8

9 10 11 12 13 14 15 16

Length

the previous night. The times were recorded and summarised in the table below.

Time, ¢ (minutes)

25 <1< 30

30<tr<35

35=1<40

40 < 1< 50

50=<1<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.

——— Frequency density = % =11

a Time, t Class Frequency
. Frequency . .
(minutes) width density

25 =<1t < 30 55 5 11—
30 =1< 35 39 5 7.8
35 <t <40 6o 5 13.6
40 =t <50 32 10 3.2
50=1< 80 2 30 0.2
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x

N

—
O
.
=
—

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

(=

Frequency density
™

4
N
2 \\
20 30 A40%s50 co 70 &0
3!6 4’5 fime, ¢(min) To estimate the number of students
who spent between 36 and 45
b Shaded area = (40 — 36) x 13.6 +(45 — 40) x 3.2 =————— minutes, you need to find the area
= 70.4 students between 36 and 45.

Example e (Y((NKJ) INTERPRETATION

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

A

Frequency density

Y

0 1 2 3 4 5 6 7 8 9 10
Time (minutes)

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.

¢ 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.
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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 % of a person.
There are 20 small squares between O and 2 minutes.

Thus, 20 x % = 4 people.

Exercise @ SKILLS PROBLEM-SOLVING; INTERPRETATION

1 The data in the table show the mass, in kilograms, Mass, m (kg)
of 50 adult puffer fish. 10=m<15 4

a Draw a histogram for these data. 15=m< 20 12

Frequency

b On the same set of axes, draw a frequency polygon. 20<m<?25 23

25<=m <30
30 <m < 35

Some students took part in an A
obstacle race. The time for each
student to complete the race

was noted. The results are shown
in the histogram.

16

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.

Frequency density

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

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

Y

40 50 60 70 80 90 100 110 120

Time (seconds)

m Frequency density x class width is

always proportional to frequency in a histogram,
but not necessarily equal to frequency.
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REPRESENTATIONS OF DATA

® 3 A Fun Day committee at a local sports
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?

¢ Estimate how many people threw
between 30 and 40 metres.

d How many people threw between
45 and 65 metres?

®

CHAPTER 3

Frequency density

0 10 20 30 40 50 60
Distance (metres)

e Estimate how many people threw less than 25 metres.

@ 4 A farmer found the masses of a random
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.

¢ How many lambs did the farmer
weigh.in total?

d Estimate the number of lambs that
had masses between 25 and 29 kg.
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Mass, m

Problem-solving

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.
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EP) 5

The partially (not entirely) completed A
histogram shows the time, in minutes,
that passengers were delayed at an airport. 41
>
a i Copy and complete the table. 2 3 #_t‘]
- - S prs
Time, ¢ (min) Frequency ? :ﬁ
0=r<20 4 g 21 na
U‘ |
20<r<30 £ pr
30<1<35 15 1 %
35<r<40 25 o ﬁﬁfﬁ—w NN

40 =1 <50 0 10 20 30 40 50 60 70

50<t<70 Time, ¢ (minutes)
ii Copy and complete the histogram. (4 marks)
b Estimate how many passengers were delayed between 25 and 38 minutes. (2 marks)

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 4cm and a
height of 6 cm.

For the bar representing the 15-17 class, find: Problem-solving

b i the width (1 mark) Remember that area is proportional to frequency.
ii the height. (2 marks)
The table here shows the hourly wage in euros for 31 employees Hourly wage, w (€) | Frequency
working at a retail store. A histogram was drawn using this data. d=sw< 8 4
The 8 =< w < 10 group was represented by a bar of width 1cm §<=w<10 8
and a height of 8cm. 10=w<11 6
a Find the width and height of the bar representing II=w<12 7
the 10 < w < 11 group. (2 marks) 12<sw<15 5
b Estimate the mean and standard deviation A !
of the employees working at the store. (3 marks)
¢ Uselinear 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)
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Challenge

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?

@ 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: m Qi4nd Q, are the
. 1 3
o either greater than Q; + £(Q; — Q) first and third quartiles.

e orlessthan Q; - k(Q; - Q,)

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

Example o LY (NED. ANALYSIS

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 x the interquartile range above the upper quartile,
or 1.5 x the interquartile range below the lower quartile.

a Find the quartiles. b_Find any outliers.

30 A : o 4
la Q: 4 = /:5upickthe Bthterm = 3.2 ————— Work out n + 4 and round up.

330
Qs % = 22.5; pick the 23rd term = 4.0

30
Qo 5~

b Interguartile range = 4.0 - 3.2 = 0.8

Work out 37 + 4 and round up.

= 15; pick the 15.5th term = 3.6 ~————— Work out n + 2 and go halfway to the next term.

Outliers are values less than
\ o e Use the definition of an outlier given in the
3.2-15%x08=2 .
question.

or greater than 4.0 + 1.5 x 0.6 = 5.2
Therefore 1.7 is the only outlier. ————— . .
1.7 < 2, so it is an outlier.
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Example o m ANALYSIS

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
Yx =252 and Yx? = 5468. m Yx is the.sum of

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

the data and Xx? is the sum
of the square of‘each value.

2 Mean = YXx _ 252 _ o1 em Use the summary statistics:given to work out the
T2 T mean and standard deviation quickly.
) Yx? _ 54686
\/ar|ance=7—x2= > - 212
= 14.666...
Standard deviation = V14.666...
=363 (3 =)

b Mean — 2 x standard deviation Use the definition of an outlier given in the

= 21-2x 383 =1334 iis

Mean + 2 x standard deviation m Differént questions might use

= = ‘

2l+2x363=2066 different definitions of outliers. Read the
32cm is an outlier question carefully before finding any outliers.

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 m
set is known as cleaning the data. Becamil et i mnt
data values just because they do not

Anomalies can be the result of experimental or recording fit the pattern of the data. You must
error, or cguld.be data values which are not relevant to justify why a value is being removed.
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 o=44.02 X + 20 =135.04

The data value recorded as 165 is significantly m
. _ . . You can write 165 > 135.04 where
higher than X + 20, so it can be considered an > is used to denote ‘much greier than’

outlier. An age of 165 is impossible, so this value Similarly you can use < to denote ‘much less
must be an error. You can clean the data by than'
removing this value before carrying out any analysis.
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Exercise @ SKILLS EXECUTIVE FUNCTION; ANALYSIS

1

Some data are collected. Q; = 46 and Q; = 68.

A value greater than Q; + 1.5 x (Q; — Q,) or less than Q, — 1.5 x (Q; — Q)
is defined as an outlier.

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

a7 b 88 ¢ 105

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 x the interquartile range above the upper quartile
or 1 x the interquartile range below the lower quartile.

a Which of these male turtle masses would be outliers? m TR - - outlier

400 g 260 g 550¢g 640 g here is different from that in
question 1. You will be told which

. . (')
b Which of these female turtle masses would be outliers? rule to use in the exam.

170 g 300g 340 g 440 g

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

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?

2.4kg 10.1kg 3.7kg 11.5kg

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

The ages of nine people at a children’s birthday party are recorded. ¥x = 92 and ¥ x? = 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)

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

d_Given that all nine people were children, clean Problem-solving

the data and recalculate the mean and standard
(3 marks) After you clean the data you will need to

find the new values for n, ¥x and Xx2.

deviation.
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m 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:

Lower Median Upper
quartile quartile
Lowest value that is L Highest value that'is
not an outlier, or the not an outlier, or the
boundary for outliers l boundary for outliers
B i
M /

Outlier L I I I i | |
0 10 20 30 40 50 60 marks

Two sets of data can be compared using box plots.

Example o m INTERPRETATION

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 x the interquartile range above the upper quartile

or 1.5 x 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.

¢ Compare the blood glucose levels for males and females.

MO3_IAL_S1_45140_U03_029-053.indd 38 @

04/02/2019 08:57



REPRESENTATIONS OF DATA

®

Females

Blood glucose level (mmol/litre)

b Outliers are values less than
3.6 -15x%x11=195
or values greater than
47 +15x11=6.35
There is one outlier, which is 1.4

l

Males s | ] _|

Females x I |

T T T T T T

0] 1 2 3 4 5 6
Blood glucose level (mmol/litre)

¢ 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

CHAPTER 3

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.

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

Problem-solving

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

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.

smaller for the females. J

Exercise @ (S{(INEJ ' INTERPRETATION

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

39

Uncorrected proof, all content subject to change at publisher discretion. @t for resale, circulation or distribution in whole or in part. ©Pearson 2019

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.

a  Write down the upper and lower quartiles.

| I

¢ Work out the interquartile range. . ; ; : : . . .
10 20 30 40 50 60 70 80
d Work out the range. Marks

b Write down the median.
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® 3

The masses of male and female turtles are

given in grams. The data are summarised
in the box plots. I_ _I X

a Compare and contrast the masses of the Males

Females

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 0 100 200 300 400 500
female. Give a reason for your answer. Mass (g)

¢ Write down the size of the largest female turtle.

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 Q,, Q, and Q;.
An outlier is defined as a value which lies either 1.5 X the interquartile range above
the upper quartile, or 1.5 X the interquartile range below the lower quartile.
b Show that 46 kg and 48 kg are outliers.
¢ Draw a box plot for this data.

m Stem and leaf diagrams

m 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\

4 is the stem 2 is the leaf

(3 marks)

(1 mark)
(3 marks)

B |t 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.

Example o SKILLS INTERPRETATION; EXECUTIVE FUNCTION

The blood glucose levels of 30 males are recorded. The results, in mmol/litre, are given below.

44 24 51 37 47 22 38 42 50 47 41 46 47 3.7 3.6
21 25 38 42 40 35 48 51 45 36 14 32 47 36 52

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.
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a Step 1: Rearrange the numbers in ascending order.
14 21 22 24 25 32 35 36 36 36 37 37 38 38 40
41 42 42 44 45 46 47 47 47 47 486 50 51 51 52
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
114
21 2 4 5
3|12 56 667786686
4101 2245677778
510 1 1 2

Step 4: Include a key.

Stem | Leaf Key: 1|4 =14
114
21 2 4 5
3|2 56 667788
4101 2245677775086
o o This row contains all the numbers
5 1 between 5.0 and 5.2
b Stem | Leaf Key: 1|4 =14
104 0 This row contains all the numbers
o1 o 478 2 between 2.0 and 2.5
3|2 56 6 67788 9)
4101 22 456677 7786 (12 This is the number of pieces of data
sdo. 1 1 2 ) in the row.

i From the diagram, you can sce the mode is
4.7 as it oceurs the most frequently.
‘ i Lower gquartile: 34—0 = 7.5, so pick the &th term which is 3.6
iii Upper guartile %O) = 22.5, s0 pick the 23rd term which is 4.7

iv._Median % = 15, so pick the 15.5th term which is 40.5

(halfway between 4.0 and 4.1)
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Achara recorded the resting pulse rate for the 16 boys and 23 girls in her year at school.

Uncorrected proof, all content subject to change at publisher discretion. @t for resale, circulation or distribution in whole or in part. ©Pearson 2019

The results were as follows:
Girls Boys
55 80 84 91 &0 92 80 60 91 65
98 40 60 64 66 72 67 59 75 46
9 85 88 90 76 54 7271 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.

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

@)
&5 4
640
29862

554000

562210

Boys

(2

o729

004578
1245

Key: O | 4 | 6 means
@)

40 for the girls and
9 |1 46 for the boys

® N O 0 M

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.

Example e m ANALYSIS

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
212 2
311 2
410 0
5(1 5

Key: 2|1 =2.1
3 3.5 7 (6)
6 777 8 8 8.8 9 9 9 (13
00456 738 )

2

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

a Find the quartiles. b Find any outliers.

a Lower guartile: % = 7.5, so pick the &th term = 3.2
Upper quartile: @ = 22.5, s0 pick the 23rd term = 4.0
Median: % =15, s0 pick the 15.5th term = 3.8
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REPRESENTATIONS OF DATA CHAPTER 3

b Interguartile range = 4.0 — 3.2 = 0.5
Outliers are values less than 3.2 — (1.5 x 0.8) = 2
or values greater than 4.0 + (1.5 x 0.8) = 5.2
Therefore 5.5 is an outlier.

Exercise @ m INTERPRETATION; EXECUTIVE FUNCTION

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 5 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.
¢ 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 9 Q)
112 5509 )
203 6 6 6 7 5)
314 45777779 9)
4|5 8 8 9 “

a Write down the highest mark.

b Write down the lowest mark.

¢ 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
4 45 56 57 33

a Draw back to back stem and leaf diagrams to represent these data.

b Comment on your results.
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4 The stem and leaf diagram below shows the median age, in years, of a selection of African
elephants in Tanzania.
Stem | Leaf
1
2
3
4
Find: Key: 1|8 = 18 years
a the median

8§ 888999999999 99

6 6 777777288 8
000O0O0OT1TT1T1T1:1 3457

— kO W
B~ O

b the interquartile range and any outliers.

@ Skewness

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

® Adistribution can be symmetrical, have a positive skew orhave a negative skew.

A A A
704 — 70 70
60 — 60 — 60 —
504 50+ 504
40+ 404 40+
304 304 30+
20+ 204 20+
10 10 104
0 — —1—+—> 0 f ————1—+—t> 0 —t— ——
012 3 4 56 7 8 9 0 1 2 3 4 5 6 7 8 9 01 2 3 456 7 89
This distribution is said This distribution is said This distribution is said
to be symmetrical to have a positive skew 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.
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You can see the shape of the data from a box plot. You can also look at the quartiles.
Q] Q2 Q3
Symmetrical QL-Q,=0-Q
QQ, Q,
= Positive Skew QL-Q<Q-Q
Q] Qz Q‘;
- Negative Skew Q,-Q,>Q;-Q,
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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

3(mean — median)
standard deviation

You can also calculate which tells you how skewed the data are.

Negative skew Symmetrical Positive skew

< 0 >

® Avalue 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.

Example 0 SKILLS JEUTINEN

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|11 2 8 3)
313 4789 (5)
4|11 235679 (7)
5/0 233556899 (10)
61 2234456688899 14
710 2 3 45 7 89 (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.
3(mean — median)

b Calculate the value of ——— and comment on the skewness.
standard deviation

¢ Use two further methods to show that the data are negatively skewed.
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50

a Qp:—— =12.5, therefore we use the 13th term = 46

4

QZ:S—ZO = 25, therefore we use the mean of the 25th

and 26th terms = 60O

3(50
Qs: (j ) = 37.5, therefore we use the 38th term = 69
3(mean — median) 3(5746 - 60)
b standard deviation 15.7 = -0486

Therefore the data are negatively skewed.

C (Q3 - QZ) < (QZ - Qj)

9 < 14
Therefore negatively skewed
Mean < median < mode
5746 < 60 < 68
Therefore negatively skewed J

Exercise @ m ANALYSIS

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.

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 Q; and Q; values are

25.8 minutes and 34.8 minutes.
3(mean - median)

One measure of skewness is found using —
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.
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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
5/0 001 12233344 (12
5|5 56 6 67 88 99 (10)
6|0 1 1 1 3 3 4 4 4 4 (10)
6|5 56 7899 (7
711 1 2 2 3 3 (6)
715 799 4)
8|1 1 1 2 2 3 3 4 (8)
817 8 9 3)
910 1 1 2 4)
915 7 9 3)

Write down the mode.

Find the median and quartiles of the data.

Construct a box plot to represent the data.

Comment on the skewness of the distribution.
Calculate the mean and standard deviation for the data.
Use another method to shows that the data is skewed.

QR = 0o a0 6 T O

State, giving a reason, which of b or e would you
recommend using to summarise the data in the diagram.

Challenge

An orange farmer random

Y

70 80

Diameter (mm)

estimate of the mean and standard deviation. Comment on
e mean is only an estimate, whether there any outliers, and the
type of skewness displayed by the histogram.
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@ Comparing data

= When comparing data sets you can comment on:
e a measure of location e a measure of spread

You can compare data by using the mean and standard ¢
deviati by usi h di di | Do not use the median
eviation or by using the median and interquartile range. with the standard deviatioadlikhe

If thg data set Fontalns extreme values, then the mef:llan mean with the interquartile range.
and interquartile range are more appropriate statistics to use.

Example @ m ANALYSIS

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

For London Heathrow, Yx = 562.0 and Xx2 = 10301.2
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.

a X =5620 +31=1812... =181°C (3 5) Usef=%. There are 31 days in August, so n = 31.

2
_ \/102?1-2 _ (56321-0) = 1.906...
_191°C (3 5ﬂ Use your calculator to do this calculation in one
step. Round your final answer to 3 significant
b The mean daily temperature at Dubai figures

International is significantly higher and the

spread of temperatures is lower than at
P P Compare the mean and standard deviation as a

London Heathrow. .
N measure of location and a measure of spread.

Exercise @ SKILLS EXECUTIVE FUNCTION; ANALYSIS

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

l\/ﬂoxtorway A
H | |
[ |

Motorway B

—{ T H

55 60 65 70 75 80 85 90
Speed (kilometres per hour)

Compare the distributions of the speeds on the two motorways.
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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 Yx Yx?
Class 2B 20 650 22000
Class 2F 22 598 19100

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

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

Male Female
8876166677889
76553321(2|1334578899
98443 |13|23347
5214|018 Key: 1|40 represents a male
901(51]0 aged 41 and a female aged 40

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.

. v .

Py

In the box plots here, the marks for a group : .
of students taking their Mathematics exam QR 1t ciherihe cram forithe firstime
for the first time are shown on the top. ' Bt I

i

The marks for a group of students who are T
retaking their Mathematics exam are shown Students retaking their exam

on the bottom. hj l . _l

Compare and contrast the marks between
the two groups taking the exam. (3 marks) 10 20 30 40 50 60 70 80 90 100

Chapter review e m PROBLEMSOLVING; ANALYSIS

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 Q;, Q, and Q;.

Outliers are values that lie below Q; — 1.5(Q; — Q,) or above Q; + 1.5(Q; — Q).
b Find any outliers.

¢ Draw a box plot of these data.

d Comment on the skewness of the distribution.
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@ 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.

Marathon Club

e | .
Runners Club
-] ]

25 30 35 40 45 50 55 60 65 70 75 80
Time (min)

Write down the time by which 50% of the Marathon Club runners had completed the run.
Write down the time by which 75% of the Runners Club runners had completed the run.
Explain what is meant by the cross (x) on the Marathon Club box plot.

a

b

c

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.

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 7121|556 7 8289
98713 |1 1123445679

4440|401 247

6 6 52215100555
8 6 54241 1,6 |25¢6F6
86 6643117105
98 43218 Key: 7|3 |1 means 37-year-olds for Zoo 1
4l 9 |9 and 31-year-olds for Zoo 2

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 x (Q; — Q;) above Q; or
more than 1.5 x (Q; — Q,) below Q,

State any outliers in the above data for Zoo 2.

¢ State the skewness of each distribution. Justify your answer.
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CHAPTER 3

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

Frequency density

0
50 52 54 56 58 60 62 64
Time (seconds)

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=sd<l1 1=<d<2 2=<d<3 3=d<S5 | 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:
a2<d<3 b 5<d<10 (5 marks)
The labelling on bags of garden compost indicates Mass, m (kg) Frequency
that the bags have a mass of 20 kg. 146 <m<14.8 1
The actual masses of a random sample of 50 bags 14.8 <m < 18.0 0
are summarised in the table opposite. 180<m < 185 5
a On graph paper, draw a histogram of these data. 18.5 < m < 20.0 6
b Estimate the mean and standard deviation of the 20.0 <m <20.2 22
mass of a bag of compost. 202 <m < 204 15
(You may use 3y = 988.85, Xf)? = 19 602.84) 204 <m<21.0 1

¢ Using linear interpolation, estimate the median.
3(mean — median)

d One measure of skewness is given by . Evaluate this coefficient for the data.

standard deviation
e Comment on the skewness of the distribution of the weights of bags of compost.
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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 X the interquartile range above the
upper quartile or 1.5 X the interquartile range below the lower quartile.
¢ 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.

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
99751016 6
76 5332221111135
533 22(21|12223772829 Key: 5]0[6 means
21131234778 Suha counts 5 bicycles and
4 |2 Jameela counts 6 bicycles

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.

The table shows summary statistics of Min Max | Median Sy )
the mean daily temperature in Toronto [9g7 70 17.0 11.85 3561 4408.9
in April 1987 and April 2015. 2015 | 10.1 14.1 120 | 3641 | 44502

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)

¢ 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)
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Challenge

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
140-179

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.

Summary of key points

1

A common definition of an outlier is.any value that is:
- greater than Q; + k(Q; — Q)
- orless than Q; — k(Q; — Q,)

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

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

area of bar = k x frequency
Joining the middle of the top of each bar in a histogram forms a frequency polygon.

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.

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

8 Abox plot represents important features of the data. It shows quartiles, maximum and

10

11
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minimum values, and any outliers.
Box plots can be used to compare two sets of data.

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

You can describe whether a distribution is skewed using
+ quartiles

+ shape from box plots

+ measures of location

3(mean — median)
+ the formula —
standard deviation

, where a larger value means greater skew.
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