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Preface

Business is complex and requires effective management to succeed. Managing complexity 
requires many skills. There are more competitors, more places to sell products and more 
places to locate workers. As a consequence, effective decision making is more crucial than 
ever before. On the other hand, nowadays managers have more access to larger and more 
detailed data that are potential sources of information for making well-informed objective 
decisions. However, to achieve this, potential managers need to know which statistical 
techniques they should use to extract useful information from the data available to them and 
make informed decisions. For students preparing for the business world, it is not enough to 
focus merely on mastering a diverse set of statistical techniques and calculations. A course 
and its recommended textbook must provide a complete picture of statistical concepts and 
their applications to the real world. Business Statistics – Australia and New Zealand is 
designed to demonstrate that statistical methods are vital tools for today’s businesses and 
managers to improve their decision-making skills.

This book is a thorough Australasian adaptation of the most popular and best-selling 
United States (US) text, Statistics for Management and Economics (9th edition) by Gerald 
Keller. This edition is a further attempt to make the basic business and economics statistics 
subject a more effective and enjoyable learning experience for both instructors and students 
at Australasian universities. It uses familiar local terminology, together with examples, 
exercises and cases which draw upon Australasian data. To enhance flexibility, we have also 
rearranged a number of chapters from the US edition. For example, we have incorporated 
the data collection chapter with types of data at the start of the book, introduce estimation 
and hypothesis testing in separate chapters, present inference about population variance in 
another chapter and single population and two or more populations in different chapters. 
Furthermore, we have included a chapter on index numbers which includes some important 
topics such as the construction of the Australian Consumer Price Index, as well as comparison 
of Laspeyres and Paasche index numbers, etc.

When solving problems, Business Statistics – Australia and New Zealand uses its unique 
‘ICI’ approach which is renowned for its consistent, proven three-step method to solving 
problems. The ‘Identify, Compute and Interpret’ approach teaches you how to determine the 
appropriate technique, how to compute the statistics and how to interpret the results in the 
context of the problem at hand. The compute stage can be completed either manually (with 
the aid of a calculator) or using Excel (on the computer), or both.

Today, most subjects use the computer and statistical software or spreadsheets. This book 
contains step-by-step instructions and commands, with screen images, to teach students how 
to use Microsoft Excel® to solve statistical problems. Additionally, most examples, exercises 
and cases feature raw data. These data sets are available to download from the Coursemate 
for Business Statistics website, accessible through http://login.cengage.com using the access 
card that comes with each new copy of this book.

Key features of our approach
1. Systematic approach
This edition retains the systematic approach introduced in the US edition, which teaches 
students how to recognise which statistical technique to use. We believe that this skill is 
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the most important one to develop, yet it is the one students have the greatest difficulty in 
mastering. As each technique is introduced, we demonstrate how to recognise when its use is 
appropriate and when it is not. A feature of this approach is the review chapter (Chapter 22) 
presented in the book that allows students to hone their technique-selection skills. In the 
review chapter, a flowchart develops the logical process for choosing the correct technique. 
Our ICI approach divides the solution of statistical problems into three parts: (1) identify the 
technique; (2) calculate/compute the required sample statistics; and (3) interpret the results. 
Our focus has been on the first and third parts, as the sample statistics could be produced 
relatively easily with a computer.

When demonstrating examples, we start the solutions by reviewing the appropriateness of 
the method to be used. One of the main benefits of our approach is that it allows instructors 
to de-emphasise mathematical manipulation. Consequently, students can spend more time 
properly setting up the procedure and interpreting the statistical results, and less time 
grinding out the arithmetic.

For students without access to a computer and statistical software, we continue to teach 
how to calculate statistics manually (with the exception of the most complicated procedures), 
and most exercises can be solved in this way.

2. Cases
Recent academic conferences devoted to improving the teaching of applied statistics have 
advocated the use of cases to help motivate students. In practice, a statistician often has 
access only to raw data and the correct procedure to employ is not obvious; our approach 
allows us to offer more realistic applications. In fact, many of the cases are based on real 
studies that have been reported in newspapers, magazines, journals, on television and at 
academic conferences. Several from our own consulting projects have also been included. 
Such applications can motivate students, who unfortunately often believe that statistics is 
not very relevant to their future careers. We believe that our approach can change these 
attitudes. More than 80 cases are included in the book. Students are expected to analyse 
the cases and draw conclusions in the same way as the original authors did. These cases 
are neither summaries of what a particular statistician did to solve a problem, nor glorified 
exercises; rather, they give students the opportunity to see for themselves how statistical 
problem solving works.

3. Review chapter
The review chapter is included in the book to help students practise identifying the correct 
techniques. This chapter reviews all the statistical methods covered in the book and provides 
exercises and cases that require the use of several different statistical procedures. It, therefore, 
provides practice in the technique identification skills that are required for statistics exams 
and, ultimately, in any real-life application of statistics.

4. Use of Excel
Because the use of spreadsheets is so widespread, we believe that Microsoft® Excel is an 
important addition to this book. However, spreadsheets are not designed for use as statistical 
software, although they are increasingly capable in data analysis. Because of this limitation, 
we offer Data Analysis Plus® macros and workbooks that can be added to the Excel menu 
and used to solve sophisticated statistical problems beyond Excel’s existing capabilities. 
Excel macros are created to complement Excel’s menu of statistical procedures. All statistical 
techniques introduced in this book can be calculated using either Excel’s Analysis ToolPak or 
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Data Analysis Plus 9.0® which is compatible with Excel 2010. These macros are available to 
download from the Coursemate for Business Statistics website, accessible through http://
login.cengagebrain.com using the access card that comes with each new copy of this book. 
The CD–ROM also contains Version 7.0 of Data Analysis Plus® which is compatible with 
previous versions of Excel.

The Excel spreadsheet package is used extensively and presented consistently throughout 
the book to calculate sample statistics. Most examples in the chapters present manual and using 
the computer (Excel) solutions, allowing students to see both methods together and to use the 
preferred method. This feature provides flexibility, allowing the instructor to decide when manual 
or computer calculations should be emphasised. Detailed instructions and Excel commands 
provided for the examples make it easy for instructors and students to make use of the computer. 
They also eliminate the need for instructors to teach how to use the software.

Data files are provided in Excel format for most of the examples, exercises and cases. The 
sixth edition includes hundreds of data files, some consisting of thousands of observations, 
which emphasise a central theme in the book – statistical techniques convert data into 
information. For students who will conduct statistical analyses manually, we have also 
provided the summary statistics (e.g. means and variances) for exercises, allowing most 
exercises to be solved manually.

5. Exercises
There are over 1500 exercises of varying levels of difficulty. At the end of most sections we 
supply, under the heading ‘Learning the techniques’, exercises that help students to learn 
the arithmetic involved in a specific procedure. ‘Applying the techniques’ exercises then 
stress when and why the technique is used and how the results assist in the decision-making 
process. ‘Computer applications’ help students gain hands-on experience in applying the 
techniques to solve problems using real-world data and Microsoft® Excel. Supplementary 
exercises appear at the end of each chapter. As they cover all the topics presented in that 
chapter, they allow students to practise identifying which of the techniques encountered in 
that chapter should be employed. They also tend to be more realistic than the other types of 
exercises.

We are optimistic that the systematic approach used in this book will be successful in 
helping students to understand how, when and why statistics are used. We hope that the 
realistic examples, exercises and cases we present, wherever possible with Australasian data, 
will make the subject more interesting and will persuade students that statistics can play a 
vital role in managerial decision making.

This text is suitable for a one- or two-semester subject in a business program. Although 
various sections can be omitted, we strongly urge instructors to attempt to complete most 
of the statistical inference part of the book. Like a house under construction, the structure 
of the systematic approach is stronger when most of the various components are in place. 
Nonetheless, the book has been designed so that chapters can be omitted relatively easily.

Unique features
•	 Chapter opening examples illustrate the use of techniques introduced in that chapter. 

These examples are designed to help students learn the concepts in the chapters. These 
chapter opening examples are revisited at the relevant section of the chapter, where they 
are solved.

•	 ‘Seeing statistics’ boxes refer to applets that are introduced to illustrate statistical concepts 
visually. They are adapted from Seeing Statistics by Gary McClelland and customised to 
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this text. Nineteen Java applets with a total of 72 applet exercises are available to download 
from the Coursemate for Business Statistics website, accessible through http://login.
cengagebrain.com using the access card that comes with each new copy of this book. 

•	 In addition to the examples provided in each chapter, in this edition we have included ‘Real-
life applications’ sections which illustrate the fundamental applications of statistics in 
finance, marketing, human resources management, operations management, accounting 
and economics.

•	 ‘Key concept’ boxes are included after each technique has been introduced. These boxes 
will allow students to see a technique’s essential requirements, in addition to giving them 
a way to easily review their understanding. This will be further enhanced by the summary 
flowchart presented in the review chapter.

•	 Several new exercises are added to each chapter. In particular, new applied exercises are 
added to the chapter on probability to help students visualise and understand concepts.

•	 Several new data sets have been added to the existing computer exercises section of each 
chapter. For those students who wish to solve the computer exercises containing data sets 
manually, summary statistics to these data sets are provided within each exercise.

•	 Improved and expanded Data Analysis Plus® add-ins for Excel have been incorporated.
•	 In addition to the applets, we have included several Excel workbooks that feature 

worksheets for confidence interval estimators and test statistics. By changing one or more 
inputs, students can learn, for example, the effect of increasing sample sizes on confidence 
intervals or on test statistics.

•	 Appendix A: Summary solutions for selected exercises is available in the book.
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Resources guide

As you read this text you will find a number of features in every chapter to enhance your 
study of Business Statistics 6e and help you understand how the theory is applied in the  
real world.

Part opening paragraphs introduce the 
chapters in each Part to give you an overview 
of how the chapters relate to each other.

41

PA R T  O N e

Descriptive measures 
and probability

Chapter 3 Graphical descriptive techniques – Nominal data

Chapter 4 Graphical descriptive techniques – Numerical data

Chapter 5 Numerical descriptive measures

Chapter 6 Probability

Chapter 7 Random variables and discrete probability distributions

Chapter 8 Continuous probability distributions

To help you organise the material that you are about to learn, we have divided the rest of 
the book into three parts. 

Part 1 covers descriptive statistics and probability. These topics constitute the 
foundation of statistical inference. Chapter 3 introduces the graphical techniques for 
nominal data and Chapter 4 deals with graphical techniques for numerical data. Chapter 
5 presents numerical measures, which are used to summarise data. The summary 
measures introduced in Chapter 5 will be used to make inferences about parameters in 
later chapters. In Chapters 6 to 8, we present probability and probability distributions that 
will provide the link between sample statistics and population parameters.

everything we do in this book is mostly built upon these six chapters. However, Part 1 
does much more than just lay the foundation. both descriptive statistics and probability 
are subjects that are worth learning for their own intrinsic values.

We all make decisions on a daily basis, most of which are made under uncertainty. 
Consider an investor who must decide which investment to make, how much money to 
invest and for how long that investment should be held. There are a large number of 
events over which the investor has no control. All that the investor can do is attempt 
to assess the risks and returns associated with each investment. As you will discover, 
probability plays a central role in this assessment.

We believe that all business and economics graduates will have many opportunities to 
apply statistical inference techniques and concepts. However, not all of them will do so 
because of a lack of either knowledge (despite the best efforts of statistics lecturers) or 
conf dence. Descriptive techniques are so common that it is virtually impossible to ignore 
them. Newspapers, magazines, company annual reports and presentations are f lled with 
applications of descriptive statistics. Knowing how to use and interpret them is a critical 
skill for all of us.

CLA-SELVANATHAN-13-0405-003.indd   41 12/08/13   3:52 PM

CENSUS
2011

2011 2006

AVERAGE PEOPLE
PER HOUSEHOLD

2.6

POPULATION
21 507 717    19 855 290

UNIVERSITY EDUCATED
14.3%    12.0%

MEDIAN
MONTHLY HOUSEHOLD

MORTGAGE REPAYMENTS
$1 800    $1 300

MEDIAN WEEKLY
HOUSEHOLD INCOME

$1 234    $1 025

NO RELIGION
22.3%    18.7%

AUSTRALIAN CITIZENS
85%    86%

MARRIED
48.7%    49.6%

WORK FULL-TIME
59.7%    60.7%

1

1
What is statistics?

L E A R N I N G  O B J E C T I V E S

This chapter provides an introduction to the two general bodies of methods that together 
constitute the subject called statistics: descriptive statistics and inferential statistics.

At the completion of this chapter, you should be able to:

LO1  describe the two major branches of statistics – descriptive statistics and inferential 
statistics

LO2  understand the key statistical concepts – population, sample, parameter, statistic 
and census

LO3  provide examples of practical applications in which statistics have a major role to 
play

LO4  understand how statistics are used by business managers

LO5  understand the basics of the computer spreadsheet package Microsoft Excel and its 
capabilities in aiding with statistical data analysis for large amounts of data. 

CHAPTER OUTLINE

Introduction to statistics

1.1 Key statistical concepts

1.2 Practical applications

1.3 How managers use statistics

1.4 Statistics and the computer

1.5 Online resources

Census in Australia
Information (or data) gathering on 
various characteristics of different 
populations of interest are an 
important part of statistics. When 
we use all units of the population 
to record information about the 
characteristics of interest, this 
type of data gathering is called 
a census. Due to cost and other 
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17

2
types of data, data 
collection and sampling

L E A R N I N G  O B J E C T I V E S

this chapter discusses the types of data and various methods of collecting data.
at the completion of this chapter, you should be able to:

LO1  describe different types of data

LO2  understand the primary and secondary sources of statistical data

LO3  explain the various methods of collecting data

LO4  explain the basic sampling plans

LO5  identify the appropriate sampling plan for data collection in a particular experiment

LO6  understand the main types of errors involved in sampling.

cHaPter Outline

introduction

2.1 types of data

2.2 Methods of collecting data

2.3 sampling

2.4 sampling plans

2.5 sampling and non-sampling errors

summary

sampling and the census 
the census, which is conducted by the australian Bureau 
of statistics (aBs) every f ve years in australia, performs 
an important function. the most recent census night was 
tuesday 9 august 2011. On census night, every person 
present in australia, excluding foreign diplomats and 
their families, should be included on a census form at the 
place where they stayed. the federal, state and territory 
governments in australia use various aspects of the census 
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Learning objectives give you a clear 
sense of what each chapter will cover and  
what you should be able to do after reading 
the chapter. 

Chapter outlines at the start of each chapter demonstrate the key concepts that will  
be covered. 
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xviii  resources guide

Interesting Examples are used throughout each chapter. These are designed to teach you 
to use the authors’ unique three-step approach to problem solving, and to help you apply 
statistics to real business problems. 

Real World Examples are used at the 
beginning of every chapter. They highlight a 
specific problem that can be solved using the 
statistical techniques that will be covered in 
the chapter. The problem is answered later 
in the chapter. 

Margin definitions are key terms, which 
are defined and included in the margins for  
easy reference.

source: © Corbis/Whisson/Jordan
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ssa envelope plan
an express courier service sends invoices to customers requesting payment 
within 30 days. the bill lists an address, and customers are expected to 
use their own envelopes to return their payments. currently the mean and 
standard deviation of the amount of time taken to pay bills are 
24 days and 6 days respectively. the chief f nancial off cer (cfo) believes 
that including a stamped self-addressed (ssa) envelope would decrease the 
amount of time. she calculates that the improved cash f ow from a two-day 
decrease in the payment period would pay for the costs of the envelopes 
and stamps. any further decrease in the payment period would generate a 
prof t. to test her belief, she randomly selects 220 customers and includes 
an ssa envelope with their invoices. the numbers of days until payment is 
received are stored in f le ch13:\xM13-00. can the cfo conclude that the 
plan will be prof table?

after we have introduced the required tools, we will answer this 
question (see pages 503–505).

introduction
In Chapters 11 and 12, we introduced estimation and showed how it is used. Now we’re 
going to present the second general procedure of making inferences about a population – 
hypothesis testing. T e purpose of this type of inference is to determine whether enough 
statistical evidence exists to enable us to conclude that a belief or hypothesis about a 
parameter is supported by the data. You will discover that hypothesis testing has a wide 
variety of applications in business and economics, as well as many other f elds. T is chapter 
will lay the foundation upon which the rest of the book is based. As such it represents a 
critical contribution to your development as a statistics practitioner. In the next section, 
we will introduce the concepts of hypothesis testing, and in Section 13.2 we will develop 
the method employed to test a hypothesis about a population mean when the data type is 
numerical and the population standard deviation is known and extend the analysis to real 
situations where the population standard deviation is usually unknown in Section 13.4. In 
Section 13.6, we deal with hypothesis testing when the data type is nominal. T e rest of the 
chapter deals with related topics.

Examples of hypothesis testing include the following:
1 Suppose that an agricultural products f rm has produced a new fertiliser. To determine 

if it improves crop yields, researchers will use it to fertilise a random sample of farms. 
T e resultant crop yields can be measured. T e data type is numerical. T e parameter of 
interest here is the mean crop yield μ. T e hypothesis to test is that there is any change in 
the average crop yielded based on the sample information.

2 Suppose that a company has developed a new product which it hopes will be very 
successful. After a complete f nancial analysis, the company’s directors have determined 
that if more than 10% of potential customers buy the product, the company will make 
a prof t. A random sample of potential customers is asked whether they would buy the 
product. (T e sampling procedure and data-collection methods used are as described in 
Chapter 2.) Statistical techniques can then convert this raw data into information that 

hypothesis
a proposition or 
conjecture which 
the statistician will 
test by means called 
hypothesis testing.
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Solution

identifying the technique
the problem objective is to describe the population of australian adults. the data are nominal. consequently, 
the parameter we wish to estimate is the proportion p of australian adults who classify themselves as 
concerned about healthy eating. the confdence interval estimator we need to employ is

ˆ
ˆˆ

p
pq
n

± zα /2

calculating manually
to solve manually, we count the number of 1s in the fle. We fnd this value to be 269. thus,

ˆ

ˆ ˆ

p

q p

X
n

= = =

= − = − =

269
1250

0.2152

1 1 0.2152 0.7848

and

np
np
ˆ
ˆ

= = >
= =

1250(0.2152) 269 5;
1250(0.7848) 981>> 5

the confdence level is 1 – α = 0.95. it follows that α = 0.05, α/2 = 0.025 and zα /2 = z0.025 = 1.96.  
the 95% confdence interval estimate of p is

ˆ
ˆˆ

p z
pq
n

± = ±α /2 0.2152 1.96
(0.2152)(0.7848)

12500
0.2152 0.0228= ±

lcl = 0.1924 and Ucl = 0.2380

interpreting the results
We estimate that the proportion of australian adults who are in group 1 lies between 0.1924 and 0.2380. 
because there are 15 834 856 adults in the population, we estimate that the number of adults who belong 
to group 1 falls between

lcl = 15 834 856 (0.1924) = 3 046 626

and

Ucl = 15 834 856 (0.2380) = 3 768 696

Using the computer
the excel commands are the same as in example 11.4.

 Excel output for Example 11.7

1

2

3

4

5

6

A CB D E

0.2152Sample proportion

Sample size

Confidence level

z-Estimate of a Proportion

Confidence Interval Estimate

1250 0.2152 0.0228±
0.95 Lower confidence limit

Upper confidence limit

0.1924

0.2380

We will return to the subject of market segmentation in later chapters in which we 
demonstrate how statistics can be employed to determine whether diferences actually exist 
between segments.
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You will learn to:
•	 identify the right statistical technique 

to use by focusing on the relationship 
between the problem and data type

•	 compute the answer either by hand 
calculation, or by calculating it  
in Microsoft Excel® when you see a  
‘Using the computer’ heading with 
instructions and ‘commands’ boxes, 
which included step-by-step instructions 
on how to complete the examples using  
Microsoft Excel®

•	 interpret the answer in the context of 
the problem.

CHAPTER 5 Numerical descript ive measures 129

income and its allocation to food
One of the most important empirical regularities in consumption 
economics is engel’s law. the law states that the proportion of 
income allocated to food (wF ) falls with increasing income. this means 
that a rich consumer would spend a lesser proportion of his/her 
income on food than a poor consumer, who would allocate a greater 
proportion of his/her income to food. For example, in 2011 the per 
capita Gdp of india was us$3652 and the per capita Gdp of australia 
was us$39 438. it is interesting to note that indians, on average, 
allocate about one-third of their income to food expenses, while 
australians allocate only one-tenth of their income to food.

two statisticians, Working (in 1943) and leser (in 1963), modelled engel’s law into 
a linear regression framework. in order to investigate this law, we need to develop the 
relationship between income and the proportion of income allocated to food. We have 
collected data from 46 countries, which are stored in fle cH04:\engel. after we have 
presented the statistical technique, we will return to this problem and solve it  
(see page 176).

introduction
In Chapter 4, we presented several graphical techniques such as frequency distributions and 
histograms to summarise numerical data into a more manageable form. Tese techniques 
revealed the approximate shape of the distribution and indicated where the observations were 
concentrated. In this chapter we continue to examine how to summarise more precisely a 
large set of raw data using numerical descriptive techniques so that the meaningful essentials 
can be extracted from it. Tese techniques are also critical to the development of statistical 
inference.

As we pointed out in Chapter 2, arithmetic calculations can be applied to numerical 
(quantitative) data only. Consequently, most of the techniques introduced here may only be 
used to describe numerical data. However, some of the techniques can be used for ordinal 
(ranked) data, and one of the techniques can be used for nominal (categorical) data.

When we introduced the histogram, we noted that there are several pieces of information 
that we look for. Te frst is the location of the centre of the data. In Section 5.1 we present 
measures of central location. Another important characteristic that we seek from a histogram 
is the spread of the data. Te spread will be measured more precisely by measures of variability, 
which we present in Section 5.2. Section 5.3 introduces measures of relative standing and 
another graphical technique, the box plot. In Section 5.4 we introduce descriptive measures 
to calculate the mean and variance when the data are grouped in a frequency table.

In Section 4.3 we introduced the scatter diagram, a graphical method that we use to 
analyse the relationship between two numerical variables. Te numerical counterparts to 
the scatter diagram are called measures of association, and they are presented in Section 5.5. 
Finally, we complete this chapter by providing guidelines on how to explore data and retrieve 
information.

sample statistic or population parameter
Recall the following terms, introduced in Chapter 1: population, sample, parameter and 
statistic. A parameter is a descriptive measurement about a population, and a statistic is a 
descriptive measurement about a sample. In this chapter we introduce several descriptive 
measurements. For each we will describe how to calculate both the population parameter 
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ssa envelope plan
an express courier service sends invoices to customers requesting payment 
within 30 days. the bill lists an address, and customers are expected to 
use their own envelopes to return their payments. currently the mean and 
standard deviation of the amount of time taken to pay bills are 
24 days and 6 days respectively. the chief f nancial off cer (cfo) believes 
that including a stamped self-addressed (ssa) envelope would decrease the 
amount of time. she calculates that the improved cash f ow from a two-day 
decrease in the payment period would pay for the costs of the envelopes 
and stamps. any further decrease in the payment period would generate a 
prof t. to test her belief, she randomly selects 220 customers and includes 
an ssa envelope with their invoices. the numbers of days until payment is 
received are stored in f le ch13:\xM13-00. can the cfo conclude that the 
plan will be prof table?

after we have introduced the required tools, we will answer this 
question (see pages 503–505).

introduction
In Chapters 11 and 12, we introduced estimation and showed how it is used. Now we’re 
going to present the second general procedure of making inferences about a population – 
hypothesis testing. T e purpose of this type of inference is to determine whether enough 
statistical evidence exists to enable us to conclude that a belief or hypothesis about a 
parameter is supported by the data. You will discover that hypothesis testing has a wide 
variety of applications in business and economics, as well as many other f elds. T is chapter 
will lay the foundation upon which the rest of the book is based. As such it represents a 
critical contribution to your development as a statistics practitioner. In the next section, 
we will introduce the concepts of hypothesis testing, and in Section 13.2 we will develop 
the method employed to test a hypothesis about a population mean when the data type is 
numerical and the population standard deviation is known and extend the analysis to real 
situations where the population standard deviation is usually unknown in Section 13.4. In 
Section 13.6, we deal with hypothesis testing when the data type is nominal. T e rest of the 
chapter deals with related topics.

Examples of hypothesis testing include the following:
1 Suppose that an agricultural products f rm has produced a new fertiliser. To determine 

if it improves crop yields, researchers will use it to fertilise a random sample of farms. 
T e resultant crop yields can be measured. T e data type is numerical. T e parameter of 
interest here is the mean crop yield μ. T e hypothesis to test is that there is any change in 
the average crop yielded based on the sample information.

2 Suppose that a company has developed a new product which it hopes will be very 
successful. After a complete f nancial analysis, the company’s directors have determined 
that if more than 10% of potential customers buy the product, the company will make 
a prof t. A random sample of potential customers is asked whether they would buy the 
product. (T e sampling procedure and data-collection methods used are as described in 
Chapter 2.) Statistical techniques can then convert this raw data into information that 

hypothesis
a proposition or 
conjecture which 
the statistician will 
test by means called 
hypothesis testing.
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Solution

identifying the technique
the problem objective is to describe the population of australian adults. the data are nominal. consequently, 
the parameter we wish to estimate is the proportion p of australian adults who classify themselves as 
concerned about healthy eating. the confdence interval estimator we need to employ is

ˆ
ˆˆ

p
pq
n

± zα /2

calculating manually
to solve manually, we count the number of 1s in the fle. We fnd this value to be 269. thus,

ˆ

ˆ ˆ

p

q p

X
n

= = =

= − = − =

269
1250

0.2152

1 1 0.2152 0.7848

and

np
np
ˆ
ˆ

= = >
= =

1250(0.2152) 269 5;
1250(0.7848) 981>> 5

the confdence level is 1 – α = 0.95. it follows that α = 0.05, α/2 = 0.025 and zα /2 = z0.025 = 1.96.  
the 95% confdence interval estimate of p is

ˆ
ˆˆ

p z
pq
n

± = ±α /2 0.2152 1.96
(0.2152)(0.7848)

12500
0.2152 0.0228= ±

lcl = 0.1924 and Ucl = 0.2380

interpreting the results
We estimate that the proportion of australian adults who are in group 1 lies between 0.1924 and 0.2380. 
because there are 15 834 856 adults in the population, we estimate that the number of adults who belong 
to group 1 falls between

lcl = 15 834 856 (0.1924) = 3 046 626

and

Ucl = 15 834 856 (0.2380) = 3 768 696

Using the computer
the excel commands are the same as in example 11.4.

 Excel output for Example 11.7

1

2

3

4

5

6

A CB D E

0.2152Sample proportion

Sample size

Confidence level

z-Estimate of a Proportion

Confidence Interval Estimate

1250 0.2152 0.0228±
0.95 Lower confidence limit

Upper confidence limit

0.1924

0.2380

We will return to the subject of market segmentation in later chapters in which we 
demonstrate how statistics can be employed to determine whether diferences actually exist 
between segments.
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the excel commands are the same as in example 11.4.

 Excel output for Example 11.7

1

2

3

4

5

6

A CB D E

0.2152Sample proportion

Sample size

Confidence level

z-Estimate of a Proportion

Confidence Interval Estimate
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0.95 Lower confidence limit

Upper confidence limit
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0.2380

We will return to the subject of market segmentation in later chapters in which we 
demonstrate how statistics can be employed to determine whether diferences actually exist 
between segments.

CLA-SELVANATHAN-13-0405-011.indd   414 26/08/13   11:15 AM

414 PART 2 Stat iSt ical inference

Solution

identifying the technique
the problem objective is to describe the population of australian adults. the data are nominal. consequently, 
the parameter we wish to estimate is the proportion p of australian adults who classify themselves as 
concerned about healthy eating. the confdence interval estimator we need to employ is

ˆ
ˆˆ

p
pq
n

± zα /2
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ˆ

ˆ ˆ

p

q p

X
n

= = =

= − = − =
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ˆ
ˆ

= = >
= =
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1250(0.7848) 981>> 5

the confdence level is 1 – α = 0.95. it follows that α = 0.05, α/2 = 0.025 and zα /2 = z0.025 = 1.96.  
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Factors that identify boxes are included 
after each technique has been introduced to 
allow you to appreciate a technique’s essential 
requirements, and to enable you to review 
your understanding of each technique.

378 PART 2 Stat iSt ical inference

Clearly, the use of the confdence interval estimator in Example 11.1 is not at all difcult. 
Te chief difculty in applying statistical methods is knowing which one to use. But at this 
point you should have no problem in determining which method to use, since you only know 
one! However, in order to practise the systematic approach, we will review how we know that 
the technique used above is the correct one.

If you re-read Example 11.1, you will see that the objective was to describe the population 
of hours that children spend watching television per week. Te type of data is numerical since 
what is being measured is the amount of time. To understand this point more fully, imagine 
that the 100 children in the sample were also asked whether or not they believed the message 
being conveyed via the commercials. Teir responses to this question could be yes or no, and 
such responses produce nominal data because the results are not numerical. Terefore, some 
other technique (to be discussed in Section 11.4) would have to be used to assess the data.

We can summarise the factors that determine when to use the z-interval estimator of  
μ as follows:

Factors that identify the z-interval estimator of μ

1 Problem objective: to describe a single population

2 Data type: numerical (quantitative)

3 Type of descriptive measurement: central location

4 Population variance: known

Before doing another example, let us review the steps used to estimate a population mean 
when the population variance is known.

Steps in estimating a population mean when the population variance is known
1 Determine the sample mean X .

2 Determine the desired confdence level (1 − α), which in turn specifes α. from 
table 3 in appendix b, fnd zα/2.

3 calculate

LCL UCL2 2= − = +X Xz zα α
σ σ

/ /n n

interpreting the confdence interval estimate
In Example 11.1, we found the 95% confdence interval estimate of the average (mean) 
number of hours that children spend watching television per week to be LCL = 25.623 and 
UCL = 28.759. Some people erroneously interpret this interval to mean that there is a 95% 
probability that the population mean lies between 25.623 and 28.759. Tis interpretation 
is incorrect because it implies that the population mean is a variable about which we can 
make probability statements. In fact, the population mean is a fxed but unknown quantity. 

in addition to providing another method of using excel, this spreadsheet allows you to perform a ‘what-if’ 
analysis. that is, this worksheet provides you with the opportunity to learn how changing some of the inputs 
affects the estimate. for example, type 0.99 in cell b6 to see what happens to the size of the interval when 
you increase the confdence level. then type 1000 in cell b5 to examine the effect of increasing the sample 
size, and type 4 in cell b4 to see what happens when the population standard deviation is smaller.
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Learning the techniques

3.31 XR03-31 The following table summarises the 
data from a survey on the ownership of iPods 
among families with different levels of income. 
Determine whether the two nominal variables 
are related.

Ownership
Level of income

C1 C2 C3

No 40 32 48

Yes 30 48 52

Applying the techniques

3.32 XR03-32 Self-correcting exercise. The 
trustee of a company’s superannuation 
scheme has solicited the opinions of a sample 
of the company’s employees regarding 
a proposed revision of the scheme. A 
breakdown of the responses is shown in the 
following table. use an appropriate graphical 
presentation to determine whether the 
responses differ among the three groups of 
employees?

Responses Blue-collar 
workers

White-collar 
workers

Managers

For 67 32 11

Against 63 18 9

Computer applications

3.33 XR03-33 The associate dean of a business 
school was looking for ways to improve the 
quality of applicants to its MbA program. 
In particular she wanted to know whether 
the undergraduate degrees of applicants to 
her school and the three nearby universities 
with MbA programs differed. She sampled 
100 applicants of her program and an equal 

number from each of the other universities. 
She recorded their undergraduate degree 
(1 = bA, 2 = beng, 3 = bbA, 4 = other) as well 
as the university (codes 1, 2, 3 and 4). use a 
graphical technique to determine whether the 
undergraduate degree and the university each 
person applied to appear to be related.

3.34 XR03-34 Is there brand loyalty among car 
owners in their purchase of petrol? To help 
answer the question a random sample of car 
owners was asked to record the brand of 
petrol in their last two purchases (1= bP, 
2 = Shell, 3 = Caltex, 4 = Other). use a 
graphical technique to formulate your answer.

3.35 XR03-35 The cost of smoking for individuals, 
the companies for whom they work, and 
society in general is in the many billions 
of dollars. In an effort to reduce smoking, 
campaigns about the dangers of smoking 
have been undertaken by various government 
and non-government organisations. Most of 
these have been directed at young people. 
This raises the question, ‘Are you more likely 
to smoke if your parents smoke?’ To shed light 
on this issue, a sample of 20- to 40-year-old 
people was asked whether they smoked and 
whether their parents smoked. The results 
were recorded in the following way:

Column 1:
1 = do not smoke
2 = smoke
Column 2:
1 = neither parent smoked
2 = father smoked
3 = mother smoked
4 = both parents smoked
use a graphical technique to produce the 

information you need.

e X e R C I S e S
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The text contains over 1500  exercises, 
located at the end of each section in chapters. 

These include:
•	 Learning the techniques: exercises that 

help you to learn the arithmetic involved 
in a specific procedure.

•	 Applying the technique: exercises that 
highlight when and why the techniques 
are used and how the results assist in the 
decision-making process.

•	 Computer applications: help you gain 
hands-on experience in applying the 
techniques to solve problems using real 
world data and Microsoft Excel®.
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e X a m p l e  4 .3  LO1

Business statistics marks – manual versus computer calculations
Xm04-03 the fnal marks in a statistics course that emphasised mathematical proofs, derivations and manual 
(hand) calculations, both during the class and on exams, are listed below. the marks obtained by students in 
the same course after the emphasis was changed to applications with most of the calculations performed 
using a computer, are also listed below. draw histograms for both groups and interpret the results.

Marks (manual course) Marks (computer course)

77 67 53 54 65 81 72 59

74 82 75 44 71 53 85 66

75 55 76 54 66 70 72 71

75 73 59 60 79 76 77 68

67 92 82 50 65 73 64 72

72 75 82 52 82 73 77 75

81 75 70 47 80 85 89 74

76 52 71 46 86 83 87 77

79 72 75 50 67 80 78 69

73 78 74 51 64 67 79 60

59 83 53 44 62 78 59 92

83 81 49 52 74 68 63 69

77 73 56 53 67 67 84 69

74 72 61 56 72 62 74 73

78 71 61 53 68 83 74 65

Solution

Using the computer
the excel commands are the same as those used in example 4.1.

 excel output for example 4.3.
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note that excel puts the upper limit of the class interval at the midpoint of the class. For example, 80 in 
the histogram refers to the class interval 70 ≤ x < 80.

Interpreting the results
as the number of observations is the same for each group of marks, the absolute frequency histograms can 
be used for comparison. the histogram of the marks in the ‘manual’ statistics course is bimodal. the larger 
modal class consists of the marks in the 70s. the smaller modal class contains the marks in the 50s. 
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Data files, highlighted throughout the text, 
enable you to complete the examples, exercises 
and case studies in the text without having 
to spend time inputting raw data. These 
data files are available on the accompanying 
CourseMate for Business Statistics website 
(http://login.cengagebrain.com).
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Learning the techniques

3.31 XR03-31 The following table summarises the 
data from a survey on the ownership of iPods 
among families with different levels of income. 
Determine whether the two nominal variables 
are related.

Ownership
Level of income

C1 C2 C3

No 40 32 48

Yes 30 48 52

Applying the techniques

3.32 XR03-32 Self-correcting exercise. The 
trustee of a company’s superannuation 
scheme has solicited the opinions of a sample 
of the company’s employees regarding 
a proposed revision of the scheme. A 
breakdown of the responses is shown in the 
following table. use an appropriate graphical 
presentation to determine whether the 
responses differ among the three groups of 
employees?

Responses Blue-collar 
workers

White-collar 
workers

Managers

For 67 32 11

Against 63 18 9

Computer applications

3.33 XR03-33 The associate dean of a business 
school was looking for ways to improve the 
quality of applicants to its MbA program. 
In particular she wanted to know whether 
the undergraduate degrees of applicants to 
her school and the three nearby universities 
with MbA programs differed. She sampled 
100 applicants of her program and an equal 

number from each of the other universities. 
She recorded their undergraduate degree 
(1 = bA, 2 = beng, 3 = bbA, 4 = other) as well 
as the university (codes 1, 2, 3 and 4). use a 
graphical technique to determine whether the 
undergraduate degree and the university each 
person applied to appear to be related.

3.34 XR03-34 Is there brand loyalty among car 
owners in their purchase of petrol? To help 
answer the question a random sample of car 
owners was asked to record the brand of 
petrol in their last two purchases (1= bP, 
2 = Shell, 3 = Caltex, 4 = Other). use a 
graphical technique to formulate your answer.

3.35 XR03-35 The cost of smoking for individuals, 
the companies for whom they work, and 
society in general is in the many billions 
of dollars. In an effort to reduce smoking, 
campaigns about the dangers of smoking 
have been undertaken by various government 
and non-government organisations. Most of 
these have been directed at young people. 
This raises the question, ‘Are you more likely 
to smoke if your parents smoke?’ To shed light 
on this issue, a sample of 20- to 40-year-old 
people was asked whether they smoked and 
whether their parents smoked. The results 
were recorded in the following way:

Column 1:
1 = do not smoke
2 = smoke
Column 2:
1 = neither parent smoked
2 = father smoked
3 = mother smoked
4 = both parents smoked
use a graphical technique to produce the 

information you need.

e X e R C I S e S
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Computer applications
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number from each of the other universities. 
She recorded their undergraduate degree 
(1 = bA, 2 = beng, 3 = bbA, 4 = other) as well 
as the university (codes 1, 2, 3 and 4). use a 
graphical technique to determine whether the 
undergraduate degree and the university each 
person applied to appear to be related.

3.34 XR03-34 Is there brand loyalty among car 
owners in their purchase of petrol? To help 
answer the question a random sample of car 
owners was asked to record the brand of 
petrol in their last two purchases (1= bP, 
2 = Shell, 3 = Caltex, 4 = Other). use a 
graphical technique to formulate your answer.

3.35 XR03-35 The cost of smoking for individuals, 
the companies for whom they work, and 
society in general is in the many billions 
of dollars. In an effort to reduce smoking, 
campaigns about the dangers of smoking 
have been undertaken by various government 
and non-government organisations. Most of 
these have been directed at young people. 
This raises the question, ‘Are you more likely 
to smoke if your parents smoke?’ To shed light 
on this issue, a sample of 20- to 40-year-old 
people was asked whether they smoked and 
whether their parents smoked. The results 
were recorded in the following way:

Column 1:
1 = do not smoke
2 = smoke
Column 2:
1 = neither parent smoked
2 = father smoked
3 = mother smoked
4 = both parents smoked
use a graphical technique to produce the 

information you need.

e X e R C I S e S

CLA-SELVANATHAN-13-0405-003.indd   72 12/08/13   3:52 PM

72 PART 1 DeSCRIPT Ive MeASuReS AND PRObAbIL ITy

Learning the techniques

3.31 XR03-31 The following table summarises the 
data from a survey on the ownership of iPods 
among families with different levels of income. 
Determine whether the two nominal variables 
are related.

Ownership
Level of income

C1 C2 C3

No 40 32 48

Yes 30 48 52

Applying the techniques

3.32 XR03-32 Self-correcting exercise. The 
trustee of a company’s superannuation 
scheme has solicited the opinions of a sample 
of the company’s employees regarding 
a proposed revision of the scheme. A 
breakdown of the responses is shown in the 
following table. use an appropriate graphical 
presentation to determine whether the 
responses differ among the three groups of 
employees?

Responses Blue-collar 
workers

White-collar 
workers

Managers

For 67 32 11

Against 63 18 9

Computer applications

3.33 XR03-33 The associate dean of a business 
school was looking for ways to improve the 
quality of applicants to its MbA program. 
In particular she wanted to know whether 
the undergraduate degrees of applicants to 
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She recorded their undergraduate degree 
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e X a m p l e  4 .3  LO1

Business statistics marks – manual versus computer calculations
Xm04-03 the fnal marks in a statistics course that emphasised mathematical proofs, derivations and manual 
(hand) calculations, both during the class and on exams, are listed below. the marks obtained by students in 
the same course after the emphasis was changed to applications with most of the calculations performed 
using a computer, are also listed below. draw histograms for both groups and interpret the results.
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Solution

Using the computer
the excel commands are the same as those used in example 4.1.
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note that excel puts the upper limit of the class interval at the midpoint of the class. For example, 80 in 
the histogram refers to the class interval 70 ≤ x < 80.

Interpreting the results
as the number of observations is the same for each group of marks, the absolute frequency histograms can 
be used for comparison. the histogram of the marks in the ‘manual’ statistics course is bimodal. the larger 
modal class consists of the marks in the 70s. the smaller modal class contains the marks in the 50s. 
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Real-Life Applications features are 
included throughout the text to demonstrate 
real-world applications of statistics in the 
areas of finance, marketing, human resource 
management, accounting and economics. 

Source: Shutterstock.
com/e2dan

CHAPTER 3 GRAPHICAL DeSCRIPT Ive TeCHNIqueS – NOMINAL DATA 49

To draw a pie chart, use the same instructions with some minor changes as follows.

C O M M A N D S

PIE CHART

Proceed as you did to create a bar chart above, but in Step 5, instead of Column, select Pie. In Step 6, 
in more Data Label Options, tick Category name and Percentage check boxes.

Interpreting the results
From the frequencies presented in Table 3.1 and also from the bar and pie charts, one can easily see that 
NZ Woman’s Day is the most popular women’s magazine in New Zealand.

energy economics

R e A L- L I F e  A P P L I C AT I O N S

One variable that has had a large infuence on the 
economies of virtually every country is energy. The 1973 
oil crisis in which the price of oil quadrupled over a short 
period of time is generally considered to be one of the 
largest fnancial shocks to the world’s economies. In 
fact, economists often refer to two different economies: 
before the 1973 oil crisis and after.

unfortunately, the world will be facing more 
shocks because of energy for two primary reasons. 
The frst is the depletion of non-renewable sources of 
energy and the resulting price increases. The second 

is the possibility that burning 
fossil fuels and the creation 
of more carbon dioxide may 
be the cause of global warming. 
One economist predicted that 
the cost of global warming will 
be calculated in the trillions of 
dollars. Statistics can play an important role by 
determining whether earth’s temperature has been 
increasing and, if so, whether carbon dioxide is the 
cause (see Case 4.1).

In this chapter, you will encounter other examples and exercises that involve the 
issue of energy.

e X A M P L e  3 .2  LO1 LO2

Energy consumption in Australia and New Zealand
XM03-02 Table 3.2 below lists the total energy consumption of Australia and New Zealand from all 
sources in 2009. The fgures measure the heat content in metric tonnes (1000 kilograms) of oil equivalent. 
use a graphical technique to display the differences between the sources of energy for the two countries.

Table 3.2 energy consumption by source in Australia and New Zealand, 2009

Australia New Zealand

Non-renewable energy sources

Coal and coal products 55 054 1 457

Oil 40 356 6 175

Natural gas 28 278 3 459

Nuclear 0 0

Renewable energy sources

Hydroelectric 1 052 2 083

Solid biomass 5 783 1 131

Other (Liquid biomass, geothermal, solar, wind, tide, wave and ocean) 548 3 098

Total 131 071 17 403

Source: International energy Association, 2012
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normal distribution parameters
this applet can be used to see the effect of changing 
the values of the mean and standard deviation of a 
normal distribution.

Move the top slider left or right to decrease 
or increase the mean of the distribution. notice 
that when you change the value of the mean, the 
shape stays the same; only the location changes. 
Move the second slider to change the standard 
deviation. the shape of the bell curve is changed 
when you increase or decrease the standard 
deviation.

applet exercises
4.1 Move the slider bar for the standard deviation 

so that the standard deviation of the red 
distribution is greater than 1. What does this 
do to the spread of the normal distribution? 
does it squeeze it or stretch it?

4.2 Move the slider bar for the standard deviation 
so that the standard deviation of the red 
distribution is less than 1. What does this do to 
the spread of the normal distribution? does it 
squeeze it or stretch it?

4.3 Move the mean and the standard deviation 
sliders so that the red distribution is different 
from the blue distribution. What would you 
need to subtract from the red values to slide 
the red distribution back (forward) so that the 
centres of the red and blue distributions would 
overlap? by what would you need to divide 
the red values to squeeze or stretch the red 
distribution so that it would have the same 
spread as the blue distribution?

Figure 8.10 describes the efect of σ. Larger values of σ widen the curve and smaller ones 
narrow it.

Calculating normal probabilities
To calculate the probability that a normal random variable falls into any interval, we need 
to compute the area in the interval under the curve. Unfortunately, the function is not as 
simple as the uniform distribution, precluding the use of simple mathematics or even integral 
calculus. Instead we will resort to using a probability table much as we did in determining 
binomial and Poisson probabilities in Chapter 7. Recall that to determine binomial 

normal random 
variable
a random variable that 
is normally distributed.
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Commands boxes can be found in chapters 
and include step-by-step instructions on how 
to complete exercises in Microsoft Excel®.
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c o m m a n D S

Commands Commands for Example 14.1

1 type or import the data into two columns. open fle xm14-01

2 click Data, Data analysis and z-test: two-Sample for Means. 
click OK.

3 Specify Variable 1 range. a1:a101

4 Specify Variable 2 range. B1:B101

5 Specify the Hypothesised Mean Difference. 0

6 Specify Variable 1 Variance (known). 22467600

7 Specify Variable 2 Variance (known). 28783225

8 click Labels (if necessary).

Specify a value for α (alpha) and click OK. 0.05

alternatively, if the sample means are already known (given or computed), use the z-test_2 Means 
worksheet in the test Statistics workbook available from the CourseMate for Business Statistics 
website (accessible through http://login.cengagebrain.com) and enter the required sample means, 
sample sizes and hypothesised difference in means.

Because three diferent possible test statistics can be used in testing the diference between 
two population means, you must be particularly careful to identify factors that determine 
when to use the z-test of μ1 − μ2.

Factors that identify the z-test of μ1 − μ2

1 Problem objective: to compare two populations
2 Data type: numerical (quantitative)
3 Descriptive measurement: central location
4 Experimental design: independent samples
5 Population variances: known

e x a m P l e  14 .2  LO2

Dietary effects of high-fbre breakfast cereals: part II
xm14-03 refer to example 12.3. at the 5% signifcance level, test the scientist’s claim that people who eat 
high-fbre cereal for breakfast will consume, on average, fewer kilojoules for lunch than people who don’t eat 
high-fbre cereal for breakfast. assume that the two populations are normal.

Solution

identifying the technique
in order to assess the claim, the scientist needs to compare the population of consumers of high-fbre 
cereal with the population of non-consumers. the data are numerical (obviously, as we have recorded real 
numbers). this problem objective–data type combination tells us that the parameter to be tested is the 
difference between two means μ1 − μ2.
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S U M M A R Y
this chapter dealt with continuous random variables and their distributions. because a 
continuous random variable can assume an infnite number of values, the probability that 
the random variable equals any single value is 0. Consequently, we address the problem 
of computing the probability of a range of values. We showed that the probability of any 
interval is the area in the interval under the curve representing the density function.

We introduced the most important distribution in statistics and showed how to 
compute the probability that a normal random variable falls into any interval.

additionally, we demonstrated how to use the normal table backwards to fnd values 
of a normal random variable given a probability. next we introduced the exponential 
distribution, a distribution that is particularly useful in several management science 
applications, such as waiting lines and queuing.

C O U R S E M AT E
visit the CourseMate for Business Statistics website at http://login.cengagebrain.com 
to access resources and study tools for this chapter, including:

• data fles for examples, exercises and cases 
• applets for the ‘seeing statistics’ boxes
• selected solutions for the exercises and supplementary exercises
• interactive fashcards to revise key terms.

S Y M B O L S

Symbol Pronounced Represents

e 2.71828 …

π pi 3.14159 …

za z-sub-A or z-A value of Z such that area to its right is A

S U M M A R Y  O F  F O R M U L A S

standardised normal random variable Z
X= − µ

σ

   Mean E(Z) = 0

   variance V(Z) = 1

exponential

   probability P X a e a( )≥ = −λ

   Mean E X( ) /= =µ λ1

   variance V X( ) /= =σ λ2 21

I M P O R TA N T  T E R M S
continuity correction factor 326
continuous random variable 303
exponential distribution 332
exponential random variable 332
normal distribution 308

normal random variable 310
probability density function (pdf) 305
standard normal distribution 311
standard normal random variable 311
uniform distribution 306
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Seeing statistics boxes also appear 
throughout the text. These direct you 
to the accompanying CourseMate for 
Business Statistics website (http://login.
cengagebrain.com) where you can view 
applets, which enhance your comprehension 
by providing visual insight into statistical 
concepts.

At the end of each chapter you will find:
•	 a summary section that consolidates 

your knowledge of the content of the 
chapter by reviewing key concepts and 
drawing out their wider significance,

•	 a recap of relevant symbols,
•	 a summary of formulas from the chapter, 

and
•	 a list of important terms.

Source: Shutterstock.
com/e2dan
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To draw a pie chart, use the same instructions with some minor changes as follows.

C O M M A N D S

PIE CHART

Proceed as you did to create a bar chart above, but in Step 5, instead of Column, select Pie. In Step 6, 
in more Data Label Options, tick Category name and Percentage check boxes.

Interpreting the results
From the frequencies presented in Table 3.1 and also from the bar and pie charts, one can easily see that 
NZ Woman’s Day is the most popular women’s magazine in New Zealand.

energy economics

R e A L- L I F e  A P P L I C AT I O N S

One variable that has had a large infuence on the 
economies of virtually every country is energy. The 1973 
oil crisis in which the price of oil quadrupled over a short 
period of time is generally considered to be one of the 
largest fnancial shocks to the world’s economies. In 
fact, economists often refer to two different economies: 
before the 1973 oil crisis and after.

unfortunately, the world will be facing more 
shocks because of energy for two primary reasons. 
The frst is the depletion of non-renewable sources of 
energy and the resulting price increases. The second 

is the possibility that burning 
fossil fuels and the creation 
of more carbon dioxide may 
be the cause of global warming. 
One economist predicted that 
the cost of global warming will 
be calculated in the trillions of 
dollars. Statistics can play an important role by 
determining whether earth’s temperature has been 
increasing and, if so, whether carbon dioxide is the 
cause (see Case 4.1).

In this chapter, you will encounter other examples and exercises that involve the 
issue of energy.

e X A M P L e  3 .2  LO1 LO2

Energy consumption in Australia and New Zealand
XM03-02 Table 3.2 below lists the total energy consumption of Australia and New Zealand from all 
sources in 2009. The fgures measure the heat content in metric tonnes (1000 kilograms) of oil equivalent. 
use a graphical technique to display the differences between the sources of energy for the two countries.

Table 3.2 energy consumption by source in Australia and New Zealand, 2009

Australia New Zealand

Non-renewable energy sources

Coal and coal products 55 054 1 457

Oil 40 356 6 175

Natural gas 28 278 3 459

Nuclear 0 0

Renewable energy sources

Hydroelectric 1 052 2 083

Solid biomass 5 783 1 131

Other (Liquid biomass, geothermal, solar, wind, tide, wave and ocean) 548 3 098

Total 131 071 17 403

Source: International energy Association, 2012
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normal distribution parameters
this applet can be used to see the effect of changing 
the values of the mean and standard deviation of a 
normal distribution.

Move the top slider left or right to decrease 
or increase the mean of the distribution. notice 
that when you change the value of the mean, the 
shape stays the same; only the location changes. 
Move the second slider to change the standard 
deviation. the shape of the bell curve is changed 
when you increase or decrease the standard 
deviation.

applet exercises
4.1 Move the slider bar for the standard deviation 

so that the standard deviation of the red 
distribution is greater than 1. What does this 
do to the spread of the normal distribution? 
does it squeeze it or stretch it?

4.2 Move the slider bar for the standard deviation 
so that the standard deviation of the red 
distribution is less than 1. What does this do to 
the spread of the normal distribution? does it 
squeeze it or stretch it?

4.3 Move the mean and the standard deviation 
sliders so that the red distribution is different 
from the blue distribution. What would you 
need to subtract from the red values to slide 
the red distribution back (forward) so that the 
centres of the red and blue distributions would 
overlap? by what would you need to divide 
the red values to squeeze or stretch the red 
distribution so that it would have the same 
spread as the blue distribution?

Figure 8.10 describes the efect of σ. Larger values of σ widen the curve and smaller ones 
narrow it.

Calculating normal probabilities
To calculate the probability that a normal random variable falls into any interval, we need 
to compute the area in the interval under the curve. Unfortunately, the function is not as 
simple as the uniform distribution, precluding the use of simple mathematics or even integral 
calculus. Instead we will resort to using a probability table much as we did in determining 
binomial and Poisson probabilities in Chapter 7. Recall that to determine binomial 

normal random 
variable
a random variable that 
is normally distributed.
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S U M M A R Y
this chapter dealt with continuous random variables and their distributions. because a 
continuous random variable can assume an infnite number of values, the probability that 
the random variable equals any single value is 0. Consequently, we address the problem 
of computing the probability of a range of values. We showed that the probability of any 
interval is the area in the interval under the curve representing the density function.

We introduced the most important distribution in statistics and showed how to 
compute the probability that a normal random variable falls into any interval.

additionally, we demonstrated how to use the normal table backwards to fnd values 
of a normal random variable given a probability. next we introduced the exponential 
distribution, a distribution that is particularly useful in several management science 
applications, such as waiting lines and queuing.

C O U R S E M AT E
visit the CourseMate for Business Statistics website at http://login.cengagebrain.com 
to access resources and study tools for this chapter, including:

• data fles for examples, exercises and cases 
• applets for the ‘seeing statistics’ boxes
• selected solutions for the exercises and supplementary exercises
• interactive fashcards to revise key terms.

S Y M B O L S

Symbol Pronounced Represents

e 2.71828 …

π pi 3.14159 …

za z-sub-A or z-A value of Z such that area to its right is A

S U M M A R Y  O F  F O R M U L A S

standardised normal random variable Z
X= − µ

σ

   Mean E(Z) = 0

   variance V(Z) = 1

exponential

   probability P X a e a( )≥ = −λ

   Mean E X( ) /= =µ λ1

   variance V X( ) /= =σ λ2 21

I M P O R TA N T  T E R M S
continuity correction factor 326
continuous random variable 303
exponential distribution 332
exponential random variable 332
normal distribution 308

normal random variable 310
probability density function (pdf) 305
standard normal distribution 311
standard normal random variable 311
uniform distribution 306
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resources guide  xxi

Supplementary exercises at the end of  
each chapter give you the opportunity to 
further test your understanding of the key 
concepts covered.
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S U P P l e M e n ta r y  e X e r c i S e S

S U P P L E M E N TA R Y  E X E R C I S E S
The following exercises require the use of a computer 
and software. Use a 5% signif cance level.

16.59 Xr16-59 the editor of the student newspaper 
was in the process of making some major 
changes in the newspaper’s layout. He was 
also contemplating changing the typeface 
of the print used. to help himself make a 
decision, he set up an experiment in which 
20 individuals were asked to read four 
newspaper pages, with each page printed 
in a different typeface. if the reading speed 
differed, then the typeface that was read 
fastest would be used. However, if there was 
not enough evidence to allow the editor to 
conclude that such differences existed, the 
current typeface would be continued. the 
times (in seconds) to completely read one 
page were recorded, with some of the data 
listed below. What should the editor do?

Typeface

Individual 1 2 3 4

1 110 123 115 115

2 118 119 110 134

3 148 184 139 143

. . . . .

. . . . .

. . . . .

20 129 147 110 137

16.60 Xr16-60 in marketing children’s products, it 
is extremely important to produce television 
commercials that hold the attention of the 
children who view them. a psychologist 
hired by a marketing research f rm 
wants to determine whether differences 
in attention span exist among children 
watching advertisements for different types 
of products. one hundred and f fty children 
under 10 years of age were recruited 
for an experiment. one-third watched a 
60-second commercial for a new computer 
game, one-third watched a commercial for a 
breakfast cereal, and another third watched 
a commercial for children’s clothes. their 
attention spans were measured. the results 
(in seconds) were recorded, with some of 

the data listed below. Do these data provide 
enough evidence to conclude that there are 
differences in attention span while watching 
the three products advertised?

Computer 
game

Breakfast 
cereal

Children’s 
clothes

28 46 30

34 30 25

20 37 39

 . . .

 . . .

 . . .

29 45 30

16.61 Xr16-61 Upon reconsidering the experiment 
in exercise 16.60, the psychologist decides 
that a child’s age may inf uence the attention 
span. consequently, the experiment is redone 
in the following way. three 10-year-olds, 
three nine-year-olds, three eight-year-olds, 
three seven-year-olds, three six-year-olds, 
three f ve-year-olds and three four-year-olds 
are randomly assigned to watch one of the 
commercials, and their attention spans are 
measured. the data are shown below. Do the 
results indicate that there are differences in 
the abilities of the products advertised to hold 
children’s attention?

Age
Computer 

game
Breakfast 

cereal
Children’s 
clothes

10 45 43 38

9 46 42 37

8 42 40 30

7 38 41 37

6 39 41 35

5 33 37 30

4 27 25 20

16.62 refer to exercise 16.18.
if differences exist, which of the following 

is true?
i Small f rms differ from the other two.
ii Mid-sized f rms differ from the other two.
iii large f rms differ from the other two.
iv all three f rms differ from one another.
v Small f rms differ from larger f rms.
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7.99 a study of drivers reveals that, when lost, 
45% will stop and ask for directions, 30% will 
consult a map and 25% will continue driving 
until the location has been determined. 
suppose that a sample of 200 drivers was 
asked to report what they do when lost. Find 
the following probabilities.
a at least 100 stop and ask directions.
b at most 55 continue driving.
c between 50 and 75 (inclusive) consult 

a map.

7.100 the scheduling manager for an electricity 
supply company knows that there are an 
average of 12 emergency calls regarding 
power failures per month. assume that a 
month consists of 30 days.
a Find the probability that the company will 

receive at least 12 emergency calls during 
a specif ed month.

b suppose that the company can handle a 
maximum of three emergency calls per 
day. What is the probability that there 
will be more emergency calls than the 
company can handle on a given day?

7.101 lotteries are an important income source for 
various governments around the world. However, 
the availability of lotteries and other forms 
of gambling have created a social problem – 
gambling addicts. a critic of government-
controlled gambling contends that 30% of people 
who regularly buy lottery tickets are gambling 
addicts. if we randomly select 10 people among 
those who report that they regularly buy lottery 
tickets, what is the probability that more than 
f ve of them are addicts?

7.102 a pharmaceutical researcher working on a 
cure for baldness noticed that middle-age 
men who are balding at the crown of their 
head have a 45% probability of suffering 
a heart attack over the next decade. in a 
sample of 100 middle-age balding men, what 
are the following probabilities.
a more than 50 will suffer a heart attack in 

the next decade.
b Fewer than 44 will suffer a heart attack in 

the next decade.
c exactly 45 will suffer a heart attack in the 

next decade.

C A S E  S T U D I E S

is there a gender disparity in cultural and leisure 
activities involvement of school children?
c07-01 in addition to involvement in sporting activities, school children these days 
are also involved in participating in cultural and leisure activities outside school hours. 
to analyse the extent of their involvement in australia, data on the participation of 
children aged 5 to 14 years in selected organised cultural and leisure activities outside 
of school hours (during the 12 months prior to interview in april 2012) was collected. 
the selected cultural activities include playing a musical instrument, singing, dancing, 
drama, and organised art and craft. the data are presented below. analyse the probability 
distributions, mean and standard deviation for male and female students as well as all 
students. also compare the probability distribution of males and females, and present a 
report about whether there is any disparity in the participation among male and female 
school children in the level of their participation in the cultural and leisure activities.

Number of activities (x)

Number of children (’000)

Males Females All

no activities (0) 1087.1 718.2 1805.4

one (1) 274.6 422.8 697.5

two (2) 50.0 147.9 197.9

three (3) 12.6 52.9 65.5

Four or f ve (4) 5.0 14.9 19.9

Total population aged 5–14 years 1429.4 1356.7 2786.1

source: australian bureau of statistics, Children’s Participation in Cultural and Leisure Activities, 
Australia, table 3, october 2012, cat. no. 4901.0, abs, canberra
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Case studies are included at the end of 
each chapter to assist you in applying the 
statistical techniques you are learning to 
real-world problems 

197

A P P E N D I X 5.A
Summation notation

T is appendix of ers an introduction to the use of summation notation. Because summation 
notation is used extensively throughout statistics, you should review this appendix even if you 
have had previous exposure to summation notation. Our coverage of the topic begins with 
an introduction to the necessary terminology and notation, follows with some examples, and 
concludes with four rules that are useful in applying summation notation.

Consider n numbers x1, x2, …, xn. A concise way of representing their sum is

xi
i

n

=
∑

1
T at is:

x x x xi n
i

n

= + +…+
=
∑ 1 2

1

Terminology and notation
1 T e symbol Σ is the capital Greek letter sigma, and means ‘the sum of’.
2 T e letter i is called the index of summation. T e letter chosen to represent the index of 

summation is arbitrary.

3 T e expression xi
i

n

=
∑

1
 is read ‘the sum of the terms xi, where i assumes the values from 1 to 

n inclusive’.
4 T e numbers 1 and n are called the lower and upper limits of summation respectively. 

Summation notation is best illustrated by means of examples.

Examples
1 Suppose that x1 = 5, x2 = 6, x3 = 8, and x4 = 10. T en:

a x x x x xi
i=
∑ = + + +

= + + +
=

1

4

1 2 3 4

5 6 8 10
29

b x x xi
i=
∑ = +

= +
=

3

4

3 4

8 10
18
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Appendices throughout the text included step-
by-step instructions on how to perform complex 
statistical calculations. 

Online resources
Visit http://login.cengagebrain.com and login using the code 
card in the front of this text for a 12-month access to the Business 
Statistics 6e CourseMate website. You’ll find interactive self-
assessments, quizzes, glossary, flashcards, crosswords, case 
questions, and more tools to help you excel in your studies.
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S U P P l e M e n ta r y  e X e r c i S e S

S U P P L E M E N TA R Y  E X E R C I S E S
The following exercises require the use of a computer 
and software. Use a 5% signif cance level.

16.59 Xr16-59 the editor of the student newspaper 
was in the process of making some major 
changes in the newspaper’s layout. He was 
also contemplating changing the typeface 
of the print used. to help himself make a 
decision, he set up an experiment in which 
20 individuals were asked to read four 
newspaper pages, with each page printed 
in a different typeface. if the reading speed 
differed, then the typeface that was read 
fastest would be used. However, if there was 
not enough evidence to allow the editor to 
conclude that such differences existed, the 
current typeface would be continued. the 
times (in seconds) to completely read one 
page were recorded, with some of the data 
listed below. What should the editor do?

Typeface

Individual 1 2 3 4

1 110 123 115 115

2 118 119 110 134

3 148 184 139 143

. . . . .

. . . . .

. . . . .

20 129 147 110 137

16.60 Xr16-60 in marketing children’s products, it 
is extremely important to produce television 
commercials that hold the attention of the 
children who view them. a psychologist 
hired by a marketing research f rm 
wants to determine whether differences 
in attention span exist among children 
watching advertisements for different types 
of products. one hundred and f fty children 
under 10 years of age were recruited 
for an experiment. one-third watched a 
60-second commercial for a new computer 
game, one-third watched a commercial for a 
breakfast cereal, and another third watched 
a commercial for children’s clothes. their 
attention spans were measured. the results 
(in seconds) were recorded, with some of 

the data listed below. Do these data provide 
enough evidence to conclude that there are 
differences in attention span while watching 
the three products advertised?

Computer 
game

Breakfast 
cereal

Children’s 
clothes

28 46 30

34 30 25

20 37 39

 . . .

 . . .

 . . .

29 45 30

16.61 Xr16-61 Upon reconsidering the experiment 
in exercise 16.60, the psychologist decides 
that a child’s age may inf uence the attention 
span. consequently, the experiment is redone 
in the following way. three 10-year-olds, 
three nine-year-olds, three eight-year-olds, 
three seven-year-olds, three six-year-olds, 
three f ve-year-olds and three four-year-olds 
are randomly assigned to watch one of the 
commercials, and their attention spans are 
measured. the data are shown below. Do the 
results indicate that there are differences in 
the abilities of the products advertised to hold 
children’s attention?

Age
Computer 

game
Breakfast 

cereal
Children’s 
clothes

10 45 43 38

9 46 42 37

8 42 40 30

7 38 41 37

6 39 41 35

5 33 37 30

4 27 25 20

16.62 refer to exercise 16.18.
if differences exist, which of the following 

is true?
i Small f rms differ from the other two.
ii Mid-sized f rms differ from the other two.
iii large f rms differ from the other two.
iv all three f rms differ from one another.
v Small f rms differ from larger f rms.
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7.99 a study of drivers reveals that, when lost, 
45% will stop and ask for directions, 30% will 
consult a map and 25% will continue driving 
until the location has been determined. 
suppose that a sample of 200 drivers was 
asked to report what they do when lost. Find 
the following probabilities.
a at least 100 stop and ask directions.
b at most 55 continue driving.
c between 50 and 75 (inclusive) consult 

a map.

7.100 the scheduling manager for an electricity 
supply company knows that there are an 
average of 12 emergency calls regarding 
power failures per month. assume that a 
month consists of 30 days.
a Find the probability that the company will 

receive at least 12 emergency calls during 
a specif ed month.

b suppose that the company can handle a 
maximum of three emergency calls per 
day. What is the probability that there 
will be more emergency calls than the 
company can handle on a given day?

7.101 lotteries are an important income source for 
various governments around the world. However, 
the availability of lotteries and other forms 
of gambling have created a social problem – 
gambling addicts. a critic of government-
controlled gambling contends that 30% of people 
who regularly buy lottery tickets are gambling 
addicts. if we randomly select 10 people among 
those who report that they regularly buy lottery 
tickets, what is the probability that more than 
f ve of them are addicts?

7.102 a pharmaceutical researcher working on a 
cure for baldness noticed that middle-age 
men who are balding at the crown of their 
head have a 45% probability of suffering 
a heart attack over the next decade. in a 
sample of 100 middle-age balding men, what 
are the following probabilities.
a more than 50 will suffer a heart attack in 

the next decade.
b Fewer than 44 will suffer a heart attack in 

the next decade.
c exactly 45 will suffer a heart attack in the 

next decade.

C A S E  S T U D I E S

is there a gender disparity in cultural and leisure 
activities involvement of school children?
c07-01 in addition to involvement in sporting activities, school children these days 
are also involved in participating in cultural and leisure activities outside school hours. 
to analyse the extent of their involvement in australia, data on the participation of 
children aged 5 to 14 years in selected organised cultural and leisure activities outside 
of school hours (during the 12 months prior to interview in april 2012) was collected. 
the selected cultural activities include playing a musical instrument, singing, dancing, 
drama, and organised art and craft. the data are presented below. analyse the probability 
distributions, mean and standard deviation for male and female students as well as all 
students. also compare the probability distribution of males and females, and present a 
report about whether there is any disparity in the participation among male and female 
school children in the level of their participation in the cultural and leisure activities.

Number of activities (x)

Number of children (’000)

Males Females All

no activities (0) 1087.1 718.2 1805.4

one (1) 274.6 422.8 697.5

two (2) 50.0 147.9 197.9

three (3) 12.6 52.9 65.5

Four or f ve (4) 5.0 14.9 19.9

Total population aged 5–14 years 1429.4 1356.7 2786.1

source: australian bureau of statistics, Children’s Participation in Cultural and Leisure Activities, 
Australia, table 3, october 2012, cat. no. 4901.0, abs, canberra
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xxii  resources guide

For the Instructor 
Cengage Learning is pleased to provide you with a selection of resources that will help you 
prepare for your lectures. These teaching tools are available on the companion website 
accessible via http://login.cengage.com.

Instructor Solutions Manual
This includes complete solutions to all the end-of chapter conceptual 
questions and problems in the text. Also provided are full answers to 
the online student chapter review quizzes. 

PowerPointTM presentations
Chapter-by-chapter PowerPoint presentations cover the main  
concepts addressed within the text and can be edited to suit your own 
requirements. Use these slides to enhance your lecture presentations and  
to reinforce the key principles of your subject, or for student handouts.

ExamView® test bank
ExamView helps you to create, customise and deliver tests in minutes 
for both print and online applications. The Quick Test Wizard and 
Online test Wizard guide you step by step through the test-creation 
process. With ExamView’s complete word-processing abilities, you can 
add an unlimited number of new questions to the bank, edit existing 
questions and build tests of up to 250 questions using up to 12 question 
types. You can also export the files into Blackboard or WebCT.

Artwork
These digital files of graphs, tables, pictures and flow charts from the 
text can be used in a variety of media. Add them into your course 
management system, use them within student handouts or copy them 
into lecture presentations.

APLIA
Online homework has never been easier! APLIA is the perfect solution 
for your homework management needs, with assignable questions and 
an online gradebook. Once set up by instructors, students can access 
additional online review questions related to the text. 
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CENSUS
2011

2011 2006

AVERAGE PEOPLE
PER HOUSEHOLD

2.6    2.5

POPULATION
21 507 717    19 855 290

UNIVERSITY EDUCATED
14.3%    12.0%

MEDIAN
MONTHLY HOUSEHOLD

MORTGAGE REPAYMENTS
$1 800    $1 300

MEDIAN WEEKLY
HOUSEHOLD INCOME

$1 234    $1 025

NO RELIGION
22.3%    18.7%

AUSTRALIAN CITIZENS
85%    86%

MARRIED
48.7%    49.6%

WORK FULL-TIME
59.7%    60.7%

1

1
What is statistics?

L e a r n i n g  o b j e c t i v e s

This chapter provides an introduction to the two general bodies of methods that together 
constitute the subject called statistics: descriptive statistics and inferential statistics.

At the completion of this chapter, you should be able to:

LO1 	 describe the two major branches of statistics – descriptive statistics and inferential 
statistics

LO2 	 understand the key statistical concepts – population, sample, parameter, statistic 
and census

LO3 	 provide examples of practical applications in which statistics have a major role to 
play

LO4 	 understand how statistics are used by business managers

LO5 	 understand the basics of the computer spreadsheet package Microsoft Excel and its 
capabilities in aiding with statistical data analysis for large amounts of data.

CHAPTER OUTLINE

Introduction to statistics

1.1	 Key statistical concepts

1.2	 Practical applications

1.3	 How managers use statistics

1.4	 Statistics and the computer

1.5	 Online resources

Census in Australia
Information (or data) gathering on 
various characteristics of different 
populations of interest are an 
important part of statistics. When 
we use all units of the population 
to record information about the 
characteristics of interest, this 
type of data gathering is called 
a census. Due to cost and other 



2  Business Statistics  : Australia and New Zealand

resource implications, census of the whole population is done only every five years in 
Australia. The peak Australian government statistics agency, the Australian Bureau of 
Statistics, carries out the census, the two latest being conducted in 2006 and 2011. A 
census provides a snapshot of the population characteristics in the year it is held. We will 
discuss census and other forms of data collection in detail in this chapter.

Introduction to statistics
Today we have access to more data than ever, through the ever-increasing use of information 
technology to make informed decisions. Statistics is a body of principles and methods 
concerned with extracting useful information from a set of data to help people make decisions. 
The role of this book is to describe how, when and why managers and statisticians conduct 
statistical procedures. Such description is important as you come across different kinds of 
information and data to which you need to apply different statistical procedures.

In general, statistics can be subdivided into two basic areas: descriptive statistics and 
inferential statistics.

Descriptive statistics
Descriptive statistics deals with methods of organising, summarising and presenting data 
in a convenient and informative form. One form of descriptive statistics uses graphical 
techniques, which allow statistics practitioners to present data in ways that make it easy for 
the reader to extract useful information. The main attraction of a graphical presentation 
is that the message can be easily understood by any layperson. In Chapters 3 and 4 we will 
present a variety of graphical methods. 

Another form of descriptive statistics uses numerical techniques to summarise data. One 
such method you would have already used frequently is calculating an average or mean. Chapter 
5 introduces several numerical statistical measures that describe different features of the data.

The actual technique we use depends on what specific information we would like to 
extract. Consider the use of descriptive statistics in the following examples.

descriptive 
statistics 
Methods of organising, 
summarising and 
presenting data 
in ways that are 
useful, attractive and 
informative to the 
reader.

This is a typical statistics problem. The student has the data (marks) and needs to apply 
statistical techniques to get the information he requires. This is a function of descriptive 
statistics.

In this example, we can see at least three important pieces of information. The first is the 
‘typical’ mark. We call this a measure of central location. The average is one such measure. 
In Chapter 5 we will introduce another useful measure of central location, the median. In the 
above example, the median is the middle mark of the class when the marks are arranged in 

E x ample      1.1 	 LO1

Business statistics marks
A student enrolled in a business program is attending his first lecture of the compulsory business statistics 
course. The student is somewhat apprehensive because he believes the myth that the course is difficult. To 
alleviate his anxiety, the student asks the lecturer about last year’s exam marks of the business statistics 
course. Because, like all statistics lecturers, this one is friendly and helpful, he obliges and provides a list 
of the final marks. The marks are composed of all the within-semester assessment items plus the end-of-
semester final exam. What information can the student obtain from the list?
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ascending or descending order. That is, there are 50% of the students who obtained marks less 
than the median mark, while 50% received marks greater than the median value. 

Suppose the student was told that the average mark last year was 67. Is this enough 
information to reduce his anxiety? The student would likely respond ‘no’ because he would 
like to know whether most of the marks were close to the average mark of 67 or were scattered 
far below and above the average. He needs a measure of variability. The simplest such measure 
is the range (discussed further in Chapter 5), which is calculated by subtracting the smallest 
number from the largest. Suppose the largest mark is 96 and the smallest is 24, then the 
range is (96 – 24 =) 72. Unfortunately, this provides little information as the range doesn’t say 
where most of the marks are located. Whether most data are located near 24 or near 96 or 
somewhere in the middle, the range is still 72. We need other measures of variability such as 
the variance and standard deviation, to reflect the true picture of the spread of the data, which 
will be introduced in Chapter 5. Moreover, the student must determine more about the marks. 
In particular he needs to know how the marks are distributed between 24 and 96. The best 
way to do this is to use a graphical technique, the histogram, to be introduced in Chapter 4.

E x ample      1.2 	 LO1,3

Comparing weekly sales between two outlets
A fast-food franchiser wishes to compare the weekly sales level over the past year at two particular outlets. 
Descriptive statistical methods could be used to summarise the actual sales levels (perhaps broken down 
by food item) in terms of a few numerical measures, such as the average weekly sales level and the degree 
of variation from this average that weekly sales may undergo. Tables and charts could be used to enhance 
the presentation of the data so that a manager could quickly focus on the essential differences in sales 
performance at the two outlets.

E x ample      1.3 	 LO1–4

Profitability of a new life insurance policy

An Australia-wide automobile club (consisting of about 2 million members) is contemplating extending its 
services to its members by introducing a new life insurance policy. After some careful financial analysis, 
the club has determined that the proposed insurance policy would break even if at least 10% of all current 
members subscribing to the club also purchase the policy. The question here is how can inferential statistics 
be used by the automobile club to make a decision about introducing their new life insurance policy?

To obtain additional information before reaching a decision on whether or not to proceed with the new 
insurance policy, the automobile club has decided to conduct a survey of 500 randomly selected current 

There is much more to statistics, however, than these descriptive methods. Decision-
makers are frequently forced to make decisions based on a set of data that is only a small 
subgroup (sample) of the total set of relevant data (population).

Inferential statistics
Inferential statistics is a body of methods for drawing conclusions (i.e. making inferences) 
about characteristics of a population, based on information available in a sample taken from 
the population. The following example illustrates the basic concepts involved in inferential 
statistics.

inferential statistics 
Methods used to draw 
conclusions about a 
population based on 
information provided 
by a sample of the 
population.
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Whenever an inference is made about an entire population on the basis of evidence 
provided by a sample taken from the population, there is a chance of drawing an incorrect 
conclusion. Fortunately, other statistical methods allow us to determine the reliability of 
the statistical inference. They enable us to establish the degree of confidence we can place in 
the inference, assuming the sample has been properly chosen. These methods would enable 
the automobile club in Example 1.3 to determine, for example, the likelihood that less 
than 10% of the population of its members would purchase, given that 12% of the members 
sampled said they would purchase. If this likelihood is deemed small enough, the automobile 
club will probably proceed with its new venture.

1.1 Key statistical concepts
Statistical inference problems involve three key concepts: the population, the sample and the 
statistical inference. We now discuss each of these concepts in more detail.

Population
A population is the group of all items of interest to a statistics practitioner. It is frequently very 
large and may, in fact, be infinitely large. In the language of statistics, the word population 
does not necessarily refer to a group of people. It may, for example, refer to the population of 
diameters of ball bearings produced at a large plant. In Example 1.3, the population of interest 
consists of all 2 million or so members.

A descriptive measure of a population is called a parameter. The parameter of interest in 
Example 1.3 was the proportion of all members who would purchase the new policy.

Sample
A sample is a subset of data drawn from the population. In Example 1.3, the sample of interest 
consists of the 500 selected members.

population 
The set of all items of 
interest.

parameter 
A descriptive measure 
of a population.

sample 
A set of data drawn 
from the studied 
population.

members. The collection of all its current 2 million or so members is called the population. The 500 
members selected from the entire population for the analysis are referred to as a sample. Each member 
in the sample is asked if they would purchase the policy if it were offered at some specified price. Suppose 
that 60 of the members in this sample reply positively. While a positive response by 60 out of 500 members 
(12%) is encouraging, it does not assure the automobile club that the proposed insurance policy will be 
profitable. The challenging question here is how to use the response from these 500 sampled members 
to conclude that at least 10% of all 2 million or so members would also respond positively. The data are 
the proportion of positive response among the 500 members in the sample. However, we are not so much 
interested in the response of the 500 members as we are in knowing what the response would be from all 
of the club’s current members. To accomplish this goal we need another branch of statistics – inferential 
statistics.

If the automobile club concludes, based on the sample information, that at least 10% of all its members 
in the population would purchase the proposed insurance policy, the club is relying on inferential statistics. 
The club is drawing a conclusion, or making a statistical inference, about the entire population of its 2 million 
or so members on the basis of information provided by only a sample of 500 members taken from the 
population. The available data tell us that 12% of this particular sample of members would purchase; the 
inference that at least 10% of all its members would purchase the new insurance policy may or may not be 
correct. It may be that, by chance, the club selected a particularly agreeable sample and that, in fact, no 
more than 5% of the entire population of members would purchase.
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A descriptive measure of a sample is called a statistic. We use sample statistics to make 
inferences about population parameters. In Example 1.3, the proportion of the 500 members 
who would purchase the life insurance policy would be a sample statistic that could be used 
to estimate the corresponding population parameter of interest, the population proportion. 
Unlike a parameter, which is a constant, a statistic is a variable whose value varies from 
sample to sample. In Example 1.3, 12% is a value of the sample statistic based on the selected 
sample.

Statistical inference
Statistical inference is the process of making an estimate, forecast or decision about a 
population parameter, based on the sample data. Because populations are usually very large, 
it is impractical and expensive to investigate or survey every member of a population. (Such 
a survey is called a census.) It is far cheaper and easier to take a sample from the population 
of interest and to draw conclusions about the population parameters based on information 
provided by the sample.

For instance, political pollsters predict, on the basis of a sample of about 1500 voters, how 
the entire 16 million eligible voters from the Australian population will cast their ballots; and 
quality control supervisors estimate the proportion of defective units being produced in a 
massive production process from a sample of only several hundred units.

Because a statistical inference is based on a relatively small subgroup of a large 
population, statistical methods can never decide or estimate with certainty. Since decisions 
involving large amounts of money often hinge on statistical inferences, the reliability 
of the inferences is very important. As a result, each statistical technique includes a 
measure of the reliability of the inference. For example, if a political pollster predicts that 
a candidate will receive 40% of the vote, the measure of reliability might be that the true 
proportion (determined on election day) will be within 3% of the estimate on 95% of the 
occasions when such a prediction is made. For this reason, we build into the statistical 
inference a measure of reliability. There are two such measures, the confidence level and 
the significance level. The confidence level is the proportion of times that an estimating 
procedure would be correct, if the sampling procedure were repeated a very large number 
of times. For example, a 95% confidence level would mean that, in a very large number of 
repeated samples, estimates based on this form of statistical inference will be correct 95% 
of the time. When the purpose of the statistical inference is to draw a conclusion about a 
population, the significance level measures how frequently the conclusion will be wrong 
in the long run. For example, a 5% significance level means that, in repeated samples, 
this type of conclusion will be wrong 5% of the time. We will introduce these terms in 
Chapters 11 and 13.

1.2 Practical applications
Throughout the text, you will find examples, exercises and cases that describe actual 
situations from the business world in which statistical procedures have been used to help 
make decisions. For each example, exercise or case, you will be asked to choose and apply 
the appropriate statistical technique to the given data and to reach a conclusion. We cover 
such applications in accounting, economics, finance, management and marketing. Below is a 
summary of some of the case studies we have analysed in this textbook with partial data, to 
illustrate additional applications of inferential statistics. But you will have to wait until you 
work through these cases in the relevant chapters (where some data is also presented) to find 
out the conclusions and results.

statistic 
A descriptive measure 
of a sample.

confidence level 
The degree of 
certainty we have that 
our interval contains 
the value of the 
parameter.

significance level 
The relative frequency 
of a wrong conclusion.
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Differing average weekly earnings of men  
and women in Australia
While a lot has been achieved in Australia to reduce the difference between men and 
women in a number of social status indicators, wage differences are still a matter of 
concern. The following table presents the average weekly earnings of male and female 
adults for each Australian state and territory and for Australia as a whole. Present the 
information using appropriate graphical techniques.

Average weekly (all employees total) earnings (A$), May 2012

State/Territory Males Females

New South Wales 1266.60 843.80

Victoria 1214.60 784.30

Queensland 1270.10 807.40

South Australia 1165.90 762.50

Western Australia 1556.30 834.30

Tasmania 1069.90 742.00

Northern Territory 1419.30 973.20

ACT 1546.50 1172.90

Total (Australia) 1253.10 744.80

Source: Australian Bureau of Statistics, Average Weekly Earnings, 

May 2012, cat. no. 6302.0, ABS, Canberra

Aussies and Kiwis are leading in education
According to the 2011 published statistics on the human development index (HDI) by the 
UN, Australians and New Zealanders are leading the world. The HDI is calculated using 
three indices, namely, education index, GDP index and life expectancy index. The education 
index data for the top 20, the middle 20 and the bottom 20 of the 176 countries listed 
in the UN report are recorded. Part of the data are given below. Use suitable numerical 
summary (central location and variability) measures to analyse the data.

Top 20 Education index Bottom 20 Education index

Australia 0.993  Eritrea 0.539

Cuba 0.993 … …

Denmark 0.993 … …

Finland 0.993 Chad 0.334

New Zealand 0.993 Mali 0.331

… … Burkina Faso 0.301

Slovenia 0.969 Niger 0.282

Source: Human Development Report 2009, United Nations Development Program (UNDP),  

New York, 2011

Comparing salary offers for finance  
and marketing MBA majors - I
In the last few years, there has been an increase in the number of web-based companies 
that offer job placement services. The manager of one such company wanted to 
investigate the job offers recent MBAs were obtaining. In particular, she wanted to know 
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whether finance majors were being offered higher salaries than marketing majors. In 
a preliminary study, she randomly sampled 50 recently graduated MBAs, half of whom 
majored in finance and half in marketing. From each she recorded the highest salary offer 
(including benefits). Can we infer that finance majors obtain higher salary offers than do 
marketing majors among MBAs? Verify the underlying assumptions.

Gold lotto
Gold lotto is a national lottery that operates as follows. Players select eight different 
numbers (six primary and two supplementary numbers) from 1 and 45. Once a week, 
the corporation that runs the lottery selects eight numbers (six primary and two 
supplementary numbers) at random from 1 to 45. Winners are determined by how many 
numbers on their tickets agree with the numbers drawn. In selecting their numbers, 
players often look at past patterns as a way to help predict future drawings. A regular 
feature that appears in the newspaper identifies the number of times each number has 
occurred in the past. The data recorded in the following table appeared in the 20 January 
2013 edition of the Queensland Sunday Mail after the completion of draw 3287. What 
would you recommend to anyone who believes that past patterns of the lottery numbers 
are useful in predicting future drawings?

Drawing frequency of lotto numbers since draw 413

Lotto 
number

Number of 
times drawn Lotto number

Number of 
times drawn Lotto number

Number of 
times drawn

1 274 16 246 31 252

2 257 17 249 32 256

. . . . . .

. . . . . .

14 240 29 248 44 230

15 265 30 231 45 242

Does unemployment affect the average  
hourly earnings of New Zealanders?
Wages in the labour market are very much influenced by the demand and supply of 
labour. In any profession or industry, when there is an over supply of labour, the workers 
will be at a disadvantage and will not be able to demand high wages and vice versa. 
During the mining boom in Perth, unusually high wages were paid, due to the shortage 
of workers to work in the mining fields. This has impacted heavily on the other sectors of 
the economy (e.g. the house prices in Perth were inflated to astonishingly high levels). In 
New Zealand, also, in the last few decades the average hourly earnings have fluctuated, 
depending on the state of the economy, especially on the level of labour supply. When 
the number of unemployed persons increases, it is expected that the average hourly 
earnings would fall. The data in the file presents the quarterly data for the average 
hourly earnings and the total number of unemployed persons in New Zealand during 
the period March 1994 to Sept 2012. Is there any evidence in New Zealand to support 
the proposition that the higher (lower) the number of unemployed the lower (higher) the 
average hourly earnings?
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Period Number unemployed Average hourly earnings ($)

Mar. 1994 170 300 14.98

Jun. 1994 147 000 15.10

Sep. 1994 135 800 15.10

Dec. 1994 134 800 15.16

. . .

. . .

. . .

Dec. 2011 150 700 26.59

Mar. 2012 171 200 26.96

Jun. 2012 156 400 27.00

Sep. 2012 170 000 27.31

Source: Income Tables, Statistics New Zealand, December 2012

The objective of the problem described in Case 3.6 is to use the descriptive graphical and 
numerical techniques to analyse the differences in weekly earnings of men and women in 
Australia; Case 5.9 is to compare the central location and variability of the education index 
of the top and bottom 20 countries in the world; Case 15.1 is to compare two populations, 
the variable of interest being the salary of MBA graduates specialising in marketing and 
finance. Case 17.1 is a day-to-day real-life application. The objective of the problem is to see 
how statistical inference can be used to determine whether some numbers in a lotto draw 
occur more often than others. Case 18.1 illustrates another statistical objective. In this case, 
we need to analyse the relationship between two variables: average hourly earnings and the 
total number of unemployed persons in New Zealand. By applying the appropriate statistical 
technique, we will be able to determine whether the two variables are related, and, if so, 
whether reducing the number of unemployed leads to higher average salary earnings. As you 
will discover, the technique also permits statistics practitioners to include other variables to 
determine whether they affect average salary earnings.

1.3 How managers use statistics
As we have already pointed out, statistics is about acquiring and using information. However, 
the statistical result is not the end product. Managers use statistical techniques to help them 
make decisions. In general, statistical applications are driven by the managerial problem. 
The problem creates the need to acquire information. This in turn drives the data-gathering 
process. When the manager acquires data, he or she must convert the data into information 
by means of one or more statistical techniques. The information then becomes part of the 
decision process.

Many business students will take or have already taken a subject in marketing. In the 
introductory marketing subject, students are taught about market segmentation. Markets are 
segmented to develop products and services for specific groups of consumers. For example, 
the Coca-Cola Company produces several different cola products. 

There is Coca-Cola Classic, Coca-Cola Vanilla, Coca-Cola Zero, Coke, Diet Coke and 
Caffeine-Free Diet Coke. Each product is aimed at a different market segment. For example, 
Coca-Cola Classic is aimed at people who are older than 30, Coca-Cola Vanilla is aimed 
primarily at women, Coke is aimed at the teen market, Diet Coke is marketed towards 
individuals concerned about their weight or sugar intake, and Caffeine-Free Diet Coke is for 
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people who are health-conscious. In order to segment the cola market, Coca-Cola had to 
determine that all consumers were not identical in their wants and needs. The company then 
had to determine the different parts of the market and ultimately design products that were 
profitable for each part of the market. As you might guess, statistics plays a critical but not 
exclusive role in this process.

Because there is no single way to segment a market, managers must try different 
segmentation variables. Segmentation variables include geographic (e.g. states, cities, 
country towns), demographic (e.g. age, gender, occupation, income, religion), psycho-graphic 
(e.g. social class, lifestyle, personality) and behaviouristic (e.g. brand loyalty, usage, benefits 
sought). Consumer surveys are generally used by marketing researchers to determine which 
segmentation variables to use. For example, Coca-Cola used age and lifestyle. The age of 
consumers generally determines whether they buy Coca-Cola Classic or Coke. Lifestyle 
determines whether they purchase regular, diet or caffeine-free cola. Surveys and statistical 
techniques would tell the marketing manager that the ‘average’ Coca-Cola Classic drinker is 
older than 30, whereas the ‘average’ Coke drinker is a teenager. Census data and surveys are 
used to measure the size of the two segments. Surveys would also inform about the number 
of cola drinkers who are concerned about kilojoules and/or caffeine. The conversion of the 
raw data in the survey into statistics is only one part of the process. The marketing manager 
must then make decisions about which segments to pursue (not all segments are profitable), 
how to sell and how to advertise.

In this book, we will address the part of the process that collects the raw data and produces 
the statistical result. By necessity, we must leave the remaining elements of the decision 
process to the other subjects that constitute business programs. We will demonstrate, 
however, that all areas of management can and do use statistical techniques as part of the 
information system.

1.4 Statistics and the computer
In almost all practical applications of statistics, the statistics practitioner must deal with large 
amounts of data. In order to calculate various statistical measures, the statistics practitioner 
would have to perform various calculations on the data; although the calculations do not 
require any great mathematical skill, the sheer amount of arithmetic makes this aspect of 
the statistical method time-consuming and tedious. Fortunately, numerous commercially 
prepared computer programs are available to perform these calculations. In most of the 
examples used to illustrate statistical techniques in this book, we will provide two methods 
for answering the question:
1	 Calculating manually. Except where doing so is prohibitively time-consuming, we 

will show how to answer the questions using hand calculations (with only the aid of a 
calculator). It is useful for you to produce some solutions in this way, because by doing so 
you will gain insights into statistical concepts.

2	 Using Microsoft Excel. Many business students own a spreadsheet package, and university 
and TAFE subjects incorporate a spreadsheet into their curriculum. We have chosen to 
use Microsoft Excel 2010 because we believe that it is and will continue to be the most 
popular spreadsheet package and is the most accessible package. Excel also comes with 
a limited statistical tool called Data Analysis. Consequently, we have included (on the 
CourseMate for Business Statistics website – see Section 1.5) a statistical software add-in, 
Data Analysis Plus 9.0 for Excel 2010 (and Data Analysis Plus 7.0 and 5.1 for earlier versions 
of Excel), and also created various other macros that can be loaded on to your computer to 
enable you to use Excel for almost all procedures. Detailed instructions are provided for all 
techniques. An introduction to the use of Excel is provided in Appendix 1A of this chapter.


