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You will find StatKey and many additional resources

(including short, helpful videos for all examples and all

learning goals; electronic copies of all datasets; and

technology help for a wide variety of platforms) at

www.wiley.com/college/lock

You can also find StatKey at

www.lock5stat.com/statkey
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Data are everywhere—in vast 

quantities, spanning almost every

topic. Being able to make sense 

of all this information is becom-

ing both a coveted and necessary

skill. This book will help you learn how to effectively collect and analyze data, enabling you to investi-

gate any questions you wish to ask. The goal of this book is to help you unlock the power of data!

An essential component of statistics is randomness. Rather than viewing randomness as a confused 

jumble of numbers (as the random number table on the front cover might appear), you will learn how

to use randomness to your advantage, and come to view it as one of the most powerful tools avail-

able for making new discoveries and bringing clarity to the world.

A message 
from 
the Locks
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P R E F A C E

“Statistical thinking will one day be as necessary a qualifcation for

effcient citizenship as the ability to read and write.”

–H.G. Wells

Why We Wrote this Book
Helping students make sense of data will serve them well in life and in any feld they
might choose. Our goal in writing this book is to help students understand, appre-
ciate, and use the power of statistics and to help instructors teach an outstanding
course in statistics.

The text is designed for use in an introductory statistics course. The focus
throughout is on data analysis and the primary goal is to enable students to
effectively collect data, analyze data, and interpret conclusions drawn from data.
The text is driven by real data and real applications. Although the only prerequisite
is a minimal working knowledge of algebra, students completing the course should
be able to accurately interpret statistical results and to analyze straightforward
datasets. The text is designed to give students a sense of the power of data analysis;
our hope is that many students learning from this book will want to continue
developing their statistical knowledge.

Students who learn from this text should fnish with

• A solid conceptual understanding of the key concepts of statistical inference: esti-
mation with intervals and testing for signifcance.

• The ability to do straightforward data analysis, including summarizing data, visu-
alizing data, and inference using either traditional methods or modern resampling
methods.

• Experience using technology to perform a variety of different statistical
procedures.

• An understanding of the importance of data collection, the ability to recognize
limitations in data collection methods, and an awareness of the role that data col-
lection plays in determining the scope of inference.

• The knowledge of which statistical methods to use in which situations and the
ability to interpret the results effectively and in context.

• An awareness of the power of data.

Building Conceptual Understanding
with Simulation Methods
This book takes a unique approach of utilizing computer simulation methods to
introduce students to the key ideas of statistical inference.Methods such as bootstrap
intervals and randomization tests are very intuitive to novice students and capitalize
on visual learning skills students bring to the classroom. With proper use of com-
puter support, they are accessible at very early stages of a course with little formal
background. Our text introduces statistical inference through these resampling and
randomization methods, not only because these methods are becoming increasingly
important for statisticians in their own right but also because they are outstanding
in building students’ conceptual understanding of the key ideas.

Our text includes the more traditional methods such as t-tests, chi-square tests,
etc., but only after students have developed a strong intuitive understanding of

ix
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inference through randomization methods. At this point students have a conceptual
understanding and appreciation for the results they can then compute using the
more traditional methods. We believe that this approach helps students realize
that although the formulas may take different forms for different types of data,
the conceptual framework underlying most statistical methods remains the same.
Our experience has been that after using the intuitive simulation-based methods to
introduce the core ideas, students understand and can move quickly through most
of the traditional techniques.

Sir R.A. Fisher, widely considered the father of modern statistics, said of simu-
lation and permutation methods in 1936:

“Actually, the statistician does not carry out this very simple and very tedious process,
but his conclusions have no justifcation beyond the fact that they agree with those
which could have been arrived at by this elementary method.”

Modern technology has made these methods, too ‘tedious’ to apply in 1936, now
readily accessible. As George Cobb wrote in 2007:

“... despite broad acceptance and rapid growth in enrollments, the consensus curricu-
lum is still an unwitting prisoner of history. What we teach is largely the technical
machinery of numerical approximations based on the normal distribution and its
many subsidiary cogs. This machinery was once necessary, because the conceptu-
ally simpler alternative based on permutations was computationally beyond our
reach. Before computers statisticians had no choice. These days we have no excuse.
Randomization-based inference makes a direct connection between data production
and the logic of inference that deserves to be at the core of every introductory course.”

Building Understanding and Proficiency
with Technology
Technology is an integral part of modern statistics, but this text does not require any
specifc software.Wehave developed a user-friendly set of online interactive dynamic
tools, StatKey, to illustrate key ideas and analyze data withmodern simulation-based
methods. StatKey is freely available with data from the text integrated. We also pro-
vide Companion Manuals, tied directly to the text, for other popular technology
options. The text uses many real datasets which are electronically available in multi-
ple formats.

Building a Framework for the Big Picture:
Essential Synthesis
One of the drawbacks ofmany current texts is the fragmentation of ideas into disjoint
pieces. While the segmentation helps students understand the individual pieces, we
believe that integration of the parts into a coherent whole is also essential. To address
this we have sections called Essential Synthesis at the end of each unit, in which
students are asked to take a step back and look at the big picture. We hope that
these sections, which include case studies, will help to prepare students for the kind
of statistical thinking they will encounter after fnishing the course.

Building Student Interest with Engaging Examples
and Exercises
This text contains over 300 fully worked-out examples and over 1800 exercises, which
are the heart of this text and the key to learning statistics. One of the great things
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about statistics is that it is relevant in so many felds. We have tried to fnd studies
and datasets that will capture the interest of students—and instructors! We hope all
users of this text fnd many fun and useful tidbits of information from the datasets,
examples, and exercises, above and beyond the statistical knowledge gained.

The exercise sets at the end of every section assess computation, interpretation,
and understanding using a variety of problem types. Some features of the exercise
sets include:

• Skill Builders. After every section, the exercise set starts with skill-building
exercises, designed to be straightforward and to ensure that students have the
basic skills and confdence to tackle the more involved problems with real data.

• Lots of real data.After the opening skill builders, the vast majority of the exercises
in a section involve real data from a wide variety of disciplines. These allow stu-
dents to practice the ideas of the section and to see how statistics is used in actual
practice in addition to illustrating the power and wide applicability of statistics.
These exercises call for interpretations of the statistical fndings in the context of
a real situation.

• Exercises using technology. While many exercises provide summary statistics,
some problems in each exercise set invite students to use technology to analyze
raw data. All datasets, and software-specifc companion manuals, are available
electronically.

• Essential synthesis and review.Exercises at the end of each unit let students choose
from among a wider assortment of possible approaches, without the guiding cues
associated with section-specifc exercise sets. These exercises help students see the
big picture and prepare them for determining appropriate analysis methods.

Building Confidence with Robust Student
and Instructor Resources
This text has many additional resources designed to facilitate and enhance its use in
teaching and learning statistics. The following are all readily accessible and organized
to make them easy to fnd and easy to use. Almost all were written exclusively by the
authors.

Resources for students and instructors:
• StatKey; online interactive dynamic tools (www.lock5stat.com/statkey)

• Software-specifc companion manuals (www.wiley.com/college/lock)

• All datasets in multiple formats (www.wiley.com/college/lock)

• Video solutions for all examples and video tutorials for all learning goals
(www.wiley.com/college/lock)

• WileyPLUS—an innovative, research-based online environment for effective
teaching and learning

• Student solution manual with fully worked solutions to odd-numbered exercises

Resources for instructors
• Complete instructors manual with sample syllabi, teaching tips and recommended
class examples, class activities, homework assignments, and student project
assignments

• Short videos with teaching tips for instructors, for every section

• Detailed interactive class activities with handouts, for every section

http://www.lock5stat.com/statkey
http://www.wiley.com/college/lock
http://www.wiley.com/college/lock
http://www.wiley.com/college/lock
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• PowerPoint slides, for every section, with or without integrated clicker questions

• In-class example worksheets ready to go, for every section

• Clicker questions, for every section

• A variety of different types of student projects, for every unit

• Fully worked out solutions to all exercises

• Test bank with a wide variety of question types

• The full WileyPLUS learning management system at your disposal

Content and Organization

UNIT A: Data
The frst unit deals with data—how to obtain data (Chapter 1) and how to summa-
rize and visualize the information in data (Chapter 2). We explore how the method
of data collection infuences the types of conclusions that can be drawn and how
the type of data (categorical or quantitative) helps determine the most appropriate
numerical and/or graphical technique for describing a single variable or investigating
a relationship between two variables. We end the unit discussing multiple variables
and exploring a variety of additional ways to display data.

UNIT B: Understanding Inference
InUnit B we develop the key ideas of statistical inference—estimation and testing—
using simulation methods to build understanding and to carry out the analysis.
Chapter 3 introduces the idea of using information from a single sample to provide
an estimate for a population, and uses a bootstrap distribution to determine the
uncertainty in the estimate. In Chapter 4 we illustrate the important ideas for
testing statistical hypotheses, again using simple simulations that mimic the random
processes of data production.

UNIT C: Inference with Normal and t-Distributions
In Unit C we see how theoretical distributions, such as the classic, bell-shaped nor-
mal curve, can be used to approximate the distributions of sample statistics that we
encounter in Unit B. Chapter 5 shows, in general, how the normal curve can be used
to facilitate constructing confdence intervals and conducting hypothesis tests. In
Chapter 6 we see how to estimate standard errors with formulas and use the normal
or t-distributions in situations involving means, proportions, differences in means,
and differences in proportions. Since the main ideas of inference have already been
covered in Unit B, Chapter 6 has many very short sections that can be combined and
covered in almost any order.

UNIT D: Inference for Multiple Parameters
In Unit D we consider statistical inference for situations with multiple parame-
ters: testing categorical variables with more than two categories (chi-square tests
in Chapter 7), comparing means between more than two groups (ANOVA in
Chapter 8), making inferences using the slope and intercept of a regression model
(simple linear regression in Chapter 9), and building regression models with more
than one explanatory variable (multiple regression in Chapter 10).

The Big Picture: Essential Synthesis
This section gives a quick overview of all of the units and asks students to put the
pieces together with questions related to a case study on speed dating that draws on
ideas from throughout the text.
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Chapter P: Probability Basics
This is an optional chapter covering basic ideas of formal probability theory. The
material in this chapter is independent of the other chapters and can be covered at
any point in a course or omitted entirely.

Changes in the Second Edition
• Many New Exercises. The Second Edition includes over 300 completely new
exercises, almost all of which use real data. As always, our goal has been to
continue to try to fnd datasets and studies of interest to students and instructors.

• Many Updated Exercises. In addition to the many new exercises, this edition also
includes over 100 exercises that have been updated with new data.

• Multiple Variables and Data Visualization.Chapter 2 has a new section 2.7: Multi-
ple Variables andData Visualization, in which we consider a variety of creative and
effective ways to visualize data with additional variables and/or data that include
geographic or time variables, and illustrate the value of including additional
variables.

• Chapter 4 Reorganized. Chapter 4 on hypothesis tests has been reorganized to
focus more explicitly on one key idea at a time (hypotheses, randomization distri-
butions, p-values, signifcance) before discussing additional considerations about
testing.

• Chapter 5 Rewritten. Chapter 5 has been rewritten to improve the transition from
Unit B (using simulationmethods) toUnit C (using normal and t-based inference).

• Chapter 6 Sections Re-labeled. The sections of Chapter 6 have been re-numbered,
and some of the sections have been made more concise, to further emphasize the
fact that the sections are short and designed to be combined and covered in almost
any order.

• Probability Chapter Renamed. The Probability chapter has been renamed
Chapter P to further emphasize the fact that the chapter is independent of the
rest of the material and can be omitted or covered at any point in the course. In
addition, a new section has been added to the chapter, on density curves and the
normal distribution.

• StatKey Enhanced. The online interactive dynamic software StatKey has been
enhanced, including adding the option to upload whole datasets with multiple
variables.

• AndMuchMore!We have also made many additional edits to the text to improve
the fow and clarity, keep it current, and respond to student and user feedback.

Tips for Students
• Do the Exercises! The key to learning statistics is to try lots of the exercises. We
hope you fnd them interesting!

• Videos To aid student learning, we have created video solutions for all examples
and short video tutorials for all learning goals. These are available through Wiley-
PLUS or the Student Companion Site. Check them out!

• Partial AnswersPartial answers to the odd-numbered problems are included in the
back of the book. These are partial answers, not full solutions or even complete
answers. In particular, many exercises expect you to interpret or explain or show
details, and you should do so! (Full solutions to the odd-numbered problems are
included with WileyPLUS or the Student Solutions Manual.)
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• Exercises Referencing Exercises Many of the datasets and studies included in
this book are introduced and then referenced again later. When this happens, we
include the earlier reference for your information, but you should not need to refer
back to the earlier reference.All necessary information will be included in the later
problem. The reference is there in case you get curious and wantmore information
or the source citation.

• Accuracy Statistics is not an exact science. Just about everything is an approxima-
tion, with very few exactly correct values. Don’t worry if your answer is slightly
different from your friend’s answer, or slightly different from the answer in the
back of the book. Especially with the simulation methods of Chapters 3 and 4,
a certain amount of variability in answers is a natural and inevitable part of the
process.
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U N I T A

Data
“For Today’s Graduate, Just One Word: Statistics”

New York Times headline, August 5, 2009

U N I T O U T L I N E

1 Collecting Data
2 Describing Data
Essential Synthesis

In this unit, we learn how to collect and describe

data. We explore how data collection influences

the types of conclusions that can be drawn, and

discover ways to summarize and visualize data.



C H A P T E R 1

Collecting
Data

“You can’t fx by analysis what you bungled by design.”

Richard Light, Judith Singer, and John Willett in By Design

Top left: ©Pete Saloutos/iStockphoto, Top right: ©Keith Szafranski/iStockphoto, Bottom right: Al Diaz/Miami Herald/MCT
via Getty Images

2



Questions and Issues

C H A P T E R O U T L I N E

1 Collecting Data 2
1.1 The Structure of Data 4

1.2 Sampling from a Population 16

1.3 Experiments and Observational
Studies 29

Here are some of the questions and issues we will discuss in this chapter:

• Is there a “sprinting gene”?

• Does tagging penguins for identifcation purposes harm them?

• Do humans subconsciously give off chemical signals (pheromones)?

• What proportion of people using a public restroom wash their hands?

• If parents could turn back time, would they still choose to have children?

• Why do adolescent spiders engage in foreplay?

• How broadly do experiences of parents affect their future children?

• What percent of college professors consider themselves “above-average” teachers?

• Does giving lots of high fves to teammates help sports teams win?

• Which is better for peak performance: a short mild warm-up or a long intense warm-up?

• Does the color red increase the attractiveness of women to men?

• Are city dwellers more likely than country dwellers to have mood and anxiety disorders?

• Is there truth to the saying “beauty sleep”?

• What percent of young adults in the US move back in with their parents?

• Does turning up the music in a bar cause people to drink more beer?

• Is your nose getting bigger?

• Does watching cat videos improve mood?

• Does sleep deprivation hurt one’s ability to interpret facial expressions?

• Do artifcial sweeteners cause weight gain?

• Does late night eating impair concentration?

3
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1.1THE STRUCTURE OF DATA
We are being inundated with data. It is estimated that the amount of new techni-
cal information is doubling every two years, and that over 7. 2 zettabytes (that’s
7.2 × 1021 bytes) of unique new informationwill be generated this year.1 That ismore
than was generated during the entire 5000-year period before you were born. An
incredible amount of data is readily available to us on the Internet and elsewhere.
The people who are able to analyze this information are going to have great jobs and
are going to be valuable in virtually every feld. One of the wonderful things about
statistics is that it is relevant in so many areas. Whatever your focus and your future
career plans, it is likely that you will need statistical knowledge to make smart deci-
sions in your feld and in everyday life. As we will see in this text, effective collection
and analysis of data can lead to very powerful results.

Statistics is the science of collecting, describing, and analyzing data. In this
chapter, we discuss effective ways to collect data. In Chapter 2, we discuss methods
to describe data. The rest of the chapters are devoted to ways of analyzing data to
make effective conclusions and to uncover hidden phenomena.

D A T A 1 . 1 A Student Survey
For several years, a first-day survey has been administered to students in an

introductory statistics class at one university. Some of the data for a few of the

students are displayed in Table 1.1. A more complete table with data for 362

students and 17 variables can be found in the file StudentSurvey.2 ■

Cases and Variables
The subjects/objects that we obtain information about are called the cases or units
in a dataset. In the StudentSurvey dataset, the cases are the students who completed
the survey. Each row of the dataset corresponds to a different case.

A variable is any characteristic that is recorded for each case. Each column of
our dataset corresponds to a different variable. The data in Table 1.1 show eight vari-
ables (in addition to the ID column), each describing a different characteristic of the
students taking the survey.

Table 1.1 Partial results from a student survey

ID Gender Smoke Award Exercise TV GPA Pulse Birth

1 M No Olympic 10 1 3.13 54 4
2 F Yes Academy 4 7 2.5 66 2
3 M No Nobel 14 5 2.55 130 1
4 M No Nobel 3 1 3.1 78 1
5 F No Nobel 3 3 2.7 40 1
6 F No Nobel 5 4 3.2 80 2
7 F No Olympic 10 10 2.77 94 1
8 M No Olympic 13 8 3.3 77 1
9 F No Nobel 3 6 2.8 60 2

10 F No Nobel 12 1 3.7 94 8

1http://www.emc.com/leadership/programs/digital-universe.htm. Accessed January 2015.
2Most datasets used in this text, and descriptions, are available electronically. They can be found at
www.wiley.com/college/lock. See the Preface for more information. Descriptions of many datasets can
also be found in Appendix B.

http://www.emc.com/leadership/programs/digital-universe.htm
http://www.wiley.com/college/lock
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Cases and Variables

We obtain information about cases or units in a dataset, and generally
record the information for each case in a row of a data table.

A variable is any characteristic that is recorded for each case. The vari-
ables generally correspond to the columns in a data table.

In any dataset, it is important to understand exactly what each variable is mea-
suring and how the values are coded. For the data in Table 1.1, the frst column
is ID, to provide an identifer for each of the individuals in the study. In addition,
we have:

Gender M for male and F for female
Smoke Does the student smoke: yes or no
Award Award the student prefers to win: Academy Award, Olympic gold

medal, or Nobel Prize
Exercise Number of hours spent exercising per week
TV Number of hours spent watching television per week
GPA Current grade point average on a 4-point scale
Pulse Pulse rate in number of beats per minute at the time of the survey
Birth Birth order: 1 for frst/oldest, 2 for second born, etc.

Example 1.1
Explain what each variable tells us about the student with ID 1 in the frst row of
Table 1.1.

Solution Student 1 is amalewho does not smoke andwhowould prefer towin anOlympic gold
medal over an Academy Award or a Nobel Prize. He says that he exercises 10 hours
a week, watches television one hour a week, and that his grade point average is 3.13.
His pulse rate was 54 beats per minute at the time of the survey, and he is the fourth
oldest child in his family.

Categorical and Quantitative Variables
In determining the most appropriate ways to summarize or analyze data, it is useful
to classify variables as either categorical or quantitative.

Categorical and Quantitative Variables

A categorical variable divides the cases into groups, placing each case
into exactly one of two or more categories.

A quantitative variable measures or records a numerical quantity for
each case. Numerical operations like adding and averagingmake sense
for quantitative variables.

We may use numbers to code the categories of a categorical variable, but this
does not make the variable quantitative unless the numbers have a quantitative
meaning. For example, “gender” is categorical even if we choose to record the results
as 1 for male and 2 for female, since we are more likely to be interested in how many
are in each category rather than an average numerical value. In other situations, we
might choose to convert a quantitative variable into categorical groups. For example,
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“household income” is quantitative if we record the specifc values but is categorical
if we instead record only an income category (“low,” “medium,” “high”) for each
household.

Example 1.2
Classify each of the variables in the student survey data in Table 1.1 as either cate-
gorical or quantitative.

Solution Note that the ID column is neither a quantitative nor a categorical variable.Adataset
often has a column with names or ID numbers that are for reference only.

• Gender is categorical since it classifes students into the two categories of male and
female.

• Smoke is categorical since it classifes students as smokers or nonsmokers.

• Award is categorical since students are classifed depending on which award is
preferred.

• Exercise, TV, GPA, and Pulse are all quantitative since each measures a numeri-
cal characteristic of each student. It makes sense to compute an average for each
variable, such as an average number of hours of exercise a week.

• Birth is a somewhat ambiguous variable, as it could be considered either quantita-
tive or categorical depending on how we use it. If we want to fnd an average birth
order, we consider the variable quantitative. However, if we are more interested
in knowing how many frst-borns, how many second-borns, and so on, are in the
data, we consider the variable categorical. Either answer is acceptable.

Investigating Variables and Relationships
between Variables
In this book, we discuss ways to describe and analyze a single variable and to
describe and analyze relationships between two or more variables. For example,
in the student survey data, we might be interested in the following questions, each
about a single variable:

• What percentage of students smoke?

• What is the average number of hours a week spent exercising?

• Are there students with unusually high or low pulse rates?

• Which award is the most desired?

• How does the average GPA of students in the survey compare to the average GPA
of all students at this university?

Often the most interesting questions arise as we look at relationships between vari-
ables. In the student survey data, for example, we might ask the following questions
about relationships between variables:

• Who smokes more, males or females?

• Do students who exercise more tend to prefer an Olympic gold medal?
Do students who watch lots of television tend to prefer an Academy Award?

• Do males or females watch more television?

• Do students who exercise more tend to have lower pulse rates?

• Do frst-borns generally have higher grade point averages?
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These examples show that relationships might be between two categorical vari-
ables, two quantitative variables, or a quantitative and a categorical variable. In the
following chapters, we examine statistical techniques for exploring the nature of rela-
tionships in each of these situations.

D A T A 1 . 2 Data on Countries

As of this writing, there are 215 countries listed by the World Bank.3 A great deal

of information about these countries (such as energy use, birth rate, life

expectancy) is in the full dataset under the name AllCountries. ■

© redmal/iStockphoto

Countries of the world

Example 1.3
The dataset AllCountries includes information on the percent of people in each
country with access to the Internet.

(a) Data from Iceland were used to determine that 96.5% of Icelanders have access
to the Internet, the highest rate of any country. What are the cases in the data
from Iceland? What variable is used? Is it categorical or quantitative?

(b) In the AllCountries dataset, we record the percent of people with access to the
Internet for each country.What are the cases in that dataset?What is the relevant
variable? Is it categorical or quantitative?

Solution (a) For determining the rate of Internet usage in Iceland, the cases are people in
Iceland, and the relevant variable is whether or not each person has access to
the Internet. This is a categorical variable.

(b) In the AllCountries dataset, the cases are the countries of the world. The vari-
able is the proportion with access to the Internet. For each country, we record a
numerical value. These values range from a low of 0.9% in Eritrea to the high of
96.5% in Iceland, and the average is 43.02%. This is a quantitative variable.

As we see in the previous example, we need to think carefully about what the
cases are and what is being recorded in each case in order to determine whether a
variable is categorical or quantitative.

3http://data.worldbank.org/indicator/IT.NET.USER.P2. Data include information on both countries and
economies, accessed May 2015.

http://data.worldbank.org/indicator/IT.NET.USER.P2
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Example 1.4
In later chapters, we examine some of the following issues using the data in
AllCountries. Indicate whether each question is about a single variable or a rela-
tionship between variables. Also indicate whether the variables are quantitative or
categorical.

(a) How much energy does the average country use in a year?

(b) Do countries larger in area tend to have a more rural population?

(c) What is the relationship, if any, between a country’s government spending on the
military and on health care?

(d) Is the birth rate higher in developed or undeveloped countries?

(e) Which country has the highest percent of elderly people?

Solution (a) The amount of energy used is a single quantitative variable.

(b) Both size and percent rural are quantitative variables, so this is a question about
a relationship between two quantitative variables.

(c) Spending on the military and spending on health care are both quantitative,
so this is another question about the relationship between two quantitative
variables.

(d) Birth rate is a quantitative variable andwhether or not a country is developed is a
categorical variable, so this is asking about a relationship between a quantitative
variable and a categorical variable.

(e) Because the cases are countries, percent elderly is a single quantitative variable.

Using Data to Answer a Question
The StudentSurvey and AllCountries datasets contain lots of information and we
can use that information to learn more about students and countries. Increasingly, in
this data-driven world, we have large amounts of data and we want to “mine” it for
valuable information. Often, however, the order is reversed: We have a question of
interest and we need to collect data that will help us answer that question.

© Pete Saloutos/iStockphoto

Is there a “sprinting gene”?
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Example 1.5
Is There a “Sprinting Gene”?

Agene calledACTN3 encodes a proteinwhich functions in fast-twitchmuscles. Some
people have a variant of this gene that cannot yield this protein. (So wemight call the
gene variant a possible non-sprinting gene.) To address the question of whether this
gene is associated with sprinting ability, geneticists tested people from three different
groups: world-class sprinters, world-class marathon runners, and a control group of
non-athletes. In the samples tested, 6% of the sprinters had the gene variant, com-
pared with 18% of the non-athletes and 24% of the marathon runners. This study4

suggests that sprinters are less likely than non-sprinters to have the gene variant.

(a) What are the cases and variables in this study? Indicate whether each variable is
categorical or quantitative.

(b) What might a table of data look like for this study? Give a table with a possible
frst two cases flled in.

Solution (a) The cases are the people included in the study. One variable is whether the indi-
vidual has the gene variant or not. Since we record simply “yes” or “no,” this is
a categorical variable. The second variable keeps track of the group to which
the individual belongs. This is also a categorical variable, with three possible
categories (sprinter, marathon runner, or non-athlete). We are interested in the
relationship between these two categorical variables.

(b) The table of data must record answers for each of these variables and may or
may not have an identifer column. Table 1.2 shows a possible frst two rows for
this dataset.

Table 1.2 Possible table to investigate
whether there is a sprinter’s gene

Name Gene Variant Group

Allan Yes Marathon runner
Beth No Sprinter
· · · · · · · · ·

Example 1.6
What’s a Habanero?

A habanero chili is an extremely spicy pepper (roughly 500 times hotter than a
jalapeño) that is used to create fery food. The vice president of product development
and marketing for the Carl’s Jr. restaurant chain5 is considering adding a habanero
burger to themenu. In developing an advertising campaign, one of the issues hemust
deal with is whether people even know what the term “habanero” means. He iden-
tifes three specifc questions of interest and plans to survey customers who visit the
chain’s restaurants in various parts of the country.

• What proportion of customers know and understand what “habanero” means?

• What proportion of customers are interested in trying a habanero burger?

• How do these proportions change for different regions of the country?

4Yang, N., et al., “ACTN3 genotype is associated with human elite athletic performance,” American
Journal of Human Genetics, September 2003; 73: 627–631.
5With thanks to Bruce Frazer.




