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PREFACE

Overview

This text is designed for two types of statistics courses. The early chapters, combined
with a selection of the case studies, are designed for use in the second half of
a two-semester (two-quarter) introductory statistics sequence for undergraduates
with statistics or non-statistics majors. Or, the text can be used for a course in applied
regression analysis for masters or Ph.D. students in other fields.

At first glance, these two uses for the text may seem inconsistent. How could a
text be appropriate for both undergraduate and graduate students? The answer lies
in the content. In contrast to a course in statistical theory, the level of mathematical
knowledge required for an applied regression analysis course is minimal. Conse-
quently, the difficulty encountered in learning the mechanics is much the same for
both undergraduate and graduate students. The challenge is in the application —
diagnosing practical problems, deciding on the appropriate linear model for a given
situation, and knowing which inferential technique will answer the researcher’s
practical question. This takes experience, and it explains why a student with a non-
statistics major can take an undergraduate course in applied regression analysis and
still benefit from covering the same ground in a graduate course.

Introductory Statistics Course

It is difficult to identify the amount of material that should be included in the
second semester of a two-semester sequence in introductory statistics. Optionally,
a few lectures should be devoted to Chapter 1 (A Review of Basic Concepts)
to make certain that all students possess a common background knowledge of
the basic concepts covered in a first-semester (first-quarter) course. Chapter 2
(Introduction to Regression Analysis), Chapter 3 (Simple Linear Regression),
Chapter 4 (Multiple Regression Models), Chapter 5 (Model Building), Chapter 6
(Variable Screening Methods), Chapter 7 (Some Regression Pitfalls), and Chapter
8 (Residual Analysis) provide the core for an applied regression analysis course.
These chapters could be supplemented by the addition of Chapter 10 (Time Series
Modeling and Forecasting), Chapter 11 (Principles of Experimental Design), and
Chapter 12 (The Analysis of Variance for Designed Experiments).

Applied Regression for Graduates

In our opinion, the quality of an applied graduate course is not measured by the
number of topics covered or the amount of material memorized by the students.
The measure is how well they can apply the techniques covered in the course to
the solution of real problems encountered in their field of study. Consequently,
we advocate moving on to new topics only after the students have demonstrated
ability (through testing) to apply the techniques under discussion. In-class consulting
sessions, where a case study is presented and the students have the opportunity to
diagnose the problem and recommend an appropriate method of analysis, are very

X
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helpful in teaching applied regression analysis. This approach is particularly useful
in helping students master the difficult topic of model selection and model building
(Chapters 4-8) and relating questions about the model to real-world questions. The
seven case studies (which follow relevant chapters) illustrate the type of material
that might be useful for this purpose.

A course in applied regression analysis for graduate students would start in
the same manner as the undergraduate course, but would move more rapidly over
the review material and would more than likely be supplemented by Appendix
A (Derivation of the Least Squares Estimates), Appendix B (The Mechanics of a
Multiple Regression Analysis), and/or Appendix C (A Procedure for Inverting a
Matrix), one of the statistical software Windows tutorials available at the course
website (SAS, SPSS, MINITAB, or R), Chapter 9 (Special Topics in Regression),
and other chapters selected by the instructor. As in the undergraduate course, we
recommend the use of case studies and in-class consulting sessions to help students
develop an ability to formulate appropriate statistical models and to interpret the
results of their analyses.

Features

1. Readability. We have purposely tried to make this a teaching (rather than
a reference) text. Concepts are explained in a logical intuitive manner using
worked examples.

2. Emphasis on model building. The formulation of an appropriate statistical model
is fundamental to any regression analysis. This topic is treated in Chapters 4-8
and is emphasized throughout the text.

3. Emphasis on developing regression skills. In addition to teaching the basic
concepts and methodology of regression analysis, this text stresses its use, as
a tool, in solving applied problems. Consequently, a major objective of the
text is to develop a skill in applying regression analysis to appropriate real-life
situations.

4. Real data-based examples and exercises. The text contains many worked
examples that illustrate important aspects of model construction, data anal-
ysis, and the interpretation of results. Nearly every exercise is based on data
and research extracted from a news article, magazine, or journal. Exercises are
located at the ends of key sections and at the ends of chapters.

5. Case studies. The text contains seven case studies, each of which addresses a
real-life research problem. The student can see how regression analysis was used
to answer the practical questions posed by the problem, proceeding with the
formulation of appropriate statistical models to the analysis and interpretation
of sample data.

6. Data sets. The online resource provides complete data sets that are associated
with the case studies, exercises and examples. These can be used by instructors
and students to practice model-building and data analyses.

7. Extensive use of statistical software. Tutorials on how to use any of four popular
statistical software packages — SAS, SPSS, MINITAB, and R — are provided
online. Printouts associated with the respective software packages are presented
and discussed throughout the text.

8. End-of-Chapter Summaries. Important points are reinforced through flow
graphs (which aid in selecting the appropriate statistical method) and boxed
notes with key words, formulas, definitions, lists, and key concepts.
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New to the 8 Edition

Although the scope and coverage remain the same, the eighth edition contains
several substantial changes, additions, and enhancements:

1.

New and Updated Case Studies. Case Study 2: Modeling Sale Prices of Residential
Properties, has been updated with current data. A new case study (Case Study 7:
Voice Versus Face Recognition — Does One Follow the Other?) now follows the
chapter on analysis of variance.

Real Data-based Exercises. Many new and updated exercises, based on con-
temporary studies and real data in a variety of fields, have been added. Most of
these exercises foster and promote critical thinking skaills.

Statistical Software Output. All statistical software printouts shown in the text
have been updated to reflect the most recent version of the software: Minitab,
SAS, and SPSS.

Updated Statistical Software Tutorials. They can be found at the following
website: www.pearson.com/math-stats-resources. The text’s online resource pro-
vides updated instructions on how to use the Windows versions of SAS, SPSS,
MINITAB, and R. Step-by-step instructions and screen shots for each method
presented in the text are shown.

Updated and New Sections in Chapter 9: Special Topics in Regression. The
section on logistic regression (Section 9.6) has been expanded. A new section
(Section 9.7) on Poisson regression has been added. And, in addition to ridge
regression, Section 9.8 now includes a discussion of Lasso regression.

Numerous less obvious changes in details have been made throughout the text in
response to suggestions by current users of the earlier editions.

Supplements

The text is also accompanied by the following supplementary material:

1.

Instructor’s solutions manual. The instructor’s exercise solutions manual presents
the full solutions to the other half (the even) exercises contained in the text. For
adopters, the manual is complimentary from the publisher.

Data Files. They can be found at the book’s resource website: www.pearson.com/
math-stats-resources. The text’s online resource provides data files for all data
sets marked with a data (3%) icon in the text. These include data sets for
text examples, exercises, and case studies. The data files are saved in “.csv”

format for easy importing into statistical software such as R, as well as in SAS
(‘“.sas7bdat™), SPSS (‘““.sav’"), and Minitab (**.mtw’") format.
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A REVIEW OF BASIC

Chapter

ConNCEePTS (OPTIONAL)

Contents

1.1 Statistics and Data

1.2 Populations, Samples, and Random Sampling
1.3 Describing Qualitative Data

1.4 Describing Quantitative Data Graphically

1.5 Describing Quantitative Data Numerically
1.6  The Normal Probability Distribution

Objectives

1. Review some basic concepts of sampling.
2. Review methods for describing both qualitative
and quantitative data.

1.7 Sampling Distributions and the Central
Limit Theorem
1.8  Estimating a Population Mean
1.9  Testing a Hypothesis About a Population Mean
1.10 Inferences About the Ditference Between
Two Population Means
1.11  Comparing Two Population Variances

3. Review inferential statistical methods: confidence
intervals and hypothesis tests.

Although we assume students have had a prerequisite introductory course in
statistics, courses vary somewhat in content and in the manner in which they present
statistical concepts. To be certain that we are starting with acommon background, we
use this chapter to review some basic definitions and concepts. Coverage is optional.

I.1 Statistics and Data

According to The Random House College Dictionary (2001 ed.), statistics is “‘the
science that deals with the collection, classification, analysis, and interpretation of
numerical facts or data.” In short, statistics is the science of data—a science that
will enable you to be proficient data producers and efficient data users.

Definition 1.1 Statistics is the science of data. This involves collecting, classify-
ing, summarizing, organizing, analyzing, and interpreting data.

Data are obtained by measuring some characteristic or property of the
objects (usually people or things) of interest to us. These objects upon which
the measurements (or observations) are made are called experimental units,
and the properties being measured are called variables (since, in virtually all
studies of interest, the property varies from one observation to another).
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Example

Definition 1.2 An experimental unit is an object (person or thing) upon which
we collect data.

Definition 1.3 A variable is a characteristic (property) of the experimental unit
with outcomes (data) that vary from one observation to the next.

All data (and consequently, the variables we measure) are either quantitative
or qualitative in nature. Quantitative data are data that can be measured on a
naturally occurring numerical scale. In general, qualitative data take values that are
nonnumerical; they can only be classified into categories. The statistical tools that
we use to analyze data depend on whether the data are quantitative or qualitative.
Thus, it is important to be able to distinguish between the two types of data.

Definition 1.4 Quantitative data arc observations measured on a naturally
occurring numerical scale.

Definition 1.5 Nonnumerical data that can only be classified into one of a
group of categories are said to be qualitative data.

Chemical and manufacturing plants often discharge toxic waste materials such as
DDT into nearby rivers and streams. These toxins can adversely affect the plants and
animals inhabiting the river and the riverbank. The U.S. Army Corps of Engineers
conducted a study of fish in the Tennessee River (in Alabama) and its three tributary
creeks: Flint Creek, Limestone Creek, and Spring Creek. A total of 144 fish were
captured, and the following variables were measured for each:

River/creek where each fish was captured
Number of miles upstream where the fish was captured

il -

Species (channel catfish, largemouth bass, or smallmouth buffalofish)

Length (centimeters)

e

Weight (grams)
6. DDT concentration (parts per million)

The data are saved in the FISHDDT file. Data for 10 of the 144 captured fish are
shown in Table 1.1.

(a) ldentify the experimental units.
(b) Classify each of the five variables measured as quantitative or qualitative.

Solution

(a) Because the measurements are made for each fish captured in the Tennessee
River and its tributaries, the experimental units are the 144 captured fish.

(b) The variables upstream that capture location, length, weight, and DDT con-
centration are quantitative because each is measured on a natural numerical
scale: upstream in miles from the mouth of the river, length in centimeters,
weight in grams, and DDT in parts per million. In contrast, river/creck and
species cannot be measured quantitatively; they can only be classified into
categories (e.g., channel catfish, largemouth bass, and smallmouth buffalofish
for species). Consequently, data on river/creek and species are qualitative. m
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S FISHDDT
Table 1.1 Data collected by U.S. Army Corps of Engineers (selected
observations)

River/Creek Upstream Species Length Weight DDT
FLINT 5 CHANNELCATFISH 42.5 732 10.00
FLINT 5 CHANNELCATFISH 44.0 795 16.00
SPRING 1 CHANNELCATFISH 44.5 1133 2.60
TENNESSEE 275 CHANNELCATFISH 48.0 986 8.40
TENNESSEE 275 CHANNELCATFISH 45.0 1023 15.00
TENNESSEE 280 SMALLMOUTHBUFF 49.0 1763 4.50
TENNESSEE 280 SMALLMOUTHBUFF 46.0 1459 4.20
TENNESSEE 285 LARGEMOUTHBASS  25.0 544 0.11
TENNESSEE 285 LARGEMOUTHBASS 23.0 393 0.22
TENNESSEE 285 LARGEMOUTHBASS 28.0 733 0.80

Exercises

College application data. Colleges and universi-
ties are requiring an increasing amount of informa-
tion about applicants before making acceptance
and financial aid decisions. Classify each of the
following types of data required on a college appli-
cation as quantitative or qualitative.

(a) High school GPA

(b) Country of citizenship

(c) Applicant’s score on the SAT or ACT
(d) Gender of applicant

(e) Parents’ income

(f) Age of applicant

Fuel Economy Guide. The data in the accompa-
nying table were obtained from the Model Year
2018 Fuel Economy Guide for new automobiles.

(a) Identify the experimental units.

1.3

(b) State whether each of the variables measured
is quantitative or qualitative.

Performance-based logistics. In industry, perfor-
mance based logistics (PBL) strategies are increas-
ingly popular ways to reduce cost, increase rev-
enue, and attain customer satisfaction. The Journal
of Business Logistics (Vol. 36,2015) used the opin-
ions of a sample of 17 upper-level employees of the
U.S. Department of Defense and its suppliers to
determine the factors that lead to successful PBL
projects. The current position (e.g., vice president,
manager [mgr.]), type of organization (commer-
cial or government), and years of experience were
measured for each employee interviewed. These
data are listed on the next page. Identify each
variable measured as producing quantitative or
qualitative data.

MODEL TRANSMISSION  ENGINE SIZE  NUMBER OF EST. CITY EST. HIGHWAY
NAME MFG TYPE (LITERS) CYLINDERS MILEAGE (MPG)  MILEAGE (MPG)
TSX Acura Automatic 24 4 23 33
Jetta VW Manual 1.4 4 28 40
M2 BMW Manual 3.0 6 18 26
Fusion Ford Automatic 2.0 4 43 41
Camry Toyota  Automatic 2.5 4 51 53
Escalade Cadillac Automatic 6.2 8 14 23

Source: Model Year 2018 Fuel Economy Guide, U.S. Dept. of Energy, U.S. Environmental Protection

Agency (www.fueleconomy.gov).
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1.4

% PBL
INTERVIEWEE POSITION ORGANIZATION EXPERIENCE (YEARS)
1 Vice president Commercial 30
2 Post production Government 15
3 Analyst Commercial 10
4 Senior mgr. Government 30
5 Support chief Government 30
6 Specialist Government 25
7 Senior analyst Commercial 9
8 Division chief Government 6
9 Item mgr. Government 3
10 Senior mgr. Government 20
11 MRO mgr. Government 25
12 Logistics mgr. Government 30
13 MRO mgr. Commercial 10
14 MRO magr. Commercial 5
15 MRO mgr. Commercial 10
16 Specialist Government 20
17 Chief Government 25

Satellite Database. The Union for Concerned Sci-
entists (UCS) maintains the Satellite Database—a
listing of the more than 1,000 operational satel-
lites currently in orbit around Earth. Several of
the many variables stored in the database include
country of operator/owner, primary use (civil, com-
mercial, government, or military), class of orbit
(low Earth, medium Earth, or geosynchronous),
longitudinal position (degrees), apogee (i.e., alti-
tude farthest from Earth’s center of mass, in kilo-
meters), launch mass (kilograms), usable electric
power (watts), and expected lifetime (years). Iden-
tify the experimental unit for these data. Which of
the variables measured are qualitative? Which are
quantitative?

Medicinal value of plants. Sea-buckthorn (Hip-
pophae), a plant that typically grows at high
altitudes in Europe and Asia, has been found
to have medicinal value. The medicinal proper-
ties of berries collected from sea-buckthorn were
investigated in Academia Journal of Medicinal
Plants (August 2013). The following variables were

measured for each plant sampled. Identify each as
producing quantitative or qualitative data.

(a) Species of sea buckthorn (H. rhamnoides,
H. gvantsensis, H. neurocarpa, H. tibetana, or
H. salicifolia)

(b) Altitude of collection location (meters)

(c) Total flavonoid content in berries (milligrams
per gram)

Accounting and Machiavellianism. Behavioral
Research in Accounting (January 2008) published
a study of Machiavellian traits in accountants.
Machiavellian describes negative character traits
that include manipulation, cunning, duplicity,
deception, and bad faith. A questionnaire was
administered to a random sample of 700 account-
ing alumni of a large southwestern university.
Several variables were measured, including age,
gender, level of education, income, job satisfac-
tion score, and Machiavellian (**Mach™) rating
score. What type of data (quantitative or qual-
itative) is produced by each of the variables
measured?

|.2 Populations, Samples, and Random Sampling

When you examine a data set in the course of your study, you will be doing so
because the data characterize a group of experimental units of interest to you. In
statistics, the data set that is collected for all experimental units of interest is called a
population. This data set, which is typically large, either exists in fact or is part of an
ongoing operation and hence is conceptual. Some examples of statistical populations

are given in Table 1.2,
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Table 1.2 Some typical populations

Variable Experimental Units Population Data Set Type
a. Starting salary of a gradu-  All Ph.D. biologists Set of starting salaries of all Existing
ating Ph.D. biologist graduating this year Ph.D. biologists who graduated
this year
b. Breaking strength of water ~ All water pipe sections  Set of breakage rates for all Existing
pipe in Philadelphia in Philadelphia water pipe sections in Phila-
delphia
c¢. Quality of an item All manufactured Set of quality measurements for ~ Part existing,
produced on an assem- items all items manufactured over the  part conceptual
bly line recent past and in the future
d. Sanitation inspection level ~ All cruise ships Set of sanitation inspection lev-  Existing

of a cruise ship

els for all cruise ships

Example
1.2

Definition 1.6 A population data set is a collection (or set) of data measured
on all experimental units of interest to you.

Many populations are too large to measure (because of time and cost); others
cannot be measured because they are partly conceptual, such as the set of quality
measurements (population ¢ in Table 1.2). Thus, we are often required to select a
subset of values from a population and to make inferences about the population
based on information contained in a sample. This is one of the major objectives of
modern statistics.

Definition 1.7 A sample is a subset of data selected from a population.

Definition 1.8 A statistical inference is an estimate, prediction, or some other
generalization about a population based on information contained in a sample.

According to the research firm TVNewser (May 2017), the average age of viewers of
CNN news programming is 60 years. Suppose a FOX network executive hypoth-
esizes that the average age of FOX News viewers is greater than 60. To test her
hypothesis, she samples 500 FOX News viewers and determines the age of each.

(a) Describe the population.

(b) Describe the variable of interest.

(¢) Describe the sample.

(d) Describe the inference.

Solution

(a) The population is the set of units of interest to the FOX executive, which is
the set of all FOX News viewers.

(b) The age (in years) of each viewer is the variable of interest.
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(c) The sample must be a subset of the population. In this case, it is the 500 FOX
News viewers selected by the executive.

(d) The inference of interest involves the generalization of the information con-
tained in the sample of 500 viewers to the population of all FOX News viewers.
In particular, the executive wants to estimate the average age of the viewers in
order to determine whether it is greater than 60 years., She might accomplish
this by calculating the average age in the sample and using the sample average
to estimate the population average. =

Whenever we make an inference about a population using sample information,
we introduce an element of uncertainty into our inference. Consequently, it is
important to report the reliability of each inference we make. Typically, this
is accomplished by using a probability statement that gives us a high level of
confidence that the inference is true. In Example 1.2, we could support the inference
about the average age of all FOX News viewers by stating that the population
average falls within 2 years of the calculated sample average with ““95% confidence.”
(Throughout the text, we demonstrate how to obtain this measure of reliability—and
its meaning—for each inference we make.)

Definition 1.9 A measure of reliability is a statement (usually quantified with
a probability value) about the degree of uncertainty associated with a statistical
inference.

The level of confidence we have in our inference, however, will depend on
how representative our sample is of the population. Consequently, the sampling
procedure plays an important role in statistical inference.

Definition 1.10 A representative sample exhibits characteristics typical of those
possessed by the population.

The most common type of sampling procedure is one that gives every different
sample of fixed size in the population an equal probability (chance) of selection.
Such a sample—called a random sample—is likely to be representative of the
population.

Definition I.11 A random sample of » experimental units is one selected from
the population in such a way that every different sample of size » has an equal
probability (chance) of selection.

How can a random sample be generated? If the population is not too large,
each observation may be recorded on a piece of paper and placed in a suitable
container. After the collection of papers is thoroughly mixed, the researcher can
remove n pieces of paper from the container; the elements named on these n pieces
of paper are the ones to be included in the sample. Lottery officials utilize such a
technique in generating the winning numbers for Florida’s weekly 6/52 Lotto game.
Fifty-two white ping-pong balls (the population), each identified from 1 to 52 in
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black numerals, are placed into a clear plastic drum and mixed by blowing air into
the container. The ping-pong balls bounce at random until a total of six balls “pop”
into a tube attached to the drum. The numbers on the six balls (the random sample)
are the winning Lotto numbers.

This method of random sampling is fairly easy to implement if the population
is relatively small. It is not feasible, however, when the population consists of a
large number of observations. Since it is also very difficult to achieve a thorough
mixing, the procedure only approximates random sampling. Most scientific studies,
however, rely on computer software (with built-in random-number generators) to
automatically generate the random sample. Almost all of the popular statistical
software packages available (e.g., SAS, SPSS, MINITAB and R) have procedures
for generating random samples.

1.7 Guilt in decision making. The effect of guilt

1.9 Can money spent on gifts buy love? Is the gift

emotion on how a decision-maker focuses on the
problem was investigated in the Journal of Behav-
ioral Decision Making (January 2007). A total of
155 volunteer students participated in the exper-
iment, where each was randomly assigned to one
of three emotional states (guilt, anger, or neutral)
through a reading/writing task. Immediately after
the task, the students were presented with a deci-
sion problem (e.g., whether or not to spend money
on repairing a very old car). The researchers con-
cluded that a higher proportion of students in the
guilty-state group chose not to repair the car than
those in the neutral-state and anger-state groups.

(a) Identify the population, sample, and variables
measured for this study.

(b) What inference was made by the researcher?

1.8 Jamming attacks on wireless networks. Terror-

ists often use wireless networks to communicate.
To disrupt these communications, the U.S. mil-
itary uses jamming attacks on the wireless net-
works. The International Journal of Production
Economics (Vol. 172, 2016) described a study of
80 such jamming attacks. The configuration of
the wireless network attacked was determined in
each case. Configuration consists of network type
(WLAN, WSN, or AHN) and number of channels
(single- or multi-channel).

(a) Suppose the 80 jamming attacks represent all
jamming attacks by the U.S. military over the
past several vears, and these attacks are the
only attacks of interest to the researchers.
Do the data associated with these 80 attacks
represent a population or a sample? Explain.

(b) The 80 jamming attacks actually represent a
sample. Describe the population for which this
sample is representative.

you purchased for that special someone really
appreciated? This was the question investigated
in the Journal of Experimental Social Psychology
(Vol. 45, 2009). Researchers examined the link
between engagement ring price (dollars) and level
of appreciation of the recipient (measured on a
7-point scale, where 1 = “not at all” and 7 = “to
a great extent”). Participants for the study had
used a popular website for engaged couples. The
website’s directory was searched for those with
“average” American names (e.g., “John Smith,”
“SaraJones™). These individuals were then invited
to participate in an online survey in exchange
for a $10 gift certificate each. Of the respondents,
those who paid really high or really low prices for
the ring were excluded, leaving a sample size of 33
respondents.

(a) Identify the experimental units for this study.

(b) What are the variables of interest? Are they
quantitative or qualitative in nature?
(c) Describe the population of interest.

(d) Do you believe the sample of 33 respondents
is representative of the population? Explain.

Gallup Youth Poll. A Gallup Youth Poll was
conducted to determine the topics that teenagers
most want to discuss with their parents. The find-
ings show that 46% would like more discussion
about the family’s financial situation, 37% would
like to talk about school, and 30% would like
to talk about religion. The survey was based on
a national sampling of 505 teenagers, selected at
random from all U.S. teenagers.

(a) Describe the sample.
(b) Describe the population from which the sam-
ple was selected.
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1.11

(c)
(d)
(e)

Is the sample representative of the population? (b) Identify the sample.
What is the variable of interest?
How is the inference expressed?

(c) Use the information in the study to make an
inference about the relevant population.

(f) Newspaper accounts of most polls usually give
a margin of error (e.g., plus or minus 3%) for 1.12  Accounting and Machiavellianism. Refer to the
the survey result. What 1s the purpose of the Behavioral Research in AL’COLHIH:!Ig (January 2{]08)
margin of error and what is its in[er—pretation? Study of Machiavellian traits in accountants,
. . ) ) Exercise 1.6 (p. 4). Recall that a questionnaire was
STEM experiences for girls. The National Science administered to a random sample of 700 account-
.Fol.mdatlon (NSF) promotes girls’ participation ing alumni of a large southwestern university; how-
in informal science, technology, engineering or ever, due to nonresponse and incomplete answers,
mathematics (STEM) programs. What has been only 198 questionnaires could be analyzed. Based
the impact of these informal STEM experiences? on this information, the researchers concluded that
This was the question of interest in the published Machiavellian behavior is not required to achieve
study Cascading Influences: Long-Term Impacts success in the accounting profession.

of Informal STEM Experiences for Girls (March
2013). A sample of 159 young women who recently
participated in a STEM program were recruited to
complete an online survey. Of these, only 27% felt
that participation in the STEM program increased
their interest in science.

(a) What is the population of interest to the
researcher?

(b) Identify the sample.

(c) What inference was made by the researcher?

(d) How might the nonresponses impact the
inference?

(a) Identify the population of interest to the

researchers.

|.3 Describing Qualitative Data

Consider a study of aphasia published in the Journal of Communication Disorders.
Aphasia is the “impairment or loss of the faculty of using or understanding spoken
or written language.” Three types of aphasia have been identified by researchers:
Broca’s, conduction, and anomic. They wanted to determine whether one type of
aphasia occurs more often than any other, and, if so, how often. Consequently, they
measured aphasia type for a sample of 22 adult aphasiacs. Table 1.3 gives the type
of aphasia diagnosed for each aphasiac in the sample.

For this study, the variable of interest, aphasia type. is qualitative in nature.
Qualitative data are nonnumerical in nature; thus, the value of a qualitative vari-
able can only be classified into categories called classes. The possible aphasia
types—Broca’s, conduction, and anomic—represent the classes for this qualitative
variable. We can summarize such data numerically in two ways: (1) by computing
the class frequency—the number of observations in the data set that fall into each
class; or (2) by computing the class relative frequency—the proportion of the total
number of observations falling into each class.

Definition 1.12 A class is one of the categories into which qualitative data can
be classified.

Definition .13 The class frequency is the number of observations in the data
set falling in a particular class.
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the total number of observations in the data set, i.e.,

- class frequency
class relative frequency = ——————

Definition 1.14 The class relative frequency is the class frequency divided by

I
S APHASIA
Table 1.3 Data on 22 adult aphasiacs
Subject Type of Aphasia
1 Broca’'s
2 Anomic
3 Anomic
4 Conduction
3 Broca’s
6 Conduction
7 Conduction
8 Anomic
9 Conduction
10 Anomic
11 Conduction
12 Broca’s
13 Anomic
14 Broca’s
15 Anomic
16 Anomic
17 Anomic
18 Conduction
19 Broca’s
20 Anomic
21 Conduction
22 Anomic

Source: Reprinted from Journal of Communication Disorders,
March 1995, Vol. 28, No. 1, E. C. Li, S. E. Williams, and R. D.
Volpe, “The effects of topic and listener familiarity of discourse
variables in procedural and narrative discourse tasks,” p. 44 (Table
1) Copyright © 1995, with permission from Elsevier.

Examining Table 1.3, we observe that 5 aphasiacs in the study were diagnosed
as suffering from Broca’s aphasia, 7 from conduction aphasia, and 10 from anomic
aphasia. These numbers—35, 7, and 10—represent the class frequencies for the three

classes and are shown in the summary table, Table 1.4,

Table 1.4 also gives the relative frequency of each of the three aphasia classes.
From Definition 1.14, we know that we calculate the relative frequency by dividing
the class frequency by the total number of observations in the data set. Thus, the

relative frequencies for the three types of aphasia are
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Broca’s: i = 227
22

7
= 318

duction: —
Conduction %)
10

Anomic: l— = 455
22

From these relative frequencies we observe that nearly half (45.5%) of the
22 subjects in the study are suffering from anomic aphasia.

Although the summary table in Table 1.4 adequately describes the data in
Table 1.3, we often want a graphical presentation as well. Figures 1.1 and 1.2 show
two of the most widely used graphical methods for describing qualitative data—bar
graphs and pie charts. Figure 1.1 shows the frequencies of aphasia types in a bar
graph produced with SAS. Note that the height of the rectangle, or “*bar,” over each
class is equal to the class frequency. (Optionally, the bar heights can be proportional
to class relative frequencies.)

Table 1.4 Summary table for data on 22 adult aphasiacs
Class Frequency Relative Frequency
(Type of Aphasia) (Number of Subjects) (Proportion)
Broca's 5 227
Conduction 7 318
Anomic 10 455
Totals 22 1.000

Figure 1.1 SAS bar graph Bar Chart

for data on 22 aphasiacs —

10

In contrast, Figure 1.2 shows the relative frequencies of the three types of
aphasia in a pie chart generated with SPSS. Note that the pie is a circle (spanning
360°) and the size (angle) of the *“‘pie slice™ assigned to each class is proportional
to the class relative frequency. For example, the slice assigned to anomic aphasia is
45.5% of 360°, or (.455)(360°) = 163.8°.
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Figure 1.2 SPSS pie chart
for data on 22 aphasiacs

1.3 Exercises

1.13 Estimating the rhino population. The Interna- landline and cell phone) interviews were con-

tional Rhino Federation estimates there are nearly
29,000 rhinoceroses living in the wild in Africa
and Asia. A breakdown of the approximate num-
ber of rhinos of each species is reported in the
accompanying table.

POPULATION
ESTIMATE

RHINO SPECIES (ROUNDED)
African Black 5,000
African White 20,000
(Asian) Sumatran 100
(Asian) Javan 60
(Asian) Greater One-Horned 3,500
Total 28,660

Source: International Rhino Federation, 2018
(https://rhinos.org).

(a) Construct a relative frequency table for the
data.
(b) Display the relative frequencies in a bar graph.

(c) What proportion of the 28,660 rhinos are
African rhinos? Asian? Construct a pie chart
to illustrate these proportions.

% CABLETV
1.14 Cable TV subscriptions and “cord cutters.” Has

the increasing popularity of smartphones and video
streaming over the internet impacted cable and
satellite TV subscriptions? This was one of the
questions of interest in a recent Pew Research
Center survey (December 2015). Telephone (both

ducted on a representative sample of 2,001 adults
living in the United States. For this sample, 1,521
adults reported that they received cable or satel-
lite TV service at home, 180 revealed that they
never subscribed to cable/satellite TV service at
home, and the remainder (300 adults) indicated
that they were “‘cord cutters,” i.e., they canceled
the cable/satellite TV service. The results are sum-
marized in the MINITAB pie chart shown.

(a) According to the pie chart, what propor-
tion of the sample have a cable/satellite TV
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subscription at home? Verify the accuracy of
this proportion using the survey results.

(b) Now consider only the 1,821 adults in the sam-
ple that have at one time or another subscribed
to cable/satellite TV service. Create a graph
that compares the proportions of these adults
who currently subscribe to cable/satellite TV
service with the proportion who are “cord
cutters.”

1.15 Motivation and right-oriented bias. Evolutionary

theory suggests that motivated decision-makers
tend to exhibit a right-oriented bias. (For example,
if presented with two equally valued brands of
detergent on a supermarket shelf, consumers
are more likely to choose the brand on the
right.) In Psychological Science (November 2011),
researchers tested this theory using data on all
penalty shots attempted in World Cup soccer
matches (a total of 204 penalty shots). The
researchers believed that goalkeepers, motivated
to make a penalty-shot save but with little time to
make a decision, would tend to dive to the right.
The results of the study (percentages of dives to
the left, middle, or right) are provided in the table.
Note that the percentages in each row, correspond-
ing to a certain match situation, add to 100%. Use
graphs to illustrate the distribution of dives for the
three match situations. What inferences can you
draw from the graphs?

MATCH DIVE STAY DIVE
SITUATION LEFT MIDDLE RIGHT
Team behind 29% 0% 71%
Tied 48% 3% 49%
Team ahead 51% 1% 48%

Source: Based on M. Roskes et al., “The Right
Side? Under Time Pressure, Approach Motiva-
tion Leads to Right-Oriented Bias,” Psychological
Science, Vol. 22, No. 11, November 2011 (adapted
from Figure 2).

S~ PONDICE
1.16 Characteristics of ice melt ponds. The National

Snow and Ice Data Center (NSIDC) collects data
on the albedo, depth, and physical characteristics
of ice melt ponds in the Canadian arctic. Environ-
mental engineers at the University of Colorado
are using these data to study how climate impacts
the sea ice. Data for 504 ice melt ponds located in
the Barrow Strait in the Canadian arctic are saved
in the PONDICE file. One variable of interest is

the type of ice observed for each pond. Ice type is
classified as first-year ice, multi-year ice, or land-
fast ice. A SAS summary table and horizontal bar
graph that describe the ice types of the 504 melt
ponds are shown below.

The FREQ Procedure

Cumulative Cumulative
ICETYPE Frequency Percent Freguency Percent

First-year 88 1746 88 17 46
Landfast 196 3880 264 56,35
Multi-year 20 4385 504 100.00
Bar Chart
ICETYPE

(a) Of the 504 melt ponds, what proportion had
landfast ice?

(b) The University of Colorado researchers esti-
mated that about 17% of melt ponds in the
Canadian arctic have first-year ice. Do you
agree?

(c) Interpret the horizontal bar graph.

Groundwater contamination in wells, In New
Hampshire, about half the counties mandate the
use of reformulated gasoline. This has led to an
increase in the contamination of groundwater with
methyl fert-butyl ether (MTBE). Environmental
Science and Technology (January 2005) reported
on the factors related to MTBE contamination
in private and public New Hampshire wells. Data
were collected for a sample of 223 wells. These data



