Chapter 2
Data

What’s It About?

In this chapter we introduce students to data. We talk about the importance of context (the W’s),
about variables, and make the distinction between categorical and quantitative data. We begin to
introduce the vocabulary of Statistics.

Comments

It is valuable to get students involved with data from the start. We don’t take a “big picture”
approach at this time. There will be plenty of time to build models and draw inferences later. For
now, let’s just get our hands dirty with the data. When students have a good sense of what kinds of
things data can say to us, they learn to expect to listen to the data. Throughout the course, we insist
that no analysis of data is complete without telling what it means. This is where that understanding
starts.

Rather than head directly for the “real purpose” of the course in the inference chapters, we prefer
to emphasize the connection between our work with data and what they tell us about the world. No
analysis is complete without a connection back to the real-world circumstances. Setting that stage
is the underlying motivation for this chapter. We’ll spend the next 4 chapters or so looking at and
exploring data without making formal inferences.

Looking Ahead

You might have the students thumb through the book and read the opening of some chapters. Each
one starts with a story about a company or business sector and proceed to analyses of related data,
and most have additional stories and more data inside. Statistics is about the real world. Among
other topics, we’ll be discussing Keen footwear, MBNA and credit cards, Whole Foods Market,
and even a small business. We need to get students thinking about the context of data and able to
make the distinction between categorical and quantitative data. These are fundamental skills for
everything that follows, and they’ll be used throughout the course.

Class Do’s

Get the class thinking about what the term “data” means. Students need to understand that data are
not just numbers and that they must have a context (the W’s). When data are quantitative, they
should also have units. There are two ways we treat data: categorical and quantitative. Don’t get
distracted by worrying about ratio, interval, and other distinctions. These are problematic and don’t
matter for the concepts and methods discussed in this book. Emphasize that the distinction
between treating data as categorical or quantitative may be more about how we display and
analyze data than it is about the variable itself. The variable “sex” is data, but just because we
might label the males as 1 and the females as 0 doesn’t mean that it’s quantitative. On the other
hand, taking the average of those 0’s and 1’s does give us the percentage of males. How about
age? It is often quantitative, but could be categorical if broken down only into child, adult, and
senior. Zip code is usually categorical, but if one business had an “average” zip code for their
customers of 10000 while another had 90000, we’d know the latter had more customers in the
western United States. Emphasize the importance of the context and the W’s in summarizing these
data.
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Students should recognize that every discipline has its own vocabulary, and Statistics is no
exception. They’ll need to understand and use that vocabulary properly. Unfortunately, many
Statistics words have a common everyday usage that’s not quite the same. We’ll be pointing those
out as we go along.

Emphasize vocabulary words as they come up. One of the first should be variable. Make the point
that it does not mean exactly the same thing as it did in Algebra. There, we call “x” a variable, but
often that means that we just don’t currently know its value. In Statistics a variable is an attribute
or characteristic of an individual or object whose value varies from case to case.

A statistic is a numerical summary of data; one of the first you’ll likely hear is that the class is x%
male. Point out the difference between statistics and data. One comment that helps make the point:
contrary to the advertisement that says “Don’t be a statistic,” you can’t be a statistic, only a datum.

Some students will suggest pie charts or histograms. It’s sufficient for now to point out that
graphical displays are useful visual summaries of data.

Point out that summaries of data can be verbal, visual, and numerical. All are important. In fact,
any complete analysis of data almost always includes all three of these.

After looking at the data from your class survey, some students may say things like, “The males
are more conservative.” Point out the difference between univariate and bivariate analysis. Note
that bivariate is a lot more interesting.

Hope that someone objects to finding an overall average shoe size or to comparing men’s and
women’s sizes—shoe sizes are inconsistent in terms of units. This adds emphasis to the
importance of units and the W'’s.

The Importance of What You Don’t Say

We are laying a foundation here. Stretching up to the attic at this point just makes everyone feel
unsafe. Many fundamental Statistics terms are left unmentioned in this chapter. We’ve found it
best to leave it that way. We’ll get to them when the students have a safe place to file them along
with their other knowledge. So we have an unusually long list of terms we recommend leaving for
later in the course. In particular, avoid saying the following:

Hypothesis, Inference. These are certainly important in this course, but we have no background for
discussing them honestly now, so they would just be confusing and intimidating.

Nominal, Ordinal, Interval, Ratio. “Nominal” is used by some software packages as a synonym for
“categorical” as “continuous” is used for “quantitative.” These distinctions arise from studies of
measurement scales. But it isn’t correct to claim that each variable falls into one of these
categories. It is the use to which the data are put that determines what properties the variable must
have. Ordinal categorical data may come up, but there are no special techniques for dealing with
ordered categories in this course. And any differences between interval- and ratio-scaled data are
commonly ignored in statistical analyses. If any of these terms were mentioned now, they’d never
come up again anyway.

Random, Probability, Correlation. Everyone has some intuitive sense of these terms, and we’ll
deal with them formally—but not for a while. Students may want to use these terms, but at this

1 At least not until chapter 23’s discussion of nonparametric methods.
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early stage in the course, we don’t need them. Without background and careful definition, they are
likely to be misused.

Class Examples

1.

Ask students to tell some things they learned about the class from inspecting the data collected
in the opening day’s survey. You can use that discussion to develop several of the important
points of the chapter.

Consider 17, 21, 44, and 76. Are those data? Context is critical—they could be test scores, ages
in a golf foursome, or uniform numbers of the starting backfield on the football team. In each
case, our reaction changes.

Run through some other examples of data, asking about the W’s, the variables (what are they,
what type is each used as, and what are the units), and so on.

*A Consumer Reports article on energy bars gave the brand name, flavor, price, number of
calories, and grams of protein and fat.

*A report on the Boston Marathon listed each runner’s gender, country, age, and time.
Solution:

Consumer Reports

Who: energy bars

What: brand name, flavor, price, calories, protein, fat

When: not specified

Where:not specified

How: not specified. Are data collected from the label? Are independent tests performed?
Why: information for potential consumers

Categorical variables: brand name, flavor

Quantitative variables: price (US$), number of calories (calories), protein (grams), fat(grams)

Boston Marathon

Who: Boston Marathon runners

What: gender, country, age, time

When: not specified

Where:Boston

How: not specified. Presumably, the data were collected from registration information.
Why: race result reporting

Categorical variables: gender, country

Quantitative variables: age (years), time (hours, minutes, seconds)

Resources

ActivStats®

e Start with Lesson 1 to let students familiarize themselves with the features of the software.
Lesson 2 examines types of data and context.

2 ActivStats (0-321-57719-1) can be purchased from Pearson at www.pearsonhighered.com or bundled with

your textbook.
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Web Links

* The Data and Story Library (DASL; http://lib.stat.cmu.edu/DASL/) is a source of data for student
projects and classroom examples.

* The U.S. Census Bureau
Other

* Read polls, studies, or other reports in newspaper and magazine articles. It’s always interesting to
see how well (or poorly) they provide information about the W’s.

If you have a computer and projection capabilities in class, you can find daily surveys at Gallup
and other polling organizations. Current data are often particularly interesting to students. But
don’t use results of voluntary-response online surveys. We’ll be making the point that these are
fatally flawed—but we can’t say that clearly without concepts and terms that we haven’t
developed yet.

Basic Exercises

1. The following data show responses to the question “What is your primary source for
news?” from a sample of college students.

Internet Newspaper  Internet TV Internet
Newspaper TV Internet Internet TV
Newspaper TV TV Newspaper TV
Internet Internet Internet Internet Internet
TV Internet Internet TV TV

a. Prepare a frequency table for these data.

b. Prepare a relative frequency table for these data.

c. Based on the frequencies, construct a bar chart.

d. Based on relative frequencies, construct a pie chart.

2. A cable company surveyed its customers and asked how likely they were to bundle other
services, such as phone and Internet, with their cable TV. The following data show the
responses.

Very Likely Unlikely Unlikely Very Likely
Likely Unlikely Likely Likely
Unlikely Unlikely Likely Likely
Very Likely Unlikely Unlikely Very Likely
Unlikely Unlikely Unlikely Likely

Prepare a frequency table for these data.

Prepare a relative frequency table for these data.
Based on frequencies, construct a bar chart.

Based on relative frequencies, construct a pie chart.

aoc o
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A membership survey at a local gym asked whether weight loss or fitness was the primary
goal for joining. Of 200 men surveyed, 150 responded fitness and the rest responded
weight loss. Of 250 women surveyed, 175 responded weight loss and the rest responded

fitness.
a. Construct a contingency table.
b. How many members have fitness as their primary goal for joining the gym?

How many members have weight loss as their primary goal for joining the gym?
Based on the results, should the owner of the gym emphasize one goal over the other?
Explain.

The following contingency table shows students by major and home state for a small
private school in the northeast U.S.

Major Program of Study
Home State | Biology Accounting | History Education
PA 80 65 55 100
NJ 50 40 65 95
NY 75 50 45 80
MD 65 55 40 40

Give the marginal frequency distribution for home state.

Give the marginal frequency distribution for major program of study.
What percentage of students major in accounting and come from PA?
What percentage of students major in education and come from NY?

ac oe

The following contingency table shows students by major and home state for a small
private school in the northeast U.S.

Major Program of Study
Home State | Biology Accounting | History Education
PA 80 65 55 100
NJ 50 40 65 95
NY 75 50 45 80
MD 65 55 40 40
a. Find the conditional distribution (in percentages) of major distribution for the home
state of NJ.
b. Find the conditional distribution (in percentages) of major distribution for the home
state of MD.
c. Construct segmented bar charts for these two conditional distributions.
d. What can you say about these two conditional distributions?
6. The following contingency table shows students by major and home state for a small

private school in the northeast U.S.

Major Program of Study
| Home State | Biology | Accounting | History | Education
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PA 80 65 55 100
NJ 50 40 65 95
NY 75 50 45 80
MD 65 55 40 40
a. Find the conditional distribution (in percentages) of home state distribution for the
biology major.
b. Find the conditional distribution (in percentages) of home state distribution for the
education major.
c. Construct segmented bar charts for these two conditional distributions.
d. What can you say about these two conditional distributions?
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ANSWERS
1 a. News Source Number of Students
Internet 12
Newspaper 4
TV 9
b. News Source % of Students
Internet 48 %
Newspaper 16 %
TV 36 %
c.
Chart of Count
12
10
8-
4
24
0 T T
Internet Newspaper TV
Source
d.

Pie Chart of Source

36.0%

Internet
48.0%

Newspaper
16.0%

Category
[ Internet
[ Newspaper
[(m Y
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2.

a. Response Number of Consumers
Unlikely 10
Likely 6
Very Likely 4
b. Response % of Consumers
Unlikely 50 %
Likely 30 %
Very Likely 20 %
C.
Chart of Count
10
8_
- 6
5
8
4
24
0 T T T
Unlikely Likely Very Likely
Response
d.
Pie Chart of Response
Category
] U_nlikely
e B ver ey

Unlikely
50.0%

Likely
30.0%
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Chapter 2 Data

a.
Goal for Gym Membership
Gender Fitness Weight Loss Total
Men 150 50 200
Women 75 175 250
Total 225 225 450
b. 225
C. 225
d. No. 50% of the membership is pursuing each goal.
a. Home State Number of Students
PA 300
NJ 250
NY 250
MD 200
b. Major Number of Students
Biology 270
Accounting 210
History 205
Education 315
c. 6.5 %
d. 8 %
a. Major Conditional for NJ
Biology 20 %
Accounting 16 %
History 26 %
Education 38 %
b. Major Conditional for MD
Biology 32.5%
Accounting 27.5%
History 20 %
Education 20 %
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C.

Chart of NJ, MD

Major
100+ O Education
[ History
[ Accounting
ol
80- [ Biology
60 -
(1]
el
8
40 4
20 1
0-

More biology and accounting majors come from MD compared to NJ.

Home State Conditional for Biology
PA 29.6 %

NJ 18.5 %

NY 27.8 %

MD 24.1 %

Home State Conditional for Education
PA 31.7%

NJ 30.2 %

NY 25.4 %

MD 12.7 %

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley



Chapter 2 Data 2-11

Chart of Biology, Education
State
100 A 3 mp
@ ny
E N
80 [ rA
601
3
a
401
20
0-
Biology Education
d. Fewer education majors are from MD and more are from NJ compared

with biology majors.
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