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From the Classroom...

——— Providing Real Business Context o

Chapter Openers

Each chapter opens with an interesting business example. The stories of
companies such as Amazon.com, The Home Depot, and KEEN Inc. enhance
and illustrate the message of each chapter, showing students how and why
statistical thinking is vital to modern business decision-making. We analyze
data from these examples throughout the chapter.

Displaying
and Describing
Categorical
Data

KEEN Inc.

EEN Inc. was started to create a sandal

~ i designed for a variety of water activi- ln'Text Examp'es

ties. The sandals quickly became popu-

lar due to their unique patented toe Real business examples motivate the

b protection—a black bumper to protect d . & < th
the toes when adventuring out on rivers and trails. Today Iscussions, oiten returning to the
the KEEN brand offers over 100 different outdoor per- chapter—openlng company.
formance and outdoor inspired casual footwear styles.
Few companies experience th
= S Table 4.2 A relative frequency toble
KEEN did in less than four years | e e 4 3 charts
done this with relatively little adv o
ing primarily to specialty footwe: The Area Principle
in addition to online outlets. Now that we have a frequency table, we're ready to follow the three rules of data
After the 2004 Tounami disast = analysis and make a picture of the data. But we can't make just any picture; a bad
o~ sungm 100.03%2 picture can distort our understanding rather than help it. For example, here’s a
advertising budget almost comple 1 youare k'-'“'f:l‘_’ o ﬂ;“; the graph of the frequencies of Table 4.1. What impression do you get of the relative
B 2 e creentages in lable 4.2, fr e visits eacl e
$1 million to help the victims and oot e T Requencies'of visits from each suuree? . ; 9
| ; . T e el While i’ true tha the majority of people came to KEENS website from Google,
Foundationto st 1000%. B course e in Figure 4.2 it looks like nearly all did. That docsn' seem right. Whats wrong? The
i doemncy i g o lengths of the sandals do match the torals in the table. But our eyes tend to be more
il i impressed by the area (or perhaps even the volimie) than by other aspects of each
being rounded. You'll often
see this in tables of per-
cents, sometimes with ex-
phnatory foomotes.

i

“ AlOthers

Yahoo
e MSN
~ Snaplink

Figura 4.7 Although the length of each sandal corresponds to the correct
number, the impression we getis all wrong because we perceive the entire areo
of the sandal. In foct, only a lttle more thon 50% of ull visitors used Google to
get to the website
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... To the Boardroom

Applying the Concepts

The Sharpe Edge: Plan, Do, Report

There are three simple steps to doing Statistics right: Plan, Do, and Report.

We lead students through the process of making business decisions with data. The first step is planning how to tackle a
problem, the second is doing the calculations, and the third is reporting the results and conclusions. In each chapter, we
apply the new concepts learned in Guided Examples. Examples are structured to reflect the way statisticians approach and
solve problems. These step-by-step examples show students how to produce the kind of solutions and reports that clients

expect to see.

GUIDED EXAMPLE

New York Stock Exchange Trading Volume

PLAN first. Know where you're
headed and why. Clearly defining
and understanding your objective will
save you a lot of work. What do you
know? What do you hope to learn?
Are the assumptions and conditions

satisfied? b S e I

DO is the mechanics of calculating
statistics. This is what most people
think Statistics is about. But the
computations don't tell the whole
story. sl recum——

REPORT what you've learned. Until
you've explained your results in the
context of the business question in
your Plan, the job isn’t done. We pre-
sent the report step as a memo to
emphasize the decision aspect of

each example. e I

RFPLAN

Are some months on the NYSE busier than others?
Boxplots of the number of shares traded by month are
a good way to see such patterns. We’re interested not

Setup Identify the variables, report the time
frame of the data, and state the objective.

only in the centers, but also in the spreads. Are vol-
umes equally variable from month to month, or are
they more spread out in some months?

We want to compare the daily volume of shares
traded from month to month on the NYSE during
2006.

The daily volume is quantitative and measured in
number of shares. We can partition the values by
month and use side-by-side boxplots to compare
the volume across months.

Mbo

|
% REPORT

Mechanics Plot the side-by-side boxplots of
the data.

Conclusion Report what you've learned
about the data and any recommended action
or analysis.

Daily Volume (Billions)
e
e
HEH
HIH -
—EEm—
° HE
% !
=
A
o
=
I

08
08 L
1.2 3 45 6 7 8 9101112
Month
MEMO:

Re: Research on trading volume of the NYSE

We have examined the daily sales volume on the
NYSE (number of shares traded) for each month
of 2006. As the attached display shows, sales
volume follows a seasonal pattern with lower
volume in March and August. The highest median
trading activity is found in May and November. The
variabllity of trading volume also shows a pattern.
June and December have higher variability than the
rest, and March has noticeably less variability.
There were several unusually high-volume days that
bear investigation and one extremely low-volume
day in November.

- 17 -



——— Promoting Understanding

What Can Go Wrong?

The most common mistakes for those & J WHAT CAN GO WRONG?

new to statistical analysis usually involve
misusing a method, not miscalculating a
statistic. We acknowledge these mistakes
with What Can Go Wrong?, found at the
end of each chapter. Our goal is to arm
students with the tools to detect
statistical errors and offer practice in
debunking misuses of statistics.

Math Box MATH BOX

The mathematical underpinnings

Neither Disagree Completely Neither Disagree

Standardizing the variables first gives us an easy to understand expression
for the correlation.

+ Don‘t violate the area principle. This is probably the most common mis-
ke in a graphical display. Violations of the area principle are often made for
the sake of artistic presentation. Here, for example, are two versions of the
same pie chart for the Regional Preference data.

Agree Agree Completely

Not Agree Nor Agree

Don't Know

Disagres Disagree Complelely

Completely 4 Asveeh Agree Somewhat
omewhat

‘The one on the left looks interesting, doesn't it? But showing the pie three
dimensionally on a slant violates the area principle and makes it much more
difficult to compare fractions of the whole made up of each category of the
response—the principal feature thata pie chart ought to show.
+ Keep it honest. Here's a pie chart that displays data on the percentage of high
¢ in specified dangerous behaviors as reported by
| ntrol. What’s wrong with this plot?

of statistical methods and con- e,
L o
cepts are set apart to avoid inter- n-1
. . But sometimes you'll see other formulas. Remembering how standardizing
mptlng the explananon Of the works gets us from one formula to the other.
topic at hand. We use these Since e
derivations to increase students’ u ges. Or ook at the 50% slice. Does it look right?
= Y e percentages of? Is there hole” that has been
understanding of the underlying and B ¢ proportions shown by each slice of the pie must
. " dividual must fall into only one category. Of
mathematlcs, bUt they can bC we can substitute these and get L:‘l‘.‘:m makes it even harder to detect the error
skipped by less mathematically mas /1 \QE-H -5 Qo3 | e This bar chart shows the number of airline
. 1, d tudents L2 e I)Ez,z‘ =il e 2 W rity screening.
inclined s 5 & *y

e [ P
we could use substitution to write:

- (L) s 203
n—1 5,

That’s the other common version. If you ever h
tion by hand, it’s casier to start with one of thes:
ber how correlation works, stick with the first fc

By Hand

Although we encourage using technology to perform
statistical calculations, we recognize the benefits of
knowing how to compute by hand. By Hand boxes
explain formulas and help students through the
calculation of a worked example.
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“That’s one version. And since we know the formula for standard deviation,

i 87-88 83-90 9192 93-04 9506 1997 1998 1999
Year

* Finding the correlation coefficient by hand Ln‘:l::;l_
single
' Tofind the correlation coefficient by hand, we'll use afor- | es it even

mula in original units, rather than z-scores. This will save us i
the work of having to standardize each individual data value first.
Start with the summary statistics for both variables: %, y, s,, and s,
Then find the deviations as we did for the standard deviation, but
now in both x and y: (x — %) and (y — ¥). For each data pair, multi-
ply these deviations together: (x — X) X (y — y). Add the products
up for all data pairs. Finally, divide the sum by the product of
(n = 1) X s, X s, to get the correlation coefficient.

(continued)

Here we go

Supposethedmapuirsure,: g ]g ]_A, ]Z %;

Thenx = 14,5 = 7,5, = 6.20, and 5, = 3.39

Deviations Deviations
inx Iny Product {
5-7=-2 -8x-2=16
3-7=-4 16 |
7-7= 0 0 |
8~-1= 1 5
12-7= 5 35

Add up the products: 16 + 16 + 0 + 5 + 35 = 72
Finally, we divide by (n — 1) X's, X's, = (5 = 1) X 6.20 x
3.39 = 84.07

The ratio is the correlation coefficient:

r = 72/84.07 = 0.856

\_




Checking Understanding
Just Checking

Once or twice per chapter, Fust Checking asks
students to stop and think about what they’ve
read. These questions are designed to check stu-
dent understanding and involve little calculation.
Answers are provided at the end of the chapter
so students can easily check their work.

What have we leared?

” JUST CHECKING

So that they can balance their inventory, an optometry shop collects the fol-
lowing data for customers in the shop.

Eye Condition
Near Sighted Far Sighted Need Bifocals | Total
% Males 6 20 6 32
& | Females 4 16 12 32
Total 10 36 18 64

What percent of females are far-sighted?

What percent of near-sighted customers are femalc?

What percent of all customers are far-sighted females?
What’ the distribution of Eye Condition?

What’s the conditional distribution of Eye Condition for males?

o Uv bW -

Compare the percent who are female among near-sighted customers to
the percent of all customers who arc female.

7 Does it scem that Eye Condition and Sex might be dependent? Explain.

What Have We Learned?

These chapter-ending summaries
highlight the concepts introduced

Terms

Area principle

Bar chart (relative frequency
bar chart)

Column percent

Conditional distribution

Contingency table

Distribution

Frequency table (relative
frequency table)

Independent variables

Marginal distribution

We've learned that we can summarize categorical data by counting the number n ['_hC Chapter) deﬁne new
of cases in each category, sometimes expressing the resulting distribution as per-
cents. We can display the distribution in a bar chart or a pic chart. When we
want to see how two categorical variables are related, we put the counts (and/or
percentages) in a two-way table called a contingency table.

.

We look at the marginal distribution of each variable (found in the margins of

the table). for the exam.

.

We also look at the conditional distribution of a variable within each category
of the other variable.

.

We can display these conditional and marginal distributions using bar charts or
pic charts.

1f the conditional distributions of onc variable are (roughly) the same for every
category of the other, the variahlec are indensndant

Skills
WhLan

A principle that helps t interpret
that in a statistical display, each da

Recognize when a variable is categorical and choose an appropriate display for it.

Understand how to examine the association between categorical variables by

A chart that represents the count comparing conditional and marginal percentages.

variable as a bar, allowing easy vi

hbo

Summarize the distribution of a categorical variable with a frequency table.
The proportion of each column «

Display the distribution of a categorical variable with a bar chart or pie chart.

The distribution:of 2 varisblsves Construct and examine a contingency table.

of individuals.

Construct and examine displays of the conditional distributions of one variable
for two or more groups.

A contingency table displays cou
falling into named categories on
individuals on all variables at onc
may be contingent on the catego

& REPORT

Describe the distribution of a categorical variable in terms of its possible values
and relative frequencies.

Describe any anomalies or extraordinary features revealed by the display of a

T 9 . variable.
The distribution of a variable is

Describe and discuss patterns found in a contingency table and associated
displays of conditional distributions.

* all the possible values of the v

» the relative frequency of each

A table that lists the categories in a categorical variable and gives the number (the
percentage) of observations for each category. The row percent is the proportion
of each row contained in the cell of a frequency table, while the column percent

is the proportion of each column contained in the cell of a frequency table.

Variables for which the conditional distribution of one variable is the same for
cach category of the other.

In a contingency table, the distribution of cither variable alone. The counts or
percentages are the totals found in the margins (usually the right-most column or
bottom row) of the table.

terms,

and list the skills presented in the
chapter. If students understand all
these parts, they’re probably ready
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Integrating Technology -

Technology Help

In business, Statistics is
practiced with computers.
We offer specific guidance
for several of the most
common Statistics software
(Excel® 2007 and 2003,
Minitab®, SPSS®, JMP®,
and DataDesk®), often with
an annotated example to
help students get started
with the technology of their
choice.

Confidence intervals for proportions are so easy and natural
that many statistics packages don't offer special commands for
them. Most statistics programs want the “raw data” for compu-
tations. For proportions, the raw data are the “success” and
“failure” status for each case. Usually, these are given as 1

or 0, but they might be category names like “yes” and “no.”
Often we just know the proportion of successes, p, and the total
count, n. Computer packages don't usually deal with summary
data like this easily, but the statistics routines found on many
graphing calculators allow you to create confidence intervals
from summaries of the data—usually all you need to enter are
the number of successes and the sample size.

Inference methods for proportions are not part of the stan-
dard Excel tool set.

Comments
For ized data, type the calculation into any cell and
evaluate it. Confidence intervals for a proportion are available

MINITAB

Choose Basic Statistics from the Stat menu.

* Choose 1Proportion from the Basic Statistics submenu.

« If the data are category names in a variable, assign the
varigble from the variable list box to the Samples in
columns box. If you have summarized data, click the
Summarized Data button and fill in the number of trials
and the number of successes.

* Click the Options button and specify the remaining details.

SPSS does not find confidence intervals for proportions.

IMP

For a categorical variable that holds category labels, the
Distribution platform includes tests and intervals for propor-
tions. For summarized data, put the category names in one
variable and the frequencies in an adjacent variable. Desig-
nate the frequency column to have the role of frequency.
Then use the Distribution platform.

| DATA DESK |

Mini Case Study Projects

“Fuel Efficiency

Model of Car

Engine Size (L)

Cylinders

MSRP (Manufacturer’s Suggested Retail Price in $)
City (mpg)

Highway (mpg)

Weight (pounds)

Type and Country of manufacturer

Describe the relationship of Weight, MSRP, and Engine Size with fuel effi-
cieney (both City and Highway) in a written report. Be sure to transform the vari-

ables if necessary.
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Technology Help: Confidence Intervals for Proportions

In some programs you can reconstruct variables of 0's
and 1's with the given proportions. But even when you have
(or can reconstruct) the raw data values, you may not get
exactly the same margin of error from a computer package
as you would find working by hand. The reason is that some
packages make approximations or use other methods. The
result is very close but not exactly the same. Fortunately,
Statistics means never having to say you're certain, so the
approximate result is good enough.

in the DDXL add-in. Select the range of data holding the
variable. Then choose Confidence Intervals from the DDXL
menu. Choose 1 Var Prop Interval from the menu, indicate
the variable, and click OK.

+ If you have a large sample, check Use test and interval
based on normal distribution.
Click the OK button.

Comments

When working from a variable that names categories,
MINITAB treats the last category as the “success” category.
You can specify how the categories should be ordered.

Comments

JMP uses slightly different methods for proportion inferences
than those discussed in this text. Your answers are likely to be
slightly different, especially for small samples.

nis

narized data, open a Scratchpad to compute the

i deviation and margin of error by typing the calcula-
»n use z-interval for individual ps.

With the ever increasing price of gasoline, both drivers and auto companies are
motivated to raise the fuel efficiency of cars. Recent information posted by the
U.S. government proposes some simple ways to increase fuel efficiency (see
www.fueleconomy.gov): avoid rapid acceleration, avoid driving over 60 mph,
reduce idling, and reduce the vehicle’s weight. An extra 100 pounds can reduce
fuel efficiency (mpg) by up to 2%. A marketing executive is studying the
relationship between the fuel efficiency of cars (as measured in miles per
gallon) and their weight to design a new compact car campaign. In the data set
ch07_MCSP_Fuel_Efficiency you'll find data on the variables below.

Mini Case Study Projects

Each chapter includes one or two Mini
Case Study Projects that use real data and
ask students to investigate a question or
make a decision. Students define the ob-
jective, plan the process, complete the
analysis, and report their conclusion.
Data for the Mini Case Study Projects are
available on the DVD and website, for-
matted for various technologies.



——— Tackling Problems

Exercises

We have worked hard to ensure that exercises contain relevant and modern ques-
tions with real data. The exercises generally start with a straightforward applica-
tion of the chapter ideas, then tackle larger problems. Many break a problem into
several parts to help guide the student through the logic of a complete analysis.
Finally, there are exercises that ask the student to synthesize and incorporate their
ideas with less guidance. Data for exercises marked €9 are available on the DVD

and website, formatted for various technologies.

EXERCISES T e

ETHICS IN ACTION

eth Tully owns Zenna's Café, an independent
coffee shop located in o small mid-western cfty.
Since opening Zenna's in 2002, she has been

steadily growing her business and now distributes
her custom coffee blends to a number of regional restau-

40, Sciliog fuel cc
Reports found that 3

of nationwide respondents reported that
they were considering replacing their current car with one with
greater fuel economy. [ere are advertised horsepower ratings and
expected gas mileage for several 2007 vehicles (www.kbb.com/
KBB/ReviewsAndRating).

Highway Gas
Vehicle Horsepower | Mileage (mpg)
Audi A4 200 32
BMW 328 230 30
Buick LaCrosse 200 30
Chevy Cobalt 148 32
Chevy TrailBlazer 291 22
Ford Expedition 300 20
GMC Yukon 295 21
Honda Civie 140 40
Honda Accord 166 34
Hyundai Elantra 138 36
Lexus IS 350 306 28
Lincoln Navigator 300 18
Mazda Tribute 212 25
Toyota Camry 158 34
Volkswagen Beetle 150 30

a) Make a scatterplot for these data.

b) Describe the direction, form, and strength of the plot.

¢) Find the correlation between horsepower and miles per gallon.
d) Write a few sentences telling what the plot says about fuel
cconomy.

41, Pizza sales. Here is a scatterplot for the weekly sales (in
pounds) for every fourth week of a brand of frozen pizza ver-
sus the unit price of the pizza for a sample of stores in the
Dallas area.
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donated by her employees per week. She has a total of i
12 employees, of whom 10 are full time. Most employees
volunteered less than 2 hours per week, but Beth noticed

that one part-time employee volunteered more than

20 hours per week. She discovered that her employees col-

rants and markets. She operates a that offers
specialty grade Arabica coffees recognized as some os the
best in the area. In addition to providing the highest quality
coffees, Beth also wants her business to be socially respon-
sible. Toward that end, she pays fair prices to coffee farmers
and donates funds to help charitable causes in Ponama,
Costa Rica, and Guatemala. In oddition, she encourages
her employees to get involved in the local community.
Recently, one of the well-known multinational coffeehouse
chalns announced plans to locate shops in her area. This
chain is one of the few to offer Certified Free Trade coffee
products and work toward social justice in the global com-
munity. Consequently, Beth thought it might be a good idea
for her to begin communicating Zenna's socially responsi-
ble efforts to the public, but with an emphasis on their com-
mitment to the local community. Three months ago she
began collecting data on the number of volunteer hours

lectively ge of 15 hours per month rop, de-
(with  median of 8 hours). She plnned to report the aver- |

age number and believed most people would be impressed 1 box is
with Zenna's level of commitment to the local community. 1a boxes

ETHICAL I1SSUE The outlier in the data affects the wverage in i
a direction that benefits Betb Tully and Zenma's Café (related
to Item C, ASA Erbical Guidelines).

ETHICAL SOLUTION Beth'sdata arve bighly skewed. There is i
an outlier value (for a part-time employee) that pulls the aver-
age number of volunteer bours up. Reporting the average is
misleading. In addition, there may be justification to eliminate
the value since it belongs 1o a part-time employee (10 of the 12|
evmployees are full time). It would be more etbical for Beth to: |
(1) report the average but discuss the outhier value; (2) report i
the average for only full-time employees, or (3) report the

miedian instead of the average.

2007, In 2006, a study by Consumer

42, Hows st5. Coneern over the possibility of a “home cost
bubble™ has lead many cconomists to examine housing costs. The
Office of Federal Housing Enterprise Oversight (wwav.ofheo.gov)
collects data on various aspects of housing costs around the United
States. Here is a scatterplot of the Housing Cost Index ve
Median Family Income for each of the 50 states. The cc
is 0.65.
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a) Describe the relationship between the Housing Cost lindex and
the Median Family Income by state.

b) If we standardized both ables, what would the correlation

coefficient between the s ized variables be?

¢) If we had measured Median Family Income in thousands of
dollars instead of dollars, how would the correlation change?

d) Washington, DC, has a Housing Cust Index of 548 and a
median income of about $45,000. 1f we were to include DC in
the data set, how would that affect the correlation coefficient?

€) Do these data provide proof that by raising the median income
in a state, the Housing Cost Index will risc as a resule? Explain.

€ 43. Munal funds, Here is a scatterplot showing the associa-
tion between money flowing into mutual funds (fund flows in
S$M) and a specific type of market retarn (Wilshire Index) for
each month from 1990 to 2002.
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a) Is it appropriate to calculate a correlation? Explain.
b) Identify the largest outlier in the scatterplot. Find and discuss

Ethics in Action

Our ethics vignettes in each chapter illustrate some
of the judgments needed in statistical analysis,

identify possible errors, link the issues to the ASA’s
Ethical Guidelines, and then propose ethically and
statistically sound alternatives.
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