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Preface

WHY | WROTE THIS BOOK

APPROACH

Until five years ago, virtually all applied statistics courses were taught with an empha-
sis on manual calculations. There were several reasons for this pedagogy. First, many
instructors felt that students needed to be taught the mathematical principles of sta-
tistics, and the best way, it was thought, was to have students perform manual calcu-
lations. Second, although real statistics practitioners use a computer, costs of both
hardware and software made it difficult or impossible to equip all students with these
resources.

The emphasis on manual calculations has resulted in a variety of problems. Fore-
most among these is that for many students statistics is one of their least favorite
courses. By focusing on the arithmetic of statistical techniques, instructors gave the
false impression that this is the most important aspect of the subject. Students did not
get the opportunity to see statistics as it really is.

This book was written to allow instructors to teach a course in applied statistics
that demonstrates the true value of statistics.

The easy access to computers today allows us to change the pedagogy. Most students
have their own computers or can use computers supplied by their colleges or univer-
sities. Moreover, nearly all computers have Microsoft Excel® automatically installed.
As a result, college and university students know how to use the popular spreadsheet.

Changing the pedagogy involves far more than simply adding computer output to
the illustrative examples. Fully taking advantage of these resources requires a major
overhaul in the way we teach statistics. The void created by removing manual calcu-
lations can be enormous. A large portion of an instructor’s class time must be devoted
to showing how to calculate each statistic if the students are expected to solve prob-
lems the same way. However, the void can easily be filled by teaching aspects of
applied statistics that have generally been ignored by instructors and by textbook
authors. Simply expressed, we need to teach what statistics practitioners do before the
calculations and what they do after the calculations, while letting the computer do the
calculations themselves.

Before the calculations can be performed, the statistics practitioner must decide
which technique or techniques should be applied. Without the ability to select the
appropriate method, all other skills are irrelevant.

Once the appropriate technique has been selected, all that’s needed is guidance in
using the software—nothing more complicated than point-and-click instructions.

After the computer has produced the required statistics, the practitioner must
interpret them. This requires an understanding of probability and statistical concepts.

xlil



xlv  PREFACE

Once again, the time needed to teach these subjects becomes available after the arith-
metic is dropped from the course.

FEATURES

1. Three-step approach. All inferential techniques are demonstrated using a
three-step approach. The first step is to identify the technique. We believe that
technique-identification skills are critical but seldom taught. These skills are
taught throughout the book. The second step is to compute the statistics. The
third step is to interpret the results, which requires an understanding of sta-
tistical concepts.

336 Chapter 12 INFERENCE ABOUT TWO POPULATIONS

sizes. And we have seen that larger sample sizes yield more information, which is
reflected in more powerful tests (lower probabilities of Type 11 errors) and narrower
interval estimates. As a result, we would prefer that the population variances be equal.
Accordingly, we adopt the following rule. We will use the equal-variances test statis-
tic and interval estimator unless there is evidence (based on the sample variances) to
indicate that the population variances are unequal, in which case we will use the
uncqual-variances (-test and estimator.

likelihood of various forms of cancer. However ane scientist claims that neonle who

eat high-fiber cereal for breakfast will

than people who don't eat high-fiber cereal for
1f this is true, we can add weight-reduction to
cereal for breakfast. As a preliminary test of 4
selected and asked what they regularly eat for
identified as cither a consumer or a nonconsun
ber of calories consumed at lunch was measurd
below and stored in columns A and B of file

Section 122 INFERENCE ABOUT THE DIFFERENCE BETWEEN TWO MEANS: INDEPENDENT SAMPLES 337

To assess the claim, the scientist needs to compare the population of consumers of
mnwwnmmmammanmm(m

that his belief is correct? we've recorded real numbers). This probls j ion tells us
Mlhp-mwbeunduhﬁﬂmbummwu, . The
CALORIES CONSUMED AT LUNCH claim to be tested is that the mean caloric intake of consumers (,) is less than that
Consumors of HighFiber Caresl of nonconsumers (u,). Hence the alternative hypothesis is
568 646 607 555 530 714 Hy:i(u - p)<0
498 636 520 565 566 639
589 739 637 568 €87 693 To identify the test statistic, the scientist instructs the computer to output the sam-
681 539 617 584 694 ple variances. They are
540 596 633 607 566 473
o« gomiet sf = 4,103 and s} = 10,670
708 754 740 569 593 637| There is reason to believe that the population variances are unequal. Thus, we use
819 741 688 547 723 553 the unequal-variances test statistic.
706 628 539 710 730 620 complete test follows.
500 537 7256 679 701 679 25 -
613 748 711 674 672 509 Ho: (g = ‘
s82 663 607 505 685 ses| o el7 i D
601 526 816 527 800 484 Hy:(uy — p2) <0
608 541 426 679 663 739 5
787 462 773 8% 369 717 Test statistic: ¢ = CL XD @~ pa)  __(s}/m + s3/ng)
573 719 480 602 596 642 % 5 (s3im,)? (_ﬁ/,z)l
428 754 632 765 758 663 (—l+ ) ( . )
n omy n =1 n-l

mmdummosmu =2.0911. Tbeone-ullp-vlhle('(T<-t)
one-tail) is .0193.
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338 Chapter 12 INFERENCE ABOUT TWO POPULATIONS

L)t
‘Sampling distribution of the
tost statistic for Example 12.1.

-2.0911 0

’ i - . - S A
Figure 12.2 depicts the Student 7 sampling distribution and the p-value of the test.
To conduct this test from means and standard deviations or to perform a what-if
analysis, activate the t-test of 2 Means (Uneq-Var) worksheet in

A Type I error in this example occurs when we conclude that consumers of hij
cereal consume fewer calories at lunch than do nonconsumers when in fact there is
no difference between the two groups. A Type II error occurs when we erroneously
fail to conclude that consumers of high-fiber cereal eat less at lunch than noncon-
sumers. It is difficult to judge which error is more costly. As a result we take a neu-
tral position and suggest that any p-value less than 5% should be interpreted as pro-
viding enough evidence to reject the null is.

The p-value of the test is .0193. As a result, we conclude that there is sufficient

evidence to infer that consumers of high-fiber
than do nonconsumers. However, there are tw
cluding that high-fiber cereals constitute an effeq
the data were likely self-reported, which means
ber of calories recorded that he or she

ally, a less subjective method of counting calorif
which the experiment was performed may lead
of the data. We will discuss this important issuf

Section 12.2  INFERENCE ABOUT THE DIFFERENCE BETWEEN TWO MEANS: INDEPENDENT SAMPLES 339

In addition to testing to determine whether a difference exists, we can estimate
the difference in mean caloric intake.

The interval estimator of the difference between two means with unequal popu-
lation variances is

h M

The Excel output does not include the interval estimate. However, you can use the t-
Estimate of 2 Means (Uneq-Var) worksheet of Stats-Summary.xls. Simply plug in
the values of the sample means, sample standard deviations, and sample sizes, as well
as the confidence level. The result of this action appears below.

We estimate that the average consumer of high-fiber cercal eats between 1.56 and
56.86 fewer calories at lunch than does the average nonconsumer of high-fiber cereal.

manager would like to know whether the assembly times of the two methods differ.
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2. Fewer manual calculations. All statistical procedures, ranging from graphi-
cal descriptive methods to multiple regression, will be conducted using a com-
puter. We use a calculator to determine probability and to compute simple
statistics.

160 Crapter 6 CONTINUOUS PROBABILITY DISTRIBUTIONS

Solution  We seck
P(X > 6,000)

where X is normally distributed with 2 = 4,500 and o = 1,000.
To use Table 6.1 we must standardize both .X and 6,000.
_ p(X—r 6000 - 4500\ _
P(X > 6,000) = P(—u > hl.OOO ) P(Z>1.5)
Figure 6.13 depicts this calculation. Notice that we find P(0 < Z < 1.5) = 4332
from Table 6.1. Because the area under the curve is | and half the area is above 0
(and half below), it follows that P(Z > 0) = .5. Thus

P(Z>15)=P(Z>0)- P0<Z<15) =5~ 4332 = 0668

FINDING VALUES OF z

'l'hereu-fumlyol‘pmblmth(nqumunndmmmnethevnlmofzgwenaprob—
|h|l|lyWeun'.hemnonz,lorepnumlhevnluofxmchﬂmlhummmnm
under the standard normal curve is 4. That is, z, is a value of a standard normal ran-
dom variable such that

PZ>z)=4 025.

Figure 6.14 depicts this notation.

To find z, for any value of A requires us to use the standard normal table back-
wards. As you saw in Example 6.2, to find a probability about Z we must find the
value of z in the table and determine the probability associated with it. To use the
nbleb.ckwd:wenndto:pecifylpmhhilitylndm ine the z-value asso-
ciated with it. We'll demonstrate by finding z,
normal curve and z 5. Because of the format o
by determining the area between 0 and z g5, wh)
we expressed this probability with four decima 161
see what you need to do.) We now search thrq

looking for .4750. When we locate it, we see
1.96.
Thus, z gz = 1.96, which means that P(Z §
x

Figure 6.13 a9
m>w‘-ﬂz>i‘) 1.5 4345 4357

Figure 6.14 >
AZ>z)=4A 0 :
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3. Microsoft Excel. We use the most popular spreadsheet program, showing the
printouts and providing step-by-step instructions. We created macro add-ins to
augment Excel’s limited offering. The add-ins are stored on the CD, in Data
Analysis Plus® 3.0, which, when installed, integrates the add-ins with Excel’s
statistical functions.

Section 1.4 INFERENCE ABOUT A POPULATION PROPORTION 313

the value of p with p. Thus, we estimate the standard error with V(1 = p)/n. The
interval estimator follows.

e

which is valid provided that mp and n(} — ) are grester 1

The bound on the error of estimation is
p p)

As we described in the introduction to this chapter, television networks employ exit
polls to allow them to predict an election winner shortly after the polls close. Sup-
pose that during an election for a Senate seat, NBC conducted an exit poll where vot-
ers leaving the polling booth were asked for whom they voted. The responses were

1 = Democrat
2 = Republican

The responses of a sample of 926 voters . e - ALl
the values; they are just a bunch of Is and
dently predict the election winner?

The objective is to describe the population|
variable are “Democrat” and “Republican,”
are nominal. The parameter employed to def
is the population proportion. We will arbi
only predict a winner if there is enough evi
cesses is either greater than .5 (the Demod
wins). Thus the alternative hypothesis is
Hip#5
The null hypothesis is
Hoip=.5
The test statistic is

i i

Townwmmemhdqmﬁmnthcumplepmponimorwm:whmif
analysis, use the z-Test of a Proportion worksheet in the Stats-Summary.xls file.

!
e

Figure 11.5

for the
test statistic for Example 11.3 0 2.1032
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4. Emphasized applications. To motivate students and convince them of the
importance of statistics, we emphasize applications. Many of the examples,
exercises, and cases are adapted from real studies. Almost all feature a data
set stored on the CD. There are over 600 data sets on the CD, some as large

as 22,000 observations.

644  Crapter 19 STANISTICAL INFERENCE: CONCLUSION
CASE 19.1 DO BANKS DISCRIMINATE AGAINST
WOMEN BUSINESS OWNERS? I*

lmiuly.muwmmbecaningowmnof small businesses. However, ques-
«mmmmmmuwm-mmwmmw

raised by women's groups. Banks are i to small
mmmmmlmmiummm:morwm
and that for medi ized busi the ion rises o i one-half.

lfw\mmfmlommrzjxwdmmfreqmﬂydﬂﬂmmiuqum.m
ifmnmwhiwinmwmmdo.wmm“fum-
plaint. Banks might then be subject to criminal as well as civil suits. To examine this
issue, a research project was launched.
Thmlm‘mrveyedlwulnfl,lﬁbuﬁmumofwhan 115 were
women. The percentage of women in the sample, 9.9%, compares favorably with other
sources that indicate that women own sbout 10% of established small businesses. The
mneyuhdlziuofq\uﬁomlomcnmmbuineummlpplied
forb-mdurin;mepmviommmlnlmdﬂnminedmem(mofnubuimn,iu
niu.mdiuut.AMilimully.nnwmmuked-bmlMamindﬂlin;
with banks. The questions asked in the survey included the following:
1 What is the gender of the owner?
1 female
2 male
2 Was the loan approved?
1 no

2 yes

3 If it was approved, what interest rate (|

Of the 115 women who asked for a loan,
men who asked for a loan were rejected. The ral )
granted were recorded. These data are stored in sse B oAl
B (rates paid by men) in file C19-01.

What do deita discloss t possible] 19.3 The widespread use of salt on roads in Canada and the

northern United States during the winter and acid
E precipitation throughout the year combine Lo cause
rust on cars. Car manufacturers and other comganies

The problem objective is to compare two pop} offer rustproofing services to help purchasers )
women and those owned by men. We can comy preserve the value of their cars. A consumer protection
loan applications are denied; and for loans gran agency decides 1o determine whether there are any

differences between the rust protection provided by

“Adapied from A. L. Riding and C. 5. Swif, “Giving Crg applies a liquid to critical areas of the car. The liquid
and Canadian r—mlll'::mﬁ—% z-u:um-ﬂy W hardens, forming a (supposedly) lifetime bond with
the metal. The last 20 are treated with oil and are re-
treated every 12 months. The cars are then driven
under similar conditions in a Minnesota city. The
number of months until the first rust appears is
recorded and stored in columns A, B, and C,
respectively, in file Xr19-03. Is there sufficient

evidence to conclude that at least one rustproofing
method is different from the others?

19.4  In the door-to-door selling of vacuum cleaners,
various factors influence sales. The Birk Vacuum
a Cleaner Company considers its sales pitch and overall
package to be extremely important. As a result, it
often thinks of new ways to sell its product. Because
the company's management dreams up 5o many new
sales pitches each year, there is a two-stage testing

process. In stage 1, a new plan is tested with a
relatively small sample. If there is sufficient evidence
that the plan increases sales, & second, considerably
larger, test is undertaken. The statistical test is
performed so that there is only a 1% chance of
concluding that the new pitch is successful in
increasing sales when it actually does not increase
sales. In a stage | test to determine if the inclusion of
a “free” ten-year service contract increases sales,
100 sales representatives were selected at random
from the company's list of several thousand. The
monthly sales of these representatives were recorded
for one month prior to use of the new sales pitch and
for one month after its introduction. The results are
stored in file Xr19-04. Should the company proceed to
stage 27

19.5 Two drugs are used to treat heart attack victims.
Streptokinase, which has been available since 1959,

@ costs about $500. The second drug is t-PA, a
genetically engineered product that sells for about
$3,000. Both streptokinase and t-PA work by opening

196

19.7

the arteries and dissolving blood clots, which are the
cause of heart attacks. Several previous studies have
failed to reveal any differences between the effects of
the two drugs. Consequently, in many countries where
health care is funded by governments, physicians are
required to use the less expensive streptokinase.
However, -PA's maker, Genentech, Inc., contended
that in the earlier studies showing no difference
between the two drugs, their drug was not used in the
right way. Genentech decided to sponsor a more
thorough experiment. The experiment was organized
in 15 countries, including the United States and
Canada, and involved a total of 41,000 patients. In this
study, t-PA was given 10 patients in 90 minutes instead
of 3 hours as in previous trials. Half of the sample of
41,000 patients were treated by a rapid injection of
1-PA with intravenous heparin, while the other half
received streptokinase along with heparin. The
number of deaths in cach sample was recorded. A total
of 1,497 patients treated with streptokinase died, while
1,292 patients who received 1-PA died.
2 Can we infer that t-PA is better than streptokinase in
preventing deaths?
b Estimate with 95% confidence the cost per life
saved by using 1-PA.
A small but important part of a university library's
budget is the amount collected in fines on overdue
books. Last year, a library collected $75,652.75 in fine
payments; however, the head librarian suspects that
some employees are not bothering to collect the fines
on overdue books. In an cffort to learn more about the
situation, she asked a sample of 400 students (out of a
total student population of 50,000) how many books
they had returned late to the library in the previous
12 months. They were also asked how many days over-
due the books had been. The results indicated that the
total number of days overdue ranged from 0 to 55 days.
The number of days overdue was stored in file Xr19-06.
a Estimate with 95% confidence the average number
of days overdue for all 50,000 students at the uni-

versity.

b If the fine is 25 cents per day, estimate the amount
that should be collected annually. Should the librar-
ian conclude that not all the fines were collected?

The practice of therapeutic touch is used in hospitals

all over the world and is taught in some medical and

nursing schools. In this therapy, trained practitioners
manipulate something that they call the “human en-

ergy field.” The manipulation is carried out without

actually touching the patient's body. Practitioners
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S. Review chapters with flowcharts. To ensure that students can identify the
correct technique, we provide two review chapters, Chapters 13 and 19, each
with a flowchart that helps students choose the appropriate method. The exer-
cises and cases in each review chapter require all the statistical techniques
introduced up to that point.

Section 132 GUIDE TO IDENTIFYING THE CORRECT TECHNIQUE: CHAPTERS 11 AND 12 389

13.1 INTRODUCTION

This chapter is more than just a review of the previous two chapters. It is a critical
part of your de as a statistics it When you solved problems at the
endofuchumon|nﬂ|ep|ecedmgchapms(ywhavzheenso!wngpnblmlnlhe
end of each section covered, haven't you?), you probably had no great difficulty iden-
tifying the correct technique to use. You used the statistical technique introduced in
that section. While those exercises ptvvxded practice in setting up hypod\uu. pmduc
ing computer output of tests of and interval esti the
results, you did not address a fundamental question faced by mnmu practitioners:
which technique to use. If you still do not appreciate the dimension of this problem,
consider the following, which lists all the inferential methods covered thus far.

t-test and estimator of p

x’-test and estimator of o*

z-test and estimator of p

t-test and estimator of p; — u, (equal variances formulas)
t-test and estimator of 41; — u, (unequal variances formulas)
t-test and estimator of up

F-test and estimator of o/0}

2z-test (cases 1 and 2) and estimator of p, — p,

Counting tests and interval estimators of a parameter as two different techniques,
a total of 17 statistical procedures have been presented thus far, and there is much left
to be done. Fwedmthmmulpmbkm
niques (mh as in real-world lppllcmom

some in

|npumdn.nhowmmuu|m 390 Chapter 13  STANSTICAL INFERENCE: REVIEW OF CHAPTERS 11 AND 12

the opportunity to practice your decision skil

cumulatively require all of the inferential teq The flowchart in Figure 13.1 represents the logical process that leads to the iden-

Solving these problems will require you to d
must analyze the problem, identify the techr
ware and a computer to yield the required

13.2 GUIDE T0 IDEN‘I’IFYING THE CORREC]
HAPTERS 11 AND 12

Alyouvapmhblylhudyduewmm

measurement (central location or variability
drawn, and, if so, whether the unknown pof

tification of the appropriate method. We've also included a more detailed guide (Table
13.1) to the statistical techniques that lists the formulas of the test statistics, the inter-
val estimators, and the required conditions.

Figure 13.1

t-test and

il
|¢lﬂmlnxolm—m= :smm tor of uuy -y |
L Equak-yari 1! I-vari !

t-test and

Flowchart of techniques: Chapters 11 and 12
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6. Developed concepts. In the absence of mathematical derivations, it is neces-
sary to emphasize the mathematical principles underlying all inferential meth-
ods. We do this in a variety of ways, including simulations. We describe how
to simulate sampling distributions (Chapter 8) and interval estimators (Chap-
ter 9). A spreadsheet—also stored on the CD—allows students to conduct
“what-if” analyses (Chapters 9, 10, 11, and 12), enabling them to discover

how statistical inference actually works.

Figure 11.2
Histogram for Example 11.1
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OF STATISTICAL CONCEPTS 2

DEVELOPING AN UNDERSTANDING
OF STATISTICAL CONCEPTS 1

Notice that the r-statistic, like the z-statistic, measures the difference between the sam-
ple mean ¥ and the hypothesized value of u in terms of the number of standard errors.
However, when the population standard deviation o is unknown, we estimate the stan-
dard error as s/\V/n.

DEVELOPING AN UNDERSTANDING

When we introduced the Student 1 distribution

is more widely spread out than the standard nor{
only variable in the z-statistic is the sample mef
sample. The -statistic has two variables, the sar
deviation 5, both of which will vary from samp)
the r-statistic will display greater variability. To

a sample of size n = 8 produced a mean of
Summary workbook and the worksheet t-Estiy
95% confidence interval estimate of u.

That is, the interval estimate is
10 = 1.6720
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Now assume that we know the value of the population standard deviation, and it
isa=2.1hmingwlhevmkdean-l¢llulevflMan,w:delcminedthc93'/-
confidence interval estimate of .

This interval estimate is
10 * 1.3859

Nolicedmﬂuburv:luﬁmumﬂngai:hwnismnw«mminmu
estimate with o unknown. This point reinforces a principle we discussed in Chapter
9. That is, with more information we produce narrower (which we remind you means
better) interval estimates. In this illustration knowledge of the value of the population
standard deviation & allows us to be more precise.

Factors that Identify the +-Test and Estimator of 12
1 Problem objective: describe a single populstion.
2 Deta type: interval,

In exercises requiring a test of hypothesis where we do not
specify a significance level, We expect you 10 use the guide-
lines provided in Chapter 10 to judge the size of the p-value.

Exercises 11.1 to 11.52 are “what-if*" analyses designed
1o determine what happens to the test statistics and interval
estimates when elements of the statistical inference change.
These problems can be solved manually or using one or more
worksheets in Stats-Summary.xls.

111 A random sample of 50 was drawn from a population.
The sample mean and standard deviation are ¥ = 500

(B and s = 125, Estimate 1 with 95% confidence.

112 Repeat Exercise 11.1 with n = 100,

e

11.3 Repeat Exercise 11.1 with n = 25,
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MICROSOFT EXCEL

Microsoft Excel is a spreadsheet package that performs some statistical analyses. Nev-
ertheless, we chose Excel instead of a full-feature statistical package like SAS or
SPSS, or a student-friendly package like Minitab, because of the problem of computer
accessibility.

The high cost of SAS, SPSS, and other software requires universities to provide
the statistical program on their computer systems. However, almost all universities’
computer facilities are overcrowded at the best of times and heavily congested when
assignments for required courses are due. This circumstance makes the frequent use
of a campus computer difficult and likely to be frustrating for students. Consequently,
a virtual prerequisite to using computers in a statistics course is for students to own
their own computers and software.

Fortunately, an increasing proportion of students have their own computers. More-
over, many students own a version of Excel and know how to use it. Thus, Microsoft
Excel was chosen as the only viable contender. Once chosen, it became one of our
tasks to ensure that all the statistical techniques presented in this book could be per-
formed with Excel. The creation of Data Analysis Plus® (a series of add-ins, now in
version 3.0) fulfills this goal.

TEACHING AND LEARNING AIDS

Instructor’s Solutions Manual

This manual supplies complete solutions for every exercise in the book
(ISBN: 0-534-38204-5).

Student Solutions Manual

This manual, for sale to students, provides the solutions for the textbook’s
even-numbered exercises (ISBN: 0-534-98202-9).
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