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PREFACE

To the Instructor

n eedback from the first edition has been gratifying. We have received many
comments from instructors saying the text is the most readable and
student-oriented text available. Accordingly, we have kept our intuitive writing
style as well as the emphasis on active learning via numerous examples and
illustrations. We require the student to actively participate in the leaming pro-
cess, and show that statistics is something you do—not just something you read
about. We have also incorporated into the second edition many suggestions from
instructors who used the first edition, resulting in a current treatment that we
believe you will wish to consider.

New in the Second Edition

We have improved the text in the following ways:

Additions

= A new software program, StataQuest, may be packaged with new copies of
the text for a nominal price. Based on the commercial software STATA,
StataQuest is menu-driven and has high-resolution graphics. This will be an
attractive option if you wish to integrate the personal computer into your
course. StataQuest is available in IBM, Macintosh, and Unix formats.

s A “full-service” chapter on quality control, Chapter 18 includes discussion
and development of p-charts and c-charts in addition to the more common
X-bar and R-charts. Process capability is also emphasized.

= Presentation of stem and leaf displays, box plots, sample covariance, proba-
bility counting rules, Bayes’ Theorem, and index numbers.

m Instructions and examples for SAS and MINITAB, both the command and
menu-driven versions, to generate various statistical analyses. In addition,
most chapters have several exercises that ask the student to interpret SAS and
MINITAB printouts.

s A new feature called “Learning with Live Data” at the end of most chapters.
These are activities where the students in the class are individually responsi-
ble for generating the data. The instructor or the students can then collate the
results and distribute them to the class with a specific assignment either as an
individual or team activity. These exercises are intended to highlight problem
definition as well as to illustrate difficulties in collecting and organizing real
data, while at the same time reinforcing chapter topics. Extensive notes to the
instructor on using “Learning with Live Data” sets appear in the Instructor’s

Resource Manual.
vii
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Two data set appendixes. Appendix P contains eight different time series
(two monthly, two quarterly, and four annual) related to the U.S. economy.
Appendix N contains information on eight variables for 112 residential real
estate properties; this data set may be drawn upon while teaching in the
regression chapters and elsewhere.

We have identified the exercises in each chapter with various icons to signify
potential applications in business and/or to denote the problem type. The
icons used are shown below:

© of

i

Marketing/Advertising Investing Auditing/Tax
e [ m
Economics General Polling/Surveys
= 2 N

Quality/Production Sports/Games Transportation
=& ™ @
Real Estate Table Usage Computer-Oriented

ﬂ Flash (a quick, short answer is appropriate)

Other changes

We have streamlined the inference chapters, combining chapters on large
sample inference, small sample inference, and inferences for 7 into one
chapter.

We have added, changed, or updated over 250 exercises. With about 1500

exercises, we offer more problems for the instructor to choose from than
most, if not all, other books.

Optional Customization

For schools wishing to use a book that includes some, but not all, of the 18
chapters in this text, Duxbury Press will print and bind a shorter version. The cost
to the student of such a book will often be less than the full book—the exact cost
will depend on the amount of material included and the number of students
taking the course. Please contact your Wadsworth representative for further
details. On the next page we give a few of many possible chapter outlines an
instructor might consider using in a one-term course.
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DESCRIPTION CHAPTERS

Example 1 A traditional course with a 1-10
brief exposure to simple
linear regression
OPTION: Time permitting, add Chapter 11 on two-sample inference.

Example 2 A traditional course with a 1-3, 5-10, 13
solid grounding in regression
OPTION: Time permitting, add Chapter 11 on two-sample inference.

Example 3 A nontraditional course with 1-3,6-11
reduced emphasis on probability
OPTION: Time permitting, add Chapter 4 or Chapter 13 on regression,
or add Chapter 18 on quality control.

Chapters 12-17 deal with topics usually covered in a second course on
business statistics. With the exception of Chapter 13, we have not suggested that
any of these chapters be included in a one-semester course. However, you can
easily include one or more of them in a one-semester course if you desire,
without any loss of continuity.

Other Special Features

Classroom Practice Sprinkled throughout the chapters are problems labeled
“Classroom Practice.” These multi-part problems can be used in several ways.
One possibility is this: After the instructor has introduced a new topic (such as
how to use the binomial formula and tables), the students may be assigned to
work a Classroom Practice that bears directly on the new topic. The students can
work in-class on the problem either individually or in small groups. Working as
a coach, the instructor is then free to walk about the class and assist any student
who needs help. After perhaps seven to ten minutes, the instructor can go over
the solution with the whole class. We think the students benefit from getting
immediate experience working a problem right after its presentation by the
instructor. In addition, the instructor can assess the class’s comprehension of the
material.

Learning with Live Dara As described above, this innovative problem format
involves the students in generating the sample observations, thereby increasing
their involvement. These activities (which may be assigned to groups or teams
if desired) are less structured than typical textbook exercises, and often do not
yield a single “correct” answer, thereby increasing the opportunities for class
discussions.

“To Be Continued...” Sections At the conclusion of most chapters is a short
section titled “To Be Continued....” The specific purpose of these sections is
twofold:

1 To alert the student to the fact that material just studied may be encountered
again in future college courses (although perhaps with a slightly different
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name or symbol). We provide several connections to finance, management
science, marketing, and accounting.

2 To alert the student to applications of chapter material in the media as well
as in business practice.

More generally, the idea of “To Be Continued...” is to refute the notion that
business statistics doesn’t relate to other disciplines or that it is not useful. We
think it is important to show where applications exist. To this end, we often cite
press sources such as USA Today, Business Week, Los Angeles Times, and so
forth. In addition, several statistics-related questions are reproduced verbatim
from past CPA exams. Our intent is to provide ample opportunity for students to
see applications of business statistics in the real world.

Section on Opinion Polling  As an extension of the idea of showing applications
of business statistics, we offer a section (in Chapter 10) on opinion polling. We
relate polling to making inferences about the binomial parameter and expand on
the need for a random sample taken from a clearly defined target population. This
section has worked well in the first edition, and there are always current polls in
the news that can be used as fresh examples of well or poorly conducted or
reported cases for class discussion.

Wide Problem Selection This book has over 1500 problems. Each chapter has
a variety of exercises that range from drill work to more challenging problems.
We provide exercises from a variety of scenarios. Most chapters have several
problems that are taken from current literature, including various research jour-
nals, such as the Journal of Marketing Research, American Statistician, and
Journal of Advertising Research. Many other problems make use of “real” data
sets. We use optional exercises to denote problems involving topics or finer
points that we did not have space to discuss as a regular part of the chapter. Some
examples of concepts treated in this fashion include the geometric mean, the
hypergeometric distribution, the uniform distribution, a one-sided confidence
interval, and various alternative computing formuias not usually seen.

Computer Support  Our book can be used in conjunction with either mainframe
or PC support. As mentioned above, the text offers examples of commands and
output for MINITAB (both the line command and the menu-driven versions) and
SAS for all major applications. For instructors interested in a more extensive PC
package with extended graphics capabilities, the student edition of EXECU-
STAT 3.0, JMP-IN®, and STATA are available for sale to students from the
publisher. For a basic program, the StataQuest program mentioned above can be
ordered with new copies of the text.

Content and Flexibility

The first ten chapters cover what many instructors consider a proper amount of
material for a first course in statistics. Instructors teaching a second term are
likely to vary their coverage beyond this point to suit their own preferences and
objectives.

Chapters 1-3 concentrate on problem structure, terms, organizing data, and
descriptive statistics. We place some emphasis on the Empirical Rule in Chapter
3, using the +2 standard deviations statement as a preliminary device for setting
up the notion of rejection regions later on in the course.

Chapter 4 discusses the ideas of correlation, covariance, and the least-squares
line in a descriptive context. This brief treatment is intended to ensure that those
students who will take only one statistics course in their career will have been
exposed to these important concepts.
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Chapter 5 introduces probability basics, such as types of probability, count-
ing rules, and Bayes’ Theorem. In Chapters 6 and 7, we cover specific probability
distributions: the binomial, Poisson, normal, and exponential. While we would
expect all instructors to teach the binomial and normal distributions, personal
taste and/or time constraints may influence the inclusion of the others.

Chapter 8 deals specifically with the sampling distribution of the mean and
the proportion, although it lays out the logic for developing other sampling
distributions. Section 8.3 treats the case of sampling from finite populations and
may be viewed as optional. After this chapter the student will be ready to
consider statistical inference.

Chapter 9 is a short transitional chapter that sets forth the logic, framework,
and vocabulary of inferential statistics. None of the problems posed in Chapter
9 require a calculator for solution.

Chapter 10 develops confidence intervals for p and hypothesis tests about the
value of u for large samples; then the 7-distribution is introduced for samples less
than size 30. The chapter concludes with a section on inferences for the binomial
parameter  and a section on polling.

Chapter 11 covers the case of two-population sampling, including the con-
cept of matched pairs. Chapter 12 introduces ANOVA and the F-distribution. In
addition to one-way analysis of variance, we discuss follow-up tests, the random-
ized block design, and two-factor ANOVA with interaction. Chapter 13 is the
first of an extensive three-chapter regression sequence. Chapter 13 offers
the simple regression and correlation models, while Chapter 14 generalizes to the
multiple regression case. Chapter 15 is concerned with model building for mul-
tiple regression.

Chapter 16 investigates forecasting for business and economic time series. A
variety of forecasting methods are presented along with the concept of com-
bining forecasts as a strategy for forecast improvement. Chapter 17 presents chi-
square tests and several of the more useful nonparametric statistical methods.

Chapter 18 is a flexible chapter on quality control. It may be covered at
almost any point desired after Chapter 8.

Supplemental Materials

s The Instructor’s Resource Manual contains the following: complete solu-
tions (not just answers) to all text problems, a test bank including objective
and computational questions, a set of transparency masters for classroom unse
(primarily selected from figures in the text), and instructor’s notes for using
the “Learning with Live Data” exercises. Computer-related exercises for the
regression chapters include complete SAS and MINITAB printouts. The
Instructor’s Resource Manual was prepared by the authors in its entirety.
Computerized testing is available from the publisher in both IBM and Mac-
intosh versions.

» A data disk is included with each new copy of the book and contains almost
all the exercises that use raw data sets, the Classroom Practice problems, as
well as the more extensive data sets that make up Appendixes N and P.

Overall, we think that the intuitive orientation of the text and the emphasis on
real applications, when combined with the supporting materials, will enhance
your classroom teaching and your students’ appreciation of business statistics.
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Your Visval Guide
to This Book

‘ n this book you will discover
that learning business statis-

tics is based on five separate and

equally important elements:
* planning
* execution
* reporting
* evaluation
‘ * action
l “ d ""“ '? h gl 1t ‘ : Q B These components provide an
ﬁ . E R = ' effective plan for using this book,
- too. By applying the five-step

. L process as you read, generate and
Ronaldvl-a'ﬂf"' / Arthur J. Mam s i interpret computer data, work

problems, and review, you will

learn and retain the principles that

govern use of statistics in business

today.
This guide acquaints you with features in the book specifically designed to
extend your grasp of statistical concepts and procedures, thereby helping you

succeed in your course today and in your business career tomorrow.




list of objectives

focuses your attenfion
on the purpose of the chapfer.
Keep these goals in mind os you
read assigned sections and do
the exercises. Then, when you
review, check back fo determine
how well you have accom-
plished all of the objectives.
These objectives may be espe-
cially useful as you study for o
test because many fest
questions are designed fo
measure comprehension of each

learning objective.

A chapter maxim presents an
essenfial idea fo motivate and
direct your study of material
presented in the chopter.

Objectives
Abter studying this chapter ond working the
execises, you should be oble fo

Chapter Maxim

When working with probabity

distributions, begin by defining in words
the appropriate: rondom varible X'

Discrete Probability Distributions

6.1
6.2
63
64
65
[ X]

N e e -

Probabilty Distrbutions for Discrete Random Voribles
Porometers of Probabily Distributions

Binomial Distributions

Poisson Distributions

Summary
To Be Continued.

Chopter 6 Exercises
References

Disploy o probabilty distibution for o discrete rondom vorioble in tobukr, graphical or formda form

Recognize the diference between point probobiltes ond imterval probobilies for discrete variobles

Compute the mean ond stondard deviation of o drscrete probobily disribution

Recognize and descrbe binomiol sampling situgtions

Recognize ond descrbe Poisson sompling sinoions

Determine the mean ond stondard deviation for binomiol and for Poisson dstributions

Use 0 hond coleultor o the eference fobles fo find binomial and Poisson probablites

Use the “region of concentroted vokues” ideo o determine binomiol ond Poisson sompling results hat ore uniikely fo

oca,

Recognize opplicotions of discrete probubilty dismibutions in finance.




A number of devices help you
organize your study and review:
Comments, set off by ruled
lines, clarify and expand
concepts covered in the fext.

Rules, principles, and
formulas ore boxed off for
emphasis. These “callouts”
direct your attention fo
important subject matter and
also provide o way fo locate it
quickly os you solve problems
or review material.

Definitions, clearly identi-
fied, are also boxed for easy

reference.

42 (Chopter 2 Orgonizing ond Graphing Dato

COMMENT Youcannot always determine whether quantitative data are discrete or continuous by looking

DEFINITION

EXAMPLE

at the numbers. Because of space and accuracy limitations, continuous data always are rounded
and therefore look like and are even treated like a set of discrete numbers. For example. the
time required 10 close a sales deal is, in theory, continuous but reported discretely, such as
K3 minutes. 83.2 minutes, and so on. Although we cannot list all the trailing decimals for
continuous data, this does not nullify the continuous nature of the data

Principles of Inclusion and Exclusion

Another basic tool for organizing data is 10 use the two straightforward rules given
in the following box:

Principle of Indusion
There must be a category into which each piece of data can be assigned.

Princple of Exdusion
No piece of data can be assigned to more than one category.

Simply stated, the Principles of Inclusion and Exclusion require each piece of
data, whether qualitative or Guantitative, to fit into one and only one category. We do
not wish to exclude any pieces of data, nor do we wish to “double count” any data
points.

We use the word category in a generic sense. For qualitative data, the term is
self-explanatory. For quantitative data, a category is either an actual value of the
vanable or a class of consecutive values. To make it easier to organize data, we will

adopt a special definition for the term class

. A class that begins at point @ and ends at point b is a set of consecutive values
that are greater than or equal to @, but less than b.  «

For example, the class from 45 1o 55 for the variable X means 45 < X < 55

22 Develop several categories 10 account for the possible values for these variables

a Number of times per week an individual eats the evening meal at a restaurant

T

Interest rate charged on bank credit cards

Sowten @ If we assume that an individual eats only one evening meal per day, then the

possible categories are the integers from 0 to 7. In this case the categories are the
actual values of the variable.

_ Oms™) b The minimum value would be 0%, but the maximum value is unknown. We might
Vovidhr 6 expect a ceiling figure to be around 24% . With this in mind, some potential classes
6—wnder 12 are listed in the margin
12 - under 18
18 - under 24




he text is filled with opportunities to leam by doing:

Worked examples (between 10 and 20 per chapter) present
typical problems based on subjects just covered in the text. For losting grasp of
concepts and techniques, it is best to work these examples yourself, stepby-
step, checking your answers—and your understanding of the rationale behind
them—with the fully worked-out solutions that are supplied.

the nam2y,
the INPUT e e
is represented ss “PR>F”

FIGURE NS A : \
SIS dncys of P B T Dty (LD BURNTINE T "

ROC_ ANOVA
ASS T
NODEL BURNTINE

CLASSROOM  Combocting o Omefucter ANOVA  An outdoor advertising firm has options 10 buy three

PRACTICE 120 different parcels of land for possible billboard placement. To help cvaluste the lo-

= cations, company employees conduct a vehicle count at each. For four days in one

Wetm) |48 52 4 32 week, employees simultancously recond the traffic volume that passes each location

latn? (44 3 @0 during s 10-minute period, beginning at an agreed-upon time. The data in the table

W3 (46 40 35 39 are the vehicle counts observed. Location 2 has one less value than the others because
the assigned employee was delayed on one day and could not get 10 the location on
time

What is the factor (variable) being studied? What are the treatments?

Specify the null hypothesis 10 be tésted

Determine the grand mean

Determine the three values for ¥,

Compute SST. the total sum of squares.

Compute SSTR, the treatment sum of squares.
Compute SSE and verify that SSE = SST — SSTR.

Create an ANOVA summary table.

Al the .10 level of significance, what is the cutoff value from the £ -table? Should
He be accepted or rejected?

15 the evidence against the null hypothesis sirong enough so that we can be 90%
certain that H is not true? o

~—wm=~aan

" 3 s Desopie M

instance. The two standard deviation interval implicitly labels values that are beyond
it as “rare”" they should appear only 5% of the fime

FIGURE 3,18
P o M O o Gt e

FIGURE 308
P o Mo s Sk Do )

As a result, the interval X + 25 stakes out reasonable limits for the values of a
data sct. Values that fall inside the interval are considered likely or expected, whereas
values outside this region are unusual or unlikely. The following definition formalizes
these conceps

DEFINITION . The region of concentrated values extends two standard deviations on cither
side of the mean and, for mound-shaped distributions, contains 95% of the
values. For a sample, the region is X 25 for a population, it is 4 % 20. o

Nn MPLE 34 Asample of dog food treat bags was manufactured according 1o these weight specifi-
cations: X = 3.12 ounces and § = 05 ounce. If the distribution of weights is mound

b shaped. about what percentages of the bags of treats have these weights?

Classroom practice exercises, located ot the end of most sections,
ore intended fo provide immediate faedback on how well you have absorbed
materiol just covered in your instructor’s lectures.




here are many ways of expressing the statisfical ideas and procedures
used in the business environment. Words form the main part of the
text, of course. (That is why it is so imporfant fo read sections as they are
e L - assigned.) But, often, subject matter is easier fo comprehend when it is
My"”lfm',”‘“””““”‘m'" i D 67 presented symbolically. You will find graphics carefully infegrated with the text

provides a comparison of these two distributions. The Poisson and binomial are

ke in that they are discrete distributions where the random variable can take on
only positive integer values or 0. One major difference s the absence of the sample
size concept in the Poisson distribution. The binomial is used to count occurrences
(successes) for @ given sample size. whereas the Poisson counts occurrences within
@ given interval of time, area. and so forth. Expressed another way, when using the
binomial, we can count either of two opposite outcomes: the successes of the failures

in a given number of entities. But with the Poisson, we can count only one outcome
the number of o currenc s of some event of interest. Referring to some of the Poisson
examples given above, we casily can count the number of vehicles arriving af a toll
bridge. but it makes no sense 1o speak of the opposite (the number that do not armive
Likewise, we can count lost-time accidents as they happen, but it is meaningless 0
speak of the number of accidents that did not happen

Tables organize material visually, making it possible to track @ number of

TANLE 42

(ongeren; b Bromas 3¢ Forcn vt L] oo

Type of distribution Discrete Discrete
Random vaniable X Number of occurrences  Number of successes |

Mot X123 X012) wes elements in different dimensions—especially those that would be difficult to

Nomber of e

fics Tample

sie) comceps . Presems
Iotervalof tme (orother follow verba
meauremen)concep Presens Atwens 0liOW V¢ 5
Countable ouicomes One v

Like the binomial distribution. the Poisson requires some specific conditions 1o
be met

Patsson Sampling Conditions
1 We are counting the number of times some event happens within some
defined continuous interval

The number of occurrences in any one interval is independent of the
number in any other nonoverlapping interval

The probability of an occurrence is the same in all intervals of 3
length.

0 Oupw Organum oné (rapheng Dot

Notice that

recheck the origin and validity of an unusual response. If we find nothing in error, then
2 workable solution is 10 isolate (temporarily ) the data point, organize the remaining
n ~ 1 observations. and then include the outlier in a scparate category

These and other activities, such as coding the data or creating a dat
later use with a computer program. are considered necessary parts of managing
data. We will use the term processed 1o describe the raw data affer the various
data management activities have been performed. A more complete treatment of
data management techniques usually occurs in & marketing research course or in an
advanced statistical methods class, so we will not delve into this area in more detail
here. We shall proceed on the assumption that our data sets have been “cleaned up™ as
well as possible. Before considering ways to organize and visually present processed
data, we need 10 develop some ground rules

file for

Two Types of Quantitative Data
In Chapter | we learned that sampling produces one of two forms of data: qualitative
and quantitative. Although qualitative data can be thought of as one broad category
we will find it useful to break down quantitative dats into two types: discrete and
continuous. Discrete means separate and distinct; confinuous means unbroken or
extending without interruption. A quantitative variable that has “scparate” values at
specific points along the number line, with gaps between them, is called a discrete
variable. A quantitative variable that has a “connected” string of possible values at
all points along the number line, with no gaps between them, is called a continuous
variable

Deciding whether quantitative data are values of a continuous variable or a discrete
variable is sometimes difficult. In Figure 2.1 we have indicated a characteristic of
each type of data along the lines that connect the boxes. A discrete variable usually
produces. data by counting. For example, counting the number
company yields discrete data. Continuous data usually result from a measurement or
computation. For instance, dividing the number of unemployed people by the size
of the work force, we generaie continuous data for the variable unemployment rate
Continuous variables are also characterized by physical measurements such as size.
time, area, and 3o forth

Charts and graphs provide another way fo make processes and relotion- —— —

Do (s o Qs | Ow ‘

ships among dofa evident. They also demonstrate technigues you can duplicate fo /7%,
communicate your own stafistical findings. [ | =

f employees in a

I
][]

Te jing quantitative data as discrete of continuous, we may resort

WA in the following box




omputers are o fact of life in business and business statistics today.

This book prepares you to participate in that environment with consis-
tent reference to computer data and output, using the most popular “reakworld”
statistical programs.

(Containing o data file for most exercises and classroom practices, the data
disk included with this book provides the information to create your own
computer output, applied to the sort of problems you will encounter in actual
business practice.)

Reproductions of computer screens are accompanied with stepby-step
instructions you can use fo generate and interpret data.

73 Moo Shondod N Dbten 299

Because of the symmetry of the normal curve, this can also be written as

pValie = 2 x P(Z < ~2.50) = 2(0062) = 0124

A probability of 0062 lies in each tail. If the phus or minus direction an exreme
value takes on is unimportant, the p-value here represents P(1Z| > 2.50) = 0062 +
0062 = 0124, where || is the operation of absolute value

FIGURE y3g
ol s Rt (12 > 2.50)

Computer Analysis

We can use MINITAB o solve two types of problems involving normal distributions

1 Finding probability to the left of a given point
2 Finding the X -value that cormesponds 1o a given percentile

The commands for these problems are CDF (for the firs situation) and INVCDF (for
the second). Figure 7.13, panel (a) shows the CDF command (and resulting output)
for solving the problem P(X < 550) for a normal distribution with 4 = 760 and
@ = 140, Figure 7.1, panel (b) shows the INVCDF command (and resulting output)
for finding the value X that is the 40th percentile in the normal distribution with
44 =760 and & = 140, Notice in the line of output that the given point or given
percentile is listed first followed by the answer to the respective problem

(0 Pndlag Probobiey o the Lot of mnn--x e
10 8 Given Percentie

FIGURE 743
WML (ot o Ot o Nrmel
Pty Dbt

COMMENT To e MINITAR 1o fhnd e probubiy 1o e right of o givn pk. we coud e he COF
command and the complementary law of probabilty To find the probability between wo
points using MINITAB, we could use the CDF command for boch points and then
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(a) MINTTAB Sewion Window

®) Data Scrven

T

efflect of more rectangles is that cach would be skinnier than the ones in the sample
histogram. The sharp, stair-step appearance of the sample histogram would contrast
with a blended, smoother picture for the population histogram. Figure 2.9 on page

64 demonstrates this differcnce. (Note that the labels for the horizontal and vertical
arc omitted. since we are dealing in generalities, not specifics.)

" o rectangles in the population histogram, a

s drawn instead to represent

Wk\ of

er analysis sections demonstrate how stofisficol
packages—such as MINITAB, SAS, and Execustat—can be used in typical
Maioninl shiaion:
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Note Exercises 4.56 and 4.57 are hased on the 112 observations in the real estare dota set
that appears in Appendis N at the back of the book
T 456 & Find the cquation of a straight linc that best relates X = hundreds of square fect 1o ¥ =
selling price
b Use your equation to predict the selling price of & new home on the market that has 2600
wquare feet
© What is the sample correlation coefficient
B 457« Obtain s scatier plot that relates lot size 10 selfing price.
b Determine the sample comelation coefficient
« Detcrmine the sample comelation coeflicient for selling price and number of bedrooms
Which of ot sze or numbes of bedrooms is more strongly related to selling price™

458 Snow Skiing  Advertisers sometimes take 3 few liberties with the facts. Consider the case of
ski resort operatons in New England. In s comparison of the actual mumber of miles of ski trails
versus the number of miles advertised by the resort, all six ski resorts included in  study that
was reported in the Wall Sireet Journal overestimated the truth. Is there a trend in the hyped
dats? By analyzing the data below, answer this question and others that your instructor may
pose. Define the following variables

X = actual milles of trails as determined by survey

¥ = miles of wrails claimed by the reson

D= ¥ ~ X (the overstatement in miles)

P = (D/X) x 100% (the percentage overststement in miles)

The data are as follows:

“To Be Continved” sections link the material covered in a chapter to
other, more advanced courses you may take and to practical applications that
you will encounter in your business career.

“Learning with Live Data” problems are designed for collaborative cok
lection and generation of “real” data in your computer lab or in the classroom.
These problems accustom you to the feam efforts that are often used in actual
business practice today.

9.5 To Be (onfinued 3

9.5 ToBe Confinued . . .

In Your Colloge Courses

The two ways of making statistical inferences—estimation and hypothesis testing—
reappear in other business disciplines. For students who are accounting majors we
present a brief glimpse diting, where these ial tools are used ively.

In Chapter 14 of Arens and Loebbecke's textbook titled Auditing: An Integrated
Approach, we read how auditors draw statistical inferences. These can be either
confidence intervals (for instance, to estimate the error amount when there is both a
recorded value and an audited value for the sample items) or a hypothesis test (for
instance, rendering a conclusion as to whether or not a client’s books are materially
misstated)

Arens and Loebbecke g on to discuss the risks associated with the two types of
hypothesis-testing errors:

= ARIA, the auditor’s acronym for the “acceptable risk of incorrect acceptance,”
which is the chance of committing a Type I1 error (accepting a population of ac-
counts that is actually materially misstated). There are potential legal implications
here.

« ARIR, the “acceptable risk of incorrect rejection,” which is the chance of com-
mitting a Type | error (concluding that a population is misstated when it is not).
This could mean increased sample sizes and/or additional tests involving greater
costs.

Clearly a student who is pursuing a career in auditing or public accounting &
will encounter statistical hypothesis testing on a regular basis. Hypothesis testing 3
is also an integral part of business courses in marketing research, econometrics,
forecasting, portfolio theory, and to a lesser extent, management science and personnel
management.

In Businass /The Media

Estimation and hypothesis testing are found in many areas of the business world,
although the applications may not appear as pure as what we have described in this
chapter.

Clearly, the EPA’s efforts to estimate and report the gas mileage of new cars (see
Example 9.2) is a pure application of statistical inference. As another example of the
government's use of statistical methods, consider the New Car Assessment Program
conducted by the National Highway Traffic Safety Administration (NHTSA). Each
year NHTSA buys about 30 new cars and crashes them into a solid barrier at 35 miles
per hour. Two dummies wired with electronic sensors are placed in the front seg ’
of each car crashed. The sensors generate data about the severity of the impacidé®
are used 10 estimate the so-called HIC (Head Injury Criterion)
G's" measurement (the deceleration load at the chest) for each g8
gport is published in the medi " Y




