CHAPTER 1

INTRODUCTION

work for a large company and your supervisor asks
rtphone should be produced and sold. Yoy Stanygu to e
ions and new features. Then, you stop and reg; t i“king ®if
the decision. The product will need to make a profit so the pricing ;th Wéi(i,?g'ﬂ
production and distribution are gll very mpor’gant. The decision to d the C'Js:tq
product is based on many alternatives. So how w!ll you know? Where dlmroducestgg

Without a long experience in the industry, beginning to develop g, inc: ou Stamh"
will make you an expert is essential. You select three other people to work ellllgen% fha,
with them. The conversation focuses on what you need to know ang Wh:lt't-h aﬂdm%-
and data you need. In your meeting, many questions are asked. How mg, '“fo’mauor
are already in the market? How are smartphones priced? What design featicompe‘fto,‘
petitors’ products have? What features does the market require? Whzt 3 res do Coms
want in a smartphone? What do customers like about the existing progy, ; c;; O,
swers will be based on business intelligence consisting of data and ;nfOrmaﬁOs. "
through customer surveys, engineering analysis, and market research, | theﬂ Collecte,
presentation to support your decision regarding the introduction of a ney o :nd, Yo
based on the statistics that you use to summarize and organize your data, the "“Onea
that you use to compare the new product to existing products, and the Sta’tiStiC ISticy
mate future sales, costs, and revenues. The statistics will be the focus of P C(S) 10 egy.
tion that you will have with your supervisor about this very important decision Vers.

As a decision maker, you will need to acquire and analyze data to Subpon-
decisions. The purpose of this text is to develop your knowledge of basic stz your
technigues and methods and how to apply them to develop the business ancljszfj

sonal intelligence that will help you make decisions.

Suppose you
new version of a sma

the product’s innovat

WHY STUDY STATISTICS?

Yiski”r::;erﬂ%i If you look through your university catalogue, you will find that statistics is required for
many college programs. As you investigate a future career in accounting, economics
human resources, finance, or other business area, you will also discoer
1 that statistics is required as part of these college programs. So why isan
= — 1 education in statistics a requirement in so many disciplines?

A major driver of the requirement for statistics knowledge is the tech-
nologies available for capturing data. Examples include the technology
that Google uses to track how Internet users access websites. As people
use Google to search the Internet, Google records every search and then
uses these data to sort and prioritize the results for future Internet
searches. One recent estimate indicates that Google processes 20,000
terabytes of information per day. Big-box retailers like Target, Walmart,
Kroger, and others scan every purchase and use the data to manage 1"
distribution of products, to make decisions about marketing and sales,
and to track daily and even hourly sales. Police departments collect and
use data to provide city residents with maps that communicate informa:
tion about crimes committed and their location. Every organization 8 cot
lecting and using data to develop knowledge and intelligence thit 5%

help people make informed decisions, and to track the implementation 9
| their decisions. The graphic to the left shows the amount of data gené®
ated every minute (www.domo.com). A good working knowledge « :ti
useful for summarizing and organizing data to provice Infor

eful and supportive of decision making. Statistics is used”
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sons and to predict the outcomes Of dec tistics
here are at least three reasons v studying ?,;d;e to
' d everywhere and require statistical kKnow




WHAT IS STATISTICS?

3
' make the information useful (2)
statistical techniques are used
t A
:gdepg;singl decisions, and (3) no matter what your career, yOlo.I rvcflllke - ioaal
ung statistics to understand the world and to be conversant in r(\)eed il siy
erstanding of statistics and statistical method will help you mak SO ocka i

Define statistics and WHAT IS MEANT BY STATIST‘CS7

provide an example of This questiqn can be rephrased in two, subtly different ways: what are statistics and
how statistics is applied. vxha's is statlgtlcs? TQ answer the first question, a statistic is a number used to com-
municate a piece of information. Examples of statistics are:

* The inflation rate is 2%.
* Your g!'ade point average is 3.5.
* The price of a new Tesla premium electric sedan is $85,400.

Each of these statistics is a numerical fact and communicates a very limited piece of in-
formation that is not very useful by itself. However, if we recognize that each of these
statistics is part of a larger discussion, then the guestion “what is statistics” is applicable.
Statistics is the set of knowledge and skills used to organize, summarize, and analyze
data. The results of statistical analysis will start interesting conversations in the search for
knowledge and intelligence that will help us make decisions. For example:

We call your attention to a
feature of our textbook—
Statistics in Action. Read
each one carefully to get

an appreciation of the wide * The inﬂation rate for' the palendar year was 2%. By applying statistics we could
application of statistics in compare this year’s inflation rate to the past observations of inflation. Is it higher,
management, economics, lower, or about the same? Is there a trend of increasing or decreasing inflation? Is
nursing, law enforcement, | there a relationship between interest rates and government bonds?

sports, and other disciplines. § * Your grade point average (GPA) is 3.5. By collecting data and applying statistics,

you can determine the required GPA to be admitted to the Master of Business
Administration program at the University of Chicago, Harvard, or the University of
Michigan. You can determine the likelihood that you would be admitted to a par-
ticular program. You may be interested in interviewing for a management position
with Procter & Gamble. What GPA does Procter & Gamble require for college
graduates with a bachelor’s degree? Is there a range of acceptable GPAs?
* You are budgeting for a new car. You would like to own an electric car with a small
carbon footprint. The price for the Tesla premium electric sedan is $85,400. By
collecting additional data and applying statistics, you can analyze the alterna-
tives. For example, another choice is a hybrid car that runs on both gas and elec-
tricity such as a Toyota Prius. It can be purchased for about $27,000. Another
hybrid, the Chevrolet Volt, costs about $32,000. What are the differences in the
. cars’ specifications? What additional information can be collected and summa-
~ rized so that you can make a good purchase decision?

.+ In2013, Forbes pub-

William
, founder of Micro-

other example of using statistics to provide information to evaluate decisions is
ribution and market share of Frito-Lay products. Data are collected on each of thf
product lines. These data include the market share and theApounds of pr‘odurt_
stics is used to present this information in a bar chaln in Chart 1-1. i't C ?Ie:\r:
o-Lay’s dominance in the potato, corn, and tortilla chip markets. It alzq ? 1: NS
measure of pounds of each product line consumed in the Umted S taé;i.C ”
xamples show that statistics is more than the presentatlon‘of 'ntua”l '~or;<
istics is about collecting and processing information to ue;lt] »dtew
additional questions, and to provide a basis for ma ing
define statistics as:

Sy

: : w» . alyzing, and
ling, organizing, presenting, analyzing

nore effective decisions.
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CHART 1-1 Frito-Lay Volume and Share of Major Snack Chip Categories in U.S. Supermarkets

In this book, you will learn the basic techniques and application; of statistics that
you can use to support your decisions, both personal and professional. To start, we
will differentiate between descriptive and inferential statistics.

TYPES OF STATISTICS

When we use statistics to generate information for decision making from data, we use
either descriptive statistics or inferential statistics. Their application depends on the
questions asked and the type of data available.

Differentiate between
descriptive and
inferential statistics.

Descriptive Statistics

Masses of unorganized data—such as the census of population, the weekly earnings

of thousands of computer programmers, and the individual responses of 2,000 regis-

tered voters regarding their choice for president of the United States—are of little
3 : value as is. However, descriptive statistics can be used to organize data into a mean-
: ingful form. We define descriptive statistics as:

DESCRIPTIVE STATISTICS Methods of organizing, summarizing, and presenting
data in an informative way.

The following are examples that apply descriptive statistics to summarize a large
amount of data and provide information that is easy to understand.

. There are a total of 46,837 miles of interstate highways in the United States. The
Interstate system represents only 1% of the nation’s total roads but carries more
than 20% of the traffic. The longest is 1-90, which stretches from Boston to Se-
attle, a distance of 3,099 miles. The shortest is 1-878 in New York City, which is
0.70 r_nile in length. Alaska does not have any interstate highways, Texas has the
most interstate miles at 3,232, and New York has the most interstate routes with 28.

* The average person spent $103.00 on traditional Valentine's Day merchandise in
2013. This is an increase of $0.50 from 2012. As in previous years, men spent
nearly twice the amount women spent on the holiday. The average man spent
$135.35 to impress the people in his life while women only spent $72.28. Family

pets also feel the love; the average person spent $3 27 on his or her furry friends
e $2.17 last your pent $3.27 on his or her furry

' and techniques to generate descriptive statistics are P'™
2 and 4. These include organizing and summarizing data WASI
and p frequency distributions with charts and graP




WHAT IS STATISTICS?

i isti istribution are
istical m mmarize the characteristics of a distribu
In addition, statistical measures fo summa

discussed in Chapter 3.

Inferential Statistics F =
isi imi t of data. For example, w
ake decisions based on a limited se ate
stthr:;operating characteristics, such as fuel efficiency measured by

ili ' tly in use. If we spent a lot of
i allon, of sport utility vehicles (SUVs) curren )
?rﬂlzs r?:)rngy and eﬁtfd, all the owners of SUVs could be surveyed. In this case, our

goal would be to survey the population of SUV owners.

Sometimes we mu
would like to know

POPULATION The entire set of individuals or obj‘ects of interest or the
measurements obtained from all individuals or objects of interest.

However, based on inferential statistics, we can survey a limited number of SUV own-
ers and collect a sample from the population.

SAMPLE A portion, or part, of the population of interest.

Samples are often used to obtain reliable estimates of population parameters. (Sam-
pling is discussed in Chapter 8). In the process, we make trade-offs between the time,
money, and effort to collect the data and the error of estimating a population parameter.
The process of sampling SUVs is illustrated in the following graphic. In this example, we
would like to know the mean or average SUV fuel efficiency. To estimate the mean of the
population, six SUVs are sampled and the mean of their MPG is calculated.

Population ' p
All items S
Items selected
from the population

)

e,
E 2N
My Py @‘
oy
-




CHAPTER 1

learn something about a population in
t as shown in the following examples:

larity of their programs by hiring

i u
ision networks constantly monitor the pop : :
5 Lglelwsno 4 other organizations to sample the preferences ai T yufgwers For
e households with TVs watched The Big Bang The-

le, 10.5% of a sample of QAP _
g)r(;rgsring the cveek of February 25, 2012 (wwvg.r)neiaen,conz.v:’;\:;lzﬂgg;:m
ratings are used to make decisions about advertising rates an

i r cancel a program. . .

. It:\n;gf; a samplepof 20 U.S. Internal Revenue Servnce.volunteer pr (c)ig:?ir?aiﬁr(::u‘:vna:
selected and the volunteer tax preparers were tested W|th_ three s‘t)/an acurac ey ;
The sample indicated that tax returns were compie:te':‘d with a 49% aCt o yrove {hn
this example, the statistics are used to make decisions at?out ho_w (tJh tp i G;
accuracy rate by correcting the most common errors and |rflpr0\’/jng1 ?4‘; - gf I_.ngdo
volunteers. (www.treasury.gov/tigta/auditreports/201 2reports/201240088fr.pdf)

Inferential statistics is widely applied to
business, agriculture, politics, and governmen

A feature of our text is self-review problems. There are a number of thf?m inter-
spersed throughout each chapter. The first self-review follows. Each self—rewew tests
your comprehension of preceding material. The answer and method of_ soIL_Jt/on are
given in Appendix E. You can find the answer to the following self-review in 1-1 in
Appendix E. We recommend that you solve each one and then check your answer.

e The answers are in Appendix E. —i

é g The Atlanta-based advertising firm Brandon and Associates asked a sample of 1,960 consum- :
ers to try a newly developed chicken dinner by Boston Market. Of the 1,960 sampled, 1,176

said they would purchase the dinner if it is marketed. ;

1-1 (@) What could Brandon and Associates report to Boston Market regarding acceptance of |

the chicken dinner in the population? ;

(b) Is this an example of descriptive statistics or inferential statistics? Explain. {

A J

- TYPES OF VARIABLES

e are two basic types of variables: (1) qualitative and (2) quantitative (see Chart 1-2).
object or individual is observed and recorded as a nonnumeric characteristic, it

tive variable or an attribute. Examples of qualitative variables are gender, bev-
ence, type of vehicle owned, state of birth, and eye color. When a variable is
we usually count the number of observations for each category and determine
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For example, if we observe the variable eye color,

percen f the population has blue eyes and what percent has brown eyes? If the
Wh_at S isty:)gof vehicle, what percent of the total‘number of cars soid last month were
2 Qualitative variables are often summarized in charts and bar graphs (Chapter 2).
SUV\S;J-hen a variable can be reported numerically, the variable is called a quantitative
iable. Examplées of quantitative variables are the ‘
‘tﬁ: ageé of company presidents. the life of a car battery (such as 42 months), and the
g of_pepple er‘ng:oy?reb:‘rt?w company- tinuous. Discrete variables can as-
Quoi?;“:;z:i:ﬂa i “ » petween the values. Examples of d-,z.f
e ' = house (1, 2, 3. 4, etc), the number
bles are the number of bedrooms in @ NOU: : , 4, [
gge;e;';'r\‘/?r?g at Exit 25 on -4 in Florida near Walt Disney World in an ’r:?fr (326, 4?; :
etc), and the number of students in each section of a statistics course (2 o} in w*,_;onm g
42 II"I section B, and 18 in section C). We count, for example, the number of cars amving

at Exit 25 on |-4, and we count the number of statistics students in each section. Notice
that a home can have 3 or 4 bedrooms, put it cannot have 3.56 bedrooms. Thus, there
i . Typically, discrete variables are counted.

is a “gap” between possible values ‘ E

gggervations of a continuous variable can agsume any ‘value wnhm’a specrf;‘c
range. Examples of continuous variables are the air pressure in 2 tire and the :Vesq it
of a shipment of tomatoes. Other examples aré the ounces of raisins in 2 box of raisn

bran cereal and the duration of flights from Orlando to San Diego. Grade point aver-

age (GPA)is a continuous variable. We could report the GPAofa Dartic:_:-lar student as
3 2576952. The usual practice is 10 round to 3 plac%—3.258. Typically, continuous

variables result from measuring.

LEVELS OF MEASUREMENT

what pencent are in each category-

Distinguish between

nominal, ordinal, interval, Data can be classified according to levels of measurement. The level of measurement
and ratio levels of determines how data should be summarized and presented. It will also indicate the type
measurement. of statistical analysis that can be performed. Here are two examples of the relationship

between measurement and how we apply statistics. There are six colors of candies n a
bag of M&Ms. Suppose we assign brown a value of 1, yellow 2, blue 3,
orange 4, green 5, and red 6. What kind of variable is the color of an
M&M? It is a qualitative variable. Suppose someone summarizes M&M
color by adding the assigned color values, divides the sum by the number
of M&Ms, and reports that the mean color is 3.56. How do we interpret
this statistic? You are correct in concluding that it has no meani .
measure of M&M color. As a qualitative variable, we can only reggna;z
countar_rdpercentageofeachcolorhabagof M&Ms. Asésecond
ample, in a high school track meet there are eight competitors e
400-meter run. We report the order of finish and that the mean finish oy
B e e o frioh il us? Noling! In both of Sheoe etances. e
B St i apsropriate sialiiios for the lovel of messuement.
There are four levels of measurement: nominal, ordinal, interval, and rati .
lowest, or the most primitive, measurement is the nominal level The h 1
ratio level of measurement. O

Nominal-Level Data

For the nominal level of measurement, observations of a

r the n Qualitative variabl
“mdodulababornunes.melabelsornamescanontyg:c;sa:
sted. There is no particular order to the labels. 3

F MEASUREMENT Dlhmadodnmbornmuemof
ted as labels or names. They have no order. They can
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CHAPTER milk chocolate candies is an gy,
M&M assify the candies by color, Th;‘g'_@

colors I
. n of the siX we simply € e @ i
assification r - n candies first, the orange §;
The © inal level 0: is”'eaweE could repog‘;":;nb;f,ﬁ gender is another exampjq fsft,t or
of the ral order. Tha first. Recording unt the number of studentg enter:
no naturd’ % colors Su we cO €ring
Zl of 0 as“rement.lo and report how many are men and how mg,
inal 1eVe © h a student the men or the women first. For the data megg
football alaef’:; ould report qf"?e;d to counting the number in each category of ol
: < e counts to percentages. For example, a Study of th‘
the Orl\lert thes H Its (WWW sensationaleant &
able. Often, we CO' rts the following resu HiColor.com,

Yy dre
Ured ot

co!or-trendsx’most-popu!
Blue 24%
20
—_ 16
Yellow 14
BRed 13
| s 13
ﬁ‘:cﬁonofallbiﬂ\sand o
deaths in London. However,
he used the data to reach To process the data for a variable measured at the n T PR
beoad conchusions about merically code the labels or names. For example, if we are interested in ool

the impact of disease, such home state for students at East Carolina University, we would assign a student’s
asﬂﬂ‘ﬂ!l"}m“g?"f home state of Alabama a code of 1, Alaska a code of 2, Arizona a 3, and so on. Usin
"'m%'f’g"'s this procedure with an alphabetical listing of states, Wisconsin is coded 49 ang
"m‘*mfﬂ Wyoming 50. Realize that the number assigned to each state is still a label or name.
m"’:fm The reason we ass_ign nurpe_rical codes is to facilitate counting the number of students
Inteapetotion i from each state mth statistical software. Note that assigning numbers to the states
i g does not give us license to manipulate the codes as numerical information, Specifi-
cally, in this example, 1 + 2 = 3 corresponds to Alabama + Alaska — Arizona. Clearly,
the nominal level of measurement does not permit any mathematical operation that
has any valid interpretation.

Ordinal-Level Data

The next higher level of measurement is the ordinal level. For this level of measure-
ment a qualitative variable or attribute is either ranked or rated on a relative scale.

ORDINAL LEVEL OF MEASUREMENT Data recorded at the ordinal level of
measurement is based on a relative ranking or rating of items based on a defined
attribute or qualitative variable. Variables based on this level of measurement aré

- only ranked or counted.

For example, many businesses make decisions about where to locate Thr‘_?"cfi:g::s
 fies; in other words, where s the best place for their business? Bus,uneSfbeit busk
i\ sfacilities.com) publishes a list of the top 10 states for the the evalu®
1ate.” The 2012 rankings are shown to the left. They are based otr:a quality O
) different factors, including the cost of labor, business tax cllm'c:Mt ; potanf“"
Insportation infrastructure, educated workforce, and economic gr© f
1sed on the attribute “ iness climate.” - order ©

ar o m g:zauee the states are raﬂkecfi lt?\: states

1 is, we know the relative order 0
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example, in 2012 Texas had the best business climate.

i i han South Carolina but not as good as Vir-
L'oqSI?\?;i:eair‘::h\;v:n:a;hna;twszz tt)!?:terTetexas’s business climate is five times better
?I:Zfi_ouisiana's business climate because the magnitude of the differences between

i t known.
o ﬁ::etsh: g)cc’ample of the ordinal level measure is based ona scale that measures
an attribute. This type of scale is used when students rate instructors on a vang:-ty pf
attributes. One attribute may be: “Overall, how do you rate the quality of instruction in
this class?” A student’s response is recorded on a relative scale of inferior, poor, good,
excellent, and superior. An important characteristic of using a relative measurement
scale is that we cannot distinguish the magnitude of the differences between groups.
We do not know if the difference between “Superior” and “Good” is the same as the
difference between “Poor” and “Inferior.”

Table 1-1 lists the frequencies of student ratings of instructional quality for Pro-
fessor James Brunner in an Introduction to Finance course. The data are summarized
based on the order of the scale used to rate the instructor. That is, they are summa-
rized by the number of students who indicated a rating of superior (6), good (28), and

so on. We can also convert the frequencies to percentages. About 37.8% of the stu-
dents rated the instructor as good.

based on the attribute. For

TABLE 1-1 Rating of a Finance Professor
{

| uting Frequency
- Superior 6
. Good 28
- Average 25
| Poor 12
| Inferior 3

Interval-Level Data

The ipterval level of measurement
acteflstucs of the ordinal level, but, in
ues is meaningful.

is thg_next highgst level. It includes all the char-
addition, the difference or interval between val-

INTERVAL LEVEL OF MEASUREMENT For data recorded at the ir;t;;a—! Ievel ‘

pf measurement, the interval or the distance between values is meaningf
interval level of measurement is based on a scale with a known uni e
measurement. oo

|
|
b

The Fahrenheit temperature scale is an exam
ment. Suppose the high temperatures on three co
28, 31, and 20 degrees Fahrenheit. These temp

: sw:c;an al;x:’ detem'lr:ine the interval or distance bet
ecause 1 degree ahrenheit represents a constant unit i
‘distance betwgen 10 and 15 degrees Fahrenheit is 5 do;gr:uezassu;gx?: tt-hThat s
5-degree dlstance‘ between 50 and 55 degrees Fahrenheit. it is also in:a Serltme o
that 0 is just a point on the scale. It does not represent the absence of t%oe - <
of zero degrees Fahrenheit does not represent the abse(:)cc):nd';
old. But by our own measurement scale, it is cold! A major Iimitatiortma of
at the interval level is that we cannot make statements simila ?
| is twice as warm as 10 degrees Fahrenheit. omi

ple of the interval level of measure-
nsecutive winter days in Boston are
eratures can be easily ranked, but
ween temperatures. This is pos’sible
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measurement? Observe that as the size changes

12 or from size 24 to size 26), each of the mea-
the intervals are the same.

Why is the “size” scale an interval

by two units (say from size 10 to size
i i i ther way,

surements increases by 2 inches. To put it ano = H
There is no natural zero point for dress size. A “size 0 dress does not have “zero

material. Instead, it would have a 24-inch bust, 16-inch waist, aqd 27-inch hips. More-
over, the ratios are not reasonable. If you divide a size 28 by a size 14, you do not get
the same answer as dividing a size 20 by a size 10. Neither ratio is equal to two, as the
“size” number would suggest. In short, if the distances between the numbers make
sense, but the ratios do not, then you have an interval scale of measurement.

Ratio-Level Data

Almost all quantitative variables are recorded on the ratio level of measu rement. The
ratio level is the “highest” level of measurement. It has all the characteristics of the
interval level, but, in addition, the 0 point and the ratio between two numbers are both
meaningful.

RATIO LEVEL OF MEASUREMENT Data recorded at the ratio level of
measyreme_nt are based on a scale with a known unit of measurement and a
meaningful interpretation of zero on the scale.

when nothing is on the scale. Further, something tha
as something that weighs 2 pounds.

Table 1-2 illustrates the ratio scale of measurement for
for four father-and-son combinations. Observe that th
much as his son. In the Rho family, the son makes twic

the variable, annual income
€ senior Lahey earns twice as
€ as much as the father.

TABLE 1-2 Father-Son Income Combinations

Father S 53
$80,000 $ 40,000 |

Name

Lahey
e Nale _ 90,000 30,000
£ B 60,000 120,000

75,000 130,000




