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Preface

I hope that students will enjoy their introduction to applied statistics. To that end, the course and this text are
designed with learning in mind. The undayeafegpproach is the expression of my more than 45ofears

teaching: instead of drowning students in increasingly bewildering detail for each topic, | want to show them
comprehensible, manageable chunks of practical, useful concepts and techniques and then come back to what
they havalready started tearn tdfill in additional details once they have built a framework for easier
comprehension of subtleties.

Background

Students may be interested in knowing how on earth a professor of information assurance also came to be a
fanatic about applied statistics.

In 1969, when | was a student in the Department of Biological Sciences at McGill University in Montreal,
Canada, Dr Hugh Tyson taught an introduction to biostatistics using the first edition of Robert R. Sokal and
F. James Rol@Biomettext. The course tiied me. | use the verb deliberately: it struck a deep chord of
delight that combined my love of biology with mydiig enthusiasm for mathematics. My ni@gharsis

was a statistical analysis of extensive data collected by my researchrdbeuiore Trasler, @nowned
teratol@ist,about the developmental variability of inbred mouse strains and of their@gbrafghe

reasons | was accepted into a doctoral program in invertebrate zoology was that | cheerfully informed my
future dissertatiodirectorat Dartmouth Colleg®r John G. Gilbert, the premier rotifer biologist in the
world,that he had been using the wrong statistical methods on his frequeéhagditita® why he

couldrit seem to get statistically significant refsaitsdatathat practically shouted their biological

significance. Despite some resistance from the Biology Department, | managed to get my doctoral area to
include not only invertebrate zoology but also applied statistics, and my PhD field exam included probing
guesions onaspects of statistical theory.

At Dartmouth, | was given permission to teach an informal graduate seminar on applied statistics to my
colleagues and also served as the statistical consultant to several professors for their experimental design and
analysis; after graduation, | taught applied statistics in the Faculty of Social and Economic Sciences at the
National University of Rwanda on assignment for the Canadian International Development Agency and then
taught biostatistics at the Universitilohcton.

Although | began programming in 1965, my first formal job in the computer science field was as a
programmingtatistician: | was hired to define the statistical syntddPROSY Sa new compileand to

write the parser and code generatohfasd commands. All through my career since then, | have served as a
statistical consultant to colleagues and especially for my wife, Dr Deborah N. Black, MDCM, FRCP(C),
FANPA,who has graciously named me as coauthor for many of her papers. At thedgatjoutal

Security Association, where | served as Director of Education, | was also responsible for ensuring the
statistical rigor of some of our annual virus prevalence surveys.

At Norwich University, | was delighted to substieaeh the QM37Quantitdive Methods for Marketing

& Finance course in Spring 2002 and then to be offered the chance to teach QM213 Business and Economic
Statistics | in Spring 2010. With the support of the Dean of the School of Business and Management, | hope
to continue teachinQM213 until | retire!

Why adlayered introduction?

In my experience of teaching statistics (starting in 1975), | have found that textbooks are often designed as if
they were reference books. They dive into depth on every topic in turn, bewildarsimgeahd
dispiriting students, who get lost in detail without grasping why the material should matter to them.

Teaching style should avoid overload and should generate interest, giving students the opportunity to form a
network of firm associations amaogcepts and new vocabulary before plunging into sophisticated detail.
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Nothing except conservatism and tradidion, in the words of Monty Pyth@\rchitect Skdblinkered,

Philistine piggnorancé< http://www.youtube.com/watch?v=e2PyeXRwh&Etops us from introducing

interesting and valuable concepts and techniques and then returning for deeper analysis and knowledge once
students have begun building their own conceptual and experdenéiaiork. This text provides three

layers or sweeps

1 Layer I: Getting Startedd One-semester Introductory Coursé this text
Introduces practical, easy concepts and techniques for

0 Summarizing humerical informationables and graphs
Distinguishing étween samples and populations
Estimating population pararaet based on sample statistics
Framing null and alternative hypotheses for statistical testing
Using probability of the null hypothesis as a basis for statistical decisions
Evaluating the strength jpbssible relationstipmong variables using
A Goodnesf-fit tests
A Smple analysis of variar(@NOVA)
A Correlation
A Regression

OO0Oo0OOo0Oo

Future components for uppgear courses:

1 Layer II: Refining Your Skills d Part 1 of Second_evel Course
Goes back to the begingiand helps students take more control over

0 Measung and counting

Showing and summarizing
Assumptions of parametric statistics
Data transformations

Sampling

Inference

0 Associatiows causality

1 Layer lll: Additional Elegance & Part 2 of Seconé_evel Course

O O0OO0OO0Oo

Expands on

0 Populations and sampkasda posteritesting
0 Exploratory data analysis
0 Specialized probability distributions including binomial, hypergeometric, and Poisson
0 Multifactorial analysis
A Loglikelihood(G) ratio for multidimasional contingncy tables
A Two-factor ANOVA for measured data
A Multiple linear regression
A Partialcorrelation
A Factor analysis
0 Assumptions of parametric statistics
o Working with rank variables
0 Basic concepts about experimental design
A Control groups
A Avoiding compounded vablas
A Research methods
A Metaanalysis
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Studentsn Norwich Universig QM213 Business & Economic Statistics are using only part ltahanks
Dean Frank Vanecek, the viexsiors of the texthave beensupplied to them free of charge.

Instant Tests

Followingup on a suggestion from QM213 student Dejan Dejan, who took the course in Fdla26810,
inserted boxes with a few review questions throughout the text. The answers are listed a¢dlh end of
major section (e.g., 2.1, 2.2 and sdiostudents cainanswer the questions corret¢tgy should review

the text, discuss the questions with fedtmdentsandask the professor for helmd students should note
that suggestions are always welcome!

The importance of homework

Reading about methods is @bstract to grip students emotionally or to solidify the engrams (memory

traces) that underlie learning. Practical application of these techniques using interesting cases stimulates the
imagination and builds neural patterns that make it easier neVeatatistical concepts and techniques.
Combining practice with repeated exposure to concepts through a layered approach to teaching helps
students convert shesgrm memory into longerm knowledge. In my statistics courses over more than 30

years of exgrience, | have always assigned half the final grade to homework.

A practical problem arises: if we there are 70 students in a statistics course and each oneaslopémg half
problems per week, how on earth do we grade the homework? Trying tbtgeacksalts using one

professor proved impossildlé took longer than a week to grade a singledngel. In one statistics class,

we tried grading the homework in cteasd ended up spending one day out of three just doing the grading!

The solutia we are tryingtartingn QM213 for thd-allof 2011is to assign the homework at the start of

each weeltsing the NUoodlenline learning systdmselect a random selection of problems for each
studentthento accepthe responsemndgrade themautonaticallyusingNUoodle This approach will

resolve a major problem experienced in the v0.1 version of the course, whearlwwabned bgrading
homeworkeven from only a dozen students and ended up failing to provide them with immediate feedback
on ther work.

Color vs blackand-white

This text is designed for people who can see color, but should also be accessiblinth realders. The

full-color version is available as a PDF on the course Website; printed copies of the text supplied to students
during the development phase are in f@ladkvhite. When the textbook passes beyond the v0.x stage and is
ready for a firdormalprinting, it will be a hardbound book printed in color.

A note ondisorderedfigure numbers

In several places, the figntambers for adjacent figures have been reversed

(Figure n+1 on the left and Figure n on the right). Although | have struggled *

hours trying to reverse these errors, no matter what | have tried, the revers

numbers reappear. | hawgILED and | amGIVIN G UP for now. We woid

go into the bad language prompted by this difficulty. A mature acceptance V
reality is the only acceptable respdteeever, | think | may be able to fix the

problem for Spring 2012 by deleting the affected images and captamttrepnd

them back in one by one.

t u

1But then it will cost money for the students! Users of the preliminary versions can thank Dean Frank Vaneceklfof the Schoo
e}
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1 Introduction
1.1 About applied statstics

Our world and our lives are filled with counting and measuring. Applied statistics help us decide how best to
count and measure, how to represent numerical informaspecially information about groeqps

effectively and without misleading eluss and others, and how to explore our ideas about relationships
among factors that affect quantitative @&itdistics allow us to summarize large data sets in ways that let us
make sense of what would otherwise be a morass offtietalet us testur ideas to see if possible

explanations are rooted in reality or whether they are impression created by the wind<Stdittdtarscis.

often described as the art of decision under uncertainty.

Here are some of the many ways that statistics playraawt studies, our wodnd ourailylives.

M Business
0 A managemaintaining inventoryeeds to know how many products are being sold at which
time of year so she can place ordeisre she runs oof materials
0 Supervis@have to monitor the qualiof their production lines and service lg¢eedpot
problem areas, inefficient processes, and people who need to improve their knowledge,
skills, and performance.
0 Sales managers need to knbtwelvcustomers buy the ndst
A And which omplain the mo8t
A Are increasing their purchase levels the fastest
A Which salesperstrasreducéis productivity the most in the last quarter
A s the reduction chance alone or could there be something else gjoing on
0 Marketing managers ask abouttiions of dollarspenton several advertising campaigns;
areany of them obviously bettean the othefs
A Obviously worse
A Are the differences just temporary fluctuations or are they something we should
take seriously
o A small health club managers asks if a particeabe® absences just part of her normal
routine
o]
A Or should wghoneher to see if she would like to suspend her membership
paymentsemporarilyas part of our customer service efforts?
1 Finance
o0 Which of several brokerages has a reliable record ofthagreerage return on
investmerg
o Is the share price for this firm rising predictably enoughdfaytraderto invest in 1
0 What has our return on investment been for these two brands of computer equipment over
the last four yeds
o0 Should we pay the new premibeing proposed by our insurance company for liability
insurance
o0 What is the premium that our actuaries are calculating fanauiiesce policy on this type
of buildin@
0 Should we invest in bonds or in stock this?year
0 Which country has the greatsince of maximizing our profit on investment over the next
decade
A Which industry
A Which compary
o0 One of our divisio managers claims that his bedoarage profit figures are just the luck of

the draw; how often would receive such a big drop by clare a
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o0 Another manager claims that her above average prodisctisigciated with the weekly
walk about that is part of her managerhgmialkingaround philosophy; can we test that
idea to see if there is any rational basis for believing her7analysis

o The Chief Financial Officergstting suspicious of these transactions in our audit trail; can
wecheck to see if the digits conform to random expectation for their frequencies or whether
they are fabricated and have-stamdard frequencies?

1 Informationtechnology

0 Which of these motherboards has the lowest rate of failure according to indus®y studies

o0 How long should we expect these LCD monitors to last before?failure

o0 How is our disk free space dding

A When do we expect to have to buy new disk @rives

A Which department is increasing their-dfskce usage unusually fast?
0 Who is using the most bandwidth this m@nth

A s that part of the normal variations or is something new gding on

o Which of our department has been increasing their use of printer papest theentbhe
last quartéx

A Is ther rate of increase just part of the normal growth rate for the whole
organization or is there anything unusual that we should inv&stigate

o Our firewall is reporting 10,000 hits per second on port 842; is that somethimgdve s
worry about or is it just part of the normal variations

0 We have been testing three different antispamqgtsaaler the last six monthsaig one
of them obviously better than the otRers

0 Which of our programming teams has the lowest rate off @dins per thousand lines of
production code

A Is the difference between their error rate and those of the other team significant
enough to warrant a lecture from thenis it just one of thogandomthing®

0 Which programmér code has caused the hsginember of helpdesk calls in the pasPyear

A s that bad luck or bad programniing
o0 Can you identify the callers responsible for 80% of our helpdé&sk calls
A s there anything in common among them that would help us identify areas for
improvementhrough inceasedraining

0 This studer® term paper doe$iseem to have been written by him; can we compare the
frequencies of specific words in his previous work to the frequencies in this submission to
see if an investigation for plagiarism is warranted?

9 Life ingeneral

o This politician claims that our taxes have been rising over the last couple of years; is that
true?

o Does usinghisbrand of tooth paste decrease our chances of getting tooth decay compared
with thatbrand

o Is it true that focusing o@emind on ammaginary blue sphere for 10 minutes a day raises
onds 1Q to 180 within a couple of wegks

0 Does wearing a large rubber band aroun@ abhdomen really allow weight loss of 30 to 80
pounds in a month

0 Should we be taking vitamins A, B, C, D, E, and ¢ da® to reduce the risk of blindness,
cancer, cataracjoint degeneration, liver disease ugtides®

o Does listening to two different sounds at the samedathg influence brainwavwesnake
us calmer and smafer

0 These people argue that illegahigrants are raising the crime dasghat true?
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1.2 Computations in applied statistics

The first question before turning to the specific software package is why students should be using computer
programs for their first course in statistics instead &ingtiiroughthe problems using equations and

calculators. From my perspective as someone who actually did that in the 1960s, we might as well ask why the
students shouldrbe moving little stones around (calculi) to do their calculations and theiy théseli

results on stone tablét$ind no pedagogic benefit whatsoever in forcing students to waste their time in

manual calculation when there isativef excellent statistical packages avadlatllen use in the real

world.

| emphasize to studentsmy initial lecture that | am much less interested in any one statistical package than
I am in the skills | want them to developadmv to learn to use any statisticabpadduaigeshould learn to use

help facilities and documentation includedtwitin program, online tutorials and discussion groups about

the software, and tHahderror experimentation as they maatgnew program.

1.2.1 Why Excel as opposed to other statistical packag@s

91 Availabilitythe program is almost universally availableiversities and business; in addition, MS
Office software is available at deep discounts for students to install on their own computers.

1 Simplicityand familiaritymany (admittedly not)adttudents already have at least a passing knowledge
of Excel andat worst, are familiar with the style of its user interface. In con&nagtstatistical
packages have user interfaces that are radically different in conception and detail from the office
software with which students are already familiar.

91 Applicabiliy: most of the computational requirements for this introductory course are included in
the statistical functisiand data analys@ols provided with the softwalkis relatively easy to
program statistical tests that are not provided.

Figure 1.1. Excel 2007 Help tab.

r 5
/E;ﬂ\ Bookl - Microsoft Excel B |-
_g/, Home Insert Page Layout Formulas Data Review View Add-Ins - 3 X
— Fu i . =
e Find Print T - A
2 ® 8 % ]
Type Your Search Here |2 — HFind Save ‘
Help Use the - Find Commands Get Started Buick Access  More Online Ask
Office Button | Find Open | from Office 2003 » with Excel #o Commands Tips~ |/Training v||| Questions
Excel Help Find Commands Online Tips Get Familiar with Excel 2007
BNE=R N N NS R @d - 54 ‘J [E=]REe E = =R b W F =] ER o) =) 3= 4 2 Create Your First Workbook
Al - Jx | Enter Formulas
A B c D E E G u 1 ] Use Formulas to Figure Out Dates
Create Charts
1 .I reate Cha
2 Create a Chart
3 Create PivotTable Reports
a
= Get Started with PivotTable Reports
6 Filter PivotTable Report Data
7 Calculate Data in PivotTable Reports
2 More Resources
9 More Online Training Courses...

1.2.2 Learning Excel

The widespread use of Excel has led to a wealth of free tutoriaksTdmboighout this text, Excel
functions are used and sometimes illustrated for the statistical methods under discussion. The only way to
learn how to use this tool is to use the tool!

3 Typeexcel tutoriato the search field of GOOGLE for a wealth of options. Use the tutorials available from educational institutions
(.edu) to avoid getting tangled up in commercial sites that could sfaar jreexpensive setfontained training courses on-CD
e}
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Some key resources for learners:

1 Students have access to their own computeisexpensive student licenses for Excel.
1 All thecomputer lab computepsovide access to Excel
1 Excel HELP is available within the program by clicking on the HELP tab,ghsyidbbl ee
Figurel.1) or by pressing function key 1 (F1) on the keyboard.
0 TheGet Started with ERaétbn brings you to an online demos and tutorials through your
Internet browser that demonstrate the fundéateof using the graphical user interface.
o TheOnline Trainibgttonoffers tutorials for several fundamental operations.
0 TheType Your Searchfitdddets you search for help on specific topics.
o The blue? Helpymbol brings up a complete referenarual with search capability.
All the homework assignments @n@videdin Excel workbooks corresponding to the chapters.
Each Excel workbook has several worksheets with different problems or types of problems.
All of the instructions for using Excel a@tving statistical problems for this text are presented in
class as demonstrations first.

1.3 Long-term goals

| despiseote memory work. | tell students not to memorize; it dasthem any good in the long run.
Cramming meaningless detail intd3obminsimply causes most of the material to ooze out the cracks (what
a distasteful prospéc). Much more important thanerelypassing a quiz this week and forgetting its
contents next week are the following fundamental abilities, which can last a lifetime:

=A =4 =4

1 Longterm learningntegrating new knowledge into a solid network of associations with practical
examples, easdgcessed principles for application, and experience with many &arcimegert
new information into permanent knowledge.

9 Critical thinkig: Students should be able to look at poorly conceived statisticalvidépart
jaundiced eye; they should be able to ask serious questions about the methodology used in gathering
dataandthe methods of analyzing and representing them.

91 Ability to learrat wilt This introduction to statistical thinking should help students learn any
statistical methods they need in the future.

1 Applications to current and future stud#tsdents should be well prepared for more advanced
courses in applied statistics famacourses using statistics in their areas of study.

9 Integration into corthinkingin life and workTherational approach to thinking about quantitative
data shoultielpstudentsesistpropaganda and flimflam.

Finally | want students who invest theetamd effort to master the skills presented in this temjdheir

classes in applied statistics. Seeing students dunitiggandafter a statistics lecture is@nderful

experience for a teach@alleagues at Norwich University already rerstidents who have successfully
completed the introductory statistics course are responding well to more advanced topics and to applications
of statistics in other courses.

ROM for more advanced functions includedtbcel Advanced Interactive Tutdsifalr PCs, which is available for download at
$14.99 from <http://www.deluxetraining.com/excatlvanced.htm. [Note: the author has no relationship whatever with these
providers.]
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1.4 SQ3R

| recommendo studentshattheyuse the SQ3R methodology throughiboet work to increase the

effectiveness dlfieirstudies. The acronym standsoféurvey, Question, Read, Recite, Réand/

describes a systematic approach to making fulltheé tafne when reading any technical material. There

are many descriptionstbfs method on the Wettieycan find hundreds by enterd®Q3R into any

search enginenost university learning centers will also be able to provide resources to learn about and apply
SQ3RA brief summary of the method folloarsd is written as insttions to the student

1 Survey

Survey the document: scan the contents, introduction, chapter introductions and chapter summaries
to pick up a general impression of the text. Leaf through the entire text quickly (this may take you an
hour) and let your eygkance over each page. Allow yourself to look at pictures or diagrams and to
read any figure captions or highlighted words. Let yourself become curious. Make notes on any
qguestions that occur to you (see below in the Question section). This is noty@adiregjust

starting to build a framework of associations that will help you assimilate the information you will
study.

1 Question

Throughout your survey and as you read the material, write down questions that come to mind. Not
only are you maintaining active stance in your studies as you do this, but you are building a
stockpile of test questions that will help you check your own comprehension later.

1 Read

The trick here is to read one paragraph at a time. The paragraph is the logical unit dfttreought (i
writer has any sensg)u can best master the informabgrneadng oneparagraph and then
immediately movintp the Recite phase.

i1 Recite

No, this is not memarization. You look up from the paragraph you have just read and ask yourself,
OWhat havé read® Just summarize the main point(s) in your own words. Th&kBeatalcycle

turns passive recognition of knowled@h(yeah, | read th@tinto active knowledgerThis is what

it mean§). You need active knowledge to be successful in any course.

1 Review

Consolidate your new knowledge. Review the main poidts ipauned after every study session.

Check your own or the teadiaeview questions test and solidifyour knowledge. Go back to

your study materials and fill in the holes if neceSharylater, at the end of the day and the end of

the week, repeat your review to help solidify your memory and to continue the process of making the

knowledge your own.

4 See also Adler. M. J. and C. Van Doren (19G®)to Read a Bdakichstone (ISBN-671212095). AMAZON link <

http://tinyurl.com/7ab3r

5 For additional guides to techniques that may help studentshttisit’'www.mekabay.com/methodology/indentitdownload

Computtyi ded ConsensuseE, Frequently Corrected Errorsfort@n Writi ng
material above), Tips for UsW@RB 2007, Tracking Changes\wvidt5200&ndUnderstanding Computer CrimerfstSlagsacs.
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2 Layer I. Getting Started
2.1 Counting and measuring

Evidence fronbiological researdliggests that bees, primates and dogs can count; evidence from
anthropology and archeology suggdleat human beindsve been counting for at least hundreds of
thousands of yeaisarly counting probably involved using markers such as stones (tloe liitrstone

is calculubencesalculgt® keep track of how many objemtgroups of objects had been notéldiildren in
numerate cultures learn to count properly between the ages of three and Althgeghssome cultures
reportedly limit theomplexity of their enumeration to rougiige, two, mangmodern society has
extended its range of counting into unimaginable reaches such as tliedf9omud the googolplex
(1@eog9) (but notthe Googleplexwvhich is something else altogetfi@rput these numbers in perspective,
there are roughly 8Gubatomic particles in the entire known spaeecontinuum (excluding any parallel
universes or the amount of money being earned by Google).

Measuremeansists of counting the number of uaitparts of units displayed by objects and phenomena.
The development of science has been reflected to a large extent in the availabilityvodemmyarray of
units of measurement; for example, werggasure the usual attributes such as sizg,amndgorce but also
hidden aspects of reality such as up/dohaxm/strange and top/bottom aspects of quarks. Sometimes we
invent measures that turn out to be dangerous: thedesivafiviesthe reakstate stock market is usually
thoughtto have ken at the root of the financial collapse of the late 2000s.

Some scales are attemptguantifgeality by assigning numerical values to subtle aspects of the world; the
classic example of quantifying the hard to quantify is the Likert Scale, invRetesidlyikert (19a981),

a psychologist who assigned numerical values to assertions about human attitudes. All of us are now familiar
with questions that have answers in the fadrstrongly agre®agree,Bneutral; d disagreed Strongly

disgred he statistical methods used to summarize and analyze such data are widely used.

Categorizing (classifying) aspects of our world consists of labeling what we encounter with descriptions that
define classes; for example,can classify studentslhosir expected year of graduation (class of 2015) or by

the majors in which they are enrolled (computer security & information assurance vs management) or by their
enrolment status (Corps of Cadets vs civilians).

The details of how we think about andinemationarefundamentally important in statistics. The
conceptgliscussed in the next sectiafisct how wehoose to record, represent and analyze the results of
our investigations

2.1.1 Variables

The results of countingeasuringnd classifyingredaf. Data, the plural of the Latin watdtummeaning
an item of information, are the raw material of statistical ahlysigghout this course, you will have to
recognize and distinguish between two types of data, corresponding to what you coatyaund wh
measurecategorical or qualidati®eersuguantitaticata.

1 Examples of qualitative data
o Color (e.g., red, orange, yellow, etc.)
Tone (e.g., middig, bflat below middkE)
Timbre (e.g., obesound, flutesound, drursound)
Shape (e.g., rodinsquare, tetrahedral, etc.)
Preferencéor a particular movig.g., like, neutral, dis|ik¢c)
Type (e.g., wool, cotton, plasticcomplaint vs praise, addiction vs habit; etc.)

(el el elNolNo)

6 E.g., seéScalingin Trochim, W. K. (2006Research Methods KnowleddetBaseww.socialresearchmethods.net/kb/scaling.php
7 Although technically, one shouldtgyoD a t a Oalmasteveryone writéR) a t a 0 Stuslehts may use either form. Although
this battle has already been lost, some of us continue the fight for precise language nonetheless.
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(0]

Origin (e.g., endogenous vs exogenous; |doaéigs)

1 Examples of gantitative data

o PrimarywavelengtHightreflected by an object (e6h0 nm for @red object)

o Primaryfrequenafylight reflected by an object (e.g., 640 THz dbhuad object)

o0 Waveform of a trumpet soupgpressed as Fourier traoséosmegram

0 Lengtbf sides of a triangle

o Numbeof people expressing a particular preference for a movie

o Numerical represenfatipna Likert scatef)a feeling (e.g., 0 = no pain, 1 = barely

noticeable pain, 2 = sl i génowtyeseperihispding g

2.1.1.1 Tables

Herd$ a simple table showing sqmeentedjjualitative and quantitative détguick: which are which?

Table 2.1 Observations fromresearch study orlJrgonian Corporation divisions.

0,
MBWA Total TeamRank | ,, Average | % HelpDesk
L : . Monthly Profit Calls due to
Division Used? Employees in | in Company Empl L ack of
(Y/N) Plant Soccer per =mployee ack o
(Us) Training
Akron, OH N 4,392 5 $590 13.2%
Bayreuth, 0
Germany Y 3,054 2 $436 4.1%
Canberra,
Australia Y 2,855 3 $631 3.2%
Kuala
Lumpur, N 9,218 1 $755 16.9%
Malaysia
Oakland, CA Y 1,627 4 $821 3.7%
In Table2.1, thefocus is on the five divisions; we call these | INSTANT TEST Page 16

divisions thelememtkthedata sehd we have to identify them
somehow; here, the division name isddetifiefhe counts and
measurements for each element are valliedblem this case
we havdive variables:

1 The use of MBWA (management by walking aréund

gualitative
§ Totalempoyees in plari quantitative &) Ef"a:]”a“rl‘gtths NS @7 ¥ BT G
. . Of chocolate bar.
1 Team rank ithe company soccer competitiéns
quantitative (4) Counting the number of students who
1 Average monthly profit per employee in US ddllars S IELE @eseifle P EEEs Feet|
uantitative and the number of students who say
q that a chocolate bar tastes bad.
1 The percentage of HelpDesKg#aiaced to a lack of N
traininga quantitative (5) Describing a fellow student as

All theinformationgatheredn a particular study called an
observation each element (division, in this cabke}in this
case eaatowof the table is an observation.

Which of the following is a qualitative
variable and which is a qualitative variable?

(1) Saying that a chocolate bar fastes
goodor tastes bad.

(2) Weighing a chocolate bar in grams.

cattractive 6and another one as tnot
attractive. 6

(6) Classifying a professor as 6so boring |
have to text my friends 38 times per
period to stay awake 6or as
dnteresting enough to stop me from
texti ng in class.6
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2.1.1.2 Choosing a table layout

Nothing would stop us from representing the saméndatable arrangeeértically, as shown below:

Table 22 Urgonian Corporation data rearranged with vertical observations

Kuala
o Akron Bayreuth Canberra Oakland
Division ' ' . Lumpur, '
OH Germany Australia Malaysia CA

MBWA Used?(Y/N) N Y Y N Y
Total Employees in Plant 4,392 3,054 2,855 9,218 1,627
Team Rank in Company
Soccer 5 2 3 1 4
Average Monthly Profit
per Employee (US) $590 $436 $631 $755 $821
% HelpDesk Calls due to 0 0 o 0 0
Lack of Training 13.20% 4.10% 3.20% 16.90% 3.70%

In Table2.2 the each observation corresponds tocohemé the specific values of thiwd variables for
each division element.

The decisioaboutwhich way to arrange data depends on our needs. Sometimesiésheimany

variables are longer than the names of the elements, we maygwethistmmore room by putting them in
asinglewider column instead of usingugbuable space on a page with many wide columns. However, the
most important issue in practigelarity: in general readers tend to expect the most important focus to be
shown across the top row. Thus readers seaimeR.1 will consciously or unconsciously expect the focus
of the discussion to be on teriables, whereas the first impression creaiabl®2.2 is that the

discussion is going to be about geogralifficences. Nonetheless, either form is acceptable in practice.

If you want to switch the oritiion of a table you can copy it and then paste it into a new position using the
CTL-ALT-V key combination or the Paste Special function and checking Traasgtusen at the bottom
right of Figure2.1.

In Exceland other statistical packages, an additional consideratiether our statisticinctionrequires
a particular arrangement of data to function properly. Such constraints adefaivdys the
accompanying Help texts for the function.

Figure 2.1. Transposition option in paste
special.

B |

Paste Special

INSTANT TEST Page 17

Paste You are summarizing the grade -point

averages for students who are members of
different sports teams and in different
graduation years. Which variable would you
put across the top row of a table in these
two situations?

@ Al All using Source theme
Formulas All except borders
Values Column widths
Formats Formulas and number formats
Comments Values and number formats
Validation
Operation

Your focus is on differences among the
sports teams.

@ Mone Multiply (1)
Add Divide

Subtract . ,
= (2) Your focus is on differences among the

Skip blanks graduation years.

Cancel
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2.1.1.3 Qualitative (categorical)data

Table2.1 andTable2.2 show variables thdond havemeasuremants!: they adabeler categori&heuse of
MBWA (YES / NO), for examplds called aategorigatiablend its scale of measurement is described as
nomindgfrom nomeithe Latin word foname In this case, there are only two categdieSgndNO), but
nominal scales can have as many categories as needed. For skadgpiéaatomobile crashes might
include the variabieanufactuaed its nominal scale might have a dozen vatres GM, KIAand so on).

2.1.1.4 Quantitative data

Most of the statistical work we will be doing concerns counting and measuringiahtiésevariablese
described withjuantitative datthat you count or measure arevidigablethe results of your counting and
measuring are thiata

2.1.1.4.1 Discrete data

Another distinction involves the measurement scale for quantitatiGomksitker tle number of employees per
plantclearly the only values acceptable are whole numbers (iktegeati)these dadescretdlany

variables are described using disdatte any time the underlying phenomenon involves didistitet

units or stepshe data will be discrete. Thus the number of cylinders in a motor, the number of members on
a sports team, the number of clients supported by a broker, the number of lawsuits launched & the broker
clients after they find out what the broker did tmiall of these are discrete variables.

Another frequently uselilscretescale is the rantkie identifier of
position in a sorted list based on a quantitative scaie. |

: ; INSTANT TEST  Page 18
example, soccer performance is represented using the value

3, 4 and ® what is called aordinal scéedinarom Latinordp Which of the following variables are
m eaning)rd er discrete and which are continuous ?
2.1.1.4.2 Continuous data (1) Student GPA (e.g. 3.14)

. . .. . (2) Student rank in class at graduation
If something can in principle assume any possible value betw

two limits, the variable is describedaméinuotihusthe average | (3) Airtemperature
monthly profit and the percentdgelpDesk calls due to lack of | (4) Number of times individual ~children

training are both continuous variables. say & | i kieah hour of discussion
Students sometimes express surprise that sustateticsuch (5) Average number of times children say
as averages (discussed later) for discrete data often have fra % you &mao koér of discussion
values; for example, there would be nothing uraiswmat measured for a group of - children

defining theaveragenployees per plantour tabless 4,229.2
even though there is no such thing as 0.2 of an employee. Such values are simply the result of the definitions
and computations which are continuous variables even though tha eae diatrete.

2.1.1.5 Ratio Scales

Qualitative variables do not necessarily have meaningful relationships among specific values; thus there is no
limitation on which order one could list the divisions in our taklds2.1 andTable2.2 happen to list the

divisions in alphabetical ordbgrcity but no one should assume that the order implies anything else about

the element©ne could equally well have listed the divisionsdamg to some other arbitrary scheme such

as alphabetical order by country or simply personal preference.

In contrastguantitative data mhgve meaningfaumericatelations among their valdesr not In our
UrgonianCorporation example dable2.1 andTable2.2, thetotal employaesrage monthly profit per employee
andpercentage of help desk calls due to lazk foflaitiegusual expectations for mesments: ratios of

these measurements actually mean something. Thus we can say that, for instance, the Bayreuth plant has

8 Dond use the spellirdjscrefetr this concepd discreeteangactfulgood at keeping secrets, urmbtrodes,
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about a third as many employees as the Kuala Lumpur plant (3,054/9218.-S@8tLet¢asurements are
calledratio scales

2.1.1.5.1 Ranks arenot ratio scales

It& important to understand that not all quantitative data are on ratio scales. Foraxaonolease not

ratio scaleghe rifleshooting score of the top and secamking competitors are not guessable simply from
their rankingand the ratio of their scores cannot be determined simply from their ranks. Sienfleokes
offered by judges at figtskating eventdond automatically scale to comparable numerical resutisone

with alOscore is in no sené®vice as godihas a competitor withSescorelndeed, the ratio of scores will
differ depending on the quality of the athletes: score of 10 and 5 mean radically different degrees of
difference in skill in a competition amongyrarold figure skaters than in a cotitpyn among Olympic

class skate®epending on the competition, the performances of two skaters might be theoretically
evaluateds 9.999 and 9.998 in a class of amateurs but as (say) 6 and 2 in a more sophisticated field of
competitors.

To reiterate e most important observation about an ordinal scale is that there is no implication of equal
distance, intensity, or any other measure among the numbers. If we define rank 1 as the top and rank 5 as the
bottom, there is no implication that the teams aedpequally from top to bottom as defined by their

ranks. No one would expect that the German team is half as good as the Malagsigritdrsed on

rankor that anyneaningfutatios cald be deduced from such ranks.

2.1.1.5.2 Ratio scales must include a meangful zero

All ratio scales must include a zero value showimgiete absdéndeatever is being measymat simply an

arbitrarily chosen point on the scale Celsius scale of temperature defines the temperature of freezing

pure water at atmosphgmessure as 0C, but the complete absence of molecularthemtieticallpccurs

atabsolute zePd3.1€. Thus the Celsius scale is not a ratio scale becausé emrgaute the ratio of

molecular motions from different temperatukagemperature d30C is not twice as hot as a temperature of

15C.The same observation applies to the Fahrenheit scale, since 60F is not twice as warm as 30F in any sense
In contrast, the Kelvin scale, which defines its 0 at abzetot really is a ratio scdlere $ genuine

meaning to the assertion that a temperature of 500K is twice as warm as one of 250K.

Figure 2.2. Celsius, Fahrenheit and Kelvin temperature scale

2:1
/—H
-273.16C 0C 100C 200C

-459.69F 32F 212F  392F
H_/
~1.8:1
~1.3:1
f—%
oK 27316K 37315K 47315K
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Figure2.2 shows the misleading ratios of temperatures at 2| \ysrant TEST  Page 20
to temperatures at 100C. The 2:1 ratio of theatanCelsius _ _
scale doegreven match the 1:8 ratio for tene temperaiture| (D Wnichofthe following three
the Fahrenheit scale. The true ratio is shown in the lower g statements is/are - nonsenser

of the diagram where Kelvin temperatures, vanérna ratio a. Albert was #1 out of the top 3 in

scale, are in a legitimate ratio of 1.3:1. d keraperature of the school ranking and Betty was

200Cis abouBB0% hott#inan a temperature 800G nottwice as #2, so Betty must have gotten

hot two -thirds of the score that
Albert got.

A letter to the editr that dealt with this issue was published b. The police car was going 100 mph

2010 and my car was going 50 mph; thus
In her letter from Madagascar (2 July) Georgina e pielie e e el iz e
Kenyon reportdAccording to the World Bank, the ESIES T,
past 50 years the country has seen a 10% increass c. Ités 80 miles to North Gal
temperature and a 10% decrease in rdiiiadl.latter from Balbuto and |tés 160
is numerically possible but the former is numericall South Galanga from Balbuto.
meaningless since any absolute change in temperd Therefore it is twice as far from
will represent different percergagccording to the TSR E
temperature scale being used (as they differ with from Bolubuta to North Gala - nga.
respect to their origins). Hopefully the World Beifik | (2) As we drive from Tarnado up to
correctly quoted is more numerate in other aréas. Urtopia, on to Quarro and finally to
Phi|ip Lund, Nantwich, Chesirﬁé, UK Virgonia, the distance from Tarnado to
Urtopia is 40 miles; the distance from
These subtle categories matter toestisdbecause the method Urtopia to Quarro is 80 miles and the
available for statistical analysis often depend on precisely distance from Quarro to Virgonia is
kind of measurement is being analyzedexample, there are 160 miles. What is the ratio of  the
assumptions about the nature of variables underlying popt distance between Urtopia and Virgonia
methods such as ANOVA (analysis of vagjeaied regression CUE s UL IS

(curve fitting); if those assumptionsdapply, we may have t Quarro and Virgonia®

modify the measurement scales (applgngforinsr use
different methodsprparamettiests).

2.1.2 Accuracy, precision, and being precise

In statistics and science ingyah accuracy is the degree of closeness to reality or truth. Thus if a restaurant
has solaxact244 pizzas today, the accurate numberds228 and 245%re less accurate approximations
or can be simply described as inaccarateong

Precision ithe degree of uncertainty in a meagsumjr restaurant example, 243, 244 and 245 are equally
precise even though 243 and 245 are inaccurate.

Continuing our pizza exampfeye decide to count the 2ditzas in dozens, describing the sal®¥3 as
dozepizzass perfectly accurate and perfectly precise. Describing the 2al833pizzas is less precise but
still accurate. Estimates26.33320.3320.3200r omore than 10 and less thdoZ&h are all accurate but
decreasingly precise.

A different issue ibeing predisstatistical work. Many applications of statistics provide significant benefits to
users) if the analyses and calculations are correct. If the wrong statistical procedure is applied to a problem
or if a valid procedure is fimmed sloppily, resulting in incorrect results, the consequences can be severe. To
emphasize the importance of being careful, precise and correct, | have consistently given incorrect responses
to statistical assignments a zero grade regardless ofdtie pativling of students used to getting partial

credit for try to apply the right technigBeidents must get usecteecking their vasrgrofessionals do.

9 The Guardiaeekl{l ondon), July 16, 2010 edition, page 23
Copyright © 2011 M. E. Kabay. All rights reservethtistics_ms_v52xlocx Page0of 121
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2.1.3 Significant figures

Significant figures reflect the degree of uncertainty in a meastfdmentounthirty pingpong balls in a

bag, the numbeO®as?2 significant figure and is exact: there is no uncertainty about it. However, if we weigh
the 30pingpong balls and have a total weighitlb2 g the weight hdsur significant figuréould actually
bebetween 115 g and 1289 gThisweight to four significant figures is expressscentific notatias
1.152 x E@yorasli. 1528912

Here are some examples of constaatscan bexpressed with different numbers of signifitgures:

1 p, the ratio othe circumference of a circle to its diametar be expressed as, say, 3.14iEbix
significant figures bhas been calculated to more than a million decimal digits<
http://newton.ex.ac.uk/research/qsystems/collabsfpi(unfortunately, some state legislators have
repeatedly tried to pass laws redefmamgequal to exactly 3);

1 e thelimit of(1 + 1/n)" and the base of natural logarithimsiine sigriicant figures is 2.71828183
but continues without limit to the number of digits that can theoretically be computed

1 ¢ the speed of light in a vacuand the maximum speed of anything in the known universe except
Star Trelships under warp speedn beggiven a299,792,458 eterger seconfa number with
nine significant figures algb)t is expressed as 186,282 miles per second then it has six significant
figures; and if it is expressed as 1.079e9 km/hour then it has four significant figures.

1 Avogalro®number to seven significant figures is 6.032dti2les< 1023 mol (with many more
significant digits availaldéut not an infinite numberf significant figurdsecause molecular
weight involves discrete particles and theredoren theory beounted to an exact integer

Most dher numbers we work with are naturally variaga&sies, returns on investment, quality percentages,
customer satisfaction responses, and contaminant measu@oment®w many significant figures should
we expresthem?

The issue depends bowariable a measure is compared wit
its size in the scale of measurement we want to use. For
example, suppose we are looking at the number of Internef

INSTANT TEST Page 21

Suppose that the number of particles ina
cubic nanometer of Ultronium is estimated

Protocol packets arriving every second at a specific port in
firewall;this number fluctuates from moment to moment, bu
we can actually know exactly how many packets there are
the log files kept by the firewall softwei@vever, if someone
askspHow many packets per second were reaching port 25

to be 17,298.

Use the indi cated number of significant
figures to express this number in scientific
notation with the e format

(e.g., 542.3 =5.423e2) :

during the last housanswering with a list 0680 numberd
one total per second for each of tl&®3 seconds of the hadur
is likely to be met with astonishment, if not hostility. We
naturally want to express the number using a summary, so
compute amveragee will fudy those in detail later) and
answer using the average.

1 significant figure
2 significant figures
3 significant figures

4 significant figures

10See an excellent tutorial online for further details: Morgan, S. Lo[2@&6al on the Use of Significant Figuremivesity of

South Carolina #ttp://www.chem.sc.edu/faculty/morgan/resources/sigfigsfindex.html

11Heath, J. (200@)Scientific Notation TutorialAustin Community College

< http://www.austincc.edu/nrgtutor/SN/smtut.htm

12 Scientific notation helps us avoid the ambiguity of trying to define significant figures when integers end in zepdes, @y exam
many sigificant figures are in the numBe;00Q If the next possible numbe2@00%khen there are five significant figures.
However, if the next possible numb&0®H0Mbecause we are showing an approximation to the nearest 10,000, there is one
significanfigure. And if the next possible numb&0id0Mecause we are approximating to the nearest 100, there are three
significant figures. Scientific notation eliminates such ambiguities. For example, taking the numbers discusseffeabiotve with di
precisio, the 20,000 to unit precision woul@#¥00e480,00Q0 the nearest0,000 would bgedand 30,000 to100s precision

would be3.01e4

Copyright © 2011 M. E. Kabay. All rights reservethtistics_ms_v52xlocx
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2.1.4 Determining suitable precision for statistics
How precisely should we express statistics suclaasrage? Consider the following two cases:

1 Case 1. there were a total 29,357,389 packets reediover the hour for an averagexactly
49,752.8419230769 packets per secontbwést rate was 47,28& second and ttéghest rate
was 51,93g@er second.

1 Case 2: the same numbepadkets was received, so the average was the same as intGhse 1, b
time thelowest was 16,584 packets in a seamothdhehighest rate was 149,258 in a single second

So how should we express the averages in these two cases?

In both cases, the 15 significant figures of 49,752.8419286Tp08Intlesky and incokctly precisd hat

number implies that the real value is approximately between 49,752.84192307685 and 49,752.84192307695
but such precision is misleading when the actual observed variation istBe2@@eni51,932%ackets per

second.

Precision here fers to thedcloseness of repeated measurements of the same@asRapert R. Sokal

and F. James Rohlf put it in their clastsitisticsexthooki3 which influenced generations of biologists.
16

For Case ,Ireporting something crude like 50,0@Bqta per second seems unnecessarily imgre€iase
2, howeverwith variation between somewhere around 150,000 and 16,000 per secon@, moagoeoiad.

A general principle for deciding on appropriate precision is that we should expresshasthirsoge
(differencebetween the smallest and the largest observediwvaiveted into roughly 30 to 300 stéps.

addition, derived statistics based on our data typically have one more significant digit than the émiginal data.
our cases, tise calculations are as follows
(deliberately using exactly the same wording in kath

examples): INSTANT TEST Page 22
{1 Case 1: Rangesi§9328 47,288 = 4644 The average cost of shares for Urgonium Corporation
which gives us fro#644 300 =16to over the last month is calculated as 123.456789 credits.

4,644/30 =155per stems our desired
precision. Thatesult suggests that
hundedswould beareasonabldegree of 2 significant figures
precision; adding one more significant dig 3 significant figures
for derived statistics such as the average
would reasonabbxpress the average

(1) Express the average in non -scientific notation using

4 significant figures

packets/second a€19,750. 8 significant figure s

il Ca_se 2:_ Rangeli‘$91258 16,584 =132,674 (2) The smallest cost observed (the minimum) was 118
which gives us froti32,674/300 = 442 to credits and the largest value observed (the
132,674/30 = 442per step as our desired maximum) was 128 credits.
precision. That result SqueStS that How many steps would there be between minimum
thou_sa_‘nds WO!J'd be a reason_ab!g degre_e and maximum if you used each of the numbers of
precision; addmg one more Slgmﬁcant d'( significant figures above for the range?

for derived statistics such as the average)
would reasonably expsethe average

1BSokal, R. R. & F. J. Rohlf (198&igmetry: The Principles and Practice of Statistics in BiGegma ERitteartiley (ISBN-0
716712547). P. 13.

14] studied the First Edition in 1969 and helped proofread the Second Edition in 1980, receiving an unexpected chetk for $400 t
enabled me to buy a touring bicycle!

151dn really old.

16 (Compared to you).
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packets/second asl49,300.
2.1.5 Sources of real statistical data

At many points in this course, you will be given the opportunity to apply newly learned methoasitb real
data. Ther are many sources of such data; e.g., looking at UnésdeStaurces first,

1 The US Bureau of Labor Statistidstip://www.bls.gov/> hasa wealth of economic data such as

Inflation & Prices

Unemployment

Employment

Spending & Time Use

Pay & Benefits

Productivity

Workplacenjuries

International economic comparisons

1 The US Bureau of Justice Statistib#ps//bjs.ojp.usdoj.gov/> provides data about crime and
justice such as

o Corrections

Courts & Sentencing

Crime Type

Criminal JustecData Improvement Program

Employment & Expenditure

Federal

Law Enforcement

Victims

1 The US Census Bureatn#p://www.census.govk provides information about

o People & Households
0 Business & Industry
o0 Geography
0 Specialopics such as
A Fraudulent Activity & Scams

Census Bureau Data & Emergency Preparedness

The Statistical Abstract of the United Statles,authoritative and comprehensive

summary of statistics on the social, political, and economic organization of the

United States. Use the Abstract as a convenient volume for statistical reference, and

as a guide to sources of more information both in print and on tr@"Web.

1 The Bureau of Transportation Statistidgtg://www.bts.gov/ >, whosedmission is to create,
manage, and share transportation statistical knowledge with public and private transportation
communities and the Natio#s.

1 Centers for Disease Control and Prevention (COEtps/www.cdcgov/ > provides verified data
about health issues such as

o Diseases & Conditions

O OO OO0 O O0oOOo

O OO O 0O o0 o

A
A

7. S. Census Bureau (2011). 0The 20 lhitp:/@Bvwvacensus.gov/compend@/btatabr act @ T
BBureau of Transport at i o ntpSivwantbis.go/absuy (2011). O0About BTS. 6 <
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O O O O oo

(0]

Emergency Preparedness & Response
Environmental Health

Life States & Populations

Healthy Living

Injury, Violence & Safety
Traveler8Health

Workplace Safety & Health

1 Washingtn Headquarters Services (WHR}g://www.whs.mil/ >, whose Pentagon Library <
http://www.whs.mil/ > offers links to many sources of statistical information, especially focused on

military matters.
1 World Health Organization (WHO)http://www.who.int/en/ > of the United Nations provides
extensive informatiéhabout health and wellbeing around the world such as

(0]
(0]
0]
(0]
(0]

Mortality & Health Status

Diseases

Cowerage of health services

Risk factors (alcohol, nutrition, overweight & obesity, tobacco)
Health Systems

1 Scientific and Professional Journals

(0]

(0]

Visit your university library for access to thousands of scientific and professional journals
that include statistl information in almost every article

At Norwich University, the Kreitzberg Library Databases

< http://www.norwich.edu/academics/library/index.html

are available online for all nfers of the Norwich community and for all disciplines.

INSTANT TEST Page 24

This exercise has no specific unique

explore the world of statistical information.

(1) Explore all the resources listed above
by visiting the Web sites and browsing
for data of interest to you.

(2) Pick a specific topic or frame a
specific question that interests  you
and search for specific answers. E.g.,

a. How many vehicular accidents in
the US in a particular year
involved a driver who was actively
texting on a cell phone at the time
of the accident?

b. What are some of the
differences in health statistics
around the world?

c. Whatos the distripution
like in the US? And in other
countries?

IWHO (2011) . 0 Da btta:/mavw.who.stiresdarickgen/i ¢
I ———

]
Copyright © 2011 M. E. Kabay. All rights reservethtistics_ms_v52xlocx Page4of 121

answers: itds designed to move

of

)


http://www.whs.mil/
http://www.whs.mil/
http://www.who.int/en/
http://www.norwich.edu/academics/library/index.html
http://www.who.int/research/en/

Statistics in Business, Finance, and Information Technology v0.3

Solutions for Instant Tests in Section 2.1

Page Answers

16 Qualitative: 1, 5, 6
Quantitative 2, 3, 4
17 1: Teams
2: Years
18 Discrete: 2, 4

Continuous: 1, 3,5

20 ra

1
2:15

21 2e4
1.7e4
:1.73e4

. 1.730e4

22 1: 2 sig figs: 120
3 sig figs: 123.
4 sig figs: 123.5
8 sig figs: 123.45679

2: 2 sig figs: 1 step (130 -120 in 10s)
3 sig figs: 10 (128 -118=10 units)
4 sig figs: 100 (128.0 -118.0 = 100 tenths)
8 sig figs: 10,000
(128.00000 -118.00000
in steps of 0.00001)

24 (No specific correct answers)
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. Table2.3. Raw
2.2 Representing data table of values
Both to clarify our own understanding of data and to help others, wehoftedata in Hours until

various form$ tables, charts, graphs and other formats. The most importantepimcip Failure
choosing a data representatiarasty: the format must communicate our intention with a  24106¢

minimum of ambiguity. 35534(

9419¢
2.2.1 Raw data 28491
There are many situations in which the specific sequencecolieizttan is valuable for our 30980¢
researcld either because itflects a time sequence relating the observations to the external 90333C
world (for example, stockarket price fluctuations that may be related to news events). 6667C

There may also be interest in internal data sequences such as the likelihood that a particut@Bo4c
patternwill follow a specific sequence of data (this kind of analysis includes what is called 17750¢

Markov chain anglgsish as machine learning algorithms to idensifgmer buying 48921°
patterns (more likely to buy a certain brand if the customer has just boogigrtwo 46790¢
products in a row) or network attack pattezrgs,(perhagwobes on ports 80 and 25the 22318t
last five minutesay increase the likelihood of probes on2fbwithin the next 10 54902¢
minutes. 63777¢

27484

Although we rarely publish thousands of individual obsesvatia table, it is frequently the

case that we must produce the original data for inspection. A simple approach is to list the 4672
observations in a single column or row, but with thousands of values this method is 699366
impractical for publicatiomable2.3 shows thestart of such an unwieldy tseated in 483624
Excel 70321¢
701837

The easiest way to convert such data into a reasonable format is to import them into a wosdoze7;
processing package such asaMb®&d. These packages include fasilfor defining columns, 48679¢
so it becomes trivially easy to convert the data, as shBaménguidelines: 439162
1 Be careful not to make the columns so narrow that numbers begin breaking intc 111242¢
different linesReduce the number of columns if that happens. 1%212

1 You cannsert lines between the columns in Word by checkiligethetween 43076¢
option (sedrigure2.3 on thenextpage). 18593¢

' Assuming you are showing the numbers in a document for reading, not calcuiaiingszg-g-
you will find it edsr to work with m image of your table rather thanaifiable
table; in Windows, use the sequ&ideALT -V (or your Table 2.4. Observations in column
menu keydp initiatePaste Speaiad pick th&Vindows (partial display of table)

Enhared Metaffiermator, if thafs not available, thizevice T
Independeittmption to place the image in your documerftioUs until Failure
Seerigure2.4 on thenextpage. 241066 1112426 451723 966

1 If you want to rightilign your numerical data, do so before 355340 117811 218123 880

I~ - . 04199 70046 286589 852
you apply columrit® easier than having tpeat the 134915 430769 375672 715

alignment foeach column. 209809 185938 636869 598
003330 555787 248321 130
66670 303110 359485 497
438040 369762 431679 556
177509 368070 140950 714
489213 620005 66955 426
467903 527865 348050 737
223185 39755 538059 482
549026 653591 195398 579

637778 196268 490353 419
274842 A5AN1Q 338070 500
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Figure 2.3. Word 2007 column options.

v

Columns -

Presets

|

Two Three

! Number of columns: (9

Width and spacing

| Col #: Width: Spading:

| - . - . all A

| 1 | 0.63 =1 {0.1 v

| 2: | [0.63" = [0.1° =
3: 0.63" : 0.1° : -

(V] Equal column width

Apply to: | This section E]

Preview

INSTANT TEST Page 27

Create a cell with the
=RANDBETWEEN(lower, upper) function

Copy this cell to the 99 cells below the

first one to generate 100 random values of
your choice using whatever lower and upper
values you want.

Copy these valuesinto a blank Word file.

Use the Word column options to format the
numbersinto2 equal-wi dt h col umns with 16
between the columns and no line between
the columns.

Now reformat your data into four equal -
width columns with 0.26 and a |
the columns.

Finally, reformat the columns i nto three, of
which the first is 1.56 wide, t
wide and the third 1.06 wide. U
spacing you want and insert a line between
adjacent columns.

Figure 2.4. Pastespecial menus for images (bihap & general versions).

-

Paste Special s AEG_—_—

9l

Source:  Unknown

As:
D Paste: Bitmap - Display as icon
Paste firic: Dewce Independent Bitma
[ 2
Paste Special e - —
a -
|
Source:  Microsoft Office Word Document
| Microsoft Office Word Document
] As:
Result | | 5 . - - . -
@) Paste: Picture (Windows Metafile) a Display as icon

| = Paste link:
| 0

Result

Bitmap
Picture (Enhanced Metafile

Picture (GIF)

Picture (PNG)

Picture (JPEG)

Microsoft Office Graphic Cbject

Inzerts the contents of the Clipboard as an enhanced metafile.
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Table 2.5. Sorted table with right adjustment.

2.2.2 Sorted lists

There are many cases when we find a sorted list | Hours until Failure
helpful. Worghas simple sort functiares does 1979 08178 23135
Exqu:Such lists help the viewer grasp the_ range of 4672 10495 24106
variation bet'ge_r than an unsorte_d list and immediatgely 5131 11013 54437
reveal the minium and the maximum values. 6551 11781 24504
TheExcelSort & Filtemenu shown ifrigure2.5 8873 11969 24681
offers both simple sorts and more complex sorting 26222 12043 24832
Figure 2.5. Sort function menu in Excel. 36916 12595 27185
39755 13000 27257
W - ™ X 43998 13007 27484
46695 14095 27535
AutoSum - ,ﬁ\? &a 47116 15020 27565
. Z) 47118 15937 27797
Sart & | Find & 49227 16428 28658
Clear ~ Filter = | Select = 51850 16925 29834
‘E.L Sort Smallest to Largest 62158 17003 30163
. J 66670 17750 30311
A.|, Sort Largest to Smallest i 66955, 18593 30398
i IH  Custom Sort... 1 70046 19207 30888
= . 71901 19539 30980
= Filter I 78874 19626 31231
z 78987 20240 31749
. 83619 20847 32327
85273 21812 32440
' 85480 22123 32464
94199 22318 32464

In Word 2007, highlight the textgort and select tt@orbutton shown ifFigure2.7Figure2.6 to bring up
the Sort Texdialog box shown iRigure2.7.

Figure 2.6. Word Sort fundion button. Figure 2.7. Word Sort dialog panel.
View Developer Add-Ins Help rSortText &Iﬂ_hj
= Al Sortby
g2+ abBbCchdE AaBbCcl @ Ascending
Paragraphs - )
Sy - - box Endnote {2 Descending

Then by

(@) Ascending

Descending

bl a9 dEe x

3 | Sort

Then by

(@) Ascending

Type: |Text
Alphabetize the selected text or = = Descending

| sort numerical data. ]
My list has

@ Press F1 for more help. ! () Header row @ No header row

P PR P

Options... QK ] ’ Cancel
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2.2.2.1 Simple sorting in Excel

TheAZ1 andZAi1 symbols in the Excel menu showfigure2.8 sort up or down by the laftost
column that has been highlighted.

Table2.6. Unsarted sales data. Table2.7. Simple sort by Figure 2.8. Simple sort functions
salesperson. in Excel.
Salesperson Sales Salesperson  Sales 4] sort smallest to Largest
Marcie $ 909,460 Albert $ 1,644,140 z
Darlene $ 1,153,452 Bob $ 979,272 A Sort Largest to Smallest
George $ 1,389,164 Charlene $ 630,871
Charlene $ 630,871 Darlene $ 1,153,452
Bob $ 979,272 David $ 130,049
Harold $ 398,478 Edward $ 516,562
Louise $ 1,193,042 Francine $ 844,769
Holly $ 1,020,585 George $ 1,389,164 INSTANT TEST Page 29
John $ 1,159,705 Harold $ 398,478 Using the datain Table 2.6. enter th
sing the data In aple 2.0, enter the
Albert $ 1,644,140 HOIIy $ 1,020,585 names and sales figures for the first 7
Samuel $ 1,704,159 John $ 1,159,705| salespeople into a spreadsheet.
Mike $ 324,598 Louise $ 1,193,042 (1) Sort the data alphabetically by name
Robert $ 1,305,230 Marcie $ 909,460 and calculate the total sales for these
Edward $ 516,562 Mike $ 324,598 7 people.
Francine $ 844,769 Robert $ 1’3051230 (2) What is the name and sales figure of
. o

Sally $ 951,054 SaIIy $ 951,054 the fourth person in the sorted list?
Vlctgr $ 826,891 nguel $ 1,704,159 Table2.8. Data sorted

Salesperson  Sales

Table2.6 showsa randomy arranged list of salespeople and their annual safesmuel $ 1,704,159

Table2.7 shows the same list sorted simply by highlighting the table (with @Jb;rgte i i’ggg’igg

without the header row) and clicking®atr button.
Robert $ 1,305,230

Table2.8 shows the data sorted downward by 8alehieved using more Louise $ 1,193,042
advanced sortj in Excel, as discussed on the next p&geli.2 John $ 1,159,705
Darlene $ 1,153,452
Holly $ 1,020,585
Bob $ 979,272
Sally $ 951,054
Marcie $ 909,460
Francine $ 844,769
Victor $ 826,891
Charlene $ 630,871
Edward $ 516,562
Harold $ 398,478
Mike $ 324,598
David $ 130,049
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2.2.2.2 Advanced sorting in Excel

How do wesort by a column that is not tleétmostin our rang@To do so, etivate theésort & Filter

functions shown ifigure25 and click on th€ u s t o noptiBroTihe néenu shown iRigure2.9 appears

and or can select a sort field (in this example, the Sales figure column) and the direction of the sort (here, a
downward sort putting the highest sales figures at the top of the sortedTtesu#shlts of this sort are

shownin Table2.8 on the previous page.

Figure 2.9. Custom sort for one field.

Sort =
] Add Level | | )( Delete Level | | =3 Copy Level | \QDHL/ | My data has headers
Column Sort On Order
Sort by |Z| Values IE‘ Largest to Smallest |z|

A more complex example sorts a list of banking transactions by detail with each category of detail sorted by
date Figure 2.18hows the definition of this sort.

Figure 2.10. Custom sort for two fields.

'\
Sort [ 7 [t
4| Add Level || X Delete Level || 523 Copy Level ” i Options... | My data has headers
Calumn Sort On Order
Sortby | pETAIL [=] |values [=] |atoz [=]
Thenby |5, =] |values [=] |oldest to Newest []

Thefirst fewresults of this sort are showrTable2.9. Table2.9. Data sorted by date within

Such advanced sorts are useful in presenting data from differe d€tail (top of table only).

perspectives. For example, in the example just shown, groupingsaA HOME
all the expenditas according to their detail allows one to prepaie
summary tables of the total expenditures according to each ty&gog

of spending. DATE INITIATEDETAIL AMOUNI1
2009-02-27 21ST CENTURYL $ 50.00
INSTANT TEST Page 30 2009-06-01 24 HOUR FITNESS$ 10.00
— Work- |Rankin | Profit per 2009-06-02 24 HOUR FITNESS$ 10.00
Division Country 2009-06-03 24 HOUR FITNESS$ 10.00
force | Soccer| worker
2009-07-08 AAA NO NE MBR $157.00
Akron, OH US (4392 5 | $590 2010-01-07 AAA NO NE MBR $ 21.00
Bayreuth, Germany DE 3,054 2 $436 2009-03-18 ACC CAFEEXPR $ 2.55
Canberra, Australia AU 2,855 3 $631 2009-06-02 ACC CAFEEXPR $ 2.50
Kuala Lumpur, Malaysia MA 9,218 1 $755
Oakland, CA us 1,627 4 $821

Sort by (1) profit descending; (2) workforce descending; (3) country up
and workforce within country up; (4) country up and profit within country
up. After each sort, identity the country that is in the second row and
the profit per worker in the last row.
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2.2.2.3 Mistakes in sorting

When working with these functions, highlighting all the data is ets=aviag) out a coluom thesorted
areaand then sorting destroys the integrity of the data by mixing up parts of the observations.

For example, the European Spreadsheet Risks Interest Group (EuSp&iGheoepors from 2005
and 2006:

Aspiring Police Officers Say Exam Scores &ve Botched (NBC13.com 8 Sep 2005)

0Some aspiring police officers who took a government exam said they were told they passed
a big test, but found out later that they had actually failed. A national company called AON
administered the test and told therd@@meone incorrectly sorted the results on a
spreadsheet, so the names and scores were mismaiBiaed® Kathy Times reported.

OWhen they appealed, we went back to AON and asked them to check their scores, and
when they audited, they discoverednieye an errarsaid Bruce Nichols, of the Jefferson
County Personnel Board. Nichols has resigned.

Price mixup mars opening of lot sales Venice, Florida, Jan2006

A snafu in the posting to the web site of minimum bid prices for the first phase of North
Pori® abandoned lot auction led to confusion as the cost of some lots seemingly tripled
overnight. The appraiser hired by the county put the auction lot number, the property ID
number and the minimum bid amount onto a spreadsheet in sequential order and,
inadvertently, héid not sort the value colur#h.

Additional note about backing up files:

It is advisable to save the worksheet before applying the sort for quick recovery after a serious error. A good
practice is to use version numbers fgegmame04.X¥sX) and to increment the version numliben starting

to work again the next day on the filbefore performing potentially dangerous operations. For example,

on starting to work in the morning with filename_v04.xtsxe couldPEN ffilename)4/Xsxand

immediatelsAVE AS filename_v05x.

INSTANT TEST Page 31

Create an XLSX file with a s ingle cell, A1
=0.523598775598299, as the value, and
save it as

Test_versions_v18.xlsx

Close the file. Open the file and in cell A2,
compute =SIN(A1). Save the modified file
immediately with the appropriate version
number and close the file.

Open the most recently created file in this
exercise, and in cell A3, compute =A2*2 and
save the file with the correct incremented
version number.

(1) What is the filename of this third
file?

(2) What is the value of cell A3 in this
third file?

20 EUsPrlg Original Horror Stories #073 & #083h#p://www.eusprig.org/stories.htm
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2.2.3 Enhancing the presentation of éables
Both Word and Excel offextensive options for createmgdformattingtables.
2.2.3.1 Word Table Tools

Word offers easy methods for creating small, simple tables gatbolattiona/NVord 2007, for example, has
a dropdown menu in thinsertab that allows one tweate a blank table form of a particular number of
rows and columns and then fill in data and format the tadffegisee2.11).

Other optionsshown in the same figurelude the Insert Table functjavhich allows one to specify the

number of rows and columns by entering _ _

212, N e e e o
Other funCtionS in Word inCIude :hi/) Home Insert Page Layout References Mailings Review W
creating a tabl(€onvert Text to Tjable BliCouer Panes: HE DS @, Hyperlink
from a series of entries separated by the 3 siank page = — Y2 A4 Bookmark
TAB CharacterIQ'E TAB key Of‘t When ',f; Page Break Ta?le Fieture Ii:»? Sha'pes Smarrt. Chart (4] Cross-reference
inserting the character using the search Pages 35 Table Links
andreplace function) armleatingan 3 S5 A OO0 | pecument map |3 i | 5
Excelspreadsheelirectlyin the Word O SRR
documentvithout having to load Excel EEEEEEE
ma_nually. Flnally_, tiiguick Tables EnnnEEE
options offer a wide range of pre OoOO00000adl, . oa e
formatted tablemcluding calendars. : DO0O000O000 s i ousiness, fnan
One can also save éewn table - DOOOOOOON0 e table with right adjustm
formats asquick table&in this set. - A | InsertTable.. -
. j Draw Table ilure
. ; 98178 231356
Figure 2.12. Insert Table : BN Ercet Spreadsheet 104953 241066
pop-up menu in Word 2007. - = 110135 244375
i G | Quick Tables " 117R1 245049
fnsert Table | B e | _
Figure 2.13. Corner of table
Table size showing selection symbol.
Mumber of columns: 5 = TN
Mumber of rows: 2 - A particularly N [ S
AutoFit behavior important set of tools NQ \Di-uiaion
) . . N
@) Fixed column width: | Auto = In WOFd I.S a_Ctlvated N \\

_ by rightclicking on AN .
i an entire table using MBWA Used? (Y/ N~y
AutoFit to window thefour-arrow Total Employees in

- symbolshownbelow Plant
Remember dimensions for new tables in Figure2.13 in the (=
[ = ] | Cancel ‘ left upper corner

Highlighting one or more rows or columns orexip cell allows one to righlick for a formatting menu
that include8orders and Shahd@ell Alignme(iltustratedn the next paga Figure2.16). One can apply
colors, shift the position of text leftrayht and up or down, and add coldpedders to cells, rows, columns,
or the entire table.
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A useful option for large tables is in the option for the top rows that force the selected rdaw (=
repeated at the top of every new pagd-{gae 2.15. This feature works with tfaragraph Formatting
featue GeeFigure2.14). By highlighting the entire table or any subset of rows, and then selecting the

Paragrapinction and thd.ine and Page Breaksu, one can force all the selected rows to stay together as a

unit even if the table cannot all be shown on the same page due to space limitations.

Figure 2.16. Table formatting popup menu

LRI | 3 04
%

53| Copy

% Paste

Insert 3
Delete Cells...

Merge Cells

O &

Eorders and Shading...
Text Direction...

—
==
=t

&

Table Properties...

Cell Alignment rEIEE
AutoFit e
===

Figure 2.14. Paragraph formatting menu

Line and Page Breaks.

Figure 2.15. Defining title row(s).

9 [ |

Table Properties

|'I_'ab|e | Row |Colgmn| Cel |

Rows
Size

[7] specify height: |0

Opfions

=| Row heightis: |Atleast

[7] Allow row to break across pages
Repeat as header row at the top of each page;

[ut Previous Row ] [4 Mext Row

.

Paragraph -

X

Indents and Spading |

Pagination
Widow/Orphan control
Keep with next
Keep lines together
[7] Page break before
Formatting exceptions
[7] suppress line numbers

[] pon't hyphenate

Textbox options

Tight wrap:

None

Preview

N[ mebs.. | [ pefault.. | [ o

| (s ]

=

INSTANT TEST Page 33

()

@

(©)

4)

®)

(6)

@)

Create a table in Word using the Insert Table feature.
Make the table six columns wide and 10 rows long.

Enter a letter of the alphabet in the cells (A,then B,
then C etc.) until you reach Z.

Copy all the rows containing letters and paste the copy
buffer into the row just below Y.

Align all the cells to have contents centered from left to
right.

Make all the ce Il borders 3 pt red solid lines, the cells
pale blue and the top row and the left column boldface
and the fill a darker shade of blue.

Highlight the entire table and make the column widths
shrink to fit the contents by double  -clicking any column
border.

Define the first row as a repeating title, allow the table
to break across pages, and see what happens as you
insert blank lines above the table on your page.
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2.2.3.2 Excel 2007 Table Tools

Excel offers a much wider range of t&dmieats. One can do all the formatting oneself or us®th®t as

Tablenenu to choose among some popular color and emphasis lay&idsie2e?).

For more details about tables in ExcelWssstutoriab azailable onlin&

When copying an Excel table
into aWorddocumentthere are
several options.

a)

b)

SimplyCopying/Pasting

(e.g., with CTIC CTL-V)

puts the contents of the
table into the document as a
simple table that can be
formatted further in Word.

E'91

Table2.10. Simple table
copied from Excel.

Cell 11 Cell 12
Cell 21 Cell 22
Cell 31 Cell 32

Copying the table and then
using Paste Special function
(CTL-ALT-V) to paste
unformatted text only
inserts textvith tab

characters between the cells:

Table2.11. Table pasted as
unformatted text.

Cell 11 Cell 12
Cell 21 Cell 22
Cell 31 Cell 32

Copying the table and then
using Paste Special to paste
any image formée.g.,
Enhanced metafile) inserts
an exacimagef what was

in the Excel file.

Figure 2.17. Tade formatting options in Excel 2007.

Statistics in Business, Finance, and Information Technology v0.3

iibility Made] = Microsoft Excel

| -
ﬂj‘j Normal Bad Good Neutral
al ['Fermat | | Calculation ||| | explonatory... FollowedHy... _
3~ as Table -
Light

i MNew Table 5tyle...
3| Mew PivotTable Style...

Figure 2.18. Image of Cell11 Cell 12 INSTANT TEST Page 34
Excel spreadsheetraa. Cell 21 Cell 22 Try the three forms of pasting into Word using a
Cell 31 Cell 32 copy of some spreadsheet cells.

21 As indicated in a previous footnote, you caneypel tutorigto the search field of GOOGLE for a wealth of options. Use the
tutorials available from educational institutions (.edu)itbgetting tangled up in commercial sites that could spam you later.
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2.2.4 Horizontal bar charts

When we need to think about and represent data sets involving categorical data, we should use horizontal bar
charts rather than vertical barrthdorexample, consider theadeup datdn Table2.12about the average
amount of charity donations raised by students in different schools of a university:

Table 2.12 Average charity doations raised by school.

Charity Raised Per
School tSytu dent
Architecture & Art $47
Business & Management $82
Engineering $75
Humanities $28
Mathematics & Sciences $32
Social Sciences $51

Using Word200% Inserf Charfunction(Figure2.19), it® easy to generatany varieties ahars (Figure
2.20).

Figure 2.19. Word Insert | Chart function.

IKE"__’; Documen
A as

Hom Insert age Layout  References M

B E El=l _CPShapes - %
| = _

Pages Table Picture Clip i

* - _i:'l.

Tables INust

NESE-FHE- OO EL.IJ.[TJ

oo i

1 2 |
' '

Figure 2.20. Word charttype options.

rInsert Chart M
1 Templates p= - = -
[l Column |'\9 |Q;‘ |®® |'\_\l) |Q§:* |QIH
|ﬁ Line —

& Fie — 1

ar =
[i - l |% | |g |% |% Ig = |
45 XY (Scatter) [ q;i... ILJL:- u't:.:- = . i
i stock l% |ﬁ§ = | =] |e= |§ |E!:
gl Surface
@ Doughnut ;\g
22 Bubble
‘@ Radar

u\ vl W 64 M\ W -

[ManageTemplahes ] [ Set as Default Chart ] QK ] [ Cancel ]
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TheChart Todlgnctionsarrayed across the top of the winddier easy access to many formatting eptio
(Figure2.21). Rightclicking anywhere on the area of the graph brings up &Rigeme2.23) with many
options including editing the data for the graph. ChoosinD&dlirings upa temporary Excel spreadsheet
(Figure2.22) in which one can copy or enter the data for the desired graph.

Figure 2.21. WordChart Tools options.

-

———
(Oa Document3 - Microsoft Word & . Chart Tools

|
5 Home Insert Page Layout References Mailings Review View Developer Add-Ins Help Avery Design Layout Format @

-;= Jll‘ 7_ e o [
cﬂ: ::Es % % Rej}js}h ﬁ' ; ‘—_ H——‘

Chart Type Template | Row/Column Data Data Data ||lb—=—x
Type Data Chart Layouts Chart Styles

DEDR FHR- -GG H JEIE E D vowmentmap | BB S8 07 HBeM FEERE w0 B-01 -

| B S R S RO K R S RO MR SRR

- Category4

Category 3
- W Series 3
M Series 2
o Category 2 m Series1

Categoryl

Page:lofl | Words:0 | <3 English (United States) | |

Figure 2.23. Charts popup menu in Word. Figure 2.22. Temporary Excel worksheet
Chart in Microsoft [}Fﬁcel'iord - Microsoft Excel 4 @ﬂuw

:t-;'y |H;r|| Inse | Page | Forr | Dat:| Revi| Viev | Dev | Add | Help| @ - = X

[ xa w || &)|[(8) = &
& @ -

Paste y Font |Alignment Mumber|| Styles | Cells

B

NE SRR O BFE yAEEaBa& @ -

Clipboard |

AB - (> I
59 Resetto Match Style | | | g | | | |
A B C D E F G
A Eont... Series1 |Series2 |Series 3
Category 1 43 2.4
i.h art Type... Category 2 25 44
@ Edit Data... Category 3 3.5 18
Category 4 45 28

atlom...
]

To resize chart data range, drag lower right corner of range.

4 4+ M| Sheetl ¥ I
Ready | | G = U

11
12
| 3
4
5
]
7
B
El

T4 Bring to Front | »
@ | send to Back |

Lt papa
Iill 1]
————

@ Insert Caption...

[ Format Chart Area...
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By writing in the appropriate title and detesiuperfluous elemestsch as thiegend (pointless when there
is only one data series), one can create an acceptablechhastthe horizontal bar chart showsigare
224

Figure 2.24. Horizontal bar chart.

Charity Raised Per Student

Social Sciences
Mathematics & Sciences
Humanities

Engineering

Business & Management

Architecture & Art

S0 510 520 530 540 S50 560 570 S80 590

The advantage of horizontal bar charts veestisalcharts ljistogranis that there is no implication that the

axis with the category labels (in this case, the vertical axis) represents any kind of quantitdtive variable.
contrast, as we will see in a couple of sections, putting the bars velticalyiidgly floutedonvention, an
indication that there is some sort of quantitative relationship among the labels of the bars. Such vertical bar
charts are calldtistograms

INSTANT TEST Page 37

Using the data in Table 2.12, duplicate the
horizontal bar chart shown in Figure 2.25
using Word.

Experiment with the options in Word to see
the effects of making changes in chart type
and elements of the formatting such as
colors.

At a minimum, convert the horizontal bar
chart to a pie chart and then to a vertical
bar chart.
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2.2.5 Pie charts

Another way of representing information about categoriepis tfert. However, the implication of a pie
chart is that the values add up to a meaningful total. Thus theTdatadri2 wouldréi make sense in a pie
chart, since one does not add averages up togethetrastcd thedtal amount of money raised by each
school is analyzed, aSable2.13 then a pie chart suchrigure2.25can be appropriatdote that the

data haveot been sorted for this figuyet the resulting pie segments are sorted downward automatically

Table 213 Total donations raised by school.

Total Donations Raised b

School Students ¢
Architecture & Art $4,806

Business & Management $33,046
Engineering $23,401
Humanities $9,792
Mathematics & Sciences $6,560

Social Sciences $31,263

Figure 2.25. Pie chart using unsorted donations.

Donations

m Business & Management
| Social Sciences

m Engineering

B Humanities

B Mathematics & Sciences

m Architecture & Art

INSTANT TEST Page 38

Using the data in Table 2.13, duplicate the
pie chart shown in Figure 2.26 using Excel.

Experiment with the options in Excel to see
the effects of making changes in chart type
and elements of the formatting such as
colors.

At a minimum, convert the pie chart to a
vertical bar chart using cones as the
markers.
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Notice twoadditionafeatures ofhesimple pie chaim Figure2.25

1 Becase the blackndwhite printous of the colorsnay make itard todistinguish among the
segmentone caradd white borders by rigtitcking the pie and bringing up the options menu
(Figure2.27Figure2.26) and then selectifgo r mat D to bring up thaBardersCélor
options Figure2.26).

1 The labels for the segments are larger (12 point) than the default valuechietrvibe created.

Simply lefclick the labels to highlight the block with all of them and then use the usual font controls
to increase the size or any other attribute.

Figure 2.27. Defining the border color for pie Figure 2.26. Chart options in popup menu

segments.
Format Data Series m
Series Options | | Border Color
Fill ) Mo line
[“order color | |© Soldiine
Border Styles '\:,' Gradient line
) Automatic
Shadow
3-D Format
: [ 0%
Delete Transparency ol
Reset to Match Style
Change Series Chart Type... =
-Edit Data... |
wo features of this simple pis = L&
. Add Data Labels
3ecause the black-and-whit -
wright-clicking the pie and
Format Data Series...

Figure2.28shows the resulting pie chathwhe addition of thredimensional enhancement.

Other enhancements include the ability to extract one of the segments to emphasize it.

Figure 2.28. Pie chart using sorted donations and 3D enhancemen

Donations

m Business & Management

m Social Sciences

= Engineering

B Humanities

u Mathematics & Sciences

m Architecture & Art
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2.2.6 Frequency distributions

We often count the occurrences of specific values in our observations. For examgilewaeat to
summarize information about customer satisfaction in the following @Eable2t14) by the absolute
(actual counted numbers) and relative (proportions or percerftédyesgsults for each dfd categories.

Thus a typical tabular representation of these dataimabutte the response totals and the percentage
positive resultas shown ifable2.15

Table2.14. Urgonian Corporation customer Table 2.15. Urgonian Corporation customer
satisfaction suvey results. satisfaction survey showing percentage positive rest
SURVEYS 2218.04.22 |Returned Positive | [SURVEYS 2218.04.22 |Returned % Positive
HQ (Beijing, Terra) 324,932 180554 [HQ (Beijing, Terra) 324,932 56%

Mare Imbrium, Luna 1847 1231 [Mare Imbrium, Luna 1847 67%
Tycho Colony,Luna 2950 1915 |[Tycho Colony,Luna 2950 65%
Olympus Mons, Mars 372 278 |Olympus Mons, Mars 372 5%
Southern Ice Cap, Marg 414 264 |Southern Ice Cap, Marp 414 64%
Callisto Colony, Jupiter 112 77| |Callisto Colony, Jupitey 112 69%
Europa Colony, Jupiter 185 137 |Europa Colony, Jupite 185  74%

2.2.7 Creating frequency distributions with Excel

Using theData | Data Analysislistografonction ofExcel Figure2.29%Error! Reference source not
ound.), onecan convert a set of data into a frequency distribution zertfaniclasses by rank, and create a
simple chard all automatically.

Figure 2.29. Data | Data Analysis menu.

View Developer Add-Ins Help

& Group - _'_-=| Data Analysis

( Clez =5 =
I~ Reapmn ;I ILVJ _E:IJ '\,:" Uﬂgrﬂl.lp L2
7 Textto  Remove e o

A7 Advanced | Columns Duplicates =2 || B Subtotal

‘ilter Data Tools Cutline ]

=4 -

Analysis

INSTA NT TEST P. 40

Open Excel and practice locating the  Data Menu and the Data Analysis
Menu.

Locate the Histogram function in the menu of Data Analysis functions.

(1) Counting down from Anova: Single Factor as virtual line 1, the first
Analysis Tool shown in the menu, what is the virtual line number of
the Histogram Function?

(2) Whatis the virtual line number of the  z-Test: Two Sample for
Means?

(3) What is the Analysis Tool corresponding to virtual line 14?
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Figure 2.31 Using Excel to prepare a histogran Figure 2.30. Results of histogram function.
[ Data Analysis M

Analysis Tools

Anova: Single Factor - E}

Anova: Two-Factor With Replicati cel

Pl

C |at

Covariance

Descriptive Statistics
Expaonential Smoothing

F-Test Two-Sample for Variances

Fourier Analysis
_ i

Histogram M
Tnput
Input Range: $A$1:8A530 ]
[in Range- 8548512
] Labels

Output options
©® OutputRange: 8514
) New Worksheet ly: ' '
) New Workbook
[¥] Pareto (sorted histogram)

[¥] Cumulative Percentage
[¥] Chart Output

Figure2.31shows the dialog boxes used to create a frequency distiigtite2.30shows the results of the
function.

The options available for tHéstografunction (bottom ofigure2.30) are as follows:

1 Thelnput RangadBin Rang&e where one indicates the data areas. Theayabe mrranged in a
single column or in a single row.
1 Bin Rangefers to a list of categories defined by the user; in this example, 0 to 100 in divisions of 10
seemed appropriafthe Bin Range must be arranged in a single column.
Checking théabelboxallows the ranges to include descriptive labels (in this case they do not).

The output can be placed on the same worksheet, as in this example, or it can be moved into a new
worksheet in the same workbook file (.XL&) even into a new workbook.

1 The ogion for Pareto (sorted histaggaerates additional columns showing the bins sorted
downward by frequency (modal bin at the top).

Cumulative Percermaggutes the cumulative relative frequency distribution.

Chart Oput produces a simple vertigstogram showing the frequency distribution anagtie
(cumulative relative frequency distribudisee sectiod.2.10.

=a =

= =

INSTANT TEST P. 41

Using Excel, enter the 25 data
points (4,shdavpinthe 4. 7)
box to the far left and define bins

at 0, 1, 2,¢é9, 10,

Use the Histogram function to
create the histogram shown to the
immediate left of this Test box.
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