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Preface

| 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 unusual layered approach is the expresalorost@years of

teachindl started in 1963)nstead 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 dialready started to learn to fill in additional details once they have built a
framework for easier comprehension of subtleties.

Background

Stulents and teachersaybeinteresed in knowinghowa profesr of information systems amdormaion
assirancealo cameo bea fanati@boutappliedstatisics.If not, just skip to the next section!

In 1969whenl wasastudent in the Depattmentof Biologcal Scercesat McGill Universityin Montred,

Canadd)r HughTyson taughtan introduction to biogatisticsusingthefirst ediion of RobertR. Sokakbnd
F.Jame&oHfd Biomettgxt. Thecoursehrilledme.| usetheverb delibeatelyit struckadegp chord of

delightha combinedmyloveof biology with my life-long enthusiam for mathematics.| had completedigh

school math by the age of rdnd taught seniors in my high school matriculation math by the age of 13; they used to call me
0Slide Rul ed6 bec aMymastrd thesiavasastatisital amalysisf extensivegatabokedted .

by myreseash direc¢or, Dr DgphneTrasle, arenovned terablogistin the Human Genetics Sector at McGill
Universityabout the devdlopmentalvariability of inbredmousestrainsaandof ther hybrids.

At Dartmouh Collegel was admitted to the doctoral program because | helped damvwid invertebrate
zoologist apply appropriate analytical methods to frequency data, resulting in accurate estimates of the
probability of the null hypotheses. Because of my knowledgistiéstatas granted full fouryear waiver

of tuition andvas paid generoutilyough the program as a Teaching Assistant and then Research Assistant,
finally beinggivenpermisson to teach aninformalgradaie semnaron appliedstatisticso myfellow graduate
studentsl servedasastatistical consiltantto seveal professorsor their expemmentaldesigrend data

andysis My PhD oral field exam was in applied statistics and invertebrate&fitetogy. thesisvas accepted
August 1978 washired by theCanadin Internatiord Developnent Agency in October 19760 teachthree
levels ofppliedstaigticsin the Faculty of Social and Economic Scences atthe NationalUniversityof

Rwanda(in French, my native languag@jas delighted to lasked by the Faculty of Agronomy also to
teach a course on field experiment desidrby the Faculty of Science to teach FORTRAN programming
On my return from Africa 19781 then taught biogatisticsand some biology couraeghe Universityof

Moncton (also in Frenchpr a year.

Althoughl beganprogrammingn 196 as a kigmyfirst formd job in the computeiscencefieldwasasa
programminggtdistician: | washiredin 1979thanks to a recommendation from a friend | had known in
graduate schodt) defineand parsthestatisticalsyntaxfor INPROSY Sthe compierfor a new fourth
generation language and relatidatdbase systead to writecodegeneratorfor that syntax

All through my caeer sincethen, | haveservedasa stéistical consultanto colleaguesindespeciallyfor my
wife,Dr DeborahN. Black, MDCM, FRCP(C), FANPA,who has graciousy namedneascoauthor for many
of herpapersAt theNationalCompugr SecurityAsocidion, where |l servedasDirectorof Education
between 1991 and 19B@asasoregponsblefor ensiringthe survey design asidisticalrigar of several of
our annualvirus-prevalepe suweys.

At Norwich Universiy, | wasdelightedo subgitute-teech the QM370QuatitativeMethoderMarkéing&
Finaneecoursein Spring2002for a professor on sabbatiaad then to beoffered the chanceo teach QM213
BusineasdEanomic Sisicd in Spring2010. With the suypport of the Directors of the School of Businesand
Managment,| hope tocontinueteating QM213 until | retireon June 30202!

Students: knowing statistics in addition to your main focus of study well REALLY HELPS YOU in your
career! Take this course seriously!
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Why a @aU A O Anfréduction?
In my experience of teaching staistics,| havefound thattextlooksareoftendesigneasif they were
referencéooks. Theydiveinto depthon everytopic in turn, bewildemg,exhausting,and dispirithg students,

who get lostin detal withoutgraspingwhythe maerial shouldmatterto them in their academic or
professional work

Teadingstyleshouldavoidoverbadandshouldmotivatenterest, giving studentstheopportunity to forma
network of firm assoitionsamongconcepts and newvocabulay beforeplungnginto sahisticatedidail.

Nothingexceptongrvatsm andtraditiond or, in thewordsof Monty Pythond Archite&ki, oblinkered,
Philistinepig-ignora n € stqds us from introducing imerestngand valuableoncepts and tedniquesand
then returning for desper analysisandknowledgence stulents havebegunbuilding their own conceptuakbnd
experientidiramework.

In additionforward referémeebjects that will be explored later in the course are valuable to students as a basis for

forming increasingly complex neural networks that facilitate absorption of details later in their studies. Fongxample, getti
students used to the names aplitafions of analysis of variance, regressigparametric statistics, and other topics

helps them when they plunge into the details, computations and interpretations of these methods. Instead of having to
assimilate everything at oitiee existenagf the method, its name, its application, its compugattibits interpretation

6t he students have an Aha! experience as they reach
before.

Thistext, when it is completed willovide severblayersor sweep.
1 Layer I: Getting StartédOne-semester Introductory Coursthis version of theéext
Introduces practigadasy concepts and techniques using Excel for

0 Summarizing numerical informatiorerstandably and professionaltables and
graphs
o Distinguishing between samples and populations

o0 Estimating population parameters based on sample statbtiqgropriate statistical
probability distributions

o Framing null and alternative hypotheses for statistical testing
0 Calculating andsing probability of the null hypothesis as a basis for statistical decisions
o Evaluating the strength of possible relationships among variables using

A Goodnes®ffit testsand tests of independence usingghare

A Simple analysis of vagar(ANOVA)

A Correlation

A Linear egression

I plan to expand the book over the next severaltgesargport the next course in Quantitative Methods,
QM370. Future componentsnder consideration fine upperyeartextbook include

1 Layer II: Refining Your 3ikid Part 1 of Secondevel Course
Goes back to the beginnisgsndse studies from the publishebdifestistents take more control over
0 Measuring and countirgdpta acquisition using metrics and surveys
0 Showing and summarizimgore comigex graphics

0 Assumptions of parametric statistiasedomness, independence, homoscedasticity,
normality, additivity (no interaction)

o Data transformationtog, square root, arcsine

2< http://www.youtube.com/watch?v=e2PyeXRwhCE >
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0 Non-parametric methods
o Inferencedistinguishing betweessaciatio® causalityn published reports
1 Layer lll: Additional EleganéePart 2 of Secordevel Course
More sophisticated methods and more adsemradvapies] tools such as MiniTab or SPSS
o Populationssamplesconfounded variablead a posteriori tésg

0 Specialized probability distributions including binomial, hypergeometric, ancdaRadisson
their applications in statistical methods

Loglikelihood (G) ratio fondependenda multidimensional contingency tables
Nested ANOVA
Two-factor ANOVA andntroduction to interaction terms
Multi-wayANOVA and analyzinigteractions
Multi-way Gtests for nested and multidimensional contingency tables
Multiple linear regression
Curvilinear regression
o Factor analysis
1 Layer IV: Introduction to ¥perimentahnd Sirveydesigrd Part 3 of Secordevel Course
0 Introduction to exploratory data analysis

A Moving averages for time series

A Partial correlation coefficients in examinations and surveys

A Multiple comparisons in ANOVA

A Simple metanalysis using publishedgluesand the lodikelihood function
Exploratory data analysisluding Monte Carlo simulation
Estimating appropriate sample sizes
Control groupsind doublélind studies
Qualitative Data

A Surveys

A Focus Groups

A ComputetAi ded ConsensuseE

A Interviews
0 Analyticamehodsfor qualitative data
A ComputetAi ded Thematic AnalysisE

O O O O o o o

O O O o

Studentsin NorwichUnivesityd @M213Busines& Economic Staisticsareusingonly part 1. Any student
preferring to use a paper copy instead of or in addition to the electronic weedgamis to ask for one
and [0l p r i n thankstto tte kindness ofttlee $Jniversitg admihistration

Organization of the Text

Early versions of the text used complex multilevel labels such as 1.2¢84d #gidents complained with
justification that it was hard to keep track of so many levels and that the relationship between the text and the
course assignments was often unclear. In response, | have reorganized tmedeseictions

corresponding to the weeks available irethester at Norwich Universit4 weeks in all (the last,

truncated week is used for review and exam preparithey. than try to show logicelationships by

nesting labelshave simply nubered all the sections within a logical block of ugnly the secontevel

|l abels (21.1., 1.2., 1.3¢é.)
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Instant Tests

Followingup on asuggetion from QM213stulent DgjanDejan who tookthecoursein Fall2010, [have
insertedoxeswith afewreviewguestios throughout the early part dietex. Most of the questions are

conceptual; some suggest littlewedd research tasks for posting ilNthimodleclassroom discussions; som

have computational exerci3égere are no answers posted in the book, requiring students to compare notes with
each othed a Good Thinglf studertsare stumpethey should reviewthetext, discusshe questnswith
fellow-stwents,andasktheprofessorfor help.And studeris shouldnotetha suggestnsfor improvement
arealwaysvelome!

The Impor tance of Homework

Readngalout methodsis too abgractto grip studentsenmotionaly or to solidifytheengramgmenory traces)
that underlieleaning. Pragica aplicaion of thesetechniquesusnginterestng casesstinulatesthe
imaginabn and buildsneurapatternghatmakeit eagerto learnnewstatistical conceptsandtediniques.

Combiningpracticewith repeated exposureto conceptsthrough alayere@pproach to teachinghelps stdents
convertshort-termmemoryinto long-term knowledgeln my staisticscousesovermorethan 30 yearsf
expeience] have dwaysasgined halfor more otthefind gradeo homework.

Remember: reading about statigtigst surely be the mgetssionately interestiaugd absorbingctivity in
your life right now but the only way to be good at statigt@sd to pass this coudes todo the homework.

A pradical problem arose with 70students in astaigtics courseand eachone doing haf-a-dozen problems
per week, how can ongrofessogradethe homework?

1 Tryingto gradedl theresultanyselfprovedimpossibed it took longerthanaweekto gradeasingle
weekd work.

1 Inthe nexstaisticsclass, triedhaving the studerggadk ther ownhomeworkin dassd and ended
up spanding onedayout of threejust doingthegradng!

91 Inthe next course sessions, | tried having the students do the homework and then answer questions
about the specific values in particular aspects of their work. However, another problem developed in
the Fall 2011 and Spring 2012 sessions of QM213, sutauiinbed to an excess of sympathy for
the piteous pleas of the students and allowed them to try randomized quizzes and homework
assignments up to three times, taking the best of the results for each student. Unfortunately, some
students were gaming thstsgn by recording the correct answers supplied Ktduzlesystem
and using the lists of correct inputs to improve their scores without actually studying or doing
homework at all. Students can thank those who chose to cheat instead of to studgldotitime r
of homework and dmassignments to a single try.

1 Inadditionthanks to a studeirt one claswho claimed to have completed all the homework
despite evidence from tN&oodlelog files that he never even logged intdNtheodlegroup
between midrebruary and early Magm requiring that selection diomework fiés be uploaded
upon completion to provide an augmeiatadit trail.

Finally, several students and | quickly realized that in this course, falling behind can have disastrous
consequensewhat should be an easy extension of concepts and techniques mastered earlier becomes a
morass of increasingly incomprehensible gibberish.

Thesoluion statingin QM213for the Fal of 2012is to assigrhereadings anidbomeworkatthe startof

eech wesk usngthe NUoodleonline leaning system to testeach stdent on the materiddy the enaf every
week Tests anddmework assignmetatee due no later than the endhe&fSundayf the weekvhere they are
assignedn 2013, | began providing pestswith a few simple questidode takeibefore Monday morning as an
additional encouragement for students to at least scan their assigned readings before coming to class.

To help students who are having trouble grasping the concepts or mastering the techniques, | am providing
compensatorfreplacement) homework asmdms that allow students to improve their scores by replacing
the earlier bad scores by the later bettdidps) score® demonstrate improvemernisiese replacement
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homework assignments and replacement quizzes are opened a few weeks after the initial assignments so
students having a hard time can ask for help.

As always in my courses, | support the workeoAtiademic Achievement Center (AAC) at our University

and provide o0adé versions of all/l gui zzes-and gradi
disabled student actuallycasieh hi s cl ass. | dondt cawaettowhet her vy
support your learning, no matter what!

Finally, throughout this book and the corresponding course, | introduce topics onlyHagcansde a

difference in practical applications of statisticsAs | always say, REALITY TRUMPS THEORMere
isnocontent presented Obecause itds good for youd o
I &m going to force you to | earn itadaytYowwilleaoteghat t houg
| do notask you to memorize algebrarofalas; when formulas are presented they are for explanatory
purposesThis is not a math course, and you will never be asked to memorize derivations of formulas. And

you absolutely will not look up statistical critical values in outdateditabstsl the statistical functions

needed for a basic level of applied statistics are available in statistical packBy&Ear2Dioi7, 201,0

2013and 2016n particularMac users must install their own version of the statistical analysis pack or simply

use he Windows version &XCEL available on any University computer.

Color vs Black-and-White

Thistexbookis designedor peoplewho canseecdor, but should alsobe accessibléo color-blind readersto

whom the colors will appear as different shades of eafyl-color versionis avdebleasaPDF onthe
courséWebsite. Whenthetextlook pasesbeyond the vO.xstagend is readyor afirstformalprinting, it will
beavailable awok printedin color. Later editionsvill be supplied with sound recordings of the text to
help visually impaired students and for general application in review (e.g., listening to chapters while
travellingd or as a perfect way of being put to sleep).

Etymologies
Throughout the text, you will occasionally encounter footnotes that explain the origins (etymology) of
technical terms. You are not expected to memori ze

encourage students to learn and remember Greek and a&githad are often used in technical
terminology. With experience, you may be able to at least guessasning of phraskes ktggiard
obscur iSiyséy pahnedano futility. 6

Question Authority

I f you dondt unde risdlteyearssid haeetbéen teaghing &ikc& 1963, when |

tutored seniors in my high school who were failing their matriculation examinationsgviariticzed,

sneered at, embarrassed or humiliated a student for wanting to understand gomething!h er eds an
excellent chance that someone else in class has ex
the time you can save for yourself and others simply by being unembarrassed and frank.

If you doubt my assertion, please speak with studentawhoompleted other courses with me; | am
confident that they will confirm that | am not a ****ing *%*#%$ who abuses students!

I n cl ass, I often ask the class for snap judgemen
if you are rightowrongdl 6 m j ust trying to keep your brains act
youdre | earning without pain.

Do n évéhesitate to ask a question in class, afterbsiagsiting me in my officby Skyper by phonel
work foryowand geenormous pleasure from helping pegptetf a professor (me too) ever says
something you dondt understand, be sure to clarif

In addition, sidents will quickly discover that | resppasitively to constructive suggestionsmproving

the textbook, the exercises, the structure of the teaching system, homework, exams aridkergraples
record of corrections and suggestions for improvemgrg CONTINUOUS PROCESS

IMPROVEMENT discgsion group in NUoodknd grant extraoints for such contributiorisinding and

fixing errors are not embarrassing: | wholeheartedly support continuous process improvement and regard
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huffy resistance tmrrections or positive suggestionsrgirovemenas an indication ofiental rigidity,
outrightstupidity or neurotic insecurity

Exceptionally good contributions may even get you mentioned in the acknowledgeywentsin see for
yourself

t u
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1 Introduction
1.1 About Applied Statistics

Our worldand our livesarefilled with counting and measuringAppliedstaisticshelpusdecidenow bestto
count andmeasurehow to representiumericainformaion 8 epeciallyinformaion about groupsd
effectivelyandwithout misleadingurselvesandothers,andhow to exploreourideasaboutreaionships
amongdactorsthataffect quanitativedaa Stdistcsallow usto summarizelargedaiasetsn waysthat let us
makesenseof what would otherwisebe a morassf detail.Theylet ustestour ideasto sedf possble
explanationare rootedin realityor whetertheyareimpresson crestedby thewindsof chance.Stdisticsis
oftendescibedastheart of decisiomderunceritaty

Herearesame of the manywayghatstatisticsplayarolein our studies,ourwork,and our dailylives.

1 Business

0 A managemaintainingnventory needsto knowhowmanyprodudsarebeingsdd at
which timeof yearso shecanplace ordersbefore sherunsout of materals.

0 Whatds the range of estimated ocomectes next vy

0o Whatds the reliability or predictability o
similar or are there differences in reliability that go beyond just random fluctuations?

0 Supervisorshaveto monitor thequaity of their productioniines and servicdevelgo spot
problemares, ineffidentprocessesnd people whoneedto improvetheir knowledge,
skils,andperformance.

0 Salesnanagersneedo knowwhichcustomers
A Buythemost?
And which complain the most?
Areincreamgther purchaelevelghefastes$?
Whichsalgpersorhasredud productvity themostin thelastquarter?

Is thereduction in sales by this salesperson ddesie aloneor could therebe
samethingelsegangon?
o0 Markgingmanageraskaboutthe millionsof dollars spenton sevealadvertigg
campaigns;areany of them obviouslybetterthanthe otheis?
A Obviouslyworse?
A Arethedifferencesjusttemporaryfluctuationsor are theysamethingwestould
tekeserfously?
0 A healh-clubmanager asksf apaticularmembed a@senceisjustpartof hernormal

routineor whether theghouldphoneher to sedf shewould liketo suspend her
membersip paymentstemporarilyaspart of the customerservee efforts?

> > D

1 Finance
0 Whichof severalbrokeragshasareiablerecord of higher-thanavergereturn on
invesiment?
0 Isthesharepricefor thisfirm risingpredictablgnough for aday-traderto investin it?
0 Whathasourreturn oninvestmentbeenfor theseawo brandsof computr equipment over
o thelastfour years?
0 Shouldvepay thenewpremumbengproposedy our insuranceompanyfor ligbility

insurance?

0 Whatis thepremiumthatour actuaiesare cacuatingfor afire-insurance policyon this
type ofbuilding?
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0 Shouldveinvestin bondsor in stock thisyea? What are the average rates of return? How
predictable are these numbers?

0 Whichcountry hasthegreaestchaaceof maximzingour profit on investmenbverthe
next decadeWhichindusty?Whichcompany?

T Management

0 Oneof ourdivison managrs claimghathis bdow-averageprofit figuresarejust theluck
of the draw; how often wouldhe gesuch a bigdropin profit by chancedoneif we look
at our historical recorels

0 Anothermanage claimsthather above-averaggrodudivity is asaciatedwith the weekly
walkabouthatis partof hermanagemesiy-walkingaroundphilosophycanwe testthat
ideato seeif thereis any rational basisfor believng her andyss?

0 The Chief Financial Officeris gdting suspciousof thesetransactonsin our audit trail; can
wecheckio sedf thedigitsconform to random expedation for theirfrequenciesor
whether hey arefabricatedand have non-sandard frequencies?

0 The Human Resources Department wants to create a questionnaire that will help them
determine where fuut their emphasis and resources in internal training next year. How
should we design the questionnaire to ensure the most neutral and least ambiguous
formulation of the questions? How can we tell if people are answering seriously or if they
are just fillig in answers at random?

1 Information technology
o0 Which of these motherboards has the lowest rate of failure according to industry studies?
o0 How long should we expect these LCD monitors to last before failure?

0 How is our disk free space doiMgifen do we expeto have to buy new disk drives?
With what degree of confidence are you predicting these dates?

o0 Which department is increasing their-sliglce usage unusually fisstf?at part of the
normal variations or is something new going on?

o0 Which of our departent has been increasing their use of printer paper the most over the
last quarterl® their rate of increase just part of the normal growth rate for the whole
organization or is there anything unusual that we should investigate?

0 We have been testing thdifferent antispam products over the last six months; is any
oneof them obviously better than the others?

0 Which of our programming teams has the lowest rate of coding errors per thousand lines
of production codel® the difference between their error aaie those of the other team
significanenough to warrant a lecture from them, or is it just one of those random
things?

o Which programmerds code has caused the hig
year?s that bad luck or bad programming?

o Can youdentify the callers responsible for 80% of our helpdeskscHis2 anything in
common among them that would help us identify areiaspi@mvement through
increased training?

0 Thisstuden t térmapaper doesn t&eento havebeen written by him based on his
previously submitted incoherent acanwe comparethe frequedesof specifiavordsin
hispreviousworkto the frequéenciesin this submissiorto seef aninvestigationfor
plagiarisnis waranted?

o Can we distinguish betweencharacteristics of normal software and those of malware
based on what they do, how often, and how fast?

1 Engineering Production Management
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0 Are these products in compliance with the regulatory requirements for our industry? How
can we distinguish systepricblems from chance variations?

o Which of these four suppliersd material s

0 Which of these five design choices is associated with the lowest failure rate for the bridges
we are building?

0 How do the following 12ptions in chemical composition of a bonding material rate in
terms of tensile strength? Are any of them outstandingly good or outstandingly bad?

0 Our chemical production lines are showing different results in the closeness of the
products to the statedncentrations on our labels; are any of these results indicating a
significant problem or are they all just random fluctuations of no significance?

0 We need to rate the rate of wear on our products according to five different factors; are
any of these faats affecting each other or are they all working independently?

0 We want to create a scoring system that will give us a clear indication of whether this
product is going to be acceptable to regulatory authorities or not. How do we create such a
metric thawill be trustworthy?

1 Lifein general

o0 Thispoliticianclaimghatour taxeshavebeen risingoverthelastcoupleof years;is that
true?

0 Isusingthisbrandof tooth pasteassociated wittecrease charcesof getthgtooth decay
compared withhatbrand?

o0 Isittruethatfocusngoned mindon animaginarpluespherdor 10 minutesiday is
associated witlaisingoned 1€ to 180within acoupleof weels?

0 Doeswearingalargerubberband aroundoned abdmen redly seem to be associated with
weightlossof 30to 80 mundsin amonth?

0 Ista&kingvitaminsA, B,C,D, E, andK ewry dayassociated with reductionghiarisk of
blindness, acer,caaracts joint degenggtion, liver diseaseand lazines®

o Doesligeningto two different saundsatthesanetimereallyrelate to changes in
branwaveshatmake ugeelcdmerand besmarte?

0 Thesepeopleargudhatillegalimmigartsareassociated with lowt#ranaveragerime

rates d isthata real phenomenon or just the luck of the lraw
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1.2 Computations in Applied Statistics

Thefirst question beforeturningto the specific sdtwarepackage is why students shouldbeusngcompuer
programsfor theirfirst coursein stisticsinsteacf workingthroughthe problemsusingequationsand
cdcuktors.Frommy perspectiveassomeonewho actuallyid tha in the 1960s, we mightaswellaskwhythe
students shouldnd lie movinglittle stores around(catuli) to do their calcudtionsand thenchisdingtheir
resultoon sonetablets.| find no pedayogicbeneit whatseverin forcingstudentsto waste their timein
manual caculaton when thereis aweakh of ex@lentstatistical padages availdle and in usein therealworld.
| enphasizeto studemsin myinitialledurethatl ammuchlessnterestedn any one satisticalpackagéhan |
amin theskills| wantthemto devéop in howo leartousanystaisticghbakagetudens shouldlean to use
hep facilitiesand documentation includedwith their programpnlinetutorids and discusion graupsabout
the software and trid-and-errorexpennentation astheymaster anynew program.

1.3 Why EXCELas Opposed to Other Statistical Packages?

1 Avaibbility:theprogramis almostnivesallyavalicblein universiesandbusnessin addition, MS
Office softwareis avaitbleatdeepdiscantsfor studentsto ingtdl on theirowncomputes.

1 Simplicityand familiaity: many (notal) sudensalready haveatleast pssingknowledge of
EXCEL and a worst, arefamiliarwith the styleof its userinterfacel n contrastmany satisticd
packages haveuserinterfaesthatareradicallydifferentin conception and detailfrom the office
softwarewith whichstuderts arealreadyfamiliar.

T I'tds easier to |l earn a new statistical packag

1.4 Learning EXCEL

Throudhout thistext, EXCEL fundionsareusedandsomeimesillustrated for the atisticalmehodsunder
discusion. Theonlywayto learrhowto usethistool is tous¢heml

Somekey resourcesfor learners:
1 Thewidespeaduseof EXCEL hasledto a welth of freetutorialsonline4

T Conr ad Gtisticdl Analysis: MicrosdfR@k@erovides a superb reference guide in paper
and electronic versions for modest pfidesample chapter is available ofline.

1 Stuwentshaveacesgo ther owncomputersandinexpensivestudentlicense$or EXCEL.”
All thecomputer lab computers provideacces$o EXCEL.

1 Helpisavaitblewithinthe programby clickingon theHelp I@,symbolorbypressingunction
key 1 (F1) onthekeyboard.

1 Using theFile | Help menu Figurel-1) bringsyou to amenu of documentation aodlinedemos
andtutorialsthatdemongratethe fundanentalsof usingthe graphical userinterface.

E)

Figure 1-1 File | Help menu in Excel 2010.

4 Typeexcel tutoriafo the search field of GOOGLE for a wealth of options. To the degree possible, use the tutorials available from educational
institutions (.edu) to avoid gettinggied up in commercial sites that could spam you later. Inexpersorgaakd training courses on-8DM

for more advanced functions include the O0Excel Advd frotned | nteractive
< http://ww w.deluxetraining.com/EXCEL -Tutorial.html >. [Note: the author has no relationship whatever with these providers.]

5 (Carlberg 2011)

6 See <http://www.quepublishing.com/articles/article.aspx?p=1717265&segNum=3

7Norwich University has registered with journeyEd.com for low student prices: go to

< http://www.journeyed.com/students
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T The blue Help symbol brings up a complete refe

[x] Bookl - Microsoft Excel = [ ) [
“ Home  Insert  Page layout  Formulas  Data  Review  View  Developer (7]
[ save 5
upport .

Save As 3 * Microsoft

Microsoft Office Help =10 Ice
5 Open 9 Get help using Microsoft Office. -
£ Close
” Getting Started Product Activated
o gy  seewhats new and find resources to help Microsoft Office Professional 2010

you leam the basics quickly. This product contains Microsoft Access, Microsoft Excel, Microsoft OneNote,
Recent Microsoft Outlook, Microsoft PowerPoint, Microsoft Publisher, Microsoft Word.

. ContactUs
. E%& Let us know if you need help or how we
. can make Office better. About Microsoft Excel
Print Tools for Working With Office Version: 14.04760.1000 (64-bit)
Additional Version end Copyright Informatien
Save & Send Optiens Part of Microsoft Office Professienal 2010
I j Customize language, display, and other @ 2010 Microsoft Corporation. All rights reserved.
program settings. Microsoft Customer Services and Support

Check for Updates Product ID:02250-833- 309233130644
1 Options Lgﬂ Get the ltest updates available for Microsoft Software License Terms
i ot Microsoft Office.

started wi links bsevera usefybtatariald. s 6

In the QM213 cours&XCEL is integrated into all the homewaork assignments:

All the homework assignments are provid&KDEL workbooks corresponding to the chapters.
EachEXCEL workbook has several worksheets witkrdifft problems or types of problems.

Instructions for usingXCEL in solving statistical problems are included in this textbook; some are
presented in class as demonstrations or, once students gain more experience, are available on demand
from the instruar.

In the QM213 cours&XCEL is integrated into all the homework assignments:

1
)l
)l

All thehomeworkassigments areprovidedin EXCEL workbooksarregpondingto thechaters.
EachEXCEL workbook has seved worksheetswith different problemsor typesof problems.

Instructionsfor usingEXCEL in solvingstatistical problemsareincluded in this textbook; some are
presenteih class@sdemonstratinsor, once students gain more experience, are available on demand
from the instructor.
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1 An extraordinary collection of instructional videos ab%GEL running under Windows
available free online at#tp://www.youtube.com/ExcellsFur as shown in the screenshot in
Figurel-2. These \deos are like having a personal tutor for every aspe6CBL under Windows.

Figure 1-2. Excel Is Fun YouTube Channel <http://www.youtube.com/ExcellsFun _ >.

r ==
- . [ES
G ‘n http://www.youtube.com/ExcellsFun PL~raeXx | D excelisfun -- 1800 Excel Ho... I {0} g ged

File Edit View Favorites Tools Help

Yﬂu Tuhe Q  Browse Movies  Upload !_ Sign In

excelisfun —- 1800 Excel How To Videos

Featured Feed Videos Search Channel

SEUAR "o About excelisfun -- 1800 Excel How To

Videos

(©) Download Excel workbooks & pdfs

& Slaying Excel Dragons book

& DVD of 53 Videos

by ExcellsFun II

Latest Activity Aug 6, 2012

Date Joined Feb 15 2008

excelisfun: How To Search For Excel Videos, Find Playlists and Download Workbooks 2012
YouTube

The subseries of particular interest for students in QM213 are
Excel Basics Series 2007 (1 to 23) & 204DJ20
Highline Excel Class Béddv (Complete Clagsh9 videos)

1 Excel 2010 Statistics Formulas Functions Charts PivotBdblédeos).

Many associated spreadsheets for these lectures are avdikddedorioad
< https://people.highline.edu/mgirvExcellsFun.htn.

For students who use Macintosh computéitspsoft.com haseveral hundrddstructional materials
online;useExcel for Maas the search string or go directly katg://tinyurl.com/9dvy2ur>.8

9 Students are encouraged to contribute additional or dp¥Cifit trainingresourcegarticles,
books, videa)sing theNUoodleclassroom discussions.

1.5 Long-Term Goals: A Personal Perspective

| despiseotememorywork. | tell studentsnot to memorize; it doesnd do themary good in thelongrun.
Crammingneaninglessldail into oned larainsimply catsesmostof the materiato oozeout the cracks (what

= =4 =

8 TinyURL.com converted a t6fFaracter URL into a link with 7 characters after the stéutighatitinyurl.constrong.
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adistastetll image)Muchmoreimportantthanmerely passinga quizthiswesk andforgettingits ontents
nextwek are thefollowingfundamentasbilities whichcan lastalifetime:

1 Longemlearningtntegraingnewknowledgento asolid nework of associathswith practical
examplesasly-accessearinciplesfor applicationand expeiencewith manyexerciseshat convert
new informatoninto permarent knowlelge.

9 Criticathinking Studentsshould be able to look a poorly conceredstatistical reportswith a jaundiced
eye;theyshouldbe able to askseriougjuesinsaboutthemethoddogyusedn gatheing dataand
themethodf andyzingand representingthem.

1 Abilitytolearnatwil: Thisintroductionto statisttalthinkingshouldhelpstuderislearnany stagtical
methodgheyneed in the future.

1 Appiciongocurentandfuturestuds Studets shauld bewellpreparedfor more advaced oursesn
apliedstdisticsand for coursegusingstdisticsin their aeasofstidy.l 6 ve al ready recei v
reports from students and from my fellow statistics professors that students who do well in QM213
are doing well in the more advanced statistics course and in finance and marketing courses as well.

1 Interaionintocoréhinkingin lifeandworkTherationa gpproach to thinkingaboutquantieative data
shouldhelpstudentsresispropagadaandflimflam.

Findly, | wantstudents who investthetime and effort to masér the skills presented in thistextto enjoytheir
classem appliedgaistics.Seeingtucens smilingduringandafter a stéisticslectureis a wondéul
experienceor ateacherconsidering the scowls usually associated with any statistics course.
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1.6 Using NUoodle

QM213 uses the electronic teaching platftidmodle the Norwich University implementation of Noodle.
The URL for this site is kttp://nuoodle.norwich.ede. Tutoriakon usingNUoodleareavailable online
once you have logged on to the system.

TheNUoodleclassroom for Qi 3includes

Links to resources such as course description, syllabus, and this textbook
Sections corresponding to the weekly assignments

All homework assignments as XLSX files

Discussion groups

All quizzes and examinations.

=A =4 =4 =4 =

INSTANT TEST Page 1-8

(1) Explore several of the Excel resources listed above and report on what you find by
posting comments about which ones you liked (and why) and which ones you disliked (and
why).

(2) Explain to yourself or to a buddy  why you should integrate the subject matter of
your course instead of simply focusing on maximizing your grade (even if you forget
everything soon after the course ends).

(3) Talk to students who have completed QM213 and ask them about their impressions
of the course.
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1.7 SGBR

I recommendto studentsthatthey usethe SQ3Rmehodologythroughout their workto increas¢he
effectivenessf ther studies. Theacronym standsfor 0Survey,Quesion, Read,ReciteReview6 and describes
asystenatic appoach to making full useof theirtimewhenreadnganytechnicd material. There aremany
degriptions of this methodon the Web; theycan find hundredsby eneringd S Q 3irfo@ny searclengire;
mostuniversitylearring centersill alsobeableto provideresouresto learnabout and apply SQ3RA brief
summaryof the method followsand is written asingructionsto the student:

1. Survey

Qrveythe documentsan the contentsintroductionchaptr introductionsand chaptesummaries
to pickup ageneralimpression of thetext. Leafthrough theentire text quickly(thismaytakeyou an
hour) and let your eyeglarceover each page. Allow yourselto look at picturesor diagransandto
readanyfigure captonsor highlightedwords L etyourselfbecane curious. Makenotes on any
guestonsthatoocur to you (seebelowin the Questiorsetion). Thisis not readingin any detailyou
arejuststatingto build aframewak of assoigtionsthatwill hdp you assinméethe informaion you
will study.

2. Question

Throudhoutyoursurveyand asyoureadthe materialyrite down questionghatcometo mind. Not
only areyoumaintaning an activestance in your studiesasyoudo this,but youarebuildinga
stockpileof testquestimsthat will help you checkyourowncomprehasionlater.

3. Read

Thetrick hereis toreadoneparaggph atatime.Thepaagraplis thelogia unit of thought(if the
writer has any sense)jou can best magter theinformation by realingoneparayaphand then
immedaely movingto the Recite phase?®

4. Raite

No, thisis not memaorizationYoulook up from the paagraphyou havejustreadand askyourséf,

0 Whiatel r eJastsimdnaizethemainpoint(s)in your ownwords.The Read-Reciecycle
turnspassiveemgnition of knowkdge( ©h yeah| real that)) into activeknowledge( 0 Tiswhas
it mearsd )You ned activeknowledgéo be successfuh anycourse.

5. Review

Consolidatgour newknowledgeRevewthe man pointsyoud ieamedafter everystudy session.
Checkyourown or theteacherd r@viewquestdnsto test and solidifyyour knowledge.Go backto
your study materialsnd fill in the holesif necessaryThenlater,attheend of the day and theend of
the week repeatyour reviewto helpsoldify your memory and to continuethe processof makingthe
knowlelgeyour own10

INSTANT TESTP 1 -9

Close this page and explain to yourself or a buddy every step of the SQ3R method and
why it is helpful.

9 (Adler and Van Doren 1972)

10For additional guides to techniques that may help students,hitgit/Avww.mekabay.com/methodology/index.htrand download
0 CompAiitceed ConsensusE6, OFrequently Corrected Errorsé, oOr Writingé,
soure f or the materi al-WaRbv20070Ti @Fr & koirtdg i2@PBMFe sa nidn oS ider st andi ng
Studies and Statistics. o
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1.8 Counting and Measuring

Evidence from biological research suggests thapileasesand dogs can count; evidence from

anthropology and archeology suggests that human beings have been counting for agtesast hundr

thousands of years. Early counting probably involved using markers such as stones (the Latin for little stone
is calculueenceour verbcalculdte keep track of how many objects or groups of objects had been noted.
Childrenin numerate culturésarn to count properly between the ages of three and five years. Although
some cultures reportedly Iimit the complexity of
society has extended its range of counting into unimaginable reachekesgoogs (109 and the
googolpleX1®eeg)il (but not the Googleplekwhich is something else altogether). To put these numbers

in perspective, there are rough® ditbatomic particles in the entire known sgp@eecontinuum

(excluding any parallel universes or the amount of money being earned by Google).

Measuremeomsists ofountirtge number ofinitor parts of unitisplayed by objects and phenomena. The
development of science has been reflected to a large extent in the availabilityvaieniegearray of

units of measurement; for example, we can measure the usual attributes such as size, mass, and force but alsc

hidden aspects of reality such as aywfd charm/strange and top/bottom aspects of quarks. Sometimes we
invent measures that turn out to be dangerous: thedes@vafiviesthe reakstate stock market is usually
thought to have been at the root of the financial collapse of the laté 2000s.

Some scales are attempts to quantify reality by assigning numerical values to subtle aspects of the world; the
classic example of quantifying the hard to quantify is the Likert Scale, invented by Rensis-1&&1),(1903

a psychologist who assigned exical values to assertions about human attitudes. All of us are now familiar

with questions that have answers in the form

18 strongly agree;
29 agree,

30 neutral;

4 ¢ disagree;

5 d stronglydisagree.

The statistical methods usedldain,summaize and angte such data are widely usethwever, simply
adding up scores in the expectation that the totals will be meaningful is an error that has demolished many

student (and even professional ) r e dédahers,bndpikedj ect s

scale resultsannot usefully be added up and averaged.

Categorizifwassifying) aspects of our world consists of labeling what we encounter with descriptions that
define classes; for example, we can classify students by

1 Their expeted ar of graduation (class of 201&8ss o2 0 1 Poéby

1 The majors in which they are enrolled (computer security & information assonaircetion
management, busin@sanagement ),®r by

1 The level of their degree (undergraduate, gradubte)

9 Their enrolment status (Corps of Cadétdians).

The details of how we think about and use information are fundamentally important in statistics. The
concepts discussed in the next sections affect how we choose to record, represent thed esallgzef
our investigations.

11 (Wolfram Mathworld 2012)

2Googl eds corporate HQ at 600 Amphitheatre Parkway. Mount ain View,
13(Washington's Blog 2008)

14 (Trochim 2006)
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1.9 Variables

The results of counting, measuring and classifying aizatiathe plural of the Latin wodhtummeaning

an item of information, are the raw material of statistical aAadlgsisighout this course, yaill have to

recognize and distinguish between two types of data, corresponding to what you count and what you

measurecategorioalqualitatidata versuguantitatiziata.
1 Examples of qualitative data
o Color (e.g., red, orange, yellow, etc.)
Tone (g3., middleC, bflat below middkE)
Timbre (e.g., obesound, flutesound, drursound)
Shape (e.g., round, square, tetrahedral, etc.)
Preference for a particular movie (e.g., like, neutral, dislike, etc.)
Type (e.g., wool, cotton, plastic; or complaiptaise, addiction vs habit; etc.)
o Origin (e.g., endogenous vs exogenous; local vs foreign)
1 Examples of quantitative data

O O O O ©°

o Primary wavelength of |ight reflected

frequency of light reflected by anohbjeet. g. , 640 THz for a
Waveform of a trumpet sound expressed as Fourier transforms of a sonogram
Length of sides of a triangle

Number of people expressing a particular preference for a movie

Numerical representation (e.g., a Likert scadgefing (e.g., 0 = no pain, 1 = barely

O O O O

noticeable pain, 2 = slightly annoying

INSTANT TEST Page 1-11

Which of the following is  a qualitative variable and which is a quantitative variable?
(1) Saying that a chocolate @tastes godior otastes bad.

(2) Weighing a chocolate bar in grams.

(3) Evaluating the grams of fat per gram of chocolate bar.

(4) Counting the number of students who sayatlchbcolate bar tastes good and the number of
students who say that a chocolate bar tastes bad.

B®)Describing a fellow student as oattractd.i

@6)Cl assi fying a professor as o0soerbiood ntgo Ist
as oOinteresting enough to stop me from t

Al t hough tech
t

n
be surprised o hear the professor say o0Oédata areée. o
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1.10 Tables

Figurel-3isasimgetable(a matrix with labeter therowslown the side arttiose for theolumrgross the
top) showingsome(invented) qualitatve and quantiativedata Such a collection of information is often the
result of sstudysometimes calleccase stuaty if a change was imposed on the situattaa).

In Figurel-3 the focuof the studys ondifferent characteoistius five divisions the companypivision
can be called thdentifiendthe information about the different divisions can be cdigesatvations

Figure 1-3. Observations from research study on Urgonian Corporation divisions.

N 4,392 5 $590 13.2%
Y 3,054 2 $436 4.1%
Y 2,855 3 $631 3.2%
N 9,218 1 $755 16.9%
Y 1,627 4 $821 3.7%

Thedifferent observations aba#chof the specific cases of tentifierare callegariablem this casaye
havea total ofsixvariable®ecausthe identifieis itself avariable All the variables are listead@lumns in

this tableTwo of the variables agpialitatiysometimes describedcasegoribakcause values are categories)
andfour of the variablesrequantitativ@uantitative variables may be measuradiezh or ranked.

Quialitative variables in our study

1. The use of MBWA (management by walking aré@unlitative

2. The name or location of the divistbqualitative.

Quantitative variables:

3. Total employees in plahtuantitativécounted)

4. Team rank ithe company soccer competitibrgiantitativérank order)

5. Average monthly profit per employee in US ddiqusintitativémeasured)

6. The percentage of HelpDesk calls traced to a lack of téaipiagtitativémeasured)

INSTANT TEST Page 1-12

Suppose you were looking into the use of alcohol by students in different residence
halls of your university. I f you recorded
use, would alcohol use be a guantitative variable or a qualitative variable? What if you
recorded the number of ounces of alcohol consumed per week? What would that be?
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1.11 Choosing aTable Layout
Is there any significance to whether the identiiladediown the lefhand column or across the tovo

Not hing stops us from representing the same dat a
arranged as the heads of columns instead of the labels for Fogugel-4 each observation corresponds

to one columiinstead of one ro@the specific values of the five variables for each daisi@amitten out

across the top row as the heads of the columns.

Figure 1-4. Divisions across the top header.

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

MBWA Used? (YIN) N
Total Employees in Plant 9,218

Team Rank in Company Soccer 1
League

Average Monthly Profit (U$) $590 $631 $755 $821

% HelpDesk Calls attributed to 13.20% 3.20% 16.90% 3.70%
Lack of Training

Orientation of the table is a flelissue; therem®thing wrong with eitherdftiieaare both acceptable in
practice. Howevemhe decision about which way to arrangenaaydepend on our needs. Sometimes if the
names of many variables are longer than the names of the elameatsyant to give them more room by
putting them in aingleider columrfthat is, listing them vertically down the left side of theiteitgd of
using up valuable space on a page with many wide columns.

However, the most important issue in prads clarity: in general readers tetabtoacross each row from

left to right and then go on to the next rdlvussomereaders seeilfifgurel-3 mayconsciously or

unconsciously expect the focus of the discussion to beeatkhef the geographic locasi¢hkron OH

first, then Bayreuthandso)jon wi t h det ails ( MBWA Used, Total Empl o

In contrastthe first impressiooreated b¥igurel-4 may behat the discussion is going to be abiwaut
pattern of observations of the different variables for each location thetstate of MBWA Usedékron
then inBayreutland so on; that discussion would then be followed by the examinatidrotdltBenployees
in Plantor Akron for Bayreutind so on.

Nonetheless, either form is at¢abfe in practicdhese issues are relatively subtle aspects of professional
presentation and even experienced writers and presenters may differ in their opinions on the subject.

INSTANT TESTP  1-13

Show several fel low students who have not taken statistics courses how they look at
Figure 1-3 and Figure 1-4. Which way do they read the data (ask them to talk out loud
as they look at the tables). Report on your findings in the QM213 discussion group for
this week.
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1.12 Transposing Rows and Columns

In EXCEL and other statistical packagesdditianal consideration beyond simply optimizing appearance is
whether a particular statistical function or routine requires a particular arrangement of data to function
properly. Such constraints are always defined in the accontpelpytngs for thedinction. For example,
Figurel-5 shows a statistical routine calledva (usually printed ZNOVA in most discussiofsd it

stands foANalysis Of VAriandbatis widely used to find out if groups of observations have similar
characteristics).

Figure 1-5. ANOVA function that accepts data in rows or in columns.

r ’
Anova: Single Factor l 2 i&J
Input
— OK
anut Range; | E&';
§ Cancel

Grouped By: @ Columns

[ Labels in First Row

Alpha: [0.05

Qutput options

(7} Qutput Range: 55

(@ Mew Worksheet Ply:

1 New Workbook
——————————————————————

In contrastFigurel-6is a kind of ANOVA function iEXCEL that absolutely requires data to be arranged
with the names (identifiers) of the groups in question across the top of the table and the individual data
aranged vertically in columns with a specific number of rows for each group.

Figure 1-6. ANOVA that requires data in columns.

i B
Anova: Two-Factor With Replication L 2 i&J
iy

Input Range: | 25
Rows per sample:
pha: 0.05
Output options
- [ ==
(") Qutput Range: Z-7]
@) Mew Worksheet Ply:
) Mew Workbook:

16 Nothing to do witmewnovas a Latin form of its word forewe.g.novdor a new stastella nova).
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If you decideao switch the orientation of a table you can copy it and then paste it into a new position using
theCTL-ALT-V key combination or theaste Special functionbuttonand checkinthe Transpose option

as showin Figurel-7.

To transpose a table, highlight the whole table ar
copy it CTL-C or Copy) as shown ifigurel-9 7 - GRS
(note the highlighting and the twinkling outline on| = *P<
your own screen if you try this yourself). Then mc| | Paste

Figure 1-7. CTL-ALT -V / Paste Special dialog.

the cursor to the appropriate new position for the || © al ©) All using Source theme
transposed table and press @\LT-V. The results © Eormuias ) Al exeept borders
are shown iffigurel-8. © Yalues IE L
) Formats () Formulas and number formats
Figure 1-9. Highlighted table for pasting. Comments () Valyes and number formats
() validation All merging conditional formats
A | B | C | D E Operation
LTable 1 Column B Column C Column D Column E @) Mone () Multiply
| 2 !Row 2 b2 c2 d2 e2 O Add ©) Divide
| 3 Row 3 b3 c3 d3 e3 ) Subtract
4 'Row 4 b4 c4 da ed 7] skip blanks
c

[ oK ] [ Cancel

Figure 1-8. Transposed table.

A B C D
1 Tablel Row?2 Row 3 Rowv 4
2 ColumnB b2 b3 b4
3 ColumncC c2 c3 c4
4 ColumnD d2 d3 da
5 ColumnE e el ed
i}

If your table has bordetignsposing theellswill likely result in a mess, as showigarel-10. You can
just erase the borders if that happemaistake and then put in new ones.

Figure 1-1Q Transposed table with bad borders

A B C D
1 [table1 |Row2 |Row3 |Rowa |
2 ColumnB b2 b3 b4
3 ColumncC c2 c3 cd
4 |Column D dz2 d3 da
5 Column E| el | e3
i]

To erase bordensighlight the table amdick on thegoulFdown menu to selelib Border:
Then applappropriate borders as you see fit.
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1.13 Types of Variables

Earlier (8.9 you read about types of variables.6 s i mportant to think about t
working with because different statistical methods apply to different kinds of information. For example, we
can easily think about the average height of our

dOaverageod t hat efecenceia egdognbterials. ®We tish @herrmethods such as frequency
distributions for such data.

A fundamental distinction is betwegiantitatieedqualitatiweariablesas first discussed ih. @

1.14 Qualitative / Categorical Data and Nominal Scales

Figurel-3andFigurel-4ds how vari abl es that don dabelshcategeridgbme as ur e m
use of MBWA (YES / NO), for example, is calledrainalr categorigatiable and itses aominatalef
measuremedtT hese variables dondt have numerical wvalues
them or measuring them.

Examples of qualitative variables come up constantly in our experience. For example, you may be studying
1 Thepresence or absence of steel reinforcement bars in concrete,
1 Thetype of wing in aircraft (fixed, rotatory),

1 Thecountry of origin of immigrantafghanistanAlbaniaAlgeria, Angolé VenezuelaVietnam,
Yemen, Zambia, Zimbabwe),

1 Themanufacturer ofars (Acurdilfa RomepAmerican MotorsAston Martiné  Toyota,
Triumph, Vauxhall, Volkswagen, Vo)and

1 TheflavorofBer t i e B out[daridgBedbnaudiyg bdhdna, bloebebrgogercherry,
eawaxjelly slugdicoriceliver,rottenegg, sausag®apandvomit)i8

Quialitative 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 telgasel-3 andFigurel-4 happen to list

the divisions in alphabetical order by city, but no one should assume that the order implies anything else
about the elements. One could equally well have listed the dicisiodsg to some other arbitrary scheme

such as alphabetical order by country or simply personal preference.

1.15 Quantitative Data

Most of the statistical work we will be doing concerns counting and measurimgiahitiestivariables are

familiar to albf us What you count or measure are the variables; the results of your counting and measuring
are the dat&xamples include number of offspring, income, expense, mass, weight, height, tensile strength,
concentration of chemical constituents, rank intastpand so on.

INSTANT TESTP  1-16

Look up a statistical report on something you find interesting (science, sports, games,
weat her, politics, networks, security, en
analyze what kinds of variables you find in them. Report on your findings in the

NUoodle discussion group for this week.

7 FromnomeitheLatin word for name
18 At the time of writing, these Hogwarts confections are available for purchase and, er, consumption from the Jeky Belly Shop.
http://www.jellybelly.com/Shop/ProductDetail.aspx?Product|D=98101
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1.16 Discontinuous / Discrete Variables

Another distinction involves the measurement scale for quantitative data. Consichdretfiemployees

per plant: clearly the only values acceptable are whole nuntdgeEnsi{/e call these datiscréter

enumeratbtiny variables are described using discrete data; any time the underlying phenomenon involves
distinct units or steps, thata will be discrete. Thus thunber of cylinders in athestomber of members on a

sports teatimenumber of clisatsported by a broker, thember of lawsugssu nc hed by t he broke
after they find out what the broker did to théeatll of these are discrete variables.

Certain kinds of statistical methods work effectively with discrete variables; for example, if customers buy
different kinds of product in different demographic groups or geographic areas, statisticians are likely to
compute frequency distributioothe number of purchases of each type of product in each subgroup. They
can then usetast of independétie=fregency data to see if the differences isdheplesflect differences

in thepopulatie#?

1.17 Continuous Data

If something caim principssume any possible value between two limits, the variable is described as
continuous. Thus theverage monthly gmdfthepercentafdelpDesk calldributetd lack of trainarg both
consideredontinuous vaablesvhen there are many observations

Students sometimes express surprise that summary statistics such agavknagestjout thogemore
detaildater) for discrete data often have fractional vhlugsyeythere would be nothing unusual about
defining theaveragember of employees peoplatzbles as 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 computatiensnatéch
continuous variables even thoughréivelata are discrete.

Some statistical methods apply only to continuous data; for exaraply#ig of varighid©VA )

assumes a continuous measurementl§gaemake the mistake of applying ANOVA to frequencies, the
arithmetic may work out, biiet results will not mean very much because the assumptions of ANOVA will
not have been met. In such cases, we maglee imio erroneous conclusions about the underlying
phenomena we are exploring.

INSTANT TESTP  1-17

If you count the number of fingers and toes you have, why is  that variable
discontinuous when you measure your weight by counting the number of pounds you
have amassed in a lifetime of self -discipline and continuous self -monitoring? Why is
weight viewed as a cont inuous variable? Explain this contradiction as if speaking to an
intelligent 10 -year old.

“Dondt us edistréfe thiscpnedpd disanegteangactful, good at keeping secrets,, unombdeste

20\We discuss samples and populations in great detail later in the text. A pepllggassible members of a group. Thus if we are studying
characteristics of current ftithe students at Norwich University, then the population is all of those students. A sample is part of a population or a
specimen for analysis. Following the idéafafing all the current fdiine students at Norwich University as the population of interest, a group of
students in the QM213 course might be considered a sample. A random sample is a sample in which every membenmofdiseapogulitio

chanceof being selected for the sanipthus the QM213 students cannot be a random sample of all the students currently enrolled in the University.
The notion of a random sample is fundamentally important in statistics.
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1.18 Interval Scales

If the measuraent scale defines a constant quantitative difference between values that appear to be
sequential, it ds exampld thedCelsius, Fahrernheity andKlelvinsteadrature schlesall
definefixed differences in temperature between values. Thus the Celsius scale defines 100 units (degrees)
between the temperature of pure water at the freezing point at one atmoppbssarefand its

temperature at the boiling poifat20 degree difference in temperature (e.g., 4CYyss defined as

equivalent to any oth2d degree difference (e.g., 400Q20€Y% The same rules apply to the Fahrenheit

scale (with the freezipgint of waterdefined as 32F aiitd boiling pointas 212F. Again, a 20 degree

difference is defined as equivalent to any other 20 degree difference (e.g., 400Fhesst20& principle

applies to the Kelvin scale.

Interval scales, because of thaiakdivisions;arbe subjected to addition and subtraction. For example, if
one measures themperature of two objects as 15F and 20F, it is legitimate to calculate ahataleir
temperature was (15+20)/2 = 17.5F.

1.19 Ratio Scales

Another characteristid someintervalscales is that they hava@aningful z&raero value on this scale

implies absence of whatever is being measured or cBonexample, if we couvithen we have 0 donuts,
we have no donuytbutin contrastwhen we have a Scholasjititude Tes{SAT)score of00,i t 6 s t he
lowest adjusted score, that doesiot imply that a student got zero correct angwers

Consider the three temperature scales introduced above. Only the Kelvin scate®atbigsat the
theoreticallgomplete absence of what it meastUitesCelsius scale of temperature defines the temperature

of freezing pure water at atmosphere pressure as 0C, but the complete absence of molecular motion
theoretically occurs at absolute aghich is-273.16@r [ 459.6. Thus the Celsius scalads aatio scale
because we candt compute the ratio of molecular m
isnottwice as hoas a temperature of 15C. The same observation applies to the Fahrenheit scale, since 60F is
nottwice as warras 30Fr any sense. In contrast, the Kelvin scale, which defeersdisa value (absolute

zero)that corresponds to an underly@ispect ofealityd molecular motiod really is a ratio scale: there is

genuine meaning to the assertion that a temperali2@ a$ twice as wasnone 06(K. Figurel-11below

shows how meaningless the ratios are in interval scales that are not ratio scales.

Figure 1-11 Kelvin, Celsius and Fahrenheit temperature scales.

21 (CollegeBoarddd 2)
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