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;+CHAPTERl.WHATISMUI-TIVARIATEANALYSIS]

liamework can be tcstecl to cletenni ne il'they are consistcnt with the tlata. An cxample of such model

testing is given in Aneshensei and Frerichs ( 1982)

Data trom the tirst tinre period o[' the ilepression stucly arc described in Chaptcr 3. Only a subsct

of rhe Iactors rneasurecl orr a subsanrple ol the respondents is included in this bclok's web site in

order to kcep the clata set casily complehensible. Thesc data are used scveral times in subsecluent

chapters to illustratc some ol the multivariale techniclues plesentcd in this hook'

Ptrrertol HI\/ stutit'

The clata ii.om the parental HIV srudy have been oblainccl tiom ii clinical trial to evaluate an inter-

vention givcn 1t) increase coping skills (Rotherarn-Borus ct al., 2001 ) The purpose oI thc inlcrven-

tio, \\,as to improve bc.havioral, social, and health outcomes lor parents with HIV/AIDS and their'

children. parcnts anci their adolescent children wele recruitecl lrorr the New V)r'k City Division o1'

Aids Services (DAS) Adolescents were eiigible tbr the study il lhey rverc between the ages of I I

ancl lg anct iithe parents ancl adolescents had given inlbrmed conscnl. Individual interviews were

coildr.rcted every three months tbr thc {irst two years and evcry six tnonths thereaiter. Inforrnatiott

obtai'ed ip 1he interyietvs includer,l backgrouucl characteristics. sexltal hehavior. alcohol and drug

use. mcdical ancl reproductive hi-stofy, and a number of psycholo-eical scales.

A subset- of the data from the stucly is available on this book's web site. To protect the identity ol

the participating :iclolescents we used thc fbltowing procedurcs. we randornly chose one adolescent

pe.iamily. In aclclition, we rcduccd tl.re sarnple further by ehoosing a randorr subset of the origin:r1

sarnple, Adolcsccnt case nurnbers were assigne{ randomll' without regard ttl the original order or

anv other numbers in thc original data set.

Data ti.orn the baselile assesstlent will be used tbr problerns as well as to illustrate various

m uitivariate analysis tcchniqucs.

Norrhridge e arthqlt.tke '\tudt

On tl-re morning e1-January 11 , 1ggl a magnilucle 6.7 earthcluake cetlterecl in NorLhridgc, CA awoke

Los Angeles and Ventura County residcnts. Between August 199'1 arrd May 1996, 1830 rcsidents

r,vere ilterviewecl abouL what happenecl to thetn in the carthquake. The study uses a lelephone sur-

r,ey lasting approxirnatcly 48 rninutcs to assess the rcsiclcnts'expericnces in and rcsponses to the

Northriclgi 
"g,-tt1quak.. 

Data h'om -506 residents arc includcd in the data set poslcd orl the book web

site. and described in APPendix A.

Subjects were asked-wher.e they were, how they reacted. where they obtaincd inf,ormation,

*,hcther thcir property lvas darnagecl or whether tl'rcy experienced iniury, and what agencies they

'uere 
in contact with. The questionnaire inclucled the Brief Synlptorn lnventoly (BSI), a measure

of psychological funotiorring used in comnrunity studies, ancl cluestions on emolional distress' Suh-

jec'ts u,ere aiso asked abort the impact of the damage to the lranspollation system as aresult ol'the

car.thquake. Investigators not only wantecl to learn about the cxperietlces of the Southern Calilbrlriu

rcsideuts in the Northriclge earthquake, but also rvished to cornpare thcir tindings to sirnilar studies

of the Los Angeles resicl-errts surveyecl atler the Whittier Niurows earthquakc on October 1, 1987,

and Bal, Arca residcnts inlcrvicwed atier tlrc Loma Plieta earthquake on October 17. 1989'

The Northridge elrthquakc data set is usecl in problems a1 the end ol' several chapters of the hook

ro illustrate a number of multivariate techniclues. Multivariate analYses of these data include' for

example, cxploring pre- ancl post-earthquake preparedness activities as lvell as taking into account

,.u".ol I'actors relating to thc subiect and the propcrty (Nguyen et al" 2006)'

Bcmk lout sttrdl'

Ihe manager.s of a bank neecl some way to llrlpro\fc thcir prediction of which borrou'ers will suc-

ccssfully pay back a type o['bank loan. Thcy haYe claia llom thc past on the chalacteristics oIpersons
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CHAPTER I. WHAT IS MULTIVARIATE ANALYSIS?

1.3 Exploratory Yersus confirmatory analyses

\ .-rLLCial colnponent fbr rnosl research studies and analyses is thc testing ol h1'pothescs. For some

pe-s of stuclies, hypotheses are spccified in detail prior to study stal't (a priori) and then remaitl

,.,,.har-sed. This is typically the case, c.g., ior clinical trials and other designed expcrimcnts' For

..n.r types of studies, some hypothescs might be specifiecl in advance while others are generalcd

r1r atit:r study start and potcntially atier reviewing some or all of the study data This is ofien

.r-.. .asc 1br observational studies. In this section. we make a clisl.inclion bctrveen tlvo cclrrccptually

--tierent approachcs to analysis and reporting based on whether the prirnary goal o{'a studv is to

,lflrrn prespccifiecl hypotheses or lt't e.xplore hypothcses that have not been prcspecified'

The tbllowing is a motivating example proviclecl by Flemirg (2010). He describes an experiencc

,r. hcre he walkecl inro a maternity u,ard (when they still had such) while visiting a liiend who had

usr _siven birlh. He noticecl that thcre were22 babies, but only 2 of one gendcr whiie the other 20

,,,er.lof the other gendcr. As a statistician, l-re clut"ifutly calculated tl-re p-value for the likelihood ol

..eing such (or worse) imbalance il in trLrth there are -507a of each. Thc two-sidcd p-value turns out

ro te-O.flgOt, indicaring a very sntall likelihoocl (1 in 10.000) of such or more extrenlc imbalance

being rrbservecl if in truth there are 50% ol each. This is an example of r.r'herc the hypothesis was

generatc<l after seeing thc data. We will call such hypothcses e.tplorator,t.

Following F'lerning. rescarchers might want to go out and test an exploratory hypothesis in an-

other setting clr with new data. Irr thc example abovc. one might wallt Lo go to another ntaternity

u,arcl to collcct further eviclence of a strorrg irnbalance in gender distribution at birth. lmagine that

irr a seconcl (crnfirm.tttor1.) maternity ward therc rnight be exactly eclual numbers for cach gellder

(c,g. l1 boys and 1 I gils). Testing rhe same hypothesis in this setting will not yieltl any statistically

sig-nificant-diff'er.,.,..j 1i,r,.,., the presumecl 50%. Nevertheless, one might be tcmpted to sirnply com-

bine rhe two studies. A corresponding two-sidecl p-vtlue remains slatistically significant (p-value

< 0.01).
The above exa6rple might rippear sill),. because l'ew researchers will belicve that thc distribution

of gender at birrh ('uiithor-rt hurnan interf'erence) is vcry clifierent liom 50%. Nevelthcless' there

rurc ntany publisheil rcselrch arricles which test and present the results Ibr hypolheses that were

-generated by looking at data and noticing 'unusual'results. Without a clcat'distinction between

whethcr.hypothcses were specil.ied a ptiori or not. it is difircult to inlerpret the p-values provided.

Results ll-om conflrmaLory analyses provicle rnuch stronger evidcnce than rcsults from ex-

plorat-ory irnalyscs. Accclrdingly, interpretation ol results lrotn conUrmatory analyses can be slated

using rruch strollger language Lhau intetpretation of results frorn exploratory analyses' Furthermore.

results fiorn exploratory analyses shoulcl not bc cornbined with results liorr con{lrmatory analyses

(c,g. in rneta analyscs), because thc random high bias (Fleming,2010) will relnaitl (alheit atten-

,ut.a1. To avoid ran6om high hias whcn combining clata tll'estimates from multiple studies only

clata/estirnates tiom confinnatory analyses shoulcl be combinr:d. However, this requires clear iden-

tificatigrr oi wltether confirmatory or exploratot'y analysis was perlbrrned fbr cach individual study

ancVor analysis.
Many authors have pointccl out that thc meclical litcrature is replcte r.r'ith studies that cannot be

teprociuce<l (Breslow, 1999;MunafOetal.,20l7).AsargucclbyBleslow(1999),reproducibilityof
studies, and in particular epiclerniologic studies, can be itnproved if hypotheses are specilicd a prioli

and the nature o1'the stucly (exploratory versus confirnlatory) is clearl,v spccified'

Throi,rghout this book, we distinguish between the 1wo approaches 1o multivariate analyses and

presentatiol)s of results and provide examples lor cach'

1,.1 Multivariate analyses discussed in this book

In this section a briel'clescription ol'the rnajor multivariate techniqucs c<lvered in this book is prc-

seuted. Tcr keep the statistical vocabulary to a nrinimutn, wc illustrate Lhe descripticlns by exattlplcs.

1.:I. MULTIVARIAT
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CHAPTER 1. WHAI IS MULTIVARIATE ANALYSIS?

Sut-vival anall,sis

An acirninistrator of a large health maintenance organization (HMO) has collected data ibr a number

ol years on length of employment in years for their physicians who are either lamily practitioners or

jlternists. Sorne of the physicians are still cmployecl, but rnany have lcti. For those still ernploycd,

rhe administrator can only krrow thal, their ultimate length of employment will be greater than their

current length ol employment. The administrator wishes to clescribe the clistribution of length ol

crnployment fbr each typc ol physiciarr, determine the possible eff'ects of tactors such as gcnder and

Iocation o1work, and test whether or not the length of enrployrnent is the same lor lwo specialties.

Survival alalysis, or event history analysis (as it is ol'Len callecl by bchavioral scientists)" can be used

to analyze the clistributictn ol tirne to an cvenl such as quitting work, having a relapse o1'a disease,

or dying of oancer.

P rin c i pctl compon e ttts a n ctl| si's

A1 inycstigator has made a nurnber of measurements of lung tunction on a satrplc of adult males

rvho do not smokc. In these tests cach man is told to inhate cleepty and then blow out as fast and

as rnuch as possible into a spirclmeter, which makes a trace of the volume of air expiled over time.

The maximum or fbrced vital capacity (FVC) is measurecl as the difl'erence betrveell maximuln

rnspirat-ion ancl maxirnum expiration. Also, the amount o1' air expired in the firs1 secot]d (FEV I ), the

tbrced mid-expiratory flow rate (FEF 25-7-5), the rnaxinral expiratory flow rate aI50cl, ollbrced Yital

capacity (V50), and other lneasures o1 lung functior.r arc calculated from this trace . Since all these

*.oou."a are made from the same flow-volume curve fbr each man, they are highly interrclated'

From past cxperience it is known that soms olthcse rreasures are more inten'elated than olhers and

that they measure ailvay resistance in different sectiorrs of the airrvay.

The invcstigator peilbrnts a principal components analysis to delenritle whether a ncw sct of

measureTnents callecl principal componeuts can be obtained. Thcse principal components will he

linear luncticlns of the original lung fur.rction merisurements and will be uncorrelatcd with cach other'

lr is hopecl that the flrst Lwo or thlee principal componerlts will explain most of the variation in the

clr-iginai luns l'unction mcasurements among the nren. Also, it is anticipatcd that some operational

meaning cari bc attachecl to these linear functions that will aid in their interpretaticln. Thc investigator

,nay clec,itle to clo luture aualyses on these uncotrelatecl principal components rather than on the

original clata. One advantage of this rnethod is thal often fewer principal conrptltlents are needed

than original variables. Also. sincc the principal components are uncorrelated' future computations

and explanations can be simplified.

I:uctar anaLl:si5

An investigator has askc{ each respondent in a survey whethcr he or she strorrgly agrees, agrees. is

ul6ecider1, disagrees, or stlongly disagrees with 15 statemctlts cotrcertliug attitudes toward inllation.

As a frrst step. the invcstigator will do a factor ar-ralysis on the resuhing data to determine rvhich

statements belong logether in sets that are uncorrelated with other sets. The particular statements

that lbln a single set will bc examined to obtain a belter underslancling of attitudes toward inflation'

Scores derived fi-om each set or factor will be usecl in subscquent analyses to prcdict col.lsulrler

spcnding.

Cluster atmlysis

Investigators have macle numerous Tneasurements ott a sarnple of patients who have been classified

as beirrg de;lr.essecl. They wish to determine. on thc basis of their measurenlents. whether thesc

parierrts ca1 bc classified hy type of depression. That is. is itpossibte to detcnninc distinct typcs of

Jeprcssecl patients b1, perfornring a cluster analysis on patient scores on various tcsts'l
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