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Abstract

This paper provides users of factor anzlysis with an zpplicarion
eriented framework for choseing en sppropriate rotatiom.



A lUzage Baged Framework for Chossing
Appropriate Retatiouw in Fagckor Analysis

Ineraduction

Factor analysls plays an importact vole in marketing research. It
is widely used both by academicians gnd pracriticmers. While the
bagic models wsed in factor analysls are well grounded Iin mathematical
theorfes of linest algebra and statistles, congiderable matyrity and
judgment iz required In Interprating the results of a factor anslyals
"aolution.” Por example, Dielman, Catcell, snd Wagner (19721) imtree
duce rthelr paper sayiag, "It 1s not unusual for the type in factor
analysis ce conelder rotatlen as just pne of half-a~dozen rechnical
steps In the whole analvsis. ®p greater miztake could be made, for,
as the experienced researcher realizes, iszues of considerable moment,
such a3 the theoretical aleernatives in Cattell's and Eysenck's struce
turing of newrsticisn and extraversion, hioge alternatively on Togz—
tional resglutions (p. 223}.

The typical flow of decisions to be made fa the wes of factor
analvsis fs:

* Tachnique ¢f factoring

- Number af factarz co be used

* Chaefce of wakation

= Interpretacion and usage of informerign from the analysfs.

Censiderable considerable guidanes is svallable For the choice of
techniques and in decidiag upon the mumber of Eac:u;a to retain. How-
ever, the choice of which Totation rechnique Ep wuge Bas peceived lass

attentlon. Furthermare, most of rthe advice is technicsl in mature.
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Whac we need i3 an undarstanding of which roratisn is appropriate
depending upon the speclifle use of the regsarcher. The purpoese of
this paper 1s to provide a framework of choosing 2 speciffe factor

retacion based on 4 wgage Eramework.

Whr & Particular Retatfion?

As SErang puts it, "for any orthogonal matrix of order p, the

Factor macrix F = FO geasunts for exactly the Zame correlations
;T T

E = FQQTFT = FF" that F doet. Thersfore, F and F are completely
interchatgeable. Ir a typical problem, the original factors may have
substantial Ivadioge on dorens of variaklez, and such a faecor Is
practicaliy impossible tw interpret. It has machewatical meaning as z
vactor of fi’ but o ugeful meaning to a snclal zelentizt. Therefops
he tries to chooze a rotatipn... .- (Strang, 1976, p. 276).

For marketing researchers, rhe hard worh really begins. Inter—
pretation 13 the key to meanfrgful use of factor smalysis. And, a key
to meaningful Intetprecacion iz the perspective or rotation brought to
bear vpon the Facter =olution.

In an applied field such as market research, interpretation af the
data analysls ls a key to the meanfngful nge of faccer amalysiz. The
hard work really Beglns after the factors have been extracted snd the
markee Tecedrcher met decide am which rotatfon cechnique to use.
Unfortunately, the lack of detarminancy and choice of Infinite snalytic

golutinns creares 2 problam of ensutring the right chedige which 1g

based on nonstatistical ceiceria.



-

Let vs comsider an exampls to illusetate the fmportance played by
totation in interpratation. Ia an analysis of seme census bract fn—
formarion (the variebles befng rotal populacien, madizn school peara,
total empleysmeac, miscellsnsous p;ofessiunal gervices, and walue of
medizn value howse} Harman (1967} obtained a twe—Facter solutiom.

The factor Loadings he obtained ave shownm in Exhibi: 1. As shown in
the inset to Exhihir 1, the two—fazctor solution explain 93.5 percent
af the variance explained by the original five warishles. Bur ir is
difficult te incerpret the two-facter zolution. All che variables,
excapt wariable &4, lead moderately or veary heavily on both the fae—
tors. If aur interest 1s ia drawing & rich meaning from the factors,
we would seek co achiewve Thuretene's (1%47) simple structure to st—
cain which rotation 15 needsd. A zimple rotation that is visually
quite obriows, in chis simple two factor, five variables exawple, i3
gheen in Exhibit 2. Such & recation leads tg the facter loadings
matrix shown fn rhe inser to Exhibit ¥, Ik is very clear bath from
the graph as well as froo the loadings marrix thar factor 1 (M1} {2 a
elean camposite of vaviablaz 2 and 5. Factor 2 (M2) iz lcaded upon
heavily by warishles 1 and 3, Variable & losds heavily on facter 1
and moderarely on fazetor 2, leadiag to some possible ambiguity.
Factgr Ml can be interpreted (as In Hatman) az a factor explsining
aspects of gwerall size of the cract. Facior M2 appeats to explain
azpectz of the gualizy {or attainment level) of 4 census tract. The
valuee of Fasror rotatign im gorrectly interprering a factor amalvsis

solurion is thus immeasurable.
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Lgas for Facror Analvgis in Marketing and thedr Beslstioashio
tao Rotaktion

Thers are four major types of uses for Factar anzlygls Iin oarkat-
lng teszearch, These sre:

1. To provide insights Inte Ehe more Ffundamental and utderlying
fartors which ereate a strueture of systematic relztionshing
among observed phenowens. For axample, zggarcaining the
facters underlying aysiematic preferences Far various Lypes
of Liguots.

2. To provide a tvpology or ¢laseification of = large number of
enticlez. Tor example, development of a typology of magarioe
teaders based on their reading of over 50 popular smpazines.

3. Te bring out in beld reilef salisnc relatianghips so that

reggarchers cam ¢ull the relevane wvarifables before Furcher

analyeiz,

In the rask of building beeter forecssting and predictiuve wodels,
one seexg to beild parsioonious models. Factor analysia provides a
way of salecting the relevant predicror variables from a larger set
of variables. This pruning is parcienlarly critical when given only
a few obaervatisone, we need to reduce the large number of predictor
vatizbles o an optimal numher to preserve the degrees of fresdem,

4. To transform data 50 as to wake then mare rapresentacive of

the assumptions of pawerful predicrive models.

Example 1: To transform data to meat the conditions of
normalicy, independence, and random error assumpricns

of regrasgion szralysis.
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Example 2: To transform available darz o meer the
tonditions of fndependence and hemogenalcy indigseriminant

analyaig.

Yot angther possible use could be a factor analvtic sglucion as
part of a higher order factor analysis {Rummel, 1970). TIn higher grder
factor amalysis, a first stape solutien identifies a factar gErucrure
{raduced space) that explains che inrerrelaticnships ie the original
data (say among & large sef of variables). fThe analystc expects or
wishes to explore the possibility that an even mors paraiopnlous
description of the intercelacionehips 1s possible. Thus, he would
rerfora a higher order fector analysis of a factor selution to obrain
thit more parsiwoniows, and higher order solution. We have summarized
this discussion im Exhible 3,

Several retation schemes have bees developed and ineorporated in
the mumerows scatistical anelysis Packeges availskle oo wsers. These
schemes are broadly classiffed inte (i) oblique, and ({1} orthogenal
retacion schewmes, Furthegtore, oue can rotate the fsccor SCTUCCUES Ca
simplify and therafore pat betrar wndarstanding of the {2} variables or
the (23 woderlying Lactors.

The aoutcome of wsing an orthogonal tocarion 1s the devaelopoent af
& reduced factor space, whare the Fasrars are orthogonal {er "inde-
pendent™).  Oblique rotatiomg, i geneial, lead to fatfors thac are not
orthogonal (i-g., the axes af rthe new reduced Space are gortelated}.

Further, esch totation scheme, a= =entioned earlier, hag a dif-

terear objective that it seeks to satisfy oprimally. We provide a
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brief deseriptinn of the criterion for each scheme ia che Appendix.
These criteria lead to eicher an ease of fnterprekatisc by Eocusing on
the emergent structwral relationships between differanc variables, or
by focusing on the interprecation of the Factors that underlis tha
observed {or menifest} wvariables.

dased on the cricerion that f£ used fm each of the reration Fehemes,
we have classified the wore generally availabla and popular schemes on
the dasls of (1} whether they perform oblique or orthogonal Totacions,
and ({1} whether they aid imterpretation of the wariables or che
underlying factors. Exhibit & provides thigs slassificaticn.

A5 can readily be seen there i a mateh between Exhibics 3 and 4.
Thuz, we have identified a typology of passible markering applicationg
of factor analysis that will allow & choles of the appropriate roracion.
Ta make cur exposicion clearer, end the Framewerk ¢asy to use, ler ug
conglder some markebing examples.

Stgaczel inm I960, was interested In ldentifying the dimensions
underiying prefersncesg for liquor among French consumers. His concern
vas with the faccors (or the lacent dimenglons} besed on which prefer-
ences were developed For different liquors- His concern was not wich
gpecific liguors bur with the utderlylng preference dimemzicns on which
all types of liquorz ace praferred. He was thus intercered in idanri-
fying the larent faetprs and the relatianships amoag theae Faerors.
This clearly is aa example of box 1 in Exhibit &, 4 correst cholce
ghould have been the use of an vibligued rotation which Focuses oo
simptification or interprecation of factors. This includas ablique

¥erimax ar its variaricns. Hewever, Stoetzel nsed an archogonal
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tatation. Having developed a three factor solutfon, he Labeled thege
factors as {1} swestness siteagrh, (2} law price—high price, and
(3} regionsl populari:y. Thers could be an interaerion between
factors 1 and 3, and 7 and . An ablique rocarion would bring this
aut it a clear fashion. An orthogonal rotaricon on Ehe other hagd
would foree Facter independence and chacure any suchk relacionships.
Wells and Sheth tn 1974, reported om a study typlral of studies
wsed for clystering and segaenration, Thaeir primary objectlve was
ta analyze the frequency of resdership of 30 magaxines and identify
a claggificacion of magazine types. This was to Further eaable tham
to drgw Implications regarding the commonaliry of awdience provided
by aach grouplng of nigazines. Based on thely analyails they report
grouplngs of magarines. Some of rhese are (i) Car and Driver, Road and
Treck, Morer Trend and Hot Rod, {ii} Fartume, Forbas, Time, and
Businass Week, ({1i} Fiald and Stream, Qutdoor Life, and Sporcs
Affeld, and a0 on. Their foous is em the variables {the magszines
for which they obtained readacship frequency data. By allowing an
oblique voratfom, chey could have peraitted 2 more natural imterpra-—
tatfon af thelr analygis. By performing a Varimex {orchogonal} reta-—
tion, they preciuded the pagsibilicy of magarings appesring fn mors
that one group, For example, Eeader's Digest does nob have high
ln;dings wn zny of che factors, in spite of atrempring te force it ra
Paad neavily o just gne factor {wsing Varimaxd. Irs positive load-
ings are divided among a “news group” {U.S. Kews and hewsweek), a
"genetal reading” group (Life, Look, Sacurday Evening Posc), and i

"men's ficrion' growp {Argesy and True). Bur, these loadings are
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extremely likely ce change, £f our objective allows rhe spreading of
leadings by permicting correlaced {otr obligue) faccore.

For cell 3, the study by Twede {1952} of advertising readership
iz & good exawple. He was Interested in 1dentifying the detevminanta
of advertising readership., His was a search for the mnost promising
vatiables thet correlated wich advertising teadership. He abtalmed
& recall-based readeeship measure on 122 adverrisements of 174 page
or more in size from a zingle issge of Amerlcan Bullder, &4 trade
magazine. Eesed on judgmenc, 34 variables degeribing the mechanleal
and conceat aspects of these adverrisemenrs were chogen. By study-
ing rhe correlacions between chese 3¢ variahles and his resdership
variable, he choge 1% predicter variables {outr of ). A Factor
analysis of these 19 variables along with the eritericn variable
¥ielded & weaningful factors. These faccors were orthogonally
rotated befors Interpretation. He wizhed to Ldencify the wvariables
that were the mest relevant as predicter varizbles, and could be
used as pradicter warisbles ia a multfple regression wodel. So his
focus was on the varliable and he wished co obtain independent {or
sitiogonal) varlables to wse in his milriple vegression madel. This
wadel Tesulted In a wsltiple of 0.75, When an addirionsz) six wvari-
ables were added co the model, the mpltiple R increased anly by O.04
which sugpests the adequaey of hig factor analysis salution in
ideacifying the relevant variables which were detsrminanc of advar=
tising readerghip.

Beshpande (1932), provides us an example fuor cell 4. Kis atudy
was zimed BC understending the srganizational context of matkec re-

search use. He wished to develop 2 aultiple regressicn model thar
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would predict reseatch utilizatfon. Facrer anelveis was used oo
develop @ st of predictor varizbles for this model. Thase prediceor
varigbles were thus to be uncorrelated from a set of 23 variables
{chat were concerned with'measnring different elements of perrceptiqms
of orgenizacional stTuctute) he developed 4 smaller set of indices
that would be the lateab warisbles giving rise to che manifasc var=-
iables. Thege fndices (or Factor scores) were providing the meaning
of being the latent, ¢T causal, dimensgiens of organizacional stouc—
Cute percepilons. His facus was eclearly om ldentifying and oodeling
the facror gteuctursa. Hiz Faccers (ot Indices) were to be orchogonal,
and thus flearly the mechod of rotatlon (Varimax) chosen by him follows

fram cur framework as the appropriace choice.

Lonclusions

Heir, Anderson, Tacfan, aod Grableowsky (1979, p. 2300, noce "Ho
specific rules have besn developed to guide the snalyst 1a selearing a
perileular ... eotatiesal technique.” We urge oub readers oot to
chosse a roratica scheme just because Varimax is a familiar and common
scheme, fat to teasen through the rafgon d'&tere of their anmalysis, to
arrive at the appropriate mpiaclon scheme whirh will aid fn better
(and more qoeresc) substantive iaterpretacion. Towards this end, in
this paper, we have provided a usage based cholee framework explicdcly

for chis parpose.
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APPENDIX

A Technical Snemary of Major Botztivn Schemes

OBRTROGOMAL SCHEHES

Scheme Ubjective Function Commenis
R R )
QUARTIMAL Max Q = I Z Gy This function increazes the
j=1 =1 high, and decrezses Ehe
niddle loadings for a
wherse, 9ig = facror loading of variabile. It spproximatas
variable on factors 83, zlople structure, but has
= = number of variables, a bias toward lopding more
r = numbker of factors. variance on the Elvst
factor.
L T
VARTHAY Max V=g E L Eﬁl-& Vary commanly uwsed (some—
t=] =l 7j times fnappropriately)
oTthogonal rotacfon.
Approximates gimple sErue—
p @ d%z 2 Cutées
- i =9
t=] §=1 B
I
whera, v = variance of
normzlized Facters, h% " comr
munality of varfazble xj.
GBLIOUE SCHEMES
= p
1 I <
=1 =1 1%
OBLEMAT Han ¥ = 1o Actempts to Inersase rhe
korresis , ¢ B & nunber of high and low
(Z % a,) loadings aud 4 e
=1 2=1 1 cadings a BCIEas

whera 4yz; # oblique referancs
sEtucfure loading.

thage fn che middla. Good
to wse enly 1f dats have
clean simple sETHCEUTE.



APFEKDEX (continged)

QBLLIGUE SCHEMES

Scheae Objecrive Funetion Compants
BT s o2
QUARTTIAIA #in 0= L E P Attgmpts to increase the
14g=1 y=1 I 3% high lcadings of a varimhle
on ane factor and deereass
whete o4z = ghlique reference itz loadiage on others.
structute leading. Rezults oftenrimes in
highly interaorrelared
(0.5, aoften *0,7) factors.
2 2
P m ¥ o
COOVARTMIN | Min €= € {m & E—%Eﬂf-%ﬂﬂ Tends tu produce solutloas
idg=l =1 k b very close to orthoggoal
i i VYarfmex golutiens fi.a.,
3 2 with low intercgrrelations).
LI moal
- [T =0z 9y
S T
BIQUARTIMIN € Goed blend between

Hin B wQ + o

@ = Quartimin funecion

€ = Covarimin functiom

Quartimin and Covarimin.
Cenerally provides a mors
satisfactory simple struc-
tute Folucisn tham aither
of those (in termx of
tnterfactor correlacions
and factor loadings).
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OBLIOUL 3SCHEMES

Scheds Objeckive Funetion o mme 0 C5
OBLIHIN Min B* = Elq + Bz £ Thiz s 8 general clagg of
) Biquartimin functiovs.
With v = 0.5 you get
or Biquartimin solutions,
7 with v = 1.0, wou zet
o m 3 P Covarimin and if ¥ = @,
MinB* = £ {n £ 4:—7—)_T Fou ger Quartimin,
2gel J=I hj
2 2
m o m
<[z E;%'L}i 2 i)
=1 =] h
LR Ly
§ =z
sl+52
B
BINOEMAMIN | Min BA* = [ This sppears basr suited

2=l

m
1: (a fhjh(uj fh ¥

4
[y

1

1
[ El{u. gﬂ-.jn [j: (aj /h )]

for data with elther wery
clear, or wery complex
gtructure. For io-betwaen
datz, uwse Hlquarctimio.



APPENDIX {roncinned)

OFLIGUE SCHEMES

Schame Gbiective Funerion COREMETE S
Ohlique P ow {31”2'1‘101 Cotonly wsed oblique
Varizax gchews, Loanerally produces
{or HarTis gatlsfzcetory simple stoue—
Kaizer where F iz the ultimate facror turte saluticns.
Case II) partern macrix, O iz an

orchonormal matrix of latent

vectors, M Is a diagonal marrix

of latent teocs, T; iz a sguare

and orthongrmal transformation

metrix based om griterion such

ag Varimax, Eouimax, or

Cuartimax, and

2

D1 PP

MAYPLANE Max ¥ It i3 mwre #fficient om
Iarge spmples and yialds
solurions close ko

whera X iz the mmber of var- graphical iantuirion.

iables falling within a pre-

gpecified hyperplane wideh.
PROMAK Firsi obtains @ Tarimax sole- If data dictates orthogenal

tion, then relaxes orthogemality
ta obtain becter fir to simple
SETuctoTa.

saigtion, Promax wsually
teaches this solution.
Its salurion: zpproach
simple sEruttute.



