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lntroduclJ�n 

Dichoto■ous variables are frequently encountered in ■ultiple re1re11ion 

analyai1, both as independent and dependent variables. A dlchoto■ou1 . . 

independen� variable is used to �eter■ine whether rroup ■e■ber1hip i• related 

to o� �ill predict a certain outco■e IJ.e,, whether eender pr�dicta epa), A 

dJchoto■ous dependent variable J1 u1ed to deter■ine a co■binatlon or variable• 

that will predict eroup ■e■bership li,e., to predict droppine out or colleee), 

Hi•�orJcally, whenever a dlchoto■ou■ variable wae 1tudied •• an 

independent variable with one dependent variable, a t-te■t, analy1i1 or 

variance or analyele or covariance was conducted
1 

When a dlchoto■ou, variable 

was 1tudled aa a dependent variable, dl1crJ■inant analy1i1 was u1ed, 

A• ■ultlple re1re11ion beco■e ■ore co■■on, it■ odvocate1 1u11e1ted that 

it could or 1hould replace the t-te■t, ANOVA, ANCOVA or di1cr1■inant analy1i1 

.in dealinr with dJchoto■ou, variable• by u1ln1 coded variable■, 

Recently, however, Cox 11970), Good■an, 119?8), Aldrich end Nel■on 

11984), ond other■ have que1tloned the practice or u1ln1 ■ultiple re1re11ion 

when a dlchoto■ou1 variable h u■ed a■ the dependent variable. The ■oat 

frequently 1u11e1ted replace■ent for ■ultlple re1re11lon 11 lo1i1tlc 

reereulon. 

In the 1ntroduction to Aldrich and Nel1on 11984), it 11 1u11e1ted that 

ordinary re1re1alon analy1i1 11 not an appropriate 1trate1y to analyze 

qualitative dependent variable,, Jncludlne tho1e that are dlchoto■ou1. They 

10 on to expre11 the ll■itation1 or ■ultiple re1re11lon very 1tron1ly: 



, .. ,Perhaps because of Jts widespread popular! ty, 
rerresiion aay be one of the' aost abused statistical 
techniques in lhe social sciences. While estJaates 
derived fro• rerreasion analysia aay be robust against 
errors in soae assuaptions, other assuaptiona are crucial, 
and their failure will lead to quite unreasonable 
e■tiaates. Such is.the case when the dependent variable 
is a qualitative aeasure rather than a continuous, 
interval aeasure .... For exaaple we shall ■how that 
rerre11ion e1liaate1 with a qualitative dependent variable 
aay 1erJou1Jy aJ1e1tJaale the aaenJtude or the effect• or 
independent. variable•, land) that all or the etandard 
etathtical inferencee euch ae hypotheah teat■ ... are 
unjuelJfied (p. II,' JO).· 

The authore eugr.eet lhat th'e failure of r'egrenlon h "particularly 

lroublJne in the behavioral 1cience1" (p. 10), ei�inr exa■ples or qualitative 

dlchoto■oua variable■ fro• the field■ or political ·,cience, econoaic■ and 

■ociology. SJ■llar crJtJcJs■s concernine dichotoaous dependent variables are

given 1tronr e■pha1l1 in aultiple regre11ion textbook• ai■ed at econo■lc■ and 

■nciology, but popular 'regre■sion textbook• in the behavioral ■cJencea related

to p■ychology and education do not expre11 thl1 ea■e concern. For exa■ple, 

neither Coht1n I Cohen (J97tl) n�r J•edhazur (Jll82) deal with wuJirhted 'Jeaet 

1quar�1 or Joefatlc rerre11Jon, two ■ethod■'aentJoned by aulttpie reere11lon 

critic■ a■ �rerera�le with dlchoto■ou■ dependent variable■. Both text■ ■tale 

that ■ultlple re1re11lon can be'u■ed ror and J■ ■athe■atJcally equivalent to 

dJ■crJ■Jnant an11ly11J1 when the dependunt variable J■ a dlchoto■y (Cohen I 

Cohen, p, 442: Pedhazur, p. 887), but neither 11v11 an .Indication that there 

are cr.ltJci■•• of thl• u1e. Tat■uoka (1D7J) 1tate1 that .In the dlchoto■ou, 

dependent variable caae, ■ultiple re1re11Jon, dl1crl■lnant analy1l1 and 

canonical correlation are �11 ■othe■alically equivalent and again, nn 

indication i■ alven ot any crJtlcl■•• ot thl■ approach. 

Neter el al., (1963) 1111 three proble•• that ari1e when the dependent 

variable 11 dlchotoaou1: J) non-nor■al error ter■s, 2) non-con,tant error 

variance, and 3) con1trainl1 on the reapon■e function. They state that even 

with binary dependent variables, ordinary least 1quare1 ■till provides 
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unbiused esti•utors under quite general conditions, and "when the 1a•ple 1Jze 

is large, inferences concernine the reeression coefficients and aean responses 

cun be ■Hdt: Jn the ao■e fashion as when the error ter■s are assuaed to be 

noraolJy distributed" (p. 357). They add, however, that these estiaators will 

not be efficient, 1lvln1.lar1er variances than could be obtained with wel1hted 

procedures, 

The solutions propoacid to these probleaa include uaJne wei1hted leaat 

squares to elve constant error variance and uslne a tranator•ation (such a1 

lo�latic) that li■ita the responae function to a range•of Oto 1. 

In co■poring the use of loelstlc re1res1lon or dlscrlainant analysis with 

dlchotoaoua dependent vorlablea, Presa and WJlaon (1978) auggeat that loelstJc 

reeresalou la preferred except when the population, are nor■al with identical 

covariance aatrJcea. They extend the crltlclaas or other■ to include 

ailuatlons In which dlcholo•ous variable• 'are uaed aa Independent variable■. 

Thciy 11t11te th11l Joehtic reere11ion la valid for a wide variety or underlying 
l. 

a11u•ptlon1 lncludine I) all explanatory variable■ are aultlvarlate noraally 

dlalributed with equal covariance ■atrlce1, 2) all explanatory variables are 

Independent and dlchotoaou1, and 3) 1oae are aultlvarlate noraal and 1o■e 

dlchotoaou1 wherea1 dl1crlalnant analy1i1 i• only valid under the first set of 

as1uaptlon1, Theae coaaent1 ara not directed at aultlple re1re11lon, but 

would ap11ly in tho■e 1Jtuallon1 where 1t h aath111allcally equivalent to 

dl1cri•lnant analy1l1. Their conclu1Jon 11 that l01l1llc re1re11ion with 

aaxla11• llkllhood e1tlaallon 11 preferred to linear dl1crialnant analy1J1, 

They ,tale, however, that it is unlikely that the two aethod■ will 1lve 

aarkedly different re1ult1 or yield 1ub1tantlally different linear function, 

unle11 there 11 a laree proportion of ob1ervatlon1 who1e x•valuea Ile In 

region• of the factor apace with linear lo1l1tlc reapon1e probabilities near 

zero or one. They go on to 1ay that loel•tic reere11i�n la preferred 

when the noraolity aa1u■ption1 are violated, e■peci�Jly when ■any or the 

independent variable■ are qualitative. 
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The crJtfca state that Jn addJtJon to the predJctfon11 •ade' i,y' the 

regreaaJon equation with a dlchoto•oua dependent vari�ble,"aiatiatJcal tests
are alao invalid, Thia would include the P teat of the overall Model and the 

t value■ for each predictor Jn the •odel. 

Cox (1970), in referring to the uae of Multiple regre■aion wJth 

dJchoto•ou■ dependent .varJable11, state■ that "the uae or a •ode), the nnture 

of whoae U•Jtationa can be foreaeen, 't■" not whe, except for very li•Hecl 

purposes" (p. 18), Jr these critics are correct, it appears a■ if researchers 

Jn education and psychology ahouJd diacontinue the uae of Multiple regression 

Jn theae aJtuatJona, 
ProblH 

Thia paper Ja an atteapt to aaae■s the •eanJng ot the charge■ •ade 

again■t •ultJple regre11Jon and to auggeal what the re1re11Jon co••unJty in 

education and p1ych0Jo1y can do to co•e to ter■a with critic• of ■ultiple 

regreuion. The.purpose of thia paper Janot to evaluate the validity of the 
l 

crJticJ••• but to deal wJth ao■e loeJcal extenaJona of the■. If theae 

crJtJcJ••• are vaJJd, are t-te1t1, anaJy1J1 of variance, analy1J1 of 
I ., 

covarJance, di1crJalnant analyaJa, canonical correlation, and any uae of du••Y 

variable, Jn •ultJple re1re11Jon alao called Jnto que■tJon? 

The queatJon, rahed by thl1 paper, than, ar11 

J, To what extent do the1e crJtJcJ••• affect the valJdJty of other 

coaparable 1tatJ1tJcaJ procedure•? 

a. If other 1tatJ1tJcal procudurea u1Jn1 different a11u•ptJon1 1Jvu

JdentJcal re1ult1 to •ultJple r11r111Jon u1Jn1 dJchotoaou■ dependent

variable■, doe■ thJ■ Japly eu■pJcJon concernJng the other procedure•

or eu■plcJon concerning the v�JJdJty of th� crJtJcJ■•a or both?

Procedures and PJndlngs 

To exa■Jne the validity and/or ■erlousnesa of these crJtlcls•s, 

JaplJcatJona of thh 11JluulJon ore considered by exaalnlng II nl of dul11 taktm 
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fru• thl' A3 data lt't 1n Gun1t I Mlllon (1980). Thh data aet hu 13 yearly 

obaervallons wllh 14 varlablea, The year variable was dlchoto•lzed by lettJne 

the firat 7 yl'ara be Jn one eroup and the last 6 year, be the other 1roup. The 

data I• analyzed In 6 different caaes with different arranre•enta or the 

dlchoto•ous variable with one or two quantitative variable• fro• thl• data 

1et. The dlchoto11ou�,��rlable I■ considered as both a dependent variable and

an Independent variable. 

Jn Table J different co•blnatJons of quantitative and dichoto•oua 

independent and dependent, variable■ where •ultlple rerreuion haa been used 

are presented with a li■tlnc of conventional alternative 1tatlstlcal •ethods 

and Method■ recoM•ended by ■ultJple rerre■slon critics. The critics surreal 

that Jn cases where II dlchoto•oua dependent variable 1s us'ed (clllea 1 and 31 

Multiple rerreaelon la Inappropriate� T�e approach taken in thl• paper 11 to

co•pare the re■ult■ of ■ultlple rerre■■lon in these caae■ with result■ or 

caae, where ■ultlple re1re11lon ha• not been attacked (c111e1 2 and 4),

Table 1 

Po11lble St11tl1tlc11l Procedure, to u1e with Dltterent 
Co■hln11tlon1 of DJchoto■ou1 and Qu11ntlt11tlve Variable• 

c,,e Dependent Y•clobl• lodependont YorJpbJe 

On" Predictor 
J, J Dlchoto■ou, J Quantitative 

2. J Quantitative 1 Dlchoto■ou1 

Two• Predlctora 

Po11tble procedure• 

Lo1l1tlc re1re11lon 
Pe11r1on correlation 
Pt, bi■, correlation

t teat 

Pe11r1on correlation 
Pt. bl■. correlation 

3. J Dlchoto11oua 2• Quantitatlve/0• Dlchoto•ou1 Lo1i1tic rerre1aion 
Dl1crl■lnant analyal1 
Multiple regression 

4, J Quantitative J• Quantltotlve/1• Dlchotoaous Analysis of Covariance 
Multiple rerre11lon 



T
a ble 2 p resent ■ t he re■u Jt■ of the o ne p redictor case■ with the ' dlc ho
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One P
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C
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oua) In d ep e nde nt vari
a
ble •  3 (QuantJ tat Jve)

t 3  • •6,G JO • •  • • • u  •• ca ae 2

C A S �  2 r  Mu lt i ple r e1re 1 1Jon J■ valJd
Depe ndent var iable 

• 3 (QuantJtatJvu )I nde pend ent variable •  2 ( OJch oto■o u ■) 
t a• •6.G JO - -■ a ■o • •  ca, eJ
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Tab)� 3 prc•�nt• the reauJt1 of the two predictor caae1 with the 

dlchoto■ou1 variable H a dependent variable. (cue 3) and H an .Independent 

variable (caae1 4a and 4b), Caae 3 J1 a aJtuatlon where ■ultiple re1reaaJon 

and dhcr·.l■lnont analyah are both frequently uaed but 11 considered to be 

Jnva)Jd by th«: crJtica of ordinary least aquarea due to the preaence of a 

dlchoto■ous dependent variable. The t values .In case 3 are testln1 the 

significance of the relationship of each quantitative predictor w.lth the 

Table 3 

Two Predictor Exa■plee 

CASE 3; NultJple reereaeion clai■ed to be invalid 

.. Deper,dent VarJable. • 2 (DJcholo■oua) 
Independent Variables • 4 (Quantitative) 

t4 • -o. 124
t3 • -6.480 

• 3 (Quantitative)

u■e aa ca■e 4a
■a■e u caae 4b

CASE 4: Multiple re1re11ion i• valid 

a. Dependent Variable • 4 (QuantJtatJve)
Independent Variable• • 2 (Dichoto■ou1) 

• 3 (Quantitative)

ta• -0,124 -- 1a■e •• ca1e 3 
t3 • •0,397 

b, Dependent Variable • 3 (QuantJtatJve) 
Independent Variable■ • 4 (Quantitative) 

• 2 (Olchoto■oua)

t4 • -0.397
t2 • -6,480 -- aa■e aa ca1e 3

dlchoto■ona derendent variable controlled for the other quantitative 

predictor. Case• 4a and 4b 1lve Jdentical t value■ to thoee found Jn cuae 3 

for the relationship between the dichoto■ous variable (which ia now one of the 
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independent variable■ �nd in a leeii�■ate place accordlne to aasu■ptiona or 

If the tuts 

for which the t values in Cue 3 are J nvalJd, then the te1t1 for which the t 
1 

are used are value, in c111e1 411 and 4b aho invalid. The t value■ in c111e1 411 

and 4b are the lll■e Ill the 1qu11re root of the F values that would be co■puted 

wHh a one-way 11n11lysJs of cova'r i 1111ce in which the independent qu11ntit11tive 

variable was treated as the covariate and the independent dlchoto■ous variable 

as the rroupinr variable, So therefore if Case 3 ia Jnvalid, then all one-way 

ANCOVA destrns and any use of duii■y variables Jn ■ultlple rerreulon would be 

JnvalJd also, 

Concluaion·and Reco■■endation•· 

It J• clear tro■ the above exa■plea that the teats or airniticance are 
'\ 

;,: ' 

'! ;{' 

identical whether the dlchoto■oua variable Ja an independent vuriable or a 

dependent variable. It appears,. therefore, that Jt the critica or u■inr 

■ultiple reere11ion with a dlchoto■ou1 dependent variable are to be taken

1eriou1ly, they ■uat alao deal with all 1l1nJficance te1tin1 with t te1t1, 

an11ly1i1 of variance, analy1i1 of cov1rJ1nce, di1cri■Jn11nt 1naly1J1, end any 

u,e or du■■y variable, Jn ■ultJple re1�e11Jon. Th�re ••Y be other 1t1tJ1tJc1 

reported in 1 ■ultJple re1re111on analy1i1, euch 11 the 1t1ndard error of 
' ;' 

11tl■at1 or predicted value, for which the interpretation• ••Y not be 

111pro11rJ1te when d1choto■ou1 deJ1endant ver1able■ ere u■ed, but thh 111111111· will 

not deal with the1e l11ue1, 
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