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Modelling and Testing Interactive Relationships 
within Regression Analysis 

Helmut Thome* 

Abstract: Regression analys is is o n e of t he m a j o r r e ­
search tools in t he social sciences, bu t th is t e c h n i q u e is 
no t often used to its full capaci ty. In mos t cases appl i ­
ca t ions a re res t r ic ted to l inear addi t ive m o d e l s even 
t h o u g h theore t ica l cons ide ra t ions m a y poin t t o n o n ­
l inear a n d / o r in te rac t ive m o d e l s . In th is ar t ic le t he sub­
s tant ive in te rp re ta t ion of in te rac t ive m o d e l s is clarif ied 
and the often h e a r d ob jec t ions that in te rac t ive m o d e l s 
a re not sui table for in t e rva l level da ta and a re vi t ia ted 
by mul t i co l l inear i ty p r o b l e m s are shown to be u n w a r ­
r a n t e d . 

1. Introduction 

Regress ion analys is is one of t he m a j o r research tools used in t h e social 
sciences i nc lud ing the s tudy of social h is tory . I t is a mode l -o r i en ted a p ­
p roach , i. e., it p resupposes a theore t ica l hypo thes i s which specifies a r e ­
l a t ionsh ip a m o n g var iab les that can be fo rmal ly expressed in one or m o r e 
equa t ions . In mos t social science appl ica t ions , regression analys is is c o n ­
fined to single equa t ion mode l s of a l inear -addi t ive fo rm, such as 

Variables {X l , . . . ,X k } a re assumed to be the » i n d e p e n d e n t « or »p red ic to r« 
var iab les which » inf luence« or » d e t e r m i n e « (to a cer ta in degree) t he »de -
p e n d e n t « var iab le Y, each X k (k= 1,2,...,K) »add ing« s o m e t h i n g to Y in a 
l inear fash ion . T h e X-Variables a re also called »regressor var iables ,« t h e 
Y-variable i s s o m e t i m e s referred to as the »c r i t e r i um« or » response v a r i a b ­
l e s T h e »u« rep resen t s »e r ro rs« o r »d i s tu rbances« which m a y resul t f rom 
m e a s u r e m e n t flaws or from o ther var iab les (» impl ic i t« var iables) wh ich 
m a y inf luence Y, bu t h a v e been (for good or bad reasons) left out of t h e 

* Addres s all c o m m u n i c a t i o n s to H e l m u t T h o m e , Z e n t r u m für H i s to r i ­
sche Sozia l forschung, Zen t r a l a r ch iv für E m p i r i s c h e Soz ia l forschung , 
Univers i t ä t zu K ö l n , Bachemers t r . 40, D - 5 0 0 0 Kö ln 4 1 . 
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equa t ion . W h e r e a s Y and u are always t reated as » r a n d o m « var iab les 
(usual ly assumed to follow a n o r m a l d is t r ibu t ion) , the X's may be e i ther 
»fixed« (e. g. by expe r imen ta l design) or r a n d o m as well . Y and , by i m ­
pl ica t ion, u h a v e to be metr ica l ly scaled, whi le the X-variables m a y be 
me t r i c or categorical . T h e cons tan t ( the » in te rcep t«) and the coeffi­
c ients a re called »pa rame te r s« of the ( theoret ical) m o d e l a n d 
usual ly h a v e to be es t imated from the data . T h e intercept states a level 
(often fictit ious) which Y reaches when all t he regressor var iables t ake on 
a va lue of ze ro . In mos t cases theoret ica l interest centers u p o n the coef­
ficients, which are also called »s t ruc tura l coefficients« or »slopes« or »slo-
pe-coefficients.« Accord ing to m o d e l (1-1) a un i t increase in X k 

(k= 1,2,...,K) leads to an increase in the level of Y in the a m o u n t of 
u n d e r t he condi t ion tha t all the o ther regressor var iables in t he equa t ion 
are be ing he ld cons tan t . Ma thema t i ca l l y speaking, the slope is t he 1st 
par t ia l der ivat ive with respect to X k . T h i n k i n g in causal t e rms , the s lope 
m a y be in te rpre ted as an »effect« p a r a m e t e r ind ica t ing t he specific in­
f luence which X k exer ts upon Y when all t he o ther regressors h a v e been 
»par t ia led out ,« In the l inear-addi t ive mode l any effect p a r a m e t e r is 
hypothes ized to be cons tan t over the whole range of values of X k and all 
t he o ther regressor var iables . 

T h e p a r a m e t e r s of mode l (1-1) are es t imated from the observed va lues of 
t he Y- and X-variables , in most cases by the m e t h o d of Least Squares (OLS: 
O r d i n a r y Least Squares) . To indicate the t rans i t ion from the pure ly t h e o ­
ret ical s t a tement in (1-1) to the task of empi r ica l es t imat ion on the basis of 
sample da ta one usual ly changes no ta t ion : 

(1-1 ' ) Y= a + b j X ^ b 2 X 2 + ... + b K X 2 + e 

T h e regression coefficients {a, b l v . . , b K }are cons idered to be »es t imators« 
of t he co r r e spond ing p a r a m e t e r s in m o d e l (1-1): w h e r e t h e 
ha t indica tes the qual i ty of be ing an es t imator . They are m a t h e m a t i c a l l y 
de t e rmined in such a way as to m i n i m i z e the sum of squared e r ro r s over 
all n cases: = min . , i=l,2,. . . ,n (»n« be ing the n u m b e r of observa t ions) . 
T h e es t imators a re said to be B L U E (Best L inear Unb iased Es t imators ) i f 
cer ta in a s sumpt ions have been met. ( 1 ) T h e most i m p o r t a n t p re requis i te i s 
tha t t he mode l ha s been correct ly specified, i . e., tha t its funct ional form 
(e.g. l inear i ty , addit ivi ty) h a s been stated adequate ly and tha t all » re l evan t« 
var iables h a v e been included in the mode l . Specifically, t he re should be no 
var iab le left out of the equat ion which is re lated to the dependen t var iab le 
a n d to at least one of the regressors . Violat ion of th is a s sumpt ion leads to 
inconsis tent p a r a m e t e r es t imat ion , i . e . to flaws in es t ima tors tha t c a n n o t 
be o v e r c o m e by increas ing sample sizes even when the sample ap p ro ach es 
or becomes ident ical with an empi r i ca l popula t ion beyond which one does 
no t want to genera l ize . 

22 

Historical Social Research, Vol. 16 — 1991 — No. 4, 21-50



Resea rche r s h a v e often l amen ted tha t the data needed to inc lude all 
r e levan t var iab les in the es t imat ion equa t ion are no t ava i lab le . At t he s a m e 
t ime , however , they h a v e been m u c h less conce rned abou t t h e a p p r o p r i a ­
teness of the funct ional form in which the mode l is s tated. Yet, i t is often 
in th is respect tha t the m o d e l is unnecessar i ly deficient even t h o u g h suf­
ficient da ta is avai lable . It is no t the lack of da ta which p r e v e n t s a resear ­
cher to correct ly specify func t iona l fo rms , r a the r i t is h i s lack of imag i ­
na t ion or though t fu lness which migh t cause t roub le . 

T h e resea rcher , for e x a m p l e , mus t carefully cons ider t he possibi l i ty tha t 
t h e re la t ionsh ip be tween var iab les i s non - l inear , t u r n i n g t h e slope coeffi­
cient from a cons tan t to a var ia te . F igu re 1, for e x a m p l e , depic ts a re la ­
t ionsh ip which is quadra t i c in fo rm: 

Figure 1 

An example of a non-linear relationship 

With low values in X a un i t increase in X leads to re la t ively h igh posi t ive 
i n c r e m e n t s in Y. But the slope decreases with g rowing X-values a n d 
even tua l ly t u r n s negat ive . T h e slope at any va lue of X can again be de te r ­
m i n e d by cacu la t ing the first der iva t ive of equa t ion (1-2) with respect to X: 

Set t ing (1-3) to ze ro and solving for X resul ts in 

T h u s t he va lue of X w h e r e the slope b e c o m e s zero depends on t h e re la t ive 
size of t he and -Parameter , which need to be es t imated . 

In cer ta in coun t r i e s t he re la t ionsh ip be tween pe r sona l i n c o m e and age 
h a s been found to follow such a pa t t e rn . T h e h is tory of social m o v e m e n t s 
migh t revea l s imi lar pa t t e rn s be tween the in tens i ty of protes t ac t ions a n d 
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t he degree of suppression admin i s t e red by gove rnmen t . If 6 and 8 c h a n g e 
signs, the re la t ionsh ip be tween Y and X t u r n s from an inver ted U to a 
non- inve r t ed (but somewha t stylized) U-shape . 

Equa t ion (1-2) causes no addi t iona l es t imat ion p r o b l e m s w h e n c o m p a ­
red with equa t ion (1-1), because bo th mode l s are »l inear in the i r p a r a m e ­
t e r and can b e es t imated b y OLS . The re are n u m e r o u s possibi l i t ies t o 
express vary ing funct ional fo rms in such a way as to keep the equa t ion 
» l inear in the pa ramete r s« ( thereby es t imable by m e a n s of OLS) and yet 
posit a non- l inear re la t ionsh ip be tween the var iables i n v o l v e d . ^ ' 

In m o d e l (1-2) the impact of X on Y (measured in t e r m s of t h e 1st 
der iva t ive) is m a d e dependen t on the level reached by X itself. In t h e social 
sciences however i t is often qui te conceiveable tha t the impac t a var iab le 
X 1 exer t s upon a var iable Y m a y depend on the va lue of ano the r va r iab le 
X 2 (or vice versa) or on the va lues of a whole set of o ther var iables . For 
e x a m p l e , the inf luence of socio-economic status (SES) on one ' s pol i t ical 
o r ien ta t ion (PO) m a y depend on m e m b e r s h i p in one or the o ther re l ig ious 
d e n o m i n a t i o n ( R D ) . In the l i te ra ture different t e rmino log ies h a v e been 
used to label th is type of re la t ionsh ip . I t is said, for example , var iab le RD 
»modera t e s« or »specifies« the re la t ionsh ip be tween SES and P O , or va­
r iable SES »interacts« with var iable RD in its impac t on var iable P O . 

In the social sciences general ly and in t he study of social h i s tory speci­
fically, in terac t ive re la t ionsh ips h a v e rare ly been specified in m o d e l s set up 
for regression analysis . O n e m a y wonder , why th is i s the case, given t h e 
fact tha t in theore t ica l discussions in terac t ive re la t ionsh ips h a v e been p r o ­
posed (explicitly or, m o r e often, implici t ly) qui te f requent ly . Cr i t ics of t h e 
so-called »quan t i t a t ive approach« to the study of social h is tory h a v e often 
argued that quan t i t a t ive analysis i s no t appropr ia t e or unfeasible in m a n y 
ins tances , because the impac t a cer ta in »factor« m a y h a v e u p o n a n o t h e r 
factor i s t h o u g h t to be dependen t upon the his tor ical »context .« W h a t i s 
m e a n t by context dependency , however , could often be m o r e clear ly stated 
in t e r m s of in terac t ive r e l a t i o n s h i p s ( 2 a ) . There fore , the a r g u m e n t abou t 
context dependency migh t be t u rned a r o u n d to m a k e the case no t against 
bu t for »quant i t a t ive« analysis (provided the theore t ica l cons t ruc t s can be 
t rans la ted in to measu reab le var iables and sufficient da ta a re avai lable) . 

A p a r t from pr inc ipa l cons idera t ions about the »logic« of h is tor ica l in ­
vest igat ion, in the past there have been th ree m a j o r a r g u m e n t s raised 
against t he idea of inco rpora t ing in terac t ive re la t ionsh ips in regression 
mode l s : (1) T h e analyt ical m e a n i n g of the regression coefficients is h a r d to 
specify or is even imposs ible to be clarified at all . (2) M o d e l s i nco rpo ra t ing 
in terac t ive re la t ionsh ips r u n , when es t imated , in to severe p r o b l e m s of 
mul t ico l l inear i ty , t he reby p roduc ing h igh ly uns tab le es t imates . (3) I f t h e 
es t imated p a r a m e t e r s a re to be in te rpre tab le a t all , t he var iables mus t be 
m e a s u r e d on a ratio-scale level ha rd ly ob ta inab le in t he social sciences. 
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Based p r imar i l y u p o n an ar t ic le by Fr iedr ich (1982), wh ich h a s appa ­
ren t ly received little a t t en t ion a m o n g social science p rac t i t ioners , th i s pa ­
per will show that t he re is little val idi ty to t he above m e n t i o n e d a rgu­
m e n t s . T h e r e b y s tuden t s of sociology or social h i s tory m a y be e n c o u r a g e d 
to cons ider in te rac t ive re la t ionsh ips in the i r theore t ica l t h i n k i n g a n d to 
i nco rpora t e t h e m in regression mode l s . 

T h e fol lowing section will expl icate t he m e a n i n g of in te rac t ive r e l a t ion ­
ships wi th in the con tex t of t abu la r analysis , which m a y be m o r e fami l ia r to 
some of t he r eade r s . T h e th i rd and four th section d e m o n s t r a t e , h o w such 
re la t ionsh ips can be mode led and tested in regression analysis . T h e nex t 
two sect ions t u r n , first to t he p rob l em of mul t i co l l inear i ty and t h e n to t h e 
level of m e a s u r e m e n t a r g u m e n t . T h e seventh section cons ide rs in te rac t ion 
be tween qual i ta t ive and met r i c var iab les and in t roduces t h e no t ion of co-
va r iance analysis . 

2 . Interaction i n tabular analysis 

T h e fol lowing e x a m p l e i s t aken f rom data on m e m b e r s o f t he G e r m a n 
na t i ona l assembly tha t was convened in F r a n k f u r t d u r i n g 1848/49 . T h e 
or ig ina l research was carr ied out by H e i n r i c h Best, Un ive r s i ty of Co lo ­
gne. ( 3 ) Fac tor ana lys ing d o c u m e n t e d roll-call behav io r , he cons t ruc ted , 
a m o n g o ther th ings , an index showing the »left-right« o r i en ta t ion of t h e 
ind iv idua l assembly m e m b e r s . In the e x a m p l e s fol lowing be low th i s i ndex 
h a s been b r o k e n down to a d i c h o t o m y which serves as t he d e p e n d e n t va­
r iab le (Y 1 ) . A second var iable ( X 1 ) indica tes the cons t i tu t iona l t r ad i t ion of 
each represen ta t ive ' s cons t i tuency . Aga in , for reason of s implici ty , on ly 
two categories h a v e been def ined: (a) te r r i tor ies which were ru led by an 
absolu te m o n a r c h y a t least un t i l 1848, (b) te r r i tor ies wh ich were governed 
u n d e r some form of cons t i tu t iona l law (»cons t i tu t iona l r e g i m e « ) be fore 
1848. (But keep in m i n d that the un i t s of analysis are not t he te r r i to r ies b u t 
t he ind iv idua l s w h o represen t te r r i tor ies classified in th is way.) T h e b iva -
r ia te r e l a t ionsh ip be tween var iab les Y 1 and X 1 is shown in Table 1. 

As can be seen by c o m p a r i n g c o l u m n f requencies , r ep resen ta t ives from 
absolu te m o n a r c h i e s are m o r e l ikely to lean t owards t he » r igh t« t h a n 
represen ta t ives of cons t i tu t iona l r eg imes . T h e pe rcen tage di f ference is 
64.7 % - 44.8 % = 19.9 %, which is usual ly t aken as ind ica t ing a r e l a t ion ­
ship of » m o d e r a t e s t rength .« 

N o w let us look at a th i rd var iab le (Z), the re l ig ious d e n o m i n a t i o n of t h e 
ind iv idua l m e m b e r , which again h a s been d i cho tomized in to »ca thol ic« o r 
»non-ca tho l ic« confess ion. Table 2 r ep resen t s the b iva r i a t e d i s t r ibu t ion of 
var iab les Y 1 and Z. 
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Table 1 

Bivariate relationship between 
constitutional tradition and ideology 

Ideology Abs. Monarchy Const. Regime Row Total 

Right 299 (64.7 %) 126 (44.8 %) 425 (57.2 %) 
Left 163 (35.3 %) 155 (55.2 %) 318 (42.8 %) 

Column Total 462 (100.0 %) 281 (100.0 %) 743 (100.0 %) 

Table 2 

Bivariate relationship between 
religious denomination and ideology 

Ideology Catholics Non-Catholics Row Total 

Right 181 (57.3 %) 244 (57.1 %) 425 (57.2 %) 
Left 135 (42.7 %) 183 (42.9 %) 318 (42.8 %) 

Column Total 316 (100.0 %) 427 (100.0 %) 743 (100. %) 

Table 3 

Three-dimensional relationship between 
personal confession, type of constitution, and ideology 

Catholics Non-Catholics 
Ideology Abs. Mon. 

(1) 
Const.Reg. 

(2) 
Abs. Mon. 

(3) 
Const.Reg. 

(4) 

Right 132 
(56.7 %) 

49 
(59.0 %) 

167 
(72.9 %) 

77 
(38.9 %) 

Left 101 
(43.3 %) 

34 
(41.0 %) 

62 
(27.1 %) 

121 
(61.1 %) 

Column 
Total 233 (100%) 83 (100%) 229 (100%) 198 (100%) 
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Surpr is ingly p e r h a p s , no re la t ionsh ip appears : ca thol ics a re j u s t a s m u c h 
inc l ined towards the r ight or the left as non-ca tho l ics . But re l ig ious d e n o ­
m i n a t i o n is no t an i r re levant var iab le a t all . Th i s b e c o m e s a p p a r e n t in t h e 
t h ree -d imens iona l d is t r ibut ion of Table 3. In th i s table var iab le Z can be 
read as a »con t ro l var iab le« whose categories def ine cond i t i ons u n d e r 
which »par t ia l« r e l a t ionsh ips be tween Y 1 and X 1 can be r e - examined . Se­
veral resul ts emerge : 

1 . T h e re l a t ionsh ip be tween cons t i tu t iona l t rad i t ion (or »con tex t« ) a n d 
left-right o r i en ta t ion vi r tual ly d i sappears a m o n g cathol ics , t h o u g h i t shows 
increased s t rength a m o n g non-ca tho l i cs (with d% = 72.9 % - 38.9 % = 
3 4 % ) . Rel ig ious confession appa ren t ly »modif ies« (and »specif ies«) t h e 
r e l a t ionsh ip be tween cons t i tu t iona l contex t and left-right o r i en ta t ion . I f 
o n e a s sumes tha t cons t i tu t iona l ru le i s a be t te r seedbed t h a n abso lu te m o ­
na rch i e s for deve lop ing leftist o r i en ta t ions , one migh t conc lude tha t n o n -
cathol ics a re m o r e a m e n a b l e t h a n ca thol ics to poli t ical t endenc ies p reva ­
lent in the i r i m m e d i a t e e n v i r o n m e n t . (But subs tan t ive in t e rp re ta t ion is 
beyond the p u r p o s e of th is paper . ) 

2. By some eyebal l ing we can exchange the pos i t ions of var iab les X 1 a n d Z 
wi thou t a l te r ing table 3 . C o m p a r i n g c o l u m n s (1) and (3) we recognize tha t 
non-ca tho l ics f rom absolu te m o n a r c h i e s a re m o r e l ikely to be r igh t -o r ien­
ted (72.9 %) t h a n ca thol ics from absolu te m o n a r c h i e s (56.7 %) . Th i s re la ­
t ionsh ip is reversed when we look at t he represen ta t ives from cons t i tu t io ­
na l r eg imes ( c o m p a r i n g c o l u m n s 4 and 2): Non-ca tho l i cs a re cons ide rab ly 
less l ikely to lean towards the r ight (38.9 %) t h a n ca thol ics (59.0 %) . So, 
when h o l d i n g the cons t i tu t iona l context cons tan t a r e l a t ionsh ip be tween 
re l ig ious d e n o m i n a t i o n and le f t / r igh t -or ien ta t ion appea r s in t he sub tab les , 
a r e l a t ionsh ip which differs d e p e n d i n g on the cons t i tu t iona l con tex t g iven. 

3. Such a pa t t e rn of causal connec t ednes s is called an » in te r ac t ion« : Vari­
ables X 1 and Z » in te rac t« in the i r inf luence u p o n var iab le Y 1 T h e re la ­
t ionsh ip be tween X 1 and Y 1 d e p e n d s u p o n which category of t h e t h i rd 
var iab le , Z, is given at t he same t ime . Equal ly , t he r e l a t ionsh ip be tween Y 
and Z d e p e n d s upon which category of the ( then) th i rd var iab le , is also 
given. T h e i n t e r ac t i on -componen t in a t h r ee or m o r e var iab le r e l a t i onsh ip 
is symmet r i c . By look ing at the difference be tween the pe rcen tage dif­
ferences (»second-order« d i f ference)obta ined in t he par t ia l tables we get a 
rough indica t ion as to the s t rength of the in te rac t ion . T h e pe rcen tage dif­
ference in t he sub tab le m a d e up of c o l u m n s 3 a n d 4 in Table 3 is d% = 34. 
In the sub-table m a d e up of c o l u m n s 1 and 2 it is d% = -2.3. So t h e 
second-order difference ind ica t ing in te rac t ion is 34 % - (-2.3 %) = 36.3 %. 
L o o k i n g at t he sub-tables w h e n var iables Z a n d X c h a n g e places , i . e. 
l ook ing at the par t ia l tables m a d e up by c o l u m n s 3 and 1 and c o l u m n s 4 
and 2, respect ively, we get t he second o rde r difference of (72.9 % - 56.7%) -
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Table 4 

Bivariate relationship between territory 
and constitutional voting 

Voting Austrian Mixed Prussian Row Total 

"großd." 170 
(74.2 %) 

109 
(54.0 %) 

102 
(27.0 %) 

381 
(47.1 %) 

"kleind." 59 
(25.8 %) 

93 
(46.0 %) 

276 
(73.0 %) 

428 
(52.9 %) 

Column 
Total 

229 
(100 %) 

202 
(100 %) 

378 
(100 %) 

809 
(100 %) 

Table 5 

Three-dimensional relationship between religious 
denomination, political territory, and constitutional voting 

Catholics Non-Catholics 
Const. 
Voting 

Austri­
an 
(1) 

Other 

(2) 

Pruss­
ian 
(3) 

Austri­
an 
(4) 

Other 

(5) 

Pruss­
ian 
(6) 

großd. 156 
(76.1%) 

56 
(61.5%) 

15 
(36.6%) 

11 
(57.9%) 

51 
(47.7%) 

74 
(23.2% 

kleind 49 
(23.9%) 

35 
(38.5%) 

26 
(63.4%) 

8 
(42.1%) 

56 
(52.3%) 

245 
(76.8% 

Column 
Total 

205 
(100%) 

91 
(100%) 

41 
(100%) 

19 
(100%) 

107 
(100%) 

319 
(100%) 
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(38.9 % - 59.0 %) = 36.4 %. Apa r t from r o u n d i n g e r ro r s the two second-
order di f ferences are t he s ame . 

T h e concept of in terac t ion m a y be fur ther clarified by look ing at a 
th ree-var iab le re la t ionsh ip in which in te rac t ive c o m p o n e n t s (in t h e sense 
defined above) ( 4 ) a re absent . Two n e w var iab les h a v e been cons t ruc ted 
from the s ame set of da ta . T h e d e p e n d e n t var iab le ( Y 2 ) , again a d i c h o t o m y , 
depicts the r ep re sen ta t ives ' s tand in t he cons t i tu t iona l conflict t ha t t h e 
F r a n k f u r t Assembly was not able to resolve: Judg ing from h i s roll-call 
behav io r , did he favor a » larger« G e r m a n E m p i r e i nc lud ing Aus t r i a 
(»großdeu t sche« Lösung) or did he opt for the »smal le r« G e r m a n y tha t 
would exc lude Aus t r ia and t ransfer the lead ing role solely to Pruss ia 
(»k le indeu t sche« Lösung) . T h e i n d e p e n d e n t var iab le (X 2 ) assigns each 
represen ta t ive ' s cons t i tuency to one of t h r ee larger poli t ical te r r i tor ies : t h e 
first compr i se s Aus t r i a and states close to i t ( l ike B o h e m i a ) ; t h e second 
inc ludes Rh ine -Pruss ia , F r a n c o n i a , and the smal ler sou the rn states; t h e 
th i rd g roups toge ther Pruss ia , Schleswig, Saxony and the smal ler states in 
midd le and n o r t h e r n G e r m a n y . In Tables 4 and 5 these te r r i to r ies h a v e 
been given t h e s h o r t h a n d labels: » A u s t r i a n « , » M i x e d « , »Prus s i an« (re­
gion) . 

Table 4 ind ica tes a fairly s t rong ( m o n o t o n e ) r e l a t ionsh ip be tween t e r r i to ­
r ial affiliation and the represen ta t ive ' s s tand in the cons t i tu t iona l deba te . 
We in t roduce again re l igious d e n o m i n a t i o n (Z) as a con t ro l var iab le lea­
d ing to t he th ree -d imens iona l d is t r ibut ion in Table 5. 

In bo th subtables (for ca thol ics as well as for non-ca thol ics ) t h e re la­
t ionsh ip be tween » ter r i tory« and »cons t i tu t iona l vote« is of abou t t h e 
same s t rength ( the two coefficients for C r a m e r ' s V a re a lmos t equa l ) , i . e . , 
i t is not specified by persona l re l igious affi l iat ion. Represen ta t ives from 
Pruss ian or ien ted te r r i tor ies a re m o r e l ikely to opt for the »smal l e r« G e r ­
m a n y t h a n the i r col leagues from the Aus t r i an -o r i en ted a reas , and th i s 
ho lds for ca thol ics ( d % = 6 3 . 4 - 2 3 . 9 = 39.5) and non-ca tho l ics (d% = 76.8 
- 42.1 = 34.7) nea r ly a l ike . On the o ther h a n d , i t is also t rue , tha t given t h e 
same te r r i to r ia l affiliation (within each category) ca thol ics a re m o r e l ikely 
to opt for t he »g roßdeu t sche Lösung« than the i r non-ca tho l ic c o u n t e r p a r t s . 
A n d aga in , the percen tage differences wi th in each te r r i tor ia l ca tegory a re 
rough ly the s ame . So, we mus t conc lude tha t t he re i s no (at least no re le ­
van t ) in te rac t ion be tween ter r i tor ia l affiliation and re l ig ious d e n o m i n a t i o n 
with respect to the i r impac t u p o n cons t i tu t iona l vot ing. Each of these two 
d e t e r m i n i n g var iables , X 2 and Z , h a s some impac t on t he d e p e n d e n t va r i ­
able , bu t t he impac t of one is no t inf luenced or shaped by the o the r . Such a 
pa t t e rn of r e l a t ionsh ip is often called »addi t ive« in oppos i t ion to t h e in ­
teract ive r e l a t ionsh ip exempli f ied in Table 3 . Both m o d e l s m a y be gra­
phical ly p rensen ted as in F igure 2. 
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Figure 2: Additive (a) and interactive (b) relationships 

W h e n in terac t ion occurs , a th i rd var iable Z inf luences the r e l a t i o n s h i p 
be tween two other var iables X and Y, giving it a different shape or 
s t rength d e p e n d i n g which value or category of Z is real ized at t he s ame 
t ime . In a pure ly addi t ive 3-var iable-relat ionhip the re a re only l ines of 
inf luence r u n n i n g be tween variables; the re la t ionsh ip be tween each pai r of 
var iables is t he same across all va lues or categories of the th i rd var iab le . 
(An a l together different quest ion is whe the r or no t the cond i t iona l re la­
t ionsh ips in t he subtables of a th ree -d imens iona l d is t r ibut ion differ from 
the respect ive uncond i t i ona l (bivar ia te) re la t ionsh ip in the two-d imens io ­
na l d is t r ibut ion . ) 

Both , the in terac t ive and the pure ly addi t ive mo d e l can be easily ge­
nera l ized to h ighe r -d imens iona l tabels . The n second-order in te rac t ion 
migh t occur in which a four th var iable specifies the (first-order) in te rac ­
t ion be tween two o ther var iables . Such complexi t ies a re , however , h a r d to 
d i sen tangle by m e a n s of conven t iona l t abu la r analysis , which does no t 
specify a pa r ame t r i c mode l , bu t rel ies solely on percen tage differences 
a n d / o r s imple coefficients of association (like C r a m e r ' s V). 

3. Introducing and Interpreting Multiplicative Terms in 
Regression Equations 

T h e e x a m p l e worked out for i l lustrat ion in th is section is t aken from a 
research project conduc ted by W. H. Schröder a t t he Cen te r for His tor ica l 
Social Research . ( 5 ) T h e dependen t var iable (Y) con ta ins t he pe rcen tage 
p ropor t ion of votes which the SPD was able to at t ract in each of 395 
distr icts in t he 1912 election to the G e r m a n »Reichs tag« (two cases h a d 
miss ing data) . Two independen t var iables will be cons idered . T h e degree of 
u rban iza t ion (X 1 ) and the percentage p ropor t ion of p ro tes tan ts l iv ing in 
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t he elect ion distr ict (X 2 ) . T h e degree of u r b a n i z a t i o n i s m e a s u r e d as t h e 
percen tage p ropor t ion of the popu la t ion in each elect ion distr ict l iv ing in 
c o m m u n i t i e s of m o r e t h a n 2000 i nhab i t an t s . We start wi th the s imple ad­
dit ive regression mode l given in equa t ion (3-1) m a k i n g t h e usua l a s s u m p ­
t i o n s . ^ App ly ing least square es t imat ion and we igh ing cases by size of t h e 
e lec tora te we a r r ive a t the fol lowing resul ts ( s tandard e r ro r s , first, a n d 
t-values, second, a re given in pa ren thes i s ) : 

T h e o u t c o m e is h a r d l y surpr i s ing . T h e p ropo r t i on of SPD votes i s posi­
t ively re la ted to u rban i za t i on and the p ropo r t i on of p ro tes tan t s ; toge ther 
they expla in 71 % of the va r i ance . 

In a nex t step o n e migh t hyo thes ize tha t t he impac t of re l ig ious d e n o ­
m i n a t i o n u p o n par ty p re fe rences will be weaker in an u r b a n s u r r o u n d i n g 
as c o m p a r e d to ru r a l set t ings. Simplifying m a t t e r s o n e m a y a s s u m e tha t 
u r b a n set t ings crea te m e l t i n g pots in which t r ad i t iona l g roup loyalt ies ( in­
c lud ing re l ig ious d e n o m i n a t i o n ) tend to e rode . In a n e w m o d e l we conse­
quen t ly expect the slope of E(Y) on P R O T to decrease w h e n u r b a n i z a t i o n 
increases . Th i s would be a case of in te rac t ion as expl icated in section 2: We 
expect u rban i za t i on to in f luence (specify) the relationship be tween re l i ­
gious d e n o m i n a t i o n and par ty p re fe rence (as measu red by elect ion resul ts ) . 

Th i s in te rac t ion hypo thes i s can be formaly expressed in t h e fo l lowing 
equa t ion : 

(3-2) = c + dX1 , d < 0 

w h e r e symbol izes t he slope of P R O T . We a s sume tha t th i s slope (i. e . t h e 
impac t o f P R O T u p o n the p ropo r t i on of SPD votes) be l inear ly d e p e n d e n t 
on t he level of u rban iza t ion (X 1 ) . O t h e r fo rms of r e l a t ionsh ips m i g h t be 
cons idered , e . g . , a quadra t i c one . But for r easons of s implici ty (and con­
f o r m i n g to c o m m o n pract ice) , we accept the l inear sub-model . Subs t i tu t ing 
equa t ion (3-2) in to equa t ion (3-1) gives 
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C o m p a r i n g equa t ion (3-3) with equat ion (3-1), we no te tha t a mul t ip l i ­
cat ive t e rm ( X 1 X 2 ) h a s been added. By actual ly pe r fo rming the mul t ip l i ­
cat ion we const ruct a th i rd regressor var iable (X 3) as a composi te of t he 
two or ig inal regressors . T h e equa t ion r e m a i n s l inear in the p a r a m e t e r s and 
can again be es t imated by the m e t h o d of least squares . However , t h r ee 
slope coefficients mus t be in te rpre ted with respect to on ly two 
subs tant ive Variables, X 1 and X 2. H o w is th is to be done? 

As no ted before , in t he pure ly addi t ive mode l of type (1-1) t h e coeffi­
c ients a t tached to the regressor var iables (X 1, X 2, ... , X K ) a re 
»slopes« te l l ing us h o w m u c h the expected value of Y increases in r e spon­
se to a un i t increase in X k (k= 1,2,...,K), »ho ld ing cons tan t« all t he o the r 
regressor var iables . Formal ly , the slope of a funct ion is ob ta ined by the 
first (par t ia l ) der iva t ive . In m o d e l (3-1) the 1st der ivat ive with respect to 
X 2 is 

(3-4) d Y / d X 2 = 

In t h e l inear-addi t ive mode l t he slopes are cons tan ts , in n o n l i n e a r m o d e l s 
or mode l s inc lud ing mul t ip l ica t ive t e r m s the slope var ies with t he va lue of 
X. A parabol ic funct ion has a l ready been given in equat ion (1-2) so tha t we 
can immed ia t e ly t u rn to the mul t ip l ica t ive mode l in equa t ion (3-3). 

Since we are only interested in expected values we d rop the e r ro r t e rm 
and wri te 

T h e slopes, i . e., t h e par t ia l der ivat ives , of X 1 and X 2 are given by 

T h u s , t he coefficient B 3 of the mul t ip l ica t ive t e rm h a s a c learcut m e a n i n g : 
i t r ep resen t s the a m o u n t of change in the slope of E(Y) on X 1 which 
follows from a un i t increase in X 2. In the same way it also r ep resen t s t h e 
a m o u n t of change in t he slope coefficient of X 2 tha t follows from a un i t 
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increase in X 1 A l t h o u g h sub-model (3-2), which c a n n o t be es t ima ted , ex­
presses a one-way r e l a t ionsh ip , in the final m o d e l (3-3) t h e in te rac t ion 
be tween X 1 a n d X 2 i s symmet r i c . Wi th respect to our subs tan t ive e x a m p l e : 
i f i t were t rue tha t with increased u rban i za t i on re l igious d e n o m i n a t i o n 
m a d e less of a difference in vot ing behav io r , i t should also ho ld tha t wi th 
inc reas ing p r o p o r t i o n s of p ro tes tan t s the impac t of u rban i za t i on on S P D -
vot ing d imin i shed . Th i s is less d i s tu rb ing than i t migh t look at first g lance . 
If (1) u rban iza t ion increases , and , consequent ly , (2a) the p r o p o r t i o n of 
SPD votes increases , a n d (2b) a t the same t i m e the in f luence of re l ig ious 
confession decreases , t hen (3) the SPD-gains in the cit ies (over agains t 
r u r a l areas) m u s t be larger a m o n g cathol ics t han a m o n g p ro tes t an t s (o ther ­
wise t he difference be tween ca thol ics and p ro tes tan t s should no t h a v e b e -
c o m e s m a l l e r ) ( 7 ) ' . Th i s impl ies , on the o the r h a n d , tha t the overa l l S P D -
gains b r o u g h t abou t by increased u rban iza t ion a re lower w h e n t h e p r o ­
por t ion of p ro tes tan t s in the e lec tora te is larger . T h u s , t h e r e m u s t be a 
n u m e r i c a l s y m m e t r y even t hough the causal cha in migh t be a s y m m e t r i c . 
(Causal i ty is, at any case, a theore t ica l i m p u t a t i o n . 

H a v i n g clarified the m e a n i n g of t he coefficient (a t tached to t h e 
mul t ip l ica t ive t e r m ) , we n o w t u r n to coefficients and in equa t ion 
(3-5). As is obv ious from equa t ion (3-6), t he coefficient r ep re sen t s t h e 
slope of t he r e l a t ionsh ip be tween E(Y) and X 1 on ly u n d e r t h e very specific 
condi t ion tha t X 2 = 0 . In the s a m e m a n n e r r ep resen t s t he slope of E (Y) 
on X 2 only u n d e r t he condi t ion tha t X 1 = 0 . ( 9 ) Th i s cons t i tu tes t h e cruc ia l 
difference in t he m e a n i n g of the regression coefficients as we m o v e from 
pure ly addi t ive to mul t ip l ica t ive ( in te rac t ion) mode l s . In the fo rmer case 
(see m o d e l (3-1)) the slopes are cons tan t s ; in the lat ter m o d e l (3-5) t h e 
slope of E(Y) on one of the regressors is conditioned by the given va lue of 
the o ther regressor and mus t be specifically calculated for th is va lue . 

R e t u r n i n g to ou r subs tan t ive e x a m p l e we obta in from least squares est i­
ma t ion t h e fol lowing p a r a m a t e r s o f the mul t ip l i ca t ive m o d e l ( s t andard 
e r ro r s and t-values a re again given in paren thes i s ) : 

T h e coefficient es t imated for the mul t ip l ica t ive t e rm seems to be u n d u l y 
smal l (for significance tes t ing see nex t sect ion) , bu t we mus t keep in m i n d 
that we h a v e mul t ip l i ed two percen tage values , t he r eby a r r iv ing a t a n e w 
scale un i t . C o n t r a r y to our theore t ica l a s sumpt ion tha t coefficient i s posi-
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t ive: with increas ing u rban iza t ion the impac t of the confessional var iab le 
on vo t ing SPD does not decrease, but r a the r increases. Post festum o n e 
migh t speculate tha t u rban iza t ion in an early stage t h r ea t ens persona l and 
cu l tu ra l ident i t ies in var ious ways the reby exci t ing defensive reac t ions 
tha t , a t least t emporar i ly , lead to the s t r eng then ing of t rad i t iona l g roup 
loyalties and group conflicts. Th i s »hypothes is« is of course ad h o c a n d 
would need to be e labora ted and then tested by new sets of da ta . Si tuat io­
na l factors such as acute power conflicts be tween polit ical par t ies or bet ­
ween the state and the chu rches would also need to be taken in to account . 

Accord ing to mode l (3-5) h o w m u c h does the slope of E(Y) on P R O T 
vary given the actual ly observed range of u rban iza t ion values? T h e lowest 
U R B A N - v a l u e is 7 %, the highest is 100 %. Accordingly the lowest and 
highest slopes a re 

T h e average degree of u rban iza t ion is 61 %. U n d e r this condi t ion t h e s lope 
of E(Y) on P R O T becomes 

which is near ly ident ical to the uncond i t i ona l slope of E(Y) on P R O T in 
t he pure ly addi t ive mode l . In the l i te ra ture this coefficient is some t imes 
called the » m a i n effect« in te rpre ted as the average impact of the i n d e p e n ­
dent var iable (here P R O T ) upon the dependen t var iable (SPD-votes) 
across all levels of the »cont ro l« or » m o d e r a t o r « var iable ( Jacca rd /Tur r i -
s i /Wan 1990: 14 f.) 

4. Standard Errors and Significance Testing 

T h e research hypothes i s that t he re is an in teract ion be tween two regressors 
can be tested against the nu l lhypo thes i s that the re i s no in te rac t ion . T h i s 
can be d o n e by way of the F-change-test , which is regular ly appl ied when 
the statistical significance of a n e w regressor (or several n e w regressors) 
added to an a l ready es t imated mode l is to be evaluated . T h e test re la tes t h e 
add i t iona l p ropor t ion of var iance expla ined by the addi t ional var iable (in 
th is case, the produc t - te rm of t he in te rac t ing variables) to the p ropor t ion 
of var iance left unexp la ined by the ex tended mode l . T h e F-change va lue 
can be calculated from the coefficients of de t e rmina t ion : R 2

( 1 ) for the pu ­
rely addi t ive mode l , and R 2

( 2 ) for the ex tended mod e l which inc ludes t h e 
mul t ip l ica t ive t e rm; bo th coefficients of de t e rmina t ion need to be d iv ided 
by the appropr i a t e degrees of f r e e d o m : ( 1 0 ) 
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(The coefficients of d e t e r m i n a t i o n are given above with e q u a t i o n s (3-1) 
and (3-7). K + l = 3 r ep resen t s the n u m b e r of p a r a m e t e r s ( inc lud ing the 
in tercept t e r m ) in the reduced m o d e l ; q= 1 gives the n u m b e r of va r i ab ­
les added to the first mode l , in th is case a single p roduc t t e r m ) . 

Wi th one degree of f reedom in the n u m e r a t o r and 391 degrees of free­
dom in the d e n o m i n a t o r , an F-value of 64 indica tes a s ignif icance level 
well be low the .001 level. T h u s , t he mul t ip l ica t ive t e rm is »h igh ly signifi­
c a n t in t he statistical sense, even though the gain in exp la ined va r i ance 
( R ² C h a n g e

 = .041) does not look very impress ive . 
T h e s a m e resul t can be ob ta ined from a t-test appl ied to t he coefficient , 

b 3 , a t t ached to t he mul t ip l ica t ive t e r m . In genera l t he squared t-value a p ­
plied to a single regressor is equal to t he F-change value with o n e degree of 
f reedom in t he n u m e r a t o r and n - l -K degrees in t he d e n o m i n a t o r . In ou r 
e x a m p l e from equa t ion (3-7): 

which is, within rounding errors, identical to the value given in equation 
(4-1). In p r inc ip le , the statistical s ignif icance of each of t he t e r m s in t h e 
regression equation can be tested by its respective t-value.(11) 

In our e x a m p l e we no te a m a r k e d dec l ine in t he t-values for b 1 and b 2 as 
we m o v e from m o d e l (3-1) to m o d e l (3-7), t hough bo th still ind ica te a 
s ignif icance level of < 0.05. In order to u n d e r s t a n d th i s r educ t ion of t-
va lues , we mus t r e m e m b e r tha t b 1 (b 2 ) n o w represen t s t he s lope of E (Y) on 
X 1 (X 2 ) u n d e r the condi t ion that X 2 (X 1 ) equa ls zero . I f t he s lopes a re 
cond i t ioned , so are t he s tandard e r ro r s and t-values, too . T h a t is, o n e m u s t 
ca lcula te s t andard e r ro r s not j u s t for t he es t imates b 1 and b 2 bu t , fo l lowing 
equa t ion (3-6), for t he s u m s (b 1 + b 3 x 2 ) and ( b 2 + b 3 x 1 ) t r ea t ing X 1 = x l a n d 
X 2 = x 2 a s given cons tan t s . 
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For two r a n d o m var iables , U and V, and a cons tant c it genera l ly ho lds 
t h a t ( 1 2 ) 

Treat ing the es t imates b 1 , b 2 , and b 3 i n the mul t ip l ica t ive mo d e l a s r a n d o m 
var iables and the specific cond i t ions X 1 = x l and X 2 = x 2 as cons tan t s , we 
can , based on the t h e o r e m s in (4-3), der ive es t imates for t he cond i t iona l 
s t andard e r ro r s (s) of the slopes defined in (3-6) accord ing to 

A var iance-covar iance ma t r ix of (es t imated) regression coefficients is 
p rov ided by any s tandard compu te r package for statistical analysis . In our 
e x a m p l e we obta in the fol lowing in fo rmat ion : 

T h e var iances are given in the d iagonal , t he covar iances in the lower t r i an ­
gle. Fo r i l lus t ra t ion, let us d e t e r m i n e the value of s ( b 2 + b 3x 1) for t h e slope 
coefficient of P R O T ( = X 2 ) u n d e r the condi t ion that U R B A N = x 1 = 6 1 : 

which is again very close to t he s tandard e r ror given for b 2 in t he pure ly 
addi t ive mode l (3-1). This however does not equal t he min ima l s t andard 
e r ro r for the condi t iona l slope of E(Y) on P R O T . T h e m i n i m a l s t andard 
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e r ro r s are ob ta ined by d i f ferent ia t ing equa t i ons (4-4) with respect to X 1 

and X 2 , se t t ing the first der iva t ives equa l to zero and solving the r e su l t i ng 
equa t ions for X 1 and X 2 , respect ively (Fr iedr ich 1982: 190): 

C o n s e q u e n t l y t he m i n i m a l s t anda rd e r ro r for t he r e l a t ionsh ip of E (Y) on 
X 2 (= P R O T ) will be given u n d e r t h e condi t ion of 

U n d e r th is condi t ion t he slope coefficient for E(Y) on P R O T takes on the 
va lue of 

us ing equa t ions (3-6) and (3-7). I ts s t andard e r ro r , accord ing to equa t ion 
(4-4), is given by 

Th i s s t andard e r ro r i s even lower t h a n tha t o f t h e c o r r e s p o n d i n g slope b 2 in 
t he pure ly addi t ive m o d e l given in equa t ion (3-1). Th i s h o l d s genera l ly : i f 
t h e r e i s in te rac t ion , the m i n i m a l s t andard e r ro r for t h e cond i t i ona l s lope 
in an in te rac t ive m o d e l i s a lways lower than t h e c o r r e s p o n d i n g ( u n c o n d i ­
t ional ) s lope in t he addi t ive m o d e l (Fr iedr ich 1982: 812 f.). 

As a f inal step we n o w calcula te the t-value for the cond i t iona l s lope 
with m i n i m a l s t andard e r ro r de t e rmined by equa t ion (4-8): 
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This va lue is cons iderably h igher t han the t-value (1.99) given for b 2 in 
equa t ion (3-7), w h e r e the condi t ion was U R B A N = 0. As Fr iedr ich notes : 
»Not un t i l condi t iona l slopes and t tests a re calculated wi th in the observed 
r ange of exper ience of the var iables can valid conc lus ions be d r a w n . Sta­
tistically insignif icant b 1 ' s , b 2 ' s , and b 3 ' s m a y never the less c o m b i n e to p r o ­
duce statistically significant condi t iona l effects.« (Fr iedr ich 1982: 821). 

5 . Multicollinearity 

T h e inc lus ion of a mul t ip l ica t ive term in to a regression mo d e l regular ly 
in t roduces mul t icol l inear i ty , and equal ly regular ly th is impl ica t ion h a s 
been tu rned in to an a r g u m e n t against th is type of mode l l ing app roach . 
Before assessing the validity of the a r g u m e n t we first look at the conse­
quences tha t ensue from »mul t ico l l inear i ty« in pure ly addi t ive mode l s . 

T h e t e rm denotes t he degree of l inear i n t e rdependence be tween t h e 
regressor var iables . In the e x t r e m e case, a regressor X k m a y be comple t ly 
d e p e n d e n t u p o n the o ther exp lana to ry var iables inc luded in the m o d e l (in 
o ther words : regress ing X k upon the o ther X's p roduces R 2 = 1). In th i s 
case the regression a lgor i thm b r e a k s down , and (part ial) regression coef­
ficients canno t be compu ted . Such a s i tuat ion is un l ike ly to occur in p rac ­
tice. H e n c e , interest cen ters on s i tuat ions where X k can be predic ted from 
the o the r X's to a r a the r »h igh« extent such that the coefficient of de ter ­
m i n a t i o n falls in to an in terval of, say, 0.5 < R 2 < 1. 

In such a case the es t imates of the slope coefficients r e m a i n unb iased , i . 
e., on the (very) long r u n with repea ted sampl ing the sample coefficients 
will »average out« on the » t rue« (popula t ion) va lue . However , t he effi­
ciency of es t imates decreases as mul t ico l l inear i ty increases . D u e to its in ­
creased s tandard error , ( 1 3 ) in any specific sample the es t imate may con ta in 
a larger e r ro r c o m p o n e n t . This m e a n s , a m o n g o ther th ings , tha t t he esti­
m a t e m a y react very sensitively to smal l changes in samples . T h e p r o b l e m 
is fur ther aggravated by the covar iances be tween the es t imates . 

T h e s t ronger the corre la t ion be tween two regressors X k and X j , t he s t ron­
ger, with reversed sign, the covar iance be tween the slope es t imators . I f t h e 
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regressor var iables a re posi t ively cor re la ted , the covar i ance be tween t h e 
sample coefficients i s nega t ive . H e n c e , i f b k ove res t ima tes t he popu la t i on 
coefficient, b j t ends to u n d e r e s t i m a t e it (or vice versa) . If t he regressor 
var iables are negat ively cor re la ted , the sample coefficients will j o i n t l y t end 
to over- or u n d e r e s t i m a t e the popu la t ion coefficient. To sum u p , a h igh 
degree of mul t i co l l inear i ty m a y j e o p a r d i z e s ignif icance tes t ing and great ly 
dis tort the in fo rmat ion on the (relat ive) s t rength of the exp lana to ry power 
of regressor var iab les . All these nega t ive consequences of h igh mul t i co l l i ­
near i ty are u l t ima te ly due to an increase in the s t andard e r ro r of t h e est i ­
ma te s . T h u s , »we expect the s t andard e r ro r s to give adequa te w a r n i n g of 
col l inear i ty« ( Johns ton 1972, p. 163). 

We n o w t u r n to mul t ico l l inear i ty in in te rac t ive m o d e l s such as equa t ion 
(3-7). In section 4 it h a s been shown tha t 

(a) subs tan t ive interest does no t center on the coefficients b 1 , b 2 , b 3 s ingly, 
bu t on t he cond i t iona l s lopes ( b 1 + b 3 X 2 ) and ( b 2 + b 3 X 1 ) 

(b) a l though the s tandard e r ro r s s(b 1 ) , s(b 2 ) and s(b 3 ) a re genera l ly (not 
necessari ly: Fr iedr ich 1982, p . 813) larger in an in terac t ive m o d e l t h a n 
in a pure ly addi t ive m o d e l , t he cond i t iona l s t andard e r ro r s s(b 1 + 
b 3 X 2 ) and s (b 2 + b 3 X 1 ) will for at least some values of X 1 and X 2 be 
smal ler t h a n s(b 1 ) and s(b 2 ) in the pure ly addi t ive mode l . 

Let us again look a t f o r m u l a ( 4 4 ) for ca lcu la t ing the cond i t iona l s tan­
da rd e r ro r in an in terac t ive m o d e l . T h e th i rd t e rm u n d e r t he root inc ludes 
the covar i ance be tween the es t imates b l ( resp. b 2 ) and b 3 . I n m a n y ins tan­
ces th is t e rm will be negat ive , t he reby t end ing to offset t he increase in 
va r (b 1 ) or va r (b 2 ) which usual ly resul ts from i n t r o d u c i n g a mul t ip l i ca t ive 
t e rm X 1 X 2 in to the equa t ion . W h e t h e r or not the covar iance be tween b 1 (or 
b 2 ) a n d b 3 i s nega t ive d e p e n d s on the cor re la t ion be tween the mul t ip l i ca ­
tive te rm and its cons t i tuen t var iab les . ( 1 4 ) In our e x a m p l e t he cor re la t ion 
of U R B E V with U R B A N and with EV12 i s r 3 1 = .678 and r 3 2 = .715, and t h e 
covar iances be tween b 1 resp . b 2 and b 3 a re negat ive . Even i n cases w h e r e 
these covar iances are posi t ive, t he X,- or X.-value of in teres t m igh t still be 
negat ive . ( 1 5 ) 

T h u s , in genera l , mul t i co l l inear t iy be tween the mul t ip l i ca t ive t e rm a n d 
its cons t i tuen t var iables , causes fewer p r o b l e m s than mul t i co l l inea r i ty be t ­
ween exp lana to ry var iables tha t a re addi t ively c o m b i n e d to accoun t for t h e 
va r i ance in t he d e p e n d e n t var iab le . 

As a rough check on the severi ty of t he p rob lem one m a y ca lcula te no t 
only t he cond i t iona l s tandard e r ro r s w h e r e they are m i n i m a l , bu t also 
those for t he lowest and highes t observed va lues of X l resp . X 2 . For e x a m ­
ple , t he m i n i m a l s t andard e r ro r (s= 0.01359) for t he cond i t iona l slope of 
P R O T was given above at an u rban i za t i on va lue of x 1 = 54.3. T h e lowest 
observed va lue of U R B A N is x 1 = 7.0, and the cond i t iona l s t andard e r ro r of 
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b ( P R O T ) at tha t poin t is s= 0.0273. T h e highes t observed value of U R B A N 
is 100, and the condi t iona l s tandard e r ror the re is 0.0266. T h u s , t he 
cond i t iona l slopes increase as one moves up and down the scale away from 
the poin t of m i n i m u m . ( 1 6 ) The respect ive condi t iona l slope es t imates h a v e 
a l ready been given in equa t ions (3-8) and (4-8). Even the smallest of t h e m , 
b ( P R O T | x 1 = 7 ) = 0.088, is m o r e than th ree t imes as large as its s t andard 
e r ror . 

F r iedr ich (1982: 818) presents fur ther evidence from M o n t e C a r l o stu­
dies which suppor t h i s conclus ion that » in terac t ive models, . . . , do yield 
sample es t imates of popula t ion p a r a m e t e r s that are accurate and r e a s o n a b ­
ly and specifiably stable«. ( 1 7 ) 

6. The Level of Measurement Argument 

If a var iable X 1 is measured on an in terva l scale (as opposed to ra t io sca­
les), its zero point is a rb i t ra ry , and add ing or subt rac t ing a cons tan t c 
p roduces a n e w scale X 2

* = X 1 + c, c # 0, which is equiva len t to the old 
one . (This is no t t rue for ra t io scales.) W h e n regress ing a var iable Y, in a 
first r u n , on X 1 and X 2 , then on X 1

* and X 2 in a pure ly addi t ive mode l , t h e 
slope coefficients r e m a i n the same in both r u n s , only the in tercept c h a n ­
ges. Th i s does not ho ld for the in terac t ive mode l . I f two var iables const i ­
tu te a mul t ip l ica t ive t e rm , add ing a cons tant to one of the or iginal va r i ab ­
les causes t he coefficients of the o ther to change . There fore , i t h a s often 
been argued tha t in terac t ive mode l s a re useless and thei r coefficients a re 
mean ing les s i f one or m o r e of the var iables in the product te rm h a v e been 
m e a s u r e d on in terva l scales (see, e.g., Allison 1977). As Fr iedr ich (1982) 
h a s shown , the cr i t ics ' ob jec t ions are u n w a r r a n t e d . 

In order to i l l umina te the p rob l em, we slightly modify our regression 
m o d e l in equa t ion (3-7) by subt rac t ing the a m o u n t of 12 from each va lue 
of t h e confession var iable P R O T ( thereby »downgrad ing« i t to an in te rva l 
scale): 

(6-1) P R O Z S P D = a + b 1 ( U R B A N ) + b 2 ( P R 0 T - 1 2 ) + b 3 [ U R B A N * ( P R O T - 1 2 ) ] + e 

Table 6 presents the resul ts of th is n e w analysis in addi t ion to those given 
via equa t ion (3-7). Differences are s tarred. 
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We n o t e tha t t he t-value of t he mul t ip l ica t ive t e rm h a s no t changed ; sig­
ni f icance tests on in te rac t ion c o m p o n e n t s are not affected by addi t ive 
t r a n s f o r m a t i o n s of scales, even t hough the s t andard ized regression coeffi­
c ients o f mul t ip l i ca t ive t e r m s do c h a n g e (Southwood 1 9 7 8 : 1 1 6 6 , 1 1 6 8 ) / 1 8 ) 
T h e r e is indeed a change in the s tandard ized and u n s t a n d a r d i z e d coeffi­
c ients of U R B A N (X 1 ) . To u n d e r s t a n d this , we mus t r e m e m b e r tha t b 1 in 
an in te rac t ive m o d e l r ep resen t s t he slope of X 1 only u n d e r t he very specific 
condi t ion tha t X 2 = 0. But X 2 = 0 in m o d e l (3-7) h a s b e c o m e X 2*= -12 in 
mode l (6-1). So, a c h a n g e in b 1 is to be expected. U n d e r t h e cond i t ion of 
X 2*= -12 the slope of X 1 should be exact ly the same as u n d e r t h e cond i t ion 
of X 2 = 0. We can easily check for th is by ca lcu la t ing 

(6-2) b ( X 1 | X 2

* = - 1 2 ) = .199 + .004(-12) = .151 

which indeed equa ls the va lue of b 2 in m o d e l (3-7). T h e coefficients in 
m o d e l (6-1) convey exact ly the same subs tan t ive i n fo rma t ion as t h e coef­
ficients in m o d e l (3-7). T h e cond i t iona l slope b 2 o f P R O T h a s no t c h a n g e d 
since t h e cond i t i on ing var iab le X 1 ( U R B A N ) h a s not been t r a n s f o r m e d , its 
zero po in t h a s no t been m o v e d a long the scale. T h e same logic of r e a s o n i n g 
ex tends to t he cond i t iona l beta-coefficients and s t andard e r rors . ( 1 9 ) 

T h u s , we m a y conc lude : »Resca l ing then h a s no effect wha t soever on 
the descr ip t ion of t he cond i t iona l re la t ionsh ip a t any par t i cu la r po in t or on 
t h e o u t c o m e of a test of significance ... T h o u g h the n u m e r i c a l va lues of t h e 
coefficients ob ta ined m a y change , the resul ts o f interest a n d t h e sub­
s tant ive answers will not .« (Fr iedr ich 1982, S. 823) 
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7. Interaction between metric and categorical variables 

Let us a s sume that X 1 := U R B A N is not avai lable as a (near ly) c o n t i n u o u s 
var iab le (percentages) , but has been coded in to th ree r a n k s or categories 
d e n o t i n g » low«, » m e d i u m « , and »h igh« u rban iza t ion . We can easily con­
struct such a var iable by assigning to its first category those elect ion dis­
tr icts ( n 1 = 7 8 cases) which have up to one th i rd of their popu la t ion l iv ing 
in c o m m u n i t i e s of m o r e than 2,000 inhab i t an t s ; the second category is 
compr i sed of election distr icts ( n 2 = 140) which h a v e be tween one th i rd 
and two th i rds of thei r popula t ion l iving in c o m m u n i t i e s of m o r e t h a n 
2,000 inhab i t an t s ; and the last category is compr ised of election distr icts 
( n 3 = 177) which have m o r e than two th i rds of the i r popula t ion l iv ing in 
c o m m u n i t i e s of m o r e t han 2,000 inhab i t an t s . 

In regression analysis o rd ina l var iables are usual ly t rea ted j u s t l ike ca­
tegorical var iables . They are in t roduced in to regression mode l s by first 
t r an s fo rming them in to so-called » d u m m y variables.« I f the n u m b e r of 
categories of var iable X equals g, t hen (g-1) artificial var iables D 1 , D 2 , . . . , 
Dg-1 need to be cons t ructed accord ing to the fol lowing rules : ( 2 0 ) Arb i t r a ­
ri ly select one of the g categories of X as a so-called reference or base 
category. In our e x a m p l e we choose the »med ium«- leve l of u rban iza t ion as 
our base . If a case, i.e., an elect ion district , be longs to th is category, it h a s 
t he va lue of zero assigned to i t on all of the (g-l)= 2 d u m m y var iables to be 
crea ted . If a district displays a »low« level of u rban iza t ion , it is given the 
va lue »1« on the first » d u m m y , « D 1 , and the value »0« on the second 
» d u m m y , « D 2 . If a district h a s reached a »h igh« level of u rban i za t i on , it 
ob ta ins a »0« on D 1 and a »1« on D 2 . In regression analysis these d u m m y 
var iables a re technical ly t reated in the same m a n n e r as any met r ic regres­
sor var iable . Let us e x a m i n e two mode l s (in sample no ta t ion) : 

T h e es t imat ion resul ts for bo th mode l s a re given in Table 7. 
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Table 7 : E s t i m a t i o n r e s u l t s 
Model 

( 7 - 1 ) ( 7 - 2 ) 

a 8 .060 7 .534 

bi - 1 1 . 0 9 4 - 2 . 0 7 5 
b 2 15.349 8 .728 
b 3 .265 .273 

b 4 - . 1 7 6 
b 5 . 101 

t ( a ) 5 .858 4 . 2 0 3 
t ( b j - 7 . 5 3 8 - . 7 9 9 
t ( b 2 ) 1 3 . 2 3 1 3 .418 
t ( b 3 ) 16 .615 11 .459 
t ( b 4 ) - 4 . 5 7 5 
t ( b 5 ) 2 .900 
R2 .667 .705 

Mode l (7-1) fo rmal izes t he hypo thes i s tha t the p ropor t ion of votes for t h e 
SPD is addi t ively re la ted to the p ropor t ion of p ro tes tan t s in the e lec tora te 
and to t he level of u r b a n i z a t i o n . I t is fur ther a s sumed tha t t he s lopes of 
P R O T are the s ame for any category of u r b a n i z a t i o n . I t is only t he level , i . 
e., t he in tercept of the SPD-votes , tha t changes as one m o v e s from o n e 
category of u rban i za t i on to the nex t . Fo r » m e d i u m « distr icts t h e in te rcep t 
is a ' = 8.06, for » low« distr icts i t is a ' + b 1 ' = -3.03, for »h igh« dis tr ic ts i t is 
a'+ b 2 ' = 23 .41 . T h u s , t he d u m m y coefficients and b 2 ' i n m o d e l (7-1) 
state differences in the level of t he d e p e n d e n t var iab le which occur w h e n 
the p ropor t ion of p ro tes tan t s is »held cons tan t« a t any va lue . Acco rd ing to 
mode l (7-1) t h e predic ted va lue of P R O Z S P D in low u rban i za t i on dis t r ic ts 
i s a ' + b 1 ' + b 3 ' ( P R O T ) ; for h igh u rban i za t i on distr icts i t i s a ' + b 2 ' + 
b 3 ' ( P R O T ) ; a n d for m e d i u m u rban i za t i on distr icts i t i s a ' + b 3 ' ( P R O T ) . 

We a l ready k n o w , howeve r , from the analyses in p rev ious sect ions t ha t 
m o d e l (7-1) i s no t correct . The re is in te rac t ion be tween u rban i za t i on a n d 
the p ropor t ion of p ro tes t an t s (resp. cathol ics) in t he e lec tora te : the slope of 
P R O T var ies d e p e n d i n g on the level o f u r b a n i z a t i o n . M o d e l (7-2) f o rma­
lizes th is a s sumpt ion by i n t roduc ing two p roduc t t e r m s which resul t f rom 
mul t ip ly ing (case by case) the two d u m m y var iab les wi th P R O T . Techni ­
cally these mul t ip l i ca t ions do no t differ from genera t ing t he p roduc t t e rm 
of two me t r i c var iables . T h e slope of P R O T is again a condit ioned p a r a ­
me te r d e p e n d i n g on the va lues of D 1 and D 2 : 
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If the case (district) be longs to the » m e d i u m « category of u r b a n i z a t i o n , 
i . e . , i f D 1 = D 2 = 0 , the slope b ( P R O T ) is equal to b 3 = .273 (see table 7.1). 
If i t is classified in to the »low« u rban iza t ion category, we h a v e D 1 = 1 a n d 
D 2 = 0, and therefore b ( P R O T ) = b 3 + b 4 = .097. Final ly , i f t he distr ict h a s 
a »h igh« degreee of u rban iza t ion , b ( P R O T ) = b 3 + b 5 = 0.374. T h u s , t h e 
coefficients of mul t ip l ica t ive t e r m s involv ing d u m m y var iables r epresen t 
differences of slopes tha t appear as one moves from the reference category 
( » m e d i u m « u rban i za t i on« ) to t he other categories represented by d u m m y 
var iables . 

If in te rac t ion is present , the coefficients of D 1 and D 2 a re also cond i t io ­
ned (by P R O T ) , and consequent ly they do not directly t rans la te in to level 
differences in t he dependen t var iable . For ins tance , let us a s sume tha t 
P R O T = 10 in mode l (7-2). The expected value of SPD votes in a distr ict 
with »low« u rban iza t ion then is 

For a district with » m e d i u m « u rban iza t ion and P R O T = 10 we would ex­
pect 

T h u s the level-difference be tween »low« and » m e d i u m « distr icts i s no t 
b 1 = - 2 . 0 7 5 , bu t b 1 + b 4 ( P R O T ) = - 3 . 8 3 5 , given that P R O T = 1 0 . T h e coeffi­
c ients b l and b 2 r epresen t differences in the level o f SPD vot ing »caused« 
by differences in the level of u rban iza t ion only u n d e r the very specific 
condi t ion tha t P R O T = 0. In our example these level differences increase 
as P R O T increases . In the same vain, in mode l (7-2) the s tandard e r ro r s 
and t-values of P R O T and the u rban iza t ion d u m m i e s are conditional. So, 
t he very low t-value (-.799) of b 1 is not a sufficient reason to d rop th is te rm 
from the mode l . I t only tells us that t he re is no statistically significant 
difference be tween »low« and » m e d i u m « u rban iza t ion in its impact u p o n 
SPD vot ing as long as the p ropor t ion of p ro tes tan ts is zero or very low. 

T h e statistical significance of the overal l slope differences (i.e., in te rac­
t ion be tween the categorical and the met r ic var iable) can be eva lua ted by 
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way of the F-change test descr ibed in section 4 (see equa t ion (4-1)). ( 2 1 ) T h e 
ex tended m o d e l wh ich inc ludes the in terac t ion c o m p o n e n t s i s n o w given 
by equa t ion (7-2), t he reduced mode l which exc ludes t he in te rac t ion c o m ­
p o n e n t s is given by equa t ion (7-1). Us ing the no ta t ion of equa t ion (4-1), we 
h a v e 

T h e value of F 2 ; 3 8 9 = 24.7 is significant at < .00005, t he r eby c o n f i r m i n g the 
resul ts of section 4. I f t he nu l l -hypothes i s of no in te rac t ion h a d no t been 
re jec ted , one could test i f t he in te rcep t in t he r e l a t ionsh ip be tween 
P R O Z S P D and P R O T differs d e p e n d i n g on the level o f u r b a n i z a t i o n . T h e 
ex tended m o d e l would t hen be equa t ion (7-1), t he reduced m o d e l would be 
P R O Z S P D = a + b ( P R O T ) + e. T h e test for different ial in te rcep ts al­
ways p resupposes h o m o g e n e o u s slopes; i t is no t valid when the ca tegor ica l 
and the me t r i c var iable in teract (see Johns ton 1972, S. 193 ff.). Th i s way of 
tes t ing the statistical significance of different ial slopes and in te rcep t s in 
mode l s which involve one o r m o r e categorical and one o r m o r e m e t r i c 
regressor var iab les i s c o m m o n l y called »covar iance analysis« ( Johns ton 
1972: 194; W o n n a c o t t / W o n n a c o t t 1970: 77). 

Ins tead of e s t ima t ing and eva lua t ing m o d e l s such as given with equa t ion 
(7-2), sociologists and h i s to r i ans often unnecessar i ly split the i r s ample i n to 
t he classes defined by the categorical var iable . ( 2 2 ) In our e x a m p l e they 
would es t ima te mode l 

(7-7) P R O Z S P D = + ( P R O T ) + u 

wi th in t h r ee sub-samples , the first of which c o n t a i n i n g those elect ion dis­
tr icts with »low« u rban iza t ion only, t he second those with » m e d i u m « a n d 
the th i rd those with »h igh« u r b a n i z a t i o n . For the sake of a r g u m e n t , we 
will also follow th is p rocedu re and c o m p a r e its resul t s (given in Table 8) 
with those given for mode l (7-2) in Table 7. 
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T a b l e 8 : C o e f f i c i e n t s a n d t - v a l u e s f o r m o d e l ( 7 - 4 ) 
a s e s t i m a t e d w i t h i n 3 s u b - s a m p l e s 

T h e slope and in tercept es t imates in Table 8 can exactly be r ep roduced 
(save r o u n d i n g er rors) by those in Table 7. S ta r r ing the coefficients of 
Table 8 (with the specific sub-sample indicated in paren thes i s ) and re ta i ­
n i n g the nota t ion of Table 7 for mode l (7-2), we h a v e 

By spl i t t ing the sample we lower the degrees of f reedom ( i . e . , t he power of 
statistical tests), we canno t calculate par t ia l and mul t ip le cor re la t ion coef­
ficients for u rban iza t ion p lus confession, and , even worse, we forsake t he 
oppor tun i ty of t es t ing the significance of differential slopes. Howeve r , we 
mus t keep in m i n d tha t mode l (7-2), j u s t as any o ther regression mo d e l 
es t imated by o rd ina ry least squares , a ssumes h o m o g e n e o u s er ror va r i ance . 
I f we h a v e reason to bel ieve ( 2 3 ) tha t th is assumpt ion is u n t e n a b l e , t hen we 
mus t es t imate the slope coefficients for each category separately in order to 
obta in group-specific e r ror es t imates (P indyck /Rub in fe ld 1981: 114). 

8 . Concluding Remarks 

T h e r e are several issues related to in terac t ive mode l s in regression analysis 
which have no t been dealt wi th in th is ar t icle . A fuller t r e a t m e n t would 
inc lude , for example , a m o r e detai led discussion of var ious substantive 
mode l s of in terac t ion and the p rob lem of t rans la t ing t h e m in to regression 
equa t ions (see Southwood 1978). A n o t h e r poin t would concern t he dif­
ference be tween non- l inear and in teract ive re la t ionsh ips (see again South-
wood 1978: 1169 -1174) . O n e would also need to clarify h o w » in te rac t ion« 
fo rmula ted wi th in logistic regression mode l s differs from » in te rac t ion« 
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eva lua ted in l inear regression analysis (see H a n u s h e k & Jackson 1977, 
C h p t . 7; Jagodz insk i & K u h n e l & Terwey 1989). Even with these topics left 
uncove red , i t i s h o p e d tha t the p resen t ar t ic le he lps to clarify t he mos t 
basic concep ts and some of t he pre-suppos i t ions re la ted to t h e analys is of 
in terac t ion wi th in the f r amework of l inear regression mode l s . 
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Notes 

(1) For a review of these a s sumpt ions see any textbook in statistics or 
economet r i c s , e. g., K m e n t a (1986). 

(2) For an in t roduc t ion see, e.g. Berry/ F e l d m a n (1985), Tbfte (1974), T h o ­
me (1990). 

(2a) An a l te rna t ive approach based on Boolean m e t h o d s h a s been p r o p o ­
sed by C h . C. Ragin (1987). 

(3) I am grateful to Prof. Best w h o m a d e these da ta avai lable to m e . For 
fur ther reference see Best (1990). 

(4) Wi th in the context of log-linear mode l s 1st order in te rac t ions are al­
ready defined for b ivar ia te re la t ionships . 

(5) I am grateful to my col league for m a k i n g the da ta avai lable . Fo r do­
c u m e n t a t i o n of the data set, see Schröder (1988). 

(6) T h e validi ty of the a s sumpt ion of l inear i ty and cons tan t e r ro r va r i an ­
ces is general ly doubtful w h e n deal ing with p ropor t ions or percen tage 
values . F u r t h e r p r o b l e m s arise from using aggregate data . We will 
gloss over these difficulties h e r e , but they h a v e been discussed at some 
length in T h o m e (1990). 

(7) In this a r g u m e n t we m a k e use of the assumpt ion tha t t he ind iv idua l -
level re la t ionsh ip h a s the same direct ion as the aggregate-level re la­
t ionsh ip ; an assumpt ion which i s not general ly t rue , but can be j u ­
stified in this case. 

48 

Historical Social Research, Vol. 16 — 1991 — No. 4, 21-50



(8) An e l e m e n t of a symmet ry , however , m a y be in t roduced by r e d u c i n g 
equa t ion (3-3) to s o m e t h i n g l ike: 

Th i s m ode l a s sumes that X 2 h a s no effect u p o n Y if X 1 = 0, even 
though X 1 h a s an effect on Y even in t he case whe re X 2 = 0. But it 
ho lds for bo th regressors tha t the effect of one of t h e m , its m a g n i t u d e , 
d e p e n d s u p o n the va lue of t he o ther o n e . Obvious ly th i s m o d e l i s 
in t e rp re tab le only w h e n t h e regressors h a v e been m e a s u r e d on a r a t io 
scale, for which a n a t u r a l zero poin t is def ined. M o d e l (a) m a y be 
fur ther r educed to 

w h e r e n o n e of the regressor var iables i s a s sumed to h a v e an i m p a c t on 
Y as long as t he o the r regressor takes on a value of ze ro . 

(9) I f zero-values in t he regressor var iables h a v e no t been observed , i . e . , 
i f these cond i t i ons h a v e not actual ly been rea l ized, th is i n t e rp re t a t ion 
m a y cause p r o b l e m s , since we would genera l ize »beyond t h e observed 
r ange of exper ience« (Fr iedr ich 1982, p. 806). 

(10) N o t e tha t the F-change va lue is no t ident ical with the difference of t h e 
F-values calcula ted separate ly for the pure ly addi t ive ( the r e d u c e d ) 
m o d e l and the ex t endend m o d e l inc lud ing the mul t ip l i ca t ive t e r m . 

(11) O n e m u s t , however , recognize tha t mu l t i p l e t-tests i n v o k e t h e p r o ­
b lem of inflated type I e r ror rates.To o v e r c o m e th is difficulty s o m e 
re sea rche r s d iv ide the a lpha- level (er ror r isk) a i m e d at, say a = 0.05, 
by d iv id ing th i s va lue by the n u m b e r of tests p e r f o r m e d , t h e r e b y m a ­
k i n g re jec t ion of the nu l l -hypothes i s m o r e difficult (for re fe rences see 
J a c c a r d / T b r r i s i / W a n 1990: 28). T h e p r o b l e m is of no conce rn in t h e 
present context . 

(12) See, e. g., K e n n y (1979: 17 ff.). 
(13) For fo rmu lae see any tex tbook on economet r i c s , e . g., P i n d y c k / R u -

binfeld 1981, p. 78, 99 ff. 
(14) T h e factors d e t e r m i n i n g the sign and the m a g n i t u d e of th i s cor re la ­

tion are qui te complex . For a brief discussion and fur ther re fe rence 
see Fr iedr ich (1982: 811 , fn. 7). 

(15) Th i s po in t s to the possibil i ty of resca l ing the i n d e p e n d e n t va r iab les as 
a t e chn ique of dea l ing with mul t ico l l inear t iy . See section 6 be low. 

(16) As Fr iedr ich no te s (and fur ther e labora tes) th is c o r r e s p o n d s to t h e 
increase in predic t ion e r ro r also in pure ly addi t ive m o d e l s as o n e 
m o v e s away from the center of t he regression survace . » In e i the r case , 
tha t is, descr ip t ions of the re la t ionsh ip be tween the d e p e n d e n t v a r i a b ­
le and o n e i n d e p e n d e n t var iab le at a par t icu la r level of a n o t h e r in ­
d e p e n d e n t var iab le b e c o m e less cer ta in wi th inc reas ing d i s tance from 
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t he center of the regression surface. T h e only difference is that in t he 
addi t ive m o d e l th is uncer ta in ty is ' h idden ' in the often-ignored stan­
dard e r ro r s for the intercept and the slope of the o ther i ndependen t 
var iable , whi le in the in teract ive mode l i t emerges explicit ly in t he 
s tandard er ror for the slope of the independen t var iable of interest as 
well« (Fr iedr ich 1982: 817). 

(17) F u r t h e r suppor t is given by a m o r e recent article by Mil ler & F a r m e r 
(1988). 

(18) A d d i n g a cons tan t to a var iable X 1 does not change the var iance of 
bu t i t does change the var iance of the produc t te rm (X 1 , X 2 ) , and con­
sequent ly its beta-coefficient and its corre la t ion (Pearson ' s r) wi th 
o ther var iables . 

(19) In pass ing i t should be noted tha t the s tandardized (or »beta«-) coeffi­
c ients es t imate the re la t ionsh ip be tween the dependen t var iable and 
the i ndependen t var iables a t different places than the uns t anda rd i zed 
coefficients, n a m e l y at the m e a n s of X 1 and X 2, no t at thei r respect ive 
zero poin ts . W h e n the researcher wan t s to use s tandard ized coeffi­
c ients in in terac t ive mode ls , he or she should first t r ans form Y, X 1 

and X 2 in to z-scores and then c o m p u t e the p roduc t t e rm Zx(l )^X(2)* 
r a the r t han t r ans fo rming the produc t t e rm X 1 X 2 in to z-scores (an ex­
p lana t ion for th is is given by Fr iedr ich 1982: 824). 

(20) Actual ly, t he re are different possibil i t ies for coding categorical va r i ab ­
les, only one will be considered he r e (see K e r l i n g e r / P e d h a z u r (1973); 
Roche l (1983); P i n d y c k / R u b i n f e l d (1981: 135 ff.). 

(21) For fur ther detai ls of the tes t ing p rocedure , see Johns ton (1972: 192 
ff.). 

(22) Occasional ly sample spli t t ing h a s been (mis takingly, I t h i n k ) r ecom­
m e n d e d as a way of o v e r c o m m i n g mul t ico l l inear i ty p r o b l e m s in in­
teract ive mode ls . 

(23) For formal tes t ing procedures , see P i n d y c k / R u b i n f e l d (1981: 114, 144 
ff.) As R a o and Mil ler (1972: 90 f.) warn : »The researcher should keep 
in m i n d tha t the compu ted s tandard e r ro r s do no t necessari ly reflect 
the t rue efficiency, or the appropr ia teness , of a s sumpt ions r ega rd ing 
the var iance of the e r ror te rms. . .He should also keep in m i n d tha t he 
canno t use the same data for tes t ing a nu l lhypothes i s on equ iva lence 
of the var iances in the two categories [in the example which they use 
the re a re only two categories, H. T.] whi le also es t imat ing the regres­
sions u n d e r t he assumpt ion tha t the nu l l hypothes i s i s t rue.« 
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