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Statistical aspects of a model 
for interpersonal attraction 
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An interpersonal attraction model which Byrne (1971) and his co-workers (Byrne & Nelson, 1965; Byrne 
& Rhamey, 1965) developed in conjunction with a series of interrelated empirical experiments is 
reinterpreted as a multiple regression model. 

For more than a decade Byrne and his co-workers 
(Byrne, 1971; Byrne, London, & Griffitt, 1968; Byrne 
& Nelson, 1965; Byrne & Rhamey, 1965) have been 
employing a general paradigm in empirical research 
which states that interpersonal attraction, if suitably 
quantified in a measure Cij' is a positive linear function 
of the proportion of attitudes Pij shared by two people 
Si'S{ 

c ij = a Pij + b. (1.1) 

Approximately the same linear relationship 

Cij = 5.4 Pij + 6.6 (1.2) 

held up across a variety of experiments which differed in 
design and subject population. The similarity argument 
Pij had been defined originally (Byrne & Nelson, 1965) 
as the normalized counting measure on the set of atti
tudes shared by both subjects, that is, 

(1.3) 

where m+ denotes the number of attitude items to 
which Si and Sj respond the same way and m- is the 
number of remaining items on which they disagree. 
Thus, pij is simply the proportion of attitudes shared 
by Si and Sj. When it later became apparent that agree
ment on some items affected the attraction response 
more strongly than agreement on others, Byrne and 
Rhamey (I965) generalized the unweighted pij to a 
weighted proportion: 

Pij = w+ /(w+ + w-). (1.4) 

Each of the m items is now characterized by a weight 
wk; w+ is the sum of the weights agreed on by both 
Si and Sj' and w- is the sum of the weights for the 
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remammg items on which they disagree. Since the 
Pij in Formula 1.4 contains the pij in Formula 1.3 as 
a special case when all the m wk are equal, we will 
focus on this slightly more general formulation of the 
attraction paradigm: 

(1.5) 

In previous research the weights wk were typically 
obtained in a separate scaling experiment where a 
number of judges were asked to scale the importance 
of the m attitude items (Byrne et al., 1968; Clore & 
Baldridge, 1968). As we will show, such separate scaling 
experiments are, strictly speaking, unnecessary because 
the weights wk can be estimated from the Cij and the 
attitude responses of the subjects. The m welghts and 
the parameters a, b can be interpreted as regression 
weights. The regression weights can be estimated by the 
familiar multiple regression techniques which, further
more, provide optimal statistical tests for hypotheses 
about these weights within the framework of the general 
linear model (GLM). We will further show that the 
Byrne-Rhamey formula (I.5) can be interpreted as a 
distance model which bears some resemblance to a 
currently popular individual difference model for 
multidimensional scaling, the subjective metrics model 
proposed by Bloxom (1968), Carroll and Chang (1970), 
and Horan (I969). The simple attraction paradigm 
(Formula 1.5) thus has richer structure than might 
appear on superficial examination. 

THE BYRNE-RHAMEY FORMULA 
AS A DISTANCE MODEL 

In a typical attraction experiment, m binary attitude 
items AI " . Ak ... Am are presented to p subjects, 
instructing them to indicate which items they endorse. 
The experimenter may construct q more fictitious 
subjects ("bogus strangers") by prescribing which 
attitude items such a stranger has endorsed. One thus 
obtains a (p + q) by m matrix of binary responses. If 
we encode these data numerically in a matrix A = (aik) 
with aik = 1 if subject Si endorses the kth attitude item, 
and aik = -1 if he opposes it, the ith row in A might be 

243 

by Si and Sj. When it later became apparent that agree



244 SCHONEMANN, BYRNE, AND BELL 

aj'= (1 ,1,-1,1,-1) (2.1) 

and the jth row 

aj'= (1 ,-I ,-1 ,-I ,1). (2.1) 

Here, the ith subject , Si ' has endorsed the first, second, 
and fourth attitude items and the jth bogus stranger 
has .been made to endorse the first and fifth. There are 
altogether m = 5 items and the subject agrees with 
the stranger on the first and third, that is, on m+ =·2 
items. The unweighted proportion pij in Formula 1.3 
is thus .4. If we assign "importance weights" wk = 2, 
1, 4 , 1, 2 to the five items, the weighted proportion 
Pij in Formula 1.4 would be Pij = .6. 

We then obtain an "attraction score" cij by asking 
subject Si to indicate on some rating scale (e.g. , the 
Interpersonal Judgment Scale, or IJS , which varies from 
2 to 14) the extent to which he feels "attracted" to 
stranger Sj' given aj', that is, his score profile on the 
attitude items. 

In this section we show that the Byme-Rhamey 
(Formula 1.5) model has an interesting geometrical 
interpretation when all the weights wk are positive . 
The weighted proportion Pij in Formula 1.4 can be 
written 

where D = diag(wI,' .. ,wk,' .. ,wm) is the diagonal 
matrix of weights and J' = (1,1, . . . , 1) is a vector of 
m ones , so that 

m 
1'01 = ~Wk' 

k 

Hence, the response Cij is a linear function of the scalar 
product ai Daj and the Byrne-Rhamey formula (2.1) 
can be interpreted as a scalar product model. 

But since all row vectors ai' in A are of equal 
(euclidean) length lail= m'h, it can also be interpreted 
as a distance model. The weighted proportions Pij 
are linear functions of squared (elliptical) distances: 

Pij = (ai'Daj + J 'DJ)/2J 'DJ 

= 1 - [(~ - aj) ' D(ai - ~)] /4J 'DJ 

where 

d2 ij = (ai - aj)'D(ai - aj) 

is a (squared) elliptical distance and 

(2.3) 

(2.4) 

d2 = max [(a· - a.:)'D(a· - a.:)] = 4J 'DJ (2.5) max O<i'O<j 1 ~~J 1~] 

is its maximum over the set of admissible ai'~ as defmed 
above. The Byrne-Rhamey formulation thus becomes 

(2.6) 

This means it can be interpreted as a distance model , 
as long as all wk are positive. If at least two wk are 
distinct , it employs the weighted "elliptical" distance 
function, Formula 2.4. 

Such elliptical distances also occur in the subjective 
metrics model proposed by Bloxom (1968), Carroll 
and Chang (1970), and Horan (I969) which was solved 
algebraically by Schonemann (1972). This model states 
that the distances dij .r for all pairs of p stimuli (i,j = 1 ,p) 
in N subject-specific matrices /::'r = (d ij .r )(r = I,N) 
can be resolved as 

i,j = 1 ,p ; r = I ,N (2 .7) 

where the "subjective metric" matrices Dr are diagonal 
and contain m subjects' specific weights wlr " ' " 
wkr, ... 'wmr . This model is superfiCially similar to 
the Byrne-Rhamey model, especially once the latter is 
generalized into an individual difference model. This is 
easily accomplished by introducing subject-specific 
weights w rk ' r = 1,N (see Schonemann et al., 1975 
for details). 

There are, however, important differences. The 
Byrne-Rhamey formulation is tied to a clear cut data 
base. We know exactly how to conduct an experiment 
to obtain the protocol information, and there are 
plausible psychological reasons why it might describe 
such data. In contrast , the proponents of the subjective 
metrics model leave the data base vague and largely 
unspecified. Prior transformations of the data may 
further weaken the relation between model and data. 
More importantly, the coordinate vectors ai are empiri
cally given in the Byrne-Rhamey model. Only the 
parameters a, b and the m weights wk need be estimated, 
not both D and A = (aD, as in the subjective metrics 
model. This means that the Byrne-Rhamey formula 
(2.1) is a stronger model which, on the one hand, is 
more easily falsified and, on the other, is more informa
tive and predictive when it fits. 

One advantage of this distance interpretation of the 
attraction model is the associated geometry, which is 
depicted in Figure 1. There we deal with two attitude 
items, Al and A2 , which defme a basis for the m space 
of the response vectors al' If m = 2, as in the diagram, 
this space is a plane, and there are altogether 2m = 4 
distinct possible response vectors al' They are all of 
equal length lai I = Vm and thus lie on the surface of 
an m sphere with radius ..jill or, equivalently, are the 
2m corners of an m cube inscribed in this sphere . In the 
plane this is a square with sides of Length 2 inscribed 
in a circle of radius 0. As long as all weights are 
equal, the model states that the dependent variable 
Cij is a linear function of the (squared euclidean) dis
tance between the endpoints of the two response vectors 
~ and G:j' for example, the squared length of the dotted 



Figure 1. Geometry of the Byrne·Rhamey model. 

line segment between a l and a4 in the diagram. For 
m = 2, the possible distances in the unweighted case 
are thus 0 (e.g., al and al), 2 (e.g., al and a4), and 
2.J2 (e.g., al and a3)' 

In the more general weighted case, the coordinate 
vector Ak is shrunk or stretched in length according 
to whether the corresponding wk is smaller or larger 
than unity. Therefore, all projections on the Ak of the 
response vectors aj shrink or stretch in length. The 
responses are now represented by the oblique vectors 
at which lie on an m sphere with radius 

v'~Wk' 
k 

We could view them as the 2m corners of a paral· 
lelepiped inscribed in an ellipsoid . Two response vectors 
are inclined toward each other when they enclose a more 
heavily weighted item, for example, aT and a; in the 
diagram. Therefore the distance between their end
points will be less than if they enclose a less important 
item (e.g., at and a:) and the attraction response 
cij will be larger. 

THE BYRNE-RHAMEY MODEL 
AS A LINEAR MODEL 

Upon reviewing the weighted model (2.1, 2.2) in 
scalar product form, 

cij = aPij + b = _a_ l: aik a'k Wk + ~ + b (i*j) (3.1) 
2J'DJ k J 2 

or in distance form, using Formula 2.3 

a 
eij = aPij -j. b = a + b - 4J 'DJ ~ (aik _lIjk)2 wk (i*j) (3.2) 

it becomes clear that we are dealing in both cases with a 
multiple regression model, that is, a special case of the 
GLM. To see this for the scalar product formulation 
(3.1), we define 

IJ* = ~ + b, wk* = aWk/2J 'OJ, hijk = aiklljk' H* = (hijk) (3.3) 

Then Formula 3.1 becomes c·· = p* +Lh~k wk** or 
ij k ij , 

'Y = HIi, where Ii ' = (IJ, w~*, ... , w~*) ,H = (J ,H*). (3.4) 
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To see it for the distance formulation (3.2) we defme 

IJ = a + b, wk = -awk/4J 'OJ,gijk = (am _lIjk)2 ,G* = (gijk)' (3.5) 

Then Formula 3.2 reduces to Cjj = P + ~ gijk w*k, or 
k 

'Y = GIt, where It' = (IJ, wt,···, w~), G = (J,G*). (3.6) 

We can invoke in both cases the machinery of the G LM 
to obtain easily computed and statistically optimal 
estimates for the m + I parameters p, wf, ... , w~ of 
the weighted model in the fallible case, if we are willing 
to entertain the usual mild assumptions required by the 
GLM. Adopting Formula 3.6 as the expected value 
E(-y) of the response vector r = (Cjj), in the fallible 
case we add an error term E 

r = GtH E. (3.7) 

The "design matrix" G is defined as in Formulas 3.5 and 
3.6, and t3 as in 3.6 . The residual vector E is assumed to 
contain p + q random variables ej which jointly satisfy 

E(E)=tj>,var(E)=a2 Ip+q for some a2 >0. (3.8) 

As is well known, this is all that is needed to claim that 
the least squares estimate (LSE) ~ be "minimum vari
ance unbiased" among all linear estimates for t3, as long 
as the design matrix G is of full column rank (see e.g., 
Searle, 1966, Chap. 10, for a more thorough exposition 
of the GLM). This we shall have to assume, because if 
G were of deficient column rank we would lose "estima
bility" of t3 [since t3 in E(r) = Gt3 would no longer be 
uniquely defined], and our primary objectives to esti
mate the parameters a, b, WI,"" W • Under the full 
rank condition we can compute the mLSE ~ for t3 by 
means of any standard multiple regression program 
(e.g., Wang & Schonemann, 1970): 

~ = (G 'G) -lG 'r. (3.9) 

It should be noted that, although the components 
p, w~ in t3, and their estimates are uniquely defined 
once G is of full column rank, the actual weights wk 
of the attraction paradigm are defined only up to a 
multiplicative constant by Formula 3.5. This in
determinacy could be used to eliminate the slope 
parameter altogether by setting 

a = 4J 'DJ = 4 L wk, 
k 

to identify the wk' However, we prefer to retain the 
slope parameter a in order to obtain the unweighted 
attraction model (I.I, 1.3) from the weighted model 
(I.5) as a special case when the former cannot be re
jected. In order to achieve comparability between the 
parameters of both models, we impose the identifiability 
constraint 

m 
J 'DJ = ~ wk = m. 

k 
(3.1 0) 
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This ~ constraint eliminates the multiplicative indeter
minacy. With this last step, our estimation task is com
pleted. We now can solve Formula 3.5 for the param
eters 

m 
a = -4 ~ w~, b = Il- a,wk = -4mw~/a (3.11) 

k 

of the original attraction model in terms of the param
eters of the regression model and their respective esti
mates. 

In order to justify the usual F tests for testing hy
potheses about ~, we add a normality assumption 

(3.12) 

With these assumptions we can test any "linear hy
pothesis," that is, hypotheses Ho of the form 

(3.13) 

for any given k by (m + 1) "hypothesis matrix" Q' of 
full row rank k and any vector () of constants. It is 
well known that in the full column rank case not only 
~ itself, but all1inear functions Q '~ are estimable and all 
linear hypotheses "testable" (see Searle, 1966; Seber, 
1966; Wang & Schonemann, 1970). The test statistic 
for such "linear hypotheses" is given by 

T(-y) = (Q'~ - 0)' [Q '(G 'G)-1 Q] -1 (Q '~ - ())/tj2, (3.14) 

where tj2 = (r - G~) '(r - G~)/(N - r), r = rank (G) = 
m + 1, N = P + q, and where TCr) is distributed as 
F k -1 N - r under Ho: Q '~ = () . 

To'illustrate, suppose we wish to test the proposition 
that all the regression weights w~ are equal in Form
ula 3.5. This is equivalent to testing whether the un
weighted case of the attraction paradigm is all that is 
required by the data. For m attitude items, and there
fore m + 1 parameters in ~ altogether, the hypothesis 

H . w* = w* = = w* o· 1 2· .. m 

can be written as a "linear hypothesis": 

Q' 

(3.15) 

o 
(3.16) 

This defines Q " and thus T( r), for testing Ho. Since the 
theory of the GLM is well known and available else
where (e.g., Searle, 1966, 1971; Seber, 1966), we shall 
not belabor the details of such tests further. A numerical 
illustration of such tests is given in (Schonemann et al., 
1975). 

The availability of such a statistical formulation, in 
our judgment, greatly enhances the utility of the Byrne
Rhamey formula as a research tool because it provides 
a simple and efficient machinery for estimating the 
weights and replaces inspection and intuition with 
clear-cut and well-understood statistical tests. 
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