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The Lens Model Equation 

Thomas R. Stewart 

The lens model equation (LME) is a quanti ta tive 
e;..:pression of Brunswik's lens model and probabi
listic functionalism. Since its introduction in 
1964, the LME has led to advances in the study 
of expert judgment, multiple cue probabili ty 
learning, interpersonal learning, and conflict. In 
this brief chapter, I 'vvill summarize the history 
of the lens model equation, descri be its relation 
to Brunswikian theory, and discuss future direc
tions for L.M:E research. 

History of the Lens Model Equation 

The seeds of the eventual development of the 
lens model equation can be found in Hammond's 

195 5 paper enti tled "Probabilisti c Functionalism 
and the Clinical l\ll ethod." Hammond argued the 
importance of the partition between organism 
and the environment and shows, with two exam
ples, how both the subject and the object side of 
tl1e lens model can be analyzed by the same 
method-multiple regression analys is. T his sym
metry of method is at the heart of the L.ME. \i\lhat 
is missing, however, is an analysis of the relation 
between the two sides of ilie lens. 

Hursch, Hammond, and Hursch (1964) cor
rected this omission by deriving the original lens 
model equation. They used it to explore tl1e effects 
of statistical properties of both the environment 
and the response process on the results of multiple 
cue probability studies. Ironically, the LME was 
not the central focus of their paper. In fact, there 
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are so many equations in the paper that one can 
identify the LME only with difficulty and the ad
vantage of hindsight. Hammond, Hursch, and 
Todd (1964) made a slight notational modification 
and featured the LME prominently on the second 
page of their paper (although neither paper uses 
the term lens model equation, which became popu
lar only later). The Hammond, Ilursch, and Todd 
( 1964) version of the LME is: 

ru = ~ + R; - Ul + C~(l - ~)( 1- R~), 

where L-d = L(re - Ts )(~c - ~. ). 
I I I I 

r, is the correlation behveen the subjecfs judg
ment (Y,) and the distal variable (Ye)-

Rr is the multiple correlatlon for the environ
ment, or object, side of the lens model , that 
is, the multiple correlation between the distal 
variable and the cues. 

R, is the multiple correlation for the subject side 
of the lens model , that is, the multiple correla
tion behvecn the subject's judgment and the 
cues. 

rc is the correlation between Cue i and the distal 
I 

variable. 
r~. is the correlation between Cue i and the sub-

' ject's judgment 
~c is the standardized regression "'·eight (beta) for 

I 

Cue i from the regression of the distal variable 
on the cues. 

~s, is the standardized regression weight (beta) for 
Cue i from the regression of the subject's judg
ment on the cues. 

C is the correlation between the residuals from 
the two regression equations. 

This equation describes achievement (rJ) as 
the sum of two terms. The first term captures the 
component of achievement that is attributable to 
the cue vaJidities and cue utilizations. The second 
term captures the component of achievement 
that cannot be accounted for by the regression 
models of the environment and the judge. But 
there is more. The first term also provides mea
sures of the predietabil ity of the environment (I\,), 
the consistency of the judge (R ), and the match 
between the cue val idities and cue uti lizations 
('t.cl- a parameter thatBrunswik would have con
sidered of grea t importance). Thus, for the first 

time. it was possible to analyze cognitive perfor
mance into the part that was due to the environ
ment, the part that was due to the judge, and the 
relation behveen them. 

Led)'ard Tucker \:vas asked to review the 1964 
LME papers for Psychological Review. In his re
view, he suggested an alternative formulation for 
the lens model equation that was eventually pub
lished (Tucker, 1964) and became the standard 
form of the LME. Tucker re'vvrote the first term 
to produce the following equation: 

Tucker's nevl parameter, G, is the correlation 
between the predkted scores from the two regres
sion models. G is an alternative toLd. As Tucker 
pointed out, this version of the equation has an 
elegant parallelism: Both terms on the right side 
involve a correlation between components of the 
distal variable and components of the judgment. 

Tucker's formulation has been nearly univer
sally adopted (although Ul has been used as re
cently as 1992; see Cangcstad et al., 1992). In 
his comprehensive text on judgment analysis. 
Cooksey ( 1996b) did not even bother to mention 
Ul. However, since the relative advantages or 
disadvantages of the two forms of the LME have 
not been described in the li terature, there might 
be circumstances when D:l would be preferred 
to G. as Tucker himself suggested (1964, p. 5291. 
However, analysis of the properties of G and r.d 
indicates that G is always preferred. 1 

There have been several expansions of the 
LME since the original 1964 papers. Castellan 
(1972) generalized the LME to multiple criteria. 
Stenson ( 1974) showed how G could be estimated 
from the environmental and subject reliabilih~ 
if the cues were unknown, demonstrating th" 
relation between G and correction for attenuatior
of a validity coefficient in test theory. Stewa.-.: 
( 1 976) developed a hierarchical formulation tha: 
made it possible to isolate the contributions c:! 
different sets of variables. Cooksey and Freebod 
(1985) developed a fully generalized lens mode 
equation that encompassed both the Castelli, 
multivariate and the Stewart hierarchical forrr._
lations. Stewart (1990) combined the LME \P.!.. 

a decomposition of the Brier skill score, inco~-



rating regression and base-rate bias into the for
mulation. Based on an expanded version of the 
lens model, Stewart and Lusk ( 1994) decomposed 
Re into environmental predictabi li ty and fidelity 
of the information system and R, into reliability 
of information acquisition and reliability of infor
mation processing. The more general forms of 
the LME have rarely been applied. 

Since its original development and use in stud
ies of judgment and multiple cue probability 
lean"ling, the LJ.\!TE has been adapted for use in 
studies of interpersonal learning (Hammond, 
Wilkins, & 'Todd, 1966) and to studies of conflict 
(Hammond, 198.5). More recently, it has been 
used in a remarkable variety of judgment studies. 
For example, Gifford (1994) used the LME to 
study encoding and decoding of interpersonal dis
positions from nonverbal cues. Lee and Yates 
(1992) studied how judgments change as the 
number of cues increases. Fiedler and \iValka 
( 1993) studied judgments of the veracity of reports 
on minor delinquency. Hep.,vo rth (1991) sug
gested the use of the lens model as a framework 
for the assessment of student nurses. Tape, Kripal , 
and Wigton (1992) studied methods of learning 
in a medical context. Cooper and Werner (1990) 
Ltsed it to study predictions of violence. Gangestad 
et al. (1992) used the LME in a study of person 
perception. Stewart et al. (1989) and Stewart, 
Roebber, and Bosart ( 1997) used the LME to 
analyze the skill of weather forecasters. Balzer, 
Dol~erty, and O'Connor (1989) reviewed anum
ber of stud ies that had used the LME to analyze 
the effects of cognitive feedback. Sniezek (1986) 
used it in a study of probability lea rning tasks. 
Wigton et al. (1990) investigated the effects of 
cognitive feedback on diagnostic judgments of 
pharyngitis for physicians and medical students. 
Ashton (l99Z) used it to study judgmental 
achievement of auditors. O'Boyle et al. (199Z) 
employed the LME in a study of quali ty-of-life 
measures for patients. Sengupta and Te'eni 
( 1993) studied group decision support systems. 
Clearly, the LME is a powerful and versatile tool 
for judgment research. 

The LME, the Lens Model, and Brunswik's 
Probabilistic Functionalism 

Mathematica lly, the LME is simply a formul a 
for analyzing the correlation between any two 
variables with respect to another set of variables. 
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It is a va riant of partial correlation methods that 
break correlations down into components that are 
and are not related to other variables. It is also a 
forn1 of the classic formula relating the correlation 
between two tests to their reliabilities and the 
correlation between the true scores (Brehmer, 
1988). The importance of the LME derives not 
simply from its mathematical properties, but from 
the close correspondence between those proper
ties and Brunswik's lens model. 

Following are five requirements for a quantita
tive analysis that is consistent with Brunswikian 
theory: . 

1. Symmetry ancf paraffef1'sm: 6ot1'1 ~ho:: cm·.=,~o.·,. 

ment and the organism must be represented 
and analyzed in parallel terms (see especiaJly, 
Brunswik, 1957, this volume). 

2. ProbabiJism: The method must account for 
probabi listic re lations among variables in both 
the environment and organismic systems. 

3. Vicarious functioning: Since vicarious func
tioning i~ central to behavior, the method 
must account for it. 

4. Representative design: The method must per
mit representative design of experiments. Ln 
particular, it must be possi ble to analyze stud
ies th<lt allow vicarious functioning. 

). Functionalism: Since behavior is goal-di
rected, the organism's goal must be included 
in the analysis. 

The following is a discussion of how the LME 
meets each of these requirements. 

Symmetry 

The LME provides a beautiful representation of 
the symmetry of the lens model. Parallel regres
sions are applied to environ ment and organism, 
and the LME includes parallel terms for the envi
ronment and the organism, as well as terms that 
describe the relation between them. 

Probabilism 

Because the LME is based on correlational statis
tics and regression analysis, the uncertainty inher
ent in both the environment and the organism 
is directl y represented. The multiple correlations 
(R, and R~) measure linear determinancy, that 
is, the strength of the rela tion between a linear 
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function of the cues and the distal variable or the 
judgment, respecti,·ely. To the extent thal lhese 
multiple correlations are less than 1.0, these cue
variable relations are probabilistic (assuming that 
the form of the regression model is correct). 

Probabilistic relations between each cue and 
the distal variable (ecological validities) or the 
judgment (cue utilizations) arc incorporated into 
R:, R. and G. 

Vicarious Functioning 

Vicarious functioning requires correlated cues. 
Became t·he Li\ IE is based on regression analysis, 
it can be applied to designs that include such 
correlations. However, the LME does not provide 
a direct measure of vicarious functioning. That 
is, the LME itself cannot tell us whether a j11dge is 
taking advantage of the opportunity for vicarious 
functioning, nor does it measure the contribution 
of vicarious functioning to achievement. How
ever, a measure of the potential for vicarious func
tioning can be de,·eloped as follows. 

G is influenced by the correlations among the 
cues and therefore reflects the potential for vicari
ous functioning. For some tasks, subjects can 
achieve high G by using patterns of cue utiliza
tion tbat differ markedly &om their ecological 
validities and from the cue utilizations of other 
subjects who also ha,·e high G. But G is a nonspe
cific measure. It is influenced not only by vicari
ous functioning, but b~- other factors as well. 

The following matrix formula for G can be 
used to explore ,·icarious functioning. 

~r is a ,·ector of standardized regression weights 
for the environment. 

~is a vector of standardized regression weights 
for the judge. 

R is the matrix of cue intcrcorrelations. 

Note that~" and ~'a rc determined by Rand 
by the cue validities and cue utilizations, respec
tively. 

~c and R combine multiplicatively to deter
mine the opportunity for the judge to use vicari
ous functioning. Operationally, vicarious func-

tioning means that the judge can employ a wide 
range of \veights (~,) and stil1 achieve a high value 
ofG. The conditions under which this may occur 
can be derived from the above formula. Specifi
cally, when ~~R produces a vector of numbers 
that are closely spaced (i.e. , have low variability), 
then the potential for vicarious functioning is 
high. For tasks having the same number of cues, 
examination ~~R could be the basis for an index 
comparing the degree to which different tasks 
provide opportunities for vicarious functioning. 
This exploration of G leads to an important in
sight: Opportunities for vicarious functioning de
pend not only on the intercorrelations among the 
cues, but on a combination of those correlations 
and the ecological val idities of the cues. As far as 
we knm:r, Brunswik was not aware of the impor
tance of both cue intercorrelations and ecological 
validities in vicarious functioning. 

Representative Design 

As stated above, the LME can be used to analyze 
data that are gathered under representative condi
tions. Furthermore, generalizations based on the 
use of the LME require representative design. Of 
course, the LME can also be applied to data that 
were not gathered using a representative design. 
But without an appropriate design, results ob
tained using LME, or any other analytical 
method, are meaningless. 

There has been misunderstanding among psy
chologists regarding the meaning of representa
tive design. In judgment research, representative 
design is often equated with the use of correlated 
cues. Representative design is often taken to 
mean that cases must be drawn randomly from 
some natural environment, and that the natural 
setting for judgment must be reproduced in the 
experiment. 

In fact, representative design does not require 
correlated cues, random sampling from a natural 
environment, or reproduction of the setting 
where judgments are made. The essential charac
teristic of representative design is that the ex'Peri
menter carefully specify what generalizations are 
to be made from the experiment and then set up 
the experiment to support those generalizations. 
This requires a careful examination of the enVl
ronment and the process being studied. The re
sulting design may or may not include correlated 



cues and may or may not require faithful repro
duction of the context for judgment. 

The confusion about representative design 
and correlated cues resulted from Brunswik's em
phasis on vicarious functioning and his argument 
that traditional orthogonal research designs el imi
nated the possibili ty of such functioning. W'ith 
regard to vicarious functioning, therefore, repre
sentative design means correlated cues. In studies 
where vica ri ous functioning is not central, repre
sentative design does not necessarily require co r
related cues. 

Functionalism 

The LME is an inherently functional representa
tion of behavior because it analyzes achievement 
(r3 ) . This correlation measures the extent to which 
the judge achieves the goal of making accurate 
judgments about the distal variable. The LME 
decomposes that correlation, thus c la ri .~'ing the 
components of achievement. 

In summary, the LME is consistent wi th Brun
s-..vikian theory and truly deserves to be called the 
Lens model equation. 

The Future of the LME: Continued Application 
and Methodological Studies 

A search of the Social Science Citation Index 
from 1969 to 1998 identified more than 140 pa
pers that cited at leas t one of the original 1964 
papers. Although the rate of citation fell from 
about six or seven papers per yea r in the 1970s 
to two or three papers per yea r in the 1990s, it is 
remarkable that these thirty-five-yea r-old papers 
are still being regularly ci ted. This is clear evi
dence of the continuing value of the LME for 
analyzing judgment. Still, one might ask \vhy it 
is not being used more frequently. 

There are several possible reasons. One is lack 
of awareness. There are papers that could make 
good use of the LME but don't. Another reason 
is the difficulty in calculating LME parameters. 
Only one software package (POLICY PC) com
putes lens model parameters. It is possible to cotTl
pute them with sta tistical packages such as SPSS 
or SAS, but several steps are required. In addition, 
most psychologists have not been taught LME 
analysis. They have to learn it on their own. An-
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other reason is that, in many stuilies, the required 
data about the environment (criterion data) are 
lacking. Without criterion data, the LME cannot 
be used to analyze achievement. It can still be 
used to ana lyze. agreement between judges, but 
many investigators do not appear to rea lize that 
can be done, or to appreciate its value. 

Future efforts should be made to correct the 
underutilization of LME analysis by increasing 
awareness among psychologists and making com
putational procedures more avai lable. 

At the same time, more detailed study of the 
behavior of LME parameters (G, C Rs. Re) is 
needed. vVhilc there have been several studies of 
the parameters of the LME (see Cooksey, 1996b, 
pp. 212 ff. , for a review), little is known about 
their statistical properties. The current capabili ty 
to conduct extensive simulations on personal 
computers should be exploited to conduct the 
research on critical statistical issues in the inter
pretation ofLME results (such as the distributions 
of G and C). Castellan's ( 1992) study of the prop
erti es of Gunder a vari ety of assumptions is a good 
example of the kind of research that is needed. 

In conclusion, the LME is a proven too] for 
Brunswikian research that could be applied more 
frequently and should be the focus of detailed 
methodological study in order to advance our 
understaniling of judgment under uncertainty. 

NOTE 

I thank Elise Axelrad Wea\·er for helpful comments 
on an earlier version of this chapter. 

l. The relation between C and r.d is expressed in 
the following equation: 

l..d = R~ + R~ - 2CRJ{,. 

This mean~ that, for fixed R and R, r.d is just 
a linear function of C. It also shows that r..d is not 
independent of the multiple correlations for environ
ment or judge. This lack of independence has unfortu
nate implications. The best va lue of r..d wou ld seem 
to be:: 0, indicating a perfect match between environ
ment and judge, but this value can be ach ieved only 
when ~ + R~ = 2CRcR •. This equation is satisfied 
when G = l.O and 1\: = R, but there are many other 
possible solutions as well. As a resu lt, l..d = 0.0 does 
not produce the best possible ach ievement. For a given 
R., maximum achievement is reached when R = 1.0 
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and r.d = {1 - R.f In other words, in order to maximize 
performance, L.d must be greater than 0 (unless Rc = 
1.0). This is a strange and counterintuitive result, which 
certain!)' would have surprised Brunswik. From Tuck
er's version of the LME, it is clear that achievement 

is maximized when both R. are G are 1.0, a simple 
and intuitive result. To summarize, r.d confounds the 
effects of cue utilization and R, while G clearly sepa
rates them. G is always preferred to U/. The standard 
practice of using Tucker's version of the LME is correct. 




