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ERIC J. JOHNSON, ROBERT J. MEYER, and SANJOY GHOSE*

Linear compensatory models, which involve tradeoffs between product attributes,
have been argued to provide reasonably good predictions of choices made by non-
compensatory heuristics, which do not involve tradeoffs. This robustness to misspe-
cification of functional form may fail, however, when there are negative correlations
among attributes in a choice set. A Monté Carlo simulation demonstrates that cer-
tain noncompensatory rules are poorly fit by linear models, even in orthogonal
environments, and that this fit diminishes further in nonorthogonal environments. Two
laboratory experiments assess the extent to which such model failure might arise in
natural contexts. The first, a process-tracing analysis, examines the decision strat-
egies consumers use in nonorthogonal choice environments. The second explores the
ability of a compensatory choice model calibrated on actual choices to predict de-
cisions made in orthogonal and nonorthogonal contexts. The authors conclude with
a discussion of the work’s implications for current research in applied choice mod-

Environments

When Choice Models Fail: Compensatory
Models in Negatively Correlated

eling.

Multiattribute preference models have a central role in
describing and predicting consumer choice. Their wide
appeal stems from a rather simple inherent property: their
apparently robust ability to mimic consumer decision
processes. It implies they can potentially be used to pre-
dict consumer reactions to product attribute changes prior
to actual marketplace tests, affording sizable savings in
time and money. Because of this possibility, multiattri-
bute models have had numerous applications across a
wide variety of marketing contexts, such as pre-test-mar-
keting systems (e.g., Cattin and Wittink 1982; Green,
Carroll, and Goldberg 1981; Silk and Urban 1978) and
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sales-response analyses of mature products (e.g., Cor-
stjens and Gautschi 1983; Guadagni and Little 1983).

In most of these technologies for representing con-
sumers’ choice strategies, one assumes that consumers
make tradeoffs between all the relevant attributes of a
product and form overall evaluations of each alternative.
Such decision rules are termed compensatory because good
features of an alternative can compensate for the bad. If
we listen to people describing how they make choices,
however, a very different picture emerges. People talk
about eliminating alternatives because of objectionable
attributes and picking an alternative not because it has
the best overall evaluation, but because it is the best on
the most important attribute. Even the most casual ex-
amination of consumers’ verbal reports indicates that de-
cisions are based, at least in part, on noncompensatory
strategies that do not involve tradeoffs. Supporting evi-
dence for the use of such heuristics pervades the liter-
ature, including studies using information display boards
(e.g., Bettman and Jacoby 1976; Lussier and Olshavsky
1979; Payne 1976), eye movements (Russo and Dosher
1983), and even in-store verbal protocols (Payne and
Ragsdale 1978).

Do these findings suggest that our technology for rep-
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resenting consumer choice strategies is in error? Con-
siderable evidence suggets that there is no cause for alarm.
Compensatory models are widely believed to be capable
of mimicking a wide range of functional forms, includ-
ing noncompensatory heuristics, when two conditions are
met: (1) attributes are related monotonically to con-
sumers’ preferences and (2) there is error or uncertainty
about these preferences (Dawes and Corrigan 1974). Be-
cause these conditions are thought likely to be satisfied
in most applied contexts, compensatory models are widely
used even when presumed not to reflect the actual pro-
cess by which decisions are made (e.g., Cattin and Wit-
tink 1982). Confidence in the model is widespread, as
illustrated in Green and Srinivasan’s (1978) conclusion
about the potential dangers of misspecifying consumers’
decision rules:

. . . the compensatory model of conjoint analysis
can approximate the outcomes of other kinds of de-
cision rules quite well . . . even if the respondent’s
information processing strategy and decision model
are complex, the compensatory models can usually
produce good predictions.

Despite this optimistic note, there is still reason for
concern that compensatory models many not always mimic
noncompensatory processes. Several researchers (Curry
and Faulds 1986; Curry, Louviere, and Augustine 1981;
Einhorn, Kleinmuntz, and Kleinmuntz 1979; Green,
Helsen, and Shandler 1988; Newman 1977) have argued
that studies demonstrating robustness in linear models
have underemphasized a major influence on predictive
accuracy: the correlation among attributes in a choice or
judgment set.

Interattribute Correlations and the Robustness of
Linear Models

Newman (1977) was the first to examine explicitly the
effect of interattribute correlations on the fit of linear
models, following brief discussions offered by Einhorn
(1970) and Goldberg (1971). He noted that, though Wai-
ner’s (1976) conjecture that small departures from op-
timal coefficients in a linear model “don’t make no nev-
ermind” will often hold in practice, it will not hold when
the attributes describing alternatives are negatively cor-
related.

The intuition behind this conclusion is straightfor-
ward. Negative correlations among attributes in a choice
set change the performance of models in two ways.

1. They lower the asymptotic descriptive validity (fit) of any
model applied to the data (holding measurement error
constant).

2. They increase the differences in predictive validity across
alternative models.

The first result has a simple statistical rationale: neg-
ative correlations imply that if an option scores highly
on one attribute it will tend to score poorly on another.
When there are negative interattribute correlations in a
choice set, the task of predicting which option is best by
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a compensatory criterion is more difficult because op-
tions will tend to be similar in overall value. An extreme
example is when a model predicts that all the alternatives
in a choice set are identical in value; here, one could
predict choice with only chance levels of accuracy. Hence,
negative correlations reduce the fit of models simply by
constricting the variance in predicted overall values among
options.

Negative correlations also can diminish model perfor-
mance because they make predictions more sensitive to
the particular choice strategy used. Einhorn, Klein-
muntz, and Kleinmuntz (1979, Figure 3) illustrate this
effect through the example of a negatively correlated en-
vironment containing two options, described on two at-
tributes. The first is good on attribute A and bad on B
whereas the second is bad on A and good on B. The
option that will be picked in this case depends on how
a choice strategy weights the two attributes. A lexico-
graphic strategy that selects the option best on attribute
A, for example, would choose the first option. A similar
lexicographic strategy looking first at attribute B would
pick the second. In contrast, a compensatory rule that
weights the two attributes equally would be indifferent.
If the two attributes were correlated positively, if the first
option were good on both attributes and the second bad
on both, one would pick the first option regardless of
how the attributes are weighted. Hence, in general, the
less the redundancy among attributes in a choice envi-
ronment (the more negative the average interattribute
correlation), the greater the difference in predictions made
by different models.

A more precise treatment of this issue was offered by
Curry and Faulds (1986), who described the theoretical
relationship that should be present between two different
linear weighting schemes given different correlational
structures. They did not look at the particular problem
of the consequences of approximating one functional form
with another, but they did establish some theoretical outer
bounds for the levels of model failure that can occur with
misspecification. For example, they noted that when two
models are compared in a maximally negative intercor-
relational environment, even small deviations in their
weights can induce major discrepancies in prediction,
approaching a complete rank-order reversal in overall
preferences for options.

Conditions Mitigating Model Failure in Practice

Our discussion suggests that simple linear models may
not be as robust to specification error as popular wisdom
often maintains. Past findings of robustness may reflect
the forgiving nature of the choice contexts used and not
the inherent robustness of the models to misspecifica-
tion. However, the discussion also suggests that the con-
ditions required for model failure are actually rather spe-
cialized: the attributes in the choice sets under study must
be correlated negatively and consumers must continue to
use noncompensatory strategies when faced with these
choices. The extent to which model failure occurs in the
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real world therefore depends on how often these two
conditions occur.

First, will negative correlations among attributes arise
frequently in real-world settings? There are several rea-
sons why this might occur. Negative correlations are
sometimes imposed by production constraints. It is dif-
ficult, for example, to make cars that both get good gas
mileage and have drag-strip acceleration or to produce
desserts that are both sinfully rich and low in calories.
Negative correlations also naturally arise whenever dom-
inant alternatives (options that are at least as good as
others on all attributes and superior on at least one) are
removed from consideration in a choice set (see, e.g.,
Curry, Louviere, and Augustine 1981). Hence, if one
believes that either consumers or market forces effi-
ciently screen dominated options, negative correlations
should arise with reasonable regularity.'

Second, do consumers persist in using noncompen-
satory rules when faced with negatively correlated sets?
Consumers may be implicitly aware that heuristics do
not do as good a job of mimicking compensatory rules
in negatively correlated environments. When faced with
these decision contexts, consumers may increase their
use of compensatory rules to make more accurate choices
(see Einhorn, Kleinmuntz, and Kleinmuntz 1979; Payne,
Bettman, and Johnson 1988). If so, compensatory models
might not decline in predictive accuracy because loss in
fit would be offset by an increased use of compensatory
choice processes by adaptive decision makers.

Anecdotal evidence suggests negative correlations may
have the opposite effect. Slovic (1975) and more re-
cently Tversky, Sattah, and Slovic (1987) report that when
individuals are faced with choices between equally val-
ued options (which imply negative correlations among
attributes), they use a lexicographic strategy to pick the
option that is best on the most important attribute. If this
tendency is generalizable, it suggests an even greater po-
tential for the failure of compensatory models in nega-
tively correlated environments.

The Research Problem

The purpose of our article is to examine further the
robustness of linear models in mimicking noncompen-
satory processes in correlated environments. Our objec-
tive is to address three central questions left unresolved
in previous research.

'The extent to which real-world product markets are efficient is
currently a subject of debate. Curry and Menasco (1979), Curry and
Faulds (1986), and Hjorth-Anderson (1985) examined market effi-
ciency using Consumer Reports-type measures of product quality. They
reported dominated options persisting in several markets, with inter-
attribute correlation matrices thus tending to be positive rather than
negative. Limiting these studies, however, was their focus on objec-
tive rather than subjective measures of product quality. In addition,
Tellis and Wernerfelt (1987) report a meta-analysis of nine studies of
the relationship between product quality and price. They found con-
sistent support for the predicted positive correlation (implying a neg-
ative correlation in utilities) in most cases for these two variables.
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1. To what extent can specific noncompensatory rules be
approximated by compensatory models and how are these
approximations affected by different levels of negative
interattribute correlation?

2. To what extent do consumers use noncompensatory rules
when faced with negative interattribute correlations? Do
they make greater use of compensatory strategies be-
cause of the reduced accuracy of heuristics or, as sug-
gested by Slovic (1975), actually make greater use of
heuristics?

3. How important is model failure in applied settings when
a compensatory model is used to predict choices made
in negatively correlated environments?

We report three studies addressing different aspects of
these three research questions. The first is a numerical
simulation investigating the ability of a linear model to
predict the choices made by several noncompensatory
rules in environments with varying interattribute corre-
lations. The second is a process-tracing study examining
how consumers, rather than models, react to changes in
correlational structure. Of interest is the extent to which
consumers alter their choice strategies as interattribute
correlation changes. The third study combines the inter-
ests of the first two by illustrating the levels of model
failure that may arise in applied settings. It examines the
changes in predictive validity when a choice model cal-
ibrated on a natural sample is used to predict actual choices
made within sets differing in size and correlational struc-
ture.

STUDY 1. A NUMERICAL SIMULATION

Overview

Prior research suggests that linear models do a sur-
prisingly good job of mimicking noncompensatory pro-
cesses, both in judgment (Dawes and Corrigan 1974) and
choice (Johnson and Meyer 1984). The purpose of the
simulation is to examine this ability in choice environ-
ments with different interattribute correlations. The sim-
ulation differs from previous research in two ways. First,
though previous studies have examined the ability of lin-
ear models to represent noncompensatory choice rules in
orthogonal settings, the evidence for noncompensatory
processing has been indirect; for example, researchers
have pointed to the presence of interactions in response
data or evidence from protocols (e.g., Johnson and Meyer
1984; Olshavsky and Acito 1980). In contrast, we ex-
amine the performance of linear models in contexts where
data are known to be generated by specific a priori heu-
ristics. Second, previous investigations of the effect of
interattribute correlations have focused on cases in which
the locus of error is improperly specified attribute weights
in a linear model. Our goal is to examine the more gen-
eral case in which error is present in both attribute weights
and the functional form of the decision rule that underlies
choice.

We stress that the goal of the simulation is not to iden-
tify the level of model failure that might arise in actual
applications. Rather, our objective is to explore the kinds
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of errors that could occur when a particular noncompen-
satory rule is employed. The extent to which failure might
arise in practice is the focus of studies 2 and 3.

Method

Overview. We examine the ability of a linear com-
pensatory model to represent four riskless choice heu-
ristics: elimination by aspects (EBA), lexicographic,
conjunctive (satisficing), and a phased EBA/compen-
satory rule, in which EBA initially screens options and
a compensatory rule makes the final choice. These rules
are selected because they represent heuristics commonly
discussed in the literature (e.g., Engel and Blackwell
1982) and represent different dimensions used to cate-
gorize heuristics. They use different amounts of infor-
mation and represent both brand and attribute process-
ing.” Hence, our hope is that they provide a set of
boundaries for the types of errors likely to arise in prac-
tice.

General procedure. The simulation involved three
stages: designing a set of choice environments, gener-
ating choices within those environments, and assessing
the descriptive and predictive validity of compensatory
models calibrated on those choices. We used a hypo-
thetical choice problem in which each decision heuristic
selected one alternative from a set of four options, each
described by four attributes.’ Our central manipulation
was the correlation among attributes within each such
set. Four different correlation patterns were examined.

1. Orthogonal sets, or choice sets with no correlation among
attributes.

2. Efficient sets from which dominated alternatives were re-
moved, causing a modest negative (—.19) correlation
among attributes.

2A larger set of rules might have been considered (such as other
types of phased rules), but we felt these were sufficiently represen-
tative of the heuristics proposed in the literature to serve as a starting
point in a study of error patterns. In our simulations we also explored
an additional phased rule, EBA followed by a majority of confirming
dimensions (e.g., Russo and Dosher 1983). Because the findings for
that policy closely mirror those for the better-known EBA /compen-
satory policy, we restrict our discussion to the latter rule. Simulation
results for the EBA/MCD policy as well as the MCD policy alone
are available from the authors upon request.

*One potential concern with our decision to focus on the four-at-
tribute case is that, because the largest average negative interattribute
correlation that is attainable diminishes with increases in the number
of attributes, “real-world” applications employing larger numbers of
attributes would involve negative correlations much smaller than that
we examine. To explore this issue, we conducted a numerical exper-
iment using Curry and Fauld’s (1986) formula for the expected cor-
relation between two linear weighting schemes given a prespecified
interattribute correlation matrix of different sizes. This analysis (avail-
able from the authors upon request) indicated that the size of the in-
terattribute correlation per se is not a critical factor in determining the
predictive accuracy of a misspecified linear model. Rather, it is the
size of the correlation in relation to the largest attainable for the given
number of attributes. Hence, we have reason to expect that the anal-
yses reported here would generalize to experiments with larger num-
bers of attributes.
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3. Sets with a maximum possible average negative rank-
order correlation between all attributes (—.33; see Green
and Krieger 1986).

4. Sets with maximum possible negative rank-order corre-
lation (—1) between a single pair of attributes.

Within each correlation condition a total of 100 choice
sets were created. The choice sets were generated by a
Pascal implementation of the IMSL subroutine GGNML,
in which each attribute was transformed to a uniform
variate with values ranging from O to 1000. For each set,
a 4 (number of alternatives) by 4 (number of attributes)
matrix was generated having the required pattern of in-
tercorrelation.

The choices that would be made in each decision en-
vironment by each heuristic decision rule then were
computed. Following Johnson and Payne (1985), we im-
plemented the decision rules as production systems or
systems of elementary operations using “if-then” pro-
ductions. The operationalizations follow.

1. Elimination by aspects (EBA). Our representation was a
variant of Tversky’s (1972) original description, similar
to that used by Thorngate (1980). We screened attributes
in descending order of importance, eliminating all alter-
natives below a certain cutoff level. To reflect attribute
importance, cutoff levels were proportional to the weights
of a compensatory rule (described subsequently). Choices
were made either by selecting the last alternative not yet
eliminated or by a random selection among those that
had passed all cutoffs.

2. Lexicographic. This rule picked the alternative that had
the highest value on the most important attribute.

3. Conjunctive (satisficing). This rule used the same cutoffs
as EBA. Here, however, search was by alternative and
the first alternative that passed all the cutoffs was cho-
sen.

4. Phased EBA /compensatory. The EBA heuristic was ap-
plied until the choice set was reduced to two candidates.
The chosen option was the one that was best by a weighted
linear combination of attributes.

To provide a baseline, we also generated a set of choices
made by a random and an additive compensatory rule.
The random choice rule selected an option from each set
with a constant 1/N probability. The additive rule se-
lected the option with the highest weighted linear com-
bination of attribute values.

Each decision rule employed weight parameters of .5,
.25, .125, and .125 for each of the four attributes, re-
spectively. The meaning of the parameters depended on
the rule. In the phased EBA and conjunctive rules, these
values defined the cutoff levels. In the compensatory rule,
they defined the weights used in the linear combination.
Finally, in the EBA and lexicographic rules, they de-
fined the order in which attributes were considered.

Each of the five rules made 100 choices within each
of the 100 generated choice sets. To introduce variance
in the observed choices, we added random noise to the
weight parameters on each trial, sampled from a normal
distribution with a zero mean and a variance of .2. This
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level of noise was chosen for two reasons. First, it is
sufficient to prevent choice frequencies of 0 or 1 across
the 100 trials, which would cause difficulties in least
squares estimation of the choice models. Second, it re-
sembles the levels of reliability commonly observed in
judgment studies, approximating a reliability, r, of .8.
Our simulations therefore can be thought of as repre-
senting the choices made by a homogeneous segment of
decision makers whose decision criteria contain a rea-
sonable and realistic amount of random error.*

Compensatory model. Our central interest was as-
sessing the predictive validity of a compensatory choice
representation in modeling the choices generated by six
decision heuristics: EBA, lexicographic, conjunctive,
compensatory, phased EBA, and random. Because our
criterion was a discrete choice from a set, we estimated
the compensatory model for each combination of heu-
ristic and correlation condition by using the multinomial
logit:

eB'uX.
@)) Pij=1,...,4y=——"
2 P
j=1
where P(i|j = 1, ..., 4)y is the proportion of times (in

100) option i was chosen by choice heuristic k in cor-
relation condition / and BX; is a best-fitting linear com-
bination of i’s scores on each of four attributes. The pa-
rameter vector B, was estimated for each rule and
correlation condition via OLS in a manner suggested by
Theil (1971).° Specifically, the proportion of choices al-
located to each option in each set by each rule was taken
as a sample estimate of P(i|j = 1, ..., 4)y. The log of
the ratio of these proportions for each independent pair
in a set defined a system of three binary logit equations
whose common parameter vector B, could then be es-
timated.

Results

How well does a compensatory model represent the
choices made by heuristics with different patterns of cor-
relation among attributes? We undertook two different
approaches to assessing model performance.

1. We noted each model’s estimation fit or the ability of a
compensatory model to represent choices made by each
heuristic within each correlational environment.

2. We computed a cross-validation fit or the ability of a
compensatory model estimated in an orthogonal environ-
ment to predict choices in nonorthogonal environments.

The first analysis was seen as providing a best-case
look at the ability of a compensatory model to mimic a

“In pilot work we also explored higher levels of error. The results
mirrored those reported here with the exception of the predictable lower
average predictive validity.

*Weighted least squares estimation also was pursued, with almost
identical results.
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noncompensatory rule in different environments: the
coefficients of the compensatory model were those that
best represented the observed set of choices within a given
correlational structure. The second analysis assessed model
performance in a way that mirrored how compensatory
models often are estimated and applied in practice. A
linear model was estimated in an orthogonal setting and
then was used to predict choices made in nonorthogonal
environments (e.g., Green, Carroll, and Goldberg 1981;
Green, Helsen, and Shandler 1988).° Both analyses ex-
amined two indices of performance: the correlation be-
tween predicted and observed market shares, using log-
odds ratios, and the first-choice hit rate or the proportion
of decisions in which the model correctly predicted the
alternative chosen by the heuristic.

To provide an initial look at the results, we conducted
a meta-analysis of the two performance indices across
experimental conditions. The objective of the analysis
was to test the null hypothesis that the fit of a compen-
satory model is insensitive to variations in processing
rule, environment, and dataset used for assessing fit.
Variation in each fit index was expressed as a function
of 18 binary variables identifying rule type (EBA, lex-
icographic, conjunctive, phased, or random), correla-
tional structure (orthogonal or negatively correlated), da-
taset (estimation or validation), and two-way interactions
between correlation, dataset, and rule. The three nega-
tive correlation conditions were collapsed into a single
level to provide a common directional test of the hy-
pothesis that model performance would be lower in neg-
atively correlated environments. Variations in perfor-
mance across different levels of negative correlation are
examined subsequently.

The analysis of hit rate as a fit criterion posed special
problems because it is a censored measure. Though cor-
relation is bounded by the theoretical limits of associa-
tion between models (either perfect association or per-
fect disassociation), hit rate is not; observations of
association are truncated (by 100% and chance hit rates)
before these limits are reached, implying that the rela-
tionship between hit rate and model performance is in-
herently nonlinear. Changes in hit rates near 1 and chance
(in this case, .25) hold larger implications for changes
in true model performance than changes in hit rates near
.5 or .6. Recognizing this problem, we subjected ob-
served hit rates to a logit transformation prior to analysis
(see, e.g., Maddala 1983).

*Though we might also discuss the cross-validation of nonorthog-
onal models, such an analysis was of somewhat lesser interest for two
reasons. First, because the parameters of nonorthogonal models would
tend to have inflated standard errors, the interpretability of predictive
accuracies of nonorthogonal models would be clouded by the con-
founding of error due to true model misspecification with error due
to inefficient parameter estimation. Second, this mode of cross vali-
dation is less common in real-world settings; compensatory models
frequently are estimated in orthogonal environments and used to pre-
dict in nonorthogonal ones, but the converse is less common.
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The results of a WLS regression analysis for each fit
index are summarized in Table 1. The significance levels
we report are derived from partial F-tests computed by
using the average within-cell theoretical sampling vari-
ance of each observed correlation and hit rate. In this
table the intercept measures the fit of a compensatory
rule in an orthogonal environment in estimation and all
other parameters are measures of contrasts with this base
level of performance. The main effect of correlation listed
in the table, for example, is a measure of the change in
the fit of a compensatory model of a compensatory rule
when it was applied to a negatively correlated setting.

Though the effects of the experimental treatments vary
somewhat by fit index, the table suggests four general
conclusions.

1. The fit of all approximations, including the compensa-
tory heuristic, decreased when they were applied in neg-
atively correlated environments.

2. The compensatory model fit noncompensatory models less
well than true compensatory processes.

3. Effects 1 and 2 interact for most rules; the negative effect
of correlation on the model’s performance is worse when
approximating a noncompensatory heuristic.

4. There is little effect of estimation versus cross-validation
setting on the findings.

The finding of a negative effect of correlation is not
surprising, as it largely reinforces the observations of

Table 1
REGRESSION ANALYSIS OF CORRELATIONS AND HIT
RATES, COMPENSATORY APPROXIMATIONS OF

HEURISTICS

Correlation Hit rate®

Source estimate estimate
Intercept .851° .070
Correlation -.030 —-.594°
Dataset .009 .100
EBA -.020 -.772°
Phased EBA —.009 —.369°
Lexicographic —.198° —-.260
Conjunctive —.156° —2.020°
Random —-.559" —4.050°
Data X corr. —.040 -.070
Data X EBA —.006 —-.078
Data X phased —.001 —-.072
Data X lex. .006 -.251
Data X conj. —.034 278
Data X random -.137° 125
Corr X EBA —.075 —.100
Corr X phased —-.026 —.289
Corr X lex. —-.206" .247
Corr X conj. —.298° -1.070°
Corr X random .086 125

Model R? .954 Model R? .965

“Hit rates were subjected to a logit transformation prior to analysis.

®Probability that the true value of the stated coefficient is zero is
less than .01.

‘Probability that the true value of the stated coefficient is zero is
less than .05.
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Curry and Faulds (1986) and others that imperfectly
specified linear models will decrease in fit when applied
in negatively correlated settings. What is new is the evi-
dence of an interaction between rule type and correla-
tion; seven of the eight rule-by-correlation interactions
(excluding the random rule) are negative in sign, with
four being significantly negative, implying that the ef-
fect of negative correlation is magnified by modeling
noncompensatory choice processes. This accentuated de-
crease is most pronounced for the correlation of the fit
of the lexicographic and conjunctive rules and the hit
rate of the conjunctive rule.

To provide a more detailed look at the findings, in
Figures 1 and 2 we plot the observed squared correla-
tions and hit rates, respectively, for a linear model fit to
each noncompensatory heuristic in each of the four cor-
relational environments, pooling across validation and
estimation contexts. To simplify the figures, we omit the
random rule, which yields chance levels of prediction.
The figures suggest two additional insights about the ef-
fects of rule and environment.

1. The primary effect of negative correlation is a contrast
between performance in an orthogonal environment and
the three negative environments; across rules there are
comparatively small differences among the different lev-
els of negative correlation.’

2. The compensatory model fails to approximate some non-
compensatory rules even in orthogonal environments, with
one rule, the conjunctive, failing noticeably by both fit
criteria.

One possible reason for the consistently bad fit of the
conjunctive rule by the compensatory model is that it
was the only policy considered that did not utilize in-
formation about relative attribute values to at least some
degree. In this rule, the decision maker sequentially
scanned the set of options and stopped as soon as one
exceeded a set of critical threshold values. In contrast,
the EBA and the lexicographic rules made at least some
effort to establish an option’s relative value on an attri-
bute.

Correcting Misspecification Through Multilinear
Model Forms

The failure of compensatory models to mimic non-
compensatory processes naturally raises a question: Could
fit be improved significantly and the effects of negative
correlation overcome by a more complex form of the
linear model? Several authors have suggested that some
noncompensatory processes, particularly the conjunc-
tive, might be represented better by linear models that
include interactions among attributes (e.g., Einhorn 1970;
Green and Devita 1975; Louviere 1988; Lynch 1985).

"We conducted contrasts of the mean fit rates among the three neg-
ative correlation levels, averaging over rules, and were unable to re-
ject a null hypothesis of equality in performance levels among the
conditions.
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Figure 1
MEAN CORRELATION (PEARSON r) BETWEEN PREDICTED AND OBSERVED MARKET SHARES
(by processing rule and correlation condition)®
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To examine this possibility, we reestimated the com-
pensatory models for each heuristic and correlation con-
dition as before, but expanded each model to include all
six two-way interactions created from the four predic-
tors. The results of this analysis are summarized in Fig-
ures 3 and 4, in which we plot the mean improvement
in correlations and hit rates, respectively, in the vali-
dation data when interactions are included.

The results are striking: in the negatively correlated
environments, adding interactions has a consistently pos-
itive effect across rules, often providing substantial im-
provements. The average increase in the validation r for
the EBA, lexicographic, and conjunctive policies is .12,
whereas the average improvement in hit rate for the phased
EBA, EBA, and lexicographic policies is .04 (both greater
than the improvements expected by chance). Perhaps more
importantly, similar increases in fit are not observed in
orthogonal environments. Adding interactions in the or-

thogonal setting significantly helped the approximation
of only one rule, the conjunctive (and that by a modest
degree). Indeed, for the other processes, adding inter-
actions in the orthogonal settings actually decreased val-
idation correlations and hit rates; the average correlation
decreased by .01 and the average hit rate decreased by
.04. Thus, whereas adding interactions in orthogonal en-
vironments appeared simply to result in “overmodel-
ing,” interactions substantially helped predictive accu-
racy in negatively correlated environments.

Discussion

The numerical simulation confirms the basic hy-
potheses that negative correlation between attributes di-
minishes the performance of a compensatory model and
that the effect is amplified in modeling noncompensatory
rules. It also unveils two unexpected results: the low av-
erage fit of some compensatory approximations even in
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Figure 2
MEAN DISAGGREGATE HIT RATE EXPRESSED AS DEVIATION FROM CHANCE (.25)
(by processing rule and correlation condition)®
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*Hit rates are averaged across estimation and validation datasets, which give comparable results. For abbreviations, see footnote to Figure 1.

orthogonal environments (the lexicographic and con-
junctive policies as assessed by correlation and the EBA,
phased EBA, and conjunctive policies as assessed by hit
rate) and a markedly increased benefit of including in-
teractions in compensatory approximations applied in
negatively correlated environments.

The finding of model failure in orthogonal settings is
somewhat surprising because it runs counter to the con-
ventional wisdom that compensatory models are robust
to process misspecification when applied in orthogonal
contexts (e.g., Olshavsky and Acito 1980). The reason
for the conflict presumably lies in the fact that previous
studies have examined model performance with only in-
direct evidence for noncompensatory processing, such as
through verbal protocols. Such procedures undoubtedly
establish the existence of heuristic processing, but they
do not establish the existence of any specific heuristic
used in a uniform way. In contrast, the simulation ex-
amines the case in which data are known to be generated

by a specific heuristic applied with relative homogene-
ity. Hence, if consumers in a population are strictly
following a common noncompensatory heuristic when
making decisions—particularly a conjunctive rule—one
can expect a poor fit of the linear model even in or-
thogonal environments.

Our finding that the inclusion of interactions in a com-
pensatory model has an increased beneficial effect in
negatively correlated settings is perhaps even more in-
triguing. In the simulation, interactions that explained
little additional variance—and even hurt explanation—
in an orthogonal environment significantly improved
model performance when they were applied in nega-
tively correlated settings. The value of adding interac-
tions to a compensatory model therefore depends not only
on the nature of the underlying choice process, but also
on the structure of the choice sets to which the model is
being applied. When a compensatory model is applied
to an orthogonal or positively correlated environment,
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interactions may do little to help predictive accuracy and
may even hurt prediction. When the same model is ap-
plied to a negatively correlated environment, however,
interactions may yield significant improvements in ac-
curacy. The issue of when to include interactions in a
linear model, though not pursued further here, clearly
warrants further research.

LABORATORY EXPERIMENTS

Overview

The simulation gives a clear message: the predictive
validity of compensatory models of consumer choice
processes can be affected by the structure of underlying
choice rules and the pattern of correlation among attri-
butes in a choice set. However, study 1 merely provides
an existence proof; the level of model failure that is likely
to occur in natural contexts is unclear. The degree of
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model failure will depend on the amount and nature of
noncompensatory processing, the empirical pattern of
correlation among attributes, and other influences not
considered in the simulation.

We conducted two investigations to study actual, not
simulated, decisions in correlated environments. Study
2 was a process-tracing analysis of choice strategies used
by consumers when faced with different patterns of in-
terattribute correlation. The study examined whether
consumers indeed use noncompensatory heuristics when
placed in negatively correlated environments or adapt their
choice strategies in response to changes in correlation.
Study 3 explored the ability of an aggregate compen-
satory model to predict choices made in orthogonal and
nonorthogonal contexts. Our interest was in illustrating
the level of model failure that may arise in studies with
natural heterogeneous samples.

Figure 3
IMPROVEMENT IN CORRELATION BETWEEN PREDICTED AND OBSERVED VALIDATION MARKET SHARES OBTAINED BY
ADDING TWO-WAY INTERACTIONS TO A LINEAR MODEL
(by processing rule and correlation condition)®
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Figure 4
IMPROVEMENT IN DISAGGREGATE VALIDATION HIT RATE OBTAINED BY ADDING TWO-WAY INTERACTIONS TO A
LINEAR MODEL
(by processing rule and correlation condition)®
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Study 2. A Process-Tracing Study of Choice with
Correlated Attributes

Overview. The experiment centered on subjects’ pref-
erences for hypothetical apartment alternatives. Mirror-
ing the stimulus profiles used in a previous study (John-
son and Meyer 1984), the apartment descriptions gave
values on four attributes: rent (dollars per month), dis-
tance to campus (in minutes walking time), level of
maintenance (a verbal description), and appearance of
the apartment and its neighborhood (a verbal descrip-
tion) (see Johnson and Meyer 1984 for examples of the
stimuli). Our objective was to monitor the process by
which subjects make choices given sets differing in terms
of two criteria, the number of options (2 or 8) and the
pattern of interattribute correlation.

To monitor choice processes we used the Mouselab
system (Johnson et al. 1988), which presented the choices

on a computer display in an alternative-by-attribute ma-
trix. The values for the alternatives and attributes were
concealed behind a blank box. To examine an attribute
value, the subject moved a cursor to the box by using a
mouse. The display then instantaneously displayed a
value, which remained visible until the cursor left the
box. The software unobtrusively recorded the order, du-
ration, and frequency of search along with the choice
made by the subject. After a brief training period with
the choice task and mouse, subjects reported that they
found the process and pointing device very natural. The
mouse was a particularly attractive device in these ap-
plications, because it is fast, quickly learned, and pro-
vides data approaching the density of eye-movement re-
cording.

Design and procedure. Twelve subjects made 24
choices, four in each cell of a factorial design defined
by two levels of choice set size (2 or 8) and three levels
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of correlation between attributes. We focused on three
levels of interattribute correlation: (1) orthogonal (r =
0) choice sets, (2) sets with a correlation of —1 between
two attributes, and (3) sets with the maximum possible
average negative correlation between all pairs of attri-
butes (—.33). In condition 2 the two attributes that were
correlated inversely were the ones identified as being the
most important across subjects in a previous study (John-
son and Meyer 1984) with the same stimulus set: rent
and distance.

Though the primary interest in the study was the cor-
relation manipulation, a set size manipulation was in-
cluded to provide a baseline for assessing the relative
strength of the correlation effect. Specifically, set size
has long been known to induce observable changes in
the way decisions are made, with noncompensatory
strategies being more prevalent in larger choice sets (e.g.,
Johnson and Meyer 1984; Payne 1976). By including
this manipulation, we could see whether interattribute
correlations had an absolute effect on decision strategies,
as well as the size of this effect in relation to a better-
known context manipulation.

Subjects were undergraduate and graduate students who
were paid for their participation in the experiment. Each
was seated at an IBM PC equipped with a mouse and
they were instructed that they were to participate in an
investigation of apartment preferences. Subjects then were
given the 24 choice scenarios. The scenarios were pre-
sented as six blocks of four with the order of the contexts
(set sizes and correlations) being randomized among
subjects.

The specific attribute levels describing each apartment
were generated randomly, much as in the simulation. At-
tribute levels were assigned by using a subroutine that
generated attribute scores under a prespecified covari-
ance structure.

Results. Previous research has demonstrated that shifts
from compensatory to noncompensatory strategies can
be detected by monitoring the pattern and amount of in-
formation acquired by decision makers (Johnson and
Meyer 1984; Lussier and Olshavsky 1979; Payne 1976;
Payne, Bettman, and Johnson 1988). Noncompensatory
strategies should be characterized by:

—an increase in the proportion of transitions within an at-
tribute and a corresponding decrease in transitions within
an alternative,

—an increased concentration of search on the alternative
eventually chosen by the consumer, and

—changes in these effects as the decision progresses. Spe-
cifically, consumers seem to shift toward brand-based
processing after eliminating several undesirable alterna-
tives. The result is an increase in brand processing and
in the concentration of search toward the end of the de-
cision.

To examine possible changes in processing strategy
due to intercorrelation and set size, we computed indices
based on these search behaviors.

We examined changes in search patterns by calculat-
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ing the normalized indices for same-brand and same-at-
tribute transitions suggested by Bettman and Jacoby
(1976). The means of these indices, reported in Table 2,
show that attribute processing increased as the number
of alternatives increased and that attribute processing was
significantly more prevalent in the first half of the de-
cision, particularly for larger set sizes. There are also
corresponding decreases in the brand transition index
(SBI). Though these results largely replicate the standard
shift to noncompensatory strategies as set sizes increase,
interattribute correlation appears to have no effect on these
data.

A repeated-measure ANOVA confirmed these obser-
vations. It showed, for same-attribute transitions (SAI),
significant effects of set size and phase. Neither mea-
sure, however, had a significant effect on interattribute
correlation (p > .10).

A second indicator of processing strategy that we ex-
amined was the search concentration. We adopted a
measure of the concentration of search used in previous
decision-making studies (e.g., Payne 1976). We defined
the concentration of search, P, as

CA -NA
P = -1
TA

@)

where CA is the number of acquisitions of the chosen
alternative, NA is the number of alternatives, and TA is
the total number of acquisitions across all alternatives.
If search is distributed equally across alternatives, this
index has a value of zero; positive values indicate that
search is concentrated on the chosen alternative. In-
creases in P result from early elimination of undesirable
alternatives, a consequence of strategies such as EBA or
satisficing.

Large values of P were found, for the most part, only
in the second half of decisions where eight alternatives
were being considered. Table 2 gives the mean values
of P by set size, interattribute correlation, and phase. An
ANOVA showed a sizable effect of set size (F(1,66) =
66.56, p < .001) and smaller effects of phase, interat-
tribute correlation, and their interaction (F(1,66) = 15.38,

Table 2
MEAN INDICES FOR SAME-ATTRIBUTE TRANSITIONS (SAl)
AND SEARCH CONCENTRATION (P) BY SET SIZE,
DECISION PHASE, AND CORRELATION, EXPERIMENT 1

Two Eight
alternatives alternatives
Interattribute r  Decision phase P SAI P SAI
0 First .016 .720 .024 .752
Second .057 .695 229 504
-.33 First .009 .752 058 .784
Second 075 .701 226 .532
-1 First 025 .804 074 759
Second .048  .809 .198  .591
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p < .05; F(2,66) = 10.89, p < .001; F(1,66) = 27.24,
P < .001), respectively. The latter effects suggest a slight
increase in the concentration of search, given negatively
correlated attributes, as N increases and in the early phases
of a decision. Though the effects are small, they are con-
sistent with Slovic’s (1975) suggestion that subjects may
shift to more noncompensatory strategies when faced with
difficult choices; they are inconsistent with the shift to-
ward compensatory strategies suggested by a cost-ben-
efit perspective (e.g., Johnson and Payne 1985).

Several other measures also were examined, including
the amount of information acquired, the total time per
decision, and the amount of time spent on each attribute.
There were often sizable effects for set size, but none of
these measures produced even marginal results for ma-
nipulations of intercorrelation. Hence, changes in the
pattern of correlation between attributes in choice sets
did not appear to produce marked shifts in decision-mak-
ing strategies or evidence for a shift to compensatory
rules with negative interattribute correlations. Though
more research is needed before we can generalize this
result, it suggests that major changes in strategies do not
occur in response to changes in correlation. This result
is in contrast to findings of other research showing that
changes in strategies do occur in response to other ma-
nipulations in similar within-subject designs, such as set
size and the dispersion of importance weights (Payne,
Bettman, and Johnson 1988).

Study 3. A Group-Level Test of Predictive Validity

Overview. The results of the process analysis sug-
gested that some of the necessary conditions for model
failure were present: noncompensatory choice processes
often were used, even with negative interattribute cor-
relations. They did not, however, suggest how severe
this failure would be in a natural setting. In particular,
if a compensatory model were used to represent a het-
erogeneous group of decision-making strategies, how
would its predictive validity be affected by changes in
correlational structure? Examining the possible severity
of this effect was the purpose of study 2.

Basic design. Again, we examined students’ prefer-
ences for hypothetical apartment alternatives described
in terms of rent, distance from campus, maintenance,
and appearance. Our focus was on the predictive validity
of a compensatory model of apartment choice in pre-
dicting choices made across a variety of orthogonal and
nonorthogonal contexts. As in the process-tracing study,
we included another context manipulation, set size, to
provide a baseline for assessing the relative size of the
correlation effect. The overall experimental design had
nine different groups of choice sets, each containing eight
different decisions. One of the cells asked subjects for
preference ratings for each of eight alternatives gener-
ated by an orthogonal experimental design, much as in
standard applications of conjoint analysis. The remain-
ing cells were created by combining two levels of set
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size (2 and 8 alternatives) with four different levels of
interattribute correlation.

The eight options in each set were generated by one
of two processes. First, to mirror normal procedures used
in conjoint analysis, we drew the eight apartments in the
judgment condition from a main-effects (8-cell) fraction
of a 2* factorial design. Specific attribute values were
drawn randomly from ranges of prescaled high and low
levels of each attribute. Second, the apartments in the
eight groups of choice sets were created by a process
similar to that used in the process-tracing study, random
assignment of attribute values from a uniform distribu-
tion, to create the desired pattern of correlations.

The four patterns of intercorrelation were a mean pos-
itive (rank) correlation of .33, zero correlation, a mean
negative correlation of .33, and a maximum single-at-
tribute correlation of —1. Once again, the maximum cor-
relation was between the attributes rent and travel time
to campus. A unique set of apartment profiles was gen-
erated for each subject. The design yielded 72 decision
problems, presented in a booklet, with order of presen-
tation of tasks, blocks, and alternatives being random-
ized among subjects.

Subjects and procedure. Seventy-seven students en-
rolled in an MBA program participated and were run in
groups of 10 to 15 per session. Each subject was paid
eight dollars to participate in the experiment, which on
average took 45 minutes to complete.

For choice sets of size two or eight, subjects chose
their most preferred apartment. For the eight judgment
problems (choice sets of size one), they rated each op-
tion’s desirability on a 10-point scale with extremes of
the best and worst apartments they could imagine (the
same methodology used by Johnson and Meyer 1984).

Method of analysis. This experiment examined the
ability of compensatory models estimated in orthogonal
choice sets to predict choices made by actual decision
makers faced with correlated attributes. To increase the
comparability of models derived by using the judgment
data with those derived by using the choice data, before
analysis the ratings in the judgment condition were con-
verted to discrete categories by the transformation y =
1 if rating > mean rating, 0 otherwise.® Compensatory
models for set sizes of two and eight were obtained by
estimating the multinomial logit model,

eB’xI
3) Pr@j=1,...,N)= ,

N
>
j=1

where Pr(i) is the relative frequency with which apart-

*The analysis conducted with the raw ratings produced little dif-
ference in results. The analyses based on the discrete transformed rat-
ings are presented to ensure maximum comparability across the dif-
ferent set size analyses.
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ment i was selected from a set of j = 1, ..., N options
and B'X; is a linear combination of that apartment’s value
on each attribute. A compensatory model for the judg-
ment condition was obtained by estimating the binary
logit,

(O] Pr() [+ o P%
where P(i) is the relative frequency with which option i
was given a rating higher than the mean apartment rat-
ing.” Exploring the performance of interactive compen-
satory models (as in the initial simulation) might also
have been of interest, but was precluded by the sparsity
of replications per cell for each subject (8). Hence, in
our design we elected to forego the opportunity to look
at the effect of adding interactions to a linear model in
order to examine the performance of a simple model across
a larger number of set size and correlation conditions.

Being concerned with both the aggregate and individ-
ual-level predictions made by the models, we estimated
the parameter vector 8’ at both the individual and group
levels. Maximum likelihood estimates were obtained
by the SAS supplemental procedures MLOGIT and
LOGIST for equations 2 and 3, respectively.

Aggregate predictive validity. The design provided
three separate orthogonal sets, which we used to esti-
mate separate logit models: the judgment condition and
two different choice conditions with set sizes of two and
eight. In Table 3 we report the derived choice hit rate,
expressed as deviations from chance (percent correct —
(1/N)), for all three orthogonal models. The models do
fairly well in the orthogonal choice sets and in the set
with an average positive correlation, but deteriorate badly
in attempting to predict choices when the attributes have
a negative correlation.

This failure is at least as dramatic as that indicated by
the simulation. For example, when we use any one of
the three compensatory models to predict choices from
orthogonal pairs of apartments, on average we select the
correct alternative 60% of the time—a reasonable suc-
cess rate (p < .05). However, for an efficient set defined
by two attributes with —1 correlation, the same model
is worse than chance, selecting the correct alternative
46.9% of the time. Similar decreases occur for the pre-
dictions to choice sets of size eight. The data therefore
suggest a marked decrease in the compensatory model’s
ability to predict choices when faced with negatively
correlated attributes.

One other notable aspect of the results is the finding
of superior predictive accuracies for compensatory models
in choice sets of size eight versus size two (an ANOVA
on proportions suggested the probability of the effect

*This form of the logit can be equated to that given in expression
3 simply by multiplying the numerator and denominator of that form
by e F¥i/e P™
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Table 3
HIT RATE EXPRESSED AS A DEVIATION FROM CHANCE,
AGGREGATE SPECIFICATION OF CHOICE MODELS

Size of forecast set

Size of

Interattribute r estimation set 1 2 8
.33 1 .135*  .334°
2 151 .360°
8 .154*  218°
0 1 .239* .135*  .334*
2 .189* 151 .360°
8 .189* .154* 218
-.33 1 -.017 .061*
2 .042°  .146°
8 .034 .079*
-1 1 —.031 .071*
2 .002 .108*
8 .002 .036

*Probability that the reported hit rate reflects chance variation is
less than .05.

arising by chance is less than .01). This finding is some-
what counterintuitive as our process-tracing analyses had
suggested that noncompensatory processing is more likely
(hence the compensatory model is less appropriate) in
larger set sizes. The most likely explanation was offered
previously (Johnson and Meyer 1984) when a similar re-
sult was found in a study of set size effects on choice
models. When faced with larger set sizes, subjects tended
uniformly to adopt a simplified choice policy that picked
the apartment with the lowest rent. Hence, the decrease
in fit due to the increased use of a noncompensatory heu-
ristic may have been offset by increased homogeneity in
the policies being used to make choices.

Individual-level predictive validity. In many applica-
tions, market-share predictions are based not on a single
aggregate model, but on a system of models estimated
for each individual (e.g., Green, Carroll, and Goldberg
1981). The hypothesis is that individual-level models
eliminate errors due to aggregation, reducing bias and
improving forecasts. Evidence suggestive of this effect
is provided by Wittink and Montgomery (1979).

We explored the possibility that model failures would
be less severe in disaggregate-based forecasts by esti-
mating 77 individual logit models using subjects’ ratings
in the judgment condition and predicting individual choices
in each choice condition. Our analysis was based only
on the judgment models because data sparsity in the choice
conditions precluded efficient estimation of individual-
level models. Additionally, our previous analysis (Table
3 and Johnson and Meyer 1984) suggested that little dif-
ference in predictive validity would be found between
models estimated with different set sizes.

The results are summarized in Table 4. The table closely
mirrors the aggregate analysis. We see a marked deg-
radation in predictive validity as we move from positive
to negative correlational environments and, again, choices
from sets of size eight were predicted more accurately
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Table 4
HIT RATE EXPRESSED AS A DEVIATION FROM CHANCE,
DISAGGREGATE CHOICE MODELS

Size of forecast set

Interattribute r 2 8
.33 .088* .306*
0 .046* .188*
-.33 -.061* .072*
-1 —.040 .071,

*Probability that the reported hit rate reflects chance variation is
less than .05.

(in relation to chance) than those from sets of size two.

Perhaps the most intriguing feature of this table in
comparison with the aggregate analysis is that the dis-
aggregate predictions tend to be worse. This finding con-
trasts sharply to the common wisdom (Wittink and
Montgomery 1979) that individual-level estimation would
lead to increased predictive validity, but is consistent with
Hensher’s (1984) finding of a lack of a predictive ad-
vantage for disaggregate models."

DISCUSSION

Applied work in choice modeling often involves an
important assumption: the cognitive processes underly-
ing choices may be complex, contingent, and noncom-
pensatory, but they can be modeled well by simple com-
pensatory models (e.g., Green and Srinivasan 1978).
Though perhaps counterintuitive, the assumption is sup-
ported by a relatively large literature arguing that such
models are robust, even when the underlying process is
misspecified (e.g., Dawes and Corrigan 1974; Johnson
and Meyer 1984).

Our studies contribute to a recent stream of work that
has questioned the generality of this result. We were mo-
tivated by the work of such researchers as Curry and
Faulds (1986) and Newman (1977), who found that
specification errors in linear models that seem small when
studied in orthogonal environments can be amplified when
applied in negatively correlated environments. We ad-
dressed three sets of research issues that had not been
examined in previous work:

1. Can linear models approximate the choices made by dif-
ferent noncompensatory heuristics and is this approxi-
mation affected by different patterns of interattribute cor-
relation?

"®Recall that the traditional argument favoring disaggregate models
is that they avoid aggregation error due to individual variation in
weights. The drawback of disaggregate analysis, however, is that in-
dividual-level model estimates tend to be less efficient (have higher
variances) than those obtained in aggregate models because of small
sample sizes. In comparatively homogeneous samples, therefore, ag-
gregate models might well outperform disaggregate models simply by
virtue of their increased statistical efficiency. This may well account
for our findings.

JOURNAL OF MARKETING RESEARCH, AUGUST 1989

2. Do consumers adjust their choice strategies when placed
in negatively correlated environments?

3. Do compensatory models calibrated on natural respon-
dent pools give poorer predictions when applied in neg-
atively correlated environments?

In answer to the first question, a computer simulation
replicated the now well-known finding that the perfor-
mance of even correctly specified linear models is di-
minished when they are applied in negatively correlated
environments. New are the findings that this sensitivity
is amplified when the linear model is being used to ap-
proximate a noncompensatory choice process and that
some noncompensatory rules—most notably the con-
junctive—are not well approximated even in orthogonal
contexts. Though these results seem discouraging for an-
alysts seeking to apply linear models in judgment anal-
ysis, the simulation also offered a result suggesting cause
for optimism: interactions that contributed little to model
performance in an orthogonal environment yielded sub-
stantial improvements in fit when applied in negatively
correlated environments.

The simulation results therefore seem to underscore a
need to develop decision models that more accurately
capture the process underlying consumers’ decisions. The
performance of a model in an orthogonal environment
may provide only a limited guide to its performance in
a negatively correlated one; the less redundancy among
attributes in a given prediction context, the greater the
need for a more precise representation of the consumer’s
judgment process. However, a caveat must be added to
this advice: identifying and modeling functional form
should help to reduce prediction errors in negatively cor-
related environme