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A constraint satisfaction neural network model (the consonance model) simulated data from the

two major cognitive dissonance paradigms of insufficient justification and free choice. In several

cases, the model fit the human data better than did cognitive dissonance theory. Superior fits were
due to the inclusion of constraints that were not part of dissonance theory and to the increased
precision inherent to this computational approach. Predictions generated by the model for a free
choice between undesirable alternatives were confirmed in a new psychological experiment. The
success of the consonance model underscores important, unforeseen similarities between what had
been formerly regarded as the rather exotic process of dissonance reduction and a variety of other,
more mundane psychological processes. Many of these processes can be understood as the progres-
sive application of constraints supplied by beliefs and attitudes.

A foolish consistency is the hobgoblin of little minds.
—Ralph Waldo Emerson, Essays: First Series

Consistency is the last refuge of the unimaginative.
—Oscar Wilde, “The Relation of Dress to Art”

Despite its apparent poor reputation in literary circles, as an
indication of intellectual mediocrity, cognitive consistency has
along and distinguished history of study in psychology. Taken as
a general sign of human rationality, seeking consistency among
beliefs and attitudes has held a prominent place in social-psy-
chological theorizing for half a century (e.g., Festinger, 1957;
Heider, 1946, 1958; McGuire, 1960; Newcomb, 1953; Osgood
& Tannenbaum, 1955). This widespread concern with issues of
cognitive consistency culminated in the late 1960s in the publi-
cation of the 84-chapter Theories of Cognitive Consistency, ed-
ited by six of the major theorists of the day (Abelson, Aronson,
McGuire, Newcomb, Rosenberg, & Tannenbaum, 1968). In re-
cent years, however, the study of cognitive consistency seems to
have fallen out of favor, perhaps in part because of an inability
to further penetrate its underlying reasoning mechanisms.

In this article we re-visit the classic problem of cognitive con-
sistency, drawing on more recent advances in the use of parallel
processing techniques to model psychological phenomena. We
argue that the reduction of cognitive dissonance, and more gen-
erally the search for cognitive consistency, can be usefully
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viewed as a constraint satisfaction problem, and we propose a
computational model of the process of consonance seeking.
Simulations using this consonance model are then shown to
capture data from a number of classic and prototypic disso-
nance experiments, often more effectively than dissonance the-
ory itself, and predictions from this model are tested against
data from a new dissonance experiment undertaken for this
purpose.

Cognitive Dissonance

Cognitive dissonance theory (Festinger, 1957) has been a pil-
lar of social psychology for nearly 40 years. The theory assumes
that dissonance is a psychological state of tension that people
are motivated to reduce. Any two cognitions are dissonant
when, considered by themselves, one of them follows from the
obverse of the other. The amount of dissonance is a function
of the ratio of dissonant to total relevant (i.e., dissonant plus
consonant) relations, with each relation weighted for its impor-
tance to the person. Dissonance can be reduced by decreasing
the number or the importance of the dissonant relations, or
both, or by increasing the number or the importance of conso-
nant relations. How dissonance actually gets reduced depends
on the resistance to change of the various relevant cognitions,
with less resistant cognitions being more likely to change. Re-
sistance derives from the extent to which a change would pro-
duce new dissonance, the degree to which the cognition is an-
chored in reality, and the difficulty of changing those aspects of
reality. ,

Festinger (1957) used dissonance theory to account for a
wide array of psychological phenomena, including the transmis-
sion of rumors, rationalization of decisions, attitudinal conse-
quences of counterattitudinal advocacy, selectivity in informa-
tion search and interpretation, and responses to the disconfir-
mation of beliefs. It has since been successfully applied to many
phenomena in a wide variety of both predictive and postdictive
contexts (e.g., Aronson, 1969; Brehm & Cohen, 1962; Cooper
& Fazio, 1984; Festinger, 1964; Greenwald & Ronis, 1978; Lep-
per, 1983; Steele, 1988; Wicklund & Brehm, 1976; Zimbardo,
1969).
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Consonance Model

In this article we present a computational model of cognitive
dissonance that we refer to as the consonance model. There are
several potential payoffs for developing this sort of model. Such
a model would not only provide a novel explanation for the
many existing dissonance phenomena but might also lead to the
prediction of new dissonance phenomena. Such a model would
also promote the theoretical unification of cognitive dissonance
findings with other psychological phenomena by providing a
common conceptual framework for examining the historically
distinctive and seemingly exotic process of dissonance reduc-
tion and a variety of more mundane cognitive processes.

Psychological Justification

The model is based on the idea that dissonance reduction can
be viewed as a constraint satisfaction problem. In other words,
the motive to seek cognitive consistency postulated by disso-
nance theory and related models (e.g., Abelson et al., 1968;
Feldman, 1966) can be seen as imposing constraints on the be-
liefs and attitudes that an individual holds simultaneously (cf.
Abelson & Rosenberg, 1958). Such problems can be solved by
the simultaneous satisfaction of many soft constraints that can
vary in their relative importance. Soft, as opposed to hard, con-
straints are those that are desirable, but not essential, to satisfy.
The striving for complete cognitive consistency, the theoretical
but never-attained goal of dissonance reduction, might well in-
volve constraints of this sort.

Within this framework, the networks used in our model cor-
respond to a subject’s representation of the situation created, or
the psychological problem posed, by the experimental settings
in the classic cognitive dissonance paradigms. In these net-
works, activations of various units represent the direction and
strength of the individual’s beliefs and attitudes (including be-
liefs and attitudes regarding the person’s own actions). Units
may also differ in their resistance to change, reflecting differ-
ences in the extent to which cognitions may be supported by
other cognitions or anchored in reality. Connection weights be-
tween cognitions represent psychological implications among
the person’s beliefs and attitudes. The connections between any
two units, as between any two cognitions in the classic disso-
nance model, can be either positive or negative, or the two may
be psychologically irrelevant to one another. Both unit activa-
tions and weights may vary, depending on the paradigm, across
the different conditions of a single experiment. Increasing con-
sonance—conceptually, the degree to which similarly evaluated
units are linked by positive weights and oppositely valued units
are linked by negative weights—corresponds to the process of
reducing dissonance, or striving for consistency, among per-
sonal beliefs and attitudes.

Computational Instantiation

Constraint satisfaction networks have been shown to be ca-
pable of simulating a variety of phenomena in cognitive psy-
chology, including belief revision, explanation, schema comple-
tion, analogical reasoning, causal attribution, discourse com-
prehension, and content-addressable memories (Holyoak &

Thagard, 1989; Kintsch, 1988; Rumelhart, Smolensky,
McClelland, & Hinton, 1986; Shultz, 1992; Sloman, 1990; Tha-

- gard, 1989). Constraint satisfaction networks are also begin-

ning to be applied to a variety of phenomena in social psychol-
ogy, including attitude change, cognitive balance, and cognitive
dissonance (Read & Miller, 1994; Shultz & Lepper, 1992; Spell-
man & Holyoak, 1992; Spellman, Ullman, & Holyoak, 1993).
Unless used to model long-term memory, these networks are
generally considered ephemeral, in the sense that they are cre-
ated on-line to deal with some particular task. The process of
creating the network is not usually modeled, presumably be-
cause it is not sufficiently understood psychologically. These
networks function by reducing energy (or equivalently, maxi-
mizing goodness) subject to the constraints supplied by the con-
nections and any external input. Our consonance model for fe-
ducing cognitive dissonance is a constraint satisfaction network
lacking some of the parameters of other such networks and in-
troducing some special parameters of its own.

Hopfield (1982, 1984 ) worked out the mathematics for solv-
ing constraint satisfaction problems in parallel networks. Max-
imizing the consonance (or goodness) of any pair of connected
units depends on the sign of the connection between them. For
purposes of illustration, assume an activation range for units of
0 to 1, the range actually used in our simulations. If connected
by a positive weight, both units of the pair should be active to
maximize consonance. With a negative weight, consonance is
maximized when the two units are not both active, that is, when
both are inactive or only one is active. Activations will change
over time cycles so as to satisfy the various constraints and in-
crease consonance. ‘

More formally, the consonance contributed by a particular
unit i is as follows:

consonance; = >, Wya;d;, 1)
i

where w; is the weight between units 7 and j, a; is the activation of

the receiving unit i, and a; is the activation of the sending unit ;.
The overall consonance in the network is the sum of the val-

ues given by Equation 1 over all receiving units in the network:

consonance, = 2, 2, W;d;d;. (2)
i

Activation spreads over time cycles by two update rules:
a;(t + 1) = a;(t) + net,;(ceiling — a;(t)), when net; = 0, (3)
and
a; (1 + 1) = a;(¢) + net;(a;(¢) — floor), when net; <0, (4)

where a, (¢ + 1) is the activation of unit / at time ¢ + 1, a;(¢) is
the activation of unit i at time ¢, ceiling is the maximal level of
activation, floor is the minimal activation, and net; is the net
input to unit i, defined as

! For now, dissonance can be considered as negative consonance.
Later, in Equation 6, we formalize dissonance as negative consonance,
standardized for number of intercognition relations.
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net; = resist; 2, w;a;. (5)
j

The parameter resist; is a measure of the resistance of receiving
unit i to having its activation changed. The larger the value of
the resistance multiplier, the less the resistance to change.?

At each time cycle, # units are randomly selected and up-
dated according to Equations 3 and 4. By default, » is the num-
ber of units in the network. This updating scheme allows a unit
to be updated more or less than once per cycle, but on the aver-
age each unit will be updated about once per cycle. Random
selection of units to update increases variability across net-
works, which might correspond to individual differences among
human subjects. The update rules ensure that consonance in-
creases or at least stays the same across cycles. At some point,
consonance reaches a local maximum asymptotic value, from
which it can no longer increase. At this point, the updating pro-
cess is stopped. A few additional parameters concerning the
construction of the networks are described in the next section.

Mapping Dissonance Theory to the Consonance Model

Having described both dissonance theory and the consonance
constraint satisfaction model, we now provide a systematic
mapping between the two. This mapping, in turn, specifies how
the various consonance simulations were conducted. The map-
ping process is organized around a series of five theoretical prin-
ciples. To varying degrees, these theoretical principles were
specified in classical dissonance theory. Additional specifica-
tions, where necessary, are supplied by the consonance model.
Each theoretical principle governs the design of all simulations
with the consonance model.

This mapping exercise is similar in spirit to those provided in
previous constraint satisfaction models of analogical mapping,
explanatory coherence, and attitude change. Holyoak and Tha-
gard (1989) translated structural, semantic, and pragmatic
principles into constraint satisfaction networks that mapped
source-to-target analogies. Thagard (1989 ) mapped seven prin-
ciples for coherence among propositions to a constraint satis-
faction model of hypothesis evaluation. Spellman and Holyoak
(1992; Spellman et al., 1993) applied similar principles to study
the structure and change of American attitudes toward the Per-
sian Gulf war. Although there are fundamental similarities in
the mathematics of constraint satisfaction across these different
simulation projects, the mapping of domain-specific theoretical
ideas to constraint satisfaction principles does vary significantly
with the particular domain being mapped.

Mapping Relation 1: Cognitions

The basic units in dissonance theory are cognitions. Cogni-
tions are not fully specified in dissonance theory but appear to
include both beliefs and evaluations (i.e., attitudes). Such cog-
nitions could be assumed (beyond dissonance theory) to vary
in both direction and strength. The positive direction could rep-
resent that something is either believed to be true or is favorably
evaluated. Analogously, the negative direction could represent
that something is either believed to be false or is negatively eval-
uated. Strength is the degree to which something is believed to
be true or false or evaluated positively or negatively. For exam-

ple, one might highly value one’s spouse but only weakly believe
that the Chicago Cubs will win baseball’s World Series.’

Manipulations within dissonance experiments are designed
to ensure that subjects begin the experiment with certain beliefs
and evaluations. For example, in the so-called forbidden toy
studies, children are given either a mild or a severe threat against
playing with a particularly desirable toy (Aronson & Carlsmith,
1963; Freedman, 1965). Thus, it can be assumed that these
children begin the experiment with a positive evaluation of the
toy and a belief that they were just given a particular level of
threat not to play with the toy.

In the consonance model, a cognition is represented by the
net activation of a pair of negatively connected units. One unit
represents the positive direction and the other represents the
negative direction. Net activation for the cognition equals the
difference between activation of the positive unit and activation
of the negative unit. Anderson (1995, pp. 150-152) has re-
viewed neurological and computational rationales for using
pairs of units in this way. Briefly, neurons are sometimes orga-
nized into excitatory and inhibitory camps that respond in op-
posite ways to input, one group being excited and the other
group being inhibited by the same input. Furthermore, the ac-
tivation range for positive neurons is typically greater for posi-
tive than for negative neurons. Mimicking these principles, our
ceiling activation parameter is set to 1 for units representing
positive aspects of cognitions, and to 0.5 for units representing
negative aspects of cognitions; we refer to the lower ceiling on
negative units as the minus ceiling parameter. Our floor activa-
tion parameter is set to 0 for both types of units.

This representational scheme allows for some degree of am-
bivalence in cognitions. For example, there might be some evi-
dence favoring a belief and other evidence against the belief;, or
something might be both liked and disliked. Recent research on
attitude measurement has stressed the importance of ambiva-
lence (e.g., Thompson, Zanna, & Griffin, 1995). The negative
weight between the paired units tends to discourage such am-
bivalence as activation on one end of the dimension increases
and then drives down activation on the other end (following the
update rules in Equations 3, 4, and 5). However, relatively per-
sistent ambivalence could be produced if both the positive and
negative units for a cognition receive strong support from other
cognitions. Such ambivalence creates dissonance as explained
in the following section, Mapping Relation 2: Elementary
Dissonance.

To simulate particular dissonance experiments, we provide
initial activation values for particular cognitions reflecting the
various experimental manipulations. Generally, these initial ac-
tivations have default values of 0.5 for high and 0.1 for low. If
there is a strong belief that a behavior was engaged in or that

2 Qur resistance parameter is mathematically identical to the istr pa-
rameter used by Rumelhart et al. (1986) to scale the importance of
internal network contributions to activation updates, although these
two parameters are given quite distinct psychological interpretations.

3 Truth and evaluation are different and perhaps need to be treated
differently in some contexts. In the present model, it is not necessary
to distinguish them. In this ¢context, it is interesting to note that early
cognitive consistency theorists (Festinger, 1957; Heider, 1958) also
treated truth and evaluation in a similar fashion.
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A

Coghnition 1 Coghnition 2

B
Cognition 1

Cognition 2

Figure 1.

Any two cognitions can be connected positively (as shown in Figure 1A ), negatively (as shown

in Figure 1B), or can be unrelated. In this figure, positive connection weights are symbolized by solid lines,
negative connection weights by dashed lines. Each cognition is symbolized by an ellipse drawn around the
positive and negative poles of the cognition. See text for further explanation.

something is highly valued, the positive unit of the correspond-
ing cognition would have an initial activation of 0.5. For exam-
ple, simulations of the forbidden toy studies begin with evalua-
tion of the desirable toy at a net activation of 0.5. If there is a
strong belief that a behavior was not engaged in or that some-
thing is highly disliked, the negative unit of the corresponding
cognition would have an initial activation of 0.5. For example,
simulations of the forbidden toy studies begin with the play with
toy cognition at a net activation of —0.5 to reflect that no child
ever played with that toy (0 — 0.5 = —0.5).

If an experimental manipulation is provided in two different
amounts (e.g., high and low), this difference is reflected in
differential initial activations for the conditions. For example,
in simulations of the forbidden toy studies, the cognition that
one has been threatened is given an initial net activation of 0.5
(high) in the severe threat condition and 0.1 (low) in the mild
threat condition.

Mapping Relation 2: Elementary Dissonance

In dissonance theory, two cognitions taken by themselves are
said to be dissonant when one follows from the obverse of the
other. Conversely, two cognitions are consonant when one im-
plies the other. Although the nature of these implicational re-
lations is not fully specified in dissonance theory, it appears
broad enough to include logical implication, causal relations,
psychological implication, expectation, and association (cf.
Abelson, 1968; Aronson, 1969).

In the consonance model, cognitions (represented as net activa-
tions in pairs of negatively connected units) are connected to other
such cognitions to form a network representing a person’s relevant
beliefs and attitudes regarding a particular experimental situation.
A negative implication is represented by inhibitory weights be-
tween two cognitions; a positive implication is represented by ex-
citatory weights between two cognitions. Connection weights can
range from —1 to +1. The absolute default value for high weights
is 0.5; that for low weights is 0.1 (although we do not use low
weights in any simulation reported here).

Any two cognitions can be positively related, negatively re-
lated, or unrelated. Unrelated cognitions have connection
weights of 0. The positive and negative connection schemes for
two generic cognitions are illustrated in Figures 1A and 1B, re-
spectively. For two cognitions that are positively related (Figure
1A), their positive poles are linked with excitatory weights, as

are their negative poles; inhibitory weights link the positive pole
of one cognition with the negative pole of the other cognition.
Such connections are reversed for cognitions that are negatively
related, as shown in Figure 1B. In both cases, the positive and
negative poles of each cognition are connected with inhibitory
weights, each unit has an inhibitory self-connection specified by
the cap parameter (not shown in Figure 1), and all connection
weights are bidirectional (also not shown). Again, connection
weights have a default value of 0.5.

The consonance contributed by a particular unit in a network
is given by Equation 1, the sum of the triple products of the
activation on the unit times the activation on each sending unit
times the corresponding weight between the sending and receiv-
ing units. Dissonance can be considered as the negative of
consonance.

Equation 1 ensures that consonant relations are produced by
cognitive patterns yielding positive triple products, whereas dis-
sonant relations are produced by cognitive patterns yielding
negative triple products. As shown in Table 1, positive triple
products (consonant relations) are the result of either one or
three positive directional signs; negative triple products
(dissonant relations) are the result of either one or three nega-
tive directional signs.

Some readers may find the relations in Table 1 reminiscent of
cognitive balance theory (Heider, 1958), especially as elabo-
rated by Abelson and Rosenberg ( 1958; Rosenberg & Abelson,
1960) and by Cartwright and Harary (1956) to apply to larger
networks of cognitions. Our analysis is in the spirit of these ear-
lier attempts to provide a more formal and general mathemati-

Table 1

Qualitative Relations Generated by Equation 1

Sending unit Connection Receiving unit

activation weight activation Relation

+ + + Consonant
- + - Consonant
+ - - Consonant
- - + Consonant
- - - Dissonant
+ - + Dissonant
- + + Dissonant
+ + - Dissonant
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cal representation of cognitive consistency, although our analy-
sis goes beyond these earlier efforts in several respects. First,
Equation 1 generates quantitative values of which the relations
in balance theory are qualitative idealizations. That is, Equation
1 indicates how consonant or how dissonant a particular rela-
tion is. In a similar way, our consonance model specifies quan-
titatively the amount of change predicted for specific cognitive
elements. Finally, because each cognition in our consonance
model is represented by a negatively connected pair of units,
Equation 1 also deals with subcognition relations, within a par-
ticular cognition or between parts of two cognitions. Notice that
our two-unit per cognition representational scheme allows for
dissonance (or consonance) within a particular cognition. For
example, if there are both positive and negative feelings for the
same object, this would be computed as dissonant by Equation
1 because of the inhibitory weight linking the positive and neg-
ative units representing this cognition.

The design of connecting weights in our consonance network
is accomplished by reading the descriptions of implications pro-
vided in the dissonance experiments to be simulated. We always
give the implication a high connection weight (default value of
0.5) and always focus on the implication specified in the cause-
to-effect direction. For example, in simulating the forbidden toy
studies (Aronson & Carlsmith, 1963; Freedman, 1965), there
is an implication that a high evaluation of the toy causes one to
want to play with the toy. This leads us to link the toy evaluation
and play with toy cognitions with an excitatory relation. Con-
sidering the reverse, effect to cause, direction is often more
problematic for determining the sign of the relation. For exam-
ple, wanting to play with a toy has no particular causal implica-
tion for evaluation of the toy, making it more difficult to deter-
mine appropriate relation linking those two cognitions. One
might want to play with a toy out of sheer curiosity about how
good the toy is, or out of boredom or a lack of alternatives.
Nonetheless, following the usual practice in constraint satisfac-
tion networks, we assign the same default value for relations
going in both directions. The point here is simply that the deci-
sion about the sign of these relations is dictated by the expected
causal direction. It is interesting that other independently de-
rived constraint satisfaction models of cognitive consistency
also focus on causal implications in designing networks (Read
& Miller, 1994). This focus on causal relations in dissonance
models reflects the central importance of causal relations in the
understanding of social action (Schank & Abelson, 1977).

Mapping Relation 3: Total Dissonance

Dissonance theory holds that the total amount of dissonance
is a function of the ratio of dissonant cognitions to all relevant
cognitions (dissonant plus consonant cognitions), with cogni-
tions and relations weighted for their importance to the person.

In the consonance model, total consonance is represented by
summing the values computed by Equation 1 over all units in
the network. This is specified in Equation 2. Notice that the
weighting of relations (weights) and cognitions (activations) is
represented in Equations 1 and 2 by the triple products of send-
ing activation, receiving activation, and connecting weight that
are summed. The more important any of these things are in

terms of believability or value, the larger their numeric value,

and the larger their impact on consonance. Notice, too, that
irrelevant cognitions (those connected with weights of 0) con-
tribute nothing to consonance. Total dissonance is formally de-
fined as the negative of total consonance divided by r, the num-
ber of nonzero intercognition relations in the network.

23 wa
dissonanc =—-'%—~ (6)

Dividing by r standardizes dissonance to facilitate comparisons
across networks, by controlling for the number of nonzero re-
lations. Otherwise, larger networks or networks with more non-
zero relations have the potential of generating more consonance
(or more dissonance), merely by virtue of their greater size or
greater number of relations. Self-connections, identified by w;;,
are excluded from this computation of dissonance so that dis-
sonance does not vary directly with degree of activation.

This definition of dissonance is analogous to energy in con-
straint satisfaction networks that function by minimizing en-
ergy rather than maximizing goodness (e.g., Hopfield, 1982,
1984). Dissonance is to consonance as energy is to goodness.
Our definition of dissonance goes beyond the ratio definition of
Festinger (1957) because it is formalized, assesses the amount
of dissonance in each intercognition relation, includes within-
cognition ambivalence, includes “consonant” relations with
positive triple products, and can vary even when all relations
are dissonant (i.e., all triple products are negative) or all re-
lations are consonant (i.e., all triple products are positive).

Mapping Relation 4: Motivation to Reduce Dissonance

Dissonance theory specifies that people are strongly moti-
vated to reduce cognitive dissonance. This does not imply that
people always succeed in doing so, only that there is motiva-
tional pressure in the direction of dissonance reduction. Other
factors, such as reality, or the potential for creation of new dis-
sonances often stand in the way of complete dissonance
reduction.

In the consonance model, networks tend to settle into more
stable, less dissonant states as unit activations are updated ac-
cording to Equations 3, 4, and 5. The various constraints sup-
plied by weights, initial activations, and resistances are all soft
constraints. None of them absolutely must be satisfied, but the
update rules attempt to satisfy as many of them as possible, as
well as possible. There is no guarantee that consonance reaches
a global maximum, only that it increases or stays the same. It
could, for example, become stuck in a local maximum. Being
stuck in a local maximum would correspond to reducing disso-
nance only up to a point, rather than completely, or to “satis-
ficing” rather than optimizing.

We do three additional things to increase psychological real-
ism in our consonance networks. We discourage unit activation
values from reaching their maximum values, randomize all de-
fault parameter values, and introduce connection weight
asymmetries.

A cap parameter, when set to a high negative proportion, pre-
vents activations from growing to their ceiling. Our default set-
ting for cap is —0.5. Mathematically, cap is the value of the con-



224 SHULTZ AND LEPPER

nection between each unit and itself, w;.* Hopfield (1982,
1984), who formalized the mathematics underlying constraint
satisfaction networks, had assumed that such self-connections
are equal to 0. Allowing self-connections to be other than 0 pro-
duces additional spurious states in the neighborhood of a de-
sired attractor,® thus increasing the variability of solutions
(Hertz, Krogh, & Palmer, 1991); that is, a network could fall
into a series of different local consonance maxima. We use cap
to enforce the psychologically realistic assumption that the
events in most dissonance experiments are not of central im-
portance to the subjects. Therefore, activations, particularly
those representing evaluations, should be discouraged from
reaching maximal values. This limitation on the extremity of
evaluations becomes important in some, but not all, of the sim-
ulations reported here.

Robustness against parameter variation is sometimes as-
sessed in connectionist network models by doubling or halving
a parameter and repeating the simulation (Schneider, 1988).
Because of the large number of parameters and simulations in
our project, this technique would generate an unmanageably
large simulation space.

Instead, as a network is set up, weights, resistances, caps, and
initial activations are all randomized by adding or subtracting a
random proportion of their initial amounts. A parameter we
call rand% specifies the proportion range in which additions or
subtractions are randomly selected under a uniform distribu-
tion. Specifically, an adjusted parameter value is computed as
follows:

y = x + {random(absolute[x X rand%])}, (7

where yis the adjusted parameter value, x is the original param-
eter value, random is a procedure that generates a random uni-
form distribution between 0 and its argument, and absolute re-
turns the absolute value of its argument. Qur simulations were
run under three values of rand%: small (0.1), medium (0.5),
and large (1.0). It is worth stressing that initial settings of all
weight, resistance, cap, and initial activation parameters were
adjusted by this randomization process in each run of each sim-
ulation. This procedure is more comprehensive than the tradi-
tional sensitivity tests that focus on a few individual parameters,
but it will not indicate the precise impact of each parameter.
Instead, the present technique is designed to assess efficiently
the robustness of the simulations against general parameter
variation.

This random perturbation of parameters also serves to intro-
duce some degree of psychological realism because it can be
assumed that not everyone shares precisely the same parameter
values. Such variation is not necessary in these simulations,
however, to capture dissonance phenomena.

The randomization of weight values violates the weight sym-
metry assumed by Hopfield (1982, 1984), in that w; # wj,.
Hopfield reported that violations of the symmetry assumption
increased memory errors and instability in network solutions to
memory retrieval problems. Such results may also correspond
to natural psychological variation.

In summary, randomization of parameter values and use of
the cap and rand% parameters discourage units from reaching
extreme activation values and increase the variability of net-
work solutions, thus increasing psychological realism.

Mapping Relation 5: Resistance and Modes of
Dissonance Reduction

Festinger (1957) specified that dissonance can be reduced by
decreasing the number or importance of dissonant relations or
by increasing the number or importance of consonant relations,
or a combination of these factors. Presumably, dissonance re-
duction could be accomplished by changing evaluations, beliefs,
or implications among them. However, dissonance theory also
specified that the cognitions most likely to change are those least
resistant to change. Resistance stems from the possible creation
of new dissonance because of relations with other cognitions,
from cognitions that are anchored in reality, and from the
difficulty of changing aspects of reality. In practice, in disso-
nance experiments, this has typically meant that dissonance is
reduced by changes in evaluations, not by changes in beliefs
about salient events that have just happened in the experimental
setting, nor by changes in implications among cognitions.

In the consonance model, implications among cognitions,
represented by connection weights, never change as the network
settles. Only unit activations are allowed to change. Change in
activations is strongly affected by a resistance parameter, a sca-
lar that modulates the net input to a receiving unit, as specified
in Equation 5.

In a more complete model, resistance might well be imple-
mented by constraining connections to many other beliefs. For
simplification, we implement this with an explicit resistance pa-
rameter. Our default values for high and low resistances
throughout the present simulations are 0.01 and 0.5, respec-
tively. Recall that the larger the resistance multiplier, the more
readily the unit will change its activation. Thus, larger resistance
multipliers implement lower resistances.

In all of the consonance models of dissonance experiments
reported here, we give evaluative cognitions low resistance and
belief cognitions high resistance. This reflects the fact that par-
ticipants in the original experiments were undoubtedly quite
certain of what had just happened to them, but were probably
somewhat unclear about their evaluations of particular novel
features of the experiment.

The Generic Consonance Network

All of the simulations presented here use a generic consonance
network. The cognitions in dissonance experiments fall into one
of three categories: behaviors, justifications, or evaluations. In the
classic insufficient justification paradigms, as will be seen, there is
one behavior, one justification for the behavior, and one evaluation.
In the traditional free-choice paradigm, there is one behavior (a
decision to choose one alternative over another) and two evalua-
tions (one referring to each alternative ). Our consonance program
enables specification of each of the relevant cognitions, including
their type and their initial activations, and of the relations among
the cognitions. Different dissonance experiments require different
instantiations of this generic network because they involve differ-

4 Thanks to Denis Mareschal for this suggestion.

5 In the present context, a network attractor corresponds to a partic-
ular consonant set of relations among the attitudes and beliefs repre-
sented in the network.



COGNITIVE DISSONANCE 225

ent particular types of cognitions, with differing particular initial
activation values, and particular implications among cognitions.
As already noted, evaluation cognitions are given low resistance,
whereas other cognition types (about behaviors and justifications)
are given high resistance.

An Example of Activation Updates

Before proceeding to the simulations, some readers might ap-
preciate a concrete example of how unit activations change over
time cycles. Consider a simple example of two positively related
cognitions, both of which are evaluations, with low resistance
to change. Default high connection weights of 0.5 are used. The
connection scheme is that illustrated in Figure 1A. Evaluation
1 is initially somewhat ambivalent, with a 0.5 activation on the
positive pole (unit 1) and a 0.1 activation on the negative pole
(unit 2). Evaluation 2 is initially slightly negative, with an acti-
vation of 0.1 on the negative pole (unit 4) and 0 on the positive
pole (unit 3). ‘

Activation updates over the first two time cycles of one par-
ticular run for this network are shown in Table 2. By default
there are four unit updates per time cycle, the number of units
in the network. Within each time cycle, the units to be updated
are randomly selected. As it happens, unit 2 is selected for the
first update. The current activation of this unit is 0.1 and the
net input to the unit is —0.25, as specified in Equation 5, before
being scaled by the resistance parameter. Again, the net input is
computed as the sum of products of the activations on sending
units and the connection weights. In the present case, there are
only three such nonzero products: from unit 1 (activation of 0.5
X weight of —0.5), from unit 4 (activation of 0.1 X weight of
0.5), and from unit 2 itself (activation of 0.1 X weight of —-0.5).
Summing these three products yields an unscaled net input of
—0.25. Multiplying by the resistance scalar of 0.5 yields —0.125.
Because this net input is negative, update Equation 4 applies.
Equation 4 requires a computation of the distance of the cur-
rent activation of 0.1 from the floor activation of 0; this distance
is 0.1. The net input is multiplied by this distance and then
added to the current activation of the unit, yielding an updated
activation of 0.088. ,

The next unit randomly selected for updating is unit 4. Read-
ers may continue these computations, illustrated in Table 2, to
obtain a feel for activation updates. Such updates typically con-

Table 2

tinue until the network settles into a steady state as indexed by
the fact that unit activations are no longer changing very much
or, equivalently, that overall consonance or dissonance is no
longer changing very much.

Simulations

With more than 1,000 published entries in the cognitive dis-
sonance literature (Cooper & Fazio, 1984; Thibodeau & Aron-
son, 1992), there is considerable choice in deciding what exper-
iments to simulate. Our strategy has been to simulate at least
one experiment within each of the principal research para-
digms and subparadigms of cognitive dissonance theory. It is
generally acknowledged that the major, highly reliable experi-
mental paradigms in this literature are those of insufficient jus-
tification and free-choice. Within the insufficient justification
paradigm, there are three somewhat distinct lines of research,
involving prohibition, initiation, and forced compliance. The
free-choice paradigm has not tended to generate multiple, dis-
tinct lines of research.

Insufficient Justification Paradigms

The insufficient justification paradigm deals with situations
in which subjects engage in some counterattitudinal action with
rather little justification. Dissonance theory predicts that the
less the justification for the behavior, the greater the dissonance
and, at least when it is difficult to retract one’s action, the more
people will be motivated to change their attitudes so as to pro-
vide additional justification for their action.

As just noted, there have been three principal paradigms of
insufficient justification research (Lepper, 1983): prohibition,
initiation, and forced compliance. The classic example of a pro-
hibition study is the forbidden toy experiment, in which chil-
dren are forbidden to play with an attractive toy under either
mild or severe threat of punishment from an adult experi-
menter (Aronson & Carlsmith, 1963). Somewhat paradoxi-
cally, the children devalued the forbidden toy more under mild
than under severe threat. The classic initiation experiment dem-
onstrated that people initiated into a boring group liked the
group better after having undergone a severe than after having
undergone a mild initiation (Aronson & Mills, 1959). Finally,
the original forced compliance experiment involved inducing

Activation Updates Over the First Two Time Cycles for the Illustrative

Two-Cognition Network Specified in the Text

Unit number Scaled by Distance to
(randomly Current unit Netinput - unit floor or Updated unit
selected) activation to unit resistance ceiling activation
2 0.100 -0.250 —0.125 0.100 0.088
4 0.100 -0.256 —0.128 0.100 0.087
2 0.088 -0.250 -0.125 0.088 0.077
1 0.500 -0.332 -0.166 0.500 0.417
3 0.000 0.127 0.063 1.000 0.063
4 0.087 —0.245 -0.123 0.087 0.076
2 0.077 -0.240 -0.120 0.077 0.067
2 0.067 —0.236 —0.118 0.067 0.059
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subjects to voice a belief contrary to their own for either a large
or a small amount of money (Festinger & Carlsmith, 1959).
Again, somewhat paradoxically, smaller payments produced
more attitude change.

Such counterintuitive predictions and findings contributed
to the view that dissonance reduction was a somewhat exotic
and irrational process compared to more conventional theories
of conflict, decision, reinforcement, or rational choice. Disso-
nance results, especially within the insufficient justification par-
adigm, consistently seemed to go against traditional common
sense. To proponents, such nonobvious findings were seen as
evidence of the theory’s ability to generate unique predictions;
to opponents, such findings were seen as presumptive evidence
of the theory’s inapplicability to everyday life. Both agreed,
however, that such results seemed to set dissonance apart from
other psychological theories.

Within each subcategory of insufficient justification research,
there remains a considerable choice of representative experi-
ments to simulate. Our preference was to neglect both the orig-
inal and the most modern studies in favor of second-generation
experiments that effectively ruled out many of the alternative
explanations that plagued the classic experiments yet remained
focused on basic dissonance issues. Typically, these second-gen-
eration experiments involve a two-way interaction that is some-
what more challenging to simulate than the simple main-effects
characteristic of the original experiments.

Prohibition. - In the first of the insufficient justification stud-
ies to examine the consequences of prohibiting a desired action,
nursery school children were forbidden to play with an attrac-
tive toy under either mild or severe threat of punishment
(Aronson & Carlsmith, 1963 ). Both the mild and severe threats
were carefully designed, however, to be sufficient to prevent the
children from playing with the desirable toy during a play pe-
riod in which the experimenter was absent from the room. In
subsequent ratings, the children derogated the forbidden toy
more under mild threat than severe threat. The original theo-
retical explanation was that the children had committed them-
selves to the dissonant behavior of not playing with the desirable
toy. Because dissonance is greater when there are fewer cogni-
tions to support the behavior, there was more dissonance in the
mild threat condition than in the severe threat condition. Be-
cause the counterattitudinal behavior of not playing with the
toy could not be retracted, dissonance was reduced by derogat-
ing the forbidden toy. The more the dissonance, the more the
derogation. This basic result has been replicated in perhaps a
~dozen subsequent studies (e.g., Lepper, 1973; Pepitone,
McCauley, & Hammond, 1967).

Close on the heels of the publication of Aronson and Carl-
smith’s classic study (1963), a number of alternative explana-
tions of these findings were offered. These included the notion
that severe threat focused more attention on the toy or made it
seem more desirable, the idea that the experimenter appeared
more likeable or more reasonable in the mild threat condition,
and the possibility that the mild threat was seen as more
credible.

To rule out these and other related alternative explanations,
Freedman (1965) added surveillance conditions to the experi-
ment. In the surveillance conditions, the experimenter stayed in
the room while the child played. In these surveillance condi-

tions, the same threats were used, but temptation, and thus dis-
sonance, was lowered by the continued presence of the experi-
menter. Actual play with the previously forbidden toy 5 weeks
later, in the absence of the experimenter or any continued pro-
hibition, indicated greater derogation in the mild than in the
severe threat conditions only when there was no surveillance.
Results from Freedman (1965) are plotted in Figure 2A, in
terms of the proportions of children playing with the forbidden
toy 5 weeks later. Fewer children played with the forbidden toy
in the mild than in the severe threat conditions only when there
had been no surveillance. When children remained under sur-
veillance, the effect of severity of threat was negligible. The re-
sults clearly support the dissonance explanation against the var-
ious alternative explanations.

Our simulation focused on this second-generation experi-
ment by Freedman (1965).% Specifications of constraint satis-
faction networks for the four conditions of this simulation are
presented in Table 3. As in all of the insufficient justification
networks, there are three relevant cognitions, concerning a be-
havior, a justification, and an evaluation. Following mapping re-
lation 1, two units are used to encode each of the three cogni-
tions: evaluation, threat, and play, making a six-unit network.
Initially, the toy is given a high positive evaluation to reflect its
desirability, play with the toy is given a high negative evaluation
because it was not done, and the amount of threat is either low
or high to represent mild or severe threats, respectively. All of
this is in conformity with mapping relation 1. For the surveil-
lance conditions of this simulation, the impact of both threats
was scaled up by a multiplier in the spirit of the update rule
specified in Equation 3:

new_threat = old_threat + (0.5 X [1 — old_threat]) (8)

This made the value of threat 0.75 in the severe threat—surveil-
lance condition and 0.55 in the mild threat-surveillance condi-
tion. These modifications, in accord with mapping relation 2,
reflect the idea that surveillance enhances the value of both
threats in accordance with the way that activations normally
change.

Following mapping relation 2, connections across different
cognitions reflect assumed causal implications among the cog-
nitions. For the Freedman simulation, there were positive con-
nections between toy evaluation and play (the better liked the
toy, the more it would be played with), positive connections
between toy evaluation and threat (the better liked the toy, the
more threat would be required to prevent play), and negative
connections between play and threat (the bigger the threat, the
less the toy would be played with).

As a simulation begins, activations of units are updated in a
random, asynchronous fashion. On each time cycle, 7 units are
randomly selected and updated, using Equations 3, 4, and 5.
By default, n is the number of units in the network, six in this
simulation. This updating process implements mapping rela-
tion 4, concerning the motivation to reduce dissonance. Updat-
ing continued for 20 cycles because activation asymptotes were

6 A preliminary simulation of Freedman (1965) was presented in
Shultz and Lepper (1992).
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Figure 2. Human data from Freedman (1965), shown in Figure 2A, and simulation data at three levels of
random parameter distortion (Figures 2B-2D). The human data are in terms of proportion of children
playing with the previously forbidden toy in the nonforbidden session. Simulation data are in terms of net
activation of the evaluation of the toy cognition after 20 update cycles.

reached within that period. We ran 20 networks in each condi-
tion at each of the three levels of rand%.

Mean evaluation of the forbidden toy after cycle 20 is shown
in Figures 2B-2D for each of the three levels of rand%. Evalua-
tion of the toy was computed as the difference between activa-
tion of the positive unit and the negative unit for the toy dimen-
sion. These evaluations were subjected to analyses of variance
(ANOVAs) in which the presence of surveillance and severity of
threat were the variables. Of primary interest was Freedman’s
(1965) predicted interaction between surveillance and severity
of threat, F(1, 76) = 97.73, p < .0001, for rand% = 0.1; F(1,
76) =4.72, p < .05, for rand% = 0.5; and F(1,76) =3.54,p <
.07, for rand% = 1.0. In general, there was more derogation in
the mild than in the severe condition, and this effect was much
larger without surveillance than with surveillance. Statistically,
this pattern weakens as randomization of parameters increases.

It is possible in our network models to examine the reduction
of dissonance over cycles, as defined in Equation 6 and mapping
relation 4. At present this is mainly of theoretical interest be-
cause there is no such direct measure of dissonance over time in
human participants. Figure 3 contains plots of mean disso-
nance over cycles for four different simulations, all at rand%
= 0.1. Figure 3A contains such data for the Freedman (1965)
simulation. It shows the mild threat condition under nonsur-
veillance to start with the greatest amount of dissonance, but
this dissonance is reduced dramatically over cycles. The other

three conditions start with only moderate levels of dissonance
that do not change much over cycles. -

Differentiating among the four conditions of the Freedman
experiment was accomplished only by manipulating the initial
activations on the threat cognitions. Unlike the other insuffi-
cient justification experiments but like the free-choice experi-
ments reported here, no connection weight changes were re-
quired. Also important to the Freedman results was the minus
ceiling parameter of 0.5. A minus ceiling of 1 introduced a steep
slope to the surveillance conditions line, with severe threat pro-
ducing much higher evaluations than mild threat.

Initiation. Studies of insufficient justification through initi-
ation grew out of the popular belief that, for example, the most
popular fraternities seem to have the worst initiations, and the
best of the armed services branches have the most demanding
basic training. Such correlations were most often discussed as
the result of a selection process wherein the less capable, attrac-
tive, or dedicated applicants were eliminated from possible
membership. -

A more counterintuitive explanation of these phenomena was
that a severe initiation may itself increase liking for a group.
This idea was first examined within the context of dissonance
theory by Aronson and Mills (1959). Aronson and Mills in-
duced dissonance in female university students by requiring
them to pass an embarrassment test to participate in a discus-
sion of sexual material in a group the students had previously
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Nerwork Specifications for the Four Conditions of the Freedman Experiment
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volunteered to join. In the mild initiation condition, students
read a list of mildly sex-related words to a male experimenter. In
the severe initiation condition, they had to read a list of obscene
words and a lurid passage from a novel to the same male exper-
imenter. Then participants in each condition were to audit a
supposed group discussion. The discussion had actually been
tape recorded previously and was designed to be quite boring
and banal. Following the discussion, the participants rated the
group.

The dissonance theory prediction, and the empirical finding
of the study, was that the worse the initiation, the better the
group would be liked. Cognitions consonant with joining the
group included the participant’s favorable attitude to both the
discussion topic and the group, for which she had volunteered.
Cognitions dissonant with joining the group involved the em-
barrassment test, which was of course much worse in the severe
condition than in the mild condition. Dissonance could be re-
duced by an increased evaluation of the group. Because disso-
nance was greater in the severe condition than in the mild con-
dition, there should be more of an increase in liking of the group
in the former condition.

- At least five different alternative explanations were quickly
offered for these findings. One suggested that the content of ini-
tiation and the discussion group were related. If the initiation
had been arousing, this could have led to more interest in the
group. In a related tack, perhaps these students did not know
the meanings of at least some of the obscene words and wanted
to join the group to discover what they were. Alternatively, they
might have been intrigued by the obscene words and inferred
that such words might eventually be discussed by the group.

There was also another explanation based on relief. The ob-
scene material in the severely embarrassing test was followed by
a very banal discussion. This sequence could have induced the
arousal and then the reduction of anxiety, which then could
have set the stage for a favorable evaluation of the group. Yet
another explanation suggested that the participant might be-
come dependent on the experimenter, more so in the severe than
in the mild condition. This dependency might somehow medi-
ate liking of the discussion group.

Still another idea was the afterglow hypothesis. All subjects
had been told that they had passed the embarrassment test. In
the severe condition, in which the test would probably be viewed
as more difficult, participants might take more pride in their
accomplishment, as compared with the mild condition. Finally,
there was a contrast hypothesis that claimed that any experience

following a negative experience would be experienced as pleas-

ant. The worse the negative experience, the more positively the
next experience is regarded.

Gerard and Mathewson (1966) neatly disposed of all of these
alternative explanations by separating the content of the initia-
tion experience from that of the group discussion and by adding"
noninitiation conditions with the same severe and mild levels of
discomfort. They administered mild or severe electric shock,
either as part of an initiation or as part of a second, unrelated
“psychological experiment.” Following this, participants heard
a boring group discussion of cheating in university courses.

It was predicted from dissonance theory, and found, that par-
ticipants who received severe shock liked the group better than
did subjects who received mild shock, but only in the initiation
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Figure 3. Mean dissonance over cycles at rand% = 0.1 for four simulations. Cycle 0 refers to initial disso-

nance, before any activation updates.

condition. It was found, but not predicted by dissonance theory,
that the reverse trend held in the noninitiation condition, that
is, the worse the shock, the less the group was liked. Without
initiation, dissonance theory cannot predict a difference be-
tween mild and severe shock. The obtained interaction is pre-
sented in Figure 4A. A similar interaction was obtained for par-
ticipants’ ratings of the group discussion.

Network specifications for the four conditions of the Gerard
and Matthewson experiment are presented in Table 4. Again
there are three relevant cognitions and three relations among
them. For the initiation condition, there is an excitatory relation
between evaluation of the group and joining the group (the bet-
ter you like the group, the more likely you are to join it). There
is also an excitatory relation between evaluation of the group
and degree of shock (you get what you pay for). The relation
between degree of shock and joining the group is negative (a
rising price lowers demand). Initial activations stem from ap-
plication of mapping relation 1. Joining the group is given an
initial positive value to reflect the fact that the participants did
volunteer to join. Evaluation of the group is given an initial neg-
ative value to reflect the subsequent boring nature of the actual
discussion. Shock levels are given positive initial values, reflect-
ing the fact that all participants had just received shocks. High
values were used for severe shock, and low values for mild
shock. '

Networks for the noninitiation condition were similar except
that relations between shock level and joining the group were
cut to 0; these dimensions are no longer causally related because
the shock is not part of an initiation. Moreover, the relations
between shock and evaluation of the group are changed from

excitatory to inhibitory because being shocked no longer pays
for the right to join the group; instead, the negative experience
of being shocked adversely affects how one feels about the whole
experimental session. These connection weight changes are con-
sistent with the idea of following the causal relations among cog-
nitions specified in mapping relation 2. As noted earlier, param-
eter values for initial activations and resistances are the same as
those used in the previous, as well as succeeding, simulations.

Simulation results, in terms of evaluation of the group after
cycle 20, are presented in Figures 4B-4D for three levels of
rand%. These evaluations were subjected to ANOVAs in which
the presence of initiation and severity of shock were the vari-
ables. Of primary interest was the predicted interaction be-
tween initiation and shock, F(1, 76) = 945, p < .0001, for
rand% of 0.1; F(1, 76) = 54.28, p < .0001, for rand% of 0.5;
and F(1,76) = 3.41, p < .07, for rand% of 1.0. The dissonance
effect holds only in the initiation condition; the more the shock,
the better the group is liked. In the noninitiation condition,
there is what could be called an annoyance effect; the more the
shock, the less the rest of the session is appreciated. The con-
straint satisfaction networks thus make a more complete fit to
the human data than does dissonance theory, which does not
predict the annoyance effect. ,

Reduction of dissonance over cycles for this simulation is
shown in Figure 3B, as defined in Equation 6 and mapping re-
lation 4. It reveals that the relatively high level of dissonance in
the severe initiation condition is substantially reduced over time
cycles. There is some lesser amount of dissonance reduction in
the mild initiation and mild shock conditions, but virtually
none in the severe shock condition.
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Figure4. Human data from Gerard and Mathewson (1966 ), shown in Figure 4A, and simulation data at
three levels of random parameter distortion ( Figures 4B-4D). The human data are in terms of evaluation
of the group participants. Simulation data are in terms of net activation of the evaluation of the group

cognition after 20 update cycles.

Differentiating among the four conditions of the Gerard and
Mathewson experiment required both initial activation and
connection weight changes. Differentiating mild and severe
shock was merely a matter of using low versus high initial acti-
vations on the shock cognition, respectively. Differentiating ini-
tiation versus noninitiation conditions required two changes in
intercognition relations: the sign of the relation between the
shock and evaluation cognitions, and the presence or absence of
an inhibitory relation between the shock and join cognitions.
To verify that both of these relation changes were necessary, we
tried the noninitiation conditions in two additional ways: (a)
shock-evaluation and shock—join relations both inhibitory, and
(b) shock—evaluation relation facilitory and shock—join relation
0. The former produced adequate data fits, but the mild shock
conditions were a bit too close together. Here, the noninitiation
results were due to the inhibitory relation for shock-evaluation
because that is all that differed from the initiation conditions.
The latter (b) yielded severe shock greater than mild shock eval-
uations for noninitiation as well as for initiation, which is clearly -
wrong. Here the O relation for shock—join was responsible be-
cause it was the only difference. In summary, both relation
changes are required to produce the correct results in the non-
initiation conditions, namely, shock—evaluation relations inhib-
itory and shock—join relations O.

Unlike the other simulations presented here, the Gerard and
Mathewson simulations were decidedly more accurate with a

negative cap value. With a cap of 0, the mild shock evaluations
and the initiation evaluations were too high, giving zero slope to
the initiation evaluation line. The proper interaction emerged
with a cap of —0.5.

Forced compliance. The third major insufficient justifica-
tion paradigm involves paying people to do something that is
discrepant with their own attitudes. In the classic study of this
sort, Festinger and Carlsmith (1959) gave university students an
extremely dull task to do and then paid them either $1 or $20
to tell the next participant, who was actually a confederate of
the experimenter, that the task was interesting and enjoyable.
Subsequently, participants were asked to give their own personal
opinion of the task. Those who had been paid $1 to lie rated the
task higher than those who had been paid $20 to lie, as predicted
by dissonance theory. Knowledge that the task is dull is disso-
nant with having said it was interesting and enjoyable. The pay-
ment is consonant with the lie, more so with the larger $20 pay-
ment. Subjects could reduce dissonance by increasing their per-
sonal evaluation of the task. They should do this more in the $1
condition than in the $20 condition because there is more over-
all dissonance to be reduced with the smaller payment than with
the larger payment. Like many other findings in the insufficient
justification paradigm, this result was considered counterintu-
itive. It seemed to contradict the notion from reinforcement
theory that the strength of a reinforced behavior increases with
the degree of reinforcement. In this case, the payment might
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Network Specifications for the Four Conditions of the Gerard and Mathewson Experiment
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have constituted reinforcement for the behavior of giving a pos-
itive description of the task.

As was true of other insufficient justification results, alterna-
tive explanations soon emerged. One was based on evaluation
apprehension, the idea that participants in psychology experi-
ments may think they are being evaluated. In particular, in the
Festinger and Carlsmith (1959) experiment, subjects may have
felt that their honesty was being tested. To resist the temptation
to lie for money might have resulted in a more favorable evalu-
ation by the experimenter. Perhaps evaluation apprehension
would have been higher with the $20 payment than with the $1
payment.

Other alternative explanations were based on deception. Sub-
jects may have suspected that they were being deceived and, as
a result, may have angrily resisted confirming what they per-
ceived to be a test of the reinforcement hypothesis. Alterna-
tively, subjects in the $20 condition may have found the pay-
ment far too large for the situation and may have inferred that
the payment was actually designed, instead, to alter their beliefs.

These and other possible alternative explanations were
effectively ruled out in a follow-up experiment by Linder, Coo-
per, and Jones (1967). Reasoning that dissonance effects would
obtain only under free-choice, Linder et al. added no-choice
conditions in which alternative factors, but not dissonance,
would be expected to operate. Their college student subjects
were asked, under either choice or no-choice conditions, to
write a forceful essay supporting a ban on communist speakers
on campus—a position with which these students strongly dis-
agreed. They were paid either $0.50 or $2.50 to write this coun-
terattitudinal essay. The predicted crossover interaction oc-
curred such that, in the choice condition, banning communist
speakers was favored more with low pay than with higher pay,
whereas in the no-choice condition, banning communist speak-
ers was favored more with higher pay than with low pay. These
results are presented in Figure 4A.” Notice that dissonance the-
ory per se predicts only the results obtained in the choice con-
dition. Dissonance theory is not really applicable to the no-
choice condition, in which other processes are assumed to
operate.

Network specifications for the four conditions of the Linder
et al. experiment are presented in Table 5. As with other in-
sufficient justification simulations, there are three cognitions
(concerning a behavior, a justification, and an evaluation) with
three relations among them. These relations reflect mapping re-
lation 2. In the choice condition, there were excitatory relations

7 Extensive subsequent research on forced compliance (e.g., Calder,
Ross, & Insko, 1973; Collins & Hoyt, 1972; Cooper & Fazio, 1984;
Wicklund & Brehm, 1976) has replicated and extended the findings of
Linder et al. (1967). As a whole, the literature suggests three related
preconditions necessary for forced compliance procedures regularly to
produce dissonance effects. These preconditions, typically summarized
as personal-responsibility-for-( negative )-consequences, include a per-
ception that one had a choice not to engage in the counterattitudinal
action, a feeling of personal responsibility for one’s action, and a belief
that one’s action will have negative consequences. It is worth noting
that the same principles used to simulate Linder et al’s (1967) findings
concerning choice could also be used to model the effects of responsi-
bility and consequences.
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between the attitude‘toward banning communist speakers and

gl ge2eeZ o o¢ n oaxers ¢
5| EE§88% 5 22 2= the writing of the essay (the more one supports this position,
L PR RE2 R8P f the more likely one would express this position in writing) and
) between the essay and payment ( you get what you pay for). The
relation between the attitude toward the ban and payment was
- = = = 2 negative, reflecting the idea that the.more fzzlvorable one’s atti-
éﬂg 2z Eom B mm oo B tude‘the less one would need to be paid to write an essay at some
0 u% 3 E‘% ,_% E% L% E% L% E partx'cplar le:vel of support. .
Initial unit activations correspond to mapping relation 1. The
initial attitude was specified as high negative to reflect the rela-
o bo oo e o tively liberal attitudes of these university students. Writing the
2 ""é "'é “'é E ,‘é 5 :'é 5 essay was given a high positive initial activation because the es-
S| E3gEEZEEREERE say was in fact written. Payment for writing the essay was either
R R high or low depending on the payment condition.
The networks for the no-choice condition were identical to
those for the choice condition, with two exceptions consistent
,S with mapping relation 2. First, the relation between attitude and
% T maa=aamaa essay was changed to 0. Without a choice, there should be no
~ causal relation between one’s attitude and the writing of an es-

say on the same topic. Second, the relation between attitude to-
ward banning and payment for the essay was changed to posi-

g tive. The more one is paid, the more positively one should eval-
5ls 5 & S uate the whole session, including the topic of the essay. We favor
Bl FoofooTfoofoo describing this as a mood, rather than a reinforcement, effect
T: but relevant psychological evidence is not yet definitive. It is
analogous to the argument that being shocked for no good rea-
son leads participants to lower their evaluation of being in the
g ‘ Gerard and Mathewson experiment.

§ 5: 55 S5: S5 Simulation results, in terrrgs of_ mean attitude toward banning
Bl cESoEEoE 3ok T after cycle 20, are presented in Figures 5B--5D at three levels of
f rand%. These evaluations were subjected to ANOVAs in which
the presence of choice and amount of payment were the vari-
ables. The interaction between choice and payment was statisti-
- c c c cally reliable at each level of rand%: F(1,76) = 1791, p <.0001,
o _S_ ‘6% .§ 5.% § ‘5% E ‘5% - for rand% of 0.1; F(1,76) = 57.71, p < .0001, for rand% of 0.5;
E, 5% & 5% & E £ —‘g‘ 5 & and F(1,76) = 8.(?2,p < .001, for rand% of 1.0, a'lthough'the
SEBESERSERSLET crossover almost dlsappear‘ed at rand% 1.0. These 1nt§ractlons
HASWASEASEAS reflect the presence of a dissonance effect under choice and a
mood effect under no-choice, even though there were differ-
ences in the precise rank orderings of the conditions. This sup-
ol 8 E8 E3 EY E ports the view that our consonance constraint satisfaction
g EFEZFEZFEEFE model is more general than dissonance theory, which cannot

Z 282 L8Z 58 Z A8 predict the mood (or alternatively, reinforcement) effect.

Mean dissonance over cycles, as defined in Equation 6 and
mapping relation 4, at rand% = 0.1, is presented in Figure 3C.
This plot reveals relatively high dissonance in the choice, low-
pay condition, which is greatly reduced over time. Dissonance
also drops in the no-choice, high-pay condition, although from
alesser height.

Differentiating among the four conditions of the Linder et al.
experiment required both initial activation and connection
weight differences. The difference between high and low pay-
ments was conveyed simply by using high and low initial activa-
tions, respectively. Differentiating between the choice and no-
choice conditions was a matter of two connection weight
changes: the presence or absence of a facilitory relation between
the attitude and essay cognitions, and the sign of the attitude—
payment relation. To verify that both of these connection weight
changes were necessary, we tried doing the no-choice conditions

AN =N =N — NN

Cognition

Condition

Network Specifications for the Four Conditions ofthe Linder et al. Experiment

No choice, low payment
No choice, high payment

Choice, low payment
Choice, high payment

Table 5
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Figure 5. Human data from Linder et al. (1967, Experiment 2), shown in Figure 5A, and simulation data
at three levels of random parameter distortion ( Figures 5B—-5D). The human data are in terms of evaluation
of the counterattitudinal position. Simulation data are in terms of net activation of the evaluation of the

counterattitudinal cognition after 20 update cycles.

-

in two additional ways: (a) attitude—essay and attitude—payment
relations both positive, and (b) attitude-essay relation 0 and
attitude-payment relation negative. Method (a) gave correct
slopes but no crossover, that is, the evaluations under no-choice
were both greater than under choice. Here the positive attitude-
pay relation was responsible because that was the only differ-
ence from the choice conditions. Method (b) yielded higher
evaluations for low payment than for high payment under no-
choice as well as under choice. The superiority of low payment
was somewhat muted for no-choice, producing an interaction,
but not enough for the required crossover. The attitude—essay
relation of 0 was responsible for these results because that was
the only difference from choice conditions. In summary, both
connection weight changes are required to produce the correct
psychological results in the no-choice conditions, namely, atti-
tude-essay relations of 0 and positive attitude—pay relations.

As with all experiments except the Gerard and Mathewson
experiment, data fits were better for the Linder et al. experiment
with a minus ceiling of 0.5 than with a minus ceiling of 1. In
simulating Linder et al., a minus ceiling of 1 made the low-pay-
ment evaluations too close together across the choice and no-
choice conditions.

Thus, the three target experiments on insufficient justifica-
tion were effectively simulated by the consonance constraint sat-
isfaction mode). The fact that these three experiments are rep-
resentative of many other studies in their respective sectors sug-

gests that the consonance model could capture those other
results too. With insufficient justification behind us, we can
move on to the other highly reliable major dissonance para-
digm, that of free-choice.

Free-Choice Paradigm

Choosing between alternatives creates cognitive dissonance
because of the fact that the chosen alternative is never perfect
and the rejected alternative often has desirable aspects that are
necessarily foregone when an irreversible choice is made. Once
a choice is made, dissonance can be reduced by viewing the cho-
sen object as more desirable and by viewing the rejected object
as less desirable. Such dissonance reduction will further sepa-
rate the alternative choices in terms of their desirability. Magni-
tude of dissonance would be greater the closer the alternatives
are in desirability before the choice is made. The closer the al-
ternatives are in their initial desirability, the more difficult an
exclusive choice between them is.® The greater the dissonance
created by the choice, the more the increase in separation be-
tween the alternatives after the choice has been made.

8 Note, of course, that there would be no dissonance if the two al-
ternatives were identical except in magnitude (e.g., a choice between $1
and $2). Dissonance depends on the presence of qualitative differences
between alternatives.
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The classic free-choice experiment required female univer-
sity students to rate eight different small appliances (Brehm,
1956). They were then given either a difficult choice (i.e., be-
tween two objects that they had rated high) or an easy choice
(i.e., between one object they had rated high and another object
they had rated low) of one item to take home in payment for
their services. Then they rated the objects again. Amount of
separation was measured by subtracting the first rating from the
second rating for each of the two objects. Even though disso-
nance theory predicted greater separation in the difficult choice
condition than in the easy choice condition, most of the actual
separation obtained was due to a relatively large decrease in the
value of the rejected alternative in the difficult choice condition.
This pattern is graphed in Figure 6A in terms of mean evalua-
tion change.

We refer to the difficult choice condition in Brehm’s experi-
ment as difficult-high because both alternatives had high initial
evaluations. In our simulations, we added a difficult-low condi-
tion, which to our knowledge had not been used in previous
free-choice experiments.’

Network specifications for the three conditions of the free-
choice experiments are presented in Table 6. As in all of our dis-
sonance simulations, there are three cognitions and three relations
among them. However, in the case of free-choice, two of the cogni-
tions are of the evaluation type (one for each choice alternative)
and one refers to a behavior (the decision). There was a positive
relation between the decision and evaluation of the chosen alterna-
tive to reflect the fact that it was chosen, and there was a negative
relation between evaluation of the two alternatives to reflect the
fact that they are in competition. Initial unit activations were con-
sistent with mapping relation 1. Initial activation of the decision
was high, reflecting a definite public decision. Initial activations for
the chosen and rejected alternatives varied with particular choice
conditions, as specified in mapping relation 1. These evaluations
varied symmetrically around 0 to allow for full use of the activa-
tion ranges. This proved to be important in the context of com-
puting evaluation change scores. For the difficult-high condition,
evaluation of the chosen alternative was given an initial activation
of 0.3 and evaluation of the rejected alternative an initial activation
of 0.2. For the easy condition, initial evaluation activations were
0.3 for the chosen alternative and —0.3 for the rejected alternative.
For the difficult-low condition, the initial evaluation activations
were —0.2 for the chosen alternative and —0.3 for the rejected
alternative.

Free-choice networks were run for 40 cycles because it was clear
that they did not reduce dissonance to asymptotic values until
about then.

Mean difference scores (reevaluation minus initial evaluation)
after 40 cycles are plotted in Figures 6C-6E for three different
levels of rand%. Evaluation was computed as the difference in ac-
tivation between the positive and negative units. These evaluations
were subjected to ANOVAs in which the nature of the choice
served as a between-networks variable and choice alternative
served as a within-network variable. The interaction between al-
ternative and condition was significant for rand% of 0.1, F(2, 57)
= 301.49, p < .0001; and 0.5, F(2, 57) = 21.44, p < .0001, but
not for rand% of 1.0, F(2, 57) = 1.94. Figures 6C-6E show that
most of the action was produced by a decrease in evaluation of the
rejected alternative in the difficult-high condition and an increase

in evaluation of the chosen alternative in the difficult-low condi-
tion. As parameter randomization increases, the interaction weak-
ens statistically but the pattern of evaluation change remains fairly
constant.

It is apparent that this interaction matches Brehm’s (1956)
human data (Figure 6A) rather precisely. Considering only the
difficult-high and easy conditions used in Brehm’s experiment,
most of the action in both the simulation and the human data
was due to the drop in evaluation of the rejected alternative.
These simulation results thus fit Brehm’s (1956) human data
more precisely than does dissonance theory, which merely pre-
dicts a larger separation of the alternatives following a difficult
choice than following an easy choice.

Use of the new difficult-low condition in the simulation pro-
vides some predictions of the consonance model. In this diffi-
cult-low condition, most of the action is created by the rise in
evaluation of the chosen object. Moreover, the rise in evaluation
of the chosen object in the difficult-low condition appears
greater than the fall in evaluation of the rejected object in the
difficult-high condition. This was assessed by an unpaired 7 test,
comparing the negative of the difficult-high rejected scores to
the difficult-low chosen scores. This two-tailed test was signifi-
cant at each level of rand%: 1(38) = 28.47, p < .0001, for rand%
of 0.1; 2(38) = 6.70, p < .0001, for rand% of 0.5; and t(38) =
2.81, p < .01, for rand% of 0.1.

These predictions were tested in a free-choice experiment
with 13-year-olds (Shultz, Léveillé, & Lepper, 1995). Partici-
pants rated eight attractive posters, made a choice between two
of them, and then rated the posters again. Choice conditions
included difficult-high, easy, and difficult-low. The results, in
terms of mean evaluation change, are presented in Figure 6B.
A contrast regression F test, reflecting the interaction pattern
predicted by the simulations (Figures 6C-6E), had weights of
—1 for the easy and difficult-low rejected cells, —3 for the
difficult-high rejected cell, +1 for the difficult-high and easy
chosen cells, and +3 for the difficult-low chosen cell, F(1, 153)
= 79.06, p < .001.'° To ensure that the predicted interactions
held for both the difficult-high and difficult-low conditions, we
examined separate contrasts for each in comparison to the easy
condition. In one contrast, weights were +2 for the difficult-
high and easy chosen cells, —3 for the difficult-high rejected
cell, —1 for the easy rejected cell, and O for the difficult-low
cells, F(1, 153) = 20.50, p <.001. In the other contrast, weights
were +1 for the easy chosen cell, 43 for the difficult-low chosen
cell, —2 for the easy and difficult-low rejected cells, and O for
the difficult-high cells, F(1, 153) = 54.34, p < .001.

Yet another way to examine these data, consistent with the
original Brehm (1956) study, is by determining which of the
six means differs significantly from the theoretical mean of O,
representing no change. Dunnett’s (1955) technique for com-
paring a number of treatment means against a control mean
was modified to use a theoretical control mean. Application of
this technique revealed that only the means for the difficult-
high rejected and difficult-low chosen conditions differed from

9 A preliminary simulation of Brehm ( 1956), using the difficuli-high
and easy choices only, was presented in Shultz and Lepper (1992).
1 The sum of such contrast weights must be zero.
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Figure 6. Human data on evaluation change in free-choice (Figures 6A-6B) and simulation data at three
levels of random parameter distortion ( Figures 6C—-6E). Simulation data are after 40 update cycles.

0, p < .01. None of the other four means in Figure 6B differed
from 0, p > .05.

As with the simulations, negatives of the difficult-high re-
jected scores were less than the difficult-low chosen scores,
t(50) = 2.97, p < .01. In other words, the decrease in evaluation
of the rejected object in the difficult-high condition was less
than the increase in evaluation of the chosen object in the
difficult-low condition.

Thus, the predictions from our consonance constraint satis-
faction model of free-choice were confirmed. Again, the subtle-
ties of this interaction are not predicted by dissonance theory,
which only predicts more separation of the evaluations of the
chosen and the rejected objects in the difficult conditions than
in the easy condition.

The interaction between choice condition and alternative, in
both the simulations and the human data, can be understood in
terms of changing the evaluation of the alternative that has the
most room to move in a given direction. For the chosen alterna-
tive, the direction of evaluative movement is up, and there is
more room to move up in the difficult-low condition, in which
the chosen object is not highly evaluated to begin with, than in
the other two conditions, where it starts out with relatively high
evaluation. For the rejected alternative, the direction of move-
ment is down, and there is more room to move in that direction
in the difficult-high condition, in which the rejected alternative
starts with a high evaluation, than in the other two conditions,
in which it starts low. Note that this is not to attribute the pat-
tern of evaluation change to a mere statistical phenomenon
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Table 6

Network Specifications for the Three Conditions of the Free-Choice Experiments
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known as regression to the mean. Regression to the mean is the
tendency for both high and low scores to move toward the mean
when reassessed under conditions of substantial measurement
error.

The Shultz et al. (1995) experiment also included control
conditions in which participants merely rated the posters twice,
without making an intervening choice. A regression to the mean
explanation would predict that mean change scores in these
control conditions would resemble those found in the experi-
mental choice conditions, that is, a large increase in evaluation
of the better alternative in the difficult-low condition and a large
decrease in evaluation of the lesser alternative in the difficult-
high condition. Mean change scores for the control conditions
were nothing like those in the choice conditions, hovering
around 0 and thus demonstrating that the obtained interaction
shown in Figure 6B could not be due merely to regression to the
mean effects. ;

Mean dissonance reduction over cycles, reflecting Equation 6
and mapping relation 4, at rand% = 0.1, is presented in Figure
3D. Initial dissonance is greater in the difficult-low condition
than in the difficult-high condition, which in turn has greater
initial dissonance than the easy condition. Over cycles, disso-
nance decreases to about equal levels in all three conditions.
Dissonance theory would have predicted more initial disso-
nance for a difficult-high choice than for an easy choice. Simu-
lation with the consonance model suggests that there is even
more initial dissonance in the difficult-low condition. Appar-
ently, being forced to choose among disliked alternatives is es-
pecially dissonance arousing. Classical dissonance theory would
appear to have no particular prediction to make about relative
amounts of dissonance in difficult-low versus difficult-high
choices. Unless perhaps dissonance theory could be stretched to

* predict more dissonance in the difficult-high than in the diffi-

cult-low condition because the initial low evaluations of the al-
ternatives in the former condition may decrease the importance
of the choice. This finding of greater dissonance in the difficult-
low condition than the difficult-high condition can be used to
explain why evaluation of the chosen object in the difficult-low
condition increases more than evaluation of the rejected object
in the difficult-high condition decreases. In brief, more disso-
nance leads to more evaluation change.

As in the Freedman experiment, differentiating among con-
ditions in free-choice experiments required only manipulating
initial activations, in this case on the evaluation cognitions. To
capture the subtleties of the human data, it was important that
these initial activations be symmetrical around 0, that is, the
best liked objects had positive net evaluations and the worst
liked objects had negative net evaluations. This symmetry
around 0, coupled with the —ceiling parameter of 0.5, allowed
evaluations of the chosen objects to increase more than evalua-
tion of the rejected objects decreased. Other simulations indi-
cated that evaluation of the rejected objects decreased too far
below 0 with a —ceiling of 1.

Discussion

Simulation results with the consonance model matched psy-
chological findings from the insufficient justification and free-
choice paradigms of cognitive dissonance theory. In the case
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of insufficient justification through prohibition, the consonance
network produced the same interaction between surveillance
and severity of threat found by Freedman (1965). There was
more derogation of the forbidden toy with mild than with severe
threat only under nonsurveillance.

For insufficient justification from initiation, the consonance
network yielded the interaction between initiation and severity
reported by Gerard and Mathewson (1966). When shock was
part of the initiation procedure, severe shock produced more
liking for the group than did mild shock. But when shock was
unrelated to the initiation procedure, severe shock produced
less liking for the group than did mild shock. Dissonance theory
can predict only the effect obtained under initiation, not the
annoyance-based reversal found with noninitiation.

For insufficient justification from attitude-discrepant behav-
ior, the consonance network mimicked the crossover interaction
between choice and payment found by Linderet al. (1967). Un-
der choice, attitude change was greater with low than with high
payment. But with no-choice, the results were reversed, with
more attitude change under high payment than under low pay-
ment. Dissonance theory is able to predict the results in the
choice condition but does not predict the mood or incentive
effect in the no-choice condition.

In the free-choice paradigm, consonance network simula-
tions captured the findings reported by Brehm (1956). As in
the human experiment, the locus of most of the action was in
the reevaluation of the rejected alternative in the difficult choice
condition. In contrast, dissonance theory only predicted that
the postchoice separation between the alternatives would be
greater for difficult choices than for easy choices. Simulation
predictions for close but lowly evaluated alternatives were sup-
ported in a new experiment (Shultz et al., 1995). Here, most of
the change was the result of an increase in the evaluation of the
chosen object in the difficult-low condition. For both simula-
tions and human data, this increase in evaluation of the chosen
object in the difficult-low condition was greater than the de-
crease in evaluation of the rejected object in the difficult-high
condition.

In many of these cases, the consonance network simulations
provide better coverage of the psychological data than does cog-
nitive dissonance theory. These superior fits of the consonance
network derive from the capacity of constraint satisfaction
models to deal with variables other than those unique to cogni-
tive dissonance theory and from the increased precision that is
inherent to these computational formulations. Among the non-
dissonance effects captured by the consonance network were the
annoyance effect in initiation studies, the mood effect in atti-
tude-discrepancy studies, and the locus of change effects in free-
choice experiments. Consonance constraint satisfaction is
clearly more general than classical dissonance theory.

Network Design

Connection weights, caps, resistances, and initial activations
assumed standard, randomized values across experiments, and
each experiment was simulated within a generic consonance
network that included three cognitions of three types: behav-
iors, justifications, and evaluations. Particular instantiations of
this network were designed by using a standard set of con-

straints obtained by a formal mapping of dissonance theory to
constraint satisfaction techniques: (a) representation of each
key cognition in the experiment by a pair of negatively con-
nected units, (b) use of connection weights to represent causal
implications among the cognitions, (c) computation of total
dissonance (or consonance ) across the entire network of cogni-
tions, (d) use of activation update rules that encouraged gradual
reduction of dissonance (equivalently, increase in consonance),
and (e) use of a resistance parameter to bias networks in favor
of particular modes of dissonance reduction. Evaluations had
less resistance to change than did beliefs about behaviors and
justifications.

The fact that consonance networks need to be designed in a
certain, principled way to capture dissonance phenomena
shows that the issues being addressed by the simulations are not
so self-evident or overdetermined that any constraint satisfac-
tion model would suffice. Instead it suggests that the conso-
nance model may have focused on the critical variables.

Initial activations and dissonance. All of these simulations
began with some units having initial, nonzero activation values.
It is more conventional for constraint satisfaction programs to
start all units at zero activation and then to provide some of the
units with external inputs. Activations then gradually build up
from zero as a function of both external input and activation
that is internal to the network. This is true even of many models
of social phenomena such as balance, dissonance, and attitude
change (Read & Miller, 1994; Spellman et al., 1993). Our pilot
results showed that this conventional technique was not appro-
priate for our model of cognitive dissonance phenomena be-
cause it yielded results indicating a gradual increase in conso-
nance but no dissonance. With initial activations of zero, there
is no dissonance because triple products including any zeros
will be zero. Because of the update formulas (Equations 3-5),
consonance gradually increases until asymptote. Dissonance
will never occur as the network moves from zero to nonzero
activations because consonance always increases. To ensure that
the networks began in a dissonant state, we initialized some of
the unit activations to nonzero values instead of supplying ex-
ternal input. Such assignments of initial activation were done
in conformity to procedures used in the relevant psychological
experiments and are consistent with the view that dissonance
reduction is motivated by an initial imbalance of cognitions.

Network parameters. Because of the large numbers of hand-
tuned parameters in constraint satisfaction models, it is impor-
tant to stress that the present simulations were conducted with
a minimum of parameter adjustment. Network weights were
excitatory, inhibitory, or zero; resistance was either high or low;
and initial levels of activation were either high or low. This is to
say that a standard set of parameters sufficed to capture a broad
range of dissonance experiments. Furthermore, global random-
ization techniques revealed that basic effects were quite robust
against substantial parameter variation. In general, statistical
significance was lost only with randomization of up to 100% of
initial parameter values; parameter randomization of up to 50%
of initial values always yielded the expected outcomes at con-
ventional levels of statistical significance.

Learning and dissonance. There was no learning of connec-
tion weights in our simulations, even though such values can be
learned for some constraint satisfaction models (e.g., Ackley,
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Hinton, & Sejnowski, 1985; Anderson & Mozer, 1981; Hinton
& Sejnowski, 1986). This omission of learning reflects the fact
that the typical dissonance experiment is not an occasion for
learning. Instead, in a typical dissonance experiment, accultu-
rated and experienced participants commit themselves to some
behavior under the influence of a few salient, experimentally
engineered cognitions. These cognitions act as constraints on
the participant’s subsequent reevaluations. In this fashion, the
typical dissonance experiment capitalizes on past learning but
does not inyolve new learning.

Indeed, there is a sense in which dissonance reduction pro-
cesses are antithetical to the process of learning. In experiments
on learning, participants are typically able to learn to change
their behavior to improve their payoffs, but that learning avenue
is closed in dissonance experiments by the fact that participants
must remain committed to their behavior. Dissonance reduc-
tion is essentially an exercise in coping with behavior that can-
not be changed. Perhaps more pointedly, the reduction of cog-
nitive dissonance following decisions may make us less likely to
benefit from experience. If each decision we make, after it has
been rationalized in the service of dissonance reduction, ap-
pears to have been justified, then we will find it particularly
difficult to learn from our mistakes. In general, the complex and
subtle relations between learning and dissonance have yet to be
explored.

Predictions From the Consonance Model

Novel predictions were derived from the consonance network
model concerning the locus of reevaluation effects in a free-
choice between two relatively undesirable alternatives. Part of
the prediction was that most of the separation between evalua-
tions of the chosen and rejected alternatives should be due to an
increase in evaluation of the chosen alternative. The other part
of the prediction was that the increase in evaluation of the cho-
sen alternative in this difficult choice between two undesirables
should be greater than the decrease in evaluation of the rejected
alternative in a choice between desirable alternatives. These pre-
dictions were confirmed by new psychological research. It is re-
markable that the consonance model was able to generate pre-
dictions for novel phenomena in a field that has generated so
much empirical research over so many years. Indeed, part of
the reason that dissonance research has ceased to be so active is
that its basic principles and predictions were considered to have
been fully explored years ago.

Of some theoretical interest were the plots of dissonance re-
duction for the various simulations. Although the patterns of
dissonance reduction were somewhat different for the different
experiments, there were some basic similarities across experi-
ments. First, conditions that should, on dissonance theory
grounds, have the most dissonance did in fact start out that way.
Second, this high level of dissonance decreased substantially
over time cycles. It is unfortunate that there is at present no way
of directly assessing dissonance in humans. Until such methods
are developed and applied, our dissonance reduction results can
be regarded as untested predictions of the consonance con-
straint satisfaction model.

Extension to Other Dissonance Phenomena

Although the paradigms examined in this article represent
the most studied and most reliable derivations from dissonance
theory, there are a variety of other phenomena to which disso-
nance theory had also been applied. These range from the re-
sponses of members of doomsday groups to disconfirmations
of deeply held beliefs to the transmission of rumors following
natural disasters.

A good deal of dissonance research has dealt with the selec-
tive exposure paradigm. This concerns the manner in which
people seek or avoid additional information that is relevant to a
choice they have made. The original prediction was that people
would prefer information supporting their choices and avoid
information contradicting their choices to reduce dissonance
(Festinger, 1957). This paradigm has, in general, generated
much more long-term controversy than the insufficient justifi-
cation and free-choice paradigms because of many results that
either failed to support the selective exposure predictions or di-
rectly contradicted them by finding a relative preference for dis-
sonant information (cf. review by Freedman & Sears, 1965).
However, subsequent research (reviewed in Frey, 1986 ) inspired
by theoretical reformulations (Festinger, 1964 ) has permitted a

- more optimistic appraisal of the ability of dissonance theory to

deal with selective exposure effects. The theoretical revisions
emphasized that consonant information is not always preferred
over dissonant information (Festinger, 1964). In particular,
there should be a relative preference for dissonant information
when this information is perceived to be easily refutable or use-
ful for future decision making. It might be fruitful to see
whether consonance networks could capture some of the newer
and more replicable selective exposure phenomena.

In recent years, considerable attention has been paid to the
study of the arousal and motivational properties of cognitive
dissonance (e.g., Cooper & Fazio,  1984; Cooper, Zanna, &
Taves, 1978; Zanna & Cooper, 1974). There is also a contem-
porary focus on the importance of personal responsibility
(Cooper & Fazio, 1984 ) and the self-concept (Steele, 1988; Thi-
bodeau & Aronson, 1992) in the arousal of dissonance. The
extent to which such relatively complex social, cognitive, and
physiological phenomena can be modeled with constraint satis-
faction models remains to be seen.

It would seem that the consonance constraint satisfaction
model should, in principle, be able to capture both dissonance
arousal and dissonance motivation. Plots of total network dis--
sonance over time cycles in our simulations ( Figure 3) indicated
that dissonance started at differentially high levels, depending
on conditions, and decreased steadily over time, as would be
expected. Some psychological experiments found that disso-
nance arousal could be externally modulated by administration
of a drug, such as an amphetamine, tranquilizer, or placebo
(Cooper et al., 1978). Such effects might be simulated by intro-
duction of a scalar at the front of Equations 1 and 2. The larger
the scalar, the less the overall arousal.

Motivation to reduce dissonance is quite clearly provided by
the activation update rules described in Equations 3-5. These
equations ensure that dissonance will be reduced, subject to the
various constraints supplied by connection weights and initial
unit activations. What might be more difficult to simulate in
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the arousal literature is a separate intermediate procedure to
evaluate dissonance arousal as aversive ( Cooper & Fazio, 1984).
However, the psychological necessity of having that evaluation
as a separate step is perhaps questionable.

Contemporary research on the role of personal responsibility
and self-concept might be simulated in consonance constraint
satisfaction networks by adding various self-related cognitions
and implications. There are no inherent limits on network size
in these models, and indeed one of their strengths is the ability
to test the dissonance implications of large networks of cogni-
tions. This is not illustrated in our article because we have lim-
ited ourselves initially to published dissonance experiments.

Theoretical Unification

Cognitive dissonance phenomena have often been considered
as being distinct from less counterintuitive psychological phe-
nomena. Dissonance effects, especially in the insufficient justi-
fication paradigms, have been cited as examples that appear to
contradict both common sense and other established psycho-
logical principles (e.g., Chapanis & Chapanis, 1964; Janis &
Gilmore, 1965; Ring, 1967). However, because constraint sat-
isfaction models also account for a wide variety of other phe-
nomena, such as belief revision, explanation, schema comple-
tion, analogical reasoning, causal attribution, and content-ad-
dressable memory retrieval, their use in this case suggests that
cognitive dissonance is not as exotic as it appears. At a deeper
theoretical level, that of constraint satisfaction, dissonance is
fundamentally related to many other, more mundane psycho-
logical processes that can be understood as the progressive ap-
plication of constraints supplied by personal attitudes, beliefs,
and memory traces. '

In a similar vein, it is interesting to note that cognitive disso-
nance theory is but one of a number of theories in social psy-
chology emphasizing that people try to achieve consistency
among their cognitions ( Abelson et al., 1968; Abelson & Rosen-
berg, 1958; Heider, 1946, 1958; McGuire, 1960; Newcomb,
1953; Osgood & Tannenbaum, 1955). Although these various
cognitive consistency theories have enjoyed considerable suc-
cess as verbal formulations, the underlying reasoning mecha-
nisms for establishing consistency have never been precisely
specified. It is quite likely that connectionist constraint satisfac-
tion models could serve as a general modeling technique and
explanatory device in these areas as well (Read & Miller, 1994,
Shultz & Lepper, 1992; Spellman & Holyoak, 1992; Spellman
etal., 1993). Indeed, we believe that the consonance model pre-
sented here could be extended to these other consistency
theories.
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