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The belief revision model: Asymmetrical effects of
noncontingency on human covariation learning
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Anoncontingent experience affects the subsequent detection of positive and negative contingencies
between the same events, Experiments 1and 2 showed that such preexposure can produce both an im
painnent in the detection of subsequent positive contingency and a facilitation of a negative one, in
dependent of the level of contingency during the contingent phase. Experiment 3 raised difficulties for a
model that assumes that associations to the context can explain this asymmetrical effect. Experiment 4
suggested that the different weights usually assigned to the different types of trials when computing
the contingency between events can change as a result of a noncontingent experience with the same
events. This change supports an account of the asymmetrical effect by a belief revision model based
on a mechanism that updates the weights of the different trial types as a function of previous experience.
More generally, the belief revision model is a statistical (i.e., nonassociative) model of learning that is
capable of accounting for trial-order effects, which have long posed problems for statistical models.

The ability to detect relationships among events in our
environment is a major component of adaptive behavior.
Recent research has studied such ability, using covariation
judgments in humans. The results (Allan, 1993; Shanks,
1995) have usually indicated that such judgments are sim
ilarly affected by the same conditions as are conditioned
responses in animal learning. The similar effects of con
tiguity, contingency (Shanks, Pearson, & Dickinson,
1989), or cue competition in phenomena such as block
ing (Chapman & Robbins, 1990), and predictive validity
(Baker, Mercier, Vallee-Tourangeau, Frank, & Pan, 1993;
Price & Yates, 1995; Wasserman, 1990) have led research
ers to propose that human covariation judgments and con
ditioned response learning probably rely on similar mech
anisms (Miller & Matute, 1996).

Two main classes of mechanisms have been proposed
to explain human covariation learning. First, researchers
working within the framework of animal learning (e.g.,
Chapman & Robbins, 1990; Shanks & Dickinson, 1987;
Wasserman, 1990) have stressed the formal similarity be
tween classical (and instrumental) conditioning and human
contingency tasks, and they have claimed that animal
learning and covariation detection can be explained by a
similar associative mechanism, such as, for example, the
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Rescorlaand Wagner rule (1972; see Allan, 1993; Price &
Yates, 1995; Shanks, Lopez, Darby, & Dickinson, 1996,
for reviews).

Second, another class ofmodels originated in the sem
inal work of Edwards (1954), who introduced the idea
that humans behave as if they calculate probabilities and
act as intuitive statisticians. According to these rule
based (statistical) models, humans use a cognitive mech
anism to calculate a statistical rule (e.g., !J.P) to make
their judgments (see, e.g., Cheng & Novick, 1992; Jen
kins & Ward, 1965; Shaklee & Mims, 1982; Waldmann
& Holyoak, 1992).

Both types of models can explain many of the human
contingency phenomena, and their predictions concern
ing asymptotic values usually are very similar (Chapman
& Robbins, 1990). In fact, Shanks (1995) has pointed out
that perhaps the best way to distinguish between these
models may be through the manipulation of trial order
(see, also, Chapman, 1991) in sequential learning or pro
cessing tasks.

One animal learning phenomenon that directly assesses
the effect of previous learning is learned irrelevance.
Baker and MacKintosh (1977, 1979) showed that previous
experience in which two stimuli (a conditioned stimulus
[CS] and an unconditioned stimulus [US]) were uncor
related produced a subsequent impairment of behavior
control on either an excitatory or an inhibitory condition
ing task with the same CS and US. This learned irrelevance
effect can be accommodated, according to rule-based
models, by the assumption that humans and animals com
pute the statistical rule on a trial-by-trial basis that in
cludes both previous experience and subsequent condition
ing sessions (Baker et aI., 1993; Cheng & Novick, 1992).

On the other hand, associative models have assumed a
context-blocking effect owing to the associative strength
acquired by the context during the noncontingent preex-
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posure to the US, in order to explain subsequent learn
ing impairment in excitatory conditioning (Holland &
Rescorla, 1982). However, these associative models can
not easily accommodate the observed delayed acquisi
tion of conditioned inhibition after noncontingent pre
exposure (Baker & MacKintosh, 1977, 1979). Moreover,
recent evidence has shown that the effects of learned ir
relevance on excitatory conditioning cannot be reduced to
a context-blocking or a latent inhibition effect, as the se
rial presentation of the US alone and the CS alone during
several sessions did not produce as much delay as did
learned irrelevance, in which both stimuli are presented
uncorrelated, which is problematic for most associative
and statistical models (Bennet, Maldonado, & Mac
Kintosh, 1995; Matzel, Schachtman, & Miller, 1988).
However, recent research suggests that learned irrele
vance might be reduced to the sum of the context speci
ficity oflatent inhibition and the US preexposure effects,
which raises problems for a unique interpretation of
learned irrelevance (Bonardi & Hall, 1996).

Collectively, the results can be accommodated by nei
ther normative nor associative models, and they suggest
that preexposure to uncorrelated cues produces a change
in their processing and/or the attention given to these
stimuli in the future (Baker & MacKintosh, 1977), which
reduces the associability ofa CS for a specific US that is
a consequence ofthe predictive history of that CS for that
US (Bennet et aI.,1995) and provides evidence ofa mech
anism that is uniquely sensitive to the lack ofcorrelation
between cues prior to conditioning (Matzel et aI., 1988).

In human instrumental covariation learning, exposure
to previous noncontingency (or uncontrollability) be
tween a response and a consequence usually produces
lower judgments than does a prior controllable task or no
previous experience, when humans are asked to estimate
subsequent positive contingencies between responses and
consequences (Maldonado, Martos, & Ramirez, 1991).
But in select circumstances, this treatment leads to accu
rate judgments or an illusion ofcontrol (Alloy & Tabach
nik, 1984; Matute, 1995). According to the learned help
lessness model proposed by Maier and Seligman (1976),
an expectation ofaction-outcome independence is estab
lished during the uncontrollable treatment and then inter
feres with the detection of the instrumental contingency
in subsequent situations in which control over outcomes
was made possible. However, the effect ofhelplessness on
subsequent negative contingencies has never been stud
ied, and the actual results on positive contingencies do
not allow the rejection ofan associative account based on
a context-blocking effect that is similar to the one pro
posed as an explanation for learned irrelevance.

Therefore, the first objective of this research was to
make a systematic study of the effects of a prior experi
ence, in which two events independent of the subjects'
responses (i.e., Pavlovian) were uncorrelated, on the abil
ity to detect subsequent positive or negative relationships
between the same events and to see if we could obtain a
learned irrelevance effect in human covariation learning.
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By analogy with Baker and MacKintosh (1977), we ex
pected to see delay as a result of prior exposure in both
cases. The task was to estimate the strength of the rela
tionship between two asymmetrical (i.e., with levels de
fined by presence or absence) dichotomous variables
a fictitious symptom (frontopigmentosis) and a disease
(tropical herpiasis)-based upon all the fictitious pa
tients that had been seen up to the moment of the re
sponse. We defined four patient (trial) types: The a pa
tient has the symptom and the disease; the b patient has
the symptom, but not the disease; the c patient has the
disease, without having the symptom; and the d patient
does not have the symptom or the disease. This allowed
the manipulation of contingency both during a first, un
correlated phase and during a second, correlated one.

If the subjects were rational and took into account all
the patients seen from the beginning of training, norma
tive models of learning would predict that the subjects
with previous uncorrelated experience should make less
positive and less negative judgments in the detection of
subsequent positive and negative contingencies, respec
tively, than would naive subjects without such previous
experience (see Table 1). In accordance with these pre
dictions, in the first two experiments, the effect ofprevi
ous noncontingent experience on different levels ofpos
itive and negative subsequent contingency between the
same events was assessed, whereas in the last two exper
iments, an explanation of the effects observed in Exper
iments I and 2 was sought.

EXPERIMENTl

This experiment was designed to study an analogue of
the learned irrelevance effect in human covariation learn
ing (Baker & MacKintosh, 1977; Bennet et aI., 1995).
The subjects were asked to judge the relationship between
a fictitious symptom and a fictitious disease after seeing
a given number ofpatients. In two noncontingent groups,
the symptom and the disease were first presented uncor
related across 32 patients and were then either positively
(+.5) ornegatively (- .5) correlated. In two control groups,
however, the symptom and the disease were always pos
itively (+.5) or negatively ( - .5) correlated (see Table I)
from the beginning oftraining. According to previous re
sults in classical conditioning (Baker & MacKintosh,
1977), it was expected that the noncontingency experience
should produce a similar impairment in the subsequent
detection ofpositive and negative covariation, defined as
less accurate judgments of the actual positive or nega
tive contingency.

Method
Subjects. Data were obtained from 64 undergraduate students

with normal or corrected vision from the introductory psychology
classes at the University of Granada (Spain), and they received course
credit for their participation in the study.

Instruments and Stimuli. An Amstrad PC-82386SX computer
controlled a high-resolution screen (VGA) for the presentation of
stimuli, the sequence of trials, and the collection of responses. The



170 MALDONADO, CATENA, CANDIDO, AND GARCIA

Table 1
Design of Experiment 1

Phase 1 Phase 2

Trial Types Phase Trial Types Phase Total
Oroup in Each Block Contingency in Each Block Contingency Contingency

00+5 2A, 2B, 2C, 2D 0 3A, IB, IC, 3D +.5 +.27
0+5 3A, IB, IC, 3D +.5 +.50
00-5 2A, 2B, 2C, 2D 0 lA, 3B, 3C, ID -.5 -.27
0-5 IA,3B,3C,1D -.5 -.50

Note-s-The total number of trials (or patients) during each phase was 32. After each
block of 8 patients, a judgment was requested. The number in the groups indicated
the contingencybetween the symptomand the disease (+5, 0, or - 5). A description
of the trial types is provided in the text. Total contingency takes into account all the
trials from the beginning of training.

stimuli were photographs of different people's faces, randomly se
lected without replacement from a pool of 68 fictitious patients of
both sexes and various ages. Light spotting in orange on the fore
head indicated that the patient had the symptom (calledfrontopig
mentosis). A face with large areas of spotting in bright red meant
that the patient had the disease (named tropical herpiasis). Faces
without colored spots indicated the absence of both the symptom
and the disease.

Design. The subjects were randomly assigned to four groups,
and their task was to estimate the degree of the relationship between
the symptom (frontopigmentosis) and the disease (tropical herpia
sis) after having seen a set of patients. We define four patient types
(trials): The a patient has the symptom and the disease; the b patient
has the symptom alone; the c patient has the disease alone; and the
d patient has neither. In the first control group (G+S), the symp
tom-disease contingency was set at .S. Specifically, three a, one b,
one c, and three d trials were randomly presented in each block. All
the subjects had to make a covariationjudgment every eight trials,'
taking into account all the patients seen from the beginning of the
session. The second group (GO+S) also received a .S contingency
with exactly the same sequence of trials as that for the previous
group, but they also received a previous phase in which the contin
gency between the symptom and the disease was zero. Specifically,
in each block, there were two trials ofeach type (a, b, c and d} The
third (G-S) and fourth (GO-S) groups received training similar to
that for the previous groups, with the exception that the contingency
during the contingent phase was - .Sin each block; specifically, there
wasone atrial, three b trials, three ctrials, and one dtrial (see Table I).

Procedure. Each subject was seated at a distance of60 em from
the center of the monitor, on which the instructions and stimuli were
presented. The instructions indicated that the subjects had to act as
members of a research team from a hospital interested in studying
the relationship between the symptom frontopigmentosis and the
disease tropical herpiasis. Subsequently, the subjects were informed
that a series of photographs of patients would be presented one at a
time. Information about symptomatology (the presence or the ab
sence of the symptom) appeared SOO msec before the information
about the disease (present or absent) for the same patient. Face du
ration on the screen was I,SOO msec in each case. After each trial,
the subjects had to press a key to see the next face.

Before the experimental trials, each subject had four practice tri
als, one with each type of patient, in the presence of the experi
menter, to resolve any doubt about the task. Then, a scale was
shown (ranging from - 100 to + I00, with intervals ofS units). Above
the scale, there was a message indicating that the subject had to es
timate the strength ofthe relationship between the symptom and the
disease on the basis of all the patients that had been seen up to the
moment of the present response.

After the experimenter had made sure that the subjects under
stood the task, he told the subjects that the experimental trial would
begin after he had left the experimental room. The sequence of tri
als was randomly selected for each subject, with the restriction that,
within each block of eight trials, the contingency was the same as
that in each whole phase. The task ofthe subjects was to observe in
formation about patients and make a judgment after every eight tri
als. The subjects had to move the cursor ofthe response scale to the
point that indicated their estimation of the strength ofthe relation
ship between symptom and disease (keeping in mind all the patients
seen up to that moment). At the end of the session, the subjects were
thanked for their participation.

Results and Discussion
Figure 1 presents the judgment means in each group

after each block of eight trials. It appeared that noncon
tingency was detected in a similar and accurate way in
both the 0+5 and the 0- 5 groups, which is not surpris
ing, given that they were treated identically. However,
this previous experience produced both a clear delay in
the detection of subsequent positive contingency, and a
facilitation in the detection ofthe negative one (see Fig
ure 1; also, Table 2), when compared with their respective
control (+5 or - 5) groups.

A 2 X 4 (groups X blocks) analysis of variance
(ANOVA) on the judgments of the GO+5 and GO-5
groups during the first phase yielded only an effect of
blocks [F(3,90) = 4.21, MSe = 3,294.27; significance
level was fixed at .05 for all statistical analyses], but the
effect of group and the groups X block interaction were
not significant (both Fs < 1). The effect of the block fac
tor was due to the fact that the judgment in the first block
was higher than that in the rest ofthe blocks. This preas
ymptotic positive or excitatory effect is frequently found
in both human contingency judgment tasks and animal
conditioning studies (Shanks, 1987). However, by the end
ofthis phase, both groups accurately estimated the absence
of relationship between the symptom and the disease.

A second 4 X 4 (group X block oftrials) ANOVAofthe
covariation judgments during the second phase showed
an effect of group [F(3,60) = 21.84, MSe = 67,956.84]
and ofits interaction with block [F(9,180) = 2.59, MSe =
1,606.81], whereas block was only marginally significant
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Figure 1. Mean covariation judgment in each group after each block of eight trials (pa

tients) during both the preexposure phase (phase 1) and the contingent phase (phase 2) of
Experiment 1.

[F(3,180) = 2.39, MSe = 1,482.94,p < .07]. Simple inter
action effects analyses using post hoc least significant
difference (LSD) tests showed that the G+5 and G-5
groups' judgments were different from those in the first
block, which demonstrated once again that humans
are sensitive to different degrees ofcontingency. The re
sults also showed, first, that the subjects in the GO+5
group made lower estimations than did the G+5 control
group in all four blocks, which indicates that a previous
experience with noncontingency between the symptom
and the disease produced an impairment in the subse
quent detection ofpositive contingency, in a way similar
to the effect of learned irrelevance on subsequent exci
tatory conditioning. Second, the subjects in the GO-5
groups made judgments that were lower than the estima
tions from the G-5 group in the second block. This un
expected effect indicates a facilitation in the subsequent
detection of negative contingency as a result of the pre
vious noncontingent experience, but this facilitation was
due to the poor detection of the negative contingency in
the control group.

These results showed the asymmetrical effect of a
noncontingent experience on the detection of subsequent
positive and negative contingency, inasmuch as a similar
noncontingent preexposure produced both a delay in the
detection ofa subsequent positive contingency and a fa
cilitation ofa negative one. This last result appears to be
different from the effect oflearned irrelevance on inhib
itory conditioning. However, before we considered ex
planations for this asymmetry and for the differences with
learned irrelevance, the next logical step was to replicate
this asymmetrical effect with different levels ofpositive
and negative contingency during the second phase, to
further test its reliability.

EXPERIMENTS 2A AND 2B

In the first experiment, the demonstration ofan asym
metrical effect ofa noncontingent experience on the sub
sequent detection of positive or negative covariations
was made, using only an intermediate level of contin
gency (.5). Therefore, Experiments 2A and 2B attempted
to replicate this effect with different levels of positive
and negative contingency (ranging from -.75 to .75).

Method
Subjects and Apparatus. Two groups of 96 undergraduates

from introductory psychology classes at the University of Granada
participated in these experiments. The computer, programs, and
stimuli were the same as those used in Experiment I.

Design and Procedure. The instructions given, the details of
presentation of the trials, and the elicitation ofjudgments were the
same as those in Experiment 1. Each subject was randomly as
signed to one ofthe groups described in Table 2 for Experiments 2A
and2B.

The contingent groups (+25, +50, and +75 in Experiment 2A and
-25, -50, and -75 in Experiment 2B) received only a contingent
phase, according to their contingency levels. However, in the non
contingent groups (0+25,0+50,0+75 in Experiment 2A and 0-25,
0-50, and 0-75 in Experiment 2B), all the participants received a
prior noncontingent phase, identical to the one experienced by the
noncontingent groups in Experiment I, before estimating their as
signed contingency between the symptom and the disease during
the second phase. All the other procedural details were identical to
those described in Experiment I.

Results and Discussion
Table 2 shows the judgment means for each group in

Experiments 2A and 2B during the second phase.
A 2 X 3 X 4 ANOVA (preexposure X contingency X

block) was performed in each experiment on the judg
ments ofthe subjects during the second correlated phase.
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Table 2
The Mean Covariation Judgment in Each Group ofExperiments 1, 2, and 3

After Each ofthe Four Blocks of Eight Trials (patients) in Each Phase

Phase 1 Phase 2

Bl B2 B3 B4 M Bl B2 B3 B4 M

Experiment 1
G+5 29 36 47 51 41
GO+5 19 8 -5 -6 4 2 -5 -5 -11 -5
G-5 -5 -25 -19 -20 -15
GO-5 16 2 -4 4 -18 -39 -34 -51 -36

Experiment 2A
G+25 26 28 40 33 32
GO+25 6 5 5 12 7 14 16 16 22 17
G+50 40 42 52 56 48
GO+50 -1 -7 -8 -12 -7 7 8 10 15 10
G+75 66 52 62 56 59
G0+75 24 4 13 20 15 39 47 50 49 46

Experiment 2B
G-25 -6 -28 -10 -28 -18
GO-25 -15 -10 -20 -1 -11 -16 -16 -27 -39 -25
G-50 -6 -9 -26 -24 -16
GO-50 -3 -7 -7 -4 -5 -34 -43 -51 -50 -45
G-75 -19 -48 -43 -47 -39
GO-75 5 -10 4 0 -39 -55 -61 -58 -53

Experiment 3
G+5C 27 32 30 23 28
GO+5C -8 -7 -20 -18 -13 2 3 15 13 8
G-5C -9 -12 -23 -26 -18
GO-5C 0 -2 0 -9 -14 -13 -13 -12

Note--In each experiment, G stands for group. The number in each group indicates the
contingency (+5 = .5; -5 = -.5; 0 = no contingency), as explained in Table 1. B in-
dicates block number, with each block containing eight trials. In Experiment 3, the C in
each group means the existence of the added cue in each trial, to simulate the role ofthe
context. Data are rounded to the nearest integer value. M is the mean ofthe four blocks.

In Experiment 2A, the ANOVA revealed a main effectof
all three factors [preexposure, F(1,90) = 18.26, MSe =

60,600.14; contingency, F(2,90) = 8.53,MSe = 28,3J5.02;
and block, F(3,270) = 5.78, MSe = 1,349.27], but no
interaction was found to be significant.

The effect of preexposure indicated a similar impair
ment on the detection ofthe positive contingency during
the second phase in each noncontingent group, with re
spect to its control contingent group, which replicated
the results of the previous experiment. The statistical
analysis of the main effect of contingency with a LSD
test showed differences between the +.75 condition and
the other two contingency conditions (+25 and +5), which
did not differ significantly. The analysis of block is not
presented, as it does not add any relevant information,
inasmuch as acquisition functions were not clearly evi
dent in these experiments, unlike in Experiment 1.

A 2 X 3 X 4 ANOVA (preexposure X contingency X
block) for Experiment 2B also revealed that the three
main factors were significant [preexposure, F(1,90) =
5.02, MSe = 25,350.00; contingency, F(2,90) = 4.11,
MSe = 20,766.47; and block, F(3,270) = 14.68, MSe =
7,665.61], whereas no interaction was significant. Ex
periment 2B replicated the decremental effect of preex
posure making the estimations more negative than was

previously observed in Experiment I, thereby again in
dicating a similar facilitation of the detection ofnegative
contingency in all ofthe noncontingent groups. The sta
tistical analysis of the main effect of contingency with
the LSD test only revealed significant differences be
tween the - .25 contingency condition and the other two
conditions (- .50 and - .75).

These results replicated the asymmetrical effect found
in Experiment I, as they demonstrated that a previous
noncontingent experience produced both an impairment
in the detection of a subsequent positive contingency
(Experiment 2A) and an improvement when it was neg
ative (Experiment 2B) in all groups; this result was in
dependent of the level of contingency during the second
phase, as no interaction was found to be significant.

As was stated before, statistical and normative models
can explain the decremental effect on the detection of
positive contingency by assuming that subjects calculate
the contingency between events on the basis of all the
patients seen from the beginning of training, including
the patients seen during the first phase, as they were in
structed to do before the task. However, with this same
assumption, they cannot explain the more negative judg
ments on the detection of subsequent negative contin
gency, which raises doubts about the rationality of the



human estimations. Moreover, neither theories based on
attention and associability decrements nor those based
on memory demands (Shaklee & Mims, 1982)can explain
the asymmetrical effect ofprevious noncontingency, be
cause covariation judgments should be systematically
worse and less accurate under these attention or memory
conditions. In addition, a different study, using a proce
dure that was the same as that used in these experiments,
replicated the asymmetrical effect of previous noncon
tingency on subsequent contingency detection and found
this effect only when the events were the same in both
phases. This refutes any interpretation of the effects as
merely being due to the prior experience with the judg
ment scale in the noncontingent groups (Maldonado,
Catena, Garcia, & Candido,1996).

Two different approaches, however, could explain this
asymmetrical effect. An associative model, such as the one
proposed by Rescorla and Wagner (1972) and currently
used to explain human covariation learning (Allan, 1993;
Shanks, 1995), can accommodate these effects by assum
ing that the context---or another possible cue- acquires
excitatory strength during the uncorrelated presentations
of the symptom and the disease. This context-associative
strength should block the subsequent acquisition ofexcita
tory strength of the irrelevant cue, whereas it should en
hance the acquisition of inhibition, when compared with
that of a naive group, if the training procedure were just a
positiveor negativecorrelation betweenthe cue and the con
sequence in the same context in which preexposure oc
curred. In the naive condition, the associative strength of
the cue and the context should be zero at the beginning of
the correlated phase. Therefore, if associative strength
maps onto human contingency judgment, this model can
account for the observed asymmetrical effects.

Alternatively, a recent belief revision model (Catena,
Maldonado, & Candido, 1998), proposed as an explana
tion ofthe frequency-of-judgment and sequential effects,
could also explain the asymmetrical effect ofprevious non
contingency. This model is based on the well-documented
effect that, in human covariation detection tasks, the
weight of each type of trial in defining the contingency
is different (see Crocker, 1982; Kao & Wasserman, 1993;
Levin, Wasserman, & Kao, 1993; Wasserman, Dorner,
& Kao, 1990). The influence of the weights can be or
dered as follows: a > c 2:b > d, with a and d being cells
that favor positive contingency, and c and b cells that
favor negative contingency. This model assumes that
people use a simple rule, such as a weighted aDrule, to
compute the contingency (see the Appendix), with the
trial type subjective value being positive and higher for
a trials than for d trials and negative and similar for b
and c trials. However, if the subjects compute covaria
tion on the basis of all the evidence from the beginning
of training with this simple rule, the results will be sim
ilar to those obtained from a nonweighted rule or nor
mative models (see Table 1). But the model proposed
also includes a second mechanism that acts each time a
judgment is asked ofthe subject and that serves to update
the new evidence obtained from the last judgment. This
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second mechanism allows acquisition effects and se
quentiallearning. In this way, this model can also ex
plain the effect ofa noncontingent preexposure, provided
that we also assume that the weights usually granted to
each type of trial can change because of this experience.

Accordingly, we assumed that, after the noncontingent
preexposure, the weight ofthe type oftrials should change
when computing the new evidence (see the Appendix).
Hence, during contingent training, when subjects are
again asked about the relationships between two events
after non contingent preexposure, judgment updating
will be sensitive to the subjective previous experience,
which will especially reduce the weight of the confirm
ing positive trials (i.e., the a trials; see the General Discus
sion section and the Appendix for a detailed discussion
and a simulation ofthe predictions of the model). In this
way, this model, as well as associative models, can ex
plain the observed asymmetrical effect. The next two ex
periments tested this model and contrasted it with asso
ciative models.

EXPERIMENT 3

Associative models assume that, when people experi
ence the absence ofcorrelation between a cue and a con
sequence, the context acquires excitatory associative
strength and should then block subsequent excitatory
conditioning of the cue. But these models also predict
more negative judgments on the detection ofsubsequent
negative contingency, because the excitatory strength
acquired by the context should induce more inhibitory
strength in the negatively correlated cue ifthe context re
mains the same. If positive and negative associative
strength maps onto covariation judgments, a previous
noncontingency should produce lower judgments (an
impairment) in the detection ofsubsequent positive con
tingency but more negative judgments (a facilitation) on
the detection of subsequent negative contingency, when
compared with subjects without this uncorrelated expe
rience, as was found in Experiments 1 and 2. However, the
concept of context in a human diagnostic task is vague
and not easily represented, but we can make explicit the
existence of another possible cue by the addition of a
new symptom that plays the role of the context assumed
in associative models. Therefore, in Experiment 3, the
design and the procedure were similar to those of Ex
periment 1, except that a new symptom, playing the pos
sible role ofthe context, was presented in every trial (each
patient), in order to test the predictions derived from the
associative model proposed as an explanation for the
asymmetrical effects of previous noncontingency.

Method
Subjects, Apparatus, and Procedure. The subjects were 64

undergraduates from introductory psychology classes of the Uni
versity ofGranada. The computers and programs were the same as
those used in the previous experiments.

We used the four conditions described in Experiment I (GO+5C,
G+5C, GO-5C, and G-5C), with only two differences. The first
was that the symptoms appeared as printed words in a right panel
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of the screen, while in the left panel there still appeared a face to
inform the subject that there was a new patient. In this way, it was
possible to inform the subject about the target symptom (pigmen
tosis, symptom A) and the new symptom (brucesis, the added
symptom C, which was present on all the trials and played the
role of context), before informing the subject about the disease
(herpiasis).

Therefore, the four types of trials in this experiment were as fol
lows: type a (CA+), in which the two symptoms and the disease ap
peared; type b (CA - ), in which the patient had only the two symp
toms; type c (C+), in which the patient suffering the disease had
only the added symptom; and type d (C-), in which only the added
symptom was presented.

The instructions were the same as those in Experiment 1. How
ever, the subjects were informed before treatment that their task was
only to estimate the relationship between symptom A (i.e., pigmen
tosis) and the disease (i.e., herpiasis) as in Experiment 1, although
they were also informed that another symptom could appear on
every trial.

The manipulation ofcontingency with respect to symptom A was
done exactly as in Experiment 1 for each group (see Table 1), but
with the inclusion of symptom C in all trial types, which generated
for symptom A the same contingencies experienced by each group
in Experiment 1 (GO+5, G+5, GO - 5, and G-5).

The second difference was that this experiment was done with
only two groups. The first group experienced the task twice in
counterbalanced order, once with only the positive contingency
(+5) and the other time with the uncorrelated phase first (0+5).
Similarly, the second group experienced the task once with only the
negative contingency ( - .5) and once with both the uncorrelated
and the negatively correlated phases (0-5). In one task, we used the
previously described symptoms (pigmentosis and brucesis as the
added symptom) and disease (herpiasis). In the other task, the
symptoms were mebiasis andpirrosis, respectively, and the disease
was called neuplesis. All the symptoms were presented counter
balanced with respect to task and condition. The rest of the proce
dural details were the same as those in the first experiment.

Results and Discussion
The judgments of both groups during preexposure

suggest that the subjects detected no contingency-in the
absence of a contingency between symptom A and the
disease in the presence of the added cue (see Table 2). A
2 X 4 (group X block) ANOVA ofthe judgments during
the uncorrelated phase in both groups did not yield any
significant difference, as was expected [group, F( I ,62) =
2.20, MSe = 5,079.33; block, F(3,186) = 1.70, MSe =
624.62; and their interaction, F(3,186) = 1.01, MSe =
624.62].

The results obtained during the correlated phase in
each condition (see, also, Table 2) appear to show, first,
that the subjects with previous noncontingent experience
made lower estimations of the subsequent positive con
tingency than did naive subjects. However, the same pre
exposure did not reveal any reliable effect on the detec
tion of negative contingency, relative to the absence of
such preexposure.

In the analysis ofthe contingency estimations between
symptom A and the disease during the contingent phase,
a 2 X 2 X 2 X 4 (contingency or group, order, preexpo
sure, and block) ANOVA was used. The effect of order
was not significant, either alone [F(l,60) = 1.42, MSe =

8,723.27,p < .24] or in any interaction with the other fac
tors (all Fs < I), except for the contingency X order inter
action [F(I,60) = 3.69, MSe = 8,723, p < .07], which
showed that this factor had no influence on the results
obtained. However, the same analysis revealed a main ef
fect of contingency [F(I,60) = 15.02, MSe = 8,723.27]
and also an interaction between contingency and preex
posure [F(I,60) = 7.73, MSe = 2,634.70]. Finally, there
were interactions between contingency and blocks
[F(3,180) = 4.39, MSe = 394.66] and preexposure and
block [F(3,180) = 3.43,MSe = 671.96]; all other effects
and interactions were not significant. We analyzed only
the significant effects of contingency and its interaction
with preexposure, because the interactions between block
and the other factors were not relevant to the focus ofthis
experiment.

The effect ofcontingency showed that the subjects were
able to accurately detect the differences in contingency
(+.5 and - .5), despite the addition of another cue (C).
However, the most important and interesting result was
that the interaction between contingency and preexpo
sure was significant. As in the first experiment, post hoc
LSD tests demonstrated that there were significant dif
ferences between positive and negative contingency con
ditions, as both the GO+5C and the G+5C groups dif
fered from either the GO-5C or the G-5C group. LSD
tests also yielded differences in the detection of positive
contingency between the GO+5C and the G+5C groups,
thereby indicating an impairment from the prior non
contingent preexposure ofthe GO+5C group. This result
was similar to that found in Experiment I, as the judg
ments with the GO+5 conditions were lower than those of
the G+5 groups.

Finally, this same preexposure did not produce any
significant difference between both negative conditions
(GO-5C and G-5C) on the detection of negative con
tingency. This last effect was different from that obtained
in Experiments I and 2, which suggests that the more
negative judgments previously found in the detection of
negative contingency between single cues after noncon
tingent preexposure tend to disappear when multiple cues
are used. These results cast doubts on the role of the con
text, assumed by associative models to explain the pre
vious findings.

To summarize, the results of this experiment suggest
that the facilitated detection of negative contingency
after a previous noncontingent experience with the same
events cannot be attributed to an effect of an excitatory
context. This is contrary to accounts ofassociative mod
els of the asymmetrical effect of noncontingency that is
found with single cues. Nor can these models explain the
delay of a subsequent inhibitory conditioning produced
by learned irrelevance (Baker & MacKintosh, 1977). We
will return later to a discussion of this issue.

As was stated before, humans appear to assign differ
ent weights to each type of trial when they estimate the
actual contingency between two events (Kao & Wasser-
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Typeof Trial Evaluation

Group abc d

Table 3
Evaluation ofEach Type ofTrial

in Each Group ofExperiments 4A and 4B

Results and Discussion
Table 3 shows the weights assigned to each type of

trial either before or after a noncontingency experience
in Experiments 4A and 4B. They indicated first that, ac
cording to the proportion ofchange, the type of trial can

0.7
0.3

-2.2
-0.9

Experiment4B

Experiment4A
3.3 -1.8
1.9 -1.4

Naive
Preexposure

(it is important to note that verbally assessed weights might differ
from effective weights). For this purpose, they had to note, on a
scale ranging from -7 to +7 (-7 anchored by very much negative
change, +7 by very much positive change, and 0 by nothing, which
were written immediately under the scale), how much their judg
ments about the degree of relationship between the symptom and
the disease would change and in which direction, after having seen
each type of patient (a, b, c, and d; order counterbalanced within
each group). For example, the translation into English of the ques
tion for the type a patients was: "Imagine that you see a patient suf
fering from both the symptom and the disease. Note on the scale
how much your judgment would change and in which direction."

In Experiment 4A, two groups were used. The subjects in the
noncontingent group (GO) had to answer the questions after they
had completed the noncontingent task (i.e., after having seen 32 pa
tients, as in the similar groups in Experiments 1 and 2). The sub
jects in the naive group completed the same sheet after the four
practice trials, one of each type (i.e., a, b, c, and d), and after having
used the contingency scale, but before they received the contingent
phase oftraining. Halfthe subjects in each group were subsequently
exposed to 32 new patients with either a positive or a negative con
tingency, as in Experiment 1.

In Experiment 4B, there were three groups, which experienced
noncontingency (GO),a positive.5 contingency (G+5), or a negative
.5 contingency (G-5) between the symptom (pigmentosis) and the
disease (herpiasis) in 32 patients, presented in printed form, as in
Experiment 3. In each group, the subjects filled out the same sheet
twice in a counterbalanced manner: first, after the four practice tri
als, as explained before, and after having used the contingency
scale, but before the experimental trials began, and, then, after they
had completed the task (i.e., after having seen 32 patients).

G+5
. Preexposure 3.7 -1.8 -2.6 0.7
Postexposure 3.6 -1.7 -2.7 0.7

GO
Preexposure 4.1 -1.8 -2.6 0.3
Postexposure 2.3 -2.1 -2.8 0.5

G-5
Preexposure 3.8 -0.5 -2.4 0.0
Postexposure 2.4 -1.6 -2.1 0.0

Note-Trial type (a, b, c, andd) indicateswhether the symptomand the
disease were present or absent in each patient, as is explained in the
text. The question was asked in Experiment 4A before any experience
in the naive group and after a noncontingentpreexposure in the preex
posure group, whereas in Experiment4B, it was asked before any ex
perience (preexposure) and after 32 patients (postexposure) in each
group had been seen.The number after the G indicates the contingency
between the symptom and the disease in each group (+.5, 0, or -.5).

man, 1993). This differential weighting effect probably
reflects the influence ofprior beliefs and the possible ex
istence of specific biases in their processing, owing to
previous experience, among other factors (Miller & Ma
tute, 1996). For example, Matute, Arcediano, and Miller
(1996) found strong biases concerning which foods were
most apt to act as causes of an allergic reaction, which
suggests the existence ofspecific biases acquired through
previous direct or indirect experience with these foods.
This processing bias can be captured by differential
weighting, especially ofthe type a trials, when computing
the contingency between each element with the food.

Therefore, ifwe assume that a previous noncontingent
experience alters the processing ofthese stimuli (Bennet
et al., 1995), this preexposure should change the weights
assigned to each type of trial. The next two experiments
tested these predictions, derived from the Catena et al.
(1998) model proposed as an explanation for the asym
metrical effect (see the Appendix).

The differential value ofeach trial type on contingency
detection tasks is a known effect (see Crocker, 1982;
Levin et al., 1993; Wasserman et al., 1990), and its influ
ence can be ordered as follows: a > c ~ b > d. In fact, re
cent models based on so-called nonnormative strategies
give different but fixed weights to each type of trial ei
ther with cognitive rule-based mechanisms (Kao &
Wasserman, 1993) or with associative mechanisms (Tas
soni, 1995; Van Hamme & Wasserman, 1994).

The main assumption ofthe next two experiments was
that a previous noncontingency experience would alter
these weights, especially producing a lesser influence of
the positive cases (the a type trials). This change in the
weight ofdifferent types ofevents could explain both-the
facilitation and the delay in the detection of subsequent
positive and negative contingency, respectively, if an av
eraging model based on cognitive strategies were used
to explain actual judgments (Catena et al., 1998; see the
Appendix).

Consequently, the aim ofthese experiments was to de
termine whether the subjects assign different weights to
each kind oftrial used to define the contingency between
two events in our diagnostic task and, if so, whether
these changes reduce the weight of the positive cases
(the a trials).

EXPE~NTS4AAND4B

Method
Subjects, Apparatus, and Procedure. The subjects were 205

(112 in Experiment 4A and 93 in Experiment 4B) undergraduates
from introductory psychology classes at the University ofGranada.
The computers and programs were the same as those used in the
previous experiments. The stimuli used for Experiment 4A were the
same as those used in Experiment 1, whereas for Experiment 4B,
we used printed words presented as in Experiment 3.

To determine the empirical weights of the different types of tri
als, all the subjects were asked to give, with paper and pencil, the
values they assigned to the four different types ofpatients presented
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be ordered as Ia I>1c 1~ 1b I> Id I. Second, they showed
that a noncontingent experience tends to reduce the dif
ferences between them, especially by reducing the weight
assigned to the type a trials.

In Experiment 4A, the 2 X 4 mixed ANOVA (group
X trial type) revealed an effect of trial type [F(3,324) =

68.61, MSe = 447.96] and of its interaction with group
[F(9,369) = 5.59, MSe = 36.50].

Post hoc LSD tests indicated that, with and without
noncontingent treatment, trial type a was weighted more
heavily that oftypes b, c, and d; trial type d was also higher
than band c, and there were no appreciable differences
between the last two types of trial. However, there were
differences between the two groups in the weights of the
type a trials [F(I,llO) = 9,69, MSe = 54.32], and also in
the type c trials [F(I,IIO) = 5,51,MSe = 43.75], but not
in b or d trial types (both Fs < 1), thereby reflecting an
effect of preexposure (see Table 3). These results indi
cate that a prior noncontingent experience can produce a
reduction in the weights of each type of trial, signifi
cantly so for trial d type and particularly for trial type a.
Experiment 4B used a within-subjects design to assess
the generality of these changes in trial type a weights.

In Experiment 4B, because of a significant violation
of the variance-covariance equality assumption, Wil
coxon matched-pairs tests were performed to compare
the within-subjects estimations oftrial-type weights. The
results showed that there were no significant differences
between the weights of each type of trial after the con
tingency judgment task was completed, except in the
case ofthe type a trials in the noncontingent group (GO),
in which there was a significant reduction (p < .02), al
though the reduction in the negative contingent group
(G-5) in the type a trials was also marginally significant
(p < .11). It is important to keep in mind that the subjects
in Experiment 4B had to fill out questionnaire sheets twice
and probably remembered what they had done on the first
sheet when filling out the second one, which could have
reduced the effect.

In this experiment, as in Experiment 4A, comparisons
of the evaluations of the influence of each trial type on
each group before and after the covariation learning ex
perience revealed, that the influence of the type a trials
was estimated as positive and higher than those of trial
types d, b, and c in the three groups and in both phases
(all ps < .03). The evaluation oftrial type d was also pos
itive and higher than that of band c (in all comparisons,
p < .022, except in the G-5 group, in which d and b were
not significantly different either before, p < .71, or after,
p < .07, the learning experience), whereas the evalua
tions of trial types band c were negative and did not dif
fer between themselves (all ps < .07), except in the pree
valuation of the G+5 (p < .05) and G-5 (p < .004)
groups, in which the influence of the type b trials was
rated as less negative than that of the type c trials.

To summarize, the results of Experiments 4A and 4B
replicated previous findings about the weights of each
trial type in contingency judgment tasks (Kao & Wasser-

man, 1993; Wasserman et aI., 1990). It is important to
note that the absolute value given to each type of trial as
the proportion of change produced in the contingency
judgment was a > c ~ b > d, which is also similar to that
found with different methods or scales (Kao & Wasser
man, 1993). At the same time, the results revealed that a
and d trials induced a positive evaluation, whereas c and
b trials induced a negative evaluation, which replicates
previous findings.

The most important finding, however, was that, in
both Experiment 4A and Experiment 4B, the previous
noncontingent experience reliably reduced the weight of
the a cases. Experiment 4B also revealed that this non
contingent experience reduced the assigned weight only
in the case ofthe a trials; no reliable change was apparent
in the rest of the trial types. In addition, negative contin
gency training produced a marginally significant reduc
tion in the weights assigned to the type a trials, and it
also produced a nonsignificant tendency toward an in
creased negative weight for type b trials. Finally, in the
positive contingency group, there was no appreciable
change at all in any of the weights assigned to any type
of trial.

These results collectively demonstrate that a noncon
tingent experience produces a reduction of the weights
of type a trials. This finding supports the larger conclu
sion that trial type weights are not fixed; they can change
as a function ofexperience. This change can account for
the delay as well as the facilitation effects found in these
experiments, an issue to which we will return in the Gen
eral Discussion section. Our results illustrate, once
again, the importance ofprior beliefs and trial order (se
quence) effects, and our belief revision model demon
strates one way in which a statistical (i.e. nonassociative)
model might account for such sequence effects.

GENERAL DISCUSSION

The results ofthese experiments have shown that prior
experience with two uncorrelated events produced two
opposite effects in the subsequent detection of positive
and negative contingency between the same events
specifically, a delay when the contingency was positive and
facilitated negative judgments (Experiments 1 and 2).

This asymmetrical effect is not predicted by any ofthe
statistical models-those that use unconditional proba
bilities (see Table 1), those that use conditional probabil
ities (e.g., the focal set model ofCheng & Novick, 1992),
or the more recent power pc model (Cheng, 1997}- that
are currently used to explain human covariation detec
tion. However, these models can explain the lower posi
tive judgments after the noncontingent preexposure, by
the assumption that the subjects applied their statistical
rule from the beginning of training when estimating the
relationship between the symptom and the disease. But
this approach predicts that the judgments of the preex
posed subjects should also be less negative in the detec
tion ofnegative contingencies. That is, ifthey were taking



into account all the patients seen up to the moment of
judgment, just the opposite results to those found would
be expected, which makes it difficult to explain the asym
metrical effect as being a result ofapplying any single sta
tistical rule when computing the current contingency.

It is important to note that this asymmetrical effect
was found by using a procedure in which noneon tin
gency was created with p(disease/symptom) = .5 and
p(disease/no symptom) = .5. However, it has also been
shown that the detection of noncontingency is affected
by factors such as trial order, the absolute probability of
signaled reinforced trials, and the percentages of conse
quences (i.e., outcome density) received during training
(Baker, Berbrier, & Vallee-Tourangeau, 1989; Benedict,
1991; Matute, 1995; Shanks, 1985, 1987). Whether such
factors also differentially affect the subsequent detection
of positive and negative contingencies (i.e., create an
asymmetry) can be determined only through further re
search.

The facilitation ofthe detection ofnegative contingency
differed from the effect of learned irrelevance on subse
quent inhibitory conditioning (Baker & MacKintosh,
1977), but our data may not be relevant to conditioned
inhibition, as the usual procedure ofPavlov for conditioned
inhibition (A+, AB-), which was also used by Baker
and MacKintosh (1977), implies a positive contingency
(i.e., an excitatory conditioning) between cue A and the
outcome (+), in order to induce inhibitory properties into
the negatively correlated stimulus B when both cues are
presented without the outcome (AB-). Therefore, it is
possible that the differences in the specific procedure
could also explain the differences between learned irrel
evance and our results.

In fact, the different results obtained in the detection
of negative contingencies and conditioned inhibition,
using different training procedures, accords with the pro
posal of several authors-for example, Hallam, Matzel,
Sloat, and Miller (1990), who concluded that the expres
sion of conditioned inhibition and the magnitude of the
conditioned inhibitory response to a stimulus depends on
the procedure used to acquire inhibition. Moreover, they
also argued that inhibitory conditioning is a complex
phenomenon that usually involves multiple associations
and that both a summation test and delay are necessary to
distinguish conditioned inhibition from changes in atten
tion to the putative inhibitor. All these differences sug
gest that different mechanisms or cognitive rules were
probably acting when the contingencies with single (ex
plicitly unpaired procedure) and multiple (Pavlovian pro
cedure) cues were computed, and they also suggest that
conditioned inhibition cannot be reduced to the mere
computation of the negative correlation between a sig
nal and a consequence (Allan, 1993; see Williams, 1996,
for a detailed discussion of the differences between con
ditioned inhibition and negative covariationjudgments).
A second possible source of the discrepancy could arise
from differences in how conditioned inhibition and nega-

THE BELIEF REVISION MODEL 177

tive contingency are assessed-that is, by behavioral sum
mation and delay tests, as opposed to verbal judgment.

The problem remains to explain the asymmetrical ef
fect of noncontingency when estimating the subsequent
contingency between single cues. Associative models
could accommodate this effect by the assumption that
the context or any other possible cause acquires positive
strength during the uncorrelated phase and then has its
influence during subsequent contingent training as a re
sult ofcue competition (Holland & Rescorla, 1982; Mal
donado et al., 1991). With this assumption, the context
should impair the subsequent acquisition of excitation
by the irrelevant cue, whereas it should facilitate its ac
quisition of inhibition.

Experiment 3 tested this associative prediction by the
addition of a new symptom in all types of trials. The re
sults demonstrated, once again, an impairment in the
subsequent detection of positive contingency. However,
the addition of the new cue abolished the differences be
tween naive and preexposed groups in the subsequent
detection of negative contingencies, which did not con
firm the enhanced facilitatory effects predicted by asso
ciative models.

Toward explaining the present asymmetry, Experiments
4A and 4B tested a recent statistical model (Catena et al.,
1998), which they call the beliefrevision model. The re
sults of these experiments showed that the weights as
signed by the subjects to each type of trial differed, with
the a cases being positive and more influential than the
band c ones, the influence ofwhich was rated as negative,
whereas the influence ofthe d cases was also estimated as
positive but with less influence on judgments than type a
trials. Moreover, these experiments also showed that the
trial weights can change as an effect ofprevious uncorre
lated experience, mainly seen in a reduction of the weight
of the positive a cases. In order to capture the differential
influence ofeach type oftrial, Markman (1989) proposed
a modification ofthe Rescorla and Wagner (1972) rule, in
which it is possible to code the rate parameters for cue
present and absent and for outcome present and absent,
so that they capture the weights that subjects assign to
each class of trial. Moreover, within this associative con
nectionist framework, Markman suggested giving to the
learning parameter a negative value when the cue is ab
sent, to capture the effect of the negative contingency
judgments (i.e., his choice, like that ofthe beliefrevision
model, was empirically driven). As Markman stated (see,
also, Dickinson & Burke, 1996; Tassoni, 1995; Van
Hamme & Wasserman, 1994), an absent cue provides in
formation about correlation mainly when its presence is
expected in the experimental context. If the absence of
the outcome is given a negative value, each cell can have
a different and potentially nonzero impact on the cue
outcome covariation judgment, as our subjects reported
(Experiment 4). Although these models appear to be more
powerful than that of Rescorla and Wagner, they are still
unable to explain recent findings on the effect of the fre-
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quency of judgment (Catena et aI., 1998), and they are
also unable to explain the asymmetrical effect of prior
noncontingency because they assume that there are fixed
learning parameters (i.e., fixed weights), whereas our
data indicate that the weights can change between trials.

According to the Catena et al. (1998) model, however,
there is an information integration system that is acti
vated each time the subject is asked to judge the rela
tionship between events. This system behaves according
to Equation 1:

J, == Ji - 1 + ,B(NewEvidence-Ji _ 1) , (1)

in which J, stands for the current judgment, J i - 1 is the
prior judgment, and ,B is a growth rate parameter, the
value of which will only affect the trialwise adjustment
to the objective contingency, thereby accounting for ac
quisition and certain sequential effects. Finally, NewEv
idence is the subjective value of the evidence presented
between two consecutive responses or judgments (see
the Appendix).

This equation suggests that people must keep in mem
ory only the last judgment about the relationships be
tween the cue and the consequence, the current weight of
each trial type, and the new evidence since the last judg
ment. This is a distinct departure from other statistical
models (e.g., Rescorla, 1968), in which all the prior tri
als are used to compute covariation. The term J i - 1 sum
marizes all previous experience and prior beliefs about
the task, and the new evidence is contrasted with it. Ob
viously, NewEvidence is the key concept in the equation,
and it refers to the new experience with the task or with
the events that have occurred since the last response or
the last judgment during the last block of trials. Our as
sumption is that, at least in the detection of contingency
between pairs ofevents or when the data are presented in
a summary table, the value assigned to this NewEvidence
relies on the computation of a statistical rule.

The model proposes that people compute NewEvidence
by using the information from all types of trials since the
last evaluation on the basis oftrial type frequencies mul
tiplied by weights, with weights being positive for a and
d trials and negative for b and c trials, as in a weighted
!::J.D rule, expressed in Equation 2 (Catena et al., 1998; see,
also, the Appendix):

NewEvidence = (waA - wbB - weC + wdD)/N, (2)

where N is the total number of trials between eachjudg
ment, A, B, C, and D represent frequency ofeach type of
trial, and Wi represents their weights constrained by the
absolute subjective ranking a > b = c > d.

By the use of these two equations, the asymmetrical
effect ofa noncontingent preexposure to a cue and a con
sequence can be explained, provided that we also assume
that these subjective weights of the new evidence can
change as a function ofthe previous experience, as is sug
gested by the results ofExperiment 4. Accordingly, after

having detected that there was no contingency between
the two events during preexposure, when the subjects
were again asked about the relationships between both
events in the next block, they gave less weight to the type a
trials when estimating the NewEvidence and, hence, the
current contingency. Thus, judgment updating should be
sensitive to subjective prior experience, and in this way,
it is possible to explain the asymmetrical effect of prior
noncontingency, as can be seen in the simulation of the
model (see Table Al in the Appendix).

However, the belief revision model cannot be applied
in its present form to the cue competition effect when
multiple cues are used. In order to extend the model to
explain configural learning and multiple-cue effects, it
will be necessary to assume new statistical rules to com
pute the NewEvidence between judgments. But for pres
ent purposes and in order to explain the results of Ex
periment 3, in which two cues were used, it suffices to
assume that, when several cues are presented together,
the ,B parameter is reduced when estimating the effect of
anyone ofthe single cues. This reduction should produce
a delay in the participant's encoding of the accuracy of
the cues, as was apparent in this experiment. In any case,
the model requires further assumptions to be able to ex
plain phenomena such as blocking, configurallearning,
and recency effects.

In summary, the asymmetrical effect of a previous
noncontingent experience on covariation learning, as
well as its influence on changing prior beliefs about the
subjective value of each type of trial and other phenom
ena, such as the frequency of judgment effect (Catena
et al., 1998), raises difficulties for current associative
models of covariation detection in humans, which might
be overcome by the inclusion ofa statistical decision rule
(Price & Yates, 1995; Shanks, 1991), which would also
account for judgments when information is presented in
a summary table.

A number of recent findings that include conditioned
inhibition (Allan, 1993; Chapman & Robbins, 1990),
however, strongly suggest the existence ofan associative
mechanism, and recent reviews (Allan, 1993; Price &
Yates, 1995; Shanks, 1995) have emphasized its explana
tory power in accounting for other effects in causal and
covariation learning, such as cue competition (Wasser
man, 1990; but see Waldman & Holyoak, 1992) and
order and recency effects (Lopez, Shanks, Almaraz, &
Fernandez, 1998; but see Waldman & Holyoak, 1997)..
Overall results on human covariation learning point to the
possibility of a flexible architecture in which the infor
mation integration system giving rise to the judgment
could rely on the action of a cognitive mechanism or an
associative one, or on the two working in conjunction (Ca
tena, Megias, Fresse, & Maldonado, 1999; Price & Yates,
1995). But the activation conditions for these mecha
nisms when humans estimate the covariation between
events remain to be determined by future research.
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Table Al
Simulated Cumulative Covariation Judgment Based on

Catena, Maldonado, and Candido's (1998) Model,
Applied to Experiment 1, With the Parameters
Derived From the GO Group of Experiment 4B

Group 81 82 83 84 81 82 83 84

G+5 28 36 39 40
GO+5 7 9 10 10 16 18 19 19
G-5 -14 -18 -19 -20
GO-5 7 9 10 10 -21 -30 -33 -34

Note---Gstandsfor group.The numbers in each groupnamerepresents
the contingency(+5 = .5; -5 = -.5; 0 = noncontingency), as is ex-
plainedin Table 1.

(3)W = px/(maximum x),

trial before and after a noncontingent experience. The mean es
timations on the influence of each type of trial (see Table 3)
were converted into a scale ranged from + 1 to - 1, taking into
account the between-subjects variability and the previous as
sumptions of the model (Catena et aI., 1998).

Consequently, to estimate the weight ofeach cell, we assigned
the value 1 to the larger estimation of the GO subjects (i.e., 4.1,
maximum x, which was the value of the type a trial before train
ing; see Table 3). Hence, the rule to estimate the weight in each
cell was

where maximum x was the larger value, x indicates the value
assigned to each type of trial by the GO subjects (see Table 3),
andp is a weighting factor depending on the variability in each
type of trial. Finally, according to the assumptions ofthe model
(Catena et aI., 1988), we also assumed that the weights for the
band c trial types were the same, and we used the mean ofboth
values to calculate the parameters. Hence, the initial parameters
before any training were WI = 1, Wz = - .5, w3 = - .5, and w 4 =
.4, whereas after the noncontingent preexposure, the parameter
values changed to WI = .6, Wz = -.6, w3 = -.6, and w4 = .3.
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APPENDIX

Here we present the equations and the parameters we used to
simulate our model. Trial sequences were the same as those
used in Experiment 1. The results obtained with these param
eters and the equations below are presented in Table AI.

The model ofCatena et al. (1998) is based on anchoring and
belief revision assumptions (Hogarth & Einhorn, 1992), to ex
plain response mode and sequential learning effects. As was ex
plained in the General Discussion section, the first equation of
the model has three terms: a parameter adjustment rate (/3),
NewEvidence since the last judgment, and the judgment (Ji ) ,

where i indicates trial number:

J, = Ji - I + f3(NewEvidence - Ji - I ) · (1)

Initial belief values were set to O. The value for f3 was fixed
at 0.7 (f3is assumed not to change as a function of experience).
NewEvidence is assumed to be computed on the information
presented from the last judgment, J i- I , to the current judgment,
Ji . There are many ways to perform this computation. We have
assumed a weighted !!D rule, which allows the computation even
when information is reduced to that of a single trial:

NewEvidence = (wI.a + wz.b + w3'c + W4.d)/N. (2)

Weight parameters were derived from the GO group of Ex
periment 4B, as this group estimated the value of each type of




