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Discrimination blocking:
Acquisition versus performance deficits
in human contingency learning

LEYRE CASTRO AND EDWARD A. WASSERMAN
University of lowa, lowa City, lowa

We compared acquisition and performance accounts of human contingency learning. After solving a discrimi-
nation in Phase 1, in which Cue A predicted the occurrence of the outcome and Cue B predicted its nonoccur-
rence (A+/B—), a new discrimination (X+/Y —) was superimposed in Phase 2 (AX+/BY —). The participants
were finally trained in Phase 3 with the added discrimination, which either maintained the same contingencies
as those in Phase 2 (X+/Y —; Experiment 1) or reversed the contingencies (X—/Y +; Experiment 2). Accord-
ing to competitive-learning theories (e.g., Rescorla & Wagner, 1972), there should be no learning of the added
discrimination in Phase 2, so that no advantage or disadvantage for this discrimination should be observed in
Phase 3. In contrast, performance theories, such as the comparator hypothesis (Miller & Matzel, 1988), contend
that learning of the added discrimination in Phase 2 should proceed normally; so, in Phase 3, an advantage for
the added discrimination should be observed in Experiment 1, but a disadvantage should be observed in Experi-
ment 2. Our participants learned about the added discrimination and generally showed the effects predicted by

the comparator hypothesis.

When a cue fails to provide new information about the
contingencies between events in the environment, organ-
isms seem to disregard it. Perhaps because processing re-
sources are limited, the lack of concern for redundant or
uninformative cues appears to contribute to the efficient
management of those resources. This informational analy-
sis is nicely illustrated by the blocking effect.

Kamin (1968) observed that initial training with one
cue (Cue A) considerably reduced performance of a con-
ditioned response to a new cue (Cue X) that was added to
the original cue in a second phase of training. According to
Kamin, the animals might notice the presence of Cue X but
not condition to it because the cue was redundant. That is,
in the second phase of training, the animals already expect
the occurrence of the outcome on the basis of the presence
of Cue A. Cue X does not signal anything different from
Cue A. Therefore, “the ‘mental work’ necessary for the
formation of an association between the CS [conditioned
stimulus or cue] and the US [unconditioned stimulus or
outcome] will not be provoked” (Kamin, 1968, p. 30).

Contemporary theories of associative learning have in-
corporated this idea (for a review, see, e.g., Allan, 1993;
Shanks, 1995; Young & Wasserman, 2004). In their highly
influential learning model, Rescorla and Wagner (1972;
henceforth, RW) mathematically formalized the notion
that learning of a cue—outcome relationship depends on
the degree to which the outcome is surprising. When the
outcome is already predicted by other cues, no learning
will occur to the added cue. According to RW, there is a

maximal level of learning that an outcome can support.
When Cue A is initially paired on its own with the out-
come, the associative strength of this cue will gradually
grow until it reaches its asymptote. At this point, Cue A
will fully predict the outcome, and no more associative
strength will be available for any other cues; such added
cues will not enter into association with the outcome.

Other models entail similar principles, although they
differ in how events are processed. For example, Mack-
intosh (1975b; see also McLaren & Mackintosh, 2000,
2002; Pearce & Hall, 1980) proposed that when the out-
come is not surprising, an added cue does not provide any
new information, so that organisms will pay no more at-
tention to it. Because organisms learn to ignore the added
cue, the cue—outcome relationship will not be learned.

Despite their technical disparities, all of these mod-
els assume that an added cue will not acquire associa-
tive strength when the outcome is already fully predicted
by other cues. These models focus on the processes that
occur in training and contend that learning is a competi-
tive affair in which only a subset of available cues will
become associated with the outcome; just those cues that
predict something novel about the contingencies of rein-
forcement will prevail. Thus, we will refer to these models
as competitive-learning models.

In contrast, other models do not consider that organ-
isms’ learning capacities are so constrained or that learn-
ing requires novelty and surprise. Instead, the critical pro-
cesses that control behavior occur when, after learning,
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a response must be performed. For example, Miller and
his colleagues (see Denniston, Savastano, & Miller, 2001;
Miller & Matzel, 1988) hypothesized that organisms learn
a cue—outcome association as long as there is contiguity
between the events; the surprisingness of the outcome
does not play a critical role in learning. The absence of a
response to a cue—as in the blocking effect—need not be
due to the lack of an association between the cue and the
outcome, but to the failure to express that cue—outcome
association. We will refer to these models as performance
models.

According to the comparator hypothesis (henceforth
CH; Denniston et al., 2001; Miller & Matzel, 1988),
a conditioned response to the target cue results from a
comparison process between the direct activation of the
outcome by the target cue and the indirect activation of
the outcome by other cues—so-called comparators—that
had earlier been paired with the target cue. If the indirect
activation by the comparators is stronger than the direct
activation by the target cue, a weak response to the target
cue will be observed. This weak response does not mean
that an association between the target cue and the outcome
does not exist; it merely means that there is a stronger
association of another cue with the outcome that success-
fully competes for the activation of the outcome and, con-
sequently, for the evocation of the response.

In the last decade, several efforts have been made to
ascertain whether a learning or a performance deficit is
responsible for blocking. Williams (1996) first trained rats
with the standard two-phase blocking design: Cue A fol-
lowed by the outcome in Phase 1, and Cue X in compound
with Cue A followed by the outcome in Phase 2. Williams
reasoned that if the added Cue X is effectively associated
with the outcome, then when Cue X is later presented
along with novel Cue Y, Cue X should be able to block the
response to Cue Y in subsequent testing. However, Cue Y
did elicit a robust conditioned response in Williams’s ex-
periments. Cue X did not appear to be able to produce a
decrement in responding to CueY, presumably because
there had been no prior learning of the Cue X—outcome
association. A learning deficit here seemed to be respon-
sible for the blocking effect (also see Rauhut, McPhee, &
Ayres, 1999).

Blaisdell, Gunther, and Miller (1999) adopted a differ-
ent approach. They argued that learning of the Cue X—
outcome association had occurred during training in com-
pound with Cue A but that this learning did not translate
into performance because a stronger association of Cue A
with the outcome prevented the expression of the Cue X—
outcome association. So Blaisdell et al. extinguished the
Cue A—outcome association after the compound-training
phase and before the testing of Cue X. A strong condi-
tioned response to Cue X was then observed. Blaisdell
et al. concluded that their rats had learned the added
Cue X—outcome association during the compound-
training phase. Here, the blocking effect seemed to be due
to a performance deficit.

To further complicate the matter, although the results in
Blaisdell et al. (1999) were inconsistent with the original
RW model, they still could be understood as the result of

a competitive-learning process if it was assumed that the
associative strengths of absent cues change in the direc-
tion opposite to those of present cues (Dickinson & Burke,
1996; Van Hamme & Wasserman, 1994). Furthermore,
Denniston, Savastano, Blaisdell, and Miller (2003) found
that after pairing Compound AX with the outcome, Cue X
was overshadowed and later failed to block acquisition
of a novel added cue, Cue Y, when both were paired with
the outcome (XY—outcome). This result is equivalent to
Williams’s (1996) findings. The overshadowed Cue X
could not block acquisition of CueY, so that a learning
deficit seemed to be involved. But Denniston et al. (2003)
did something else. They extinguished the overshadow-
ing Cue A after XY training and observed that, after ex-
tinction of Cue A, responding to Cue Y was impaired.
Therefore, Cue X could retrospectively block responding
to CueY, provided that the comparator for Cue X (i.e.,
Cue A) no longer had a strong association with the out-
come. This finding cannot be explained by the revised ac-
quisition models (Dickinson & Burke, 1996; Van Hamme
& Wasserman, 1994) or by the original CH. However, it
can be accommodated by an extension of the original CH,
which holds that responding to a target cue is influenced
not only by its direct comparators, but also by higher order
comparators—cues that have not been directly paired with
the target cues, but with the comparator cues (see Den-
niston et al., 2003; Denniston et al., 2001).

In the present study, we further explored whether human
participants’ contingency-learning performance more
clearly reflects the involvement of acquisition or perfor-
mance mechanisms. In order to do so, we used a different
experimental tactic. Imagine a situation in which partici-
pants are trained to solve a discrimination in which Cue A
predicts the occurrence of the outcome, whereas Cue B
predicts the nonoccurrence of the outcome. Once this dis-
crimination is learned, a new discrimination is added, so
that Cue A and Cue X in compound predict the presence
of the outcome, whereas Cue B and Cue Y in compound
predict the absence of the outcome. Will participants learn
about the added X+/Y — discrimination?

Johnson and Cumming (1968) presented pigeons with
this kind of task. The birds had to peck a green key with a
vertical line, which was followed by food, and to withhold
pecking a red key with a horizontal line, which was never
followed by food. When single elements of the discrimi-
nation were trained before the compound discrimination
(e.g., the green key alone reinforced and the red key alone
nonreinforced before the green key plus the vertical line
reinforced and red key plus the horizontal line nonrein-
forced), it was difficult for the pigeons to learn the super-
imposed discrimination (vertical line vs. horizontal line).
Johnson and Cumming suggested that this difficulty was
due to a lack of attention to the added elements. Nonethe-
less, these results can also be interpreted in the same way
as the forward-blocking effect. According to RW, once the
birds had learned the single discrimination to an asymp-
totic level—so that the green key perfectly predicted the
occurrence of food and the red key perfectly predicted
the nonoccurrence of food—there should be no more as-
sociative strength available for the elements of the added



LEARNING VERSUS PERFORMANCE 151

discrimination to become excitatory or inhibitory, so no
learning should take place. In contrast, the CH would say
that the added discrimination should be learned but, be-
cause the other single discrimination is stronger, the added
discrimination should fail to control performance.

Taking Johnson and Cumming’s (1968) design as a start-
ing point, we explored whether training human participants
with an element discrimination (e.g., A+/B—) before
training them with a compound discrimination (e.g., AX+/
BY —) would impair the learning or simply the expression
of the added element discrimination (e.g., X+/Y —).

EXPERIMENT 1

We first trained our participants to solve a discrimina-
tion between Cue A, always followed by the outcome, and
Cue B, never followed by the outcome (i.e., A+/B—).
Later, two new cues, X and Y, were added to the initial
discriminative cues, A and B. In the consistent condition,
Cue X was always paired with A+, whereas Cue' Y was
always paired with B—. In the inconsistent condition, both
X and Y were equally often paired with A+ and B— (the
experimental design is summarized in Table 1). Thus, a
solvable discrimination, X+/Y —, was added in the con-
sistent condition, whereas an unsolvable discrimination,
X=*/Y *, was added in the inconsistent condition.

According to RW, initial A+ and B— training to asymp-
tote should completely block learning about any added
cues—here, X and Y. So, although a solvable discrimina-
tion, X+/Y —, was presented in the consistent condition
and an unsolvable discrimination, X /Y %, was presented
in the inconsistent condition, in neither of the conditions
should the participants actually learn about Cues X and Y.
Hence, after Phase 2 training, RW would predict no asso-
ciative differences between Cues X andY in the consistent
or the inconsistent condition; accordingly, no differential
discriminative performance should be observed in either
of the conditions.

On the contrary, according to CH, the participants
should learn about all of the cues that were presented at
any given time via spatial and temporal contiguity. This
learning might not always be expressed, but it should take
place nevertheless. Hence, the participants should be able
to learn an X+/Y — discrimination in the consistent condi-
tion, but not in the inconsistent condition. Of course, test-

ing Cues X andY at this time might yield similar responses
in both conditions, due to the presence of two highly ef-
fective comparators, Cues A and B, which might not allow
the expression of a learned discrimination between Cues X
and Y. So, at this point, it might not be possible to distin-
guish between learning and performance models; both RW
and CH would predict similar responding to Cues X and Y
in the consistent and the inconsistent conditions.

To determine whether or not the participants had, in
fact, learned a discrimination between Cues X and Y in
Phase 2, we included a third phase in which these cues
were separately trained: X alone, followed by the presence
of the outcome, and Y alone, followed by the absence of
the outcome. If the participants had learned about Cues X
and Y in Phase 2, Phase 3 learning should proceed more
quickly in the consistent condition, which entailed a solv-
able Phase 2 discrimination, than in the inconsistent con-
dition, which entailed an unsolvable Phase 2 discrimina-
tion. On the contrary, if the participants had not learned
about Cues X and Y in Phase 2, Phase 3 learning should
proceed similarly in both conditions.

Method

Participants, Apparatus, and Stimuli. A total of 43 under-
graduate students at the University of lowa received course credit
for their voluntary participation. The experiment was conducted on
four iMac computers. From 1 to 4 participants were studied concur-
rently on identically configured computer workstations. Instructions
and task stimuli were presented on the screen, and the participants
were required to make their responses by using the mouse or the
computer keyboard.

Pictures of 18 different foods (cherries, mushrooms, strawber-
ries, fish, apples, meat, avocados, bananas, ice cream, nuts, pep-
pers, broccoli, lemons, grapes, toast, tomatoes, carrots, and cof-
fee) served as cues. Those cues were counterbalanced following a
between-subjects Latin square design, which ensured that each food
was equally often assigned to each cue role. The outcomes were
allergic reaction on reinforced trials and no allergic reaction on
nonreinforced trials.

Procedure. The participants were introduced to a scenario in
which they played the role of an allergist trying to discover which
foods would or would not cause an allergic reaction in a specific in-
dividual, Mr. X (see the Appendix for the instructions). To perform
the task, the participants had to study different daily allergy tests, in
which Mr. X had or had not suffered an allergic reaction after eating
certain foods. On each learning trial, pictures of one or two foods
appeared centered at the top of the screen. When two foods were pre-
sented, each specific picture appeared on half of the trials to the left

Table 1
Design of Experiments 1 and 2
Phase 3
Condition Phase 1 Phase 2 Experiment 1 Experiment 2
Consistent 16A;+,16B,— 8AX;+,8B;Y,— 8X;+,8Y,— 8X;—,8Y;+
8EF|+,8GH — 8F,+,8H,— 8F—,8H;+
. 4AX,+,4BY,—
I tent 16 A,+, 16 By— 8X,+,8Y,— 8X,—,8Y,+
nconsistent 2 2 4A2Y2+, 4 BzXz* 2 2 2 2
4 E,F,+,4 GH,— _ B
4B Hy+, 4 GoFy— 8F,+,8H, 8F,—, 8 Hy+
§W+,87— §W+,87Z—

Note—The different letters represent the different cues. The + denotes that the outcome oc-
curs, and the — denotes that the outcome does not occur.
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and on half of the trials to the right. After 3 sec, the participants were
required to predict whether Mr. X would develop an allergic reaction.
Once the participants clicked yes or no, the actual outcome appeared
below. After 3 sec, the participants could proceed to the next trial.

All of our experimental and control conditions were presented
in a within-subjects manner. In the first training phase, the partici-
pants observed four elemental cues that were presented 16 times
each. Cues A| and A, were always paired with the outcome, whereas
Cues B, and B, were never paired with the outcome (i.e., A;+/B;—
and A,+/B,—). The 48 trials in Phase 1 were presented in a block-
randomized order.

In the second training phase, Cues X; and Y| were added to Cues
A and By, respectively, so that the participants were presented with
Compound A;X; always paired with the outcome and Compound
B,Y, never paired with the outcome (i.e., A;X;+/B;Y;—). There-
fore, a perfect contingency was presented between Cue X; and the
occurrence of the outcome and between Cue Y, and the nonoccur-
rence of the outcome. Each of these two types of trials was presented
eight times in Phase 2. As well, Cues X, and Y, were added to Cues
A, and B,. In this case, however, pairings of Cues X, and Y, with
outcome occurrence and nonoccurrence were inconsistent; half of
the trials entailed X, and Y, paired with the presence of the allergic
reaction, whereas half of the trials entailed X, and Y, paired with the
absence of the allergic reaction, yielding four types of trials: A, X, +,
A,Y,+, B,X,—, and B,Y,—. Each of these four types of trials was
presented four times in Phase 2.

We also included a control discrimination, in which the training
stimuli occurred in compound and none of them had previously
been seen alone: Compound E|F| was always paired with the occur-
rence of outcome, whereas Compound G;H; was always paired with
the nonoccurrence of the outcome (i.e., E{F;+ and G;H;—). Each
of these two types of trials was presented eight times. Finally, we
also included an inconsistent version of novel compound training:
E,F,+, E;H,+, G,F,—, and G,H,—, with these four types of trials
presented four times each. In total, there were 64 trials in Phase 2,
presented in a block-randomized order.

In the third phase of training, the elemental cues involved in the
target and control discriminations were presented on their own, one
associated with the outcome and the other not: X;+/Y,—, X,+/
Y,—, F;+/H;—, and F,+/H,—. We included a novel discrimination
as well, W+/Z—, to provide a baseline for learning. These 10 types
of trials were presented eight times each. The 80 trials of Phase 3
were presented in a block-randomized order.

If learning of the solvable discrimination added in Phase 2, X +/
Y, —, was blocked by the earlier Phase 1 learning of A;+/B;—, the
speed of learning the X;+/Y|— discrimination in Phase 3 should
be similar to the speed of learning the X,+/Y,— discrimination; as
well, there should be no advantage for the consistent condition over
the inconsistent condition. But if the participants did learn about
X, +/Y,— (and about X,*/Y,=*) in Phase 2, it should be easier for
them to master the X, +/Y | — discrimination than the X,+/Y,— dis-
crimination in Phase 3; that is, there should be an advantage for the
consistent condition over the inconsistent condition.

We also compared learning of the X;+/Y; — discrimination with
learning of the F;+/H;— discrimination in Phase 3. In Phase 2, the
F,+/H,— discrimination was presented in compound with the E|+/
G;— discrimination, but each discrimination was equally novel at
that time. In this case, both CH and RW would expect learning of
the F;+/H;— and E,+/G;— discriminations; these discriminations
might not be as strong as if they had been presented elementally,
but there should be substantial learning nonetheless. So, at the be-
ginning of Phase 3, the F;+/H;— discrimination should start with
some advantage over a blocked or a novel discrimination. Hence,
the F;+/H;— discrimination should be learned more quickly than
the X;+/Y;— discrimination if learning of the X;+/Y;— discrimi-
nation was blocked. On the contrary, if the participants did learn
about the added X;+/Y;— discrimination in Phase 2, learning of
the X;+/Y|— and the F;+/H;— discriminations should proceed
similarly. As well, learning of both the X;+/Y;— and the F;+/H;—

discriminations should proceed more quickly than learning of the
novel discrimination, W+/Z—.

After Phase 3, the participants had to judge the extent to which
each of the cues affected the likelihood of an allergic reaction in
Mr. X. The 18 cues were presented in a random order. Each cue was
presented on a separate screen, along with a rating scale ranging
from —100 (makes very unlikely) to +100 (makes very likely). The
middle point of the scale, 0, was labeled does not affect likelihood.
The participants had to give their ratings by moving a slider along
this scale. The initial position of the slider was set at 0 for each of
the cues. Once the participants had completed the rating phase, they
were debriefed and allowed to depart.

Statistical analyses. All of the inferential statistical analyses
focused on the trial-by-trial prediction scores that the participants
made in Phase 3 plus the one-time cue-rating scores that they made
after Phase 3; these two sets of scores most effectively assayed any
potential blocking and overshadowing effects in Phase 2. Statistical
significance was set at @ = .05. When needed, Bonferroni correc-
tion was used to set the alpha level.

Results and Discussion

Training: Phases 1 and 2. Acquisition behavior in the
first and second phases of training is illustrated in Fig-
ure 1. The participants very rapidly and virtually perfectly
learned the A;+/B;— and A,+/B,— discriminations that
were given in Phase 1 (Figure 1, top). Beyond the second
trial with each of the four cues, the participants exhibited
asymptotic discriminative performance; the participants
correctly predicted the occurrence of the outcome after
Cues A; and A,, as well as the nonoccurrence of the out-
come after Cues B; and B,. This high level of discrimina-
tive performance to each of the four cues was maintained
throughout the final 14 trials of Phase 1. According to RW,
if the participants learned to perfectly predict the occur-
rence and nonoccurrence of the outcome by the end of
Phase 1, no untapped associative strength should be avail-
able for them to learn about any added cues in Phase 2.
Therefore, the participants should learn nothing at all
about the X, +/Y;— and X,*/Y,* contingencies that
were added in Phase 2.

We should note that our assertion that the participants
in our experiment had reached the asymptote by the end
of Phase 1 training is based on their trial-by-trial yes/no
predictions. It might be argued that, even when all of the
participants were correctly predicting the presence and
absence of the outcome at the end of Phase 1, asymp-
totic associative strength might not have been reached.
To further explore whether or not associative strength
was asymptotic after Phase 1 training, we examined our
other performance measure—contingency ratings—in a
different collection of research participants. We did not in-
clude contingency ratings after Phase 1 in Experiment 1,
because making such ratings might have influenced later
discrimination learning. So we presented two new groups
of participants with the same training as that in Phase 1
(i.e., A;+/B;— and A,+/B,—): One group was presented
with 16 trials of each type (Group 16), and the other group
was presented with 32 trials of each type (Group 32). In
both groups, all of the participants perfectly predicted
the presence and absence of the outcome at the end of
training, just as in Experiment 1 (and Experiment 2). In
addition, at the end of the investigation, the participants
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Figure 1. Percentages of predictions of the occurrence of the
outcome after each of the cues in Phase 1 (top) and Phase 2 (bot-
tom) of Experiment 1. Error bars indicate the standard error of
the mean.

had to rate the extent to which each of the cues affected
the likelihood of the outcome. Mean ratings for the cues
paired with the presence and absence of the outcome were
96.7 and —82.7, respectively, in Group 16 and 95.2 and
—81.2, respectively, in Group 32. Critically, training that
was twice as long as that in our reported study did not lead
to more extreme ratings. Hence, there is no reason to be-
lieve, in light of this evidence, that asymptotic associative
strength had not been reached.

In Phase 2 (see Figure 1, bottom), although there was
a small decrement in discriminative performance on the
first trial with each compound cue, the participants’ ac-
curacy was very high in the consistent condition; they
correctly predicted the occurrence of the outcome after
A, X and the nonoccurrence of the outcome after B; Y. In
the inconsistent condition, the participants also accurately
predicted the occurrence of the outcome after A,X, and
A,Y, trials, as well as the nonoccurrence of the outcome
after B,X, and B, Y, trials; the addition of the unsolvable
X,—Y, discrimination did not adversely affect the partici-
pants’ performance of the A, +/B,— discrimination. There

were no clear differences in discriminative performance
between the consistent and the inconsistent conditions.

The compound control discriminations, E;F;+/G,;H;—
and E,F,+, E,H,+/G,F,—, G,H,—, generally proceeded
more slowly than the discriminations containing only el-
ements that had been presented in Phase 1 (see Figure 1,
right). In addition, E;F;+/G;H;— discrimination learning
was faster than E,F,+, E,H,+/G,F,—, G,H,— discrimina-
tion learning, perhaps because of the inconsistent F-outcome
and H—outcome relationships. This disparity in discrimina-
tion learning between the consistent and the inconsistent
conditions did not occur in the case of the A X;+/B,Y and
the A,X,+, A, Y,+/B,X,—, B,Y, discriminations, perhaps
because, in Phase 2, the participants relied on what they had
learned about Cues A, By, A,, and B, in Phase 1. Nonethe-
less, by the fifth trial, the participants were able to accurately
predict the occurrence and nonoccurrence of the outcome
after each of the compound cues.

Training: Phase 3. To simplify the analysis of learning
of'the different discriminations in Phase 3, the key learning
phase, we calculated discrimination scores for each of the
discriminations on every trial. From the percentage of yes
responses for each cue paired with the occurrence of the
outcome, we subtracted the percentage of yes responses
for the corresponding cue paired with the nonoccurrence
of the outcome. Mean scores near 100 represent excellent
discrimination (with yes responses close to 100 for the
positive cue and with yes responses close to 0 for the nega-
tive cue), mean scores near 0 represent no discrimination
(with yes responses similar for the positive and the nega-
tive cues), and mean scores near — 100 represent reversed
discrimination (with yes responses close to 0 for the posi-
tive cue and with yes responses close to 100 for the nega-
tive cue). We obtained five different discrimination scores
in Phase 3: Xl_YI’ Xz_Yz, Fl_Hl’ FZ_H29 and W—Z7.

The development of the consistent discrimination
X1—Y,, as compared with the inconsistent and novel
discriminations, is displayed in Figure 2 (top), whereas
the development of the same consistent discrimina-
tion X;—Y, as compared with the control discrimina-
tions without Phase 1 training, is displayed in Figure 2
(bottom). The critical comparison concerns X;—Y; and
X,—Y, (Figure 2, top). Here, there was a clear learning
advantage for the consistent condition; the participants
were faster to master the X;—Y discrimination than the
X,—Y, discrimination, suggesting that they had indeed
learned about these cues when they were added in Phase 2,
as predicted by CH. Moreover, the order of the discrimi-
nation scores, X;—Y; > W—Z > X,—Y,, suggests an
enhancement of the X;—Y discrimination, as well as an
impairment of the X,—Y, discrimination, as compared
with the novel element discrimination, W—Z.

The right panel of Figure 2 shows similar learning of
the X;—Y; and F;—H; discriminations. There was a dis-
parity in discriminative performance on the first trial, sug-
gesting that Phase 2 blocking was stronger than Phase 2
overshadowing (as predicted by both RW and CH); but
beyond the second trial, prediction scores were similar
for the X;—Y, and F;—H, discriminations, if not a bit
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Figure 2. Percentage of predictions of the occurrence of the
outcome in Phase 3 of Experiment 1. Discrimination scores are
plotted. Top: The score for the consistent discrimination X;—Y;
is compared with those for the inconsistent and novel discrimina-
tions. Bottom: The score for the consistent discrimination X;—Y,
is compared with those for the control discriminations without
training in Phase 1. Error bars indicate the standard error of the
mean.

higher for the X;—Y discrimination. Hence, learning
of the blocked discrimination proceeded at least as well
as learning of the overshadowed discrimination, indica-
tive of effective learning of the X;—Y discrimination in
Phase 2. Finally, learning of the F;—H, discrimination in
the consistent condition was faster than learning of the
F,—H, discrimination in the inconsistent condition; this
disparity parallels the advantage of the X;—Y discrimi-
nation over the X, —Y, discrimination.

A 5 (discrimination: X;—Y, X,—Y,, F;—H;, F,—H,,
or W—2) X 7 (Trial: 2-8)! ANOVA of the Phase 3 train-
ing data revealed significant main effects of discrimina-
tion [F(4,168) = 2.48, MS, = 0.14] and trial [F(6,252) =
22.13, MS, = 0.08]. The discrimination X trial interaction
was also significant [F(24,1008) = 1.99, MS, = 0.63],
suggesting that learning emerged differently among the
various discrimination conditions.

Follow-ups of this ANOVA concentrated on particular
relevant comparisons. Linear trend analyses disclosed
that the X;—Y discrimination rose more quickly than
the X,—Y, discrimination [F(1,42) = 8.91, MS, = 0.09];

this outcome confirms more rapid learning in the consis-
tent than in the inconsistent condition. If learning of the
X,—Y, discrimination had been blocked in Phase 2, the
speed of learning the X;—Y discrimination in Phase 3
should have been similar to the speed of learning the
X,—Y, discrimination. But we found an advantage for the
consistent condition over the inconsistent condition. This
advantage supports the idea that the participants did learn
about the X;—outcome and Y —no-outcome contingencies
in Phase 2, as is predicted by CH, but not by RW.

Linear trend analyses also disclosed that the F;—H;
discrimination in the consistent condition rose more
quickly than the F, —H, discrimination in the inconsistent
condition [F(1,42) = 3.34, MS, = 0.11]. This difference
parallels the advantage of X;—Y,; over X,—Y,, again
suggesting that learning in Phase 2 was similar for these
discriminations (X;—Y and F;—H{, on the one hand, vs.
X,—Y; and F,—H,, on the other hand), whether or not
their associates had previously been trained alone. At the
same time, there was no disparity between the X; —Y; and
the F;—H, discriminations [F(1,42) = 1.70, MS, = 0.10]
or between the X,—Y, and the F,—H, discriminations
[F(1,42) = 0.37, MS, = 0.13], confirming that learning
proceeded similarly for each of the discriminations in the
consistent condition (X;—Y; and F;—H;) and for each of
the discriminations in the inconsistent condition (X,—Y,
and F,—H,). This equivalence again suggests that similar
learning occurred in Phase 2 for the X;—Y discrimina-
tion, whose associates, A; and B, had been individually
trained in Phase 1, and for the F;—H; discrimination,
whose associates, E; and Gy, had not previously been
trained. Likewise, similar learning occurred in Phase 2
for the X,—Y, discrimination, whose associates, A, and
B,, had been individually trained in Phase 1, and for the
F,—H, discrimination, whose associates, E, and G,, had
not been previously trained.

The learning curves in Figure 2 (left) suggest a facilita-
tion of the X;—Y; discrimination, as well as an impair-
ment of the X,—Y, discrimination, as compared with the
novel element discrimination, W—Z. The difference be-
tween the X; —Y, discrimination and the novel W—Z dis-
crimination, although in the correct direction, fell short of
statistical significance [F(1,42) = 1.85, MS, = 0.13,p =
.18]. The difference between the X,—Y, discrimination
and the novel W—Z discrimination fell short of statisti-
cal significance as well [F(1,42) = 1.09, MS, = 0.18].
Nonetheless, this tendency toward superior performance
of the X;—Y, discrimination over the novel W—Z dis-
crimination again suggests that learning of the X;—Y;
discrimination was taking place in Phase 2, as is predicted
by CH, but not by RW. Interestingly, the tendency for the
X,—Y, discrimination to be impaired, relative to the novel
W —Z discrimination, suggests that training of the unsolv-
able X,—Y, discrimination in Phase 2 might have had a
deleterious effect on later learning of this discrimination.
Perhaps the participants learned in Phase 2 that Cues X,
and Y, were unrelated to the outcome, so that later learn-
ing in Phase 3 that X, predicts the occurrence of the out-
come and Y, predicts the nonoccurrence of the outcome
takes longer than learning of the novel discrimination.
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Nevertheless, these nonsignificant trends involving the
novel W—Z discrimination do not allow us to reach any
definitive conclusions.

Ratings. Mean ratings of all 18 cues are shown in
Figure 3. Because each of the cues—except E|, Gy, E,,
and G,—had been trained alone to asymptote, we were
not expecting notably different ratings beyond extremely
positive ratings for cues paired with the occurrence of the
outcome and extremely negative ratings for cues paired
with the nonoccurrence of the outcome. Indeed, mean rat-
ings did largely reflect the contingencies that were given
in training; however, we also observed that ratings were
not equally high or equally low among the positive and
the negative cues.

To further analyze these data in a more readily under-
standable manner, we again calculated a discrimination
score for each of the discriminations illustrated in Phase 3.
For comparison purposes, we also included the two dis-
criminations that were learned in Phase 1.2 In order to
calculate the discrimination score ratings, we subtracted
the rating for each cue paired with the nonoccurrence of
the outcome from the rating for the corresponding cue
paired with the occurrence of the outcome. Because our
rating scale ranged from —100 to + 100, our discrimina-
tion scores varied along a 200-point scale. Mean scores
near 200 represent excellent discrimination (i.e., a rating
of 100 to the positive cue and a rating of —100 to the
corresponding negative cue), whereas mean scores near 0
represent no discrimination (similar ratings to the positive
and the negative cues). Thus, we obtained seven discrimi-
nation scores: A;—B, A,—B,, X;—Y, X,—Y,, F,—H,,
F,—H,, and W—Z, which are displayed in Figure 4.

Surprisingly, even though all of these discriminations
had been trained to asymptote, the derived ratings differ-
ence scores were not identical. Specifically, the X;—Y,
discrimination score was higher than the X, —Y, discrimi-
nation score, with the novel discrimination score, W—Z,
falling in between. This ordering neatly parallels the par-
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ticipants’ outcome predictions in Phase 3: Discrimination
learning in the consistent condition was faster than that in
the novel condition, with discrimination learning in the in-
consistent condition being the slowest of the three. A one-
way ANOVA of the ratings difference scores revealed a sig-
nificant main effect [F(6,252) = 4.71, MS, = 1,564.56].
Planned comparisons confirmed that the X;—Y ratings
discrimination was significantly higher than the X,—Y,
ratings discrimination [F(1,42) = 8.83, MS, = 880.72].
Thus, the advantage of the consistent over the inconsis-
tent condition still remained on postdiscrimination rat-
ings, again supporting the idea that the participants were
effectively learning about the X;—Y discrimination in
Phase 2. None of the other target ratings discriminations
differed reliably from one another.

Overall, the results of Experiment 1 show that after
learning an A;+/B;— discrimination, the participants did
learn about added redundant discriminative stimuli (X;+/
Y,—) that were presented in compound with the initial
discriminative stimuli (A;X;+/B;Y;—). The RW model
predicts no X;+/Y;— learning, so that the associative
values of X; and Y, should be the same after a solvable
(X;+/Y—) discrimination or after an unsolvable (X,=*/
Y,=*) discrimination. Nevertheless, elemental discrimi-
nation training in Phase 3 showed that the participants’
learning of X;+/Y;— proceeded more quickly than did
their learning of X,+/Y,—, suggesting that learning about
the added discriminative stimuli had taken place. In addi-
tion, mean postdiscrimination ratings difference scores
disclosed an advantage of X;—Y; over X,—Y,. Hence,
these results support a performance account, such as CH,
but not a competitive-learning account, such as RW.

EXPERIMENT 2

To further pursue the possible learning about the added
Phase 2 discriminations, in our second experiment, we
gave the participants the same Phase 1 and Phase 2 train-
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Figure 3. Mean final ratings of all the cues in Experiment 1. The discrimina-
tions that were presented in Phase 1 are shown in gray. Error bars indicate the

standard error of the mean.
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Figure 4. Mean discrimination scores of the final ratings in Ex-
periment 1. The discriminations that were presented in Phase 1
are shown in gray. Our target discriminations, presented in
Phase 3, are shown in white. Error bars indicate the standard
error of the mean.

ing as in Experiment 1. In Phase 3, however, the discrimi-
nations were reversed for the consistent condition (see
Table 1). If the X;+/Y;— discrimination was acquired in
Phase 2, learning of the X;—/Y |+ discrimination should
now proceed more slowly in the consistent than in the in-
consistent condition (for which the unsolvable X,*/Y,=*
discrimination was given in Phase 2). However, if no
learning about Cues X; and Y occurred in Phase 2, learn-
ing of the Phase 3 discrimination should proceed similarly
in both conditions.

Method

A total of 38 students at the University of lowa received course
credit for their voluntary participation. The apparatus, materials, and
procedures were identical to those in Experiment 1, except for the
reversal of the discriminations in Phase 3.

The experimental design is summarized in Table 1. After present-
ing A;X;+/B;Y;— and E F,;+/G;H;— discrimination training in
Phase 2, we trained the participants in Phase 3 with X,;—/Y;+ and
F,—/G;+ discriminations, entailing a reversal of the Phase 2 re-
inforcement contingencies. For cues involved in the inconsistent
condition, it makes no sense to speak about reversed discrimina-
tions, because no solvable discrimination was presented in Phase 2;
for comparison purposes, we presented X,—/Y,+ and F,—/H,+
discriminations in Phase 3. A novel discrimination, W+/Z—, was
included as well.

Results and Discussion

Training: Phases 1 and 2. Acquisition behavior in the
first and second phases of training is illustrated in Fig-
ure 5. As in Experiment 1, the participants very rapidly
and virtually perfectly learned the A;+, B;— and A,+,
B,— discriminations that were given in Phase 1 (see Fig-
ure 5, top). Beyond the second trial with each of the four
cues, the participants exhibited asymptotic discrimina-
tive performance; the participants correctly predicted the
occurrence of the outcome after Cues A| and A, and the
nonoccurrence of the outcome after Cues B, and B,. This
high level of discriminative performance to each of the
four cues was maintained throughout the final 14 trials
of Phase 1.

In Phase 2 (see Figure 5, bottom), although there was
again a small decrement in discriminative performance
on the first trial, the participants’ accuracy was very high
in the consistent condition: They correctly predicted the
occurrence of the outcome after A;X; and the nonoccur-
rence of the outcome after B; Y. As well, in the inconsis-
tent condition, the participants accurately predicted the
occurrence of the outcome after A,X, and A,Y, trials and
the nonoccurrence of the outcome after B,X, and B,Y,
trials. There were again no clear differences in discrimina-
tive performance between the consistent and the inconsis-
tent conditions.

The two compound control discriminations generally
emerged more slowly than the discriminations involving
only elements that had been presented in Phase 1 (Fig-
ure 5, bottom). In addition, EF,+/G;H; — learning was
faster than E,F,+, E,H,+/G,F,—, G,H,— learning; this
disparity in discrimination learning between the consis-
tent and the inconsistent conditions did not occur in the
case of the A1X1+/B1Y1_ and A2X2+, A2Y2+/B2X2_,
B,Y,— discriminations in Phase 1. Nonetheless, by the
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Figure 5. Percentages of predictions of the occurrence of the
outcome after each of the cues in Phase 1 (top) and Phase 2 (bot-
tom) of Experiment 2. Error bars indicate the standard error of
the mean.



fifth trial, the participants were able to accurately predict
the occurrence and nonoccurrence of the outcome after
each of the compound cues. The results of Phases 1 and 2
in this experiment paralleled the results of Experiment 1,
as should be the case, because training up to this point
was the same.

Training: Phase 3. To analyze learning of the differ-
ent discriminations in Phase 3, the key learning phase, we
again calculated discrimination scores for each of the dis-
criminations on every trial. From the prediction for each
cue paired with the occurrence of the outcome, we sub-
tracted the prediction for the corresponding cue paired
with the nonoccurrence of the outcome. We obtained
five different discrimination scores in Phase 3: X, —Y,
Xz_Yz, Fl_Hls FZ_H29 and W—Z.

The development of the consistent discrimination
X;—Y}, as compared with the inconsistent and novel dis-
criminations, is displayed in Figure 6 (top); the develop-
ment of the same consistent discrimination X; —Y; com-
pared with the control discriminations without Phase 1
training is displayed in Figure 6 (bottom). Here, we ex-
pected that, if learning occurred in Phase 2, the X;—Y;
discrimination would be impaired in Phase 3. Indeed, it ap-
pears that the X;—Y discrimination was generally worse
than the novel W—Z discrimination, but it was similar to
the X,—Y, discrimination (Figure 6, top). As well, it ap-
pears that the other reversed discrimination, F;—H;, was
worse than the X;—Y; discrimination (Figure 6, bottom),
suggesting better learning of the overshadowed F;—H,
discrimination than of the blocked X;—7Y discrimination
in Phase 2.

A 5 (discrimination: X;—Y, X,—Y,, F;—H;, F,—H,,
or W—27) X 7 (trial: 2-8) ANOVA of Phase 3 discrimina-
tion scores revealed significant main effects of discrimina-
tion [F(4,148) = 3.44, MS, = 0.30] and trial [F(6,222) =
31.71, MS, = 0.17]. The discrimination X trial interac-
tion did not reach statistical significance [F(24,888) =
1.38, MS. = 0.13, p = .10].

Within this ANOVA, linear trend analyses confirmed
that the X;—Y discrimination was learned more slowly
than was the novel W—Z discrimination [F(1,37) = 4.20,
MS, = 0.16], suggesting that the participants did effec-
tively learn the X;+ and Y;— contingencies in Phase 2
and found it difficult to learn the opposite contingencies;
this result supports the CH account. There was no differ-
ence between the X;—Y and the X,—Y, discriminations
[F(1,37) = 0.20, MS, = 0.33], suggesting that Phase 2
training slowed both discriminations. In fact, the X,—Y,
discrimination was also learned more slowly than was the
novel W—Z discrimination [F(1,37) = 5.31, MS, = 0.22].
In the case of the X;—Y discrimination, the impairment
presumably occurred because the participants had to re-
verse the contingencies that they had learned in Phase 2;
in the case of the X,—Y, discrimination, it might be that
the participants learned in Phase 2 that X, and Y, were un-
correlated with outcome occurrence and nonoccurrence,
also leading to slower discrimination learning involving
those stimuli.

Although RW cannot explain the X,—Y, impairment,
CH potentially can. As we described above, according to
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Figure 6. Percentages of predictions of the occurrence of the
outcome in Phase 3 of Experiment 2. Discrimination scores are
plotted. Top: The consistent discrimination X;—Y, is compared
with the inconsistent and novel discriminations. Bottom: The
consistent discrimination X;—Y, is compared with the control
discriminations without training in Phase 1. Error bars indicate
the standard error of the mean.

CH, both Cues X, and Y, should acquire some positive
strength in Phase 2, so that at the beginning of Phase 3,
both Cues X, and Y, should start with a similar positive
value; then, learning to discriminate them should take
longer than learning a novel discrimination. Nonetheless,
although the X,—Y, discrimination should be impaired,
as compared with a novel discrimination, it should still
be superior to the X;—Y, discrimination. At the begin-
ning of Phase 3, X, should start with very high associa-
tive strength, and Y, should start with very low associative
strength, whereas both X, and Y, should start with similar
and slightly positive associative strength. According to
CH, learning the reversed positive and negative contin-
gencies (X;—Y discrimination) should take longer than
learning the positive and negative contingencies departing
from an intermediate value (X,—Y, discrimination); but
we did not observe this difference.

Linear trend analyses also disclosed that the F;—H;
discrimination in the consistent condition and the F,—H,
discrimination in the inconsistent condition did not differ
from each other [F(1,37) = 0.82] and that both discrimi-
nations were slowed in relation to the novel W —Z discrim-
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ination [F(1,37) = 11.35, MS, = 0.33, and F(1,37) = 7.6,
MS, = 0.25, respectively]. Thus, the performance for the
X ;=Y discrimination in relation to the X,—Y, discrimi-
nation was equivalent to the performance for the F;—H,
discrimination in relation to the F,—H, discrimination,
suggesting equivalent learning in Phase 2, regardless of
whether or not their associates had been trained alone in
Phase 1.

Yet we also found that the X;—Y discrimination was
not as impaired as the F;—H; discrimination [F(1,37) =
4.44, MS, = 0.16], suggesting that the associations of F,
and H; with the contingencies of reinforcement were bet-
ter learned in Phase 2 than were the associations of X; and
Y, with the same contingencies of reinforcement. This
disparity between X;—Y; and F;—H; suggests that some
blocking of the added X;—Y discrimination might have
taken place in Phase 2. This disparity provides evidence
that supports RW, but not CH, because CH predicts no dif-
ference in learning these discriminations. We should note
that this is the only hint in all of our data that suggests that
some competition occurred during the acquisition phase.

Ratings. Mean ratings of all 18 cues are shown in Fig-
ure 7. Ratings generally reflected the contingencies that
were presented in training. To analyze these ratings in a
simpler fashion, we calculated a discrimination score for
each of the discriminations presented in Phase 3, just as
in Experiment 1. Again, we included the discriminations
presented in Phase 1 for comparative purposes. Thus, we
obtained seven discrimination scores: A;—Bj, A,—B,,
X]_Yl, Xz_Yz, FI_HI’ Fz_Hz, and W_Z, Wthh are
displayed in Figure 8.

As in Experiment 1, although all of these discrimina-
tions had been trained to asymptote, the ratings difference
scores were not identical. Especially interesting was the
fact that the X;—Y discrimination score was now lower
than either the X,—Y, score or the W—Z score. No dif-
ference between the X;—Y; and X,—Y, discriminations
had materialized in Phase 3 training: Both were equally
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worse than the novel W —Z discrimination. Here, however,
the ratings difference scores revealed that the X;—Y dis-
crimination was even more strongly impaired than was the
X,—Y, discrimination.

A one-way ANOVA of the ratings difference scores re-
vealed a significant main effect [F(6,222) = 7.54, MS, =
2,719.79]. Planned comparisons showed that the X;—Y,
ratings discrimination was lower than the W—Z ratings
discrimination [F(1,37) = 11.44, MS, = 1,411.12], con-
firming that the impairment in Phase 3 persisted to the
rating phase. The X;—Y/ ratings discrimination was also
lower than the X,—Y, ratings discrimination [F(1,37) =
3.84, MS, = 1,706.42]. In Phase 3, the acquisition of the
X;—Y; and X,—Y, discriminations had proceeded simi-
larly; however, ratings showed that consistent training with
the opposite contingencies in Phase 2 (as was the case for
the X;—Y discrimination) was more harmful than was
inconsistent training (as was the case for the X,—Y, dis-
crimination). This was the prediction of the CH that did
not materialize in Phase 3: Learning the reversed posi-
tive and negative contingencies (X;—Y; discrimination)
should have taken longer than learning the positive and
negative contingencies when each cue’s strength began at
an intermediate value (X,—Y, discrimination). Although
that difference did not appear in the learning phase, it did
surface in later ratings.

As well, ratings of the F;—H; discrimination were lower
than ratings of the F,—H, discrimination [F(1,37) = 5.85,
MS, = 2,951.28] and lower than ratings of the W—Z dis-
crimination [F(1,37) = 7.51, MS, = 4,453.66]. These im-
pairments are equivalent to the X; —Y ratings impairments;
this equivalence was predicted by CH, but not by RW. The
difference between the X; —Y, and the F;—H, discrimina-
tions in Phase 3 training, which suggested some blocking,
did not appear in the ratings phase [F(1,37) = 0.87].

Overall, the results of Experiment 2 reveal that after
training an A;+/B;— discrimination to asymptote in
Phase 1, the participants were able to learn about an added
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Figure 7. Mean final ratings of all the cues in Experiment 2. The discrimina-
tions that were presented in Phase 1 are shown in gray. Error bars indicate the

standard error of the mean.
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Figure 8. Mean discrimination scores of the final ratings in Ex-
periment 2. The discriminations that were presented in Phase 1
are shown in dark gray. Our target discriminations, presented
in Phase 3, are shown in white. Error bars indicate the standard
error of the mean.

X;+/Y;— discrimination in Phase 2; when the added dis-
crimination was reversed in Phase 3, reversal learning
was impaired, relative to a novel discrimination, although
not as impaired as an overshadowed discrimination. The
RW model predicts no learning of X;+/Y;— in Phase 2
AX;+/B Y — training, so there should be no interfer-
ence in Phase 3 X;—/Y+ learning. However, elemental
discrimination training in Phase 3 disclosed that the par-
ticipants’ learning of X;—/Y+ proceeded more slowly
than did their learning of a novel discrimination, W—/Z+,
suggesting that learning of the added discrimination had,
in fact, taken place. Nonetheless, some of the blocking
predicted by RW might have taken place, because after
Phase 2 E|F;+/G;H; — training, the participants’ learning
of F{—/H;+ proceeded even more slowly than their learn-
ing of X;—/Y. Although these results accord better with a
performance account, such as CH, than with a competitive-
learning account, such as RW, the difference between X; —/
Y+ and F;—/H;+ is better explained by RW.

GENERAL DISCUSSION

Our participants first solved a single discrimination,
and when their performance had clearly reached asymp-
tote, a new redundant discrimination was added. In Exper-
iment 1, when this added discrimination was later trained
alone, we observed substantial savings, as compared with
nondiscrimination or novel discrimination controls. In
Experiment 2, when we later reversed the contingencies
of the added discrimination, we observed a significant
performance impairment, as compared with a novel dis-
crimination. Moreover, in both experiments, after train-
ing was complete, the participants’ causal judgments of
the added discrimination still reflected these differences.
Thus, we conclude that there was robust learning about
an added discrimination even when it did not provide any
new information about the experimental contingencies.
These experiments add to prior studies suggesting that
performance, rather than acquisition, deficits underlie the

blocking effect (Blaisdell et al., 1999; Denniston et al.,
2003).

The Role of Within-Compound Associations

According to CH, responding to a target cue is deter-
mined not only by the association between that stimulus
and the outcome, but also by the association between
other stimuli (comparator cues) and the same outcome.
A comparator cue will effectively compete with a target
cue for the response as long as it has a strong association
with the outcome. If the comparator cue is further trained
without being followed by the outcome, the comparator—
outcome association will be weakened, and the compara-
tor cue will no longer effectively compete with the target
cue for the expression of the response. Not only does the
comparator—outcome association have to be strong for
the comparator cue to effectively compete with the target
cue, but also there has to be a firm within-compound asso-
ciation between the target cue and the comparator cue. If
either the comparator—outcome association or the target-
cue—comparator association is weak or absent, the target-
cue—outcome association will be able to be expressed, and
a conditioned response to the target cue will be observed.

Consider further the role of within-compound asso-
ciations in our experiments. After Phase 2, the within-
compound associations of A; with X; and B; with Y; in
the consistent condition were likely to be stronger than the
within-compound associations of A, with X, and B, with
Y, in the inconsistent condition; in the consistent condi-
tion, X; was always presented along with A;, and B; was
always presented along with Y, whereas in the inconsis-
tent condition, X, was paired on half of the trials with A,
and on half of the trials with B,, and Y, was paired on half
of'the trials with A, and on half of the trials with B,. These
varied pairings in the inconsistent condition ought to have
slowed the development of robust within-compound as-
sociations. The existence of strong within-compound
associations in the consistent condition should have al-
lowed comparators A; and B, to interfere with X; and
Y, at the beginning of Phase 3; this interference should
not have taken place or should have been milder in the
inconsistent condition, in which the within-compound
associations were weaker. This possibly stronger interfer-
ence of the comparator cues in the consistent condition
might impair the expression of the X; —Y discrimination
in Phase 3. So, even if there were learning of the X;—Y,
discrimination in Phase 2, that learning should not be-
come evident because of the influence of the comparator
cues. The disparity in the strength of the within-compound
associations in the consistent and the inconsistent condi-
tions should never reverse the predictions of CH; if any-
thing, that disparity should produce weaker effects. Had
it been possible to have within-compound associations of
similar strengths, we might have been able to report even
stronger effects.

Configural Learning

Our consideration above of within-compound associa-
tions implies that each of the elements of the compound
retains its particular properties: An association is formed
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between or among individual cues, but each of the cues in-
dependently enters into an association with the outcome.
However, it might be the case that our participants learned
cue configurations, as suggested by Pearce’s (1987, 1994,
2002) theoretical proposals. According to this view, when
cues are presented in compound (e.g., AX), the entire pat-
tern or configuration will become associated with the out-
come. When one of the elements is later presented alone
(e.g., X), the response will be determined by its degree of
similarity to the trained configural uniz. In Phase 2 of our
Experiment 1, A;X;+ and B;Y;— were presented in the
consistent condition, whereas A,X,+, A,Y,+, BoX,—,
and B,Y,— were presented in the inconsistent condition.
In Phase 3, the presentation of X; should excite config-
ural unit A;X;, and half of its positive associative strength
should generalize to X;. In a parallel fashion, the pre-
sentation of Y, should excite configural unit B,Y, and
half of its negative associative strength should generalize
to Y. Therefore, the X;—Y discrimination should start
with some advantage, due to the associative strengths
generalized from the configural units that were trained
in Phase 2.

The situation is different in the inconsistent condition.
In this case, the presentation of X, in Phase 3 should ex-
cite configural unit A,X, and configural unit B,X,; A,X,
had been paired with the outcome, whereas B, X, had been
paired with the absence of the outcome. Cue X, should
then activate two configural units that carry opposite as-
sociative value, so they should cancel one another. The
same holds true for Cue Y,. The presentation of Y, in
Phase 3 should excite configural unit A,Y, and configural
unit B,Y,; because A, Y, had been paired with the outcome
and B, Y, had been paired with the absence of the outcome,
Cue Y, should activate two configural units of opposite
value, so that they will again cancel one another. Hence,
the X,—Y, discrimination will start from a lower level
than will the X, —Y, discrimination because of differential
generalization from Phase 2 training, not because the par-
ticipants learned about the solvable X;—Y discrimination
and the nonsolvable X,—Y, discrimination in Phase 2.

Although Pearce’s (1987, 1994, 2002) configural the-
ory can explain the difference between the X; —Y; and the
X,—Y, discriminations in Experiment 1, it cannot explain
the fact that, after the first trial of Phase 3, there was no
clear difference between the X;—Y,; and the F;—H, dis-
criminations. According to Pearce, after Phase 2, the EF,
and G,H, configural units should have maximum positive
and negative strength, respectively; so later in Phase 3,
half of the positive strength will generalize to F;, and half
of the negative strength will generalize to H;. However,
when A; X, and B,Y, are presented in Phase 2, the oc-
currence and nonoccurrence of the outcome is already
partially predicted by A; and By, respectively. Configural
units A;X; and B;Y; in this case can gain only half of
the associative strength that they could have gained if A,
and B; had not been previously trained. So, the asymp-
totic associative strength of compounds A;X; and B;Y at
the end of Phase 2 will be half of the associative strength
of compounds E;F; and G;H,. In Phase 3, when X; and

Y, are later presented alone, they will activate the cor-
responding configural units to half their level, which is
half the value that F; and H, are able to activate. In this
way, Pearce’s configural theory can explain the blocking
effect (the difference between the X;—Y and the F;—H;
discriminations on the first trial of Phase 3), but it cannot
explain the fact that, by the second trial of Phase 3, the
two discriminations are at the same high level. Given that
the salience of our cues is equal—because they were fully
counterbalanced—Ilearning should proceed at a similar
rate for both discriminations.

Although we did not find any disparity between learn-
ing of the X;—Y, and the F;—H; discriminations in Ex-
periment 1, we did find a disparity in Experiment 2. As
we just described, Pearce’s (1987, 1994, 2002) configural
theory could readily explain it. But Pearce’s theory also
predicts a difference between the X;—Y and the X,—Y,
discriminations that we did not observe. After training of
A;X;+ and B;Y;— in Phase 2, the presentation of X; at
the beginning of Phase 3 should excite configural unit
AX;, and half of its positive associative strength should
generalize to X;. In a parallel fashion, the presentation of
Y should excite configural unit B;Y, and half of its neg-
ative associative strength should generalize to Y. So, the
X,—Y, discrimination should start with some disadvan-
tage, because in Phase 3, the opposite contingencies had
to be learned. On the other hand, after training of A, X, +,
A,Y,+, B,X,—, and B,Y,— in Phase 2, the presentation
of X, in Phase 3 should excite configural unit A,X, and
configural unit B,X,. Because A,X, had been paired with
the outcome and B,X, had been paired with the absence
of the outcome, X, should activate two configural units
that carry opposite values, so they should cancel one an-
other. The same holds true for Y,. The presentation of Y,
in Phase 3 should excite configural unit A,Y, and con-
figural unit B,Y,; because A,Y, had been paired with the
outcome and B,Y, had been paired with the absence of
the outcome, Y, should activate two configural units of
opposite value, so that they will again cancel one another.
So, the X,—Y, discrimination should start from a neutral
level, as compared with the opposite level of the X;—Y,
discrimination; but we did not observe this disparity.

When Did Learning Take Place?

Kamin (1968) studied the rate of acquisition of a con-
ditioned response to blocked Cue X, as compared with a
novel cue. He found that although there was no difference
on the first training trial, more conditioned responding to
blocked Cue X than to the novel cue occurred on later tri-
als; Cue X learning showed some small savings in relation
to a novel cue—just as in our study. On the other hand,
Kamin also found that, after A+ training, the conditioned
response on the first trial of AX+ training was not as high
as it had been on the last trial of A+ alone training. The
introduction of Cue X caused some disruption of condi-
tioned responding, as was also the case in our study when
responding to an excitatory stimulus was decreased (and
when responding to an inhibitory stimulus was increased)
(see Figure 1, bottom; Figure 5, bottom).
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Combining these two findings, Kamin (1968) conjec-
tured that some learning about Cue X might occur on the
first compound trial; that learning could be responsible for
the savings in the later acquisition of Cue X. When Kamin
compared the rate of acquisition of a blocked cue given the
standard procedure with several compound training trials
with the rate of acquisition of another cue given only one
compound training trial, he found no differences; so he
concluded that it had to be on the first AX+ trial, and only
on that trial, that Cue X acquired associative strength.

Consistent with Kamin’s (1968) argument, Mackin-
tosh (1975a) found no evidence of blocking on the first
compound trial in a blocking procedure (but see Balaz,
Kasprow, & Miller, 1982, for blocking with just one com-
pound trial). According to Mackintosh (1975a), blocking
should develop in later trials if organisms learn to ignore
the added cue, because that cue does not predict any
change in the contingencies of reinforcement. Blocking
may be due not to competition for associative strength (as
RW contends) or even for attention, but to the fact that
attention is not summoned to cues that provide no new
information.

Could the advantage of the X; — Y discrimination in our
study have been due to learning that occurred on just that
first compound trial? We compared the last trial of A and
B in Phase 1 with the first trial of AX and BY in Phase 2,
respectively (see Figures 1 and 5). In both experiments,
mean predictions for A at the end of Phase 1 were 100
and mean predictions for B were 0. When X was added,
mean predictions for AX, although still high, decreased
(M = 81.3 and 71.0, for Experiments 1 and 2, respec-
tively), and the differences from the last trial of Phase 1
were significant [#(42) = 3.09, p = .003, and #(37) =
3.88, p < .001, for Experiments 1 and 2, respectively].
When Y was added, mean predictions for BY, although
still low, increased (M = 20.9 and 28.9, for Experiments 1
and 2, respectively), and the differences from the last trial
of Phase 1 were significant [#(42) = —3.33,p = .001, and
t(37) = —3.88, p < .001, for Experiments 1 and 2, re-
spectively]. Hence, at the beginning of Phase 2, there may
have been a discrepancy between the outcome that the par-
ticipants expected and the actual outcome. Perhaps this
discrepancy permits some learning of the added X;—Y;
discrimination, so that the facilitation that we observed for
X;—Y; in Phase 3 was due to this first-trial learning.

RW has no principled mechanism that reduces the
outcome expectation due to changes in the environmen-
tal situation, making it impossible for RW to explain our
data. But Mackintosh’s (1975b) attentional theory could
embrace our results, because it assumes that organisms
normally attend to novel cues; so, organisms might condi-
tion to an added cue on the first trial on which it is pre-
sented (Pearce & Hall, 1980, made the same prediction).
On subsequent trials, when organisms appreciate that the
added cue does not provide any new information, no more
learning should occur. To demonstrate that the facilitation
that we observed for X;—7Y, in Phase 3 was due to some
associative learning occurring on just the first trial would
require more empirical data than we presently have.

Learning Versus Performance

[Although] the distinction between learning and per-
formance is in fact often used, explicitly or implicitly,
in the formulation of the experimental problems, there
has been relatively little systematic concern with the
determiners of performance as distinguished from the
conditions of learning. (Postman, 1968, p. 556)

Postman’s (1968) cogent complaint was eclipsed in the
1970s by the success of error correction learning models
such as those of Rescorla and Wagner (1972), Mackintosh
(1975a), and Pearce and Hall (1980). Low levels of re-
sponding to a cue that had been paired with an outcome
were conceptualized as learning deficits. The compara-
tor hypothesis (Denniston et al., 2001; Miller & Matzel,
1988) revived the learning versus performance debate by
postulating that response deficits might be due not to ac-
quisition failures, but to performance processes. Organ-
isms would be able to store information about events oc-
curring together and later use that information when the
appropriate time came.

Overall, our results support the view that organisms do,
indeed, learn about cues that do not signal any change
in the environment—information that is redundant and
not immediately useful. This finding poses a serious prob-
lem for RW, but it supports CH. It seems that, at least in
our case, contiguity between cue and outcome (or its ab-
sence) is sufficient for learning to occur. But not all of
our data can be explained by the CH; there was some hint
of competitive learning in our results as well (the dispar-
ity between the X;—Y; and F;—H; discriminations in
Experiment 2). And there are still other phenomena that
are better accommodated by RW or different models that
focus on learning—for example, the gradual acquisition
and extinction of a cue—outcome association and trial
order effects (see Denniston et al., 2001). The debate is
far from over. The learning versus performance distinction
is again a lively theoretical contest in the realms of both
animal and human behavior. The experimental pursuit of
this distinction should continue to stimulate interesting
research and theory.
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NOTES

1. We did not include Trial 1 of Phase 3 in this and later analyses be-
cause prediction responses were made before participants saw the actual
outcome, so this first trial could not reveal any learning effect.

2. Note that Cues A;, By, A,, and B, were presented alone twice as
often as any of the other cues, so the discriminations involving these
cues are expected to be superior to the rest of the discriminations. Also,
note that Cues E|, G|, E,, and G, will not be included in these analyses,
because they were never presented alone.

APPENDIX
Instructions for the Experiments

We would like you to imagine that you are an allergist, that is, you are someone who tries to discover the
cause of allergic reactions in people. You have just been presented with a new patient, “Mr. X,” who suffers from
allergic reactions when he eats. In an attempt to discover which foods cause him to have allergic reactions, you
arrange for him to eat various foods for a meal on each day and you observe if he has an allergic reaction or not.
The results of the daily allergy tests will be shown to you on a series of screens. You will see a separate screen
for each day of the allergy test. On each screen you will be told what Mr. X ate that day and if there was an al-
lergic reaction. Sometimes you will be shown the name of one food and sometimes two. Please pay attention to
the different foods names and remember that your task as an allergist is to determine which food or foods are

causing an allergic reaction.

After seeing each day’s foods, you will be asked to predict whether or not each meal caused an allergic reac-
tion in your patient. Simply click YES if you believe that your patient will suffer an allergic reaction and click
NO if you think your patient will not suffer an allergic reaction. After you make your prediction, the computer
will inform you whether or not Mr. X actually suffered from a reaction. Obviously, at first you will have to guess
because you will not know anything about your patient, but hopefully you will begin to learn which foods cause
him an allergic reaction and which do not. You might view this experiment as a game and try to score as many
points (correct predictions) as you can. You will see the number of correct predictions that you have made near

the bottom of the screen during the daily allergy tests.

Later in the experiment, you will be asked to rate to what extent each of the foods affects the likelihood of an
allergic reaction in Mr. X, your patient, based on the information you have seen so far.
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