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Mediated conditioning versus retrospective revaluation
in humans: The influence of physical and functional

similarity of cues

Mimi Liljeholm and Bernard W. Balleine

Two experiments assessed whether similarity between the two elements of a compound would
influence the degree of mediated extinction versus recovery from overshadowing in human causal jud-
gements. In both Experiments 1 and 2, we assessed the influence of extinguishing one element of a
two-element compound on judgements about the other element. In Experiment 1 we manipulated
the physical similarity of the two elements of the compound; in Experiment 2, we used equivalence
and distinctiveness pretraining in order to vary their functional similarity. We found that these pro-
cedures influenced mediated extinction and recovery from overshadowing as a function of both phys-
ical and acquired similarity and distinctiveness, respectively. The implications of these results for
previously reported differences between humans and nonprimate animals are discussed.

Keywords: Mediated extinction; Recovery from overshadowing; Cue selection; Acquired equivalence.

It has been well established that human causal jud-
gements show a range of cue selection effects orig-
inally observed in nonprimate animals—that is,
when two cues are presented in compound, what
is learned about one of those cues is influenced
by individual training with the other cue (e.g.,
Chapman, 1991; Shanks, 1985). One example of
an effect of this kind is prevention of overshadow-
ing; if Cue A is initially presented without any
outcome, A–, and is then subsequently com-
pounded with Cue B and paired with an
outcome, ABþ, the influence of B is judged to
be greater than if the initial A– trials were not
given (e.g., Carr, 1974; Navarro, Hallam,
Matzel, & Miller, 1989).

There are, however, cue selection effects that
have been considered unique to humans—for

example, selection effects are often observed in
human judgements even when the sequence of trial
types is reversed, a phenomenon referred to as
retrospective revaluation (Dickinson & Burke,
1996). If, in prevention of overshadowing, presen-
tation of the single cue follows rather than pre-
cedes the compound trials (ABþ, A–) the
estimated causal strength of B is increased in
similar manner to the forward trial order.
Although retrospective revaluation effects in
humans are often weaker than the analogous cue
selection effects observed with forward designs
(e.g., Chapman, 1991), they stand in sharp con-
trast to evidence from Pavlovian conditioning in
animals indicating that, after ABþ training, the
extinction of A reduces rather than increases con-
ditioned responding to B, a phenomenon referred
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to as mediated extinction (Holland, 1999; Holland
& Forbes, 1982; Rescorla & Cunningham, 1978).

Although the bulk of the evidence for retro-
spective revaluation comes from studies with
humans, it has occasionally been demonstrated in
rats (e.g., Balleine, Espinet, & Gonzales, 2005;
Kaufman & Bolles, 1981; Liljeholm & Balleine,
2006). Likewise, whereas mediated conditioning
and extinction effects have primarily been demon-
strated in nonprimate animals, there is some evi-
dence for such judgements from human studies
as well (e.g., Hall, Mitchell, Graham, & Lavis,
2003). It appears, therefore, that both species
can, under appropriate conditions, engage in
both of these, apparently opposing, forms of learn-
ing. The question remains, however, why retro-
spective revaluation is more commonly observed
in humans and mediated conditioning more fre-
quently demonstrated in nonprimate animals.

One salient difference between studies on caus-
ality judgements in humans and Pavlovian con-
ditioning experiments with nonprimate animals
that may explain why seemingly similar exper-
imental procedures should yield such disparate
results is the nature of the stimuli used as cues.
For example, a common scenario presented to
human participants is that involving the influence
of different foods on allergic reactions (e.g.,
Melchers, Lachnit, & Shanks, 2004), where the
pairing of certain foods (e.g., banana and cheese)
results in an allergic reaction whereas one of
those foods alone (e.g., banana) does not. It is
likely that human participants have extensive
experience with these food stimuli; they can in
fact be considered experts on the distinct tastes,
tactile sensations, smells, and visual properties of
each cue. Consequently, they might be expected
to generalize less across the two stimuli on the
basis of any shared features and to be less likely
to configure the two stimuli into a single,
unique, cue on compound trials. In other words,
one may assume that participants are aware of
the potentially independent causal influences of
the two cues.

In contrast, in Pavlovian conditioning exper-
iments with nonprimate animals, naı̈ve subjects
are generally presented with novel stimuli that

often share common features. For example,
Balleine et al. (2005, Exp. 1) first exposed thirsty
rats to a two-element flavour compound in a
sucrose solution (ABþ) and subsequently to one
of the flavour elements of that compound in
either water (A–) or sucrose solution (Aþ). The
rats were then food deprived, and the other
flavour element (B) was presented in water.
Balleine et al. found that rats given Aþ consumed
more of B than did rats given A– (i.e., mediated
conditioning). One potential explanation for
these results is that some elements common to
the two flavours (orange and lemon–lime) encour-
aged generalization between them—that is, the
representation of any feature shared by A and B
would be active during the extinction or con-
ditioning of A in Phase 2, as well as during the
test of B. The assumption that the amount of gen-
eralization between to events is a function (linear
or not) of the number of shared features is ubiqui-
tous to theories of associative learning (e.g.,
McLaren & Mackintosh, 2002).

Another factor that might have contributed to
the absence of any retrospective revaluation
effects is the mixing of the two flavours into a
single solution during the compound phase,
which could potentially have encouraged the for-
mation of a unique configuration of the two cues
(e.g., Pearce, 1994). This configuration may then
have been retrieved both by Cue A in Phase 2
and by Cue B during test, thus providing a basis
for generalization. Some evidence for this notion
comes from a study on humans by Livesey and
Boakes (2004), in which forward cue selection
effects were completely abolished when the
spatial separation between compound elements
was reduced to zero (i.e., when the two compound
elements were completely merged into a single
cue).

Of course, in order to perceive two elements as
distinct causes, one must first perceive them as dis-
tinct events (Anderson, 1960). Thus, whether the
mediated conditioning effects observed by Balleine
et al. (2005) occurred because of generalization due
to common elements, or because of generalization
due to the formation of a unique configuration,
one would expect a treatment that enhanced
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discrimination between the two flavours to increase
the likelihoodof observing retrospective revaluation.
Consistent with this interpretation, Balleine et al.
(2005;Exp. 2) found that giving rats the opportunity
for perceptual learning of this kind, by giving them
intermixed preexposure to the two flavours
(Mackintosh, Kaye, & Bennett, 1991; Symonds &
Hall, 1995), resulted in retrospective revaluation
rather than mediated conditioning (i.e., in their
second experiment, rats given Aþ consumed less
of B than did rats given A–).

If a treatment that encourages discrimination
between two cues making up a compound
increases the likelihood of observing retrospective
revaluation in rats, one might expect, conversely,
that a treatment that encourages generalization
between cues making up a compound would
increase the likelihood of observing mediated con-
ditioning in humans. This suggestion was evalu-
ated in the current series. In both Experiments 1
and 2, we assessed the influence of extinguishing
one element of a two-element compound on
causal judgements about the other element. In
Experiments 1a and 1b we manipulated the phys-
ical similarity and spatial proximity of the two
elements of the compound whereas, in
Experiment 2, we employed a pretraining pro-
cedure in order to vary their functional similarity.

Asmentioned, previous studies that have success-
fully demonstrated retrospective revaluation effects
inhumanshave often employed compound elements
with rich, preexisting, semantic content, and these
compound elements were usually spatially separated
and labelled as distinct entities even on compound
trials. In a general attempt to reduce the influence
of these factors on discrimination, throughout all
conditions of the current experiments we presented
human participants with compounds made up of
two abstract shapes that were, at least partly, joined
by a common contour and that were verbally referred
to as a single cue.

EXPERIMENT 1

Livesey and Boakes (2004) abolished cue selection
effects in a forward blocking design by reducing

the spatial separation between compound elements
to zero. They suggested that the complete lack of
spatial separation had encouraged configural pro-
cessing and, as a result, increased the amount of
generalization between the compound and its
elements. In Experiment 1a, we attempt to
increase generalization between compound
elements in two ways: (a) by increasing the
number of shared features, and (b) following
Livesey and Boakes (2004), by reducing spatial
separation. In Experiment 1b, we assessed
whether the complete lack of spatial separation
was a necessary condition for any mediated extinc-
tion effects to emerge.

The stimuli and design of Experiment 1a are
presented in Figure 1a. In each of four groups, par-
ticipants were presented with a cover story stating
that their task was to evaluate whether certain pro-
teins activate a newly discovered receptor: the a

receptor. The two target proteins (i.e., those
making up the compound) each consisted of a

Figure 1. (a) Design and graphics of Experiment 1a. (b) Design

and graphics of Experiment 1b.
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large central feature in the shape of either a square
or a circle and two or three smaller external fea-
tures, each shaped as a square, a triangle, or a
circle. The proteins were of approximately the
same size and uniformly grey in colour.

In Phase 1 of the experiment, a protein com-
pound activated the a receptor across groups.
For two groups of participants, groups “similar”,
the two elements making up the compound were
completely merged on compound trials and dif-
fered only with respect to the shape and location
of one external feature, which occurred either on
the left or on the right side and had the shape of
either a square or a circle—see top two rows in
Figure 1a. In one of these groups, group “similar
extinction” (S-E), one element of the protein com-
pound subsequently failed to activate the a recep-
tor in a second phase, whereas, in the other group,
group “similar no extinction” (S-N) this com-
pound element was replaced with a novel protein
shape. For two analogous groups, groups “distinct
extinction” (D-E) and “distinct no extinction”
(D-N), the elements making up the protein com-
pound, although identical in colour and similar in
overall size, did not share any feature in terms of
shape and were partially separated by a spatial
gap, so that their individual contours were clearly
visible on compound trials—see the bottom two
rows in Figure 1a.

On test, participants in all groups rated the
likelihood that the compound element that had
not been presented alone (i.e., the element that
was absent in Phase 2 across groups) would acti-
vate the a receptor on a scale from 0 “not at all
likely” to 9 “extremely likely”.

If the recovery from overshadowing effect is
influenced by generalization based on physical
similarity, proximity or both, then this effect
should emerge when the elements of the com-
pound have distinct features and are separated by
a spatial gap, but not when they are physically
more similar, and the spatial separation is zero.
Indeed, in the latter case, we predicted that,
rather than increasing the predictive status of the
unpresented cue, extinction of one element
would generalize to the other element and
reduce its predictive status. Specifically, mean

ratings would be lower in group S-E than in
group S-N but higher in group D-E than in
group D-N.

Experiment 1b was conducted to explore
whether the complete lack of spatial separation
in Experiment 1a was necessary to observe a
mediated extinction effect in group S-E. Only
the “similar” groups were included in Experiment
1b, and these groups were identical to those in
Experiment 1a except that the two compound
elements were only partly joined by a common
contour—that is, a spatial gap was inserted that
made the individual contours of compound
elements clearly visible on compound trials—see
Figure 1b. If a high degree of feature similarity is
sufficient to generate a mediated extinction
effect, then the results of Experiment 1b should
be comparable to those observed for the “similar”
groups in Experiment 1a. If, however, generaliz-
ation in Experiment 1a was largely due to the
lack of spatial separation, then increasing this sep-
aration should reduce generalization between the
elements of the compound and, hence, reduce
mediated conditioning.

Method

Participants
A total of 110 undergraduates at the University of
California, Los Angeles (UCLA), participated to
obtain course credit in an introductory psychology
course. In Experiment 1a, 80 participants were
randomly assigned to four groups. In Experiment
1b, 30 participants were randomly assigned to
two groups.

Procedure
All aspects of the procedure were identical across
Experiments 1a and 1b. The materials were pre-
sented on a computer, and responses were given
on the keyboard. In addition to the compounds
and individual proteins shown in Figure 1, in
order to make the task less monotonous, partici-
pants were presented with a distractor receptor
(labelled b) and two distractor proteins that both
activated this b receptor. One of the distractor
proteins also activated the a receptor, while none
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of the target proteins activated the b receptor. At
the beginning of the experiment, participants in
all groups were presented with the following
cover story and instructions:

In this experiment, you will play the role of a research assistant

working in a molecular neuroscience laboratory. Your task is to

determine if certain proteins are capable of activating two newly

discovered receptors; the a and b receptors. On each trial, you

will be shown a particular protein together with a receptor and

you will be asked if you think that protein will activate that

receptor or not. If you think that it will activate the receptor,

press the Y key for “yes” and if you don’t think that it will acti-

vate the receptor, press the N key for “no”. Immediately after

answering you will be given feedback about if you were right

or wrong and after a few trials with each protein you should

be able to make accurate predictions.

On the feedback screen, participants were
informed about whether they were right or
wrong, and the state of the receptor (i.e., activated
or not) was also indicated graphically.

In Phase 1, the compound protein was pre-
sented 24 times, and each distractor protein was
presented 16 times. In Phase 2, the protein
element (see Figure 1) was shown 16 times, and
each distractor protein was shown 12 times. Half
of these trials involved the a (target) receptor,
and the other half involved the b receptor, for
both target and distractor proteins. All trials
within a phase were randomly presented. The par-
ticipants were not informed about the separate
phases and were presented with the trials in a
single continuous session.

At the end of the second phase participants
were presented with the following instructions:

In this part of the experiment, your supervisor wants to know

what you learned about the proteins. He will show you a

protein together with a receptor, and he wants you to rate

how likely it is that the particular protein will activate that

receptor, on a scale that ranges from 0 (Not at all likely) to 9

(Extremely likely). Even if you feel like you don’t know the

answer, your supervisor wants you to give him your best guess

based on the training you just had.

On the next screen, participants were shown
the relevant protein element (see Figure 1)
together with the scale described above. They
were asked how likely it is that the protein will
activate the receptor and were told to type in a

number between 0 and 9 to indicate their rating
on the scale. No other ratings were collected.

Results

Experiment 1a
To ensure that training had proceeded as planned,
statistical analyses were performed on the number
of errors committed on trials involving the target
proteins (the compound in Phase 1 and the com-
pound element in Phase 2) and the target (a)
receptor. The mean number of errors on trials
with the protein compound was 1.2, 1.3, 0.95,
and 1.5 in groups S-E, S-N, D-E, and D-N,
respectively. The mean number of errors on trials
with the compound element (or with the control
protein in groups S-N and D-N) was 2.0, 1.9,
2.4, and 1.4 in groups S-E, S-N, D-E, and D-
N, respectively. There were no significant differ-
ences between groups for either the compound
or the compound element, Fs , 0.90.

The mean likelihood ratings from the test are
presented in Figure 2 (first four bars). There was
clear evidence for mediated extinction such that
mean ratings were lower in group S-E than in
group S-N. Conversely, as predicted, we observed
retrospective revaluation in group D-E; the mean
ratings in this group were higher than those in
group D-N. As would be expected based on the
mediated extinction and retrospective revaluation
effects, the two extinction groups also differed,
such that mean ratings were lower in group S-E

Figure 2. Results from Experiment 1a and Experiment 1b. Mean

likelihood ratings on test in each group. Error bars represent +
standard error of the mean.
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than in group D-E. Finally, there was a clear
difference between groups S-N and D-N such
that mean ratings were higher in the former
group than in the latter, which is probably indica-
tive of differential generalization from the training
compound to the test element in the two groups.

This description was confirmed by the statisti-
cal analysis. A Similarity (2) � Extinction (2)
analysis of variance was performed on the ratings
from groups S-E, S-N, D-E, and D-N, with
both factors as between-subject variables. There
was no main effect of similarity, F(1, 76) ¼ 3.09,
p¼ .08; however, there was a main effect of extinc-
tion, such that mean ratings were significantly
lower in the extinction groups than in the groups
that did not receive extinction, F(1, 76) ¼ 5.05,
p , .05. Moreover, there was a highly significant
interaction between similarity and extinction,
F(1, 76) ¼ 44.39, p , .001.

Simple effect analyses revealed that mean
ratings were significantly lower in group S-E
than in group S-N, F(1, 38) ¼ 53.76, p , .001,
indicative of mediated extinction. Furthermore,
mean ratings were significantly higher in group
D-E than in group D-N, F(1, 38) ¼ 7.72, p ,

.01, indicative of a recovery from overshadowing
effect. Finally, the difference between groups
S-E and D-E was significant, F(1, 38) ¼ 31.78,
p , .001, as was the difference between groups
S-N and D-N, F(1, 38) ¼ 13.60, p , .005.

Experiment 1b
With respect to the training data, the mean
number of errors on trials with the protein com-
pound was low (1.1 and 1.4 for groups S-E and
S-N, respectively) as was the mean number of
errors on trials with the compound element or
control protein: 2.0 and 1.8 for groups S-E and
S-N, respectively. There were no significant differ-
ences between groups for either the compound or
the compound element, Fs , 0.70.

The mean likelihood ratings from the test are
presented in Figure 2 (last two bars). Again,
there was clear evidence for mediated extinction:
A one-way, between-subjects analysis of variance
performed on the ratings revealed that mean
ratings were significantly lower in group S-E

than in group S-N, F(1, 38) ¼ 17.0, p , .001.
Adding the ratings from the similar groups of
Experiment 1a, an Experiment (2) � Extinction
(2) between-subjects analysis of variance was per-
formed to directly assess the influence of spatial
separation. There was a main effect of extinction,
F(1, 76) ¼ 61.0, p , .001, but no effect of the
experiment variable, F(1, 76) ¼ 1.1, p ¼ .3, nor
an interaction between experiment and extinction,
F(1, 76) ¼ 1.9, p ¼ .17.

Discussion

The results of Experiment 1 support the argu-
ment that mediated extinction is based, primar-
ily, on generalization due to the similarity of
the elements presented in the compound phase.
In Experiment 1a, when the elements of the
compound were highly similar, and their spatial
separation was reduced to zero on compound
trials, mediated extinction emerged rather than
retrospective revaluation. In Experiment 1b, the
complete lack of spatial separation was ruled
out as a necessary condition for this mediated
extinction effect. Indeed, the cross-experiment
analysis revealed no reliable difference between
the similar groups of Experiment 1a and those
in Experiment 1b.

It is unlikely, however, that the proximity of
compound elements played no role in the
mediated extinction effects observed in these
experiments. Recall that, across all conditions,
compound elements were at least partly joined by
a common contour, and the compound was
referred to as a single cue; this might have encour-
aged configural processing to a point where any
additional reduction in spatial separation became
negligible. A high degree of configural processing,
due to the proximity of compound elements,
might also explain why the retrospective revalua-
tion effect in Experiment 1 was much less pro-
nounced than the mediated extinction effects.
More systematic parametric studies will be
required to explore the respective roles of spatial
proximity and physical similarity in the emergence
of mediated conditioning versus retrospective
revaluation effects.
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Of course, many demonstrations of mediated
conditioning in nonprimate animals have
employed compound elements that are neither
similar nor spatially proximal, such as auditory
and visual stimuli (e.g., Shevill & Hall, 2004),
making an account of mediated extinction based
solely on the overlap of physical features less plaus-
ible. There are, however, sources of generalization
available other than physical similarity. For
example, it has been demonstrated that generaliz-
ation between two events can be increased or
reduced based on whether they predict a
common consequence or distinct consequences.
Functional similarity could, therefore, also influ-
ence the size of retrospective revaluation effects,
and, as such, we assessed this possibility in
Experiment 2.

EXPERIMENT 2

So far, we have considered two sources of gener-
alization between compound elements: the
number of shared features and the configuration
of compound elements into a unique cue.
Another potential source of generalization can
be derived from the fact that, on compound
trials, the two elements of the compound are
paired with a common consequence, a treatment
that has previously been found to increase gener-
alization. For example, Honey and Hall (1989,
Exp. 3) presented animals with three perceptual
cues (A, N, and B). In one group A and N
were each followed by a food pellet, whereas B
was not (i.e., Aþ, Nþ, B2). In a second
group B was reinforced whereas A and N were
not (i.e., A2, N2, Bþ). Finally, Cue N was
paired with foot-shock after which generalization
of fear to Cues A and B was assessed. Animals
in both groups were found to generalize fear
conditioned to N more to Cue A than to Cue
B, a phenomenon referred to as acquired equival-
ence. Likewise, in human participants, several
researchers have demonstrated enhanced general-
ization between stimuli that had previously been
treated the same way, as well as poor generaliz-
ation between stimuli that had previously been

treated differently—that is, acquired distinctive-
ness (e.g., Hall et al., 2003). In the current exper-
iment, we explored whether equivalence and
distinctiveness treatments would promote
mediated extinction and recovery from oversha-
dowing, respectively.

The design of Experiment 2 was the same as
that for Experiment 1 with the following excep-
tions: (a) The same set of stimuli were used in all
four groups, (b) a pretraining phase was added
for all groups, (c) rather than replacing
the extinction element with a novel protein, the
extinction phase was simply eliminated for
groups S-N and D-N, and (d) there was only
one distractor protein. The experiment had
three phases with each phase corresponding to
training with one of three receptors (the a, b,
and p receptors). In the first two phases, the
influence of three different proteins (all black
and shaped, respectively, as a square, circle, and
triangle) on the activation of the a and a recep-
tors (Phases 1 and 2, respectively) was evaluated.
This constituted the pretraining. In the third
phase, participants evaluated the influence of a
protein compound, made up of the square and
circle elements, on the activation of the p recep-
tor. As before, the compound elements were
partly joined by a common contour and were
verbally referred to as a single cue on compound
trials.

The overall design of Experiment 2 is pre-
sented in Table 1. In the “similar” groups, the
circle (C) and square (S) both activate the a

receptor but not the b receptor, whereas the tri-
angle (T) activates the b receptor but not the a

receptor. In other words, C and S were function-
ally similar to one another and functionally
different from T (protein T was included to
provide a frame of reference for the equivalence
of S and C). In group S-E, the SC compound
was presented as a cause of p receptor activation
in a third phase, whereas, in a fourth phase (the
extinction phase), protein C alone did not acti-
vate this receptor. Group S-N received identical
treatment, except that there were no presenta-
tions of C alone in the fourth phase.
Participants in the two analogous groups,
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groups D-E and D-N, receive a treatment iden-
tical to that in groups S-E and S-N, respectively,
except that proteins C and T both activated the
a receptor but not the b receptor, whereas
protein S activated the b receptor but not the
a receptor. We hoped, by this treatment, to
encourage participants to treat the proteins S
and C as functionally distinct; again, protein T
was intended to highlight this distinctiveness.
On test, participants in all groups rated the like-
lihood that protein S would activate the p recep-
tor, on a scale from 0 “not at all likely” to 9
“extremely likely”.

If our equivalence and distinctiveness manipu-
lations are effective, and if the recovery from over-
shadowing effect is negatively related to the degree
of generalization based on functional similarity,
then this retrospective revaluation effect should
emerge after distinctiveness pretraining but not
after equivalence pretraining. Indeed, in the
latter case, we predicted that mediated extinction
would emerge. In other words, the mean likeli-
hood ratings should be lower in group S-E than
in group S-N but higher in group D-E than in
group D-N.

Method

Participants
A total of 60 undergraduates at UCLA partici-
pated to obtain course credit in an introductory
psychology course. They were randomly assigned
to four groups.

Procedure
The procedure was identical to that of Experiment
1, except for modifications pertaining to the
number of phases in the experiment and the
number of receptors and proteins under evalu-
ation. In Phases 1 and 2 each of the three proteins
were presented 12 times in random order for all
groups. For groups S-N and D-N, 16
SC-compound trials and 16 T trials were ran-
domly presented throughout Phases 3 and 4. For
groups S-E and D-E, 12 SC-compound trials
and 8 T trials were randomly presented in Phase
3, while 12 C trials and 8 T trials were randomly
presented in Phase 4. Participants were informed
that the first three phases of the experiment were
separate assessments, and each of these phases
began with a screen announcing which of the
receptors would be evaluated. However, no infor-
mation was given about the shift from Phase 3 to
Phase 4, and participants were simply presented
with a continuous stream of trials across these
phases.

The reason for not including nonreinforced pre-
sentations of a novel cue in groups S-N andD-N, to
match the extinction phase in the other groups (as
was done in Experiment 1), was that the cues in
Experiment 2 only varied along the single dimension
of basic shape. Any novel cue would therefore have
had to involve either a drastic increase in complexity
(i.e., sharing features with all other cues) or a sub-
stantial overlap with one, but not the other, cues.
In order to reduce, albeit only slightly, the difference
in the total number of trials presented to participants

Table 1. Activation and nonactivation of the a receptor, b receptor, and p receptor by the square, circle, triangle, and compound proteins, for

all groups in Experiment 2

Pretraining

Compound Extinction Test

Group Phase 1: a Phase 2: b Phase 3: p Phase 4: p p

S-E Sþ, Cþ, T2 S2, C2, Tþ SCþ, Tþ C2, Tþ S?

S-N Sþ, Cþ, T2 S2, C2, Tþ SCþ, Tþ SCþ, Tþ S?

D-E S2, Cþ, T2 Sþ, C2 Tþ SCþ, Tþ C2, Tþ S?

D-N S2, Cþ, T2 Sþ, C2 Tþ SCþ, Tþ SCþ, Tþ S?

Note:þ denotes activation; – denotes nonactivation; a receptor ¼ Phase 1; b receptor ¼ Phase 2; p receptor ¼ Phases 3–4. S ¼

square; C¼ circle; T¼ triangle; SC¼ compound proteins. S-E¼ similar extinction. S-N¼ similar no extinction. D-E¼ distinct

extinction. D-N ¼ distinct no extinction.
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as a result of eliminating the extinction phase, par-
ticipants in groups S-N and D-N received four
more compound trials than did participants in
groups S-E and D-E.

On test, participants in all groups rated, in
order (a) the likelihood that protein C will activate
the a receptor, (b) the likelihood that protein S
will activate the a receptor, (c) the likelihood
that protein C will activate the p receptor, and
(d) the likelihood that protein S will activate the
p receptor (the target test trial). Except for these
multiple test trials, the instructions and rating
scale used for the test were identical to those in
Experiment 1. Importantly, the influence of the
different proteins on the a receptor was the oppo-
site of that predicted for the p receptor in each
group. Consequently, while reminding partici-
pants of the relationship between proteins S and
C, the initial test trials do not encourage partici-
pants to provide ratings that correspond numeri-
cally to our predictions.

Results and discussion

As in Experiment 1, statistical analyses were per-
formed on the number of errors committed on
trials involving the target proteins. During pre-
training with the a and b receptors, the mean
number of errors was low (0.60). A three-way
analysis of variance performed on these pretraining
errors, with group, receptor, and protein as factors,
revealed no significant differences between the
four groups, nor between the two receptors or
between the two proteins, and no interactions, all
Fs , 1.5. With respect to the target receptor (p)
the mean number of errors on trials with the
protein compound (SC) was 0.27, 0.33, 0.33,
and 0.4 in groups S-E, S-N, D-E, and D-N,
respectively. The mean number of errors on trials
with the extinguished compound element (i.e.,
protein C, which was presented alone together
with the p receptor in groups S-E and D-E but
not in groups S-N and D-N) was 0.60 and 0.47
in groups S-E and D-E, respectively. There were
no significant differences between groups for
either the compound or the compound element,
Fs , 0.50.

To further ensure that pretraining had pro-
ceeded smoothly, an analysis of variance was per-
formed on ratings of the likelihood that proteins
S and C, respectively, would activate the a recep-
tor. For groups similar, in which both proteins had
activated the a receptor, mean ratings equalled
8.50 and 8.43 for the C and S protein, respectively.
There was no significant difference between the
two groups or between the two proteins and no
interaction, all Fs , 0.12. For groups distinct, in
which protein C but not protein S had activated
the a receptor, mean ratings were significantly
higher for protein C (8.03) than for protein S
(0.60), F(1, 28) ¼ 172.76, MSE ¼ 4.80, p ,

.001, but there was no difference between the
two groups, nor was there an interaction, Fs, 1.6.

To verify that the compound element had
extinguished in groups S-E and D-E, a two-
way analysis of variance, with similarity and
extinction as factors, was performed on ratings
of the likelihood that the extinguished compound
element (C) would activate the p receptor. This
analysis confirmed that the compound element
had extinguished in groups S-E and D-E (mean
rating ¼ 0.81 and 1.3, respectively) but not in
groups S-N and D-N (mean rating ¼ 4.07 and
4.0, respectively) resulting in main effect of
extinction, F(1, 54) ¼ 14.44, p , .001. In
contrast, there was no effect of similarity, nor
any interaction between extinction and similarity,
Fs , 0.8.

The mean likelihood ratings from the target
test (i.e., the final rating) are presented in
Figure 3. Evidence indicative of a mediated
extinction effect as a consequence of the equival-
ence training was observed, such that mean
ratings were lower in group S-E than in group
S-N. Analogously, the distinctiveness training
given to groups D-E and D-N appeared to
encourage retrospective revaluation; the mean
ratings in group D-E were higher than those in
group D-N. A clear difference also emerged
between the two extinction groups; mean likeli-
hood ratings appeared to be lower in group S-
E than in group D-E. In contrast, groups S-N
and D-N did not appear to differ from one
another.
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This description was confirmed by the statistical
analysis. As in Experiment 1, a Similarity (2) �

Extinction (2) analysis of variance was performed
on the ratings from groups S-E, S-N, D-E, and
D-N,with both factors as between-subject variables.
Therewas amain effect of similarity, such thatmean
ratings were significantly lower in the acquired
equivalence groups than in the acquired distinctive-
ness groups, F(1, 56) ¼ 5.05, p , .05. Moreover,
there was a highly significant interaction between
similarity and extinction, F(1, 56) ¼ 11.71, p ,

.005. There was no main effect of extinction, F(1,
56) ¼ 0.38, p ¼ .54.

Simple effects analyses revealed that mean
ratings were significantly lower in group S-E
than in group S-N, F(1, 28) ¼ 8.33, p , .01,
indicative of mediated extinction. However,
while mean ratings were higher in group D-E
than in group D-N, this recovery from oversha-
dowing effect was only marginally significant,
F(1, 28) ¼ 3.85, p ¼ .06. Finally, while the differ-
ence between groups S-E and D-E was significant,
F(1, 28)¼ 26.49, p, .001, the difference between
groups S-N and D-N, unlike in Experiment 1a,
was not, F(1, 28) ¼ 0.21, p ¼ .65.

In order to assess whether the failure to obtain a
significant recovery from overshadowing effect was
a matter of statistical power, 10 additional partici-
pants were run on the two distinct conditions (5
each in Groups D-E and D-N, respectively). A

Replication (2) � Extinction (2) analysis of var-
iance performed on the target ratings found no
main effect of the replication factor, nor an inter-
action, Fs , 0.2, indicating that these 10
additional participants did not differ as a group
from those in the original experiment. There
was, however, a main effect of extinction, such
that mean ratings were significantly higher in
group D-E than in group D-N, F(1, 36) ¼ 5.95,
p , .05. That is, with 10 additional participants
the retrospective revaluation effect was indeed
rendered reliable.

In summary, as predicted, acquired equivalence
and distinctiveness treatments promoted mediated
extinction and retrospective revaluation, respect-
ively. It is important to consider the entire
pattern of results when interpreting these effects.
For example, recall that the two no extinction
groups received a small number of additional
trials with the SCþ compound relative to the
extinction groups. Indeed, in the no extinction
groups, the p receptor was always activated
regardless of the protein (i.e., Phases 3 and 4).
Thus, if focusing only on the similar groups, one
might attribute the fact that the target test
ratings were higher in group S-N than in group
S-E to this difference in training. However, this
alternative account fails to explain why a difference
in the opposite direction emerged between the two
distinct groups.

It is interesting to note that, as in Experiment
1a, the mediated extinction effect appears to be
more pronounced than the retrospective revalua-
tion effect. It is possible that, in spite of the pre-
training, significant generalization between
compound elements occurred in group D-E, and
that more extensive pretraining would have
resulted in greater recovery from overshadowing
for this group. One interesting source of generaliz-
ation that may have prevented a more robust
recovery from overshadowing effect in group
D-E is the acquired equivalence produced by the
compound–outcome pairings in Phase 3. Indeed,
the only difference between this compound train-
ing and acquired equivalence training is that the
compound elements occur simultaneously rather
than separately. Notably, although Pavlovian

Figure 3. Results from Experiment 2. Mean likelihood ratings on

target test trial in each group. Error bars represent + standard

error of the mean.
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conditioning experiments demonstrating mediated
extinction in rats (e.g., Holland, 1999; Holland &
Forbes, 1982) do not employ any equivalence pre-
training per se, it is possible that such effects are
encouraged by acquired equivalence induced
during compound training.

GENERAL DISCUSSION

In two experiments we evaluated retrospective
revaluation and mediated extinction in human
participants, using procedures that encouraged
generalization or discrimination between com-
pound elements. In Experiment 1, we found that
a high degree of physical similarity of compound
elements resulted in mediated extinction. In con-
trast, when the compound elements were quite
distinct, retrospective revaluation emerged. In
Experiment 2, we manipulated the functional
similarity of compound elements and found that
this procedure was effective at promoting
mediated extinction and retrospective revaluation
as a function of acquired equivalence and distinc-
tiveness, respectively. These results may shed
some light on why retrospective revaluation
effects are most frequently observed with human
participants whereas mediated extinction and
mediated conditioning are commonly demon-
strated in nonprimate animals. Previous studies
of human causality judgement have tended to use
scenarios in which stimuli presented in compound
were likely to be readily interpreted as distinct
events with potentially distinct causal influences.
It appears that a high degree of discriminability
between compound elements, based on previously
acquired semantic knowledge, distinctiveness pre-
training, or a large number of unique physical fea-
tures, is necessary for retrospective revaluation
effects to emerge. Distinctiveness between com-
pound elements may be particularly important
because of the potential for enhanced generaliz-
ation due to equivalence learning occurring on
compound conditioning trials. Another apparent
source of generalization that may interfere with
retrospective revaluation effects is the merging
of compound elements into a configural

representation. Recall that, in all conditions of
the current experiments, compound elements
were partly joined by a common contour and verb-
ally referred to as a single cue on compound trials.
It is likely that this encouraged a configuration of
compound elements (see Livesey & Boakes, 2004),
which may account for why the meditated extinc-
tion effect was more pronounced than the recovery
from overshadowing effect across experiments.

Both retrospective revaluation and mediated
conditioning effects initially posed a problem for
traditional associative accounts of causal learning.
For example, in the sometimes opponent process
(SOP) theory, Wagner (1981) proposed that
stimuli are represented as collections of elements
and that, at any given point in time, each
element can be in one of three states: inactive
(I), active 1 (A1), and active 2 (A2). The actual
presentation of stimulus activates its elements
into the A1 state, from which they decay into
the A2 state. In addition, elements that are in
the A1 state (i.e., present) can associatively retrieve
absent elements into the A2 state. According to
the SOP theory, different associations form
between elements depending on what state they
are in; however, no associations, inhibitory or
excitatory, can form between elements that are
simultaneously in the A2 state.

In order to account for mediated extinction and
conditioning, Holland (1983) proposed a modifi-
cation of Wagner’s SOP theory, such that elements
that are both in the A2 state form inhibitory associ-
ations, thus explaining why presenting one element
of a previously reinforced compound without
reinforcement would extinguish the associative
strength of the other, nonpresented, element of
that compound—that is, both the nonpresented
element and the reinforcer would be associatively
retrieved into A2 resulting in an inhibitory associ-
ation between the two. In contrast, in order to
account for retrospective revaluation effects,
Dickinson and Burke (1996) proposed the exact
opposite modification of Wagner’s theory, arguing
that elements that are both in the A2 state would
form excitatory connections, thus explaining how
presenting one element of a previously reinforced
compound without reinforcement could increase
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the associative strength of the other, nonpresented,
element.1 If, as early findings indicate, retrospective
revaluationwas a uniquelyhumanphenomenon, and
mediated extinction was unique to nonprimate
animals, the contradictory nature of these two ver-
sions of the original SOP model might not pose a
problem. However, the current results suggest that
the source of the differences between human partici-
pants and nonprimate animals, with respect to retro-
spective revaluation and mediated extinction, does
not lie in a difference between species.

This is not itself surprising; other researchers
have found retrospective revaluation in nonpri-
mate animals by manipulating different aspects
of compound elements, such as increasing their
discriminability (Balleine et al., 2005) or reducing
their biological relevance (Miller & Matute,
1996). Here we show, conversely, that mediated
extinction can emerge in humans and provide evi-
dence that such effects are influenced by stimulus
generalization based either on common elements
or on common consequences. These findings
imply, of course, that the species differences pre-
viously described were a product of the procedures
and the particular stimuli that were used in
those studies. We propose that the use of stimuli
with which the human participants were highly
familiar ensured that they were able to discrimi-
nate between them and were capable of ascribing
individual causal influences to these cues. In con-
trast, nonprimate animals are typically exposed to
novel cues during the compound phase and
hence have little basis on which to discriminate
between compound elements or represent them
as discrete entities. Moreover, the common conse-
quences with which compound elements are
associated could result in increased generalization
between them based on their apparent functional
equivalence. Consequently, it seems that, rather
than having one rule for nonprimate animals and
another for humans, an associative theory could

coherently account for both retrospective revalua-
tion and mediated conditioning effects by consid-
ering the influence of factors affecting stimulus
generalization.
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