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Over the past 20 years, human contingency learning has resurfaced as an important topic within
experimental psychology. This renewed interest was sparked mainly by the proposal that
associative models of Pavlovian conditioning might also apply to human contingency learning—a
proposal that has led to many new empirical findings and theoretical developments. We provide a
brief review of these recent developments and try to point to issues that need to be addressed in
future research.

Our ability to detect contingencies between events is crucial for our functioning and survival
because it allows us to predict and control events in the environment. But how do we learn that
one event predicts or causes the presence or absence of another event? This question has occu-
pied the minds of philosophers and psychologists for many centuries (e.g., Cheng, 1997;
Hume, 1739/1987; Kant, 1781/1965; Michotte, 1954; Shanks, Holyoak, & Medin, 1996). In
most modern studies on human contingency learning (HCL), participants receive informa-
tion about a number of situations in which certain cues and certain outcomes are either present
or absent, and they are asked to judge the extent to which the presence of a cue is related to the
presence of the outcome. For instance, on each trial, participants might see a list of foods that a
fictitious patient has eaten (i.e., the cues) together with information about whether the patient
showed an allergic reaction after eating those foods (i.e., the outcome). On the basis of this
information, participants judge how likely it is that the patient will have an allergic reaction
after eating a particular food or combination of foods.

At a procedural level, studies of HCL are very similar to those of Pavlovian conditioning:
Stimuli (cues and outcomes) are paired in a certain way, and the resulting changes in the
responses to the stimuli (contingency judgements) are assessed. In 1984, Dickinson, Shanks,
and Evenden proposed that HCL and Pavlovian conditioning might be similar not only at the
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procedural level, but also with respect to the effects that can be observed and the processes that
underlie these effects. They argued that phenomena that have been observed in Pavlovian
conditioning might also occur in HCL, and that models of the former might also be valid for
the latter form of learning. This proposal has led to a proliferation of research and theories
concerning HCL.

In the present paper, we present a brief review of these recent developments. We focus on
associative models of Pavlovian conditioning that have been applied to HCL, on the main non-
associative models of HCL that were contrasted with those associative models, and the studies
that highlight the strengths and weaknesses of both types of model. Although this
encompasses a large part of the recent literature on HCL, our paper provides only a selective
review of modern HCL research. For instance, we largely ignore (1) studies in which
information about the relation between stimuli is summarized in the form of tables rather than
presented sequentially (i.e., on a trial-by-trial basis), (2) studies in which participants learn
about the relation between responses that they are free to perform and the outcome of those
responses, and (3) models of causal reasoning and causal judgement that are mainly based on
the results of such studies and that have not been contrasted directly with associative models
(e.g., Anderson & Sheu, 1995; White, 2002). Furthermore, our paper is primarily about
human contingency learning (i.e., learning about the relation between the presence of two
stimuli) rather than about causal learning (i.e., learning about whether one stimulus produces
another stimulus). But because causal learning can be regarded as one particular form of
contingency learning, we discuss some models of, and studies about, causal learning, in
particular those that inform us about the strengths and weaknesses of general models of
contingency learning.

Despite the inevitable limitations in the scope of this review, we bring together a large vari-
ety of findings and theories. By doing so, we hope to provide a useful introduction to modern
HCL research and to help identify some of the issues that need to be addressed in future
research. In the first part of the paper, we focus on the dominant models of HCL and the
research that was inspired by these models. The second part is devoted to a number of findings
that do not fit with any of the dominant models but that can, in most cases, be explained within
alternative theoretical frameworks.

FORWARD BLOCKING AND THE RESCORLA–WAGNER
MODEL

At the time that Dickinson and colleagues (1984) published their seminal work, most theories
of HCL postulated that judgements about the contingency between a target cue T and an out-
come do not merely depend on the number of times that the target cue and the outcome have
co-occurred, but also on information about the number of times that only the cue, only the
outcome, or neither was present in a certain situation (see Shanks, 1995, for a review). For
instance, according to the well-known DP model, judgements about the contingency between
a target cue T and an outcome O reflect the probability with which the outcome was present
when the target cue was present, P(O|T), minus the probability of the outcome when the cue
was not present, P(O|~T). Models such as the DP model thus postulate that contingency
judgements are a fairly accurate reflection of the actual statistical contingencies between
events.
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This emphasis on the role of statistical contingency was not new. During the 1960s, schol-
ars of Pavlovian conditioning had already put forward the idea that the strength of conditioned
responses is a function of the statistical contingency between the conditioned stimulus (CS)
and the unconditioned stimulus (US; e.g., Rescorla, 1968). However, they quickly discovered
that the statistical contingency between CS and US is not the only thing that matters. Most
important, Kamin (1969) demonstrated that conditioned responses toward a target CS, T,
also depend on the statistical contingency between other CSs and the US. In his experiments,
a target CS (e.g., a light) was presented with an alternative CS (e.g., a tone), and this com-
pound was followed by the US (we refer to such trials as AT+ trials, where T stands for the
target CS, A for the alternative CS, and + for the presence of the US). The crucial result was
that on test the target CS, T, evoked a weaker conditioned response when the AT+ trials were
preceded by trials on which the alternative CS, A, was paired individually with the US (A+)
than when A was not trained on its own (no A+ trials).

This effect, which became known as blocking, led to the development of many new models
of Pavlovian conditioning, the most influential being the Rescorla–Wagner model (Rescorla &
Wagner, 1972). According to this model, associations are formed between the representations
of CSs and USs that are presented together. The strength of the conditioned response that is
evoked by a CS will depend on the strength of the association between the representations of
the CS and the US. Importantly, each time a CS is presented, the strength of the CS–US asso-
ciation is updated according to the following learning rule:

D SV Vn n= - -ab l( )1 (1)

According to this rule, the extent to which the associative strength of a CS will change on a
given trial (DVn) depends not only on the associative strength that the cue had acquired previ-
ously, but also on the existing associative strengths of other cues that are present on the trial
(SVn–1). It is the latter assumption that allows the Rescorla–Wagner model to explain blocking
and related cue competition effects. During A+ trials that precede AT+ trials, A will gain
associative strength up to some maximum value (l) that depends on the intensity of the US.
Therefore, when A is afterwards presented together with T, the combined associative
strength of A and T (SVn–1) will equal l (l has a fixed positive value when the US is present but
is zero when the US is absent), and thus DVn will be zero. As a result, T will gain little if any
associative strength and will not evoke a (strong) conditioned response when presented on its
own. Put in psychological rather than mathematical terms, the Rescorla–Wagner model pos-
tulates that learning (i.e., the change in associative strength) depends on the extent to which
the presence or absence of the US is expected (i.e., l–SVn–1). Because participants learn on the
A+ trials that A predicts the US, they are not surprised by the presence of the US on the AT+
trials and as a result learn little about the relation between T and the US.

Dickinson et al. (1984) pointed out that the Rescorla–Wagner model can easily be applied
to HCL. One only needs to assume that associations are formed between the representations of
cues and outcomes, that the strength of these associations is updated according to the
Rescorla–Wagner learning rule, and that judgements about the contingency between a target
cue and an outcome are a reflection of the strength of the association that links the representa-
tions of that cue and outcome. They then reasoned that if the Rescorla–Wagner model is a
valid model of HCL, blocking should also occur in HCL. Dickinson et al. (1984, Experiment
2) indeed found that contingency judgements for a target cue T were lower when AT+ trials
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were preceded by A+ trials than when no A+ trials were presented. This result was crucial
because it could not be explained on the basis of the existing models of HCL, whereas it was
fully anticipated by the Rescorla–Wagner model. It therefore lent substantial support to the
claim that the Rescorla–Wagner model is a valid model of HCL.

BACKWARD BLOCKING AND THE PROBABILISTIC
CONTRAST MODEL

Soon after the influential studies of Dickinson et al. (1984), Shanks (1985) tested another pre-
diction of the Rescorla–Wagner model. According to the model, blocking should occur if the
A+ trials are presented before the AT+ trials, but not if they are presented after the AT+
trials. In the latter case, A does not have associative strength prior to the AT+ trials, and T can,
therefore, acquire associative strength. Moreover, the subsequent A+ trials should have no
effect on the associative strength of T. This follows from the assumption that the associative
strength of a cue will change only on trials where that cue is present. Because T is not present
on the A+ trials, the A+ trials should have no effect on the associative strength of T. There-
fore, contingency judgements for T should be the same regardless of whether AT+ trials are
followed by A+ trials or not. Shanks (1985), however, showed that contingency judgements
for T were lower when A+ trials were presented after the AT+ trials than when no A+ were
presented. This result, known as backward blocking, raised serious questions about the validity
of the Rescorla–Wagner model as a model of HCL. Similar “retrospective revaluation” effects
have meanwhile been found in many other studies (e.g., Chapman, 1991; De Houwer,
Beckers, & Glautier, 2002; Dickinson & Burke, 1996; Larkin, Aitken, & Dickinson, 1998;
Wasserman & Berglan, 1998; Williams, Sagness, & McPhee, 1994).

Perhaps encouraged by this failure of the Rescorla–Wagner model, attention was re-
directed to the kind of probabilistic models that dominated HCL research before the publica-
tion of Dickinson et al.’s (1984) work. Most prominently, Cheng and colleagues (e.g., Cheng &
Holyoak, 1995; Cheng & Novick, 1990, 1992; also see Waldmann & Holyoak, 1992) developed
the probabilistic contrast model. This model is similar to the DP model in that it states that
contingency judgements will reflect the objective contingency between the presence of a tar-
get cue and the presence of the outcome. The main difference is that the objective contingency
is calculated on the basis of a focal set of situations in which the presence of other cues is kept
constant. For instance, when the target cue T is always presented in compound with an alter-
native cue A, contingency judgements for T will reflect the difference between the probability
of the outcome when both A and T are present, P(O|A.T), and the probability of the outcome
when only A is present, P(O|A.~T). The logic underlying the model is straightforward: In
order to make valid inferences about the relation between T and the outcome, one needs to
compare situations that only differ with regard to the presence of T (e.g., both A and T are
present versus A but not T is present) rather than situations that differ with regard to the pres-
ence of several cues (e.g., both A and T are present versus no cue is present).

The probabilistic contrast model provides a straightforward explanation for both forward
and backward blocking effects. Regardless of whether the A+ trials are presented before or
after the AT+ trials, they will result in an increase of the probability that the outcome occurs in
the presence of A and the absence of T and thus in a decrease of the difference between this
probability and the probability of the outcome in the presence of both A and T. Because

292 DE HOUWER AND BECKERS



contingency judgements for T will reflect the latter difference, P(O|A.T) – P(O|A.~T),
judgements for T will be lower when A+ trials precede or follow AT+ trials than when no A+
trials are presented.

REVISIONS OF ASSOCIATIVE MODELS

Demonstrations of backward blocking and related retrospective revaluation effects did not,
however, mark the end for associative models of HCL. Just as earlier probabilistic models had
been modified in order to account for (forward and backward) blocking, researchers started to
examine whether associative models could be adapted to accommodate backward blocking and
other forms of retrospective revaluation effects. Van Hamme and Wasserman (1994; also see
Markman, 1989) pointed out that the Rescorla–Wagner model had to be revised only slightly
in order to render it compatible with the data on retrospective revaluation. In the original
model, the associative strength of a cue could change only on trials where that cue was actually
present. Van Hamme and Wasserman proposed a revision of the model in which the associa-
tive strength of a target cue could also change on trials where the cue was absent but expected.
The presence of a target cue can be expected either because of instructions or because another
cue is present that was previously associated with the target cue. For instance, if AT+ trials are
followed by A+ trials, T is expected on the A+ trials by virtue of an association formed
between the representations of T and A during the AT+ trials. Van Hamme and Wasserman
proposed that the direction of the change in associative strength of expected but absent cues is
opposite to the direction of the change in associative strength of cues that are actually pre-
sented. They modelled this by giving the a parameter in Equation 1 a positive value for a cue
that is present and a negative value for a cue that is expected but absent.

This minor modification allows the Rescorla–Wagner model to explain backward blocking.
As mentioned earlier, T is expected but absent on the A+ trials that follow AT+ trials and will
thus have a negative a value on these trials. Because the presence of the outcome is not fully
expected on the A+ trials (A shared the available associative strength with T on the AT+
trials), l – S Vn–1 in Equation 1 will be positive on the initial A+ trials. Consequently, the
change in the associative strength of T (DVn), calculated by multiplying a (which has a nega-
tive sign) with (l – SVn–1) (which has a positive sign), will be negative, and the associative
strength of T will decrease on the A+ trials. Therefore, contingency judgements for T will be
reduced as a result of a backward blocking procedure.

Dickinson and Burke (1996) proposed an alternative associative model that can also
account for both forward and backward blocking effects. Their model is a revision of the Stan-
dard Operating Procedures (SOP) model that was first proposed by Wagner (1981). In the
revised (and original) SOP model, stimuli are represented as nodes that consist of several
elements. Each of the elements in a node can be in one of three states: an inactive state (I), a
primary active state (A1), or a secondary active state (A2). The elements of the representation
of a stimulus, X, can switch from an inactive state to an A1 state only when Stimulus X is pre-
sented. Those same elements can switch from the inactive state to an A2 state when another
stimulus, Y, is presented that has previously been associated with the Stimulus X. One could
thus say that the A1 state models the actual presence of a stimulus whereas the A2 state models
the extent to which a stimulus is expected to be present.
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The extent to which Stimulus Y can activate the representation of Stimulus X (i.e., can lead
to an expectation of Stimulus X) depends on the strength of the excitatory association between
the representations of both stimuli relative to the strength of the inhibitory association
between those representations. In the revised SOP model of Dickinson and Burke (1996), the
excitatory association between two representations will increase in strength as a function of the
number of elements of both stimulus representations that are in the same active state (A1–A1
or A2–A2). Inhibitory associations will increase in strength as a function of the number of ele-
ments of the two stimulus representations that are in different active states (A1–A2 or A2–A1).
Contingency judgements are assumed to be a function of the difference between the strength
of the excitatory association and the strength of the inhibitory association that link the repre-
sentation of the cue and the outcome.

Within the revised SOP model, backward blocking is explained in the following way:
Because A and T have been presented together on the AT+ trials, there will be a strong excit-
atory association between the representations of A and T. Because of this association, elements
of the representation of T will be activated to the A2 state on the A+ trials (T is expected but
absent), whereas the elements of the outcome representation will be in the A1 state (the out-
come is present). Therefore, the strength of the inhibitory association between the representa-
tions of T and the outcome will increase on A+ trials that follow AT+ trials. Hence,
contingency judgements for T will be lower when AT+ trials are followed by A+ trials than
when no A+ trials are presented. Some studies suggest that the revised SOP model of
Dickinson and Burke (1996) is better able to account for the fine-grained characteristics of
retrospective revaluation effects than is the revised version of the Rescorla–Wagner model
(Larkin et al., 1998; but see Le Pelley & McLaren, 2001).

Both the revised Rescorla–Wagner model and the revised SOP model make a straightfor-
ward prediction about the conditions under which retrospective revaluation effects can be
observed. In both models, the associative strength of an absent cue can change only when the
absent cue was expected to be present. In the absence of instructions about the presence or
absence of a target cue, its presence on a trial is only expected when it was previously associated
with a cue that is presented on that trial. Therefore, manipulations that influence the strength
of the association between the target cue and alternative cues should influence the magnitude
of retrospective revaluation effects. This prediction was verified by Dickinson and Burke
(1996; also see Aitken, Larkin, & Dickinson, 2001; Larkin et al., 1998; Wasserman & Berglan,
1998). Dickinson and Burke (1996) conducted a study that consisted of two conditions. In one
condition, a target cue T was presented together with three different alternative cues (incon-
sistent group; e.g., A1T+, A2T+, A3T+), whereas in the other condition, Cue T was consis-
tently paired with only one alternative cue (consistent group; e.g., three A1T+ trials).
Subsequent information about the probability of the outcome when only A1, A2, or A3 were
presented alone influenced judgements for T only in the consistent group. Importantly, when
the A trials were presented before the AT trials (forward cue competition), A trials had an
impact on judgements for T regardless of whether T was paired with just one A cue or with all
three A cues. Thus, prior information about the contingency between A and the outcome
influences judgements for T regardless of whether T is consistently associated with A, but
subsequent information about the relation between A and the outcome only influences judge-
ments for T when A and T have repeatedly co-occurred. This is precisely the pattern of results
predicted by the revised Rescorla–Wagner and SOP models. Forward cue competition
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depends only on the associative strength of the A cue prior to the AT+ trials: Cue T is pre-
vented from gaining associative strength on AT+ trials regardless of whether it is always
paired with the same A stimulus or with different A stimuli on different trials. But T loses
associative strength on A+ trials that follow AT+ trials only if it was repeatedly paired with
that particular A stimulus on earlier trials.

These results cannot be accommodated by any of the existing non-associative models. It is
difficult to envisage how, for instance, the probabilistic contrast model would explain the fact
that retrospective cue competition depends on the extent to which the target cue and alterna-
tive cues have been associated. And even if one could find a way to reconcile the probabilistic
contrast model with the observation that cue–cue associations have an effect on retrospective
revaluation, the model would still need to explain why these associations do not have a similar
impact on forward cue competition effects. The crucial point here is that the probabilistic con-
trast model provides the same explanation for forward and retrospective cue competition
effects, as presenting A+ trials leads to an increase in P(O|A.T) and thus in a decrease of the
difference between P(O|A.T) and P(O|A~T) whereas the revised associative models posit
different mechanisms for forward and backward cue competition.

Researchers have also identified other characteristics of HCL that can only be explained by
associative models. First, several studies have shown that the order in which trials are pre-
sented has a marked impact on contingency judgements. The fact that the strength of the asso-
ciation between the alternative and the target cue has a different impact on forward than on
retrospective cue competition (e.g., Dickinson & Burke, 1996) already demonstrates the
importance of the order in which trials are presented. Other effects of trial order have also been
observed. For instance, Lopez, Shanks, Almaraz, and Fernandez (1998; see also Shanks,
Lopez, Darby, & Dickinson, 1996) presented AT+ and A– trials followed or preceded by BT–
and B+ trials. Participants judged the relation between T and the outcome to be stronger when
the AT+ and A– trials came last than when they came first, even though participants could
remember the earlier trials as well as the later trials. These results thus suggest that more
recent information has a stronger impact on contingency judgements than does information
that was presented earlier.

Both the Rescorla–Wagner and the SOP models provide a straightforward explanation for
such recency effects. Both models imply that learning is expectancy driven: More will be
learned on a trial (i.e., associative strength will change more) when the presence or absence of
the outcome is unexpected than when its presence or absence is expected. When, as in the
study of Lopez et al. (1998), AT+ and A– trials are followed by BT– and B+ trials, the absence
of the outcome on the BT– trials is particularly surprising because T was a good predictor of
the outcome during the AT+ and A– trials. (In the Rescorla–Wagner model, this surprise is
modelled by a large difference between l and SVn–1; in the SOP model, it is modelled by the
fact that many elements of the outcome representation will be in the A2 state). Therefore,
more will be learned on the BT– trials (i.e., the associative strengths will decrease more) when
these trials are presented after the AT+ and A– trials than when they are presented before the
AT+ and A– trials. This illustrates that when participants receive conflicting information
about the contingency between a cue and an outcome, the information provided most recently
will have the biggest impact. It is markedly more difficult to explain these trial order effects on
the basis of non-associative models such as the DP model and the more recent probabilistic
contrast model (e.g., Cheng & Novick, 1992). According to these models, contingency

HUMAN CONTINGENCY LEARNING 295



judgements reflect the outcome of probabilistic contrasts, for example, P(O|T) – P(O|~T).
Because probabilities are unaffected by the order in which events are presented, these non-
associative models predict that trial order should have no effect on contingency judgements.1

Not only the order, but also the number of trials can have an impact on HCL. Several
studies showed that contingency judgements become more accurate as the number of trials
concerning a particular cue–outcome relation increases (e.g., Lopez, Almaraz, Fernandez,
& Shanks, 1999; Shanks, 1987; Van Overwalle & Van Rooy, 2001). Associative models are
compatible with both the existence and the shape of such learning curves. For instance, when a
cue is repeatedly paired with an outcome (i.e., there is a strong positive contingency between
the two), associative strength will gradually increase over trials until it reaches an asymptote
that reflects the actual contingency between the cue and outcome. Moreover, increases in
associative strength will be bigger on the initial cue–outcome trials because on these trials, the
presentation of the cue does not elicit much of an expectation of the outcome, so that the subse-
quent presentation of the outcome is highly surprising. Non-associative models such as the
probabilistic contrast model are not able to provide a straightforward account of learning
curves because probabilities are not affected by the amount of evidence on which they are
based.

However, not all results regarding the effects of cue–cue associations, trial order, and num-
ber of trials are consistent with the revised Rescorla–Wagner and SOP models. First retro-
spective revaluation effects can be observed even when the alternative cue is not directly
associated with the target cue. For instance, De Houwer and Beckers (2002a, b) presented
AT1+ and T1T2+ trials that were followed by either A+ trials (A and outcome present) or A–
trials (only A present). Whether A on its own was paired with the outcome not only influenced
judgements for T1 (with which A was associated directly) but also judgements for T2. The lat-
ter result is crucial because T2 was associated only indirectly with A (through a common asso-
ciation with T1). Therefore, participants had no reason to expect the presence of T2 on the A+
trials, and the associative strength of T2 should therefore not have changed. Other studies
have demonstrated that alternative cues need not even be associated indirectly with the target
cue. Matute and colleagues (Matute & Pineño, 1988a, b; Pineño, Ortega, & Matute, 2000)
showed that responding to a target cue T is reduced when an alternative cue is paired with the
same outcome (A+) after the T+ trials. They pointed out that such results are similar to retro-
spective interference effects that have been reported in the paired-associative learning litera-
ture (i.e., impaired recollection of an association A–B when A–B trials are followed by C–B
trials).

Second, whereas the results of Lopez et al. (1998) showed that more recent trials have a
bigger impact on judgements than do earlier trials, Denis and Ahn (2001) recently observed
the exact opposite pattern of results; that is, a stronger influence of initial than of later trials.
They argued that, under certain conditions, participants form a hypothesis about the relation
between the cue and the outcome on the basis of the initial trials. Due to a confirmation bias,
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they subsequently pay more attention to trials that confirm this hypothesis than to trials that
disconfirm the hypothesis. Hence, initial trials will have more impact on judgements than will
subsequent trials. Although the reasons for the discrepancy between the results of Dennis and
Ahn (2001) and the results of Lopez et al. (1998) are still unclear, the fact that earlier trials can
exert a bigger impact on judgements than can more recent trials is problematic for the (revised)
Rescorla–Wagner and SOP models. Finally, although learning curves have been found in
some HCL studies, such learning curves are not always observed (e.g., Catena, Maldonado, &
Cándido, 1998; Waldmann, 2000).

To summarize, despite the fact that initial findings confirmed certain central predictions of
the revised Rescorla–Wagner and SOP models, more recent findings raise doubts about the
generality of those initial findings and thus about the validity of the revised models. Moreover,
researchers have also created new non-associative models. The studies that were inspired by
these non-associative models further call into question the validity of the revised Rescorla–
Wagner and SOP models. These developments are summarized in the next section.

THE FURTHER DEVELOPMENT OF PROBABILISTIC
MODELS

The Power PC model of causal learning

Probabilistic models such as the DP model and the probabilistic contrast model (e.g., Cheng &
Novick, 1992) are in essence normative models that were developed on the basis of a normative
analysis of what the optimal contingency judgement would be in a given situation (see Shanks,
1995, Chapter 1).2 Cheng and Novick (1992), for instance, argued that when a target cue is
always presented together with another, alternative cue, normatively it would be optimal to give
a judgement for T that corresponds to the outcome of a conditional probabilistic contrast, for
example, P(O|A.T) – P(O|A.~T). As we pointed out earlier, the logic behind this proposal is
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that inferences about the relation between T and the outcome should be based on a comparison
of the probability of the outcome in situations that differ only with regard to the presence of T. If
the probability of the outcome in such situations is the same regardless of whether T is present or
absent, one can conclude that T is not related to the presence of the outcome.

Cheng (1997; Cheng & Holyoak, 1995), however, pointed out that this conclusion is
warranted only if the outcome does not always occur to a full extent within the focal set of situ-
ations. Assume, for instance, that a physician wants to test whether a person is allergic to a cer-
tain substance T. He or she therefore puts scratches on the patient’s arm, some that contain the
substance, others that do not. Unexpectedly, hives break out at each spot, regardless of
whether the scratch contained the substance, P(O|A.T) – P(O|A.~T) = 1. If we regard
scratching the skin as an alternative cue, A, the probabilistic contrast for T equals zero,
P(O|A.T) – P(O|A.~T) = 0, which should thus result in a low contingency judgement for T.
However, it is also possible that T does cause an allergic reaction but that the effect of T is not
observable because the alternative cause (i.e., scratching) on its own always produces an aller-
gic reaction. This example from Cheng (1997) illustrates that the outcome of an appropriate
probabilistic contrasts, for example, P(O|A.T) – P(O|A.~T), does not always provide a
normatively correct basis for contingency judgements.

Whereas Cheng and Holyoak (1995) simply stated that judgements will not reflect the out-
come of appropriate contrasts when ceiling effects might apply, Cheng (1997) proposed the
Power PC model of causal learning, which incorporates this auxiliary assumption. At the
formal level (see Cheng, 1997, for the normative analysis that underlies the formal model),
judgements about the extent to which a cue, T, produces an outcome will reflect the outcome
of the following equation:

P =
[P(O|A.T) – P(O|A.~T)]

[1 –P(O|A.~T)] 2

This equation expresses the idea that causal judgements will be a function not only of the out-
come of an appropriate probabilistic contrast (as is assumed in the probabilistic contrast
model), that is, P(O|A.T) – P(O|A.~T), but also of the base rate of the outcome within the
focal set of situations, that is, P(O|A.~T). This base rate reflects the probability of the out-
come in situations that are identical to situations in which T is present, except for the fact that
T is not present. If the outcome always occurs even when T is absent, that is, base rate =
P(O|A.~T) = 1, the denominator of Equation 2 will be zero, and the equation will thus be
undefined. As a result, participants will refrain from interpreting the appropriate probabilistic
contrast. When the outcome never occurs in the absence of T, that is, P(O|A.~T) = 0, the
Power PC model reduces to the standard probabilistic contrast model (because the denomina-
tor in Equation 2 will be equal to 1).3 As such, the Power PC model can account for the same
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phenomena as the probabilistic contrast model, but in addition predicts ceiling and base-rate
effects.

If ceiling effects are important, one would expect that blocking will be observed only when
the outcome does not always occur to a maximal extent on the A+ and AT+ trials. Recent
studies seem to support this hypothesis. For instance, De Houwer et al. (2002; see Lovibond,
Been, Mitchell, Bouton, & Frohardt, 2001, for related results) found weaker (forward and
backward) blocking when the intensity of the outcome was always maximal on the A+ and
AT+ trials (i.e., an explosion with an intensity of 10 on a scale from 0 to 10) than when the
intensity of the outcome on those trials was below maximum (i.e., an explosion with an inten-
sity of 10 on a scale from 0 to 20). When the intensity of the outcome is always maximal, partici-
pants cannot infer whether T has an additional effect on the outcome, and hence they should
be uncertain about their judgement for T. However, when the outcome has an intensity below
the maximum on both the A+ trials and the AT+ trials, participants can infer with greater cer-
tainty that T does not have an effect on the outcome. This result is important not only because
it supports the idea that ceiling effects play a role in HCL but also because such effects cannot
be explained on the basis of the (revised) Rescorla–Wagner and SOP models. One should note,
however, that the results of De Houwer et al. (2002) do not directly support the Power PC
model because the model is not developed to deal with outcomes that vary in intensity. It
remains to be tested whether ceiling effects also influence blocking effects when the probability
rather than the intensity of the outcome is manipulated. Moreover, several studies have shown
that the Power PC model does not provide an accurate account for effects of the base rate of the
outcome (e.g., Lober & Shanks, 2000; Perales & Shanks, 2001). Although the notion that ceil-
ing effects are important in HCL seems to be valid, questions can thus be raised about the
implementation of this in the Power PC model.

Causal model theory

Not long after Cheng and Novick (1992) presented the probabilistic contrast model,
Waldmann and Holyoak (1992) proposed a theory that also postulates that judgements
reflect the outcome of appropriate probabilistic contrasts. However, their theory empha-
sizes not so much the fact that judgements that reflect the outcome of such contrasts are
(under certain conditions) normatively accurate, but the fact that people know when and
why probabilistic contrasts provide a good basis for contingency judgements and that they
act accordingly.

Waldmann (2000, 2001; Waldmann & Holyoak, 1992) pointed out that the same set of
cue–outcome events can be interpreted in many ways. He proposed that contingency judge-
ments depend on the causal model that participants adopt: that is, on a set of assumptions
about the nature of the cues and outcomes and the nature of the relation between cues and out-
comes. In some situations, participants will adopt a common-cause model; that is, they will
regard the different cues as different potential causes of the outcome. For instance, it is likely
that participants adopt a common-cause model if instructions state that the cues are sub-
stances in the blood that can cause a disease (i.e., the outcome). When several potential causes
of an outcome are present (as is the case on AT+ trials), it is not clear which of the causes
actually produced the presence of the outcome. If, however, additional trials are presented in
which A on its own produces the outcome to the same extent as A and T together, that is,
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P(O|A.T) = P(O|A.~T), participants can infer that T is not a cause of the outcome (except
for when the outcome always occurs to a maximal extent, see earlier) and thus that the outcome
will not be present when only T is present.

However, this inference is valid only when participants adopt a common-cause model.
They can, for instance, also adopt a common-effect model; that is, they can assume that cues A
and T are effects and that the outcome is the potential cause of those effects. For instance, a
common-effect model is appropriate when A and T are described as substances in the blood
that might be caused by the disease (i.e., the outcome). When participants see trials on which
both Effect A and Effect T are present when the cause (i.e., outcome) is present (AT+ trials),
they can infer that T is an effect of the cause (and thus that the presence of T indicates the pres-
ence of the cause) regardless of whether there are other situations in which only Effect A and
the cause are present (A+ trials). These latter situations do not change the fact that the pres-
ence of T can be used to predict the presence of the outcome (see Waldmann, 2000; Waldmann
& Holyoak, 1992, for a more detailed discussion).

For these reasons, causal model theory predicts that blocking will occur when participants
adopt a common-cause model but not when they adopt a common-effect model. Although
there has been a debate about the conclusiveness of the initial findings of Waldmann and
Holyoak (1992; see Waldmann, 2000, for a review), Waldmann (2000) recently provided
strong evidence that cue competition is indeed more likely to occur when instructions encour-
age participants to adopt a common-cause model (e.g., when cues are described as different
substances in the blood, and the outcome is said to be a disease that can be produced by certain
substances in the blood) than when instructions favour a common-effect model (e.g., when the
outcome is described as a substance in the blood and the cues as different diseases that can be
produced by that substance). These results are important not only because they demonstrate
that people possess and can use abstract knowledge about causal relations (e.g., the knowledge
that the effects of different causes should add up) but also because it is very difficult to see how
any associative model could explain the fact that instructions about the nature of the cues and
outcomes could have such a dramatic impact on contingency judgements (see De Houwer et
al., 2002, for additional evidence).

Although causal model theory is not very specific with regard to the exact representations
and processes that underlie HCL, it does imply that the beliefs and assumptions of the partici-
pants play a crucial role. De Houwer (2002; De Houwer & Beckers, 2002a) recently made a
similar proposal. He suggested that contingency judgements might not reflect the objective
contingency as determined by the actual events that have been presented, but the contingency
as determined by the way participants encode and recode events. This hypothesis is in line
with two recent findings. De Houwer presented A+ trials followed by AT+ trials, but pre-
vented participants from seeing whether Cue T was present during the A+ trials (the position
where T could appear was hidden behind a screen that was removed at the start of the AT+
trials). Half of the participants were told after the A+ and AT+ trials that T had been present
during the A+ trials, whereas the other participants were told that T had not been present dur-
ing those trials. Only the second group showed a blocking effect. This result can be explained
in the following way. When participants are told that cue T was absent on the A+ trials, they
can infer that the outcome was as likely and intense on the A+ trials as on the AT+ trials, and
thus that T is not a cause of the outcome. But when they are told that T was present on the A+
trials, they can retrospectively recode the A+ trials as AT+ trials. As a result, they have no
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information about the probability of the outcome when only A is present and can therefore not
make an inference about the causal status of cue T.

The results of De Houwer and Beckers (2002a, b) can be explained in a similar way. As we
mentioned earlier, they presented AT1+ and T1T2+ trials that were followed by either A– or
A+ trials. Judgements for T2 were higher after A+ trials than after A– trials. When A– trials
are presented, participants can infer on the basis of a probabilistic contrast, P(O|A.T) –
P(O|A.~T) = 1, that T1 produced the outcome on the AT1+ trials and thus that these trials
can be recoded as T1+ trials. As a result, the appropriate probabilistic contrast for T2 can be
used to infer that T2 is not a generative cause of the outcome, that is, P(O|T.T2) –
P(O|T1.~T2) = 0. When A+ trials are presented, however, these trials can be used to infer
that TI is not a cause of the outcome, P(O|A.T1) – P(O|A.~T1) = 0, and hence that T2 was
responsible for the outcome on the T1T2+ trials.

To summarize this section, new probabilistic models have been formulated, which have led
to new findings concerning the role of ceiling effects, causal models, and active recoding of
events. Whereas these findings are compatible with the idea that judgements reflect the out-
come of probabilistic contrasts, they raise serious doubts about the validity of the revised
Rescorla-Wagner and SOP models. The latter models fail because they are bottom-up,
abstractionist models: Associative strengths are updated on the basis of the objective proper-
ties of events, and the impact that an event has on associative strength cannot be revised later
on. Both the available evidence and common sense suggest that contingency judgements
depend not merely on the objective properties of events but also on how these events are inter-
preted in the light of content-specific and abstract knowledge that the observer possesses (also
see White, 2000, 2002). Moreover, people are able to recode prior events on the basis of new
information about those events and to adjust their judgements accordingly. One could thus
conclude that the Rescorla–Wagner and SOP models fail as models of HCL because they
underestimate the active role that observers play when encoding and retrieving knowledge
about contingencies.

OTHER FINDINGS AND THEORIES

Until now, we have focused on the Rescorla–Wagner model (and its cousin, the SOP model),
the probabilistic contrast model (and its cousins, the Power PC model and causal model
theory), and the studies that were inspired by these models. We have seen that neither the
associative models nor the probabilistic models are able to account for all the results of these
studies. Over the years, other findings have been reported that also raise questions about the
validity of the models that we have discussed so far and instead provide support for alternative
models. We summarize some of these findings and theories in this section, starting with those
that were inspired by Pavlovian conditioning research.

Configural learning

When we see a stimulus such as the letter T, we can either regard it as a compound stimulus
that consists of a horizontal and a vertical line, or we can regard it as a unique configural stimu-
lus that is more than the sum of its elements (i.e., we can regard it as a letter T). Likewise,
whenever two cues are presented together, participants can either encode the compound
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stimulus in an elemental manner (i.e., as consisting of two individual cues) or in a configural
manner (i.e., as a unique configural cue that is more than the sum of its elements).

The Rescorla–Wagner and SOP models are essentially elemental models. That is, they
postulate that people learn about the elements of a compound. However, several studies have
shown that people can adopt either an elemental or a configural approach and that contingency
judgements depend heavily on the approach that people adopt. For instance, in a blocking-like
study, Williams et al. (1994) found an impact of A trials when participants were encouraged to
think of the AT compound as consisting of two individual cues (i.e., A present and T present)
but not when they encoded the compound as a unique configural cue (i.e., AT is perceived as a
new cue, X). Other research also supports the idea that participants can adopt a configural
approach. For instance, Shanks, Charles, Darby, and Azmi (1998) showed that when partici-
pants are exposed to A+, AB–, and B+ trials, they correctly infer that the outcome is more
likely to occur after A or B than after the AB compound stimulus. This result strongly suggests
that participants regard the AB compound as unique configural cue whose relation with the
outcome is (to a certain extent) independent from the relation between its elements (i.e., A and
B) and the outcome. Although people seem to have a strong tendency to regard compound
stimuli as more than the sum of the elements, under certain conditions they will nevertheless
adopt an elementary approach (e.g., Shanks et al., 1998; Williams et al., 1994). That is, some-
times they will respond to the compound on the basis of the relation between its elements and
the outcome. It appears that people possess a certain flexibility in adopting a configural or
elemental approach.

Because the Rescorla–Wagner and SOP models are elemental models, they cannot readily
explain that people can respond differently to a compound stimulus than to the elements of the
compound. One could assume that in addition to learning about the elements of a compound,
participants also learn about some unique features of the compound (e.g., Wagner & Brandon,
2001). Although this extends the range of phenomena that can be explained by the Rescorla–
Wagner and SOP models, some findings argue against this solution and suggest that people in
some cases do not learn about the elements of a compound at all (e.g., Shanks et al., 1998).

Pearce (1987, 1994) has proposed a model that only encodes the contingency between con-
figurations of stimuli and the outcome. When Cues A and T are presented together, and this
compound is followed by the outcome (i.e., AT+), participants will form an association
between a representation of the configuration of A and T, on the one hand, and the representa-
tion of the outcome, on the other. Such AT+ trials will have no effect on the association
between the representations of A and the outcome nor on the link between the representations
of T and the outcome (unlike what is assumed in the Rescorla–Wagner and SOP models). A
second crucial feature of the configural model is that it explicitly deals with generalization
between stimuli. The basic idea is that responding to a certain cue or configuration of cues will
depend not only on the associative strength of that cue or configuration, but also on the asso-
ciative strength of similar cues and configurations. For instance, when A+ trials are followed
by a test trial on which the compound AT is presented, participants will to a certain extent
expect the outcome to occur even though the compound AT has itself never been paired with
the outcome. This results from the fact that A is similar to AT because the latter incorporates
the former. As a result of this similarity, the expectancy of the outcome that is generated by A
will generalize to AT. Because learning is assumed to be expectancy based (i.e., more will be
learned when the presence or absence of the outcome is unexpected), the model correctly
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predicts that contingency judgements for T will be lower when AT+ trials are preceded by A+
trials (i.e., forward blocking).

The main strength of the configural model of Pearce (1987, 1994) is, of course, that it can
deal with findings that show that people often learn about configurations of stimuli rather than
about the individual stimuli (e.g., Shanks et al., 1998). On the negative side, it cannot deal with
the observation that participants sometimes do adopt an elemental approach and that partici-
pants are to some extent flexible in adopting a configural or elemental approach. Moreover, in
its present form, Pearce’s configural model cannot account for retrospective cue competition
effects. Ironically enough, the model is also at odds with one of the findings that demonstrates
the importance of configural processing in HCL. Williams et al. (1994) showed that forward
blocking does not occur when participants adopt a configural approach. According to Pearce’s
model, at least a partial blocking effect should occur under these conditions because part of the
excitatory strength of A that was acquired on the A+ trials should generalize to the subsequent
AT+ trials, thus resulting in a decrease in the associative strength that can be gained by T on
the AT+ trials. Note, however, that there are other configural models that are able to account
for retrospective cue competition (e.g., Le Pelley & McLaren, 2001) and that do not necessar-
ily allow for a generalization from A to AT (e.g., Kruschke, 1992). Although these configural
models are ingenious and have a lot of potential, it is difficult to see how they could model the
effects of beliefs and recoding on contingency judgements (e.g., De Houwer, 2002;
Waldmann, 2000).

Learning and performance

The associative models that we have discussed so far can all be regarded as learning-based
models. That is, they postulate that cues acquire associative strength during the learning
phase and that judgements are a direct reflection of this acquired associative strength. This
essential feature of the associative models is perhaps best illustrated by the way in which they
account for blocking and other cue competition effects: On the A+ trials that precede AT+
trials, A gains associative strength, which prevents T from gaining associative strength on the
AT+ trials. Blocking is thus assumed to be due to a failure to learn.4

It is often incorrectly assumed that all associative models emphasize processes that occur
during learning, whereas all probabilistic models emphasize processes that occur at the time of
testing (see Miller & Escobar, 2001, for a discussion of this issue). Miller (Miller & Matzel,
1988; Miller & Schachtman, 1985), for instance, developed an associative model that empha-
sizes processes that occur at the time of testing. The central idea behind their comparator model
is that associatively induced changes in behaviour depend on the comparison of the strength of
different associations at the time of testing. For instance, each time that a cue T is paired with
an outcome, the strength of the T–outcome association will increase. If, however, T is pre-
sented in compound with other cues, those cues will also become associated with both T and
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the outcome. During performance, judgements about the T–outcome contingency will
depend on the associative strength of T relative to the associative strength of alternative cues
with which T was associated (i.e., the comparator cues). Moreover, the extent to which the
associative strength of the alternative cue modulates the expression of the T–outcome associa-
tion depends on the strength of the association between T and the alternative cues.

The basic idea that judgements depend on the comparison of associative strengths at the
time of testing allows the model to explain both forward and retrospective cue competition
effects. For instance, regardless of whether AT+ trials are preceded or followed by A+ trials,
the associative strength of A will increase on the A+ trials. Because responding to T will
depend on the associative strength of T in comparison to the associative strength of A,
responding to T will decrease as a result of the A+ trials. Note that this account of blocking is
very similar to the account provided by probabilistic contrast models (see earlier). One only
needs to replace “the associative strength of A”’ with “the probability of the outcome in the
presence of A and the absence of T” and “the associative strength of T” with “the probability
of the outcome when both A and T are present”.

Blaisdell, Bristol, Gunther, and Miller (1998; also see Denniston, Savastano, & Miller,
2001) recently proposed an extension of the comparator model in which even more complex
comparisons take place at the time of testing. Assume that AT1+ and T1T2+ trials are fol-
lowed either by A+ trials or by A– trials. According to the extended comparator model, judge-
ments about T2 will also be influenced by whether A on its own was paired with the outcome.
Judgements for T2 depend on the associative strength of T2 but also on the associative
strength of T1. However, the extent to which the associative strength of T1 modulates
responding to T2 will in turn depend on the associative strength of A. Although we do not go
into detail regarding this extended version of the model, its prediction concerning the effect of
higher order comparators has received some support both in studies of Pavlovian conditioning
with animals (e.g., Blaisdell et al., 1998) and in HCL studies (De Houwer & Beckers, 2002a, b).

Despite the fact that the comparator model is fundamentally different from other associa-
tive models, like all other associative models it has difficulties in dealing with the effects that
beliefs seem to have on HCL (e.g., Waldmann, 2000). Moreover, because associative strengths
are updated on a trial-by-trial basis, the model cannot account for the fact that judgements
depend on how participants retrospectively recode trials (e.g., De Houwer, 2002). Therefore,
although associative models may differ with regard to the emphasis on processes during learn-
ing or testing, the effects of beliefs and active recoding of information seem to lie beyond the
scope of all current associative models.

Rule learning

Recent research demonstrates that people can infer abstract rules from the specific events that
they witness and can use those rules to make judgements about new (combinations of) cues.
Shanks and Darby (1998), for instance, presented A+, B+, AB–, C–, D–, CD+ trials together
with I+, J+, M–, and N– trials. During a test phase, participants judged that the outcome was
more likely to occur after the (previously unseen) compound MN than after the (also previ-
ously unseen) IJ compound. The crucial aspect of this result is that it occurred even though the
elements of the MN compound were not associated with the outcome, whereas the elements of
the IJ compound were associated with the outcome. Judgements rather reflected the rule that
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the likelihood of the outcome after a compound of two stimuli (i.e., AB–, CD+) is the reverse
of the likelihood of the outcome after the elements of the compound (i.e., A+, B+, C–, D–).
This important ability of people to infer and use abstract rules seems to lie beyond the scope of
all current models of HCL (but see Lien & Cheng, 2000).

Trial order and frequency of judgement

Earlier we described some findings that show that the order in which trials are presented can
have a profound impact on contingency judgements (e.g., Lopez et al., 1998). Catena et al.
(1998) looked in detail at these trial order effects and showed that the last trial before a contin-
gency judgement can have a disproportionate impact on the judgement. This effect, however,
was present only when participants made judgements after each trial rather than after a series
of trials. Thus, trial order effects can depend on the frequency with which participants are
asked to make judgements. Catena et al. further observed that judgements overall became less
accurate as the frequency of judgements (after a series of trials versus after each trial)
increased.

To account for these findings, Catena et al. (1998) developed the belief revision model,
which postulates that each contingency judgement is based on (1) the previous judgement
about that same contingency and (2) the new evidence that has been presented since that previ-
ous judgement (see Hogarth & Einhorn, 1992, for a related model). Unlike the other probabil-
istic models but similar to most associative models, the belief revision model is an abstraction
model in that all the information presented before a certain judgement contributes to one value
(i.e., the numeric value of that judgement), which is updated on the basis of new information at
the time of the next judgement. Abstraction thus occurs on a judgement-by-judgement basis.
It is similar to the other probabilistic models in that the new evidence is summarized in terms
of the probability of the outcome in the presence and absence of the cue during the events
between two judgements.

When participants are asked to make a judgement after each trial, the new evidence will
consist only of the trial preceding the judgement. However, if there are many trials separating
two judgements, the last trial before a judgement will be only one of many trials that provide
the new evidence. Therefore, the information presented on the last trial before a judgement
will have a bigger impact on the judgement when participants make a judgement after each
trial than when they make judgements less frequently. There is also other evidence that sup-
ports the belief revision model. Most important, Shanks and colleagues (Lober & Shanks,
2000; Perales & Shanks, 2001) were able to demonstrate, through simulations, that the belief
revision model provided the best account for effects of the base rate of the outcome on HCL.

What is perhaps most interesting about the belief revision model is the idea that partici-
pants take short cuts when judging the same contingency repeatedly. They will not consider
all the presented evidence on each occasion, but rather constantly revise the beliefs or hypoth-
eses that they had already formed at an earlier stage during learning. However, the belief
revision model needs further development before it can be regarded as an adequate model of
HCL. Most important, it is not able to deal with cue competition effects at all. The model
furthermore lacks any assumptions about how causal beliefs or configural processing can
influence contingency judgements.
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CONCLUDING COMMENTS

Models of HCL

Much has been learned about HCL over the past 20 years. However, none of the models that
have been proposed can explain all of the existing data. Most important, all non-associative
models fail to account for the effect of cue–cue associations on retrospective revaluation (e.g.,
Dickinson & Burke, 1996). All associative models, on the other hand, are incompatible with
the fact that beliefs and retrospective recoding of events can have such a profound impact on
contingency judgements (e.g., De Houwer, 2002; Waldmann, 2000).

Perhaps a hybrid model is needed that incorporates elements of both associative and non-
associative models. Several authors have indeed argued that there might be more than one
mechanism responsible for HCL (e.g., Dickinson, 2001; Evans & Over, 1996; Lovibond et al.,
2001; Mackintosh, 1995; McLaren, Green, & Mackintosh, 1994). Most of them propose that
contingency learning might depend both on rational reasoning and on simple associative
mechanisms. There can be little doubt about the fact that people can make rational inferences
about the contingencies or causal relations between events. It is therefore not surprising that
contingency judgements can depend on causal beliefs or on the retrospective recoding of trials.
Results such as those of Waldmann (2000, 2001) and De Houwer (2002; De Houwer &
Beckers, 2002a, b) only demonstrate that participants in HCL studies can act in a rational,
almost scientific way. It should be clear, however, that people do not always act in such a way.
Even the most rational of people will only make rational inferences when she or he has the
motivation and opportunity to do so. When motivation or opportunity to engage in rational
reasoning are lacking, contingency judgements might well be based on the operation of asso-
ciative mechanisms.

It is interesting to note that the studies that provided the strongest evidence against non-
associative models (e.g., Dickinson & Burke, 1996; Larkin et al., 1998) involved a large
number of cues, whereas the studies that provided the strongest evidence against associative
models (e.g., De Houwer, 2002; Waldmann, 2000) involved only a few cues. One could argue
that the higher the number of cues, the less likely it is that participants can keep track of all the
events and use them to come to rational, justifiable judgements (see Dickinson, 2001), and the
more likely it is that contingency judgements are based on the operation of associative mecha-
nisms. It would thus be interesting to manipulate the motivation and opportunity for rational
reasoning (e.g., by manipulating the number of cues, or by adding secondary tasks or time con-
straints). Also, one could argue that associative models might provide a particularly good
account of implicit (unconscious) forms of learning because these forms of learning by defini-
tion do not depend on rational inferences (e.g., Hendrickx & De Houwer, 1997).

The interplay between Pavlovian conditioning and HCL
research

Over the past 20 years, Pavlovian conditioning research has provided a rich source of inspira-
tion for scholars of HCL and will probably continue to do so in the years to come. For instance,
context-dependent learning (i.e., occasion setting) is currently a prominent topic of research
in Pavlovian conditioning. Examining whether HCL is also context dependent could shed
important light on the nature of the processes that underlie contingency learning.
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On the other hand, knowledge that has been gained from recent HCL research will prob-
ably start influencing Pavlovian conditioning research and theory. For instance, the role of
causal beliefs has rarely been studied in Pavlovian conditioning. Initial research suggests that
they might well have a considerable impact on Pavlovian conditioning. Mitchell and Lovibond
(2002), for instance, found that ceiling effects also influence the magnitude of blocking effects
in Pavlovian conditioning of human autonomic responses. HCL research could also inspire
research on Pavlovian conditioning in non-human animals. For example, although it is diffi-
cult to assess the role of beliefs in Pavlovian conditioning with animals, recent findings in HCL
regarding the role of causal beliefs might revive the idea that Pavlovian conditioning in animals
can be conceived of as a form of causal attribution rather than as a form of merely predictive
learning (e.g., Revusky & Garcia, 1970; Testa, 1974).

We are therefore convinced that the interplay between Pavlovian conditioning and HCL
research will become even more intense in the years to come. Note that the merits of this inter-
play do not depend on whether one can demonstrate that the same phenomena occur in
Pavlovian conditioning and HCL. If anything, conflicting results might even be more inform-
ative about the processes that are involved in both forms of learning. We therefore eagerly look
forward to the next 20 years of research.
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