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Review

Cognitive Processes in Extinction

Peter F. Lovibond

School of Psychology, University of New South Wales, Sydney, NSW 2052, Australia

Human conditioning research shows that learning is closely related to consciously available contingency knowledge,
requires attentional resources, and is influenced by language. This research suggests a cognitive model in which
extinction consists of changes in contingency beliefs in long-term memory. Laboratory and clinical evidence on
extinction is briefly reviewed, and it is concluded that the evidence supports the cognitive position. There is little
evidence for a separate, noncognitive conditioning system. The primary implication for neural analysis is that
learning and extinction are unlikely to be reducible to direct connections in which one stimulus simply activates or
inhibits the memory representation of another. Rather, an adequate neural model will involve the integration of
both low-level and high-level systems, including attention, representation of stimulus relations in long-term memory,
and a dynamic performance mechanism based on anticipation, not just activation.

Extinction refers to the loss of an associatively based behavior
when the associative relationships that generated the original
learning have been changed. For example, in Pavlovian condi-
tioning, the conditioned response (CR) declines over trials when
the conditioned stimulus (CS) is no longer followed by the un-
conditioned stimulus (US). The way in which we view extinction
necessarily follows from the way in which we conceptualize the
initial conditioning. Psychologists, neuroscientists, and lay
people alike share a common conceptualization of conditioning:
It is seen as an automatic, unconscious, and low-level process
that establishes excitatory or inhibitory associations between CS
and US nodes in memory. In humans, conditioning is almost
universally agreed to involve separate mechanisms from those
involved in reasoning, language, and consciousness. Accord-
ingly, extinction is also seen as an automatic and unconscious
process that either reverses the original learned associations, or
establishes new competing associations. But what if this tradi-
tional view of conditioning and extinction is wrong?

In fact, research on conditioning in humans suggests it to be
an entirely different process from that suggested by the tradi-
tional view. Evidence for a separate conditioning mechanism
that is independent of higher cognitive processes has been re-
markably difficult to obtain (Brewer 1974; Dawson and Schell
1985; Lovibond and Shanks 2002). Instead, conditioning in hu-
mans appears to be closely tied to attention, consciousness, and
language. In this article, I will briefly summarize this research,
then focus specifically on extinction in human conditioning,
and finally consider the implications for research into the neural
basis of conditioning and extinction in both animals and hu-
mans.

Human Pavlovian Conditioning

As in animals, Pavlovian conditioning in humans involves pair-
ing an initially neutral stimulus, such as a picture or a tone (the
CS), with a stimulus of some significance (the US). Learning is
indexed by the development of responses (CRs) to the CS that are
the same as or similar to those elicited by the US. The most
commonly used procedure is autonomic conditioning, in which
the US is electric shock and the CR is a psychophysiological mea-
sure of autonomic arousal, usually skin conductance. Another
popular procedure is eyeblink conditioning, in which the US is
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an airpuff to the eye and the CR is eyelid closure. In each of these
procedures, it is common to use a differential conditioning de-
sign in which one CS (designated CS+) is paired with the US and
a second CS (designated CS—) is paired with the absence of the
US in order to control for nonassociative influences on respond-
ing.

Two types of self-report data may also be collected. First,
participants may be asked in a postexperimental interview about
their explicit knowledge of the relationships (contingencies) be-
tween the CSs and the US. Second, they may be asked to provide
online ratings of US expectancy during presentation of the CS.
The traditional view of conditioning assumes that self-reported
knowledge derives from higher-order cognitive processes,
whereas CRs are generated by a separate, low-level mechanism.
Thus, the traditional view predicts that CRs will follow quite
different principles from self-report measures (see Razran 1955;
Squire 1994). However, reviews of this literature have consis-
tently concluded that the two types of measure are closely re-
lated.

First, differential conditioning is only observed in partici-
pants who are aware of the relationship between the CSs and the
US, as defined by their ability to verbalize those relationships (see
Brewer 1974; Davey 1987; Lovibond and Shanks 2002). If condi-
tioning was independent of the cognitive processes involved in
conscious knowledge, it should be observed regardless of
whether conscious learning has also occurred. Second, condi-
tioning requires attentional resources. If attention is diverted by
a secondary or masking task, not only is conscious learning
slowed but so also is the development of CRs (see Dawson 1970).
Third, ratings of US expectancy show a highly similar pattern to
CRs on a trial by trial basis: They show similar acquisition curves
and are affected similarly by experimental manipulations (see
Biferno and Dawson 1977). Fourth, CRs are strongly influenced
by language and can be both increased and decreased by instruc-
tions regarding CS-US relationships (see Grings et al. 1973; Lo-
vibond 2003). Finally, there is evidence that CRs in more com-
plex learning manipulations such as retrospective revaluation de-
pend on reasoning processes (see Mitchell and Lovibond 2002).
The latter two findings are particularly important in excluding an
account in which conscious knowledge is an outcome or epiphe-
nomenon of a simple conditioning process. Instead, these find-
ings suggest that CRs derive from contingency knowledge en-
coded at a symbolic level.

This conclusion can be, and indeed has been, disputed (see
Martin and Levey 1989; Manns et al. 2002; Wiens and Ohman
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2002). However, the research findings summarized above make it
difficult to defend a strong version of the traditional conceptu-
alization of conditioning as automatic, unconscious, and com-
partmentalized from higher-order cognition. Furthermore, simi-
lar conclusions have been reached from reviews of related forms
of learning in humans, including instrumental conditioning (see
Brewer 1974; Williams and Roberts 1988) and implicit learning
(Shanks and St. John 1994). It seems worthwhile, then, to con-
sider the implications of the cognitive model for how we con-
ceptualize extinction. The remainder of this article will focus on
Pavlovian conditioning, but the arguments are also likely to ap-
ply to other forms of associative learning.

Extinction in Human Pavlovian Conditioning

Human conditioning research suggests that a single mechanism
governs acquisition. That single mechanism requires attentional
resources, and yields associative knowledge that is represented in
a propositional form, such that it can make contact with lan-
guage. When the CS is encountered, it retrieves the CS-US con-
tingency from long-term memory and thereby generates a state
of expectancy of the US, which automatically triggers innate an-
ticipatory behaviors appropriate to the US (i.e., CRs). According
to this conceptualization, extinction must operate by changing
associative knowledge. That is, exposure to disconfirming expe-
riences (CS without US) must lead to revisions of the knowledge
stored in long-term memory such that behavior is controlled by
this updated knowledge. If US expectancy is the critical proximal
basis for performance, then loss of expectancy will track extinc-
tion of the CR. What evidence is there for such a mechanism in
extinction learning in humans?

Laboratory Research

Many experiments have confirmed that reductions in US expect-
ancy track reductions in CRs during the course of extinction (see
Biferno and Dawson 1977; Lipp and Edwards 2002). If contin-
gency judgments are obtained after acquisition and then again
after extinction, they demonstrate a corresponding reduction in
the strength of causal belief that the US will follow the CS (see
Schell et al. 1991). Similar to acquisition, extinction can be en-
hanced by verbal instructions. For example, “instructed extinc-
tion,” in which participants are informed after acquisition that
the CS will no longer be followed by the US, typically leads to an
immediate reduction in the CR (see Grings et al. 1973). Failure of
instructions to completely eliminate CRs can be understood in
terms of factors related to the degree of confidence participants
place in the instructions (Fuhrer and Baer 1980; Dawson and
Schell 1985).

The cognitive model predicts that extinction will only occur
when experiences contradict existing contingency beliefs—if the
belief that the CS leads to the US is protected from disconfirma-
tion, no extinction will occur. We recently provided direct evi-
dence in support of this prediction by using the procedure of
protection from extinction (Lovibond et al. 2000). Two CSs, C
and D, were established as predictors of electric shock. Stimulus
D was extinguished by presenting it alone, without shock. Stimu-
lus C was also presented without shock, but it was accompanied
during the extinction trials by a stimulus K that had previously
been established as a safety signal, in other words as a predictor
of no shock. After these extinction trials, C and D were both
presented alone in a test phase (Fig. 1). A and B were control
stimuli that had been consistently paired with shock and no
shock, respectively. By comparison to these stimuli, it can be
seen that presentation of stimulus D without shock had led to a
substantial reduction in both shock expectancy (Fig. 1 left panel)
and skin conductance CRs during D (Fig. 1 right panel). By con-
trast, stimulus C showed little extinction: The presence of K had

496 Learning & Memory

www.learnmem.org

Skin conductance

Shock expectancy

100

50

0 0.5

A ) c D A B c b
Figure 1 Mean online shock expectancy ratings (left) and mean change
in log skin conductance level (right) during test trials from a protection
from extinction procedure (Lovibond et al. 2000). Stimulus A was estab-
lished as a consistent predictor of shock and stimulus B as a consistent
predictor of no shock. Stimuli C and D were initially paired with shock
and then extinguished. During extinction D was presented alone,
whereas C was accompanied by a safety signal K. In the test phase data
shown, C and D were both tested alone. The data show a return of
responding to stimulus C, indicating that the presence of K had protected
C from complete extinction. Reprinted from Behavior Research & Therapy,
Vol. 38, Lovibond et al., “Protection from extinction in human fear con-
dit,” pp. 967-983, © 2000, with permission from Elsevier.

“protected” it from extinction. Within the cognitive model, the
absence of shock was attributed to stimulus K and, hence, the
belief that C predicted shock remained intact.

The findings described above demonstrate a strong corre-
spondence between CRs and beliefs/expectancies during extinc-
tion, consistent with the view that a single learning mechanism
gives rise to both. However, if a single strong dissociation could
be demonstrated between a CR measure and a self-report mea-
sure, it would provide support for the idea that there may be
more than one associative mechanism. It is therefore important
to examine carefully reports of such dissociations in the litera-
ture.

One such report involves the effect of the CS on learning
and extinction. Seligman (1971) postulated that associations be-
tween certain fear-relevant stimuli and aversive outcomes were
biologically prepared and, hence, were easy to learn and difficult
to extinguish. Specifically, he suggested that phobic stimuli such
as insects, snakes, and heights were prepared to enter easily into
associations with aversive outcomes, and therefore individuals
could show strong fear conditioning after a single learning trial.
Seligman also speculated that prepared learning might be more
primitive and less cognitive than nonprepared learning. In a sub-
stantial program of research over the past 30 years, Ohman and
his colleagues (see Ohman et al. 1975; Ohman and Soares 1998)
have subjected the notion of prepared learning to empirical ex-
amination in the laboratory. By using an autonomic condition-
ing procedure, Ohman (e.g., Ohman et al. 1975) found that one
prediction of preparedness theory in particular could be consis-
tently demonstrated. He observed that when fear-relevant
stimuli (pictures of snakes or spiders) were used as CSs, condi-
tioned responding took longer to extinguish than when fear-
irrelevant stimuli (pictures of flowers and mushrooms) were
used. This resistance to extinction effect is consistent with Selig-
man’s (1971) idea that prepared learning might involve a differ-
ent mechanism.

However, the laboratory research with fear-relevant stimuli
does not provide evidence for a dissociation between CRs and
self-report measures during extinction. For example, Dawson et
al. (1986) replicated Ohman'’s basic procedure with the addition
of an online measure of US expectancy. They were able to dem-
onstrate the same resistance to extinction effect as Ohman et al.
(1975) had reported, not only on the skin conductance measure
but also on the expectancy measure. Similar results have been
reported by Davey (1992). Initial reports that extinction of fear-
relevant stimuli may be less subject to instructional effects, such
as instructed extinction (Hugdahl and Ohman 1977), have not
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been consistently observed (see McNally 1987; Lipp and Edwards
2002). Recent work by Ohman and colleagues using backwardly
masked CS presentations has confirmed that fear-relevant stimuli
behave differently from fear-irrelevant stimuli, but again self-
reported US expectancy tracks the autonomic CR measure (Oh-
man and Soares 1998).

Furthermore, the factor that distinguishes fear-relevant
from fear-irrelevant stimuli during extinction may not be asso-
ciative. Evidence from my laboratory supports an alternative
view that fear-relevant stimuli have an innate prepotency to
elicit fear responses that may be sensitized by appropriate envi-
ronmental conditions such as a separate source of arousal or
anxiety (Lovibond et al. 1994; see also Menzies and Clarke 1995).
According to this view, the apparent resistance to extinction of
fear-relevant stimuli arises from selective sensitization of innate
fear responses, superimposed on normal extinction of associative
learning (Lovibond et al. 1993). Thus, conditioning and extinc-
tion with fear-relevant stimuli can be accounted for without ac-
cepting Seligman’s (1971) claim that fear-relevant stimuli engage
a separate, noncognitive learning mechanism.

A second extinction finding that has been interpreted as
supporting multiple learning processes involves differential rates
of extinction of CRs and US expectancy. In differential auto-
nomic conditioning studies (see Dawson et al. 1986; Schell et al.
1991), differences in US expectancy ratings to CS+ and CS-—
sometimes disappear earlier during extinction than do differ-
ences in skin conductance responding. Thus, there is a period
during the course of extinction when participants are indicating
that their US expectancy is zero while still showing differential
responding to CS+, supporting the idea that the skin conduc-
tance CRS might arise from a separate mechanism from expect-
ancy. However, this single dissociation does not require the pos-
tulation of multiple processes, because it could be due to differ-
ent sensitivities and/or floor effects of the two measures.
Although the phenomenon deserves further empirical study with
more sensitive measures, it does not in itself provide strong sup-
port for the idea of a separate low-level conditioning system (Lo-
vibond and Shanks 2002).

Finally, several researchers (Mandel and Bridger 1967; Clark
and Squire 1998) have suggested that strong CS-US continguity
(short CS-US intervals, overlap between CS and US) encourages a
simpler, less cognitive type of conditioning than does weak CS-
US contiguity (long CS-US intervals, trace interval between CS
and US). I have previously criticized evidence from eyeblink con-
ditioning that has been claimed to support this conclusion (Lo-
vibond and Shanks 2002; Shanks and Lovibond 2002). In the
case of autonomic conditioning, Schell et al. (1991) directly
tested the impact of CS-US interval on extinction and forgetting
of differential conditioning. They found that conditioning with
a 0.5-sec CS-US interval was no more resistant to extinction,
forgetting or instruction than conditioning with an 8-sec CS-US
interval. Unaware participants, whether they had never learned
or had forgotten the stimulus contingencies, showed the typical
pattern of a lack of differential skin conductance responding.
Thus, there is no compelling evidence that strong CS-US conti-
guity engages a more primitive, unconscious form of learning.

Clinical Research

Extinction-like procedures are used in the treatment of a number
of disorders. For example, exposure therapy is commonly used
for anxiety disorders. As in the laboratory, reductions in anxiety
during exposure are accompanied by corresponding changes in
threat beliefs and expectancies of harm (see Reiss 1991; Foa et al.
1996). In so-called cognitive behavioral therapy (CBT), clinicians
take advantage of the synergy between behavioral and verbal
procedures to draw the attention of patients to contradictions

between their dysfunctional beliefs and their current experiences
(see Zinbarg 1990; Lovibond 1993). For example, they combine
direct demonstration of the lack of danger associated with feared
stimuli (e.g., arousal symptoms in the case of panic disorder)
with information and alternative explanations (e.g., hyperventi-
lation, stress).

Interestingly, cognitive therapists have developed models of
threat beliefs and their treatment that are conceptually highly
similar to contemporary associative accounts. For example, Salk-
ovskis and his colleagues (see Salkovskis 1991; Wells et al. 1995)
have drawn attention to the problem of “safety behaviors” in
exposure therapy for anxiety disorders. These investigators pro-
pose that anxious patients hold irrational threat beliefs; that is,
they have exaggerated beliefs concerning the probability and/or
cost of harmful outcomes that might occur in a given situation.
Exposure therapy normally acts to disconfirm these threat beliefs
because the patient is exposed to the feared situation without any
harm actually occurring. However, if the patient performs safety
behaviors during exposure, these behaviors act to prevent the
disconfirmation that would normally occur by providing an al-
ternative explanation for the absence of harm, thus leaving the
original threat beliefs unaltered. This analysis is functionally
identical to the account of protection from extinction in the
laboratory outlined earlier.

Cognitive Mechanisms of Extinction

Both the laboratory and clinical evidence reviewed above dem-
onstrate a strong correspondence between CRs and beliefs/
expectancies during extinction. In both cases, the effectiveness of
verbal information further supports the cognitive model. Accord-
ing to such a model, then, how does extinction occur? Most of
the evidence relevant to this question comes from studies moti-
vated by the testing of associative models, as there is little re-
search directly testing the cognitive model. Nonetheless, the re-
sults of these studies can be interpreted in terms of their impli-
cations for the cognitive model. For example, both animal and
human research suggests that new learning (including extinc-
tion) is initiated when the learner detects a discrepancy detected
between what is expected and what actually occurs on a given
learning occasion. Although Rescorla and Wagner (1972) used
such a description metaphorically, the cognitive model asserts
that human participants base their expectancies on their current
associative knowledge, derived both from prior experience and
other sources such as language, and are able to report on both
their knowledge and their expectancies. This prediction is con-
sistent with the evidence from human conditioning reviewed
above, but has not been directly tested.

As noted earlier, the violation of expectancies that occurs in
extinction gives rise to changes in contingency beliefs stored in
long-term memory. But rather than destroying the original con-
tingency knowledge, both animal and human research suggests
that extinction establishes new learning that overrides the origi-
nal learned associations. For example, Hermans, Vansteenwegen,
and colleagues (Hermans et al. 2004; Vansteenwegen et al. 2004;
Vervliet et al. 2004) have recently demonstrated recovery of
learned fear after extinction both by a context change (renewal)
and by representation of the US (reinstatement). Mineka et al.
(1999) have demonstrated renewal of fear in phobic patients after
exposure treatment. These findings directly parallel the results
obtained from animal studies in which context changes, US
memory manipulations, and reconditioning all point to the sur-
vival of the original learning (Rescorla 1996; Pearce and Bouton
2000). It appears that extinction generates new knowledge (CS
leads to no outcome) that competes with the original knowledge
(CS leads to US), with behavior determined by the knowledge
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that is most strongly activated at a particular point in time. Al-
ternatively, extinction may be incorporated as an exception to
the original rule that is to some extent specific to the circum-
stances of extinction (Bouton 1994).

In humans, evidence for the preservation of earlier contin-
gencies can be obtained purely through instructional manipula-
tions. Collins and Shanks (2002) found that if participants were
asked to make associative judgments frequently, they based their
judgments on the most recently experienced trials; but if they
were only asked to make a single judgment at the end of the
experiment, they based their judgment on the aggregate contin-
gency over the whole set of trials. This result suggests that par-
ticipants encode changes in contingencies over time and can
report flexibly on recent or past contingencies on the basis of
verbal instruction. It is difficult to see how a simple associative
model, in which learning is encoded only in terms of the
strength of excitatory and inhibitory connections, could account
for these data. The Collins and Shanks (2002) finding also helps
explain why the assessment of contingency awareness after an
intervening extinction phase often yields inconsistent results,
whereas assessment of awareness immediately after acquisition
typically yields a strong relationship with degree of conditioning
(Dawson and Reardon 1973). Presumably, participants asked to
indicate the association between the CS and US after extinction
have two competing memories—one of CS-US pairings from ac-
quisition, and one of CS alone presentations from extinction—
and have to choose between them or combine them in some way.

The cognitive model also allows for the possibility of extinc-
tion-like effects through methods other than direct exposure to
the target CS. First, extinction can be achieved by provision of
verbal information, as in the laboratory procedure of instructed
extinction. Second, other experiences such as observation could
lead both to acquisition and extinction of associative knowledge.
Finally, extinction may be achieved through the training of com-
peting CSs. In the procedure of backward blocking, a compound
of two CSs, say A and B, is initially paired with the US. In a
subsequent phase, one of the CSs, say A, is paired consistently
with the US. When responding to the other stimulus B is as-
sessed, it is revealed that its ability to evoke a CR (and also a US
expectancy) has been weakened by the intervening conditioning
of A: a retrospective revaluation effect. Importantly, this effect is
heavily influenced by training conditions that permit backward
blocking as a logical inference (Mitchell and Lovibond 2002; see
also De Houwer et al. 2002; Lovibond et al. 2003). This research
provides strong evidence for reasoning processes in human con-
ditioning and indicates that associative or causal beliefs can be
altered by methods other than direct exposure to the CS and US.

There are some parallels between the account described
above and the sorts of models developed by clinical researchers
to account for changes in beliefs during treatment. Cognitive
models of treatment point to the establishment of new func-
tional schema (belief systems), rather than the destruction of
prior dysfunctional schema, in order to account for the occur-
rence of relapse after treatment that is a feature of many clinical
disorders (Beck 1996; Foa and Kozak 1986). For example, expo-
sure therapy and corrective information are thought to help es-
tablish normative threat appraisal in anxious patients, but a
single crisis can return the patient to pretreatment levels both of
anxiety and threat appraisal. The notion of reactivation of earlier
maladaptive schemata is very similar to the cognitive account of
renewal and reinstatement after extinction in the laboratory.

A second parallel between a cognitive model of extinction
and clinical models of treatment is in reattribution training. Cli-
nicians often encourage patients to generate alternative, more
adaptive explanations for past events that cannot be undone,
such as failure or trauma. This strategy is directly analogous to
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retrospective revaluation procedures such as the example of
backward blocking described earlier. By establishing the partner
CS as a reliable predictor of the US, conditioning to the target CS
can be reduced. This procedure is similar to the tactic of includ-
ing a novel “scapegoat” CS to overshadow taste aversion learning
to favorite foods during chemotherapy (see Bernstein and Web-
ster 1985), except that it can be implemented after the condi-
tioning episode. Furthermore, I have recently demonstrated that
retrospective changes in human autonomic conditioning can be
achieved not only by directly conditioning the partner CS but
also by presenting verbal information about that CS (Lovibond
2003). This finding not only provides laboratory support for the
clinical practice of verbal reattribution training but demonstrates
that knowledge generated by conditioning must be represented
in propositional form, such that it can make contact with verbal
information in order to generate a retrospective inference.

Finally, it is worth noting that the analysis presented above
is based on traditional Pavlovian conditioning procedures in
which the CS precedes and signals the occurrence of a motiva-
tionally significant US. Under these conditions, both learning
and performance appear to involve expectancy processes. How-
ever, it has been argued that associations can also be learned by
a simpler system that merely associates two elements together.
So-called evaluative conditioning has been proposed to differ
from expectancy-based learning in three ways: First, it is said to
occur independently of conscious awareness of the stimulus re-
lationships; second, it gives rise to affective reactions of a like/
dislike nature; and third (and most importantly for the present
paper), it is said to be impervious to extinction once it has been
established (for a review, see De Houwer et al. 2001). The distinc-
tion is a contentious one, and alternative accounts of evaluative
conditioning experiments have been proposed (see Lovibond
and Shanks 2002; Lipp et al. 2003). Nonetheless, even if the idea
of a separate learning mechanism is not supported, it is an in-
triguing possibility that performance of some emotional re-
sponses might be achieved simply by activation of the memory
or representation of a stimulus, without active anticipation of the
actual occurrence of that stimulus. Such responses might differ
from expectancy-based responses in their sensitivity to extinc-
tion procedures.

Implications for Neuroscience

A great deal of research on the neural basis of conditioning has
been conducted with animals. It may be thought that evidence
for the involvement of cognitive processes in human condition-
ing threatens the relevance of animal research. However, the
striking empirical similarities between animal and human con-
ditioning strongly support continuity of the underlying mecha-
nisms (Lovibond and Shanks 2002). Rather than accepting the
traditional view that conditioning is a low-level process in both
animals and humans, it is more parsimonious to assume that
laboratory animals possess a precursor to the human cognitive
system, one that is capable of representing certain aspects of the
environment. In other words, the mechanisms that allow condi-
tioning in animals evolved into those that allow higher-level
cognition and language in humans. This view in fact provides a
stronger justification for animal research than does the tradi-
tional model, because it postulates that conditioning in animals
will be relevant not only to conditioning in humans but also to
other high-level cognitive processes.

The implications of the cognitive model for neuroscience
research are very different from those of the traditional model.
The primary implication concerns the way in which associative
information is stored and used. The traditional model suggests
that conditioning and extinction can both be understood in
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terms of associative connections between “nodes” corresponding
to the CS and US/UR. These connections may be excitatory or
inhibitory, but they are constrained to a single property, the
regulation of activation. As such, they are functionally the same
as the traditional conception of reflexes. This view encourages
neuroscientists to look for direct neural connections between the
brain systems responsible for perception of the CS and the US,
and/or between the CS and the systems responsible for emo-
tional or motor responding. The cognitive model, by contrast,
postulates that learning results in a symbolic internal represen-
tation of the relationship between the CS and US that includes
information such as temporal sequence and timing. Such a rep-
resentation is unlikely to be coded in terms of a direct neural
connection at the perceptual or motor level. Furthermore, in the
cognitive model performance typically derives not from the di-
rect activation of the US representation (as though the US itself
had been presented), but from a distinct state of expectancy of
the US. Expectancy processes may give rise to anticipatory spe-
cies-specific behavior appropriate to the motivational category of
the US (e.g., anxiety in the case of harmful USs or craving in the
case of appetitive USs), rather than or in addition to responses
specific to the particular US used (see Konorski 1967). Although
expectancy appears to be central to many responses such as anxi-
ety and craving, it is possible that other responses such as evalu-
ative (like/dislike) reactions require only activation of the US
representation or its motivational system. An important task for
neuroscience is to delineate the neural processes underlying
memory and expectancy.

Similar to acquisition, extinction depends on surprise, as
demonstrated by the phenomenon of protection from extinc-
tion. However, the surprise that is generated when an expected
event fails to occur is more focused than when an unexpected
event does occur. Extinction is intrinsically more complex than
is acquisition because it depends on retrieval of specific prior
learning from long-term memory. Furthermore, as already noted,
extinction appears to preserve the original learning and add new
learning that suppresses the original learned behavior. This new
learning is often conditionalized on features such as context or
time and can be disrupted by methods that do not disrupt initial
learning. Thus, it may reasonably be predicted that extinction
involves more complex processes than acquisition and, hence,
may depend on additional brain regions and/or be affected dif-
ferently by pharmacological manipulations.

In the case of human neuroscience research, the primary
implication of the cognitive model is that there is a single learn-
ing process to be understood, rather than two separate processes
(Lovibond and Shanks 2002). That single process will include
systems responsible for language, reasoning, and conscious rep-
resentation of contingencies, as well as the expectation of future
events. It is important to note that the cognitive view does not
deny the role of low-level, unconscious processes in condition-
ing. Such processes as attention, perception, and retrieval of in-
formation from long-term memory must be involved prior to the
point of conscious representation of associative relationships.
What the cognitive model does deny, however, is that low-level
systems alone are capable of generating CRs. That is, low-level
processes are necessary for higher-level processes such as those
associated with conscious awareness, but they are not by them-
selves sufficient to yield learning. They enable higher-level cog-
nition rather than competing with it. Thus, neuroscientists
should be looking for an integrated system that includes both
low-level and higher-level processes rather than multiple com-
peting systems each capable of generating behavior. Apparent
dissociations need to be examined carefully to see whether they
demand postulation of multiple processes rather than a single
integrated process (Dunn and Kirsner 2003).

Conclusions

I have reviewed evidence for a cognitive model of extinction that
encompasses both animal and human evidence. Future research
needs to test novel predictions of the cognitive model and flesh
out aspects that are presently descriptive rather than explana-
tory. Clinical psychologists have already developed procedures
consistent with the cognitive model of extinction, and these pro-
cedures may be further refined by taking advantage of laboratory
models. The challenge for neuroscience is to map the known
functional properties of conditioning and extinction on to neu-
ral systems. This task will require moving beyond the traditional
view that cortical regions are associated with higher-level cogni-
tion, whereas subcortical structures are associated with phyloge-
netically older, more primitive noncognitive systems, operating
in a competitive fashion. Conditioning and extinction are more
likely to involve multiple brain processes operating in an inte-
grated, cooperative fashion.
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