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Whether you are a rat or a rabbit or a mouse or a monkey, your
brain is constantly learning. Indeed, one could argue that this is
one of the primary purposes of the nervous system: to adapt
behavior to changing environments by storing a record of expe-
rience. When experiences are aversive, the type of learning that
encodes memories of such events is generally called ‘aversive
learning.’ And although aversive learning is normally adaptive, it
occasionally goes awry and contributes to the pathology associ-
ated with clinical disorders of fear and anxiety, such as posttrau-
matic stress disorder. As such, there is an urgent need to under-
stand the behavioral principles and brain mechanisms of aver-
sive learning.

In recent years, an impressive body of literature has impli-
cated the amygdala, a collection of nuclei buried deep within the
temporal lobe, in aversive learning (McGaugh 1989; Davis 1992;
LeDoux 2000; Calder et al. 2001; Davis and Whalen 2001; Maren
2001). Notably, the amygdala is critical for Pavlovian fear condi-
tioning, a form of classical conditioning in which animals learn
relationships between aversive events and the stimuli that pre-
dict them. In particular, numerous studies indicate that either
neurotoxic lesions or pharmacological inactivation of the baso-
lateral amygdaloid complex (BLA; comprised of the lateral, baso-
lateral, and basomedial amygdaloid nuclei) disrupts the acquisi-
tion and expression of Pavlovian fear memories (Helmstetter and
Bellgowan 1994; Campeau and Davis 1995; Maren et al. 1996;
Muller et al. 1997; Cousens and Otto 1998). There is only one
instance in which rats with BLA lesions exhibit conditional fear
responses, and that occurs following extensive overtraining
(Maren 1998, 1999).

However, a recent report challenges the view that the amyg-
dala is required for learning Pavlovian associations during aver-
sive conditioning. In a recent issue of Learning & Memory,
Lehmann et al. (2003) report experiments suggesting that the
amygdala is not essential for the learning that occurs when rats
are exposed to an electrified shock probe, a procedure they call
“shock-probe fear conditioning.” In two experiments those au-
thors infused tetrodotoxin (TTX), which reversibly inhibits neu-
ronal activity, into the BLA prior to shock-probe fear condition-
ing. They found that TTX infusions into the BLA affected probe
avoidance during training, with BLA-treated rats contacting the
probe more than five times as often as controls. However,
Lehmann and colleagues found that retention of the shock-probe
training, which was indexed by measuring the number of con-
tacts the rats made with the probe four days after training, was
minimally affected by BLA inactivation. The authors concluded
that “… the amygdala is not necessary for the acquisition of the
association between the shock and the cue, but is involved in
some other process that influences performance” (Lehmann et al.
2003). On the face of it, this conclusion challenges a widely held
view that the BLA is importantly involved, if not essential under

most circumstances, for the acquisition of stimulus–stimulus as-
sociations that underlie long-term memories for Pavlovian fear
conditioning.

But is the essence of learning and memory in the shock-
probe task a Pavlovian association? Lehmann et al. imply that
avoidance performance in the shock-probe task is guided by “the
association between the shock and the cue” and have labeled this
learning “shock-probe fear conditioning.” Because our ability to
assign function to brain systems in learning tasks is only as good
as our understanding of the psychological processes underlying
those tasks, it is essential that we understand the learning mecha-
nisms that govern “shock-probe fear conditioning” before con-
cluding that the amygdala is or isn’t involved.

To understand aversive learning, experimental psycholo-
gists and behavioral neuroscientists have developed laboratory
paradigms that attempt to distill fundamental psychological pro-
cesses under experimentally controlled conditions. For example,
repeated presentation of an aversive stimulus, such as a loud
noise, is used to study nonassociative learning processes includ-
ing habituation and sensitization. Contingent and response-in-
dependent presentations of two different stimuli, such as an in-
nocuous tone and an aversive footshock, is used to study Pavlov-
ian (classical) conditioning. Contingent but response-dependent
presentation of a stimulus, such as delivering footshock to an
animal when it crosses into a dark compartment, is used to study
instrumental (operant) conditioning. One primary goal of neu-
roscience is to understand the neural mechanisms of these types
of learning. And although they may appear simple, at least in a
procedural sense, there is more complexity than meets the eye.
Aversive learning is not monolithic in either a psychological or
neurobiological sense. Many sensory, motivational, and motor
processes serve it, and it requires the coordinated operation of
many neural systems. The involvement of multiple psychologi-
cal processes and neural systems in aversive learning is a testa-
ment to its complexity and importance.

When rats are submitted to “shock-probe fear condition-
ing,” they are placed in an enclosure containing a wire-wrapped
and electrified probe extending from one wall (Fig. 1). During
exploration of the enclosure, rats invariably approach the probe
and receive a brief electric shock, typically to the nose. After
receiving one or more shocks, rats come to avoid the probe and
will make many fewer contacts with the electrified probe during
later retention tests. In addition, rats will spray bedding or other
substrates (if available) at the probe to bury it. Probe burying is
thought to be a species-specific defense response emitted to focal
aversive stimuli (Pinel and Treit 1978; but see Fanselow et al.
1987). Importantly, both probe avoidance and burying reduce
the number of shocks an animal receives, and thereby would be
expected to be under the control of instrumental contingencies.
Therefore, “shock-probe fear conditioning” involves not only a
Pavlovian contingency, but also an instrumental contingency.
Pavlovian conditioning of probe-shock and context-shock asso-
ciations yields conditioned fear responses (such as freezing) to
the probe or enclosure, whereas instrumental conditioning of
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probe-approach and approach-shock associations promotes in-
strumental avoidance of the probe. Nonassociative sensitization
of fear may also play a role in regulating behavior during shock-
probe training. As such, the term “shock-probe fear condition-
ing” is misleading because it implies that the process and proce-
dure are fundamentally Pavlovian. Indeed, the shock-probe pro-
cedure contrasts significantly with that in a typical Pavlovian fear
conditioning session in which a tone is paired with footshock,
for example. In a true Pavlovian fear conditioning procedure, the
animal does not control stimulus delivery; the onset of tones and
footshocks, for example, are scheduled and administered by the
experimenter. Indeed, the shock-probe procedure is more aptly
named “shock-probe avoidance conditioning” to reflect the in-
strumental contingency in the task.

The response requirement in the shock-probe test has im-
portant implications for the underlying neural substrates. In-
deed, there is considerable evidence to suggest that instrumental
contingencies, whether for conditional stimulus (CS) or uncon-
ditional stimulus (US) delivery, weaken the involvement of the
amygdala in aversive learning tasks. In the conditioned taste
aversion (CTA) paradigm, for example, Schafe et al. (1998) dem-
onstrated that the conditioning procedure determines whether
the learning is sensitive to neurotoxic amygdala lesions. If ani-
mals are required to make an instrumental response for the sac-
charin CS (a standard procedure in which the animal approaches
a sipper tube containing saccharin), then the CTA is not affected
by neurotoxic amygdala lesions. However, if the saccharin CS is
infused directly across the tongue, a Pavlovian procedure for
which there is no response requirement, then the CTA is sensi-
tive to amygdala lesions. This pattern of results has also emerged
in shock-motivated conditioning tasks. Lesions of the BLA,
which normally disrupt Pavlovian fear conditioning, have weak

effects when animals are required to press a lever to initiate trial
delivery (CS and US onset; Killcross et al. 1997). Furthermore,
there is ample evidence suggesting that inhibitory avoidance pro-
cedures, which require animals to make a response to receive
footshock, are often immune to BLA lesions (McNew and
Thompson 1966; Tomaz et al. 1992; Roozendaal and McGaugh
1997). Hence aversive conditioning procedures that require an
instrumental response are less dependent on the BLA, whereas
those that do not (i.e., true Pavlovian procedures) require the
BLA.

Because “shock-probe fear conditioning” involves both Pav-
lovian and instrumental associations, it is not surprising that BLA
inactivation is not sufficient to disrupt the retention of probe
avoidance. Animals receiving intra-amygdaloid TTX infusions in
the Lehmann et al. (2003) study may have ultimately learned to
avoid the shock probe using instrumental associations not re-
quiring the amygdala. Indeed, as two-process models of avoid-
ance learning might suggest, BLA inactivation had a potent effect
early in training, when Pavlovian conditioning predominates the
avoidance learning experience, but not later during retention
testing, when instrumental contingencies predominate (Mineka
and Gino 1980). If true, an interesting prediction is that the
retention performance of rats that acquire probe avoidance un-
der BLA inactivation should be more sensitive than that of intact
rats to the imposition of omission contingencies, which are
known to strongly affect instrumental performance. Likewise,
retention performance in intact rats may be more sensitive to the
extinction of Pavlovian fear (e.g., by exposing rats to the condi-
tioning context), than are rats trained under TTX inactivation. It
would also be informative to examine whether BLA inactivation
has more profound effects on defensive behaviors that are gen-
erated by Pavlovian contingencies, including freezing and possi-

Figure 1 Experimental procedures and behavior in shock-probe and Pavlovian fear conditioning in rats. In shock-probe fear conditioning, rats
voluntarily approach an electrified shock-probe. Contact with the electrified probe is aversive and yields both Pavlovian and instrumental associations
that support avoidance behavior during later retention testing. Probe contact and shock delivery are contingent upon the animal’s behavior. During
Pavlovian fear conditioning, in contrast, an experimenter initiates conditioning trials in which a discrete or contextual conditional stimulus (CS) is
followed by an aversive footshock unconditional stimulus (US). CS and US delivery are not contingent on the animal’s behavior. Pavlovian associations
between CS and US yield conditional fear responses, such as freezing, that are expressed to the CS during later retention testing in a novel context.
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bly probe burying itself (Fanselow et al. 1987). Until these av-
enues are explored, it is premature to conclude that the amygdala
is not required for forming Pavlovian cue-shock associations dur-
ing shock-probe training. Rather, it seems more reasonable to
conclude that the amygdala is required for these Pavlovian asso-
ciations, but is not required for learning response contingencies
that support instrumental avoidance.
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