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Abstract

Two experiments examined the ability of an added stimulus to interfere with extinction of a target
excitatory fear stimulus (a predictor of shock) in human autonomic conditioning. Both experiments
demonstrated disruption of extinction when the added stimulus was inhibitory (a predictor of no shock,
or safety signal). Subjects showed a return of fear when the target stimulus was tested alone, on both
self-reported shock expectancy and skin conductance measures. The second experiment also
demonstrated disruption of extinction when the added stimulus was excitatory. This result suggests that
protection from extinction may occur even when the added stimulus is not inhibitory. Additional factors
that may contribute to protection from extinction include context-speci®city, occasion-setting and
external inhibition. The results highlight the role that concurrent stimuli play in extinction, and
emphasise the need to keep concurrent stimuli as similar as possible to the desired transfer context in
practical applications of extinction such as exposure therapy for anxiety. 7 2000 Elsevier Science Ltd.
All rights reserved.

1. Introduction

Protection from extinction refers to interference with extinction of a target stimulus by an
inhibitory stimulus. Ordinarily, when a Pavlovian conditioned stimulus (CS) has been
established as a predictor of an unconditioned stimulus (US), presentation of the CS without
the US leads to extinction: the loss of the ability of the CS to produce a conditioned response
(CR). However, when the excitatory CS is accompanied during extinction trials by an
inhibitory CS Ð a predictor of the absence of the US Ð it may retain the ability to generate a
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CR when subsequently tested alone (e.g. Soltysik, Wolfe, Nicholas, Wilson & Garcia-Sanchez,
1983).
Protection from extinction has important implications for any clinical procedure involving

extinction or unlearning. For example, exposure therapy is often assumed to involve a process
analogous to extinction. Exposure is employed in the treatment of many clinical disorders, and
is a primary feature of the treatment of anxiety disorders. Even if an anxiety reaction has been
established via some other route than direct conditioning (e.g. Rachman, 1977), there is reason
to believe that the same mechanisms that underlie extinction of a conditioned reaction may be
operative (Lovibond, 1993; Reiss, 1991). Any inhibitory stimulus or `safety signal' present
during exposure could therefore undermine the e�ectiveness of the treatment. One widely
recognised source of safety is the therapist: exposure to anxiety-provoking cues in the presence
of the therapist may lead to rapid symptom reduction but a return of anxiety when the patient
subsequently confronts the stimuli alone. Clinical researchers are discovering more subtle
sources of safety Ð both in the external environment and in the behaviour of the patient Ð
that appear to interfere with exposure treatment (e.g. Salkovskis, Clark & Gelder, 1996; Wells
et al., 1995).
The phenomenon of protection from extinction has also been in¯uential in shaping theories

about the conditions for unlearning and new learning. For example, most contemporary
theoretical models of associative learning anticipate it. The in¯uential model of Rescorla and
Wagner (1972) assumes that an inhibitory stimulus has a negative associative strength which
cancels out the positive associative strength of the target excitatory stimulus, leading to little or
no discrepancy between what is predicted by all cues (close to zero) and what actually happens
on extinction trials (zero). Thus there is little change in associative strength of the stimuli, and
in particular the target CS should retain a positive associative strength, revealed when it is
tested alone. Such an outcome is not anticipated by traditional stimulus-response models of
learning, which predict that presentation of the target CS without the CR should lead to
successful extinction. Protection from extinction is, however, highly compatible with
attributional and expectancy-based models of learning: if a subject attributes the absence of an
expected outcome to the inhibitory stimulus, then there is no reason to revise the causal status
of the target stimulus (see also Salkovskis et al., 1996; Wells et al., 1995).
Given the theoretical and practical signi®cance of the phenomenon, it is surprising that there

appear to be no demonstrations of protection from extinction in human subjects. Furthermore,
the animal literature has not yet ®rmly established the conditions under which the e�ect will
occur. For example, a wide variety of appetitive and aversive conditioning preparations and
temporal arrangements have been employed, with no clear pattern of outcomes. The inhibitory
stimulus has been presented prior to the target (Kamin & Szakmary, 1977), during the target
(Baum & Jacobs, 1989; Kamin, 1969, pp. 283±285) and after the target (Johnston, Clayton &
Seligman, 1972, cited in LoLordo & Rescorla, 1966; Seligman & Johnston, 1973; Soltysik et
al., 1983). While most experiments have shown protection from extinction, several experiments
have failed to ®nd the e�ect, and at least one has shown the opposite e�ect (Hawk & Riccio,
1977). Almost all studies have compared a protection condition with conventional CS alone
extinction. To our knowledge, only one study has examined whether it is necessary for the
added stimulus to be inhibitory. Calton, Mitchell and Schachtman (1996) reported that a
previously extinguished CS may act to protect a target CS from extinction, as compared to a
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target alone condition and to target plus another excitatory stimulus, but not when compared
to target plus a novel stimulus. However, not all learning theories assume that a previously
extinguished CS has active inhibitory properties, so it is not clear whether the Calton et al.
(1996) results would also be obtained with a conventional conditioned inhibitor.
Given the ambiguity of the available data, the present experiments were designed with two

aims: (1) to demonstrate protection from extinction in human subjects and (2) to evaluate
whether it is necessary for the added stimulus to be inhibitory. The preparation employed was
autonomic conditioning with an aversive US (electric shock), in order to maximise the
applicability of the ®ndings to the practical domain of extinction of anxiety.

2. Experiment 1

The ®rst experiment was designed to demonstrate protection from extinction in human
autonomic conditioning. A within-subject design was employed to maximise statistical power
(see Table 1). In the acquisition phase, subjects were exposed to a conditioned inhibition
discrimination (A+/AEÿ). These trials were intended to establish E as a signal for safety,
since its presence was associated with omission of the shock that otherwise occurred after A.
The two stimuli to be extinguished, C and D, were paired with shock in this phase. During the
extinction phase, both C and D were presented without shock, but the target stimulus C was
accompanied by the safety signal E, whereas the comparison stimulus D was presented alone.
Protection from extinction would be observed in the test phase if subjects responded more
strongly to C than to D.
The procedure allowed trial-by-trial recording of an objective measure of autonomic arousal

(skin conductance) as well as a self-report measure: online ratings of shock expectancy. The
self-report expectancy measure was assumed to re¯ect the learning of causal knowledge, as
posited by attributional/expectancy models of learning (e.g. Reiss, 1991; see also Lovibond,
1998). The autonomic conditioning literature shows a close correspondence between expectancy
ratings and autonomic measures of learning, encouraging the view that they arise from a

Table 1
Design of experiment 1a

Phase

Acquisition Extinction Test

A+ (2) A+ (2) A+ (1)
Bÿ (2) Bÿ (2) Bÿ (1)
AEÿ (4)

C+ (2) CEÿ (3) Cÿ (1)
D+ (2) Dÿ (3) Dÿ (1)

a Letters A±E refer to conditioned stimuli; + and ÿ refer to the presence and absence, respectively, of electric
shock after the CS; numbers in parentheses give the number of trials of each type; within each phase, trial types
were intermixed.
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common learning process (see Davey, 1987; Dawson & Schell, 1985; Lovibond, 1992, 1993).
This expectancy±autonomic correspondence, which is not always seen between self-report and
autonomic measures in clinical studies, supports the view that moment-by-moment expectancy
of an aversive outcome is the proximal cognitive basis for anxiety. Thus, it was anticipated that
protection from extinction would be manifest on both the expectancy and autonomic measures
in the present experiment.

2.1. Method

2.1.1. Subjects
Subjects were 26 undergraduate students, 19 females and seven males, who volunteered for

the experiment in partial ful®lment of a course requirement.

2.1.2. Apparatus
The apparatus was the same as that described in Hinchy, Lovibond and Ter-Horst (1995). In

brief, subjects were tested singly in a darkened room. One auditory and four visual stimuli
served as CSs. The auditory stimulus was a 70-dB, 500-Hz sine wave tone played through a
speaker located on the ¯oor and to the right of the subject. The visual stimuli were coloured
blocks of blue, red, white and green presented on a 30-cm colour computer monitor
approximately 100 cm in front of the subject. The blocks were approximately 6 cm2 and
appeared in the centre of the screen. The monitor was also used to display all instructions.
Skin conductance was measured through electrodes attached to the second and third ®ngers

of the subject's nonpreferred hand, and was recorded on a paper chart via a constant voltage
pre-preampli®er and Grass preampli®er and ampli®er. Shock electrodes were attached to the
proximal and medial segments of the ®rst (index) ®nger of the same hand. Subjects used their
preferred hand to record their subjective moment-to-moment expectancy of shock on a
continuous, 1808, rotary dial attached to the arm of seat. The semicircular dial was labelled
expectancy of shock in the next few moments, with the left extreme labelled certain no shock, the
centre position uncertain and the right extreme certain shock. An IBM-compatible computer
was used to present all stimuli and to record the shock expectancy ratings (at 0.5-s intervals).

2.1.3. Procedure
The general procedure followed that described in Hinchy et al. (1995). Subjects were ®tted

with electrodes, and were led through a work-up procedure to select a ``de®nitely
uncomfortable, but not painful'' shock level. They were then taken into the experimental room
and given spoken and written instructions about the purpose of the experiment and the use of
the expectancy pointer. They were told that they should move the expectancy pointer as often
as they wished, so that the pointer always indicated their current degree of expectancy of shock
at the end of the CS. Subjects were speci®cally directed to work out which auditory and visual
stimuli led to shock and which did not. They were informed that shocks would only occur
during the last 0.5 s of the time a stimulus was presented.
The conditioning procedure followed that developed by Lovibond (1992). Throughout the

experiment, CS durations varied randomly between 10 and 30 s, while shock durations were
always 0.5 s. Intertrial intervals varied randomly between 20 and 50 s (mean=30 s). Five CSs
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were employed, designated A to E. For all subjects, red served as CS A, blue served as CS B
and the tone served as CS E. For half of the subjects, white served as CS C and green as CS
D, and for the other half these stimuli were reversed.
A within-subjects design was employed, with three phases (see Table 1). Within each phase,

trial order was random except that there were no more than two consecutive presentations of
the same trial type. In the acquisition phase, subjects were exposed to two trials on which A
was followed by shock and two trials on which B was followed by no shock. Subjects also
received four trials on which A was combined with the auditory cue E in a simultaneous
compound, followed by no shock. These trials were designed to establish A as a predictor of
shock and E as a predictor of shock omission (safety signal or conditioned inhibitor). Finally,
subjects were exposed to two trials of C and D followed by shock. These stimuli served as the
excitatory cues for extinction.
In the extinction phase, the target cues C and D were each presented three times, without

shock. During these extinction trials, C was accompanied by the putative safety signal E. In
the test phase, C and D were each presented alone, so that they could be directly compared
with each other. No shock was presented after C and D. A continued to be paired with shock
and B with no shock throughout the extinction and test phases in order to provide continuity
over phases, maintain exposure to the shock and provide reference points for comparison with
the test stimuli. Throughout the experiment, the number of trials administered for each
combination of stimuli was based on previous research in the laboratory, and the need to
minimise the total number of trials so that subjects would still show electrodermal responsivity
at the time of the test phase.
Upon completion of the experiment, subjects were given a questionnaire designed to assess

knowledge of the relationships between the CSs and shock (Dawson & Reardon, 1973).
However, since two of the stimuli had changed their associative status during the experiment, it
was considered more appropriate to determine whether subjects had learned the stimulus
relations on the basis of the expectancy ratings they had given during the acquisition phase,
before any cues were extinguished. Attention was restricted to the critical A+/AEÿ
discrimination. Accordingly, subjects were classi®ed as aware of the stimulus relations if their
mean expectancy rating on the second and third A+ trials was at least 20 points higher than
their mean expectancy rating on the third and fourth AEÿ trials. The value of 20 points was
chosen as a relatively liberal criterion for awareness, so as to exclude the minimum number of
subjects from the analysis (see Lovibond, 1992).

2.1.4. Scoring and analysis
The electrodermal measure was change in tonic skin conductance level (SCL), calculated for

each trial as the di�erence between the mean SCL during the CS (excluding the ®rst 10 s) and
the mean SCL for the 10-s baseline period immediately prior to CS onset (Lovibond, 1992).
SCLs were hand scored from paper chart recordings. In order to eliminate the large individual
di�erences between subjects in the magnitude of their SCL change scores, these data were
mean-corrected. This procedure, described in detail in Lovibond (1992), expresses the SCL
change score on each trial as a proportion of the mean SCL change score for that subject over
all trials. Thus a score of 1 indicates a typical response for that subject, 0 indicates no response
and a score above 1 indicates a higher than typical response. The advantage of mean
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correction over range correction (Lykken, Rose, Luther & Maley, 1966) is that the mean is a
more stable value to use for calibration than the di�erence between the largest and smallest
responses.
Expectancy ratings were transformed to a 0±100 scale where 0 is certain no shock, 50

uncertain and 100 certain shock. A single expectancy score was calculated for each CS
presentation based on the average level across the presentation excluding the ®rst 10 s. For 10-
s CS presentations, both the SCL measure and the expectancy measure were based on a single
value taken at the end of the 10 s (Lovibond, 1992). Data for each phase were analysed by a
set of planned, orthogonal contrasts using a multivariate, repeated measures model (O'Brien &
Kaiser, 1985). Bonferroni correction was used to control for type 1 errors across the two
dependent measures (a=0.05/2).

2.2. Results

Four subjects were classi®ed as unaware of the A+/AEÿ contingencies based on their
acquisition phase expectancy ratings. Because previous research has consistently shown that
unaware subjects fail to discriminate between cues on either the expectancy or skin
conductance measures (e.g. Dawson & Schell, 1985; Lovibond, 1992), statistical analyses were
restricted to the remaining 22 subjects.

2.2.1. Expectancy ratings
The top panel of Fig. 1 shows that across the acquisition phase, subjects learned to

discriminate between trials on which A was presented alone and trials on which it was
combined with E. Expectancy ratings to the ®nal A+ trial in the acquisition phase were
reliably higher than to the average of the ®nal two AEÿ trials (F(1, 21)=101.9, p < 0.05/2).
Subjects also learned to expect shock after the two target cues C and D. On the second trial,
expectancy ratings to C and D were reliably higher than to the safe cue B (F(1, 19)=37.5, p <
0.05/2). There was no di�erence in shock expectancies to C and D on the second trial (F<1).
In the extinction phase, combining C with E greatly reduced expectancy ratings on the ®rst

trial by comparison with D (F(1, 21)=55.5, p < 0.05/2). Averaged over CE and D,
expectancies dropped from trial 1 to trial 3 (F(1, 21)=23.0, p < 0.05/2), con®rming that
extinction had occurred. By the third trial, the di�erence between CE and D was no longer
signi®cant (F(1, 21)=2.0, p < 0.05/2). Expectancy ratings to the nonshocked cue B increased
somewhat in comparison to the acquisition phase, but B was still clearly discriminated from the
shocked cue A (F(1, 21)=57.0, p<0.05/2).
In the test phase, there was a clear di�erence between A and B (F(1, 21)=96.6, p< 0.05/2).

There was also a clear protection from extinction e�ect for stimulus C. Expectancy ratings to
D were consistent with the course of extinction in the previous phase, but expectancies to C
increased almost to the level of the consistently shocked cue A when E was omitted. The
di�erence between C and D was highly signi®cant (F(1, 21)=35.6, p<0.05/2).

2.2.2. Skin conductance
The bottom panel of Fig. 1 shows that the pattern of electrodermal responding was broadly

similar in most respects to the shock expectancy ratings, but with greater variability. By the
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end of the acquisition phase, subjects responded more strongly to A than to the compound AE,
but this di�erence was only marginally signi®cant (F(1, 21)=4.5, 0.05 > p > 0.05/2). Subjects
responded more strongly to the two shocked target cues C and D than to the safe cue B on the
second trial (F(1, 21)=11.3, p < 0.05/2). There was no di�erence between C and D
(F<1).
In the extinction phase, in contrast to the pattern observed on the expectancy measure, there

was no apparent e�ect of adding E to C on the electrodermal measure. There was no di�erence
between CE and D on either the ®rst or the third extinction trial (Fs < 1). Responding to both
CE and D declined from the ®rst to the third trial, consistent with extinction, but this trend
did not reach signi®cance (F(1, 21)=2.1, p > 0.05). Throughout the extinction phase, the

Fig. 1. Mean shock expectancy ratings (top panel) and change in skin conductance level (bottom panel) as a

function of trials in experiment 1.
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discrimination between the consistently shocked cue A and the consistently non-shocked cue B
was maintained (F(1, 21)=25.8, p<0.05/2).
In the test phase, electrodermal responding to all cues was somewhat lower than in previous

phases, consistent with the overall habituation e�ect typically observed over trials on this
measure. The discrimination between A and B was reduced but was still signi®cant (F(1,
21)=6.8, p < 0.05/2). Importantly, the protection from extinction pattern observed on the
expectancy measure was also evident on the electrodermal measure. Responding to D
continued to fall, while responding to C increased when stimulus E was omitted. The di�erence
between C and D was marginally signi®cant (F(1, 21)=5.7, 0.05> p>0.05/2).

2.3. Discussion

The primary outcome of experiment 1 was that subjects showed higher shock expectancy
and higher skin conductance during stimulus C, which had been combined with the inhibitory
stimulus E during extinction, than during D, which had been presented alone. The experiment
thus demonstrated protection from extinction on both measures. This result indicates that an
important empirical ®nding in basic animal research is also demonstrated by human subjects,
and provides further support for the applicability of associative conditioning models to human
learning (Shanks, 1994). In particular, the results suggest that protection from extinction may
occur in clinical settings such as exposure treatment for anxiety disorders.
The general concordance between the autonomic and self-report measures supports cognitive

models of associative learning and anxiety that emphasise the role of expectancy processes in
the generation of anxiety. However, one interesting dissociation between the measures was
observed during the extinction phase. Whereas the addition of the putative inhibitory stimulus
E greatly reduced shock expectancy to C by comparison with D, no such e�ect was apparent
on the skin conductance measure. One possible account of the skin conductance data relies on
the observation that this measure is sensitive to novelty and attentional factors as well as to
anxious arousal (e.g. OÈ hman, 1983). Thus, the novelty of the CE combination may have
elevated skin conductance and cancelled out any inhibitory e�ect of E. It is also important to
note that there has been no successful demonstration of transfer of conditioned inhibition in
human conditioning. That is, a conditioned inhibitor does not suppress either shock expectancy
or skin conductance to a separately trained excitor to a greater extent than does a novel
comparison stimulus (Grings, Carey & Schell, 1974; McNally & Reiss, 1982, 1984; Wilkinson,
Lovibond, Siddle & Bond, 1989). Therefore at least part of the suppression of expectancy
ratings to C by the addition of E may also have been induced by an associatively neutral
stimulus. This possibility raises the question: to what extent does the protection from
extinction observed in this experiment depend on the inhibitory training given to the added
cue? Experiment 2 addressed this question.

3. Experiment 2

Experiment 1 demonstrated protection from extinction of a target shock cue by an added
inhibitory cue, but it did not establish that the inhibitory training given to the added cue was
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necessary. Furthermore, the return of responding to C could have been due to generalisation
decrement from the extinction phase to the test phase. That is, extinction of C may have
actually occurred on the CE trials, but this extinction failed to generalise to C tested alone.
Experiment 2 pitted the generalisation decrement account against the Rescorla±Wagner
account, by combining the control cue D with an excitatory cue Ð that is, another stimulus
previously paired with shock (A). In other respects the design was the same as experiment 1
(see Table 2).
According to the generalisation decrement account, there should be an equally large loss of

extinction when D is tested alone as when C is tested alone. According to the Rescorla and
Wagner (1972) account, however, the addition of the excitatory cue A should have the
opposite e�ect on D as the addition of the inhibitory cue E has on C. This model predicts that
the summation of two excitors should lead to `super extinction' of both stimuli, due to the
extremely high discrepancy between what is predicted by available cues (e�ectively two USs, or
a double strength US) and what occurs Ð namely nothing. Some evidence for this proposition
was provided by Wagner, Saavedra and Lehmann (cited in Wagner & Rescorla, 1972), who
found greater extinction of a target excitatory cue in the presence of a strong compared to a
weak excitor. Thus, if protection from extinction depends on the associative strength of the
added stimulus, it was expected that a similar or stronger di�erence between C and D would
be observed in the present experiment than in experiment 1. The experimental procedure
followed that of experiment 1, except that the conditioned stimuli were colour pictures (see
Lovibond, Siddle & Bond, 1993). Compounds were formed by presenting two pictures
simultaneously in the top and bottom halves of one colour slide.

3.1. Method

3.1.1. Subjects
Subjects were 20 undergraduate students, 12 females and eight males, who volunteered for

the experiment in partial ful®lment of a course requirement.

3.1.2. Apparatus
The apparatus was the same as that used in experiment 1, with the exception that the stimuli

Table 2

Design of experiment 2a

Phase

Acquisition Extinction Test

A+ (2) A+ (2) A+ (1)

Bÿ (2) Bÿ (2) Bÿ (1)
AEÿ (4)
C+ (2) CEÿ (3) Cÿ (1)

D+ (2) DAÿ (3) Dÿ (1)

a Notation as for Table 1.
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used as CSs were colour pictures depicting a ¯ower, a mushroom, a mountain, a tree and a
lake. The pictures were projected by a Kodak Carousel projector onto a screen approximately
2 m in front of the subject. The image size was approximately 97 � 66 cm. Pictorial stimuli
were chosen to facilitate comparison with other research in the laboratory that employed
pictures of fear-relevant stimuli (snakes, spiders; e.g. Lovibond et al., 1993). Our pilot work
suggested that subjects could learn to use a visual cue as easily as an auditory cue to modulate
responding to a target visual cue predicting shock.

3.1.3. Procedure
The general procedure was the same as for experiment 1. Stimuli A and B were the ¯ower or

mushroom, counterbalanced over subjects. Similarly, stimuli C and D were the tree or
mountain, counterbalanced over subjects. Stimulus E was the lake for all subjects. Single
stimuli consisted of one colour picture in either the top or bottom half of the screen,
randomised over trials. Compound stimuli consisted of two colour pictures, one in the top half
and one in the bottom half of the screen, with position randomised over trials (see Lovibond et
al., 1993). The design was identical to that of experiment 1, except that the control stimulus D
was accompanied during extinction by stimulus A, which had been paired with shock during
acquisition (see Table 2).

3.2. Results

Two subjects were classi®ed as unaware of the A+/AEÿ contingencies based on their
acquisition phase expectancy ratings. Results are presented for the remaining 18 subjects.

3.2.1. Expectancy ratings
The top panel of Fig. 2 shows that the pattern of expectancy ratings during the acquisition

and extinction phases was very similar to that obtained in experiment 1. By the end of
acquisition, subjects gave higher shock expectancy ratings to A than to AE (F(1, 17)=143.4, p
< 0.05/2) and to C and D combined than to B (F(1, 17)=33.5, p < 0.05/2). There was no
di�erence in expectancy ratings to C and D (F<1).
During extinction, subjects maintained their discrimination between the consistently shocked

stimulus A and the consistently non-shocked stimulus B (F(1, 17)=107.8, p < 0.05/2).
Expectancies to the DA compound were approximately the same as to both D and A alone
during acquisition, and dropped rapidly across the three non-shocked extinction trials. By
contrast, addition of the putative inhibitory stimulus E again reduced expectancies to the target
stimulus C, but expectancy ratings did not decline substantially further over trials. This pattern
led to a signi®cant di�erence between DA and CE on the ®rst extinction trial (F(1, 17)=20.9, p
< 0.05/2), and a signi®cant di�erence in the opposite direction by the third extinction trial
(F(1, 17)=8.1, p<0.05/2). There was a signi®cant reduction in expectancy from the ®rst to the
third trial, averaged over DA and CE (F(1, 17)=39.3, p < 0.05/2), which was clearly due
primarily to the DA trials.
In the test phase, the discrimination between A and B remained relatively strong (F(1,

17)=23.6, p < 0.05/2). Shock expectancy ratings for stimulus C when presented alone were
again very close to those of the shocked stimulus A. However, in this experiment, expectancy
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ratings for the control stimulus D were also very high, leading to a non-signi®cant di�erence
between C and D (F(1, 17)=2.3, p>0.05/2).

3.2.2. Skin conductance
The bottom panel of Fig. 2 shows that the pattern of electrodermal responding was again

broadly similar to that found for the shock expectancy ratings. In this experiment there was
slightly better discrimination between the shocked and non-shocked cues in the acquisition
phase. Thus, by the end of acquisition, subjects showed greater electrodermal responses to A
than to AE (F(1, 17)=7.7, p < 0.05/2), and to the average of C and D than to B (F(1,
17)=10.5, p < 0.05/2). There was no signi®cant di�erence between C and D (F < 1). In the

Fig. 2. Mean shock expectancy ratings (top panel) and change in skin conductance level (bottom panel) as a

function of trials in experiment 2.
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extinction phase, electrodermal responses to the two compounds were both low and similar to
the safe cue B. As in experiment 1, but again unlike the expectancy measure, subjects failed to
discriminate between the compound involving a putative safety signal (CE) and the compound
without such a stimulus (DA). In this experiment, DA actually contained two previously
shocked stimuli, but elicited smaller electrodermal responses than either of these stimuli had
alone during acquisition. This pattern was con®rmed by the statistical analysis. There was no
di�erence between CE and DA on the ®rst trial (F(1, 17)=2.3, p > 0.05) or on the third trial
(F < 1). Responses on the third trial were somewhat lower than on the ®rst trial, averaged
over CE and DA, but this di�erence did not reach signi®cance (F(1, 17)=2.6, p>0.05).
The test phase electrodermal data again followed the expectancy data. Responses to both C

and D were higher when tested alone than they had been in compound during extinction. The
di�erence between C and D was suggestive of a greater protection from extinction e�ect for C,
but unlike experiment 1, this di�erence did not approach signi®cance (F(1, 17)=1.8, p> 0.05).
Although mean electrodermal responding to A remained substantially higher than to B in the
test phase, this di�erence did not quite reach signi®cance (F(1, 17)=3.3, p>0.05).

3.3. Discussion

In this experiment, subjects again demonstrated protection from extinction of the target cue
C that had been combined with an inhibitory cue during extinction. However, they showed the
same e�ect for the comparison cue D that had been paired with an excitatory cue during
extinction. That is, subjects showed a return to expecting shock after both C and D, despite
the very di�erent associative histories of the cues with which they had been paired during
extinction. The results do not appear to have been a�ected by the use of colour pictures as CSs
in this experiment: a highly similar pattern was observed on both the expectancy and skin
conductance measures for all common trials across the two experiments (that is, all trials
except those involving D during the extinction and test phases). In particular, a similar
protection from extinction e�ect was observed to stimulus C across the two experiments.
Experiment 2 allowed a direct comparison between a cue extinguished with an inhibitor and a
cue extinguished with an excitor, and the conclusion seems clear-cut: the added cue does not
need to be inhibitory to induce protection from extinction. This result favours generalisation
decrement or similar accounts, rather than accounts that depend on the safety properties of the
added cue.
As in experiment 1, a similar pattern was observed in the test phase on both the expectancy

and skin conductance measures. This concordance suggests that whatever process or processes
underlie protection from extinction feed into both of these response systems. However, there
was again a dissociation between the measures in the extinction phase. As in experiment 1,
subjects gave lower shock expectancy ratings to the target cue E, which was paired with an
inhibitor, than to the comparison cue D, which in this experiment was paired with an excitor.
However a comparable e�ect was not observed on the skin conductance measure. Unlike
experiment 1, the skin conductance pattern cannot be attributed to the novelty of the CE
compound, since the DA compound was equally novel. Empirically, the data are consistent
with previous research showing that a conditioned inhibitor fails to summate with a new
excitor. However these data go further in that they also demonstrate a failure of an excitor to
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summate with another excitor to produce a larger response than to either stimulus alone.
Paradoxically, subjects gave a smaller skin conductance response on the ®rst presentation of
the DA compound than to either of these stimuli at the end of acquisition. Subjects also failed
to show additivity on the expectancy measure, but their expectancy ratings to DA were not
lower than to D or A separately. This measure may also have been constrained by a ceiling
e�ect. The implications of these results will be considered further below.

4. General discussion

Both experiments demonstrated a clear protection from extinction e�ect, on both the
expectancy and skin conductance measures, when a stimulus predictive of shock was
accompanied by another stimulus during extinction trials. The target stimulus continued to
elicit high shock expectancy and high tonic skin conductance when presented alone after
extinction. Thus it appears that extinction of human fear conditioning is relatively easily
disrupted by a stimulus change during the non-shocked trials.
It has generally been assumed that only a conditioned inhibitory stimulus, or safety signal,

will interfere with extinction (e.g. Soltysik et al., 1983; Wagner & Rescorla, 1972). However the
results of experiment 2 suggest that this may not be the case, and that even a conditioned
excitatory stimulus may disrupt extinction. Two immediate questions arise: what processes
underlie disruption by the excitatory stimulus and could these processes also account for
disruption by the inhibitory stimulus? Several potential explanatory processes are suggested by
the animal conditioning literature.
First, as described earlier, the failure of extinction to transfer from the compound trials to

the target cues tested alone could be thought of in terms of generalisation decrement. There are
now sophisticated models which describe generalisation between compounds and elements (e.g.
Pearce, 1987). There is also a well-established literature showing that after extinction of fear
conditioning, a change from the context of extinction can lead to a return of fear to the target
stimulus (Bouton & Ricker, 1994; Gunther, Denniston & Miller, 1998). In this literature, it has
been shown that the extinction context does not need to be inhibitory for such `context-
speci®city' of extinction to occur (Bouton & King, 1983). Bouton (1993) has suggested that
extinction does not eliminate the original excitatory association, but rather establishes an
additional inhibitory association that suppresses performance. He also suggests that such
additional learning is more easily disrupted by contextual changes (including the passage of
time) than is the original learning. Procedurally, the added cue in a protection from extinction
design (whether inhibitory, excitatory or neutral) constitutes a unique context in which
extinction occurs. This context is absent when the target stimulus is subsequently tested alone.
Thus, context-speci®city of extinction learning is a plausible account of the disruption of
extinction observed in the present experiments, both by the inhibitory stimulus and by the
excitatory stimulus. In clinical terms, context-speci®city may constrain the transfer of new
learning whenever there is a stimulus change (whether it involves interoceptive, exteroceptive or
temporal cues) between the therapeutic situation and the real-life situation the therapy is
intended to transfer to.
A second, related process that may be involved in disruption of extinction is occasion-
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setting. Negative occasion-setting refers to the ability of a stimulus to suppress responding to a
target excitatory stimulus. It is established in the same way as conditioned inhibition: when the
target stimulus is presented alone it is followed by, say, shock, but when it is accompanied by
the negative occasion setter, it is not followed by shock. Negative occasion-setting is typically
observed when the occasion setter precedes the target stimulus in time (Holland, 1986). Unlike
conditioned inhibition, occasion setting appears to be relatively speci®c to the target stimulus
and hence does not transfer well to other excitors. Although in the present experiments the
added cues did not precede the excitatory target cues in time, there is reason to suppose that
occasion-setting may have been learned. Speci®cally, the explicitly trained safety cue E failed to
transfer its inhibitory properties to the target excitor C. Interestingly, the ability of a stimulus
to act as an occasion-setter does not seem to depend on its own direct association with the US.
For example, a stimulus may have an excitatory association with the US but still act to
negatively modulate the association between another excitatory stimulus and the US (e.g.
Rescorla, 1985). Therefore, in experiment 2, both the excitatory cue A and the inhibitory cue E
may have acquired the ability to modulate the association between their target excitors and
shock. When presented without these modulatory cues present, the target cues again activated
an expectancy of shock and hence anxiety.
A ®nal process which may have contributed to the present results is external inhibition.

Pavlov (1927) used this term to describe the ability of another stimulus, usually a novel
stimulus, to disrupt the normal performance elicited by either an excitatory or inhibitory
target stimulus. It is applicable to the extinction phase of the present experiments, where
either of the added cues, particularly the excitatory cue A, could be seen as an external
inhibitor. Thus the failure of the AD compound in experiment 2 to demonstrate
summation on the skin conductance measure Ð to provoke a reaction as large or larger
than to either cue alone Ð could be seen as due to mutual external inhibition. External
inhibition is usually thought to operate on performance rather than learning, and this
analysis is consistent with the ®nding that a similar e�ect was not observed on the
cognitive expectancy measure. However it is still possible that the added cues A and E
also disrupted learning of extinction, and that this e�ect contributed to the observed
failure of extinction to the target stimuli observed in the test phase. Clinically, external
inhibition is most likely to occur when there is a strong or novel stimulus present during
exposure therapy Ð for example, when the patient's attentional resources are occupied by
a distracting cue or even by excessive anxiety.
In conclusion, there are several potential processes that may contribute to disruption of

extinction. The primary candidate processes that may account for disruption by an inhibitory
stimulus include cancelling the discrepancy between what is expected and what occurs on
extinction trials, context-speci®city of extinction, and negative occasion-setting. Disruption by
an excitatory stimulus might be due to external inhibition, context-speci®city of extinction and
negative occasion-setting. Clearly further research is necessary to determine the relative
contribution of these processes. We are presently investigating both occasion-setting and
context-speci®city in human fear conditioning. Preliminary results suggest that human subjects
learn occasion-setting relationships easily, and demonstrate context-speci®city of both
excitatory and inhibitory learning. It is also important to note that clear evidence for transfer
of conditioned inhibition to a novel excitor is not yet available (e.g. Wilkinson et al., 1989).
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More e�ective inhibitory training procedures (e.g. Williams, 1996) may lead to a successful
demonstration of the superiority of an inhibitory stimulus in protection from extinction.
The primary practical implication of the present research is that the extinction of fear is

relatively easily disrupted in human subjects, and that such disruption may be achieved not
only by safety signals but even by danger signals. It must be acknowledged that the results
were obtained in a laboratory setting with an objectively mild aversive event. However, the
correspondence between many laboratory learning e�ects and clinical phenomena (e.g. Mineka,
1985) supports the potential clinical applications of the laboratory model. On this basis, the
present ®ndings reinforce the importance of considering contextual stimuli when using
extinction-like procedures in a clinical application such as exposure therapy for anxiety
(Bouton, 1988; Gunther et al., 1998). External, internal and temporal stimuli present during
exposure may all potentially interfere with the process of extinction or with the transfer of
extinction to another context. The general concordance between the self-report expectancy
measure and the skin conductance measure in the present research, together with other
evidence concerning verbal processes in conditioning, suggests that the desired extinction
outcome may be maximised by manipulating both the physical stimuli the subject is exposed to
and the interpretation of these experiences encouraged by verbal or cognitive therapy
(Lovibond, 1993; Zinbarg, 1990).
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