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Abstract

Animal research has shown that extinguished conditioned performance is modulated by the
environmental context in which extinction treatment has occurred. When the conditioned
stimulus is presented outside the extinction context, conditioned responding is renewed. In two
experiments, whether a renewal eVect can also be found in humans was investigated. In Exper-
iment 1, a renewal eVect was observed, although the eVect was small and far from complete. In
Experiment 2, a more substantial renewal eVect was observed. The extent to which this eVect
occurred depended on the degree to which context was manipulated. In a third experiment, the
exact nature of the observed renewal eVect was examined. Results indicated that, as opposed to
animals, the extinction context does not modulate extinguished conditioned responding in
humans.
  2004 Elsevier Inc. All rights reserved.
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The renewal eVect is one of the most important and relatively recent Wndings in
the Weld of associative learning. Renewal refers to the eVect in which conditioned per-
formance is renewed after an extinction treatment. In 1979, Bouton and Bolles con-
ducted three experiments investigating the contextual control of extinguished
conditioned performance in rats, using a conditioned suppression procedure. They
found that when rats received extinction treatment in an environmental context
diVerent from the context in which these rats had previously received training, pre-
senting the conditioned stimulus (CS) in the original training context at test renewed
conditioned suppression. It has been shown that this eVect cannot be attributed to
the extinction context acquiring a direct inhibitory association with the uncondi-
tioned stimulus (US) (see Bouton & Peck, 1989). Rather, it seems that during extinc-
tion the CS becomes endowed with an inhibitory meaning modulated by the
environmental context in which the extinction treatment has taken place. The CS has
thus acquired an ambiguous meaning, as it both predicts the occurrence and the
absence of the US. The meaning of the CS is disambiguated by contextual informa-
tion. When the CS is presented within the extinction context, the inhibitory CS-no
US association is retrieved. Context speciWcity of learned performance thus occurs in
situations in which the CS has acquired such an ambiguous meaning (but see Hall &
Honey, 1990; Maes, Havermans, & Vossen, 2000). In a counterconditioning prepara-
tion, the CS also acquires an ambiguous meaning. The second learned association
then comes under contextual control, whereas the Wrst learned meaning of the CS
generalizes across environmental contexts (see Bouton, 1994a). This implies that pre-
sentation of the CS outside the extinction context should lead to renewal of the con-
ditioned response, whether or not the CS is presented in the original training
environment. It has repeatedly been shown in animal research that the renewal eVect
is not merely restricted to the re-presentation of the CS in the original training con-
text (see Bouton, 1993, 1994b). The renewal eVect thus demonstrates that extinction
is not the unlearning of an excitatory association as more traditional theories of asso-
ciative learning predict (e.g., Rescorla & Wagner, 1972; see also Rescorla, 2001).

The renewal eVect can be understood in terms of an interference eVect, in which
there is interference between diVerent outcomes when predicted by a single CS. In
other words, when two distinct outcomes are predicted by the same cue at some point
in time and one of these outcomes is more strongly predicted by the cue, this will
interfere with responding to the other outcome. Similarly, interference between cues
is observed when they predict the same outcome. An example of such cue interference
concerns the blocking eVect, in which learning that a cue predicts a speciWc outcome
interferes with learning that a second cue predicts the same outcome (Kamin, 1969).
Recent studies in humans reveal that a second learned association can interfere with
the original association when these associations share the same outcome (Matute &
Pineño, 1998). More recently, Pineño and Matute (2000) demonstrated interference
in human subjects between outcomes when two sequentially learned associations
shared the same predicting cue, and interference between cues when two sequentially
learned associations shared the same outcome. Furthermore, the activation of a spe-
ciWc association appeared to rely heavily on contextual information, which is in
agreement with Bouton’s conceptualization of the contextual control of conditioned
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performance (Bouton, 1993). However, in this study, context was manipulated in an
explicit manner, instructing the participants beforehand that certain cues could pre-
dict diVerent outcomes according to the context in which these cues were presented.
García-Gutiérrez and Rosas (2003) recently also found some indication of a renewal
eVect in humans. In this study, participants had to predict the occurrence of diVerent
symptoms of gastric illness after the intake of diVerent chemically synthesized food
items. Participants received demonstrations of Wles of persons having consumed
diVerent food items within a speciWc restaurant (X or Y). It was found that the ini-
tially learned cue-outcome associations were retrieved in acquisition context X after
an interference procedure in context Y. Although this eVect certainly resembles
renewal of conditioned performance in animals, context changes were established
through description rather than experience, as is the case in animal studies on the
contextual control of extinction.

Apparently, renewal is a robust eVect, which tends to occur in both animals and
humans, although the renewal eVect has not been studied that extensively in humans
as of yet. In a Wrst experiment, the primary question of interest was whether a renewal
eVect could be observed in humans, similar to a renewal eVect observed in animal
studies, using a more implicit context manipulation than in the studies of Pineño and
Matute (2000) and of García-Gutiérrez and Rosas (2003). A second experiment
involved the investigation of factors aVecting the potential contextual control of
extinguished conditioned performance in humans. One important factor is the degree
to which a context change is manipulated. Thomas, Larsen, and Ayres (2003) demon-
strated that renewed conditioned fear responding in rats using an ABA renewal para-
digm decreased as the A and B contexts became more similar. In a third experiment,
the exact nature of the renewal eVect in humans was investigated.

The questions of whether a renewal eVect occurs in humans and to what degree
such an eVect depends on context manipulation are relevant as the renewal eVect
holds great implications for the behavioral treatment of human psychopathology.
One form of such a behavioral treatment is cue exposure therapy, which is based on
the principle of extinction. It is assumed that certain cues elicit responses, which con-
stitute or lead to the expression of psychopathological behavior and that repeated
exposure to such cues will lead to the extinction of the abnormal behavior. As Bou-
ton and Swartzentruber (1991) have argued, animal research concerning the contex-
tual control of conditioned responding shows that this particular assumption may be
false. Gaining insight into what degree a renewal eVect occurs in humans could thus
be of great beneWt to clinical research concerning cue exposure therapy.

Experiment 1

In Experiment 1, it was investigated whether a renewal eVect can also occur in
human subjects using an ABA renewal paradigm. Three diVerent groups of partici-
pants received conditioning and a subsequent extinction treatment. One group
received conditioning and extinction against the same background stimuli (context
A). A second group received the extinction treatment against background stimuli
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(context B) diVerent from the acquisition context A. A third group received condi-
tioning trials in context A and were subsequently exposed to context B, but no
extinction trials were presented in context B. Contextual control of extinguished per-
formance should be apparent in the participants having received the acquisition
phase and the extinction treatment in diVerent contexts.

Method

Participants
Forty-eight undergraduate students from Maastricht University participated in

the present experiment (14 men and 34 women with a mean age of 20 years). Partici-
pants were randomly assigned to one of three diVerent groups of equal size (n D 16):
Group AAA, received acquisition and extinction in the same context; group ABA,
received acquisition and extinction in diVerent contexts; and group NE, received con-
ditioning trials in context A but no extinction in context B. Participants received
course credits upon completion of the experimental task.

Procedure and design
A conditioned suppression task was employed to investigate whether renewal can

occur in humans and was largely based on the task designed by Arcediano, Ortega,
and Matute (1996). In this task, participants played a video game in which they had
to prevent an impending invasion of hostile “Martians.” This video game was pro-
grammed in Experimental Run Time System (Berisoft, Germany) and run on an
IBM-compatible personal computer. Participants completed the task individually in
a quiet research room with the experimenter monitoring performance.

Pretraining. Participants Wrst received the verbal instruction from the experimenter
that they would have to defend the planet Earth from the Martians by preventing the
Martians from landing on the planet. They could do so by Wring at the Martians with
a laser gun (by pressing the spacebar on the keyboard). In the pretraining phase,
Martians were presented every 600 ms, one by one Xying across the computer screen
from the top center of the screen downward in 300 ms. If one Wred before the next
Martian was displayed, an explosion instead of the Martian would be presented.
Martians and explosions measured approximately 1.5 cm2. In Fig. 1, the pictures rep-
resenting the Martians and the explosion are displayed. The pretraining phase con-
sisted of 100 presentations of a Martian and lead to a constant, operant bar pressing
response. Participants received the following additional instructions on screen (trans-
lated from Dutch):

Fig. 1. Picture of a Martian (A) and an explosion (B) as used in the present study.
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“In this task, you need to prevent Martians from invading the planet. Approximately
every half second, a Martian will try to land. In order to destroy the Martians you will
have to shoot them with your laser gun (by pressing the spacebar) BEFORE they can
see you, that is just before a new Martian appears on screen. Do not Wre too early,
because you have only one shot per Martian. If you successfully destroy a Martian, an
explosion instead of a Martian will appear on screen. At the end of this game you will
attain feedback on the percentage of Martians you have destroyed.

THE PLANET IS COUNTING ON YOU! DON’T LET THEM LAND!!”

Training. In the training phase, participants were told that the Martians have devel-
oped an antilaser-shield and that Wring the laser gun while the shield is activated will
reXect the shot disabling the gun for 4.8 s. The Martians invade the planet at twice the
speed while the laser gun is out of order. The antilaser-shield was displayed as a white
intermittent Xashing of the background screen color (white/black alternating every
100 ms) with a duration of 600 ms. First, the experimenter demonstrated in four trials
what the antilaser-shield looked like and what would happen if one Wres during pre-
sentation of the antilaser-shield. Next, the participant had to perform the task for
himself, but now a 500 Hz computer generated tone immediately preceded the pre-
sentation of the antilaser-shield with a duration of 600 ms. The tone thus functioned
as a CS and the antilaser-shield as a US. All participants received the following
instructions (translated from Dutch):

“The Martians have now developed an antilaser-shield. You have to keep Wring your
laser in order to prevent them from landing. BUT BE CAREFUL, because when you Wre
when the shield is activated, your shot will be reXected, disabling your laser gun. Immedi-
ately, thousands of Martians will land safely, without any interference. You can recognize
the activation of the shield by a WHITE intermittent FLASHING of the background.

Remember! It only takes one shot when the antilaser-shield is activated, and the
Martians will invade successfully!!”

The training phase consisted of 20 conditioning trials with a variable intertrial
interval (ITI), varying around a mean of 6 s (ranging from 4.8 to 7.2 s). The Wrst and
every fourth trial functioned as assessment trials in which the tone lasted for 3 s.
These longer presentations of the CS allowed for a more sensitive measurement of
conditioned suppression (see also Arcediano et al., 1996). Conditioned suppression
was measured by calculating the suppression ratio, X/X + Y, on the assessment trials
with X being the number of bar presses during the 3-s CS and Y being the number of
bar presses during the 3-s period directly preceding onset of the CS. Conditioning
was considered successful when participants had a suppression ratio lower than 0.3
on the last training trial.

One could argue that the term conditioned suppression does not apply to the pres-
ent task. In animal research, conditioned suppression refers to a conditioned
emotional response. In rats, the suppression response consists partly of freezing, a
fear-motivated reaction. In the present task, the suppression response is not a condi-
tioned emotional response because it is not fear driven. The Martian task might be
described instead as an anticipated punishment procedure. Responses during the pre-
sentation of the white intermittent Xashing of the background will be punished. In
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anticipating this punishment, participants eventually suppress their responses not
only during presentation of the white Xash, but also during presentation of the pre-
dictive tone stimulus. Therefore, the suppression of bar pressing that occurs while the
predictive cue is present can be regarded as an anticipatory reaction to the passive
avoidance of the white Xash that is required by the game instructions. Thus, the term
conditioned suppression, as used throughout this article, speciWcally refers to sup-
pression of operant responding due to anticipated punishment and not to condi-
tioned emotional responding.

Extinction. Directly following training, participants from groups AAA and ABA
received 20 extinction trials with the Wrst and every fourth extinction trial as assessment
trials and the same variable ITI as during the training phase. Extinction trials consisted
of presentation of the CS alone. Participants from group NE received no extinction tri-
als (i.e., no CSs and USs were presented), but they had to destroy the Martians for the
same amount of time as the participants from the other two groups during extinction.

Extinction test. At test, each participant received eight extinction trials with the Wrst
and every fourth trial as assessment trials and the same variable ITI as during the train-
ing and extinction phase. The test phase immediately followed the extinction treatment.

Context manipulation. An important diVerence between the original task by Arcedi-
ano et al. (1996) and the task used in the present study is that the invading Martians
do not accumulate on screen during the game. This was done deliberately, because in
the present study context was manipulated by changes in background screen color.
The accumulation of Martians on screen would have negatively aVected context
salience. Group AAA received the diVerent phases of the task against one and the
same background screen color, blue or red counterbalanced. Group ABA received
pretraining and training against a background A (blue or red counterbalanced),
extinction against another background B (red when A had been blue, and vice versa),
and the test against background A. Group NE received the same context manipula-
tion as group ABA. The experimental design is displayed in Table 1.

Results and discussion

For all reported analyses, a level of signiWcance of p < .05 was used throughout the
article, unless stated otherwise. In Fig. 2, the mean suppression ratios per group and
per assessment trial, as measured throughout the experiment, are displayed.

Table 1
Design of Experiment 1

Note. A and B represent the background screen color (blue versus red, counterbalanced) of the “Mar-
tians” task.

Group Pretraining Training Extinction Test

AAA A A[CS ¡ US] A[CS] A[CS]
ABA A A[CS ¡ US] B[CS] A[CS]
NE A A[CS ¡ US] B A[CS]
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Conditioning
Conditioning was regarded as successful when a suppression ratio lower than 0.3

was observed on the last training trial. Although most participants met this criterion,
12 participants failed to do so; four participants from group AAA, six participants
from group ABA, and two participants from group NE. The data from these partici-
pants were thus excluded from the following analyses.

To test whether the training phase led to a gradual increase in the strength of condi-
tioned suppression, a two-way analysis of variance (ANOVA) was conducted with
Trial (1, 4, 8, 12, 16, or 20) as a within-subject factor, Group (AAA, ABA, or NE) as a
between-subjects factor, and suppression ratio calculated over the six assessment trials
during the training phase as the dependent variable. A main eVect for Trial was found,
F (5,100)D 7.91. No other eVects were found, Fs < 1. These results indicate that training
led to a progressive increase in the strength of conditioned suppression across groups.

Extinction
To test whether the extinction treatment led to the gradual extinction of condi-

tioned suppression, a two-way ANOVA was run with Trial (1, 4, 8, 12, 16, or 20) as a
within-subject factor, Group (AAA versus ABA) as a between-subjects factor, and
suppression ratio calculated over the six extinction assessment trials as the dependent
variable. A main eVect of Trial was found, F (5, 100) D 13.69. No Trial £ Group inter-
action eVect was found, F (5, 100) D 0.15. No eVect of Group was found,
F (1, 20) D 1.98. These results indicate that the extinction treatment led to the extinc-
tion of conditioned suppression in both groups.

Fig. 2. Mean suppression ratio per assessment trial for each of the three groups, minus the participants
who failed to meet the conditioning criterion. C stands for conditioning, E stands for extinction, and T
stands for test. Error bars represent standard errors of the means.
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Renewal
To test for a potential renewal eVect, a two-way ANOVA was conducted with

Trial (the last extinction trial versus the Wrst test trial) as a within-subject factor,
Group (AAA versus ABA) as a between-subjects factor, and suppression ratio calcu-
lated over the last extinction assessment trial and the Wrst test assessment trial as the
dependent variable. A trend towards an eVect for Trial was found, F (1, 20) D 3.75,
p < .10. A trend towards a Trial £ Group interaction eVect was found, F (1, 20) D 3.14,
p < .10. No eVect of Group was found, F < 1.

Planned comparisons, analyzing conditioned suppression on the Wrst test assess-
ment trial, revealed a signiWcant diVerence in suppression ratio for the Wrst test trial
between group AAA and group NE, F (1, 25) D 9.75. No diVerence in suppression
ratio on the Wrst test trial between group AAA and ABA was found, F (1, 21) D 2.25,
and no diVerence was found in suppression ratio on the Wrst test trial between groups
ABA and NE, F (1,23) D 2.77.

The present results of interest indicate that the participants in group ABA
showed no direct evidence for renewal of conditioned suppression. The results,
however, display a clear trend towards a renewal eVect. Furthermore, if no
renewal had occurred at all, one would expect that the suppression ratio on the
Wrst test trial for the participants in group ABA would have diVered signiWcantly
from conditioned performance on the Wrst test trial for the participants in group
NE. The fact that this was not the case indicates that some renewal of conditioned
suppression may have taken place, although this renewal eVect is admittedly
small.

Although the experimenter monitored performance of the participants through-
out the experiment, no feedback was provided about their performance by the
experimenter. This may have led to insuYcient learning of the operant response
and the subsequent Wnding that 25% of all the participants failed to meet the condi-
tioning criterion. This loss of data may have negatively aVected the power of the
statistical analyses and caused a type II error. An alternative explanation for the
absence of a substantial renewal eVect in this experiment might be that the context
manipulation was not strong enough; that is, the participants did not perceive the
changes in background screen color as a fundamental change from one context to
another. It is important to note that the Martians displayed in the task were the
same color throughout the entire experiment (i.e., white), and thus formed a com-
mon element between the diVerent experimental contexts. It is possible that this
common element reduced the discrepancy between contexts A and B, hence pro-
moting generalization of extinguished behavior. This notion then leads to the pre-
diction that a more complete context manipulation should lead to a more
substantial renewal eVect.

Experiment 2

In Experiment 1, no substantial renewal was observed. It is suggested that this
may be due to an incomplete context manipulation. Indeed animal research has
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shown that renewal of extinguished conditioned performance depends on the degree
to which the test context perceptually diVers from the extinction context (Thomas
et al., 2003). Therefore, a second experiment was conducted in an attempt to replicate
the results from Experiment 1 and to investigate whether the degree to which a con-
text switch is established determines the extent to which a potential renewal eVect can
be observed.

Method

Participants
A total of 48 undergraduate students from Maastricht University were recruited

for participation in the present experiment (10 men and 38 women with a mean age
of 21 years). Participants were randomly assigned to four diVerent groups (AAA,
ABA, ABA+, or NE) of equal size (n D 12). Participants received course credits upon
completion of the task.

Procedure and design
The design for Experiment 2 is displayed in Table 2. The same procedure was used

as described in Experiment 1. Context was again manipulated by changes in back-
ground screen color; blue versus yellow. However, in group ABA+, switches in back-
ground screen color were additionally accompanied by changes in the color of the
invading Martians (white when the background color is blue, and red when the back-
ground color is yellow). In group ABA, the color of the Martians (white or red) dis-
played during extinction would remain the same during test, despite a change in
background color.

In Experiment 1, participants indicated after the experiment that they found the
task to be rather diYcult. Indeed, the participants who failed to meet the condition-
ing criterion showed highly irregular responding (i.e., shooting Martians) throughout
the entire experiment. Feedback may improve performance during the pretraining
phase and hence lead to better performance in the following phases of the task.
Therefore, in the present experiment, the experimenter monitored performance dur-
ing the pretraining phase and gave concurrent verbal feedback upon performance
during this phase. The experimenter did not give any feedback during the rest of the
experiment.

Table 2
Design of Experiment 2

Note. A and B represent the background screen color (blue versus yellow, counterbalanced) of the “Mar-
tians” task, whereas a and b represent the color of the Martians (or explosions) (white versus red, counter-
balanced).

Group Pretraining Training Extinction Test

AAA Aa Aa[CS ¡ US] Aa[CS] Aa[CS]
ABA+ Aa Aa[CS ¡ US] Bb[CS] Aa[CS]
ABA Aa Aa[CS ¡ US] Bb[CS] Ab[CS]
NE Aa Aa[CS ¡ US] Bb Aa[CS]
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Results and discussion

The results in Fig. 3 display the mean suppression ratio per assessment trial, as
measured throughout the experiment, and per group.

Conditioning
Conditioning again was regarded as successful when a suppression ratio lower

than 0.3 was observed on the last training trial. A total of three participants failed to
meet this criterion; one participant from group AAA, one participant from group
ABA+, and one participant from group NE. The data from these participants were
thus excluded from the following analyses.

To test whether the training phase rendered a gradual increase in conditioned
suppression, a two-way ANOVA was conducted with Trial (1, 4, 8, 12, 16, or 20) as
a within-subjects factor, Group (AAA, ABA, ABA+, or NE) as a between-subjects
factor, and suppression ratio calculated over the six assessment trials during the
training phase as the dependent variable. A main eVect for Trial was found,
F (5, 220) D 127.58. No Trial £ Group interaction eVect was found, F (15, 220) D
1.30, and no eVect of Group was found, F < 1. These results indicate that training
led to a progressive increase in the strength of conditioned suppression across
groups.

Extinction
To test whether the extinction treatment led to the successful extinction of condi-

tioned suppression, a two-way ANOVA was run with Trial (1, 4, 8, 12, 16, or 20) as a
within-subjects factor, Group (AAA, ABA, or ABA+) as a between-subjects factor,

Fig. 3. Mean suppression ratio per assessment trial for each of the four diVerent groups, minus the partici-
pants who failed to meet the conditioning criterion. C stands for conditioning, E stands for extinction, and
T stands for test. Error bars represent standard errors of the means.
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and the suppression ratio calculated over the six extinction assessment trials as the
dependent variable. A main eVect of Trial was found, F (5,155) D 119.64. No
Trial £ Group interaction eVect was found, F (10, 155) D 1.39, and no eVect of Group
was found, F (2,31) D 1.77. These results indicate that the extinction treatment led to
the successful extinction of conditioned suppression.

Renewal
To test for a potential renewal eVect, a two-way ANOVA was conducted with

Trial (the last extinction trial versus the Wrst test trial) as a within-subjects factor,
Group (AAA, ABA, or ABA+) as a between-subjects factor, and suppression ratio
calculated over the last extinction assessment trial and the Wrst test assessment trial as
the dependent variable. An eVect of Trial was found, F (1,31) D 13.34, a
Trial £ Group interaction was found, F (2, 31) D 5.16, and an eVect of Group was
found, F (2,31) D 4.17. These results clearly imply that a renewal eVect has occurred.
The signiWcant Trial £ Group interaction also indicates that this renewal eVect may
have speciWcally occurred in one particular group. Post hoc t tests, testing each group
separately for a potential renewal eVect by comparing conditioned suppression on
the last extinction trial with conditioned suppression on the Wrst test trial per group
revealed that renewal was evident in group ABA+, t (10) D 3.32. No direct evidence
for a renewal eVect was found for group ABA, t (11) D 1.57, and no renewal was
found for group AAA, t (10) D 0.56.

Planned comparisons, analyzing conditioned suppression on the Wrst test assess-
ment trial, revealed a signiWcant diVerence in suppression ratio on the Wrst test trial
between groups ABA+ and AAA, F (1, 21) D 9.55. A diVerence was found between
ABA and NE, F (1, 22) D 14.53. A signiWcant diVerence was found between groups
AAA and NE, F (1, 21) D 51.65. No diVerence was found in suppression ratio on the
Wrst test trial between groups ABA+ and NE, F (1, 21) D 1.79. No diVerence was
found in suppression ratio between groups AAA and ABA, F (1,22) D 1.86. No sig-
niWcant diVerence in suppression ratio for the Wrst test trial between group ABA+
and group ABA was found, F (1, 22) D 2.96.

The results of interest indicate that, as in Experiment 1, group ABA showed a
minor trend towards a renewal eVect. However, renewal was far more substantial
for group ABA+ that received a more complete context manipulation than for
group ABA. Conditioned suppression at test for the participants in group ABA+
did not diVer from the degree of conditioned suppression by the participants from
group NE who had received no extinction treatment. It was thus shown that renewal
can be observed in humans and that in accordance with the animal literature, this
depended on the extent to which the test context diVered from the extinction con-
text.

Although a strong renewal eVect was observed in this experiment, it remains
unclear whether the observed return of conditioned responding after extinction is
due to the extinction context modulating the activation of the inhibitory meaning of
the CS. The present renewal eVect can be explained by arguing that a context switch
will lead to generalization decrement and thus to a loss of inhibited or excitatory
responding. To test whether the initial context switch from acquisition context to the
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extinction context had led to a loss of conditioned suppression for participants in
groups ABA and ABA+ as opposed to the participants in group AAA, a two-way
ANOVA was conducted with Trial (the last conditioning assessment trial versus the
Wrst extinction trial) as a within-subjects factor, Group (ABA, ABA+, or AAA) as a
between-subjects factor, and suppression ratio as the dependent variable. No main
eVect for Trial was found, F (1,31) D 3.66, and no eVect of Group was found,
F (2, 31) D 1.60. However, a signiWcant Trial £ Group interaction eVect was found,
F (2, 31) D 3.50, indicating that there may have been some generalization decrement
that was limited to a speciWc group. To test this suggestion, post hoc t tests were con-
ducted comparing conditioned suppression on the last conditioning trial and the Wrst
extinction trial within each group (i.e., groups ABA, ABA+, and AAA). No diVerence
in conditioned suppression was found for group ABA, t (10) D 1.27, but a signiWcant
diVerence in suppression was found for the participants in group ABA+, t (11) D 3.13.
As expected, no diVerence in conditioned suppression was found for group AAA,
t (10) < 1. These results imply that some generalization decrement occurred and that
the strong renewal eVect observed for the participants in group ABA+ can at least
partially be ascribed to a context A-CS conWgural cue being associated with the US
during the acquisition phase.

Experiment 3

In Experiments 1 and 2, evidence for renewed conditioned responding after an
extinction treatment in humans was found. Although this suggests that as in ani-
mals, the CS acquires an ambiguous meaning that is modulated by the environmen-
tal context, the observed renewal eVect can also be explained by stating that the CS
and the acquisition context taken together form a conWgural stimulus that is associ-
ated with the US (Pearce, 1987). This should lead to renewed conditioned respond-
ing after an extinction treatment in context B when the CS is presented in the
original conditioning context A. Another alternative explanation is that during the
extinction phase, the extinction context B becomes an inhibitory stimulus. In this
case, no extinction of conditioned responding to the CS will have taken place,
allowing for the return of conditioned responding when the CS is presented outside
the extinction context. Therefore, a third experiment was conducted to replicate
and further examine the exact nature of the present observed renewal eVect in
humans.

Method

Participants
A total of 54 undergraduate students from Maastricht University were recruited

for participation in the present experiment (16 men and 38 women with a mean age
of 20 years). Participants were randomly assigned to three diVerent groups (ABA,
ABB, or ABC) of equal size (n D 18). Participants received course credits upon com-
pletion of the task.
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Procedure and design
The design for Experiment 3 is displayed in Table 3. The same procedure was used

as described in Experiments 1 and 2. Context was manipulated by changes in back-
ground screen color and the color of the Martians; a blue background with orange
Martians, a yellow background with purple Martians, or a red background with white
Martians. During the acquisition phase, two distinct CSs were paired with the US.
The CSs comprised an auditory stimulus T as described in the previous experiments
and a visual stimulus V. This latter stimulus consisted of the 600 ms presentation of
three vertically spaced cyan colored squares of approximately 3 cm2 at the center of
the screen. The acquisition phase consisted of 40 trials; 20 acquisition trials for each
CS. As in the previous experiments, the Wrst and every fourth trial of each CS were
assessment trials in which the CS was presented for 3 s. The order of trials during this
acquisition phase was determined randomly with the limitation of no more than three
consecutive trials of the same type and was the same for all participants.

All participants received an initial context switch, from the acquisition phase in
context A to extinction in context B. If conditioned responding is context speciWc,
this context switch should lead to a loss of responding due to generalization decre-
ment. The extinction phase consisted of 12 trials of nonreinforced exposure to T, with
the Wrst and every fourth trial functioning as assessment trials. After the extinction of
responding to T, a summation test followed which comprised a single nonreinforced
3-s presentation of V in context B. If the extinction context B acquired an inhibitory
association with the US, one would expect attenuated conditioned responding to V
on the summation test.

The summation test was followed by a single 3-s nonreinforced presentation of T
in either the original acquisition context A (group ABA), the extinction context B
(group ABB), or in a novel context C (group ABC), comprising the renewal test. If
renewal is due to the CS acquiring an ambiguous meaning controlled by the extinc-
tion context, then one would expect to Wnd renewal in both group ABA and ABC, as
opposed to group ABB.

Results and discussion

Fig. 4 displays the mean conditioned suppression to T and V during conditioning,
the extinction phase and the summation test for all participants, regardless of group
assignment.

Table 3
Design of Experiment 3

Note. A, B, and C represent the diVerent experimental contexts of the “Martians” task (blue background
with orange Martians, red background with white Martians, or a yellow background with purple Mar-
tians counterbalanced). T and V represent the auditory and visual CS, respectively.

Group Pretraining Training Extinction Summation test Renewal test

ABA A A[T ¡ US/V ¡ US] B[T ¡ noUS] B[V] A[T]
ABB A A[T ¡ US/V ¡ US] B[T ¡ noUS] B[V] B[T]
ABC A A[T ¡ US/V ¡ US] B[T ¡ noUS] B[V] C[T]
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Conditioning
Again, a conditioning criterion was used. Conditioning was considered to be suc-

cessful when a suppression ratio lower than 0.3 was measured for each CS (T and V)
on the last training assessment trials. A total of 16 participants failed to meet this cri-
terion: Wve participants in group ABA, Wve in group ABB, and six in group ABC. The
data of these participants were excluded from further analyses.

On the data of the remaining 38 participants, a three-way ANOVA was con-
ducted, with CS (T versus V) and Trial (conditioning assessment trials 1–6) as the
within-subjects factors, Group (ABA, ABB, or ABC) as a between-subjects factor,
and suppression ratio as calculated for the six conditioning assessment trials as the
dependent variable. A main eVect of CS was found, F (1,35) D 8.67, indicating stron-
ger conditioned suppression to CS V than to CS T. An eVect of Trial was found,
F (5, 175) D 31.59, reXecting an increase in the strength of conditioned suppression
with progressive conditioning. No eVect of Group was found, F (2, 35) D 2.25. A
CS £ Trial interaction was found, F (5, 175) D 5.56, indicating a diVerential increase in
strength of conditioned suppression between CS V and CS T. This eVect can be
ascribed to the fact that for each participant the Wrst conditioning trial consisted of
the reinforced presentation of T. Therefore, the Wrst presentation of V may have lead
the participants to behave more cautiously than normal (expressed as suppression of
the operant response) due to their prior experience with T. No other eVect was found,
Fs < 1.

Fig. 4. Mean suppression ratio per assessment trial of the conditioning phase, the extinction phase and the
summation test for all participants regardless of group assignment (minus the participants who failed to
meet the conditioning criterion). C stands for conditioning, E for extinction, and ‘sum’ refers to the sum-
mation test. T and V refer to the auditory and visual CS, respectively. Error bars represent standard errors
of the means.
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Extinction
To test whether extinction of conditioned suppression to the tone T had been suc-

cessful, a two-way ANOVA was conducted with Trial (extinction assessment trials 1–
4) as a within-subjects factor, Group (ABA, ABB, or ABC) as a between-subjects fac-
tor, and conditioned suppression to the tone on the extinction assessment trials as the
dependent variable. A main eVect of Trial was found, F (3,105) D 64.53, reXecting the
rapid extinction of conditioned suppression to the tone T. No eVect of Group was
found, F < 1, and no interaction was found, F (6, 105) D 2.04, indicating that the pat-
tern of extinction was uniform across groups.

Generalization decrement
In the previous experiments, some generalization decrement was found, referring

to the loss of conditioned responding due to a context switch after the acquisition
phase. To test whether generalization decrement had occurred in the present experi-
ment, a two-way ANOVA was conducted with conditioned suppression to T on the
last conditioning assessment trial and the Wrst extinction trial as a within-subjects
factor and Group (ABA, ABB, or ABC) as a between-subjects factor. A main eVect
for Trial was found, F (1, 35) D 19.59, implying a loss of strength of conditioned sup-
pression to T with the context switch from A to B due to generalization decrement.
No eVect of Group was found, F (2, 35) D 1.57, and no interaction was found,
F (2, 35) D 2.93.

Summation test
To test whether the extinction of conditioned suppression to T was the result of an

inhibitory context B-noUS association, a summation test was conducted following
the extinction phase. In context B, a single nonreinforced presentation of V com-
prised the summation test. Conducting a two-way ANOVA, conditioned suppression
to V on the summation test was compared with conditioned suppression to T on the
last extinction trial. A signiWcant diVerence in conditioned suppression to T and V
was found, F (1,35) D 17.46, indicating that the extinction context did not completely
inhibit conditioned suppression to V. No other eVects were found, Fs < 1. An addi-
tional t test was conducted comparing suppression to V on the summation test with
responding to V at the end of acquisition. A signiWcant diVerence in conditioned sup-
pression was found, t (37) D 10.33, indicating a loss in conditioned suppression to V at
the summation test. Although apparently conditioned suppression to V was attenu-
ated when presented in context B, participants still showed conditioned suppression
to V within this context, as opposed to T. This then implies that V was still a potent
CS and that context B alone was not controlling extinction.

Renewal test
Fig. 5 displays the mean conditioned suppression to T at the last extinction trial

versus the renewal test for each separate group. To test whether renewal had
occurred, a two-way ANOVA was conducted with Trial (the last extinction trial ver-
sus the renewal test trial) as a within-subjects factor, Group (ABA, ABB, or ABC) as
a between-subjects factor, and conditioned suppression to T on the last extinction
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trial and the renewal test as the dependent variable. A main eVect of Trial was found,
F (1, 35) D 7.52, indicating diVerential conditioned responding comparing the last
extinction trial with the renewal test. No eVect of Group was found, F (2, 35) D 3.18,
but the Trial £ Group interaction proved to be signiWcant, F (2, 35) D 11.60, implying
that the eVect of Trial was probably restricted to a particular group (or groups).
These results are indicative of a renewal eVect, as conditioned suppression appears to
be stronger on the renewal test than on the last extinction trial.

Post hoc t tests were conducted to examine which of the three groups showed a
renewal eVect. As expected, a renewal eVect was apparent for participants in group
ABA, t (12) D 3.46. A signiWcant diVerence in conditioned suppression was also found
for the participants in group ABB, t (11) D 2.35. As can be inferred from Fig. 5, how-
ever, this diVerence is due to the fact that participants in this group showed less con-
ditioned suppression to T at the renewal test than at the last extinction trial and thus
can be ascribed to progressive extinction of conditioned suppression to T. Somewhat
unexpectedly, no indication of a renewal eVect was found for group ABC, t (12) < 1.

In addition, planned comparisons were conducted, comparing the groups on con-
ditioned suppression to T on the renewal test. Participants in group ABA demon-
strated more conditioned suppression on the renewal test than the participants in
group ABB, F (1, 24) D 11.33, reXecting the return of conditioned suppression to T for
group ABA. Participants in group ABA also showed more conditioned suppression
on the renewal test when compared with group ABC, F (1,25) D 7.08. No diVerence in
conditioned suppression to T on the renewal test was found between groups ABB
and ABC, F (1,24) D 2.10.

The results indicate the renewal of extinguished performance, as in Experiments 1
and 2, but this apparent renewal eVect was restricted to the acquisition context A
(ABA paradigm). The context speciWc renewal eVect can be explained by arguing that

Fig. 5. Mean suppression ratio for T at the last extinction trial (E-12) and the renewal test (‘ren’) for each
separate group plus standard errors of the means. *p < .05; **p < .01.
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conditioned suppression to T was context speciWc to begin with. Such context speci-
Wcity can be accounted for by presuming that the conditioning trials in context A led
to the formation of a conWgural context A-CS stimulus being associated with the US.
According to this explanation, the initial context switch should have led to general-
ization decrement, leading to a loss of conditioned suppression. Indeed, such general-
ization decrement appears to have occurred. Renewal of the CR should thus be
expected only to occur when the CS is presented in the original acquisition context A,
but not in a novel context C.

General discussion

In the present study, the question of whether renewal of conditioned performance
can be demonstrated in humans was investigated using a behavioral conditioned sup-
pression preparation. The results from the three experiments indicate that renewal can
indeed be observed in humans. As in animal research, the degree of renewal depends
on the degree of the context switch, the larger the context switch the larger the
renewal, as was demonstrated in Experiment 2 (see also Thomas et al., 2003). How-
ever, in contrast with animal research, the results of Experiment 3 indicate that such
renewal was restricted to the ABA renewal paradigm. When the CS T was presented
at test in a novel context C, no renewal of extinguished conditioned suppression
occurred. One could argue that the absence of a clear ABC renewal eVect results from
the extinction context B acquiring a direct inhibitory association with the US during
extinction treatment. However, responding to both CS T and CS V in extinction con-
text B should then have been attenuated to an equal extent. This was not the case.
After complete extinction of conditioned suppression to T, V still elicited suppression
in context B. The present pattern of results (i.e., ABA renewal, but no ABC renewal)
then can be explained by arguing that during conditioning conWgural context A-CS
stimuli were formed and associated with the occurrence of the US. The loss of condi-
tioned suppression to T on the Wrst extinction trial and to V at the summation test
then can be explained as generalization decrement from the acquisition stimuli.

An alternative explanation for the present results is that the switch from acquisi-
tion context A to extinction context B led participants to adopt the rule that suppres-
sion to T is only necessary in context A. The adoption of such a rule would lead
participants to demonstrate renewal of conditioned suppression when tested in A,
but not when tested in any other context. This notion then implies a comparative
diVerence for the basis of a renewal eVect in humans and animals. In other words, in
animals renewal is controlled by a basic associative learning system, whereas in
humans eVortful capacity-limited cognitive processing may override the associative
control of extinction. The question that arises is how to test such a hypothesis.
Assuming that rule learning requires eVortful cognitive processing one could attempt
to replicate the present experiments adding a group of participants having to perform
the same conditioned suppression task, but in addition instructed to simultaneously
perform a cognitive distraction task. This cognitive task should interfere with rule
learning and allow for more associative control of conditioned suppression of
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responding and the subsequent extinction of such conditioned suppression. Whether
such a procedure does lead to the demonstration of ABC renewal, however, warrants
further research.

Implications for behavior therapy

Although the present study found no evidence of the extinction context modulat-
ing extinguished behavior, the successful demonstration of the return of conditioned
suppression with the ABA paradigm is nonetheless of particular importance for clin-
ical research investigating the eYcacy of cue exposure therapy in the treatment of
abnormal behavior, such as anxiety disorders, eating disorders, and addictive behav-
iors (see Jansen, 1998). Learning theory constitutes the rationale of this form of treat-
ment in which it is proposed that certain cues function as CSs eliciting cue reactivity
conducive to the expression of abnormal behavior. For instance, when one considers
alcoholism, it is argued that the perceptual characteristics of one’s favorite drink
become associated with the intake of alcohol (i.e., the eVect of alcohol). These alcohol
cues thus come to elicit conditioned alcohol responses, or alcohol cue reactivity,
which consists of an increase in the subjective urge to drink alcohol and psychophys-
iological responses (e.g., changes in heart rate and skin conductance level). Such alco-
hol cue reactivity has been found to increase the likelihood of excessive drinking
behavior (see Drummond, 2000). In cue exposure therapy, the alcoholic patient will
be exposed to his favorite alcoholic drink, but he is prevented from actual drinking.
At Wrst, this will elicit a nearly irresistible urge to drink, but, with repeated exposure,
this urge extinguishes. However, the present results clearly show that such extinction
may be insuYcient. Since not only a patient’s favorite alcoholic drink, but also the
environmental context in which the patient used to drink may serve as an alcohol CS,
the extinguished cue-elicited urge to drink can reappear when the patient is exposed
to his favorite alcoholic drink within the alcohol drinking context. Indeed, Conklin
and TiVany (2002) showed that although cue exposure therapy can lead to the suc-
cessful extinction of drug cue reactivity, it does not prevent relapse of addictive
behavior. This ineYcacy of cue exposure therapy can be explained by a potential
renewal eVect. Corroborative evidence for such a view comes from a recent study by
Collins and Brandon (2002) who found in social drinkers that subjective and psycho-
physiological alcohol cue reactivity can be renewed after cue exposure therapy when
the alcohol cues are presented in a setting diVerent from the treatment environment.
These studies and the present results argue that extinction-based behavioral treat-
ments of addiction (i.e., cue exposure therapy) will only prove to be beneWcial when
conducted within the environment in which the patient used to take drugs or alcohol
(see also Havermans & Jansen, 2003).
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