
People often behave in a certain manner in order to pre-
vent something bad from happening. For instance, putting 
on a raincoat prevents you from getting wet, or stopping 
before a red traffic light prevents a collision with another 
car. These are examples of avoidance behavior, in which 
an instrumental response avoids the occurrence of an 
aversive event.

In most studies on avoidance behavior, a warning sig-
nal (A) is followed by an aversive unconditioned stimu-
lus (US), unless a particular behavior (R) is emitted. For 
example, a dog can receive an electric shock (US) after a 
light (A) is turned on, unless the dog jumps across a hur-
dle (R) into another chamber of the shuttle box (see, e.g., 
Solomon & Wynne, 1953). Research on this topic was at 
the center of learning psychology for decades, but since 
the 1970s, interest in this type of learning has dwindled. 
This is remarkable, because many theoretical issues re-
main unresolved.

One of the unresolved issues relates to the importance 
of the US representation in avoidance behavior. This de-
bate is not limited to avoidance learning. For example, in 
the field of classical conditioning, many experiments were 
conducted to test whether US representations are crucial. 
Most of these experiments provided evidence for the in-
volvement of US representations in classical condition-
ing (e.g., Rescorla & Cunningham, 1978; Vansteenwegen, 
Crombez, Baeyens, Hermans, & Eelen, 2000). Despite the 
large amount of research on this topic in classical condi-
tioning, the role of US representations in avoidance learn-
ing has rarely been investigated experimentally. According 
to stimulus–response (S–R) theories of avoidance learn-
ing, learning about the relation between the warning signal 
and the avoidance response is crucial. Once this relation 
has been learned, the avoidance response is elicited auto-

matically after the presentation of the warning signal. A 
typical S–R theory is the original version of the two-factor 
theory (Mowrer, 1947), which has both a Pavlovian and an 
instrumental component. First, Pavlovian conditioning of 
fear to the warning signal is required: Pairing the warning 
signal with the US results in a conditioned response of 
fear to the warning signal. Second, an instrumental learn-
ing process is involved, in which one learns to perform a 
particular behavior. Initially, an escape response is per-
formed: The behavior is emitted during the presence of the 
US and is reinforced by the termination of the US. When it 
becomes an avoidance response that is emitted before the 
US is presented, it is reinforced by the reduction in fear as 
a consequence of the termination of the warning signal. In 
the original formulation of the two-factor theory, avoid-
ance learning is thus explained without assigning any role 
to a mental representation of the US. The avoidance be-
havior is not emitted to prevent a US from being presented 
in the future, but is elicited automatically by the warning 
signal as the result of reinforcement by the termination of 
the US and the warning signal.

However, more cognitive theories were also developed, 
in which the US representation is crucial in the mainte-
nance of an avoidance response. An avoidance response is 
then performed to avoid the occurrence of the US. One ex-
ample of a cognitive theory is the theory of Seligman and 
Johnston (1973; see De Houwer, Crombez, &  Baeyens, 
2005, and Lovibond, 2006, for more recent cognitive theo-
ries). Seligman and Johnston postulated that an individual 
expects a US when no response is made in a given inter-
val after the presentation of a warning signal and expects 
no US when a response is made within that interval. A 
second principle poses that individuals not only acquire 
expectancies but also have certain preferences—namely, 
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explain avoidance learning in humans. We used a method 
that was often used in research on the role of US represen-
tations in classical conditioning—namely, US revaluation 
(Rescorla, 1980). The design is given in Table 1. In a first 
phase, participants were familiarized with two different 
USs (i.e., a red letter “X” and a red letter “Y,” both signal-
ing the loss of money). In a second phase, Warning Sig-
nal A was always followed by US1 and Warning Signal B 
was always followed by US2. In a third phase, participants 
again received the two warning signals but now had the 
opportunity to press Key R1 after Warning Signal A and 
Key R2 after Warning Signal B. Key R2 was not available 
after Warning Signal A and Key R1 was not available after 
Warning Signal B. Warning Signal A was followed by the 
US1 unless Key R1 was pressed and Warning Signal B 
was followed by the US2 unless Key R2 was pressed. After 
this phase, the two USs were presented in the absence of 
the warning signals and the value of US1 became positive 
(i.e., US1 indicated the gain of money; US revaluation), 
whereas the value of the US2 stayed identical. We then 
investigated whether US revaluation influenced the prob-
ability that the avoidance responses would be emitted after 
presentation of the warning signals. More specifically, on 
the basis of cognitive theories, we expected that after US 
revaluation, the avoidance behavior associated with US1 
would be emitted less frequently than the avoidance be-
havior associated with US2.

As Hendersen and Graham (1979) pointed out, in order 
to rule out an S–R account, it is important that the effect of 
the revaluation is already present on the first test trial. This 
is because additional S–R learning can take place during 
test trials. We therefore focused on the first test trial after 
the revaluation phase.

METHOD

Participants
Twenty-four students at Ghent University were paid in exchange 

for their participation. The exact amount (on average, €4) depended 
on how successful they were in avoiding USs.

Stimuli and Materials
The experiment was run on a portable computer with a 15-in. 

screen and was controlled by an Inquisit 2.0 program (Millisecond 
Software, Seattle). The warning signals were a white triangle and a 
white square, each 2  2 cm. The assignment of a shape (square or 
triangle) to a stimulus (A or B) was counterbalanced. Two different 
USs were used: For half of the participants, US1 was a 2  2 cm red 
“X” and US2 a 2  2 cm red “Y.” For the other half of the partici-
pants, this was reversed. The stimuli were presented in a main frame 
that measured 20  13 cm and appeared at the center of the screen. 
At the top of this main frame, a second frame was visible, which was 

that the absence of a US is preferred to the presence of a 
US. Because of these preferences, human and nonhuman 
animals will use their knowledge of the relation between 
the avoidance behavior and the US to try to prevent the 
occurrence of the US.

We know of only one study that directly compared S–R 
theories with cognitive theories. In this study, by Hender-
sen and Graham (1979), rats first learned to avoid heat 
in a room with an ambient temperature of 27ºC: The rats 
learned to jump on a ledge after a warning signal was 
presented in order to avoid the presentation of heat that 
was administrated through heat lamps. After this training 
phase, the rats were placed in a cold (7ºC) room for 2 h. 
During this period in the cold room, half of the rats were 
exposed to heat from the same heat lamps, and the other 
half received no heat. This was done to give half of the rats 
a direct experience with the positive properties of heat in a 
cold room. Four days later, series of extinction trials for the 
avoidance response were presented to the rats when they 
were sitting in either a 7ºC room or a 27ºC room. On these 
extinction trials, only the warning signal was presented; 
rats received no heat. The results indicated that cold am-
bient temperature facilitated extinction of the avoidance 
response. If the rats were sitting in the cold room, they 
performed fewer avoidance responses than did the rats sit-
ting in the warm room. However, these results were found 
only with rats that had previously experienced the positive 
properties of the heat lamp in the cold. The results can be 
explained on the basis of cognitive models of avoidance 
learning: All rats (initially) expected the heat during the 
extinction trials, but those that had directly experienced 
that heat is positive in a cold room no longer had reason to 
avoid the heat when they were in a cold room.

Although their results are in line with cognitive theo-
ries of avoidance learning, Hendersen and Graham (1979) 
themselves point out that the results can also be explained 
on the basis of S–R theories. Rats that experienced the 
(positive) heat in a cold room might have become less 
frightened of the heat lamps when they were presented 
in a cold room. If so, these rats would have experienced 
less fear during the extinction trials that took place in a 
cold room, which would result in less reinforcement of 
avoidance responses by fear reduction. According to this 
account, the difference between groups is due to differ-
ences in reinforcement during the extinction phase. In line 
with this idea, Hendersen and Graham found no differ-
ences between groups on the first extinction trial, in which 
no additional learning could have occurred, but only on 
subsequent extinction trials. Although this aspect of the 
data seems to favor S–R theories, one could also explain 
it on the basis of cognitive theories if one assumes that 
the rats needed some time to integrate the knowledge they 
acquired during the various phases of the experiments.

The evidence regarding the important question of 
whether S–R or cognitive theories underlie avoidance be-
havior is thus limited in several respects: There has only 
been one set of studies (Hendersen & Graham, 1979), 
with one nonhuman species, which produced inconclu-
sive results. We therefore conducted a new experiment, 
in which we tested whether S–R or cognitive theories can 

Table 1 
Summary of the Design

Phase 1  Phase 2  Phase 3  Revaluation  Test

US1: neg A–US1 A–R1–US1 absent* US1: pos A–R1 
US2: neg B–US2 B–R2–US2 absent* US2: neg B–R2

A–US1
B–US2

*The US1 or the US2 was absent only if participants pressed the ap-
propriate key.
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the message was displayed on the screen, the registration bar was not 
presented and the trial ended as a US-present trial.

After this third learning phase, a revaluation phase was presented 
that was identical to the first learning phase except on the following 
point: If US1 was presented, a message appeared above the US in 
which participants were told that their credit had increased by €0.25.

A test phase followed immediately after the revaluation phase. 
In this phase, four AR1 and four BR2 trials were presented. These 
trials were identical to the AR1 and BR2 trials in the second phase 
except for the message that appeared when participants did not press 
the available key that avoided the revalued US (US1). In this case, a 
message appeared in the upper right corner telling the participants 
that their credit had increased by €0.25.

RESULTS

To clearly distinguish between a cognitive and an S–R 
point of view, it is important to investigate whether, on the 
first trial after revaluation, R1 is emitted less frequently 
than R2. We tested this by comparing two proportions. 
The first proportion was the proportion of participants 
who performed Avoidance Response R1 on the first trial, 
in which this response was possible after the revaluation 
phase (6 out of 24). The second was the proportion of par-
ticipants who performed Avoidance Response R2 on the 
first trial, in which  this response was possible after the re-
valuation phase (22 out of 24). The McNemar (1947) test, 
a test that compares two related proportions, indicated a 
significant difference ( p  .001).

Next, we calculated for each participant the number of 
avoidance responses on the four AR1 and four BR2 trials 
of the third phase and the test phase. An ANOVA with 
within-subjects factors phase (third phase vs. test phase) 
and response (R1 vs. R2) indicated a main effect of phase 
[F(1,23)  114.50, p  .001], a main effect of response 
[F(1,23)  76.47, p  .001], and a significant interac-
tion [F(1,23)  90.39, p  .001]. Planned comparisons 
showed that R1 was emitted more frequently before (M  
3.79, SD  0.41) than after (M  0.62, SD  1.10) the re-
valuation phase [F(1,23)  140.73, p  .001]. No signifi-
cant difference was found in the use of R2 before (M  
3.50, SD  0.66) and after (M  3.58, SD  0.58) the 
revaluation phase [F(1,23)  1]. Before the revaluation 
phase, the number of R1 responses (M  3.79, SD  0.41) 
was somewhat larger than the number of R2 responses 
(M  3.50, SD  0.66) [F(1,23)  5.24, p  .05]. After 
the revaluation phase, however, R1 responses (M  0.62, 
SD  1.10) were less frequent than R2 responses (M  
3.58, SD  0.58) [F(1,23)  98.67, p  .001].

DISCUSSION

We compared cognitive and S–R theories of avoidance 
learning by examining the effect of US revaluation on the 
frequency with which an avoidance behavior is performed. 
According to S–R theories, a change in the reinforcing 
properties of the US should have no effect on the perfor-
mance of avoidance behavior, whereas cognitive theories 
predict that a difference in performance will occur. The 
results showed that, after revaluation, the response asso-
ciated with the revaluated US (R1) was emitted less fre-

9  1.5 cm. In this frame, a message could appear about whether a 
certain key was available on a particular trial. At the bottom, a third 
frame of 5  1.5 cm was drawn. In this frame, a small blue or green 
bar of 2  0.5 cm was presented after a correct response by the 
participant was registered. The avoidance responses were presses on 
the “D” or “K” keys of an AZERTY keyboard that was connected to 
the computer. On the “D” key, a green label was attached, whereas a 
blue label was attached to the “K” key. All instructions and messages 
appeared in Dutch.

Procedure
Participants took part individually in a dimly lit room. After signing 

an informed consent form, they were seated at a distance of approxi-
mately 60 cm from the screen and were given written instructions in 
Dutch. Participants were told that they had received a credit of €8. 
The presentation of the red “X” and “Y” could be coupled with a loss 
of €0.25 or a gain of €0.25. The main task of the participants was to 
avoid losing money, and they were told that they could take home the 
amount of money that remained at the end of the experiment. They 
would be able to avoid the red “X” and “Y” by using certain keys when 
they were available. The availability of the keys would be signaled 
by a message. After the participants indicated that they had read the 
instructions, the experimenter demonstrated how the responses should 
be executed. On these demonstrations, no stimuli were presented. The 
only available key for these demonstration trials was the space bar.

During a first learning phase, participants received four trials in 
which US1 was presented and four trials in which US2 was pre-
sented. The aim was to familiarize participants with the USs. As in 
all other phases, the trials were presented in a random order. On all 
trials of the first phase, the US was presented 1,500 msec after the 
onset of the frame and remained on the screen for 1,500 msec. A 
message, which informed participants that their credit had dimin-
ished by €0.25, was presented above the US, 500 msec after the onset 
of each US. This message remained on the screen for 1,000 msec. 
The intertrial interval was 5,000 msec.

In a second learning phase, participants saw four trials in which 
Warning Signal A and the US1 were presented (A–US1 trials) and 
four trials in which Warning Signal B and the US2 were presented 
(B–US2 trials). On all trials, the warning signal appeared in the 
center of the screen 1,500 msec after the onset of the frame and 
remained on the screen for 2,000 msec. One of the two USs was pre-
sented in the center of the screen 6,000 msec after the warning signal 
had disappeared and remained on the screen for 1,500 msec. Above 
the US, a message appeared 500 msec after the onset of the US, 
showing the participants that their credit had diminished. The mes-
sage remained on the screen for 1,000 msec, after which the entire 
screen was cleared. The intertrial interval was 5,000 msec. All trials 
were presented in a random order that differed for each participant. It 
should be noted that in this phase, neither of the avoidance response 
keys was available. If the participants did, however, press a key, this 
had no influence on the presentation of the USs.

The third phase started immediately after the first one. In this 
phase, two A–US1 trials and two B–US2 trials were presented. Ad-
ditionally, four trials were presented in which Warning Signal A 
was presented and Key R1 was available (AR1 trials) and four tri-
als in which Warning Signal B appeared and Key R2 was available 
(BR2 trials). Whether the green or blue key functioned as Key R1 or 
Key R2 was counterbalanced. The AR1 and BR2 trials were identi-
cal to the A–US1 and B–US2 trials except on the following points. 
First, after the shape disappeared, the message “Blue key is avail-
able” or “Green key is available” appeared on the screen and re-
mained there for 5,000 msec. If the available key was pressed during 
these 5,000 msec, a registration bar in the corresponding color of the 
key appeared on the screen for 1,000 msec as soon as the message in 
which the availability of a key was signaled had disappeared and no 
US was presented. In that case, 1,500 msec after the presentation of 
the registration bar, a message appeared at the center of the screen, 
which informed participants that their credit remained unchanged. 
If the available key was not pressed, or was pressed before or after 
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US revaluation becomes less effective when the CS–US 
relation is trained beyond asymptote. It is therefore pos-
sible that US revaluation will not affect avoidance behavior 
when more trials are presented in which the warning signal 
is paired with the negative US. Thus, although there are 
issues that need to be resolved in future research, the pres-
ent article does offer a first, important step in providing 
evidence for cognitive theories of avoidance behavior.

Finally, our results also have clinical implications. Avoid-
ance behavior lies at the core of many forms of psychopa-
thology. The results of our study show that avoidance behav-
ior can be mediated by the representation of the US. This 
suggests that, in clinical practice, changing the perceived 
value of the expected outcomes can change an avoidance 
behavior as it can change a conditioned fear response.
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quently than the response associated with the nonrevalu-
ated US (R2). Before revaluation, this was not the case. 
(For some unclear reason, R1 was even emitted a bit more 
frequently than R2.) Importantly, the difference after re-
valuation was present from the first test trial onward. This 
demonstrates that the performance of avoidance behavior 
is mediated by the US representation, a finding in line 
with cognitive theories of avoidance behavior but incom-
patible with S–R theories of avoidance behavior.

Similar results were reported by Hendersen and Gra-
ham (1979), who found that manipulating the reinforcing 
properties of the US had an influence on the speed of ex-
tinction of avoidance behavior. However, our experiment 
is different from that of Hendersen and Graham in at least 
two ways. First, whereas they studied avoidance behavior 
in rats, we are the first to study the effects of US revalua-
tion on avoidance learning in humans. Second, Hendersen 
and Graham did not demonstrate that US revaluation had 
an immediate effect on avoidance behavior. This is prob-
lematic, because it leaves open a possible explanation of 
their findings in terms of S–R models. In our experiment, 
we found that R1 was emitted less frequently than R2 even 
on the first trial after revaluation in which these responses 
were possible. We can therefore exclude the possibility 
that differences in reinforcement after the revaluation 
were responsible for the effects of US revaluation.

In the reported experiment, we used a nonverbal revalua-
tion procedure in which participants experienced the change 
in the value of the US. We also conducted two replications 
of the present experiment, in which the revaluation phase 
was replaced by instructions (i.e., a written message stating 
that, from that moment on, US1 would lead to a gain of 
€0.25). The replications produced the same effects as the 
study described in this article, including the effects on the 
first test trial. This not only attests to the reliability of our 
results, it also suggests that the nature of the US revalua-
tion procedure (verbal or nonverbal) does not have a major 
influence on the effectiveness of US revaluation. The latter 
conclusion is in line with recent findings in the literature 
on human associative learning, which strongly suggest that 
human learning is often, if not always, based on conscious, 
propositional reasoning processes rather than on the auto-
matic formation of associations in memory (De Houwer, 
Vandorpe, & Beckers, 2005; Lovibond, 2003, 2006).

Although the results give strong evidence for cognitive 
theories of avoidance behavior, some limitations should 
be mentioned. One limitation concerns the use of money 
loss as an aversive US. A small loss of money can per-
haps not be regarded as a truly aversive US. Despite the 
fact that De Houwer, Crombez, and Baeyens (2005) found 
no difference in their results when they used a neutral US 
(i.e., a letter that participants were instructed to avoid) as 
opposed to a mildly aversive US (i.e., a mild electrocutane-
ous stimulus), it would be interesting to repeat our experi-
ment with more aversive USs, to test the generalizability 
of our results. Another limitation is that we did not explore 
the impact of the number of acquisition trials. Studies on 
US revaluation in classical conditioning have shown that 
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