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Rationale: It is generally assumed that cue-reactivity results from appetitive pavlovian learning. This is
the reason for applying cue exposure with response prevention interventions in the treatment of sub-
stance and eating disorders. However, not all appetitive conditioned responses are equally sensitive to
extinction. Additionally, impulsivity traits appear to moderate cue-reactivity. Nevertheless, there has
been little research on the role of impulsivity traits in the learning of different appetitive response sys-
tems.
Objectives: The purpose of the present study was (i) to replicate Van Gucht et al.’s (2010) findings, in par-
ticular, the acquisition and the differential extinction of appetitive learned responses and ii) to investigate
the role of impulsivity traits in appetitive learning.
Methods: Participants (n = 50) took part in a single laboratory session. Impulsivity traits (reward sensitiv-
ity, response inhibition, sensation seeking) were measured at the beginning of the session. A paradigm
similar to Van Gucht et al.’s (2010) was used for the acquisition and extinction of subjective conditioned
responses for milk chocolate (craving, expectancy, and liking).
Results: The acquisition of appetitive responses was successful. Unlike craving and liking, the extinction
of expectancy was fully successful. Impulsivity traits played no role in the acquisition and extinction of
appetitive conditioning.
Conclusions: The results support the differential sensitivity of different appetitive response systems to
extinction. The lack of findings for the role of impulsivity traits in appetitive learning shows that the
question of how impulsivity affects appetitive behaviour still remains open. Theoretical and methodolog-
ical issues and clinical implications of the findings are discussed.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

Cue reactivity is a well-researched phenomenon in substance
abuse and eating disorders (Drummond, 2001; Jansen, 1998).
When addicts, binge eaters or overweight participants are faced
with drug-related cues, they often exhibit changes in physiology
and increases in self-reported craving (Carter & Tiffany, 1999; Ferr-
iday & Brunstrom, 2011; Jansen, 1998). It has been argued that
learning mechanisms are involved in cue reactivity. According to
this view, arbitrary cues repeatedly paired with the reinforcing
and rewarding effects of drugs/food become conditioned stimuli
(CS+) and elicit conditioned responses (CR: e.g., craving) as a result
of pavlovian learning (Drummond, 2001; Jansen, 1998). Most
important, there is empirical evidence that cue reactivity moti-
vates drug- and food-seeking behaviour, precipitates relapse in
abstinent substance users, and may be involved in the
maintenance of an overweight body (Birch, McPhee, Sulivan, &
Johnson, 1989; Cornell, Rodin, & Weingarten, 1989; Drummond,
2001; Tetley, Brunstrom, & Griffiths, 2009).

Assuming that cue reactivity is a learned response, learning pro-
cedures such as acquisition and extinction could be applied to it
(Bouton, 2007). In classical conditioning, an extinction procedure
refers to the presentation of the CS+ in the absence of the uncondi-
tioned stimulus (US), which diminishes or abolishes the CR (Bouton,
2007). This is the main principle behind the use of the cue exposure
with response prevention interventions in many treatment pro-
grams for addiction and eating disorders (Conklin & Tiffany, 2002;
Jansen, 1998; Toro et al., 2003). The goal is to expose the patient
to drug/food-related cues and elicit a robust conditioned response
(e.g., a strong craving response), while drug/food-taking is pre-
vented. This procedure should extinguish the learned responses
(e.g., craving) to these cues (Conklin & Tiffany, 2002; Jansen,
1998). However, the effectiveness of this intervention in treatment
is not always successful (Conklin & Tiffany, 2002).

Among many reasons for its reduced effectiveness (Conklin &
Tiffany, 2002), one could be that there are considerable individual
differences in cue reactivity. Personality factors may explain some
of the variability in cue-elicited responses (Papachristou,
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Nederkoorn, Corstjens, & Jansen, 2012; Papachristou, Nederkoorn,
Havermans, van der Horst, & Jansen, 2012). For example, it has
been found that different impulsivity traits moderate cue-elicited
craving and physiological cue reactivity in heavy and dependent
alcohol drinkers and tobacco smokers (Doran, McChargue, &
Spring, 2008; Doran, Spring, & McChargue, 2007; Franken, 2002;
Kambouropoulos & Staiger, 2001; Papachristou, Nederkoorn, Hav-
ermans, et al., 2012; Papachristou et al., 2013). In general, impul-
sive participants react more to cues. These findings might explain
partly why highly impulsive people are found to be more prone
to addiction and overconsumption of food (Dawe & Loxton, 2004;
Verdejo-Garcia, Lawrence, & Clark, 2008). In addition, these find-
ings imply that cue exposure with response prevention may be
more beneficial for impulsive individuals who may run a higher
risk of relapse due to their stronger cue reactivity. Finally, their
strong cue-elicited responses may have more difficulty to extin-
guish compared to the weaker cue-elicited responses of individuals
low in impulsivity. Thus, extinction might prove more difficult but
also more beneficial for people high in impulsivity.

Another issue is that not all conditioned responses show the
same sensitivity to extinction. Evidence suggests that expectations
of the reward are more sensitive to extinction compared to more
hedonic responses. For example, Van Gucht, Baeyens, Vansteenwe-
gen, Hermans, and Beckers (2010) and Van Gucht, Vansteenwegen,
Beckers, and Van den Bergh (2008) have shown that although ac-
quired expectancy for chocolate in response to a CS+ was extin-
guished successfully, acquired craving and liking responses were
not. This differential sensitivity to extinction may indicate that dif-
ferent psychobiological mechanisms underlie these responses and
it may also explain some of the failures of the cue exposure with
response prevention interventions in addiction treatment (Van
Gucht et al., 2008, 2010).

However, there is scarcity of research regarding the involve-
ment of impulsivity traits in the hedonic and expectancy aspects
of conditioned responses. This is unfortunate because the results
of this line of research could have serious implications for under-
standing and treating addiction and eating disorders. Assuming
that cue reactivity has a learned component, impulsivity traits
may influence cue reactivity by being directly involved in the
learning processes, e.g., in the acquisition and extinction processes.
In this case, people who are more impulsive would acquire and/or
extinguish pavlovian responses differently than less impulsive
people.

Traditionally, the association between pavlovian conditioning
and personality has been viewed within the framework of Ey-
senck’s and Gray’s theories (Corr, Pickering, & Gray, 1995). In Ey-
senck’s arousal theory, it is assumed that there is a single
conditionability factor hence there is no discrimination between
appetitive and aversive conditioning (Corr et al., 1995). It is as-
sumed that under conditions of moderate arousal, highly aroused
people such as introverts would be more easily conditioned than
people low in arousal such as extraverts, in both appetitive and
aversive conditioning tasks (Zinbarg & Mohlman, 1998). Unlike Ey-
senck’s arousal theory, in Gray’s theory, there are two distinct neu-
ropsychological systems for appetitive and aversive conditions
respectively. The Behavioural Activation System (BAS) is activated
by reward signals and elicits approach behaviour. Impulsivity is
associated with sensitivity of this system (Matthews & Gilliland,
1999). On the other hand, responses to aversive stimuli are medi-
ated by the Behavioural Inhibition System, which inhibits approach
behaviour (Corr et al., 1995). Trait anxiety is associated with sensi-
tivity of the BIS (Matthews & Gilliland, 1999). Within Gray’s theory,
introverts are people high in BIS and low in BAS and extraverts are
impulsive people who are low in BIS and high in BAS (Corr et al.,
1995; Matthews & Gilliland, 1999). However, the role of BAS/BIS
systems in conditioning can be viewed from both a motivational
and an associative point of view and different predictions can be
derived from each perspective (Zinbarg & Mohlman, 1998). From
a motivational perspective, the BAS/BIS systems are not involved
in the acquisition of pavlovian conditioning. In this view, these sys-
tems are activated by already established appetitive and aversive
conditioned stimuli and their role is merely to moderate the moti-
vational properties of these stimuli (Corr, 2001). On the other hand,
an associative interpretation of the theory views cognitive mecha-
nisms essential components of the BAS/BIS systems (Zinbarg &
Mohlman, 1998). Assuming that separate cognitive mechanisms
are necessary for the development of appetitive and aversive asso-
ciations, it can be predicted that the strength and number of aver-
sive and appetitive cognitive resources that constitute these
mechanisms are positively associated with BIS and BAS activity,
respectively (Zinbarg & Mohlman, 1998). In other words, it is ex-
pected that a higher BAS activity will be associated with a higher
speed of acquisition in appetitive associative learning, and a higher
BIS activity will be associated with a faster acquisition in aversive
associative learning (Zinbarg & Mohlman, 1998). Consistent with
the associative perspective, Gray’s theory, like Eysenck’s theory, re-
gards introverts as better conditioned than extraverts in aversive
conditioning tasks (Corr, 2004; Corr et al., 1995). However, the
two theories have different predictions for the conditionability of
extraverts/introverts in appetitive conditions. In contrast to Ey-
senck’s theory, Gray’s theory predicts that regardless of arousal
levels, extraverts would be more sensitive to appetitive condition-
ing than introverts (Corr, 2004; Corr et al., 1995).

Assuming that Gray’s theory is right, the rationale for the effect
of impulsivity on the acquisition phase of appetitive pavlovian
learning is that following the appearance of the CS+, the presence
of the appetitive US (food, and drug) stimulates the impulsivity
system (e.g., BAS) and as a result causes arousal and emotional
changes that strengthen the CS–US bond in the working memory
(Corr, 2001). Alternatively, impulsivity traits could only be in-
volved in the motivational properties of the conditioned stimuli
(CS) after pavlovian learning has been established (Corr, 2001;
Matthews & Gilliland, 1999; Zinbarg & Mohlman, 1998). Finally,
most evidence for the involvement of impulsivity traits in cue
reactivity comes from studies which assess responding to stimuli
that have already been conditioned in the natural environment
(Doran et al., 2007, 2008; Papachristou, Nederkoorn, Havermans,
et al., 2012; Papachristou et al., 2013; Robbins & Ehrman, 1992).
However, reactivity to naturalistic cues may also consist of un-
learned components (Robbins & Ehrman, 1992). For example, sub-
stance users and patients with eating disorders may respond more
intensely to any salient/arousing stimuli than control participants
and not only to substance- or food-related cues (Robbins & Ehr-
man, 1992). In turn, this unlearned arousal could be misinter-
preted as craving under the demand effects of their
participation in a cue-reactivity study (Robbins & Ehrman,
1992). It could be that some impulsivity traits are sensitive to
these unlearned components of cue reactivity. However, it is
important to emphasize that this is only a speculation and that
non-specific arousal may not be a key element in all impulsivity
systems. For example, unlike Eysenck’s model, in Gray’s model
arousal in general is not a key element of sensitivity to reward
(Matthews & Gilliland, 1999). Despite these limitations, our point
is that in order to know if impulsivity indeed moderates pavlovian
learning, there is a need to create conditioned stimuli (CS+, CS�)
in the laboratory and to test this hypothesis in individuals with-
out extensive histories with the US.

In order to gain a deeper insight into the mechanisms underly-
ing cue reactivity, we used a pavlovian conditioning procedure
similar to Van Gucht et al.’s (2010) study. The first aim of the
present study was to replicate Van Gucht et al.’s (2010) findings,
concerned with the acquisition and especially the differential
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extinction of learned subjective responses (craving, expectancy
and liking). In particular, it is expected that relative to the CS�,
craving for chocolate in response to the CS+ and liking for the
CS+ will remain unaffected after extinction, while expectancy for
chocolate in the presence of the CS+ will be extinguished.

The second aim of the present study was to investigate whether
impulsivity affects the acquisition and the extinction processes in
appetitive learning. However, impulsivity is a multidimensional
construct measured with a variety of behavioural and self-report
instruments (Dawe & Loxton, 2004; Dom, De Wilde, Hulstijn, &
Sabbe, 2007; Verdejo-Garcia et al., 2008). It also appears that there
is a weak association between self-report and behavioural mea-
sures of impulsivity (Dom et al., 2007). For example, Dom et al.
(2007) reported that the Sensation Seeking Scale (SSS) is not corre-
lated with the Go/No-Go task, a behavioural measure of response
inhibition, in abstinent alcohol-dependent people. The weak asso-
ciation between these two types of impulsivity measurement indi-
cates that each type may assess different aspects of the construct
(Dom et al., 2007). In the same vein, Dawe and Loxton (2004) re-
port that in factor analytic studies, self-report measures of sensitiv-
ity to reward based on Gray’s model load on a different factor from
self-report impulsivity measures based on Zuckerman’s, Clonin-
ger’s, and Eysenck’s personality models. As a single measure of
impulsivity cannot capture the whole spectrum of impulsive
behaviour, we use multiple impulsivity measures in the present
study, both behavioural and self-report, in order to explore the role
of impulsivity in appetitive learning. We have chosen three impul-
sivity measures because each of them taps different aspects of the
construct: a behavioural measure of response inhibition (stop sig-
nal task), a self-report measure of sensitivity to reward (Behav-
ioural Activation System scale), and a short version of the SSS.
Furthermore, all three measures have been implicated in substance
use and misuse as well as in normal and disordered eating behav-
iour (Dawe & Loxton, 2004; Guerrieri, Nederkoorn, & Jansen, 2008;
Jansen, Klaver, Merckelbach, & Van den Hout, 1989; Verdejo-Garcia
et al., 2008). Finally, there is evidence that two of these measures, a
weaker response inhibition and a stronger sensitivity to reward,
are associated with a higher reactivity to alcohol cues in social hea-
vy and dependent alcohol drinkers (Kambouropoulos & Staiger,
2001; Papachristou, Nederkoorn, Corstjens, et al., 2012; Papachris-
tou et al., 2013). Since cue reactivity is considered to be a result of
pavlovian learning, it is interesting to see if these specific impulsiv-
ity measures moderate the intensity of cue reactivity via an effect
on pavlovian learning or via different mechanisms.

For each of the three measures of impulsivity in the present
study (sensitivity to reward, sensation seeking, and response inhi-
bition), it was hypothesized that in the acquisition phase, more vs.
less impulsive people would acquire a faster and stronger craving
and expectancy response for chocolate to the CS+ and a stronger
liking for the CS+, relative to the CS�. Additionally, during the
extinction phase, it was hypothesized that there would be a differ-
ential extinction of these acquired subjective responses between
more and less impulsive participants. More specifically, it was ex-
pected that highly impulsive participants would not extinguish
their subjective CRs, while less impulsive participants would extin-
guish them successfully.
Methods

Participants

Fifty (39 women and 11 men) participants with a mean age of
22.58 years, (SD = 4.77) volunteered to participate in the study.
All participants were recruited via advertisements in the university
premises. Only participants who were able and willing to consume
milk chocolate in the laboratory were allowed to take part in the
study. They were rewarded for their participation in the experi-
ment with either course credits or a gift certificate of 10€.

Materials

Similar to Van Gucht et al.’s (2010) study, two serving trays
were used as conditional stimuli in the present experiment. The
two trays differed from each other in terms of shape and colour.
One tray was brown and rectangular and the other one was white
and round. One of them was used as the CS+ and the other one as
the CS� with the order of assignment counterbalanced across par-
ticipants. At baseline, participants liked equally the two trays, t
(49) = �1.081, ns. The unconditional stimulus (US) was milk choc-
olate (Bonbiance Napolitains melk). Each piece of chocolate
weighed 4 g.

Measures

Sensitivity to reward (STR): STR was measured with the BAS sub-
scale from the BIS/BAS scale (Carver & White, 1994; Franken,
Muris, & Rassin, 2005). The BIS/BAS scale is a 24-item self-report
instrument, which assesses the sensitivity of the Behavioural Inhi-
bition System (BIS: seven items) and the Behavioural Approach
System (BAS: 13 items) (Carver & White, 1994). Additionally, the
BAS scale is subdivided into three subscales: Fun Seeking (four
items), Reward Responsiveness (five items), and Drive (four items).
In the present study, the Dutch version of the BIS/BAS was used
(Franken et al., 2005). The BAS had a good internal consistency,
with a Cronbach alpha coefficient of .79.

Response inhibition

The Stop Signal Task (SST) was used to assess response inhibi-
tion or the (in) ability to stop a prepotent response (Logan, Scha-
char, & Tannock, 1997). The task consists of two types of trials:
go trials and stop trials. Each go trial begins with a fixation cross
in the centre of the screen. The fixation cross vanishes after
500 ms and then a geometrical (square) pattern is displayed either
on the left or the right part of the screen. Participants are asked to
respond to the pattern as fast as they can by pressing either the left
or right ‘‘shift’’ button, respectively. However, in 25% of the go tri-
als, after the go-signal a 1000 Hz sound is emitted through head-
phones (stop signal) signifying to the participants that they have
to hold back their response. Initially, the acoustic stop signal is
emitted at 250 ms after the go signal presentation but during the
task the stop signal delay varies according to participant’s perfor-
mance. These adjustments allow participants to successfully with-
hold their responses at approximately 50% of the stop trials. The
dependent variable in the task is the stop signal reaction time
(SSRT). A higher SSRT is taken as an index of impaired response
inhibition because it indicates that more time is required for an
individual to inhibit a prepotent response.

The short Sensation Seeking Scale (sSSS; Madsen, Das, Bogen, &
Grosman, 1987): The scale contains ten forced-choice items. The
participant has to choose the one that best suits his/her prefer-
ence. High sensation-seeking items are scored as 1 and low sensa-
tion-seeking items are scored as 0. The total score ranges from 0
(minimum sensation seeking) to 10 (maximum sensation seek-
ing). This scale has been shown to be a valid and reliable measure
of the sensation seeking construct (Jansen et al., 1989; Madsen
et al., 1987).

Craving, US-expectancy and liking were measured with the same
10-cm visual analogue scales (VASs) used in Van Gucht et al.’s
(2010) study. Regarding craving, participants were asked: ‘‘When
presented with this tray, how strong is your craving for chocolate
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right now?’’. The VAS for craving ranged from ‘‘no craving at all’’ to
‘‘extremely strong craving’’. As regards US-expectation, the VAS
scale was accompanied by the following question: ‘‘How strongly
do you now expect to be invited to eat chocolate?’’ ranging from
‘‘certainly not’’ to ‘‘certainly’’. Finally, concerning liking, partici-
pants were asked: ‘‘To what extent do you find the white (brown)
tray pleasant/unpleasant?’’ ranging from ‘‘very unpleasant’’ to
‘‘very pleasant’’.

Procedure

The experiment consisted of one laboratory session lasting
approximately 1 h and arranged between 12.30 pm and
19.00 pm. Ethical approval was obtained from the Ethical Commit-
tee of the Psychology Faculty of Maastricht University. Initially,
participants had to read and sign the informed consent form and
then fill out a brief demographic questionnaire. Following this,
they were presented with the two personality questionnaires
(the BAS/BIS and the SSS) and the SST in a counterbalanced order.
Then, the craving and US-expectancy VASs were shown to them
and the meaning of these concepts was clarified by the experi-
menter. After that, participants were given instructions similar to
those in Van Gucht et al.’s (2010) (cited in p. 690) study: ‘‘Here
you see two different serving trays. I will present you with those
trays in a randomized order, determined beforehand on the basis
of coin tosses. One tray will sometimes be followed by me asking
you to eat something, the other tray not’’. Finally, just before the
acquisition phase (baseline), participants were presented with
the two trays and asked to rate their liking for each tray.

Then, the acquisition phase started. It consisted of eight trials,
four (A1–A4) for the CS+ and the CS�, respectively. The two trays
were presented in a random order as described in the instructions
with the constraint that no more than two consecutive trials were
the same. In each trial, the experimenter put the tray on partici-
pant’s view for 10 s and asked them to concentrate on it and on
their feelings and thoughts at the time of presentation (Van Gucht
et al., 2010). Then, participants were required to rate their craving
and expectancy for chocolate on the VASs. The VASs for craving and
expectancy were administered in counterbalanced order across
participants. In a CS+ trial, participants were always offered a piece
of chocolate and were instructed to eat it. Following this, the tray
was always placed in a shopping bag out of participant’s view. In
a CS� trial, no chocolate was offered and the tray was placed in
the shopping bag immediately after the VASs completion. The
Table 1
Mean, minimum, and maximum scores and standard errors on the SST, BAS, and sSSS.

Measures of impulsivity Mean SE Minimum Maximum

Stop Signal Task (SSRT) 236.81 5.36 158.16 314.14
Behavioural Activation System

(BAS) scale
40.32 0.66 28 50

Short Sensation Seeking Scale (sSSS) 5.74 0.29 1 9

Note: n = 50.

Table 2
Mean scores, standard errors, number of participants, t-tests, degrees of freedom, and P v

Mean SE

High in impulsivity Low in impulsivity High in impuls

SSRT 267.25 206.36 24.13
N = 25 N = 25

BAS 44.17 36.77 0.48
N = 24 N = 26

sSSS 7.67 4.34 0.14
N = 21 N = 29
intertrial interval was 10 s. At the end of the acquisition phase, par-
ticipants were required to fill out the liking VAS.

The extinction phase followed the acquisition phase. It con-
sisted of 16 trials, eight (E1–E8) for the CS+ and the CS�, respec-
tively, presented in a random order as in the acquisition phase.
Extinction trials were identical to the acquisition trials except for
the fact that no chocolate (and chocolate eating) was paired with
the CS+. At the end of the extinction phase, participants were once
more instructed to rate their liking for each tray on a VAS. After the
extinction phase, participants were debriefed, thanked, and re-
warded for their participation in the experiment.

Statistical analysis

The SSRTs, sSSS and BAS scores were centred and entered as
covariates in the analysis. There was no significant correlation be-
tween the three impulsivity measures. Inspection of the histo-
grams, box-plots, and tests of normality showed that there were
no outliers and that each of three impulsivity measures was nor-
mally distributed. In order to confirm the differential acquisition
of the learned responses between CS+ and CS�, a two-way 2
(Cue type: CS+ vs. CS�) by 4 (Trial: Trial A1 vs. Trial A2 vs. Trial
A3 vs. Trial A4) repeated-measures ANCOVA was performed on
craving and expectancy ratings, respectively. Regarding liking, a
similar two-way 2 (Cue type: CS+ vs. CS�) by 2 (Phase: baseline
vs. end of acquisition phase) repeated measures ANCOVA was per-
formed. In addition, interactions with the covariates were also
tested. When further analysis was required, a median split was
conducted on an impulsivity measure in order to classify partici-
pants as being either high or low on this trait. Finally, to demon-
strate the generalization of learning from the acquisition to the
extinction phase, a 2 (Cue type: CS+ vs. CS�) by 2 (Trial: A4 vs.
E1) repeated measures ANCOVA was conducted on expectancy
and craving responses.

To investigate the differential extinction of the learned re-
sponses between CS+ and CS�, a 2 (Cue-type: CS+ vs. CS�) by 8
(Trial: E1 vs. E2 vs. E3 vs. E4 vs. E5 vs. E6 vs. E7 vs. E8) repeated
measures ANCOVA was performed on expectancy and craving rat-
ings, respectively. A similar 2 (Cue type: CS+ vs. CS�) by 2 (Phase:
end of acquisition vs. end of extinction) repeated measures ANCO-
VA was performed on liking. Interactions with the covariates were
also tested. When further analysis was required, a median split was
performed on an impulsivity measure (see Table 1 and 2).

Results

Self-reported expectancy rating

Acquisition
The two-way interaction CS type (CS+ vs. CS�) by Trial (A1 vs.

A2 vs. A3 vs. A4) on expectancy rating was significant, F
(2.61,119.86) = 12.3, p < .001 (Fig. 1). Regarding the CS+, there
was a statistically significant increase in expectancy during the
acquisition phase, F (1,46) = 35.05, p < .001. With regard to the
alues for high and low scores (median split) in each impulsivity measure.

t-test df P value

ivity Low in Impulsivity

20.35 �9.65 48 P < .001

0.63 �9.24 48 P < .001

0.28 �10.5 40.59 P < .001
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Fig. 1. Mean expectancy (for chocolate) scores and S.E.M. in response to the CS+
and CS� across the acquisition and the extinction phases.
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Fig. 2. Mean craving (for chocolate) scores and S.E.M. in response to the CS+ and
CS� across the acquisition and the extinction phases.
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CS�, there was a statistically significant decrease in expectancy
during this phase, F (1,46) = 7.7, p = .008. At the end of the acquisi-
tion phase (Trial A4), CS+ elicited significantly higher expectancy
for chocolate than CS�, F (1,46) = 70.97, p < .001. Impulsivity traits
did not affect the acquisition of the strength of the expectancy re-
sponse. None of the three-way interactions on expectancy rating
was statistically significant (BAS: F (2.61,119.86) = 0.48, ns; SSS:
F (2.61,119.86) = 0.67, ns; SSRT: F (2.61,119.86) = 0.79, ns).

Transition from acquisition to extinction

The two-way interaction CS type (CS+ vs. CS�) by Trial (A4 vs.
E1) on expectancy was not significant, F (1,46) = 2.05, ns. The main
effect of Trial was also not significant, F (1,46) = 0.55, ns. The main
effect of CS type was significant, F (1,46) = 64.1, p < .001. In general,
the CS+ elicited more expectancy for chocolate than the CS�. The
results show that the acquired expectancy response was main-
tained from the end of the acquisition phase to the beginning of
the extinction phase (Fig. 1).

Extinction
The extinction of the expectancy response was successful. The

two-way interaction CS type (CS+ vs. CS�) by Trial (E1 vs. E2 vs.
E3 vs. E4 vs. E5 vs. E6 vs. E7 vs. E8) on expectancy was highly sig-
nificant, F (4.16,191.36) = 10.26, p < .001 (Fig. 1). At the end of
extinction (Trial E8), there was no significant difference in expec-
tancy ratings between CS+ and CS�, F (1,46) = 0.74, ns. Impulsivity
traits did not play a role in the extinction of the expectancy re-
sponse. None of the three-way interactions on expectancy rating
was statistically significant (BAS: F (4.16,191.36) = 0.59, ns; SSS:
F (4.16,191.36) = 0.48, ns; SSRT: F (4.16,191.36) = 2.03, ns). How-
ever, there was a significant two-way interaction CS type by BAS
on expectancy, F (1,46) = 4.86, p = .032. Further analysis showed
that there was no difference in the expectancy response to the
CS+ between high and low sensitive to reward participants, F
(1,46) = 0.73, ns. However, there was a marginally significant dif-
ference in the expectancy response to the CS� between high and
low sensitive to reward participants, F (1,46) = 3.83, p = .056. High
BAS participants responded more strongly to the CS� than low BAS
participants.

Self-reported craving rating

Acquisition
There was a significant two-way interaction CS type (CS+ vs.

CS�) by Trial (A1 vs. A2 vs. A3 vs. A4) on craving for chocolate, F
(2.17,99.92) = 6.28, p = .002 (Fig. 2). Further analysis indicated that
craving in response to the CS+ increased significantly during the
acquisition phase, A1 vs. A4: F (1,46) = 6.79, p = .012. In contrast,
CS� did not change significantly during this phase, A1 vs. A4: F
(1,46) = 3.47, p = .069. At the end of the acquisition phase (Trial
A4), CS+ elicited higher craving than CS�, F (1,46) = 16.65,
p < .001. Furthermore, impulsivity traits did not affect the acquisi-
tion of craving. None of the three-way interactions on craving rat-
ing was statistically significant (BAS: F (2.17,99.92) = 0.21, ns; SSS:
F (2.17,99.92) = 1.02, ns; SSRT: F (2.17,99.92) = 0.08, ns).

Transition from acquisition to extinction

The analysis showed that the two-way interaction CS type (CS+
vs. CS�) by Trial (A4 vs. E1) on craving was not significant, F
(1,46) = .35, ns. Additionally, there was a non-significant main ef-
fect of Trial (A4 vs. E1) on craving, F (1,46) = 1.05, ns. Finally, there
was a significant main effect of CS type (CS+ vs. CS�) on craving, F
(1,46) = 22.69, p < .001. Overall, the CS+ elicited higher craving
than the CS�. These findings illustrate that the learned craving re-
sponse did generalize to the first extinction trial (E1) (Fig. 2).

Extinction
The extinction of the learned craving response was not success-

ful. The two-way interaction CS type (CS+ vs. CS�) by Trial (E1 vs.
E2 vs. E3 vs. E4 vs. E5 vs. E6 vs. E7 vs. E8) on craving was not sig-
nificant showing that the extinction phase did not reduce the ac-
quired differentiation in craving between the CS+ and the CS�, F
(2.83,130.37) = 0.54, ns (Fig. 2). At the end of extinction (Trial
E8), there was a significant difference in craving ratings between
the CS+ and the CS�, F (1,46) = 23.11, p < .001. Impulsivity traits
did not play a role in the extinction of the craving response. None
of the three-way interactions on craving was statistically signifi-
cant (BAS: F (2.83,130.37) = 0.59, ns; SSS: F (2.83,130.37) = 1.26,
ns; SSRT: F (2.83,130.37) = 0.5, ns). Nevertheless, there was a main
effect of BAS on craving during this phase, F (1,46) = 6.1, p = .017. In
general, during extinction, participants with higher BAS scores
experience higher overall craving (M = 5.23, SE = 0.44) than partic-
ipants with lower BAS scores (M = 3.90, SE = 0.42).

Self-reported liking rating

Acquisition
There was a significant two-way interaction CS type (CS+ vs.

CS�) � Phase (Baseline vs. end of acquisition phase) on liking, F
(1,46) = 36.43, p < .001 (Fig. 3). Further analysis indicated that
there was a slight but significant increase in liking rating for the
CS+ from baseline to the end of acquisition, F (1,46) = 6.04,
p = .018. In addition, there was a significant decrease in liking rat-
ing for the CS� from baseline to the end of acquisition phase, F
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Fig. 3. Mean liking scores and S.E.M. for the CS+ and CS� across the acquisition and
the extinction phases.
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(1,46) = 51.35, p < .001. At the end of the acquisition phase, partic-
ipants liked the CS+ significantly more than the CS�, F
(1,46) = 28.44, p < .001. Finally, there was no significant effect of
any impulsivity measure on the acquisition of the liking response
(Sensation Seeking: F (1,46) = 0.17, ns; BAS: F (1,46) = 1.09, ns;
SSRT: F (1,46) = 0.00, ns.).

Extinction
Extinction of the liking response was not fully successful in the

present experiment. Although the two-way interaction CS type
(CS+ vs. CS�) by Phase (end of acquisition vs. end of extinction) on
liking was significant, F (1,46) = 5.83, p = .020, participants still
liked more the CS+ than the CS� at the end of the extinction phase,
F (1,46) = 13.7, p < .001, (Fig. 3). The liking rating for the CS+ signif-
icantly decreased during extinction, F (1,46) = 16.37, p < .001. On
the other hand, there was no statistically significant decrease in
the liking rating for the CS� during this phase, F (1,46) = 2.35, ns. Fi-
nally, there was a significant two-way interaction BAS by Phase on
liking rating, F (1,46) = 4.26, p = .045. Additional analysis demon-
strated that both high and low BAS scorers experience a decrease
in liking, regardless of CS type (High BAS: F (1,21) = 12.15,
p = .002; Low BAS: F (1,23) = 5.22, p = .028). However, it appears
that the decrease in liking is larger in high BAS scorers (end of acqui-
sition phase: M = 5.43, SE = 0.22; End of extinction phase: M = 4.31,
SE = 0.33) than in low BAS scorers (End of acquisition phase:
M = 5.58, SE = 0.21; End of extinction phase: M = 5.16, SE = 0.22).
Discussion

The purpose of the present study was (i) to replicate Van Gucht
et al.’s (2010) findings, concerned with the acquisition and the dif-
ferential extinction of appetitive learned subjective responses
(craving, expectancy and liking) and (ii) to investigate the role of
impulsivity traits in appetitive learning. Our findings give support
to the first aim of the present study but we find no supportive evi-
dence for the role of impulsivity traits in appetitive learning.

First of all, the differential conditioning paradigm used in the
present study led to a successful acquisition of the three appetitive
conditioned responses. At the end of the acquisition phase, partic-
ipants showed increased craving and expectancy for chocolate in
response to the CS+ and more liking for the CS+, relative to the
CS�. These findings are similar to Van Gucht et al.’s (2010) and
Van Gucht et al.’s (2008) findings and support the validity of the
conditioning paradigm. Additionally, the present results suggest a
role for conditioning in appetitive cue reactivity and are in line
with the results of earlier conditioning studies in the field of sub-
stance abuse (Field & Duka, 2001; Lazev, Herzog, & Brandon,
1999). However, as in previous studies, our findings do not exclude
other sources of cue reactivity that may not be related to associa-
tive learning (Lazev et al., 1999; Robbins & Ehrman, 1992).

The present study also supports the differential extinction of
the subjective appetitive responses. Unlike expectancy for choco-
late, the acquired difference in craving was not extinguished suc-
cessfully and the acquired difference in liking was only partially
extinguished. At the end of the extinction phase, participants still
liked the CS+ more than the CS� and craved chocolate more in re-
sponse to the CS+ relative to the CS�. In general, our results pro-
vide support to Van Gucht et al.’s (2010) findings and illustrate a
desynchrony of these appetitive conditioned responses during
extinction but not during acquisition. This desynchrony does not
imply that cue-elicited craving cannot be extinguished successfully
in therapy or after including more extinction trials or sessions in
the procedure. Evidence from both clinical and laboratory studies
suggest that cue-elicited craving can be successfully extinguished
under certain conditions (Boutelle et al., 2011; Conklin & Tiffany,
2002; Jansen, 1998; Van Gucht et al., 2008). The present findings
highlight a differential sensitivity of these appetitive responses to
extinction, resulting perhaps from the different nature of these re-
sponse systems. The difficulty in the extinction of cue-elicited
craving resembles the difficulty in extinguishing evaluative condi-
tioned responses that is often reported in the literature, though in
the present study the acquired difference in liking was partially
extinguished (De Houwer, Thomas, & Baeyens, 2001; Van Gucht
et al., 2010). On the other hand, conditioned expectancies for re-
ward may reflect a system that prepares an individual to process
a salient stimulus independent of its evaluative value (Van Gucht
et al., 2008). Yet, this differential sensitivity may have important
clinical implications showing that even after successful extinction
of reward expectancies, cue-elicited craving and liking for the con-
ditioned stimulus could still remain perhaps posing a potential
threat for relapse (Van Gucht et al., 2008, 2010).

In the present study, we find no supportive evidence for the
role of impulsivity traits in the acquisition and extinction pro-
cesses of appetitive conditioning. Our results are in agreement
with the findings of another study conducted in our laboratory,
which showed that trait impulsiveness is not related with the
acquisition of a learned craving response for an appetitive food
(milkshake) but only with overeating (Van den Akker, Jansen,
Frentz, & Havermans, submitted for publication). It is possible that
other learning mechanisms are influenced by impulsivity. Perhaps
impulsive people show stronger habit learning, meaning that the
CS+ has more influence on behaviour, albeit not on craving. How-
ever, the role of stimulus strength may be of importance in the
present study (Matthews & Gilliland, 1999). For example, in an
early conditioning study by Paisey and Mangan (1988), it was
found that extraversion was negatively related to the acquisition
of the electrodermal CR to weak sexual stimuli and positively re-
lated to the acquisition of the same CR to strong sexual stimuli. In
the present study, the appetitive US was milk chocolate that
might have been a weak arousing stimulus for the participants.
It could be that a more novel or arousing US (e.g., a novel food,
a substance of abuse, or even a personally relevant US such as par-
ticipants’ favourite brand of chocolate) may have resulted in a dif-
ferent outcome. This is an empirical question, however, that can
be answered with further research.

Alternatively, impulsivity may be involved in the expression of
the motivational properties of the conditioned stimuli (CS) after
pavlovian learning has been established (Corr, 2001; Matthews &
Gilliland, 1999; Pickering & Gray, 1999; Zinbarg & Mohlman,
1998). This assumption fits well with the findings of cue reactivity
studies in the field of substance abuse where the substance-related
cues are considered to be well-established conditioned stimuli as a
result of their association with the effects of the substance prior to
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the experiment (Doran et al., 2007, 2008; Franken, 2002; Kambour-
opoulos & Staiger, 2001; Papachristou, Nederkoorn, Havermans,
et al., 2012; Papachristou et al., 2013). A more thorough way to test
empirically this assumption would be to examine the effects of
impulsivity traits on the ability of a well-established CS+ to moti-
vate behaviour in conditioned reinforcement and pavlovian-to-
instrumental paradigms (Bouton, 2007; Corr, 2001).

Finally, the effect of impulsivity on cue-reactivity may be related
to unlearned components of cue reactivity. According to Robbins
and Ehrman (1992), substance users may feel aroused when faced
with substance-related cues because they simply find them to be
disturbing. Alternatively, substance users or patients with eating
disorders may in general react more strongly to any salient and
arousing stimuli than control participants, independent of their
conditioning history (Robbins & Ehrman, 1992). In turn, this general
arousal could be misinterpreted as craving under the demand ef-
fects of their participation in a cue-reactivity study (Robbins & Ehr-
man, 1992). It could be that the increased cue-elicited craving in
impulsive participants (Doran et al., 2007, 2008; Franken, 2002;
Kambouropoulos & Staiger, 2001; Papachristou, Nederkoorn, Hav-
ermans, et al., 2012; Papachristou et al., 2013) reflects sensitivity
of some impulsivity measures to these unlearned components of
cue reactivity. This means that the impulsive participants might
not form stronger associations between the CS+ and the US but
are more easily aroused by salient cues hence, their response is
more intense. For heavy and dependent substance users, however,
the presence of their substance of choice in the lab could be partic-
ularly arousing, while chocolate could be a less salient and therefore
arousing stimulus for the participants of the present study.

Our analysis indicated that independent of cue type or trial, par-
ticipants who were more sensitive to reward (BAS) experience
stronger craving for chocolate during the extinction phase. Addi-
tionally, their liking response in general was reduced faster than
the liking response of participants who were less sensitive to re-
ward. Obviously, reward sensitive participants did not respond to
the specific CS+ of the experiment but to something else. Speculat-
ing on the nature of these responses, one explanation could be that
simply being informed about the nature of the experiment and
expecting chocolate in the lab acted as a CS+ that activated the
BAS system (Corr, 2001). The contrast between these expectations
and the fact of not receiving chocolate any more during the extinc-
tion phase may have caused greater disappointment to more vs.
less sensitive to reward participants, which resulted in a faster de-
cline in their liking response and more craving.

There are several limitations in our study. For example, the cue
reactivity components in the present study are subjective hence
vulnerable to demand characteristics. On the other hand, our study
was a replication of Van Gucht et al.’s (2010) study and the fact
that we and Van Gucht et al. (2010) report similar results gives
support to the findings of both studies. However, even if we as-
sume that demand characteristics played a role in both studies,
we would still have to explain why different appetitive conditioned
responses showed a clearly different extinction pattern in both
studies. Nevertheless, we believe that future research should ad-
dress these questions by including both subjective and psycho-
physiological cue reactivity measures in the experimental design
in order to minimize the influence of demand characteristics on
participants’ behaviour. Finally, we did not control for the effects
of individual differences such as participants’ BMI and of motiva-
tional states such as hunger on appetitive conditioning. For exam-
ple, different BMIs could mean different histories with the US
(chocolate) and as a result different cue reactivity to chocolate.

Despite the limitations, the findings of the present study offer
deeper insight to the mechanisms involved in appetitive condition-
ing. The dissection of the appetitive response systems and their dif-
ferential sensitivity to extinction appears to be a relatively robust
finding that may stimulate further research in the field of appeti-
tive learning and may enable us to understand some of the theoret-
ical and clinical problems in the field of substance and eating
disorders. Additionally, the findings that impulsivity traits are
not involved in appetitive learning mechanisms are important.
More research is needed to sort out how impulsivity traits influ-
ence consumptive behaviour: via different learning mechanisms
or via routes unrelated to learning. Deeper understanding of the to-
pic might prove useful for the development of more effective treat-
ment of substance and eating disorders.
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