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Animals can learn that specific contexts are associated with important biological events such as food
intake through classical conditioning. Very few studies suggest this is also possible in humans and con-
textual appetitive conditioning might even be a main determinant of habitual overeating in vulnerable
humans. A Virtual Reality laboratory was used to test whether humans show conditioned responding
(increased food desires and expectations, increased salivation and increased food intake) to a specific
context after repeated pairings of this context with intake. It was also examined whether the personality
trait impulsivity strengthens this contextual appetitive conditioning. Conditioned context-induced reac-
tivity was indeed demonstrated and impulsivity predicted increased intake in only the intake-associated
context. It is concluded that humans easily learn desires to eat in intake-related environments. The data
also suggest that in particular more impulsive people are vulnerable for conditioned context-induced
overeating. This relatively easy learning of associations between specific contexts and intake might stim-
ulate habitual overeating and contribute to increased obesity prevalence.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

The prevalence of overweight and obesity has been rapidly
increasing, adversely affecting quality of life and leading to in-
creased health care costs (Flegal, Carroll, Ogden, & Curtin, 2010;
Sturm, 2002). The obesogenic environment plays an important role
in the current rise in obesity prevalence (Swinburn, Egger, & Raza,
1999), although it is not clear yet why some people are more vul-
nerable to overeat in a tempting environment than others. The
abundant environment is characterized by many cues that signal
high-calorie food availability (Burton, Smit, & Lightowler, 2007;
Rodin & Slochower, 1976), and classical conditioning has been
put forward as a mechanism that might explain why it is so diffi-
cult for some people to resist environmental temptations: in case
of strong reinforcers, like tasty high-calorie foods, one easily learns
to associate a predictor of intake with the actual eating. The learn-
ing of such an association facilitates cue-elicited eating: the cue
prepares the person for intake, for instance by increasing saliva-
tion, elicits a desire to eat, and stimulates actual eating, frequently
in the absence of physical hunger (Jansen, 1998; Jansen,
Stegerman, Roefs, Nederkoorn, & Havermans, 2010; Wardle,
1990). Virtually any cue has the ability to become associated with
food intake and to elicit preparatory responses of the body. These
preparatory responses, also termed cephalic phase responses, are
thought to be experienced as a desire to eat (Jansen, 1998;
Nederkoorn, Smulders, & Jansen, 2000; Powley, 1977). Both the
physiological preparatory responses and eating desires are labeled
cue reactivity (Jansen, 1998; Jansen et al., 2010). Classical condi-
tioning studies with animals show that contexts might act as
conditioned stimuli as well: sated rats showed an increased food
intake in a cage previously associated with eating (Boggiano,
Dorsey, Thomas, & Murdaugh, 2009; Petrovich, Ross, Gallagher, &
Holland, 2007). The current obesogenic environment provides
many opportunities to associate everyday contexts with food
intake and therefore is able to elicit frequently recurring cue reac-
tivity and overeating in conditioned contexts. Indeed, it has been
found that among eating behavior characteristics the strongest
correlate of future weight gain was habitual overeating, or the
susceptibility to overeat in response to everyday cues within the
environment (Hays & Roberts, 2007).

Very few experimental studies have been conducted investigat-
ing classical conditioning as causal mechanism for context-induced
cravings and overeating in humans. In these studies, an initially
neutral contextual stimulus is repeatedly paired with food
intake (the unconditioned stimulus, US) so this context becomes
a predictor (conditioned stimulus, CS) for consumption. A study
in preschool children found evidence of contextual conditioning
of meal initiation (Birch, McPhee, Sullivan, & Johnson, 1989), and
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a conditioning procedure using chocolate shows differential acqui-
sition of craving and automatic approach tendencies towards a
specific contextual cue (a tray) (Van Gucht, Baeyens, Hermans, &
Beckers, 2013; Van Gucht, Baeyens, Vansteenwegen, Hermans, &
Beckers, 2010; Van Gucht, Vansteenwegen, Beckers, & Van den
Bergh, 2008; Van Gucht, Vansteenwegen, Van den Bergh, & Bec-
kers, 2008).

Appetitive conditioning studies usually do not take personality
characteristics into account. It is known however that obesity,
overeating and impulsivity frequently go together; several studies
have found that trait impulsivity is positively associated with obes-
ity (Nederkoorn, Braet, Van Eijs, Tanghe, & Jansen, 2006; Nederko-
orn, Smulders, Havermans, Roefs, & Jansen, 2006; Rydén et al.,
2003). Furthermore, impulsivity has been associated with in-
creased food cue reactivity (Tetley, Brunstrom, & Griffiths, 2010),
increased attention for food cues (Hou et al., 2011), binge eating
(De Zwaan et al., 1994; Nasser, Gluck, & Geliebter, 2004) and in-
creased food intake (Guerrieri, Nederkoorn, & Jansen, 2008; Neder-
koorn, Braet, et al., 2006). It has even been reported that obese
children receiving cognitive behavior therapy lost significantly less
weight with increasing impulsivity (Nederkoorn, Jansen, Mulkens,
& Jansen, 2007). A possible role of impulsivity in conditioning has
been proposed as well. Gray’s BIS-BAS theory postulated that trait
impulsivity should be related to activation of a system sensitive to
appetitive conditions (i.e., the behavioral activation system or BAS)
(Corr, Pickering, & Gray, 1995). It can be argued that impulsives’
stronger output of the BAS is related to changes in arousal and
emotional states which in turn can strengthen CS-US associations
currently undergoing processing (Corr, 2001). Other authors have
proposed impulsivity to be related to an increased strength (and/
or number) of appetitive associational resources, thereby render-
ing them predisposed to forming appetitive associations (Zinbarg
& Revelle, 1989). However, evidence for the validity of these mod-
els is scarce (e.g., Corr et al., 1995; Gupta & Shukla, 1989; Paisey &
Mangan, 1988; Zinbarg & Mohlman, 1998). Knowing that impulsiv-
ity is positively associated with overeating and obesity, it is of
interest to study whether impulsivity predicts a facilitated acquisi-
tion of conditioned responding to a CS that signals a food reward
and in this way stimulates overeating in especially the high impul-
sive people.

In the present study, a Virtual Reality (VR) laboratory is used to
create different contexts that are either associated with milkshake
intake or not. In VR, participants are immersed in a programmed
three-dimensional world, while perceiving this virtual world as
‘real’ (Hoffman, Richards, Coda, Richards, & Sharar, 2003). These
complex environments likely have a stronger connection to real-
life situations than the usual distinct stimuli (e.g., pictures or ob-
jects). It is expected that after conditioning, the intake-associated
environment (CS+) will elicit a stronger desire for milkshake, an in-
creased expectancy to receive milkshake, more salivation and an
increased intake during a bogus taste test, compared with a control
environment (CS�). The CS+ is also expected to be liked more. Fur-
ther, it is predicted that impulsivity facilitates conditioning.

Methods and materials

Participants

Seventy participants took part in the study. Female students
were invited for participation if they were proficient in Dutch, aged
between 18 and 25 years, had a normal BMI (19–25) and were in
the 1st or 2nd year of their bachelor program. Furthermore, to be
included in the study their score on the Restraint Scale had to be
below 15, meaning that they are unrestrained eaters (Polivy,
Herman, & Howard, 1988), and a requisite was that they liked at
least one milkshake flavor (vanilla, chocolate, or strawberry). The
questions were incorporated into a set of filler items. Participants
were asked to have a small meal (e.g., a sandwich) two hours prior
to the experiment, and to refrain from calorie intake thereafter. To
reduce demand characteristics, participants were told that this
study was about investigating ‘the influence of environmental
stimulation on taste perception’. They received either €10 or were
given course credits for participation. The study’s procedure was
approved by the local ethical committee.

Measures

Questionnaires were administered in Dutch
Desire and expectancy: 100 mm-Visual Analogue Scales (VAS)

were used to assess subjective desire for milkshake and expectancy
to receive milkshake (Huskisson, 1974; Van Gucht, Vansteenwe-
gen, Van den Bergh, et al., 2008). The desire-VAS was accompanied
by the question ‘How strong is your desire for milkshake at this
moment?’, and the expectancy-VAS was accompanied by the ques-
tion ‘How strong do you expect to be allowed to taste milkshake at
this moment?’. Ratings ranged from 0 (no desire for milkshake at all/
certainly expect not to taste milkshake) to 100 (very strong desire for
milkshake/certainly expect to taste milkshake). The order of presen-
tation of these two VASs was randomized.

Salivation: Salivation was measured using dental rolls (Hartmann,
nr 2, 10� 35 mm) which the participant was instructed to place and
remove herself. Two dental rolls were placed between the cheek and
lower gum on the left and right side. A third, halved dental roll was
placed under the tongue. They were removed after precisely one
minute. The dental rolls were kept in a sealed plastic bag and their
weight was registered before and after the saliva was collected, using
a weighing scale accurate to 0.01 g (Mettler Toledo, PB3002).

Intake during taste test: Ad libitum milkshake intake was mea-
sured during a 5-min bogus taste test, during which participants
answered questions about supposed differences between three
identical milkshakes. The flavor of these milkshakes was identical
to the flavor during conditioning (vanilla, chocolate, or straw-
berry). Liking of the milkshake was measured during the taste test.
The milkshakes were weighed before and after the taste test to as-
sess total food intake. Each cup contained approximately 250 g of
milkshake, equivalent to 300 ml and 450 kcal.

CS preference: CS liking was measured using two different ques-
tionnaires. Before and after conditioning, participants rated their
liking for the CS+ and CS� environments on a VAS accompanied
by the question ‘How much do you like this environment?‘, ranging
from 0 (not at all) to 100 (very much). Additionally, after condition-
ing, participants were asked to give a ranking on how much they
liked the four different virtual environments they had been ex-
posed to, from most liked to least liked. This was done to assess
the preferred CS (CS+ or CS�).

Contingency awareness: Participants completed a contingency
awareness check to find out whether they were aware of the asso-
ciation between the CS+ and milkshake intake.

Presence: Feelings of presence in the virtual environments were
measured using a questionnaire, adapted from another study
(Hoffman, Hollander, Schroder, Rousseau, & Furness, 1998; exper-
iment 2, items A, D, E G). An average score was calculated. This
was assessed since low levels of presence can have a substantial
impact on responding (Witmer & Singer, 1998).

Nausea: To check for nausea due to exposure to virtual environ-
ments, participants were asked to indicate whether they felt nau-
seated before and after AR exposure on a VAS ranging from 0
(not at all nauseated) to 100 (extremely nauseated).

Hunger: To control for hunger at the start of the experiment,
participants filled in a VAS accompanied by the question ‘How
hungry are you at this moment?’ ranging from 0 (not hungry at
all) to 100 (extremely hungry).
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Milkshake liking: To control for possible differences in liking of
milkshake, participants filled in a VAS accompanied by the ques-
tion ‘How much did you like the milkshakes?’ ranging from 0
(not at all) to 100 (extremely).

Barrett Impulsivity Scale-11 (BIS-11; Patton, Stanford, & Barratt,
1995): The BIS-11 was used to measure impulsivity. It is a self-re-
port questionnaire and consists of 30 items. Each statement can be
rated on a 4-point scale, ranging from rarely/never to always/almost
always. Total scores were calculated, a higher score indicating
higher impulsiveness. The BIS-11 has good internal consistency
and good construct validity (Patton et al., 1995).

Revised Restraint Scale (RS; Polivy et al., 1988): The 10-item RS
was used to assess dietary restraint, i.e. the intention to restrict
food intake. Scores range from 0 to 35, a higher score indicates in-
creased intentions to restrain intake.

Stimuli

US
The intake of milkshake served as the US. During conditioning,

small milkshake cups with lid and a translucent straw were used.
Each cup was weighed before and after a conditioning trial. One
cup contained approximately 10 g (18 kcal) of freshly-prepared
milkshake, of which on average 5.41 g (±1.22) was ingested during
a CS+ trial. The milkshakes were kept in a cooler that remained out
of sight of the participants at all times. Milkshakes could not be
smelled.

CS
Four different virtual environments were used. One environ-

ment served as practice and acclimation environment, which was
a largely empty room. The other three environments were pre-
sented during conditioning: An Italian square served as the (neu-
tral) environment that appeared during the inter-trial interval
(ITI), and two rooms served as CS+ or CS�; one of these depicted
(non-food related) paintings, a window and seats, another room
Fig. 1. Overview of the study’s design. The upper time line depicts the chronological o
specifies a single conditioning trial. The onset of an environment automatically causes t
depicted a dojo (Japanese room to practice martial arts). These
environments were accompanied by two distinct musical pieces
(Beethoven’s Violin romance No. 2 F major and Mussorgsky’s Pic-
tures at an Exhibition), which have been found to be emotionally
neutral (Mitterschiffthaler, Fu, Dalton, Andrew, & Williams,
2007). Which room and musical piece combination (four combina-
tions) served as CS+ or CS� was counterbalanced across
participants.

Augmented Reality (AR)
In AR, virtual environments are visible, but objects that are

close to the participant in the real world can still be perceived
(Botella et al., 2005). In this experiment, AR was used so the partic-
ipant could see her own hands and the milkshakes, and she was
able to fill out VAS questionnaires. To display the virtual environ-
ments, a Head-Mounted Display (HMD) was used (NVIS nVisor
ST50), which was placed on the head of the participant. An HMD
enables the display of virtual environments on screens inside the
HMD. A tracking system was used to precisely locate movements
of participants’ heads (PhaseSpace), and the images projected on
the screens inside the HMD change according to the participants’
movements. Thus, when a participant turns her head to the left,
the virtual images change according to her head movement. The
software used for programming is Vizard Virtual Reality Toolkit,
WorldViz. A sound system was used to play pre-recorded instruc-
tions and musical pieces (Ambisonic Auralizer System, WorldViz).

Design and procedure

See Fig. 1 for an overview of the study’s design. Participants
were run individually between 11 AM and 6 PM. Upon arrival in
the laboratory, the participant gave written consent. She was
seated at a table during the whole experiment. The participant
was instructed on how to fill in a VAS, and was then asked to rate
her hunger and nausea. Also, a baseline measure of saliva produc-
tion was conducted. When looking around in the virtual
rder (from left to right) of the entire experimental procedure. The lower time line
he offset of the previous environment.



Table 1
Participant characteristics across conditions, means with standard deviations in
parentheses.

CS+ taste test CS� taste test F(1,65) p

n 34 33
Contingency aware 25 26
Age 19.71 (1.53) 19.67 (1.83) 0.01 .92
BMI 22.06 (2.08) 21.49 (1.72) 1.51 .22
Baseline hunger 48.74 (21.33) 49.45 (24.10) 0.02 .90
BIS-11 60.59 (8.08) 58.18 (9.46) 1.26 .27
Restraint Scale 9.48 (2.98) 9.42 (3.26) 0.09 .77
Presencea 57.06 (12.78) 55.88 (16.83) 0.10 .75
Baseline milkshake liking 65.88 (24.55) 73.85 (14.80) 2.57 .11
Nausea 26.35 (27.78) 13.67 (17.60) 4.95 .03

a Due to missing data, the degrees of freedom for this analysis were 1, 64.

1 Each trial included two VAS measurements for each CS-type. Analyses including
the first VAS scores of each trial revealed similar patterns.
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environment, she had to take care not to move her head too fast,
which was done to minimize cybersickness. She was explicitly in-
formed that one of the environments would be followed by being
asked to drink something. After thirty participants had participated
in the study, twelve still appeared unaware of an association be-
tween the rooms and being allowed to drink milkshake. Therefore,
we changed the instructions regarding the CS–US contingency
slightly by additionally showing participants colored, printed pic-
tures of the environments during this introduction session (no
milkshake was given yet).

A participant first received an acclimation and practice session
in AR, after which the conditioning procedure started (duration
approximately 30 min, see Fig. 1). She then performed a taste test
in either the CS+ or CS� environment, depending on which condi-
tion she had been assigned to. Assignment to a condition was ran-
dom and counterbalanced. All instructions given during
conditioning and the taste test were pre-recorded and played
through the sound system.

Conditioning
In total, 6 CS+ and 6 CS� trials were presented to each partici-

pant. The order of the presentation of these trials was random, but
with the restriction of no more than two consecutive trials of the
same trial type. Further, the first two and last two trials always
consisted of one CS+ and one CS�, counterbalanced across
participants.

A trial started when the CS+ or CS� environment became visi-
ble. The participant was told to look around slowly. After 30 s,
she filled out the first desire and expectancy-VAS. Then, a milk-
shake cup was placed on the table in front of her, and she picked
it up and placed the milkshake’s straw into her mouth but was
not allowed to drink. She still was exposed to the environment.
After another 30 s, she placed the cup on the table and filled in
the second desire and expectancy-VAS. In case of a CS� trial, the
milkshake cup was now removed. In case of a CS+ trial, the
participant picked up the milkshake cup again and emptied it.
After this, the inter-trial interval (ITI) started, during which the
neutral environment appeared for 30 s. During the 1st and 6th
CS+ and CS� trials, CS liking was assessed. On both the 6th CS+
and the 6th CS� trial, salivation was measured. After all condition-
ing trials had been completed, the participant filled in a 2nd nausea
VAS during the ITI, after which the taste test started.

Taste test
Depending on the participant’s assigned environment, the CS+

or CS� environment was presented during the taste test. Three
large milkshake cups with lids were placed in front of the partici-
pant. The participant received questions about the taste of the
milkshakes, and was told that if she would finish early she was in-
vited to drink as much as she liked to. After the taste test the HMD
was removed.

Questionnaires
After the taste test, the participant filled out the following ques-

tionnaires: her ideas about the study’s hypotheses, CS ranking,
contingency awareness, presence, BIS-11, and time of pre-experi-
mental food intake. Finally, the participant’s weight and height
were measured. She was thanked for participation and received
her reward.

Results

Exclusion of participants and statistical analyses

Three participants were excluded from analysis: one partici-
pant because she felt too nauseated to perform the taste test,
another because she did not understand the instructions and a
third was excluded because she scored >3 SDs above the mean
on the BIS-11.

Despite the explicit instructions regarding the US-environ-
ment association, a substantial part of the sample (23.9%; see
Table 1) could not retrospectively indicate which room had been
followed by being allowed to drink milkshake and/or did not
develop a differential expectancy. These participants were classi-
fied as not being aware of the contingency between an environ-
ment and the opportunity to drink (non-CA). Previous studies
have shown that contingency awareness is likely necessary for
the formation of associations (Hogarth, Dickinson, Hutton,
Bamborough, & Duka, 2006; Lovibond & Shanks, 2002). There-
fore, contingency awareness was included as a between-subjects
variable in the ANOVAs.

Differential acquisition of expectancy and desire for milkshake
were analyzed using 2 � 6 (CS-type � Trial) repeated-measures
ANOVAs. Analyses were conducted on the 2nd expectancy and de-
sire-VAS scores of each trial.1 Saliva production was also analyzed
using repeated-measures ANOVA, with measurement (baseline,
CS+, CS�) as within-subjects variable, as was CS liking, with CS-type
(CS+, CS�) and Trial (1st, 6th) as within-subjects variables. Prefer-
ence for the CS+ over the CS� was tested using a binomial test.
The total score of the BIS-11 was included as covariate in the ANO-
VAs to study effects of impulsivity on US-expectancy, desire for
milkshake, salivation and CS liking. A student’s t-test was used to
test for differences in milkshake consumption across conditions
(taste test environment: CS+ or CS�). A hierarchical linear regression
model was used to analyze the effects of impulsivity and condition
on milkshake consumption. Greenhouse-Geisser epsilon corrections
are reported for repeated-measures analyses whenever sphericity
was violated.

Participant characteristics

No significant differences across conditions emerged for age,
BMI, hunger, BIS-11 total, RS, presence and milkshake liking, how-
ever nausea differed significantly between conditions (see Table 1).

US-expectancy and desire for milkshake

Overall, differential acquisition of expectancy was present, as
indicated by a significant CS-type � Trial interaction,
F(3.12,202.50) = 33.84, p < .001 (see Fig. 2a). Including contingency
awareness (CA) as between-subjects variable yielded a significant
CS-type � Trial � CA interaction, F(3.62,231.62) = 14.93, p < .001.
Contingency non-aware participants failed to develop differential



Fig. 2. Mean US-expectancy and desire for milkshake (+SEM) by CS-type and trial. The figures present overall responses of the entire sample (2a and 2b), for contingency-
aware participants only (2c and 2d), and for non-contingency-aware participants only (2e and 2f).
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expectancy, F(5,75) = 0.46, p = .81 (see Fig. 2c and e). Impulsivity
had no significant effect on the differentiation, F(3.18,
203.34) = 1.68, p = .17.

Participants also developed a differential acquisition of the de-
sire for milkshake, as shown by a significant CS-type � Trial inter-
action, F(3.03,200.51) = 5.81, p = .001 (see Fig. 2b). This
differentiation was characterized by a decrease in desire for milk-
shake in response to the CS�, F(2.98,196.43) = 7.38, p < .001, while
no change in desire for milkshake was found for the CS+,
F(3.10,204.50) = 1.90, p = .13.

No significant interaction between acquisition of differential de-
sire for milkshake and CA was found, F(3.04,197.27) = 1.39, p = .25.
However, the CA� trial interaction was significant, F(3.04,197.27) =
2.67, p < .05, indicating an overall decrease in desire for milkshake
in the non-CA group, F(2.69,39.35) = 4.65, p = .001 but no overall
change in the CA group, F(3.00,150.20) = 1.09, p = .36 (see Fig. 2d
and f). Impulsivity did not influence differential desire over time,
F(3.03,197.07) = 0.68, p = .57).2
Salivation

Salivation differed significantly between the three measure-
ments, F(2,128) = 4.97, p = .01, with Bonferroni-corrected pairwise
comparisons indicating that salivation in the CS+ was significantly
higher than baseline (p = .01) but not compared with salivation in
the CS� (p = .49). Salivation in the CS� did not significantly differ
from baseline (p = .32) (see Fig. 3). No interaction with CA was
found, F(2,126) = 0.06, p = .94, nor with impulsivity,
2 The differential acquisition of US-expectancy and desire for milkshake did not
differ between the conditions, as the CS-type � Trial � Condition interactions were
not significant, F(3.10, 198.56) = 0.85, p = .47; F(3.03,196.77) = 1.13, p = .34. Thus, as
expected, the conditions did not differ in acquisition of differential US-expectancy
and desire for milkshake.
F(2,126) = 0.42, p = .66. As expected, the conditions did not differ
in salivation pattern, F(2, 126) = 1.71, p = .19.
Milkshake consumption

Overall
Taste test environment did not influence total milkshake con-

sumption, t(65) = 0.28, p = .78 [mean consumed milkshake in the
CS+: 137.23 g (±97.39); CS�: 130.73 (±89.00)].
Impulsivity
To examine influences of impulsivity on milkshake consump-

tion, a hierarchical regression analysis was conducted (see Table 2
and Fig. 4). Both nausea and milkshake liking correlated signifi-
cantly with total milkshake consumption, r(65) = �0.25, p = .04,
r(65) = 0.25, p < .05 and with each other, r(65) = 0.42, p < .001.
Since the conditions significantly differed in nausea but not in lik-
ing (see Table 1: nausea in the CS+ condition was higher), nausea
was included in the regression model.3 All variables were centered
before entering in the regression model. The analysis showed that
condition and impulsivity interacted (DR2 = 0.06, p = .04). Follow-
up analyses revealed that participants who were highly impulsive
(1 SD above the mean of the BIS-11) consumed significantly more
milkshake in the CS+ than in the CS� (p = .04). In contrast, within
low-impulsive participants (1 SD below the mean of the BIS-11) no
difference in milkshake consumption between the conditions was
found (p = .44). Analyzing the slope of the CS� regression line re-
vealed a trend (p = .08), suggesting a decreased food intake in the
3 When excluding participants who scored highest on nausea (scoring P50 on the
2nd nausea-VAS, n = 10) instead of entering nausea as covariate in regression analysis,
the condition � impulsivity interaction remained significant (DR2 = 0.09, p = .03).
Thus, both methods to control for nausea resulted in similar effects.



Table 2
Summary of the hierarchical regression analysis.

Variable B B (s.e.) b

Step 1
Nausea �0.98 0.47 �0.25*

Step 2
Nausea �1.11 0.49 �0.29*

Condition �22.09 23.47 �0.12
Impulsivity �0.65 1.30 �0.06

Step 3
Nausea �0.93 0.48 �0.24#

Condition �18.97 22.92 �0.10
Impulsivity 2.43 1.95 0.23
Condition � impulsivity �5.35 2.59 �0.38*

R2 = 0.06 for Step 1 (p = .04), DR2 = 0.02 for Step 2 (ns), DR2 = 0.06 for Step 3
(p = .05).
* p < .05.

# p < .06.
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Fig. 4. Milkshake consumption in low and high impulsive participants, for the CS+
or CS� taste test.

Fig. 3. Mean salivation (+SEM) at baseline, CS + and CS�.
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CS� in more impulsive relative to less impulsive participants. The
slope of the CS+ regression line was not significant (p = .24).

CA
CA was added to the model (not shown in the model) and was

not found to predict milkshake consumption overall, b = �.09,
t(62) = �0.72, p = .47. Furthermore, no significant Condition �
Impulsivity � CA interaction was found, b = �.002, t(60) = �0.02,
p = .99, suggesting no differences in milkshake consumption pat-
terns between CA and non-CA participants.

CS liking

Conditioned CS liking was evident with repeated-measures
analyses when including CA in the CS-Type � Trial interaction,
F(1,63) = 5.92, p = .02; CA participants developed a significant
differentiation in CS liking, F(1,49) = 6.67, p = .01 [mean change
in CS+ liking: 0.80 (±14.84); CS�: �8.10 (±18.48)], whereas non-
CA participants did not, F(1, 14) = 1.79, p = .20 [mean change in
CS+ liking: �8.43 (±18.79); CS�: 0.13 (±13.37)]. Impulsivity did
not have an effect on this interaction, F(1,61) = 2.21, p = .14. In
the ranking, the CS+ was not more preferred than the CS�; the
CS+ was preferred by 56% of the participants, p = .46.
Discussion

This study provides evidence of contextual appetitive condi-
tioning in females. After six conditioning trials, conditioned cue
reactivity in response to the contextual CS+ was found: partici-
pants salivated significantly more in response to this context com-
pared to baseline and this increase was non-significant for the CS�.
Likewise, the contextual CS+ elicited a greater desire for milkshake
and higher US expectations than the CS� after conditioning. Differ-
ential CS+ liking increased on the within-subjects assessment in
contingency-aware participants, also indicating conditioned
responding. In line with previous research, this conditioning ap-
peared to depend largely on awareness of the contingency between
the CSs and the US. Impulsivity did not moderate the acquired con-
text cue reactivity (salivation and subjective responses). However,
increased consumption after appetitive conditioning was found in
impulsive participants: high impulsive participants consumed
more milkshake when being present in the CS+ compared with
the CS�, while low impulsive participants consumed similar
amounts in the CS+ and CS�.

This study contributes to the existing literature by showing that
not only isolated proximal food cues but also complex non-food re-
lated environmental stimuli are able to become triggers of condi-
tioned appetitive responding in humans. Another new finding
was that preparatory responses of the body (salivation) may be in-
volved in human contextual appetitive conditioning: we found
some evidence that initially neutral contexts are able to elicit an
adaptive physiological change that is similar to physiological reac-
tions to the sight or smell of food. The current obesogenic environ-
ment (context) offers many potential opportunities to associate
different contexts (e.g., home, office, friends) with calorie intake,
and in this way stimulates contextual appetitive conditioning. Con-
textual eating might be considered a form of habitual eating that
occurs relatively automatic without people being aware of these
conditioning processes and context-induced cue reactivity. Intrigu-
ingly, those participants in our sample who were unaware of the
CS-US contingency also showed some evidence of conditioned
responding on the behavioral measures, suggesting that they,
too, prepared for food intake. Not intervening on these condition-
ing processes might make it more difficult to change overeating
patterns. It was for instance found that conditioned food cue reac-
tivity was absent in successful post-obese dieters - presumably
extinguished – whereas it was present in unsuccessful obese diet-
ers (Jansen, Havermans, & Nederkoorn, 2011; Jansen et al., 2010).

Another new and intriguing finding is that impulsivity was a
significant predictor of milkshake consumption in the CS+.
Although the milkshake US was available in both the CS+ and
CS� during the taste test (in large amounts), only the more impul-
sive participants ingested significantly more milkshake in the food-
associated environment (and not in the CS�). Since impulsivity did
not appear to moderate the acquisition of other conditioned re-
sponses over trials, these data seem to suggest that impulsivity
as measured by the BIS-11 is not related to a facilitated acquisition
whereas it is to the behavioral expression of the (conditioned)
motivational state (i.e., increased intake) (Corr, 2001). This is con-
sistent with previous research reporting that increased food intake
in impulsive participants only occurs when participants are hungry
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(Nederkoorn, Guerrieri, Havermans, Roefs, & Jansen, 2009). Our
findings are also in line with the idea that ‘rash impulsiveness’ is
related to an inability to inhibit predominant approach responses,
since our present measure of impulsivity (the BIS-11) is supposed
to provide a measure of this form of impulsiveness (Dawe, Gullo, &
Loxton, 2004). Thus, once an approach response was activated by
the CS+, the high impulsives in our study might have been unable
to inhibit approach behavior and subsequently increased their food
intake. On the other hand, the present findings also suggest a trend
towards higher impulsivity being related to a suppression of intake
in the CS�, possibly pointing towards more effective response inhi-
bition in a non-food associated context (see also Jansen, Klaver,
Merckelbach, & van den Hout, 1989). In the CS�, participants were
exposed to milkshake cups but were not allowed to consume the
milkshake. It is possible that the more impulsive participants had
to put greater effort into inhibiting their approach response in
the CS�, which could have led to effective inhibitory learning in
impulsives in specifically this context. This suggests that high
impulsives (e.g., binge eaters and people with obesity) could ben-
efit from food cue exposure therapy, in which a food cue is repeat-
edly presented while the actual eating is prevented (i.e., inhibited)
in order to decrease cue reactivity. However, the present experi-
ment was not designed to test these ideas, and future studies
should include truly neutral stimuli to see whether the increased
intake in the CS+ compared with the CS� in higher impulsives is
due to facilitatory or inhibitory mechanisms, or a combination of
both.

It is possible that impulsivity is related to an increased speed of
acquisition of conditioned responding to food cues under certain
conditions. For instance, previous findings have suggested that
both the size and type of the US may be important for an increased
acquisition speed in impulsives: extraverts vs. introverts have been
found to show stronger appetitive conditioning of electrodermal
responses when stronger, but not when weaker, sexual stimuli
were involved (Paisey & Mangan, 1988), and a positive relation be-
tween reward responsiveness and speed of acquisition of US
expectancies has been reported when a monetary reward was in-
volved but not when an ego-related reward was involved (Zinbarg
& Mohlman, 1998). In contrast, in our study, participants received a
food reward during conditioning which was relatively weak (i.e., a
very small amount of milkshake). Additionally, the same reward
may be perceived differently by different participants; for instance,
impulsive individuals could have been disappointed by the small
US in the present study (Corr, 2001). Moreover, different measures
or forms of impulsivity might also be differentially related to appe-
titive conditioning (Corr, 2001; ‘Papachristou, Nederkoorn, Beunen,
& Jansen, 2013).

Cue and context-elicited cravings are well-known in addiction
research (Drummond, 2001). Cue exposure therapy has been used
in the treatment of both addiction and eating disorders. A major
problem with cue exposure treatment is renewal, in which a sup-
posedly extinguished response re-emerges after treatment when a
patient returns to the acquisition environment (Bouton, 2002;
Havermans & Jansen, 2003). This is thought to occur because of dif-
ferences between the contexts in which the behavior was learned,
extinguished and tested, and stresses the need for exposures in the
context that is associated with intake or use (Bouton, 2002; Haver-
mans & Jansen, 2003; Jansen, 1998; Thewissen, Van Den Hout,
Havermans, & Jansen, 2005). VR and AR could therefore become
useful tools for improving cue exposure therapy: it is possible to
create contexts very similar to those in which one usually overeats
or uses a drug. Researchers conducting experiments and/or thera-
pies involving food in AR or VR should however be aware of the
possibility of inducing additional nausea in participants by the
incorporation of sensory exposure to foods (‘cybersickness’). Nau-
sea might in particular affect appetitive responding.
In sum, the present study adds to the existing literature that
contextual appetitive conditioning induces conditioned respond-
ing (i.e., an increased desire for food and an increased liking of
the CS) in healthy women, and it provides some evidence for the
involvement of preparatory responses of the body (i.e., a condi-
tioned salivary response). This study also uniquely associates
impulsivity with increased food consumption in specifically a con-
ditioned food-associated context. Future research should elucidate
the complex role of impulsivity in the acquisition and expression of
appetitive conditioning and ask the question why impulsivity is re-
lated to increased vulnerability to conditioned context-induced
overeating. Also, research is needed on the implications for cue/
context exposure therapy, and how AR and VR can be used to de-
velop optimal exposure therapy for appetitive disorders and sub-
stance use disorders.
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