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A B S T R A C T

Animals and humans can easily learn to associate an initially neutral cue with food intake through clas-
sical conditioning, but extinction of learned appetitive responses can be more difficult. Intermittent or
partial reinforcement of food cues causes especially persistent behaviour in animals: after exposure to
such learning schedules, the decline in responding that occurs during extinction is slow. After extinc-
tion, increases in responding with renewed reinforcement of food cues (reacquisition) might be less rapid
after acquisition with partial reinforcement. In humans, it may be that the eating behaviour of some in-
dividuals resembles partial reinforcement schedules to a greater extent, possibly affecting dieting success
by interacting with extinction and reacquisition. Furthermore, impulsivity has been associated with less
successful dieting, and this association might be explained by impulsivity affecting the learning and ex-
tinction of appetitive responses. In the present two studies, the effects of different reinforcement sched-
ules and impulsivity on the acquisition, extinction, and reacquisition of appetitive responses were
investigated in a conditioning paradigm involving food rewards in healthy humans. Overall, the results
indicate both partial reinforcement schedules and, possibly, impulsivity to be associated with worse ex-
tinction performance. A new model of dieting success is proposed: learning histories and, perhaps, certain
personality traits (impulsivity) can interfere with the extinction and reacquisition of appetitive re-
sponses to food cues and they may be causally related to unsuccessful dieting.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

As obesity prevalence continues to rise, so do attempts to lose
weight by restricting dietary intake (Hill, 2002). In a US sample, as
many as 60% of overweight and 70% of obese women reported to
be currently trying to lose weight (Bish et al., 2005). However, suc-
cessful long-term weight loss is rare, and weight loss practises have
even been linked to binge eating, weight gain and the develop-
ment of obesity (e.g., Field et al., 2003; Jeffery et al., 2000;
Neumark-Sztainer et al., 2006; Stice, Presnell, Shaw, & Rohde, 2005).
Learning models can help explain why successful long-term weight
loss is so difficult (Bouton, 2011; Jansen, 1998). After conditioned

stimuli (CSs) have become associated with food intake (uncondi-
tioned stimulus; US), they will elicit conditioned responses (CRs).
Exposure to a CS can induce (strong) desires for food, and may
promote food consumption (e.g., Boggiano, Dorsey, Thomas, &
Murdaugh, 2009; Jansen, 1998).

Conditioning phenomena could also explain why some dieters
are able to adhere to their diets more successfully than others. In-
termittent reinforcement of conditioned food cues (i.e., the alter-
nation of intake and restriction in response to food cues) has long
been known to result in persistent conditioning effects in animals.
For instance, rats that do not always receive a food US when pre-
sented with a CS (e.g., on 50% of the trials) are known to perform
worse in an extinction training in which the CS is never followed
anymore by the US, compared with rats that had received a 100%
contingency conditioning procedure (e.g., Bouton, Woods, & Todd,
2014; Haselgrove, Aydin, & Pearce, 2004). Thus, paradoxically, al-
though the reinforcement schedule is leaner in rats receiving partial
(e.g., 50% contingency) instead of continuous (100% contingency)
reinforcement, extinction is more difficult. This difficulty to extin-
guish conditioned responses after partial reinforcement is known
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as the partial reinforcement extinction effect (PREE). It is thought
that the PREE occurs because, in case of partial reinforcement, the
animal has received reward under conditions of nonreinforcement:
extinction is harder to achieve because a nonreinforced CS signals
possible US availability on the next trial (e.g., Amsel, 1962; Capaldi,
1994). Consequently, reward is expected after nonreinforced CS trials
during extinction and appetitive responses are more persistent.
Further, it can be argued that original learning with either contin-
uous or partial reinforcement might result in differential response
patterns when the CS−US contingency is again reinforced after ex-
tinction, i.e. during a reacquisition phase. Reacquisition after
extinguished responses to a continuous schedule is often rapid
(e.g., Ricker & Bouton, 1996); however, one might expect that the
return of appetitive responses during reacquisition after extinc-
tion is less pronounced after partial reinforcement because a rein-
forced CS does not predict (as strongly) that the subsequent trial
will be reinforced.

It seems likely that there are intra- and inter-individual differ-
ences in the extent to which food cues are reinforced, and thus, the
extent to which partial reinforcement is practised. For instance, an
individual might consume breakfast at a relatively similar timepoint
every day while less consistently eating a snack in the afternoon,
alternating ‘eating’ and ‘not eating’ on a day-to-day basis for some
cues. Over time, the predominant learning schedule for inconsis-
tently reinforced food cues essentially reflects partial reinforce-
ment schedules. Additionally, across individuals, it seems likely that
overall patterns of reinforcement differ: some may practise partial
reinforcement to a greater extent than others. For instance, some
individuals may show a relatively inconsistent eating pattern, re-
inforcing and nonreinforcing different sets of cues each day (e.g.,
Kirk & Hill, 1997). When an individual starts a diet, extinction is pre-
sumably practised because he or she is attempting to refrain from
eating (US) in response to previously reinforced cues (CS). The PREE
would predict that this extinction is more difficult to achieve for
those who previously practised a greater degree of partial rein-
forcement. A more difficult extinction of conditioned responses
would theoretically result in a greater difficulty to refrain from eating
in response to those cues: during extinction of previously partial-
ly reinforced cues, a dieter’s body keeps expecting to receive food
in response to such cues (i.e., they experience PREEs). Thus, the dieter
could experience heightened conditioned cravings for foods even
after a period in which he or she has suppressed responses to the
cues. However, when a dieter has successfully extinguished these
responses and thus has overcome the PREE, one could expect that
a history of partial reinforcement could be beneficial for long-
term weight maintenance. Since returns of appetitive responses after
extinction (‘relapse’) are thought to considerably thwart dieting
efforts (Bouton, 2011), a history of partial reinforcement could de-
crease chances for a full-blown relapse because they may slow down
reacquisition. To gain insight into the underlying mechanisms behind
individual differences in dieting success, examining causes of po-
tential differences in the extinction and reacquisition of appetitive
responses could prove valuable.

Apart from learning histories, personality characteristics could
also affect dieting success. Impulsivity has been especially associ-
ated with increased cue reactivity, overeating, and obesity (Guerrieri,
Nederkoorn, & Jansen, 2008; Tetley, Brunstrom, & Griffiths, 2010).
Importantly, impulsivity has been found to distinguish successful
from less successful dieters – impulsivity has been related to less
weight loss during a weight loss treatment (e.g., Nederkoorn, Jansen,
Mulkens, & Jansen, 2007), less successful self-reported dieting (e.g.,
van Koningsbruggen, Stroebe, & Aarts, 2013), and in the lab, re-
strained eaters (dieters) only overate when they were also impul-
sive (Jansen et al., 2009). Also, it seems that impulsiveness increases
the risk for relapse in addicts (e.g., Doran, Spring, McChargue,
Pergadia, & Richmond, 2004), and evidence suggests that treat-

ment outcome and maintenance could be improved by targeting
impulsivity (Houben & Jansen, 2011; Houben, Wiers, & Jansen, 2011;
Verbeken, Braet, Goossens, & van der Oord, 2013). It is possible that
a relationship between impulsivity and unsuccessful dieting could
be explained by differences in the learning and ‘unlearning’ of con-
ditioned responses to rewarding cues between more and less im-
pulsive individuals. For instance, different aspects of impulsivity have
been theoretically associated with an increased speed of acquisi-
tion of appetitive responses, although empirical tests have been in-
conclusive (Corr, 2001, 2002; Corr, Pickering, & Gray, 1995; Dawe,
Gullo, & Loxton, 2004; Gorenstein & Newman, 1980; Papachristou,
Nederkoorn, Beunen, & Jansen, 2013; Patterson & Newman, 1993;
van den Akker, Jansen, Frentz, & Havermans, 2013). Further, one spe-
cific aspect of impulsivity, rash impulsiveness or the inability to
inhibit predominant approach responses (as measured by the BIS-
11) (Dawe et al., 2004; Patton, Stanford, & Barratt, 1995) could be
associated with impaired extinction. The underlying neural struc-
ture of rash impulsiveness is the orbitofrontal cortex (OFC): worse
functioning of the OFC has been related to higher rash impulsive-
ness in healthy individuals (see Dawe et al., 2004; Horn, Dolan, Elliott,
Deakin, & Woodruff, 2003). Investigations in rodents, monkeys, and
humans have resulted in the conclusion that the OFC is necessary
for integrating changing information about a reward and provid-
ing new estimations about expected outcomes, that is, learning when
reward contingencies change (e.g., Butter, 1969; Gallagher, McMahan,
& Schoenbaum, 1999; McDannald, Jones, Takahashi, & Schoenbaum,
2014; Rolls, 2000, 2004; Schoenbaum & Esber, 2010; Schoenbaum,
Roesch, Stalnaker, & Takahashi, 2009). A relatively poor function-
ing OFC in rash impulsive individuals could therefore result in less
correct estimates of expected outcomes when CS−US contingen-
cies are altered during extinction, i.e. resulting in extinction defi-
cits. The present studies investigate whether a measure of rash
impulsiveness influences the acquisition and extinction of appeti-
tive responses.

In sum, dieters who previously practised intermittent reinforce-
ment of food cues might be less successful in restricting their food
intake through difficulties in achieving extinction (i.e., they might
experience a PREE), while simultaneously being at reduced risk for
relapse once extinction has been achieved. However, relatively few
human appetitive conditioning studies involving food rewards have
been conducted (e.g., Van Gucht, Vansteenwegen, Beckers, & Van
den Bergh, 2008), and none examined effects of partial reinforce-
ment on conditioned responses to food cues. The present two studies
were designed to test the hypothesis that an appetitive partial re-
inforcement schedule causes a PREE in healthy humans and slows
down a return of appetitive responses when CSs are reinforced again
after extinction. Since impulsivity has theoretically been associ-
ated with a possibly faster acquisition of conditioned appetitive re-
sponses and slower extinction, the influence of impulsivity on the
different phases of conditioning was also investigated.

Study 1

Methods and materials

Participants
Thirty-two participants took part in the study. Three partici-

pants did not develop a differential US expectancy, suggesting they
were not aware of the CS−US contingency. They were replaced by
three other participants ensuring full counterbalancing. All partici-
pants were undergraduate female students who were proficient in
Dutch and indicated a liking for chocolate. Participants were in-
structed to have a small meal two hours prior to participation but
to refrain from calorie intake thereafter. To reduce demand char-
acteristics participants were told the study’s aim was to investi-
gate the memory of taste. Participants received either €7.50 or
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course credit for participation. A local ethical committee ap-
proved the study.

Measurements
Desire and US expectancy. 100 mm-Visual Analogue Scales

(VAS) were used to assess subjective desire for chocolate mousse
(‘How strong is your desire for chocolate mousse at this moment?’)
and expectancy to taste chocolate mousse (‘How strong do you expect
to receive chocolate mousse at this moment?’). Ratings ranged from
0 (no desire at all/certainly expect not to taste chocolate mousse)
to 100 (very strong desire/certainly expect to taste chocolate
mousse). The order of presentation of these two questions was
counterbalanced.

Salivation. Salivation was measured using dental rolls
(Hartmann, nr 2, 10 × 35 mm) which the participant placed and
removed herself. Two dental rolls were placed between the cheek
and lower gum on the left and right sides. They were removed after
precisely 1 min. The dental rolls were kept in a sealed plastic bag
and their weight was registered before and after the saliva was col-
lected, using a weighing scale accurate to 0.01 g (Mettler Toledo,
PB3002).

CS preference. After the experiment, participants indicated their
CS preference (CS+ or CS−) (‘If you were allowed to take one of the
boxes home, which one would you pick?’).

Hunger: To control for hunger, participants filled in a VAS (‘How
hungry are you at this moment?’) ranging from 0 (not hungry at
all) to 100 (extremely hungry) before and after the conditioning
procedure.

Chocolate mousse liking. To control for differences in the liking
of chocolate mousse, participants filled in a VAS (‘How much did you
like the chocolate mousse?’) ranging from 0 (not at all) to 100
(extremely).

Barrett impulsivity scale-11 (BIS-11; Patton et al., 1995). The BIS-
11 was used to measure impulsivity. The BIS-11 is a self-report ques-
tionnaire 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 im-
pulsiveness. The BIS-11 has good internal consistency and is well
validated (Patton et al., 1995; Stanford et al., 2009). The internal con-
sistency of the total BIS-11 score in the current studies was good
(Cronbach’s alpha of study 1:.79; study 2:.90).

Revised restraint scale (RS; Polivy, Herman, & Howard, 1988). To
control for differences in dietary restraint (i.e. the intention to re-
strict food intake) the 10-item RS was used. Scores range from 0
to 35, a higher score indicating increased intentions to restrain intake.
The RS is thought to be a reliable measure of dieting (Lowe & Thomas,
2009).

All questionnaires were administered in Dutch.

Stimuli
US. A small portion of chocolate mousse (approximately 2 g,

Almhof) served in a small cup with a teaspoon served as US. During
the experiment, the USs were kept in a cooler and out of sight of
the participants.

CS. Two children’s jewelry boxes served as CSs, and contained
the US only in case of a CS+ trial. One box depicted an elephant
(‘Elmer the Patchwork Elephant’), had coloured squares and yellow
linings, and the other depicted fish (‘The Rainbow Fish’) and was
blue.1 Which box served as CS+ and CS− was counterbalanced. The
CS+ box was also used as CS0 (CS+ box but no US) in the partial re-
inforcement condition and during extinction.

Design and procedure
Participants were seen individually between 11 AM and 6 PM.

For both studies, testing times were distributed equally across the
conditions. Participants gave written consent after arrival in the lab-
oratory, and filled in a hunger VAS. A baseline salivation measure-
ment was then conducted. After that, the participants were shown
the jewelry boxes and were informed that they would be repeat-
edly asked to open them during the experiment. They were then
explicitly instructed that one of these boxes sometimes contained
something they would eat, whereas the other box would never
contain anything. This was done because there is currently a wide
consensus that explicit contingency learning is an important com-
ponent of conditioning (Boddez et al., 2013), and that it might even
be necessary for conditioning to occur (Lovibond & Shanks, 2002).
After this, the conditioning procedure started.

Participants were randomly assigned to a continuous reinforce-
ment (CRF) condition or a partial reinforcement (PRF) condition (to
be shown later). The instructions given during the experiment were
pre-recorded. A trial started when a closed box was placed in front
of the participant. After 10 s, desire and US expectancy VAS were
filled in. The participant then opened the box, and in case of a CS+
trial, she ate the chocolate mousse that was inside the box. In both
the CS+ and CS− trials, she closed the box again, followed by an inter-
trial interval (ITI) of 10 s, after which the next trial started. The order
of the presentation of the trials was random with the restriction
that no more than two consecutive trials were of the same trial type
(CS+, CS0 or CS−). Further, two of the same trial types were never
spaced apart by more than four other trial types. At baseline, and
at the last acquisition, extinction, and reacquisition trials, saliva-
tion was measured. Trials were halted during salivation measure-
ments. These measurements were conducted after participants had
filled in the desire and expectancy VAS, but before the lids of the
boxes were opened. When the cotton roles were removed again, par-
ticipants took a sip of water to rinse their mouths. The order of the
salivation measurements (CS+ or CS− first) at the end of acquisi-
tion was counterbalanced. After the acquisition, extinction, and re-
acquisition phases were completed, participants filled in
questionnaires on their idea about the study’s hypothesis, CS pref-
erence, hunger, BIS-11, RS, liking of the chocolate mousse and time
of pre-experimental food intake.

Acquisition, extinction, and reacquisition
CRF. During acquisition, participants in the CRF condition re-

ceived six CS+ trials and six CS− trials.
PRF. During acquisition, participants in the PRF condition were

given a 50% reinforcement schedule. Participants received six CS+
trials, six nonreinforced CS0 trials, and six CS− trials. Trial dura-
tions were kept similar for the CRF and PRF conditions to achieve
similar associative strengths across the conditions (subtract R
method; Bouton & Sunsay, 2003).

During extinction, participants received 12 CS0 trials. No CS− trials
were included after the acquisition phase as an attempt to limit the
length of the procedure and to avoid high levels of boredom in par-
ticipants. After extinction, all participants received four CS+ trials
to test for differences in reacquisition.

Statistical analyses and data reduction
The 12 extinction trials were averaged into four blocks of three

trials. Differential acquisition of the desire to eat and US expectan-
cy across conditions were analysed by using a 2 (condition: CRF vs.
PRF) × 2 (CS-type: CS+ vs. CS−) × 6 (acquisition trial) repeated-
measures ANCOVA, including CS-type (CS) and trial (T) as within-
subjects factors and condition (C) as between-subjects factor.
Analyses were performed on US expectancy and desire for choco-
late mousse ratings given during CS+ and CS− trials. Because no1 The characters depicted on the boxes are based on children’s books.
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CS− trials were included after the acquisition phase, analyses on ex-
tinction and reacquisition were performed on CS0 (extinction) and
CS+ (reacquisition) scores only. Extinction and reacquisition were
analysed by separate 2 (condition: CRF vs. PRF) × 4 (extinction block
[B] or reacquisition trial) repeated-measures ANCOVAs. The total
score of the BIS-11 was centered and included as covariate in the
ANCOVAs to assess effects of impulsivity (I) on responses during con-
ditioning, extinction and reacquisition. If necessary, additional anal-
yses were performed to explore significant interactions.

Acquisition of a salivary response was also analysed using
repeated-measures ANCOVA, with measurement type (baseline, CS+,
CS−) as within-subjects variable, condition as between-subjects factor,
and the centered score of the BIS-11 as covariate. Significant inter-
actions were examined using pairwise comparisons. CS prefer-
ence (CS+ or CS−) was analysed using binomial tests. Chi-square
likelihood ratio tests were used to assess differences in CS prefer-
ence across conditions. Greenhouse–Geisser epsilon corrections are
reported for all repeated-measures analyses whenever sphericity
was violated. Partial eta squared (ηp

2) is reported as a measure of effect
size.

Results

Participant characteristics
No significant differences across conditions were found for age,

BMI, hunger, BIS-11, RS, and liking of chocolate mousse (see Table 1,
Study 1).

US expectancy
A differential acquisition of US expectancies (i.e., US expectan-

cy is higher over time in response to the CS+ vs. CS−) was present,
as indicated by a significant CS × T interaction, F(3.85, 107.80) = 18.79,
p < .001, ηp

2 40= . , with no significant differences across conditions
(CS × T × C), F(3.85, 107.80) = 1.45, p = .22, ηp

2 05= . (see Fig. 1a). On
trial 6 a significant differentiation was present, F(1, 28) = 135.93,
p < .001, ηp

2 83= . ; differential expectancy was larger in the CRF con-
dition than the PRF condition (CS × C), F(1, 28) = 7.18, p = .012, ηp

2 20= . ,
and larger (though only marginally significant) in higher impulsives
vs. lower impulsives (CS × I), F(1, 28) = 3.50, p = .07, ηp

2 11= . . Impul-
sivity influenced conditioned responses over time, as evidenced by
a significant CS × T × I interaction, F(3.85, 107.80) = 2.85, p = .029,
ηp

2 09= . . Condition had a significant effect on this interaction, as evi-
denced by a CS × T × C × I interaction, F(3.85, 107.80) = 2.54, p = .046,
ηp

2 08= . . Follow-up tests showed that impulsivity did not affect re-
sponses within the CRF condition, F < 1, but did within the PRF con-
dition (CS × T × I), F(5, 70) = 3.85, p = .004, ηp

2 22= . . These results
suggest impulsivity to be related to larger US expectancies specif-
ically within the PRF condition (see Fig. 2).2

From the last acquisition trial to the first extinction block, the
decrease in US expectancy in response to the CS+ was already larger
for the CRF (vs. PRF) condition (T × C), F(1, 28) = 5.22, p = .03, ηp

2 16= . .
There was an overall decrease in US expectancies throughout ex-
tinction, F(2.38, 66.67) = 116.25, p < .001, ηp

2 81= . , and as expected,
this decrease was more pronounced for the CRF condition (T × C),
F(2.38, 66.67) = 16.51, p < .001, ηp

2 37= . (see Fig. 1a). Using a
Bonferroni-corrected alpha of .0125, pairwise comparisons sug-
gested a facilitated extinction in the CRF condition: a smaller
nondifferential US expectancy was found in the CRF condition vs.
the PRF condition for block 2 (p < .001) and block 3, p < .001 (block
1: p = .28; block 4: p = .03). While impulsivity did not moderate ex-

2 The differentiation on trial 1 did not differ significantly across conditions or levels
of impulsivity, F’s < 1, nor by their interaction, F(1, 28) = 1.52, p = .23, ηp

2 05= . .

Table 1
Participant characteristics per study and across conditions, means with standard de-
viations in parentheses.

CRF PRF F(1, 30) p

Study 1
n 16 16
Age 19.6 (1.7) 19.4 (1.0) 0.06 .80
BMI 22.9 (5.2) 21.4 (2.7) 1.05 .32
Baseline hunger 42.6 (20.3) 51.6 (22.5) 1.41 .24
Post hunger 42.2 (21.0) 51.9 (21.1) 1.69 .20
BIS-11 total 58.8 (9.8) 58.1 (7.1) 0.06 .54
RS 12.5 (4.9) 10.9 (4.2) 1.03 .81
Chocolate mousse liking 77.4 (14.2) 80.2 (10.6) 0.39 .32

Study 2
n 24 24
Age 20.1 (1.9) 20.1 (1.6) 0.00 >.99
BMI 22.7 (3.7) 22.8 (2.8) 0.02 .90
Baseline hunger 48.1 (21.8) 52.8 (17.9) 0.67 .42
Post hunger 45.7 (31.2) 41.5 (19.4) 0.31 .58
BIS-11 total 58.0 (11.2) 58.5 (11.7) 0.02 .88
RS 12.2 (5.5) 14.1 (5.4) 1.49 .23
Chocolate mousse liking 77.8 (20.1) 79.4 (14.7) 0.09 .76

a b 

Fig. 1. Mean US expectancy and desire for chocolate mousse, by CS-type, trial, condition, and phase of the experiment (study 1).
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tinction scores overall (T × I), F(2.38, 66.67) = 1.97, p = .14, ηp
2 07= . ,

the T × C × I interaction was significant, F(2.38, 66.67) = 2.45, p = .032,
ηp

2 11= . . Follow-up analyses revealed no effects of impulsivity on ex-
tinction within the CRF condition (T × I), F < 1, while impulsivity was
associated with differential extinction patterns within the PRF con-
dition, F(3, 42) = 2.55, p = .028, ηp

2 21= . : within this condition, the
more impulsive participants showed slower extinction (see Fig. 2).

On the first reacquisition trial, there was no significant differ-
ence between the conditions in US expectancy, F < 1. Reacquisi-
tion of US expectancies was present, F(1.97, 55.07) = 61.19, p < .001,
ηp

2 69= . , with a non-significant trend that is in line with our hy-
potheses suggesting a more rapid reacquisition in the CRF condi-
tion than in the PRF condition (T × C), F(1.97, 55.07) = 2.52, p = .09,
ηp

2 08= . (see Fig. 1a). The T × I interaction was marginally signifi-
cant, F(1.97, 55.07) = 2.98, p = .06, ηp

2 10= . , suggesting a moderat-
ing role of impulsivity in reacquisition: impulsivity was related to
a more rapid reacquisition (see Fig. 2). This interaction was inde-
pendent of condition (T × C × I), F(1.97, 55.07) = 1.14, p = .33, ηp

2 04= . .
In line with this, both participants in the CRF condition and those
with higher impulsivity showed significantly greater reacquisition
scores on the last reacquisition trial, F(1, 28) = 4.20, p = .050, ηp

2 13= . ,
F(1, 28) = 4.84, p = .036, ηp

2 15= . . Thus, participants who received CRF
and those who were more impulsive showed evidence of a more
rapid reacquisition of US expectancies.

Desire to eat
Acquisition of differential desire for chocolate mousse was not

significant (CS × T), with no differences between conditions
(CS × T × C), Fs < 1.04, or across levels of impulsivity (CS × T × I), F(3.30,
92.49) = 1.69, p = .17, ηp

2 06= . . Thus, no evidence was found indicat-
ing a robust acquisition of the desire for chocolate mousse. Since
a conditioned desire to eat cannot be extinguished if not first ac-
quired, no statistical tests on extinction and reacquisition perfor-
mance were conducted (see Fig. 1b).

Salivation
One participant was excluded from salivation analyses because

she scored >3 SD above the mean on at least one of the measures
used to assess acquisition (baseline, CS+, CS−). A main effect of time
point was found (baseline vs. CS+ vs. CS−), F(2, 54) = 4.86, p = .011,
ηp

2 15= . : Bonferroni-corrected pairwise comparisons showed a sig-
nificant increase from baseline to CS+ (p = .032), while both the in-
crease from baseline to CS− (p = .26), and the difference between
CS+ and CS− (p = .33) were not. Interactions with condition and im-
pulsivity were non-significant, as was the three-way interaction,
Fs < 1. The increase in responding to the CS+ but not CS− could be

regarded as tentative evidence for a conditioned salivation effect.
However, strong evidence for acquisition of conditioned salivary re-
sponses would have taken the form of significantly higher saliva-
tion to CS+ than CS−. Because this was not found, statistical tests
on extinction and reacquisition of salivary response were not con-
ducted (see Table 2).

CS liking
CS liking data of three participants were missing. At the end of

the procedure, the CS+ was preferred above the CS− by 90% of the
participants (n = 26), binomial test, p < .001. Thus, participants showed
evidence of conditioned positive evaluations of the CS+. Condition
did not affect CS preference, χ2 (1) = 0.31, p = .58 (CS+ choice: CRF:
13 or 86.7%; PRF: 13 or 92.6%).

Discussion

The US expectancy data were in line with the hypotheses. Par-
ticipants receiving continuous or partial reinforcement learned to
expect to eat chocolate mousse in the presence of a stimulus pre-
dicting the US. When the CS+ was no longer followed by the US
during extinction, participants who received partial reinforce-
ment were slower to extinguish their expectancies, compared with
participants in the CRF condition. This reflects a PREE. Further-
more, participants in the CRF vs. PRF condition showed a more rapid
reacquisition. However, these effects may have been caused by dif-
ferences in acquisition levels or by nonassociative processes (e.g.,
differences in arousal).

Impulsivity had an effect on the acquisition, extinction, and re-
acquisition of US expectancies. More impulsive individuals showed
a larger differential acquisition of expectancies in specifically the
PRF condition, a more pronounced PREE, and a generally more rapid
reacquisition of expectancies. Again, nonassociative processes as well

Fig. 2. Effects of impulsivity on mean US expectancy, by CS-type, trial, condition, and phase of the experiment. Low vs. high impulsivity reflects US expectancy scores 1 SD
below vs. above the mean of the BIS-11 (study 1).

Table 2
Salivation in grams, by CS-type and condition at the end of the different phases of
the experiment, means with standard deviations in parentheses (study 1).

CRF condition (n = 15) PRF condition (n = 16)

Baseline 0.37 (0.26) 0.27 (0.11)
Acquisition

CS+ 0.57 (0.35) 0.37 (0.18)
CS− 0.46 (0.27) 0.35 (0.21)

Extinction 0.44 (0.29) 0.29 (0.22)
Reacquisition 0.58 (0.33) 0.31 (0.16)
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as differences in acquisition levels could be responsible for the pat-
terns observed during extinction and reacquisition.

Conditioned positive evaluations of the CS+ were found, al-
though this might be explained by an increased number of expo-
sures to the CS+ vs. the CS− box. Further, no conditioned salivary
response was found. Similarly, no reliable acquisition of condi-
tioned desires was detected, which is in contrast to studies that used
relatively similar conditioning procedures (e.g., Van Gucht et al.,
2008). Before drawing any preliminary conclusions, the experi-
ment was repeated with some adaptations to the design, includ-
ing the use of a stronger, more salient US and larger sample size.

Study 2

Introduction

The findings of study 1 were generally in favor of our hypoth-
eses; however, the study’s design could benefit from some im-
provements. Therefore, a second study was conducted, including the
following changes: first, the number of acquisition trials was reduced
to 5; second, the US size was slightly increased to facilitate condi-
tioning (Morris & Bouton, 2006); third, the desire question (VAS)
was slightly altered to better direct the participants’ attention
towards the presented CS; fourth, CS− trials were included through-
out all phases of the experiment to control for nonassociative pro-
cesses. Because previous appetitive food conditioning studies in
humans have generally not achieved successful extinction of
the desire for food, a pilot study including these changes to the
design was conducted first. The pilot data (unpublished) showed
extinction to be complete within 12 trials following continuous
reinforcement.

Methods and materials

Participants
Forty-eight participants took part in this study. One

participant was excluded from the study sample because she
had a BMI of 15 and was considered substantially underweight.
She was replaced by another participant to ensure complete
counterbalancing.

Measurements and stimuli
All measurements and stimuli were identical to those used in

study 1 except for a few minor changes. The question stated on the
desire-VAS was changed to ‘When presented this box, how strong
is your desire for chocolate mousse right now’ (Van Gucht, Baeyens,

Vansteenwegen, Hermans, & Beckers, 2010). Furthermore, the US
size was increased from ~2 g to ~3.5 g (i.e., one heaped teaspoon).

Design and procedure
The design of study 2 was largely similar to the design used in

study 1 except for the changes as discussed earlier. The order of sal-
ivation measurements (CS+ or CS− first) was counterbalanced across
phases of the experiment. The order of the expectancy and desire
VAS and which box served as CS+ or CS− was randomised across
participants.

Statistical analyses and missing data
Data analyses were identical to analyses in study 1, except for

the analyses of extinction and reacquisition data since CS− trials were
now included in these conditioning phases. Differential extinction
and reacquisition of the desire to eat and US expectancies were
analysed by using 2 (condition: CRF vs. PRF) × 2 (CS-type: CS+ vs.
CS−) × 5 resp. 4 resp. 4 (acquisition trial resp. extinction block resp.
reacquisition trial) repeated-measures ANCOVAs, including CS-
type and trial/block as within-subjects factors, condition as between-
subjects factor, and the centered score of the BIS-11 as covariate.

For one participant, data were missing for one desire-VAS during
reacquisition. The value of this score was estimated using the mul-
tiple imputation (MI) method (Schafer & Graham, 2002).

Results

Participant characteristics
No significant differences across conditions were found for age,

BMI, hunger, BIS-11, RS, and liking of chocolate mousse (see Table 1,
Study 2).

US expectancy
Differential acquisition of US expectancy was present, as evi-

denced by a significant CS × T interaction, F(3.13, 137.72) = 33.81,
p < .001, ηp

2 44= . , with a non-significant trend towards a larger dif-
ferentiation in the CRF condition (CS × T × C), F(3.13, 137.72) = 2.16,
p = .09, ηp

2 05= . (see Fig. 3). This resulted in a significant differen-
tiation on trial 5, F(1, 44) = 365.96, p < .001, ηp

2 89= . , this differen-
tiation being larger in the CRF condition than in the PRF condition,
F(1, 44) = 23.89, p < .001, ηp

2 35= . . Impulsivity did not have an effect
on this differentiation, F(1, 44) = 1.47, p = .23, ηp

2 03= . , and did not
moderate conditioned responses over time, neither overall (CS × T × I),
F < 1, nor by condition (CS × T × C × I), F(3.13, 44) = 2.03, p = .11,
ηp

2 04= . .

Fig. 3. Mean US expectancy, by CS-type, trial, condition, and phase of the experiment (study 2).
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From the last acquisition trial to the first extinction block, the
CRF already showed a greater change in differential US expectan-
cies, F(1, 44) = 18.84, p < .001, ηp

2 30= . . Differential US expectancy de-
creased significantly during extinction (CS × B), F(2.15, 94.77) = 70.55,
p < .001, ηp

2 62= . , with significant differences across conditions
(CS × B × C), F(2.15, 94.77) = 11.57, p < .001, ηp

2 21= . (see Fig. 3). Follow-
up analyses per condition and using a Bonferroni-corrected alpha
of .017 indicated better extinction performance in the CRF condi-
tion compared with the PRF condition. While participants in the CRF
condition already showed clear extinction during the second ex-
tinction block, F(1, 22) = 50.12, p < .001, ηp

2 70= . , participants in the
PRF condition did not show evidence for a decrease in expectan-
cies until block 3 (compared with the first extinction block), F(1,
22) = 18.51, p < .001, ηp

2 46= . (block 2: F < 1). Additionally, the dif-
ference between CS+ and CS− expectancy scores was still higher in
the PRF condition than in the CRF condition during block 4, F(1,
44) = 7.48, p = .009, ηp

2 15= . . Thus, these results indicate both a slower
and less complete extinction in the PRF condition, compared with
the CRF condition, clearly reflecting a PREE.

Impulsivity appeared to moderate overall extinction scores
(CS × B × I), F(2.15, 94.77) = 3.33, p = .037, ηp

2 07= . , independent of
condition (CS × B × C × I), F < 1 (see Fig. 4). Follow-up analyses per
block (CS × B) and using a Bonferroni-corrected alpha of .0125 suggest
a slower extinction of US expectancies during the second half of ex-
tinction for participants who are more impulsive (block 1: p = .95;
block 2: p = .21; block 3: p = .009; block 4: p = .009). Thus, higher
impulsivity is related to overall worse extinction performance. Since
BMI has been related to deficits in working memory which might
be associated with learning (extinction) deficits (Lasselin et al., 2013;
Maayan, Hoogendoorn, Sweat, & Convit, 2011), the correlation
between the BIS-11 and BMI was calculated (r = .24; p = .1), and BMI

was added to the model. BMI did not interact with differential ex-
tinction, F < 1, nor did it result in a very different CS × B × I interac-
tion, F(2.12, 88.99) = 2.59, p = .078, ηp

2 06= . . Thus, it seems that the
slower extinction by participants with higher impulsivity was not
explained by their higher BMI.

A significant CS+ vs. CS− differentiation was still present on the
first reacquisition trial, F(1, 44) = 24.16, p < .001, ηp

2 35= . , with no dif-
ferences across conditions, F(1, 44) = 2.10, p = .15, ηp

2 05= . (see Fig. 3).
Reacquisition of expectancies was significant (CS × T), F(2.25,
99.18) = 49.80, p < .001, ηp

2 53= . . For the CRF condition evidence was
found for a more rapid reacquisition compared with the PRF con-
dition (CS × T × C), F(2.25, 99.18) = 2.76, p = .06, ηp

2 06= . . Impulsiv-
ity did not moderate speed of reacquisition; neither overall
(CS × T × I), F(2.25, 99.18) = 1.74, p = .18, ηp

2 04= . nor by condition
(CS × T × C × I), F(2.25, 99.18) = 1.54, p = .22, ηp

2 03= . .

Desire to eat
Differential acquisition of the desire for chocolate mousse was

present, as shown by a significant CS × T interaction, F(2.95,
129.85) = 5.04, p = .003, ηp

2 10= . , with no significant differences across
conditions (CS × T × C), F < 1 (see Fig. 5). Impulsivity did not mod-
erate these interactions (CS × T × I; CS × T × C × I), Fs < 1. The differ-
entiation resulted in a significantly higher desire in response to the
CS+ compared to the CS− on trial 5, F(1, 44) = 10.65, p = .002, ηp

2 20= . ,
with no differences across conditions, F < 1.

A differentiation was still present on block 1, F(1, 44) = 40.37,
p < .001, ηp

2 48= . , with no differences across conditions, F < 1. A sig-
nificant overall extinction of conditioned desires was found (CS × B),
F(2.41, 106.12) = 3.89, p = .017, ηp

2 08= . , as well as a significant
CS × B × C interaction, F(2.41, 106.12) = 3.86, p = .018, ηp

2 08= . .

Fig. 4. Effects of impulsivity on mean US expectancy during extinction, by CS-type, trial, and condition. Low vs. high impulsivity reflects US expectancy scores 1 SD below
vs. above the mean of the BIS-11 (study 2).
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Follow-up analyses indicated a significant CS × T interaction within
the CRF condition, F(3, 66) = 7.04, p < .001, ηp

2 24= . , while no such
interaction was found for the PRF condition, F(2.05, 45.04) = 1.19,
p = .31, ηp

2 05= . , indicating an extinction of desire within the CRF
condition but not in the PRF condition (see Fig. 5). On the last ex-
tinction block, a differentiation is present, F(1, 44) = 21.39, p < .001,
ηp

2 33= . , that is not significantly different for the two conditions,
F(1, 44) = 2.42, p = .13, ηp

2 05= . . Thus, overall, these findings point
towards a PREE; conditioned desires are resistant to extinction after
partial reinforcement but less so after continuous reinforcement.

Impulsivity did not influence extinction overall (CS × T × I), nor by
condition, (CS × T × C × I), Fs < 1.

On the first reacquisition trial, no significant differentiation was
present, with no differences across conditions, Fs < 1. Reacquisi-
tion of desire ratings was significant (CS × T), F(3, 132) = 11.97, p < .001,
ηp

2 21= . , with no differences across conditions (CS × T × C), F < 1
(see Fig. 5). Impulsivity showed a marginally significant interac-
tion with reacquisition over time (CS × T × I), F(3, 132) = 2.46, p = .066,
ηp

2 05= . , independent of condition (CS × T × C × I), F(3, 132) = 1.02,
p = .39, ηp

2 02= . (see Fig. 6). Further analyses showed that differen-

Fig. 5. Mean desire for chocolate mousse, by CS-type, trial, condition, and phase of the experiment (study 2).

Fig. 6. Effects of impulsivity on mean desire for chocolate mousse during reacquisition, by CS-type, trial and condition. Low vs. high impulsivity reflects desire scores 1 SD
below vs. above the mean of the BIS-11 (study 2).
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tial desire on the last reacquisition trial was smaller in high im-
pulsive vs. low impulsive participants, F(1, 44) = 6.19, p = .017, ηp

2 12= . ,
suggesting that impulsivity hindered the reacquisition of condi-
tioned desires.

Salivation
Two participants were excluded from analyses because they

scored >3 SD above the mean on at least one of the measures used
to assess acquisition. Analysis of salivation during baseline, CS+ and
CS− exposures revealed a significant main effect, F(2, 84) = 4.17,
p = .019, ηp

2 09= . . Bonferroni-corrected pairwise comparisons sug-
gested an increase in salivation from baseline to CS+ (p = .034) but
not from baseline to CS− (p = .18), and there were no differences
between CS+ and CS− salivation (p > .99). Once again, the increase
in salivation to CS+ but not CS− from baseline might provide weak
evidence of conditioned salivation. Condition did not moderate the
overall interaction, F < 1, nor did impulsivity, F(2, 84) = 2.41, p = .1,
ηp

2 05= . . Because the difference in salivation between CS+ and CS−
did not reach significance, analyses on extinction and reacquisi-
tion were not performed (see Table 3).

CS liking
The CS+ was preferred over the CS− by 37 participants (77%), bi-

nomial test, p < .001. There was a trend towards participants in the
CRF condition choosing the CS+ more often, χ2 (1) = 3.04, p = .08 (CRF:
21 participants or 88%; PRF: 16 participants or 67%).

Discussion

In this second study, a successful acquisition of a conditioned
desire for chocolate mousse was demonstrated. Importantly, some
of the main findings of study 1 were replicated and extended by
demonstrating a partial reinforcement extinction effect that was re-
flected in both US expectancies and the desire for food, and which
could not be explained by differences in arousal across conditions.
Similar to study 1, a more rapid reacquisition of US expectancies
after continuous vs. partial reinforcement was demonstrated. Further,
impulsivity again appeared to be related to worse extinction per-
formance with regard to US expectancies, although in the present
study this effect was not specific to the PRF condition. Only in study
2, impulsivity was related to a less complete recovery of condi-
tioned desires for chocolate mousse when CSs were again rein-
forced after extinction. Finally, a preference for the CS+ over the CS−
was again clearly demonstrated in the forced-choice task.

General discussion

One aim of the two studies reported here was to examine
whether partial reinforcement of food cues would result in a partial
reinforcement extinction effect (PREE) in humans and whether it
would slow down a return of conditioned responses when the CS−US

contingency is again reinforced after extinction. A further aim was
to assess whether impulsivity moderated conditioned appetitive re-
sponses during each conditioning phase. As argued in the Intro-
duction, effects of partial reinforcement schedules and an impulsive
personality on appetitive responses during different phases of con-
ditioning may help us to understand inter-individual differences in
dieting success.

The acquisition of US expectancies was successful in both studies.
In the second study, an acquisition of conditioned desires for choc-
olate mousse was also demonstrated; after repeated pairings of an
initially neutral stimulus (a specific box) with the intake of food,
participants reported a greater desire for this food when exposed
to the intake-associated box (CS+) compared with a control box (CS−).
This replicates findings of previous appetitive conditioning studies.
Extinction of conditioned responses to food cues was slowed down
by a partial reinforcement schedule, and some evidence was found
for a slower extinction with higher levels of impulsivity. Reacqui-
sition of US expectancies was reduced after acquisition with partial
reinforcement. Finally, a conditioned preference for the CS+ was found,
as well as weak evidence for a conditioned salivary response: across
the studies, salivation in response to the CS+ was significantly higher
than baseline, whereas this difference was non-significant for the
CS− (see also van den Akker et al., 2013). Closer inspection of the
salivation patterns suggest that strong carryover effects (i.e., mea-
suring CS+ or CS− salivation first) may have contributed to the lack
of a clear difference between CS+ and CS−. Additionally, effects on
salivation seem to be very small and the current studies might not
have had sufficient power to detect such small effects.

Partial reinforcement in humans has previously only been in-
vestigated outside the food domain (e.g., Abad, Ramos-Álvarez, &
Rosas, 2009; Pittenger & Pavlik, 1988). A new and interesting finding
is that continuous and partial reinforcement schedules had differ-
ential effects on extinction after appetitive conditioning to food
rewards. First, participants in the CRF vs. PRF condition showed a
better extinction of US expectancies. This extinction was more rapid
and more complete. Second, extinction of the conditioned desire
for chocolate mousse showed a comparable pattern: after partial
reinforcement extinction was not reached while continuous rein-
forcement did lead to extinction, though the differentiation between
the CS+ and CS− in the latter group seemed to have returned towards
the end of the extinction phase. These findings demonstrate partial
reinforcement extinction effects in the food domain in humans and
are in line with findings of studies conducted in animals (e.g.,
Haselgrove et al., 2004). It may be noted that the present condi-
tioning procedure was not exclusively Pavlovian. Although provi-
sion of the US was not within the participant’s control (in line with
Pavlovian learning principles), the procedure still involved instru-
mental learning components: participants had to open a box to
obtain the food US. However, the PREE has also been reported for
instrumental procedures (Mackintosh, 1974). Further, instrumen-
tal learning is thought to involve Pavlovian conditioning of cues that
are embedded in the task (Bouton, 2007), and these would elicit
Pavlovian CRs as measured by the current outcome measures. There-
fore, a possible influence of instrumental learning does not seem
to be a problem for the general perspective. The present results also
provide some insight into the relationship between US expectan-
cies and conditioned desires during extinction: the resulting height-
ened US expectancies in the PRF condition went hand in hand with
a clear resistance to extinction of conditioned desires, whereas the
better extinction of expectancies in the CRF condition occurred in
parallel with a better extinction of conditioned desires. This sug-
gests that extinction of US expectancies and desires could be more
narrowly related than has previously been suggested (Van Gucht
et al., 2010).

Another new finding is that impulsivity predicted a worse ex-
tinction of expectations to receive a food US, the strongest evi-

Table 3
Salivation in grams, by CS-type and condition at the end of the different phases of
the experiment, means with standard deviations in parentheses (study 2).

CRF condition (n = 23) PRF condition (n = 23)

Baseline 0.33 (0.19) 0.32 (0.18)
Acquisition

CS+ 0.41 (0.29) 0.39 (0.21)
CS− 0.40 (0.22) 0.35 (0.23)

Extinction
CS+ 0.30 (0.26) 0.25 (0.15)
CS− 0.28 (0.17) 0.26 (0.17)

Reacquisition
CS+ 0.36 (0.24) 0.32 (0.22)
CS− 0.36 (0.19) 0.35 (0.24)
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dence for this being found in study 2. A worse extinction of reward
expectancies in higher (rash) impulsive individuals might be ex-
plained by learning deficits caused by a relatively poor function-
ing OFC (see Introduction). Previous experiments reporting
comparable extinction deficits in humans are scarce. A few studies
reported a decreased ability to modulate response behaviour during
extinction and reversal learning (e.g., when a CS is first associated
with reward and then with punishment) in healthy impulsive par-
ticipants (Avila & Parcet, 2000; Franken, van Strien, Nijs, & Muris,
2008; Gullo, Jackson, & Dawe, 2010; but see Papachristou et al., 2013).
However, since the findings of the two studies reported here were
somewhat inconsistent, we suggest future studies have yet to de-
termine whether rash impulsiveness is indeed related to extinc-
tion deficits.

Besides the effects of partial reinforcement procedures and im-
pulsivity on extinction, these variables also appeared to influence
reacquisition performance. In line with our hypothesis, partici-
pants in the PRF vs. CRF condition showed a less rapid return of US
expectancies. As argued in the Introduction, a slower reacquisi-
tion may be the result of previously partially reinforced cues not
predicting as strongly that the subsequent trial will be reinforced.
Alternatively, one could argue that the nonreinforced trials during
acquisition with partial vs. continuous reinforcement resulted in a
greater similarity between the acquisition and extinction ‘con-
texts’ (Capaldi, 1994). Since a return of responding after extinc-
tion may be weakened if extinction has been performed in a context
more similar to the acquisition context (Bouton, 2002), this could
explain why reacquisition is less rapid after partial reinforcement.
While these effects on US expectancies seemed robust, no compa-
rable effects were found for conditioned desires. Moreover, impul-
sivity seemed to affect reacquisition, although its interaction with
measures of reacquisition was not consistent across the two studies.
Future studies should replicate the present findings and attempt to
match final levels of acquisition and extinction performance in order
to conclude that reacquisition is indeed more rapid when pre-
ceded by CRF vs. PRF, and that impulsivity is related to differences
in reacquisition.

The present studies provide unique evidence that partial rein-
forcement of food cues and, possibly, impulsiveness are related to
worse extinction of appetitive responses to food cues. Further, it could
be that partial reinforcement is associated with a less rapid reac-
quisition. These findings might have clinical implications. Cue ex-
posure with response prevention is a treatment that aims to
extinguish conditioned appetitive responses by repeated expo-
sure to a conditioned cue (CS+) with response prevention, i.e., not
eating, to prevent reinforcement. This extinction training is some-
times used to treat individuals with eating and/or weight disor-
ders (Boutelle et al., 2011; Jansen, Broekmate, & Heymans, 1992;
Jansen, Havermans, & Nederkoorn, 2011). The current data seem
to predict that partially reinforced food cues will be more difficult
to extinguish during cue exposure treatment. Similarly, our data
suggest that dieters who attempt to extinguish responses to more
partially (relative to more continuously) reinforced cues could ex-
perience more difficulty adhering to their diets. On the other hand,
once extinction is achieved, previously partially reinforced food cues
may reduce the strength of returns of appetitive responses (rapid
reacquisition), improving long-term weight loss maintenance (for
circumstantial evidence regarding a link between conditioned re-
actions to food cues and dieting success, see Jansen, Stegerman, Roefs,
Nederkoorn, & Havermans, 2010; see also Polivy, Herman, & Coelho,
2008). It is of clinical interest to examine in future studies whether
and to what extent weight loss success and/or maintenance can be
attributed to specific learning histories and whether impulsivity plays
a role.

In sum, the two studies combined are new in demonstrating a
partial reinforcement extinction effect after appetitive condition-

ing involving food rewards in healthy humans. This PREE was re-
flected in US expectancies and in the desire for food. Another new
but preliminary finding was that impulsivity seemed to be related
to a slower extinction of conditioned expectations to receive food.
It is proposed that dieters who previously practised partial rein-
forcement of food cues experience PREEs during a diet, which could
make (shorter-term) adherence to the diet more difficult. These in-
dividuals might however be at reduced risk for some forms of relapse
once their responses have been successfully extinguished. Gaining
more insight into the causes of individual differences in extinction
and returns of appetitive responses might ultimately improve the
successfulness of treatments aimed at achieving short- and long-
term weight loss. Future research should aim to find out whether
and in what ways short and long term dieting success can be pre-
dicted by differences in prior reinforcement schedules, and further
clarify the roles of partial reinforcement and impulsivity in the ac-
quisition, extinction, and reacquisition of appetitive responses to
food cues.
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