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Studies on human appetitive conditioning using food rewards can beneﬁt from including psychophysiological
outcome measures. The present study tested whether the skin conductance response can function as a measure of
diﬀerential responding in an appetitive conditioning paradigm including an acquisition and extinction phase,
and examined which time window during a trial is most sensitive to conditioning eﬀects. As a secondary aim, the
eﬀects of ambiguous vs. non-ambiguous contingency instructions on conditioned responses (skin conductance
responses, US expectancies, chocolate desires, and CS evaluations) were assessed. Results indicated diﬀerential
skin conductance responses in an anticipatory time window and during unexpected omission of the US in early
extinction. Interestingly however, anticipatory responses were only found for participants who received ambiguous contingency instructions – possibly indicating a call for additional processing resources in response to
the ambiguous CS +. Further, ambiguous instructions slowed the extinction of US expectancies but did not
inﬂuence chocolate desires and CS evaluations. It is concluded that skin conductance can function as a sensitive
measure of diﬀerential responding in appetitive conditioning, though its sensitivity might depend on the speciﬁc
task context.

1. Introduction
The prevalence of overweight and obesity has reached epidemic
proportions. Currently, more than two-thirds of all U.S. adults are either
overweight or obese (Ogden et al., 2014). Experts agree that the
changed food environment is largely responsible for this (Swinburn
et al., 1999), since its abundant food cues can easily elicit appetitive
responses such as food cravings that promote overeating. Pavlovian
learning has been proposed to play an important role in the development of these appetitive responses: after repeated pairings of a stimulus
(e.g., the sight and smell of food, or a certain context) with food intake,
the stimulus becomes a predictor (food cue) for intake that promotes
appetitive responses and food intake (Bouton, 2011; Jansen, 1998;
Jansen et al., 2011).
In line with a learning-based account, conditioning studies have
shown that after a few pairings of a neutral stimulus (e.g., a box) with
food intake (e.g., eating a piece of chocolate; unconditioned stimulus or
US), this stimulus (conditioned stimulus + or CS+) elicits conditioned
appetitive responses (CRs), relative to a stimulus not followed by intake
(CS −). These responses generally diminish when the CS + is no longer
followed by the US during extinction (e.g., Jansen et al., 2016; van den
Akker et al., 2014; van den Akker et al., 2015; Van Gucht,

⁎

Corresponding author.
E-mail address: karolien.vandenakker@maastrichtuniversity.nl (K. van den Akker).

http://dx.doi.org/10.1016/j.ijpsycho.2017.06.004
Received 22 December 2016; Received in revised form 31 May 2017; Accepted 9 June 2017
Available online 12 June 2017
0167-8760/ © 2017 Elsevier B.V. All rights reserved.

Vansteenwegen, Beckers, & Van den Bergh, 2008). CRs that have been
examined in these human appetitive conditioning studies often include
psychological (self-reported US expectancies, cravings or desires to eat,
and CS evaluations) and sometimes behavioural responses (food consumption or choice, and computer tasks) (Bongers et al., 2015; van den
Akker et al., 2013; Van Gucht, Vansteenwegen, Van den
Bergh, & Beckers, 2008). There are limitations, however, to relying solely on self-report and behavioural measures. For example, their assessment may alter responses on subsequent measurements (Gawronski
et al., 2015; Lipp and Purkis, 2006), and self-report measures in particular can be sensitive to experimental demand (e.g., Lipp, 2006). In
addition, verbal/cognitive and behavioural measures likely do not
cover all indices of (appetitive) learning, since multiple response systems are thought to be involved in conditioning (Beckers et al., 2013;
Delamater and Oakeshott, 2007).
Psychophysiological measurement of conditioned appetitive responding may overcome at least some of these limitations. Although
several psychophysiological measures may be suitable for measuring
diﬀerential responding in appetitive conditioning (Blechert et al., 2016;
Franken et al., 2011; Meyer et al., 2015; O'Doherty et al., 2003), one
particularly promising, easy-to-use, and nonintrusive measure is skin
conductance. Skin conductance measures activity of the sympathetic
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acquisition (e.g., interfering with a successful acquisition of diﬀerential
skin conductance responses; Dunsmoor et al., 2007), and a slowed extinction (i.e., the partial reinforcement extinction eﬀect; e.g., van den
Akker et al., 2014). In the present study, we investigated the eﬀects of a
subtle diﬀerence in the wording of contingency instructions on conditioning by omitting the word sometimes in one condition.
The primary aim of the present study was to examine whether skin
conductance can be used as a measure of conditioned responding in a
diﬀerential appetitive conditioning paradigm, and to examine which
time window provides the most sensitive measure for diﬀerential responding – after CS onset (FIR), right before the US is imminent (SIR),
or after CS oﬀset (TOR). In addition, the inﬂuence of an ambiguous
contingency instruction (either including the word sometimes or not) on
conditioned responses (US expectancies, desires for chocolate, CS evaluations, and skin conductance) was examined. It was expected that
skin conductance would be heightened in response to CS + vs. CS −
trials after acquisition, and especially in the time window when the US
was imminent. It was also hypothesized that an US omission response in
CS + vs. CS− trials would occur when the US was unexpectedly not
provided, particularly in early extinction when US omission would be
most surprising. Finally, it was expected that relatively ambiguous instructions (ambiguous condition) would attenuate both the acquisition
and extinction of conditioned responses, compared with a condition in
which the word “sometimes” was omitted (non-ambiguous condition).

nervous system which is thought to reﬂect arousal (Dawson et al.,
2007). Such arousal can originate from various cognitive and emotional
processes (Critchley, 2002). Skin conductance is heightened during
exposure to the sight and smell of palatable food and other appetitive
substances (e.g., Carter and Tiﬀany, 2001; Nederkoorn et al., 2000),
and it is widely used as a measure of diﬀerential responding in fear
conditioning studies, in which it may primarily index explicit learning
about the CS-US contingencies (Hamm and Weike, 2005). In the appetitive ﬁeld, several conditioning studies have examined skin conductance, reporting a successful acquisition of conditioned skin conductance responses to reward-associated CSs (e.g., Andreatta and Pauli,
2015; Glautier et al., 1994; Klucken et al., 2015; Kruse et al., 2017; but
see Field and Duka, 2001). The USs that were used in these studies
rarely involved food intake, however. One study that used a food US
reported diﬀerential skin conductance responses during exposure to a
food-associated CS+ (a shape; Andreatta and Pauli, 2015). However,
this CS+ (but not the CS −) was always accompanied by a picture of
the food US. Since food pictures are potent CSs on their own that elicit
appetitive responses (Boswell and Kober, 2016), it is impossible to
determine whether diﬀerential responding was due to presentation of
the existing cue (food picture) or due to the newly conditioned cue –
i.e., it is unclear whether diﬀerential skin conductance responses reﬂected conditioning eﬀects.
Skin conductance can be measured in diﬀerent time windows during
a conditioning trial (Boucsein, 2012; Prokasy and Kumpfer, 1973). In
fear conditioning studies, it is often measured directly after presentation of a CS (ﬁrst-interval response or FIR), or, in case of longer CS-US
intervals, in the period prior to US delivery (second-interval response or
SIR; Lovibond et al., 2008; Prokasy and Ebel, 1967). In addition to
measuring skin conductance during an anticipation period, one may
also observe diﬀerential responding after unexpected omission of a
shock US (i.e., on a non-reinforced CS+ trial after CS oﬀset; Dunsmoor
and LaBar, 2012; Grings et al., 1962; Spoormaker et al., 2011). This has
been termed ‘third-interval omission response’ (TOR) or oﬀset
SCR‘(skin conductance response)’, and possibly reﬂects “surprise” or
“relief” upon unexpected omission of the aversive US (Grings et al.,
1962; Rescorla and Wagner, 1972; Spoormaker et al., 2011). In appetitive conditioning, measuring skin conductance responses during an
expectancy mismatch (e.g., during extinction) could provide an additional measure of learning, possibly reﬂecting surprise, or frustration/
disappointment, about the non-occurrence of the US (Amsel, 1992;
Papini and Dudley, 1992; Spoormaker et al., 2011).
Conditioned responses (including skin conductance) are likely not
solely based on physical pairings between a CS and a US. Studies have
shown that contingency instructions can have a big impact on responding as well. For example, verbal instructions about the CS-US
contingency (e.g., that the CS+ predicts a shock) can establish conditioned fear responses in the absence of actual CS-US pairings (e.g., Cook
and Harris, 1937; Raes et al., 2014), and information suggesting a reversal of CS-US contingencies after conditioning (e.g., informing participants that the CS + is no longer followed by a shock) can reverse
fear responses (e.g., Cook and Harris, 1937; Mertens and De Houwer,
2016). In many conditioning studies, contingency instructions are
provided prior to acquisition, guiding a participant's attention towards
the CS-US relationship (e.g., “one of these boxes will sometimes contain
something to eat, whereas the other box will never contain anything”).
This is done because US expectancies are likely necessary for the development of conditioned (appetitive) responses (Hogarth and Duka,
2005; Lovibond and Shanks, 2002; van den Akker et al., 2013). The
precise wording of the contingency instruction might however impact
subsequent learning. Speciﬁcally, using an ambiguous contingency instruction like “the box will sometimes contain chocolate” (which may be
used to account for the fact that the stimulus is not followed by the US
during extinction) could result in a pattern of responding similar to that
induced by a partial reinforcement schedule, in which the CS-US contingency is < 100%, thereby leading to an attenuated CR during

2. Methods and materials
2.1. Participants
Sixty-four participants took part in the study. Of these, four participants were excluded: three because they were not aware of the contingency between the CS and US, and one due to technical errors. These
participants were replaced by four additional participants to ensure full
counterbalancing. Participants were eligible to participate in the study
if they were undergraduate female students, right-handed, aged between 17 and 25 years, and had indicated to like chocolate. It was
ensured that none of the participants had previously participated in an
appetitive conditioning study. Only females were included to reduce
variability in responding. All participants were instructed to have a
small meal (such as a sandwich) two hours prior to participation and to
refrain from calorie intake thereafter. As a cover story, participants
were told the study was about attention and taste perception.
Participants received either a monetary reward (€ 7,50) or course credit
for participation. The study was approved by the local ethical committee.
2.2. Stimuli
Two geometrical shapes [a blue square (9.3 cm wide) and a yellow
circle (10.4 cm in diameter)] were used as conditioned stimuli. These
were displayed on a computer screen in front of the participant. Which
shape served as CS+ and CS− was counterbalanced between participants. A small piece of Belgian milk chocolate (approximately
1.3–1.5 g, Rousseau chocolate) placed in a small cup functioned as US.
2.3. Measures
Skin conductance: Electrodermal activity was recorded using Ag/
AgCl electrodes (8 mm) which were attached to the volar surfaces of the
medial phalanges of the index and middle ﬁngers of the left hand
(leaving the right hand to give US expectancy and chocolate desire
ratings). The electrodes were ﬁlled with isotonic electrode paste (0.5%
saline in a neutral base). The skin conductance signal was ampliﬁed
using a BrainAmp ExG device and passed to Brain Vision Recorder 2.0
software (Brain Products, Gilching, Germany). The sampling rate was
500 Hz.
41
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the instruction to look at the picture (see Fig. 1). Next, an expectancy
VAS appeared below the CS. The trial proceeded when participants
clicked a button indicating they had ﬁnished ﬁlling in the question.
After a two-second delay, the desire-for-chocolate VAS was presented.
After the participant had completed this question, the VAS disappeared,
and the CS remained present for another three seconds. During this
period, in case of a CS + trial, the US was placed in front of the participant for consumption. After the three seconds, the CS disappeared,
and the inter-trial interval started (ranging from 17 to 23 s). After this,
the next trial started. Online markers were used to note when a participant took a deep breath, moved, or talked, to be able to remove any
skin conductance responses caused by these actions.
After completion of both the acquisition and extinction procedure,
participants were presented with the two shapes and completed CS
evaluation VASs. Next, they completed a US liking VAS, indicated when
they had last eaten, wrote down their suspicions about the study's hypothesis, and the participant's age and study year were assessed.
Finally, their height and weight were measured.

US expectancy and desire for chocolate: computerized Visual
Analogue Scales (VAS) were used to assess expectancy to receive chocolate (‘To what extent do you expect to receive chocolate at this moment?’)
and subjective desire for chocolate (‘When looking at this picture, how
strong is your desire for chocolate at this moment?’). Ratings were scored
from 0 (certainly not expect to receive chocolate/no desire at all) to 100
(certainly expect to receive chocolate/very strong desire).
CS evaluations: Evaluations for the CS + and CS− were assessed
using two computerized VAS (‘How pleasant do you ﬁnd this picture?’).
Ratings ranged from 0 (not pleasant at all) to 100 (extremely pleasant).
Hunger: To be able to control for possible group diﬀerences in
hunger, participants ﬁlled in a computerized VAS (‘How hungry are you
at this moment?’) ranging from 0 (not hungry at all) to 100 (extremely
hungry).
US liking: US liking was assessed using a computerized VAS (‘How
much did you like the chocolate?’) ranging from 0 (did not like it at all) to
100 (liked it very much).
2.4. Design and procedure

2.5. Data reduction and response deﬁnition
A between-subjects design was used to test the eﬀects of ambiguous
vs. non-ambiguous contingency instructions during an acquisition and
extinction phase.
Participants were individually seen between 10:45 AM and 6 PM.
After arrival, participants were seated at a table, in front of a computer
screen. The participant was informed that two electrodes would be
attached to her ﬁngers, but that these would not be painful. After giving
informed consent, participants were explained how to ﬁll in a VAS.
Next, the electrodes were attached to the participant's left hand, and the
experimenter explained that the participant would sometimes receive
something to eat. The participant was instructed to sit still and keep her
left hand still throughout the procedure, while using her right hand to
pick up the food and to answer VAS. Next, participants were shown the
two geometrical shapes and, depending on the participant's (randomly
assigned) condition, she received one of two verbal instructions. In the
ambiguous condition, the participant was instructed that after seeing
one of the two shapes, she would sometimes receive something to eat.
After seeing the other shape, she would never receive anything to eat.
Participants were asked to repeat this information once. In the nonambiguous condition, the word “sometimes” was simply omitted. Next,
the computer screen was turned on, and the participant completed a
hunger VAS. After this, the conditioning procedure started, which was
similar for all participants (except for trial order, depending on randomization and counterbalancing, see below).
During acquisition, participants received ﬁve CS + trials (100%
reinforcement) and ﬁve CS − trials (see below). Immediately following
acquisition the extinction phase started (i.e., there was no indication
that contingencies would change prior to extinction), consisting of
twelve CS+ (no US) and twelve CS− trials. Trials were presented in a
semi-randomized order, with no more than two consecutive trials being
of the same trial type. Whether extinction started with a CS + or CS−
trial was counterbalanced across participants. Trial sequences were similar to prior studies to allow concurrent measurement of expectancy
and desire VASs (e.g., van den Akker et al., 2016).
A trial proceeded as follows: participants were shown one of the
shapes (CS + or CS −) on the computer screen for 10 s, accompanied by

Ledalab V3.4.8 was used for preprocessing and for extraction of skin
conductance data (Benedek and Kaernbach, 2010). The data were ﬁrst
downsampled to 10 Hz (by averaging every 50 samples), and artifacts
were manually identiﬁed and corrected using a spline interpolation.
The data were smoothed by means of convolution with a Hanning
window, and continuous decomposition analysis (CDA) was used to
obtain skin conductance responses. CDA uses deconvolution to decompose the skin conductance data into its tonic and phasic components, resulting in phasic activity with a zero baseline. CDA is especially
advantageous for analysis of overlapping skin conductance responses
(i.e., superposition eﬀects), and has been used before for analyzing
(fear) conditioning data (e.g., Baeuchl et al., 2015; Cacciaglia et al.,
2013; Ebrahimi et al., 2017; Winkelmann et al., 2016). As the dependent variable, the sum of all reconvolved SCR amplitudes with onsets
within a time window was used (AmpSum). A minimum response amplitude criterion of 0.01 microSiemens was used. Responses were discarded and replaced by the overall individual mean when they were
directly preceded by the participant sighing, talking, or otherwise
moving (e.g., Culver et al., 2015), or when no responses were recorded
due to technical issues (1.34% of all responses; ambiguous CS+ 1.22%;
CS − 0.61%; non-ambiguous CS+ 1.83%; CS − 1.70%; analyses revealed no signiﬁcant diﬀerences across the conditions in discarded responses, smallest p = 0.16; Weike et al., 2007). The data were rangecorrected by dividing each skin conductance score by the participant's
individual maximal conditioned response (e.g., Cacciaglia et al., 2013),
and normalized using a square root transformation.
Three time windows were analyzed based on prior research and
visual inspection of the data (Boucsein, 2012; Prokasy and Ebel, 1967;
see Fig. 1):
First-interval response (FIR): FIR magnitudes were measured in a time
window spanning from 1 to 4 following CS onset.
Second-interval response (SIR): In previous studies using a relatively
long delay between CS onset and the US, a 5 s-time window before US
delivery has been examined, yielding a more sensitive measure of differential responding (Lovibond et al., 2008). In the current study, a time
Fig. 1. Overview of a conditioning trial and the three examined
time windows. “VASs” indicate administration of the US expectancy and desires VASs. ITI is the inter-trial interval. Each
small line reﬂects one second in the conditioning trial. Chocolate
(the US) was given on CS+ trials during acquisition only. FIR
(ﬁrst-interval response), SIR (second-interval response), and
TOR (third-interval omission response) represent the three time
windows during which responses were analyzed.
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window was analyzed spanning from 4 s before US occurrence to 1 s
after. Note that although this window includes a portion of the US
period (1 s), it is not contaminated by US occurrence due to the slowness of the skin conductance signal.
Third-interval omission response (TOR): To assess whether skin conductance responses were increased at CS + vs. CS − oﬀset, a time
window was analyzed spanning from 1 to 5 s after stimulus oﬀset. This
time window was only examined during extinction (i.e., when no further USs were provided).

Table 1
Participants characteristics per condition; means with standard deviations in parentheses.
n

Age
Baseline hunger
US liking
BMI

2.6. Statistical analyses

Ambiguous

Non-ambiguous

32

32

19.56
54.16
73.19
22.52

(1.27)
(20.05)
(21.19)
(3.45)

19.56
50.06
75.13
24.91

(1.72)
(22.97)
(14.67)
(5.32)

t(62)

p

0.00
0.76
0.43
2.14

> 0.99
0.45
0.67
0.04

the course of extinction did not diﬀer across conditions, CS × T × C, F
(4.49, 278.52) = 1.37, p = 0.24, ηp2 = 0.02, on the last extinction
trial, diﬀerential expectancies were larger in the ambiguous vs. nonambiguous condition, F(1, 62) = 10.83, p = 0.002, ηp2 = 0.15. Followup analyses suggested that on the last extinction trial, expectancies had
extinguished in the non-ambiguous, F(1, 31) = 1.99, p = 0.17,
ηp2 = 0.06, but not in the ambiguous condition, F(1, 31) = 27.99,
p < 0.001, ηp2 = 0.47. This suggests that, in line with expectations,
the ambiguous instruction slowed extinction.
A diﬀerential desire for chocolate was acquired, CS × T, F(2.41,
149.58) = 15.27, p < 0.001, ηp2 = 0.20, resulting in a signiﬁcantly
larger desire in response to the CS+ vs CS− on the last acquisition
trial, F(1, 62) = 49.89, p < 0.001, ηp2 = 0.45 (see Fig. 2). Conditions
did not diﬀer in the course of acquisition nor in ﬁnal acquisition levels,
Fs < 1. Diﬀerential desires were still present on the ﬁrst extinction
trial, F(1, 62) = 49.93, p < 0.001, ηp2 = 0.45, with no diﬀerences
across conditions, F(1, 62) = 1.71, p = 0.20, ηp2 = 0.03. Chocolate
desires extinguished to some extent, CS × T, F(7.03, 435.64) = 2.41,
p = 0.02, ηp2 = 0.04 (see Fig. 2). On the last extinction trial, a diﬀerentiation between the CS + and CS − was still present, F(1, 62)
= 24.11, p < 0.001, ηp2 = 0.28. The course of extinction and ﬁnal
extinction levels were similar for the conditions, Fs < 1.
In sum, diﬀerential US expectancies and chocolate desires were
successfully acquired, and they extinguished to some extent. This
overall pattern is similar to ﬁndings of previous studies. Further, our
manipulation aﬀected the extinction of US expectancies: extinction was
less complete in the ambiguous vs. non-ambiguous condition.

Diﬀerential acquisition and extinction of desire for chocolate, US
expectancy, and skin conductance over trials and across conditions
were analyzed using repeated-measures ANOVAs for each phase of the
experiment (acquisition and extinction), and, for the skin conductance
data, for each time window (FIR, SIR, and TOR). This resulted in 2
(Condition: ambiguous vs. non-ambiguous) × 2 (CS-type: CS + vs.
CS −) × 5/12 (Acquisition Trial/Extinction Trial) repeated-measures
ANOVAs, including CS-type (CS) and Trial (T) as within-subjects factors
and Condition (C) as between-subjects factor. For all measures (desire
for chocolate, US expectancy, skin conductance responses, and CS
evaluations), diﬀerential responding on the last acquisition trial, the
ﬁrst extinction trial, and the last extinction was additionally analyzed
(when applicable) using 2 (CS-type: CS+ vs. CS −) × 2 (Condition:
ambiguous vs. non-ambiguous) repeated-measures ANOVAs. When
appropriate, signiﬁcant interactions with condition were followed up
by examining responses within each condition. Greenhouse-Geisser
epsilon corrections are reported for repeated measures ANOVAs when
the assumption of sphericity was violated.
3. Results
3.1. Participant characteristics
Participant characteristics are provided in Table 1. Since the conditions diﬀered in BMI, centered BMI score was included as covariate in
the analyses. Because this did not change the pattern of results, in the
reported analyses, BMI was not included. Finally, none of the participants correctly guessed the hypothesis of the study.

3.3. CS evaluations
After extinction, evaluations for the CS + were signiﬁcantly higher
than for the CS−, F(1, 62) = 25.64, p < 0.001, ηp2 = 0.29, with no
diﬀerences across conditions, F < 1 (ambiguous: CS+ M = 55.03,
SD = 16.38; CS − M = 37.63, SD = 17.96; non-ambiguous: CS +
52.78, SD = 20.80; CS − M = 33.94, SD = 21.75).

3.2. US expectancies and desires for chocolate
Participants acquired US expectancies when presented with the CS
+ vs. CS−, as evidenced by a signiﬁcant CS × T interaction, F(2.30,
142.63) = 82.54, p < 0.001, ηp2 = 0.57. Conditions diﬀered in the
course of acquisition, CS × T × C, F(2.30, 142.63) = 3.07, p = 0.04,
ηp2 = 0.05 (see Fig. 2), which seemed to be due to greater diﬀerential
US expectancies in the ambiguous condition already on the ﬁrst acquisition trial, F(1, 62) = 6.11, p = 0.02, ηp2 = 0.09.1 On the last acquisition trial, a signiﬁcant diﬀerentiation in US expectancies was
present, F(1, 62) = 1308.71, p < 0.001, ηp2 = 0.96, and equally so for
both conditions¸ F < 1.
The acquired diﬀerentiation was still present on extinction trial 1, F
(1, 62) = 667.49, p < 0.001, ηp2 = 0.92, with no diﬀerences across
conditions, F < 1. Diﬀerential US expectancies extinguished, CS × T,
F(4.49, 278.52) = 86.71, p < 0.001, ηp2 = 0.58 (see Fig. 2). Although

3.4. Skin conductance responses
FIR: FIR magnitudes did not increase over time in response to CS +
vs. CS− onset (CS × T), F < 1,with no diﬀerences across conditions,
CS × T × C, F(3.29, 203.87) = 1.50, p = 0.21, ηp2 = 0.02. In line
with this, no signiﬁcant diﬀerentiations were present on the last acquisition trial or on the ﬁrst extinction trial, Fs < 1, as well as no interactions with condition, Fs < 1 (data not shown).
SIR: The CS + vs. CS− diﬀerentiation did not change over time, F
(3.46, 214.42) = 1.14, p = 0.34, ηp2 = 0.02, irrespective of condition,
F < 1. However, and in line with visual inspection of the data, there
was a main eﬀect of CS-type, F(1, 62) = 4.61, p = 0.036, ηp2 = 0.07,
indicating larger responses to the CS+ vs. CS−, and a signiﬁcant
CS × C interaction, F(1, 62) = 4.30, p = 0.04, ηp2 = 0.07 (see Fig. 3).
Follow-up analyses within each condition suggested overall increased
skin conductance responses to the CS+ in the ambiguous condition, F
(1, 31) = 10.08, p = 0.003, ηp2 = 0.25, but not in the non-ambiguous
condition, F < 1. In line with this, on the last acquisition trial, the
ambiguous condition showed a signiﬁcant CS+ vs. CS −

1
Closer inspection of the data suggested that these baseline diﬀerences may have been
caused by random group diﬀerences in the type of trial that participants received ﬁrst
during acquisition. Twenty participants in the ambiguous condition received the CS+
ﬁrst, whereas ﬁfteen participants in the non-ambiguous condition did. Tests showed that
receiving the CS + ﬁrst had a strong positive eﬀect on the diﬀerentiation on trial 1, F(1,
62) = 25.59, p < 0.001, ηp2 = 0.29, and when adding the type of ﬁrst trial (CS + or
CS −) as covariate in the analysis the CS × T × C interaction became non-signiﬁcant,
F < 1.
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Fig. 2. Mean US expectancy and desire for chocolate ratings ( ± SEM), per condition, CS-type, and trial. “acq” refers to acquisition (5 trials); “ext” refers to extinction (12 trials).

diﬀerentiation, F(1, 31) = 4.25, p = 0.048, ηp2 = 0.12, whereas the
non-ambiguous condition did not, F < 1 (although the overall CS × C
interaction on this trial did not reach signiﬁcance, F(1, 62) = 1.46,
p = 0.23, ηp2 = 0.02).
On the ﬁrst extinction trial, SIR magnitudes diﬀered signiﬁcantly
between conditions, F(1, 62) = 5.91, p = 0.018, ηp2 = 0.09 (main effect of CS: F(1, 62) = 3.18, p = 0.08, ηp2 = 0.05). Follow-up analyses
indicated a diﬀerentiation in the ambiguous, F(1, 31) = 9.47,
p = 0.004, ηp2 = 0.23, but not in the non-ambiguous condition, F < 1
(see Fig. 3). The reduction in diﬀerential skin conductance scores in the
ambiguous condition over the course of extinction was not signiﬁcant,
CS x T, F = 1.10, ns.
TOR: a TOR to the CS+ (vs. CS−) was found on the ﬁrst extinction
trial, F(1, 62) = 14.83, p < 0.001, ηp2 = 0.19, with no signiﬁcant
diﬀerences across conditions, F = 1.03, ns (see Fig. 3). Extinction of the
omission response was marginally signiﬁcant, CS × T, F(8.63, 535.05)
= 1.75, p = 0.08, ηp2 = 0.03, and there was no signiﬁcant CS+ vs.
CS − diﬀerentiation on the last extinction trial, F(1, 62) = 2.73,
p = 0.10, ηp2 = 0.04. The course of extinction and ﬁnal extinction levels did not diﬀer across conditions, Fs < 1.
In sum, the results suggest that the time window shortly before US
occurrence (SIR) and the time window after expected US occurrence in
extinction (TOR), but not the time window right after CS onset (FIR),
provide sensitive time windows to detect diﬀerences between the two
CS-types. Evidence for increased SIR magnitudes to the CS + was only
found in participants who had received ambiguous instructions about
the CS-US contingency – though the change in diﬀerential responding
over the course of acquisition did not reach signiﬁcance. Furthermore,
acquired diﬀerential skin conductance responses extinguished rapidly
when CS-US pairings were discontinued during extinction.

4. Discussion
The aims of the present study were to 1) examine whether skin
conductance is a measure of diﬀerential responding in appetitive conditioning, and if so, which time window is most sensitive to distinguish
between the CS+ and CS −, and 2) investigate whether inclusion of the
ambiguous word sometimes in a contingency instruction attenuates acquisition and extinction. Results suggested diﬀerential skin conductance responses when the US was imminent (i.e., SIR), though only
for participants who received an ambiguous contingency instruction.
An US omission response (i.e., TOR) was also found. In contrast, no
diﬀerential responses were found for the time window following CS
onset (i.e., FIR). Finally, the ambiguous contingency instruction was
related to a worse extinction of US expectancies.
These ﬁndings indicate that the skin conductance response can
function as a sensitive measure of diﬀerential responding in appetitive
conditioning involving food rewards: evidence for acquisition of differential responses was found in an anticipatory time window when the
US was imminent (though the overall change in diﬀerential responding
over the course of acquisition did not reach signiﬁcance), and an US
omission response was present when the US unexpectedly did not occur
in early extinction. The ﬁnding that the pre-US vs. CS onset time
window is better able to distinguish CS+ and CS− trials in case of
longer CS-US intervals seems in line with unpublished pilot data of
previous work in fear conditioning (Lovibond et al., 2008). It is likely
that participants learn about the temporal delay between CS onset and
the occurrence of the US, and as a result show anticipatory skin conductance responses shortly before the US is expected. Further, the
omission response that was found may reﬂect surprise or frustration/
disappointment when the US unexpectedly did not occur during
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Fig. 3. Skin conductance data ( ± SEM) for second-interval responses (SIR) and third-interval omission responses (TOR), per condition, CS-ty pe, and trial. “acq” refers to acquisition (5
trials); “ext” refers to extinction (12 trials). “SCR” represents the mean range-corrected and square root transformed sum of amplitudes within the response window.

responding is sensitive to a multitude of psychological processes including attention and cognitive eﬀort (Critchley, 2002), and it has been
proposed that a “call for processing resources” is elicited in response to
a stimulus when it is identiﬁed as “signiﬁcant” and further processing is
required, heightening electrodermal responding (Filion et al., 1991;
Lipp et al., 1994; Lipp and Vaitl, 1990; Öhman et al., 1986; Pearce and
Hall, 1980). For participants in the ambiguous condition, the unclear
CS-US contingency might have resulted in the CS + being perceived as
more “signiﬁcant” and in need of controlled processing, whereas for
participants in the non-ambiguous condition, the outcome seemed
certain and no additional processing was required (Öhman et al., 1986;
Pearce and Hall, 1980). This could have resulted in diﬀerential skin
conductance responses only in the ambiguous condition. Interestingly,
there is also some prior evidence that such eﬀects of uncertainty can be
speciﬁc to appetitive situations. In one study, participants completed
either an appetitive or aversive conditioning task (using money or a
blast of white noise as US, respectively), including CSs that signaled
varying US probabilities (100%, 50%, or 0%; Austin and Duka, 2010;
but see Austin and Duka, 2012). Attention to the CSs was measured
using eye-tracking. It was found that during aversive conditioning

extinction (e.g., Amsel, 1992; Papini and Dudley, 1992; Spoormaker
et al., 2011). Visual inspection of the data indicated that this response
was only present on the ﬁrst extinction trial, suggesting that it may only
occur in appetitive conditioning when non-occurrence of the US is very
surprising. Thus, future studies that use a similar appetitive conditioning paradigm may wish to 1) examine skin conductance in the
pre-US period, 2) take into account ambiguity of the CS-US relationship,
and 3) examine the US omission response.
The unexpected ﬁnding that an acquisition of diﬀerential skin
conductance responses was only found in participants who received
ambiguous contingency instructions is interesting and merits further
discussion. This ﬁnding suggests that anticipatory skin conductance
responses can be conditioned to appetitive stimuli, however, it also
gives rise to the question what this response reﬂects (Boddez et al.,
2012; Domjan, 2005; Öhman, 1974). Research on fear conditioning has
shown that anticipatory skin conductance responding may primarily
index US expectancies (Hamm and Weike, 2005; Sevenster et al., 2012),
and the current ﬁnding that US expectancies (but not skin conductance
responses) were acquired in both conditions does not seem in line with
this notion. However, it is also well-known that electrodermal
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attention was higher to stimuli predicting the US as outcome certainty
increased (see also Davies and Craske, 2015; Dunsmoor et al., 2007;
Grupe and Nitschke, 2011). In contrast, during appetitive conditioning,
attention was highest to a stimulus signaling uncertainty (50% contingency). Although skin conductance responses in this study did not
show the same pattern, these ﬁndings might be consistent with our
current data – assuming that attentional mechanisms were involved in
the diﬀerential responding in the ambiguous condition. In sum, the
current data point towards interesting modulations in anticipatory skin
conductance responses to appetitive CSs induced by contingency instruction ambiguity, but additional studies are needed to investigate
what exact processes may underlie these ﬁndings and if and how they
diﬀer for appetitive vs. aversive conditioning.
Finally, apart from its eﬀects on anticipatory skin conductance responses, contingency instruction ambiguity was related to a worse extinction of US expectancies. This might be best explained by a verbally
induced partial reinforcement extinction eﬀect (Haselgrove et al., 2004;
van den Akker et al., 2014). This ﬁnding, combined with the additional
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Researchers therefore may wish to take into account subtleties in their
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measure of diﬀerential responding in appetitive conditioning involving
food rewards in two time windows: when the US was imminent, and
during unexpected omission of the US in early extinction. Interestingly
however, diﬀerential anticipatory responses were only found for participants who had received an ambiguous contingency instruction. This
could indicate a call for additional processing resources, and suggests
that the sensitivity of this anticipatory measure might be dependent on
the speciﬁc task context. Apart from their eﬀects on skin conductance,
verbal contingency instructions also aﬀected US expectancies – as expected, ambiguous instructions slowed their extinction. Future (appetitive) conditioning studies may wish to further examine and/or take
into account eﬀects of contingency instruction ambiguity.
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