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Abstract
Pavlovian-to-Instrumental transfer (PIT) refers to the effect of stimuli that have been associated with a pleasant or
aversive event on instrumental behaviors. Given that Obsessive-Compulsive disorder (OCD) is linked to excessive
compulsions, which in the laboratory can be tested via testing instrumental responses, we assessed PIT effects in
individuals with subclinical levels of OCD. Participants from a non-clinical population were separated in groups with low
(OC−) and high (OC+) levels of OCD. Participants learned to associate one button press (R1) with the cancellation
of an aversive outcome (O1) and another button press (R2) with the cancellation of another aversive outcome (O2).
Subsequently, they watched stimuli of five different colors (S1 to S5) that were followed by O1, O2, a novel negative
outcome (O3: video of a house on fire), or two neutral outcomes (O4: plus sign; O5: caret symbol) respectively. In the
last phase, participants saw S1-S5 while they were allowed to press the R1 or the R2 button. Contrary to predictions,
the OC− compared to OC+ group showed somewhat stronger specific-PIT effects, indicated by more R1 and R2
responses during the presentation of the S1 and S2 respectively. No reliable evidence was found for general-PIT.

Obsessive-compulsive disorder (OCD) is a chronic psy-
chiatric disorder that is mainly characterized by persistent
obsessions and compulsions (American Psychiatric Asso-
ciation, 2013). Briefly, obsessions are recurrent, persistent
thoughts, and intrusive urges, or images, whereas compul-
sions are repetitive behaviors or mental acts that the individ-
uals perform driven by an obsession or due to the rules that
the individual wants to adhere to. The prevalence of OCD
ranges from 0.7% to 3.5% (Gustavsson et al., 2011; Kessler
et al., 2005; Ruscio, Stein, Chiu, & Kessler, 2010). OCD is
accompanied by significant impairments in daily functioning
(e.g., loss in productivity), as well as substantial direct
and indirect costs (American Psychiatric Association, 2013;
Angst et al., 2004). Given the significant negative impact
of OCD on individuals and society, a body of literature
has focused on unveiling the factors that contribute to OCD
psychogenesis (Pauls, Abramovitch, Rauch, & Geller, 2014).
Importantly, this knowledge could prove invaluable in the
improvement of current treatments (Öst, Havnen, Hansen,
& Kvale, 2015; Romanelli, Wu, Gamba, Mojtabai, & Segal,
2014).

A way to gain insight in the nature of OCD is by using
associative learning procedures, and specifically, Pavlovian
and instrumental conditioning. In aversive Pavlovian
conditioning, a neutral stimulus (e.g., a picture of a white
building; Conditioned Stimulus or CS+) is paired with an
aversive stimulus (e.g., a video of a fire; Unconditioned
Stimulus or US) whereas another neutral stimulus (e.g., a
picture of a beige building; CS- ) is never paired with the
US. This procedure typically results in conditioned responses
(e.g., higher fear towards the CS+ compared to the CS-).
Pavlovian conditioning has been successfully used for testing
how individuals with and without OCD differ from each
other in terms of fear responding (see Duits et al., 2015).

To illustrate, Leplow, Murphy, and Nutzinger (2002) showed
that when neutral CSs are used, inpatients with OCD show
inferior differential learning compared to controls, which
could suggest associative learning impairments in OCD.
This hypothesis is also supported by findings of Apergis-
Schoute et al. (2017), who showed that OCD patients failed
to update the contingencies between the CS+/CS- and the
US when those were reversed. In instrumental conditioning,
the US presentation depends on whether the participant
will perform an experimenter-defined response (e.g., the
press of a computer key). This procedure has been used
in OCD research for testing, among others, the role of
purposeful actions and habits towards a CS (Nielen, Den
Boer, & Smid, 2009; see Gillan & Robbins, 2014 for a
review). To illustrate, Gillan et al. (2014) extensively trained
patients with OCD to make an avoidance response (i.e.,
press of a foot pedal) towards a CS to avoid a shock
US. Interestingly, participants in the OCD group continued
performing the avoidance response towards the CS, even
when there was no chance anymore that the US would
occur (i.e., the shock electrodes were detached), more often
compared to a healthy comparison sample. Collectively,
associative learning procedures have provided insights about
the learning mechanisms in OCD, and how such learning
differs from healthy individuals.

Because maladaptive actions (compulsions) are a key
component of OCD, further knowledge on the conditions
under which these actions emerge could be useful in
understanding OCD pathogenesis (Pauls et al., 2014). In
this endeavour, insights from the learning and neuroscience
literature could be useful. For instance, it has been suggested
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that instrumental responses towards a CS can be evoked
even when the CS has never been explicitly trained with
the specific instrumental behavior (Estes, 1948; Holmes,
Marchand, & Coutureau, 2010; Kruse, Overmier, Konz, &
Rokke, 1983). This is the case of Pavlovian-to-Instrumental
transfer (PIT). Experimental findings show that animals
and humans tend to perform the instrumental response
more often during the CS presentation, relative to some
control condition (e.g., an second control CS), although
this behavioural response has never been explicitly paired
with the CS (Holland, 2004). A PIT procedure typically
entails three phases: Pavlovian, Instrumental, and Transfer.
In the Instrumental phase, participants receive rewarding
stimuli (e.g., monetary rewards) when they perform an
experimenter-defined response (e.g., press a button). In the
Pavlovian phase, neutral stimuli (e.g., pictures; CSs) are
paired with either the same rewarding stimuli as in the
Instrumental phase (i.e., in case of specific PIT) or a new
rewarding stimulus (i.e., in case of general PIT), while
the experimenter-defined response is prevented. Finally, in
the Transfer phase, the CSs are presented again while
participants are allowed to perform the experimenter-defined
response. No rewarding stimuli are presented in this last
phase to attenuate new learning between the stimulus and the
responses.

Experimental findings show that human and non-human
animals tend to perform the instrumental response, although
this behavioral response has never been explicitly paired with
the CS (Holland, 2004). PIT effects have been extensively
studied in the addiction literature (Everitt, Dickinson, &
Robbins, 2001). Specifically, it has been argued that PIT
effects show how actions (e.g., smoking) can be triggered by
environmental cues (e.g., a pack of cigarettes) that have been
previously paired with a positive outcome (e.g., relaxation;
Childress, Ehrman, Rohsenow, Robbins, & O’Brien, 1992;
Gawin, 1991), an observation that is particularly relevant
when testing relapse in addiction. Although PIT has been
used for addressing approach behavior, there is little work
on human avoidance PIT (e.g., Claes, Vlaeyen, & Crombez,
2016; Lewis, Niznikiewicz, Delamater, & Delgado, 2013;
Garofalo & Robbins, 2017; Nadler, Delgado, & Delamater,
2011). Importantly, PIT effects has been investigated in
many other mental disorders such as schizophrenia (Morris,
Quail, Griffiths, Green, & Balleine, 2015), alcohol abuse
(Garbusow et al., 2014; Schad et al., 2018), and have
been associated with stress and anxiety levels in subclinical
populations (Charpentier, Martino, Sim, Sharot, & Roiser,
2015; Quail, Morris, & Balleine, 2017). Studying PIT effects
could be relevant for disorders such as OCD. Specifically,
it can be hypothesized that instrumental responses (e.g.,
excessive checking) performed in the presence of largely
neutral stimuli (e.g., a gas stove that is turned off) can be
triggered without any previous direct associations between
the stimulus, the response, and the outcome, but due to
independent pairings of the behavior and the stimulus with
a common outcome (e.g., a common US). As such, and in
line with associative learning work in the addiction literature,
PIT could prove helpful in unveiling the mechanisms of
maladaptive responses in OCD.

In this line, this study explored avoidance-based PIT in
individuals with high and low levels of subclinical OCD

symptomatology. As there are various sub-types of OCD
(American Psychiatric Association, 2000, 2013), we chose
to focus on checking behavior, which is the most prevalent
type (Ruscio et al., 2010).∗ Accordingly, we developed a new
task based on the avoidance-based human PIT introduced
by Lewis et al. (2013) and Nadler, Delgado, and Delamater
(2011), and the checking behavior task introduced by van
den Hout and Kindt (2004). Specifically, in the first part of
the task, participants learned to avoid two negative outcomes
(i.e., a video of a house collapsing and a video of a house
exploding) by means of two different button presses (i.e., one
button cancelled the first outcome whereas another button
cancelled the second outcome). Then, different colors of
stoves were presented with either the outcome they saw
before, a novel negative outcome (i.e., a video of a house
on fire), or two neutral outcomes (i.e., different symbols).
Participants did not have to emit any response during this
phase. In the last phase, the different stoves were presented
and none of them were followed by any of the outcomes (i.e.,
the videos of the different houses or the different symbols)
while participants were free to press any of the available
buttons used in the first part of the task.

Because this is the first study on PIT effects in
subclinical OCD, we did not have strong directorial
hypotheses. However, we can predict that if excessive
instrumental behavior towards a CS would characterize
OCD, then individuals with higher levels of sub-clinical
OCD symptomatology would exhibit higher levels of specific
PIT, as indicated by elevated specific responses during the
transfer phase towards the stimulus that was predictive of
the same outcome, than participants with lower levels of
subclinical OCD symptomatology. Conversely, if individuals
with higher levels of sub-clinical OCD would not be able
to discriminate between different Pavlovian cues due to
high stress levels (see Quail et al., 2017), could explain the
absence of a specific-PIT effect in these individuals. This
prediction is in line with studies showing non-discriminatory
learning in cases of high stress and anxiety (e.g., Charpentier
et al., 2015) that also characterize OCD.

Apart from specific-PIT effects, we explored the
differences on general PIT by testing whether responses
towards the stimulus that was previously paired with the
novel negative outcome would be higher compared to
responses to the two neutral outcomes.

Method

Participants
Similar to previous studies in our lab (e.g., Toffolo,
Hout, Hooge, Engelhard, & Cath, 2013), we decided
to recruit individuals with high and low levels of
subclinical OCD. A total of 426 students at Utrecht
University or Utrecht Hogeschool were screened for
obsessive-compulsive symptomatology using the Obsessive-
Compulsive Inventory-Revised (OCI-R) (Foa et al., 2002).
Participants could fill in the questionnaire online, using the

∗Our task was tailored after the checking OCD sub-type to prevent that a
potential absence of the effect would be interpreted as a lack of motivation
by participants to respond to the stimuli. Note though that our task can be
adjusted to other types OCD sub-types (e.g., washing) by changing the CSs.
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Table 1. Background characteristics (Mean and Standard deviations or
raw numbers) per group

Group STAIS STAIT OCI.R Males-Females

OC- 35 (6.45) 16.35 (8.42) 0 (0) 7-13
OC+ 37.29 (6.61) 21.43 (11.94) 6.54 (1.62) 3-25

University website and their log in information, or on paper
during a break in a class. This questionnaire has been used to
select individuals with sublinical levels of OCD in previous
studies (e.g., Toffolo et al., 2013). To create two extreme
groups, we invited 60 individuals to the laboratory session,
using the top and bottom 12.5% of the checking sub-scale
distributions scores as an a priori cut-off (i.e., participants
with the 26 lowest and 34 highest scores were invited to
participate in our study. The 12.5/% is half the percentage
that was used by Toffolo et al. (2013). We used more extreme
cut-off scores for the OCI-R scale in order to maximize our
chances of detecting an effect, if there was one. Only these
60 participants completed the behavioural task.

The data from 12 participants (6 in each group), were
removed because they did not report the Pavlovian or the
Instrumental contingencies correctly (see Procedure section).
The final sample consisted of 20 participants in the OC−

group and 28 participants in the OC+ group. This sample
allowed us to detect an effect size of Cohen’s f = .18
(i.e., medium to lower effect size), for an α of 0.05, 2
groups, 4 measurements, and a power of .80. This was the
minimal effect size of interest for this study and not based
on prior research (as recommended by Morey & Lakens,
unpublished). The two groups did not differ significantly in
terms of age (M : 20.42; SD: 1.96),
t(45.97) = -0.05, p = 0.959), or gender distribution (38
females and 10 males; χ2 (1) = 2.83 p = 0.09). The mean
score in the checking subscale was 28.01 (SD = 13.53). The
full data set, including the participants that were excluded
from the main analyses, is available at the following URL:
https://osf.io/p42jc/.

Material
Questionnaires We screened participants for obsessive-
compulsive tendencies using the Obsessive-Compulsive
Inventory-Revised (OCI-R) (Foa et al., 2002; Dutch version
by Cordova-Middelbrink, Dek, & Engelbarts, 2007). The
inventory includes 18 items and is designed to assess
checking, hoarding, neutralizing, obsessing, ordering, and
washing. Participants are asked to respond using a 5-point
Likert scale (i.e., 0 = not at all, 4 = extremely). The scale
meets sufficiently standard validity and reliability criteria
(Foa et al., 2002; Hajcak, Huppert, Simons, & Foa, 2004).
Given that our computer task was developed for measuring
checking behavior, we selected participants based on the
checking portion of the OCI-R. This consists of three
questions. An example question is: “I check things more
often that it is needed”.

We also assessed state and trait anxiety by means of
the State and Trait Anxiety Inventory (STAI-S and STAI-T
respectively; Spielberger & Gorsuch, 1983; Dutch version by
Ploeg, 2000). Each portion of the STAI consists of 20 items

Table 2. Schematic of the experimental design for the PIT
study.

Instrumental Phase Pavlovian Phase Transfer Phase

R1-O1 S1-O1 S1:R1 vs R2
R2-O2 S2-O2 S2:R1 vs R2

S3-O3 S3:R1 vs R2
S4-O4 S4:R1 vs R2
S5-O5 S5:R1 vs R2

Note. R: Response, O: Outcome, S: Stimulus.

scored on a 4-point scale (1: almost never, 4: almost always).
The scale has good psychometric properties (Ploeg, 2000;
Spielberger & Gorsuch, 1983).

Procedure
Preparation Prior to the main experiment, all participants
read the information letter and signed the consent form.
Then, they filled in the state portion of STAI. Then the
PIT paradigm followed, which consisted of three phases:
instrumental, Pavlvovian, and transfer (see Table 2).

Instrumental phase Participants received on-screen and
verbal instructions about the instrumental phase. According
to the instructions, participants would see pictures of two
buildings, with one building afterwards collapsing (O1) and
the other one exploding (O2). They were instructed that
their task was to prevent these outcomes by pressing either
the A (R1) or the L (R2) button on a standard computer
keyboard during the picture presentation (before the video
of the building collapsing or exploding). Only one of the
buttons would prevent each outcome, and the assignment of
each button to each outcome was determined randomly at the
beginning of each session.

Although participants could press any button as often as
they wanted, pressing both buttons within each trial would
not prevent the outcome presentation. A single button press
to the correct button was needed to prevent the outcome from
being presented.

Figure 1 shows a visual depiction of the trial sequence.
Each instrumental trial started with a picture of a building
for 3000 msec. Participants were allowed to press any button
during this period. In case of no or a wrong response, the
outcome would be presented for 2000 msec. In case of a
correct response, there was no presentation of the outcome
but the picture was presented for the remaining 2000 msec.
Participants completed 24 instrumental trials, 12 trials for
each O. The trials were pseudo-randomized, with no more
than 2 subsequent presentations of each trial type. The
intertrial intervals ranged from 2000 to 12000 msec (steps
of 2000 msec).

After the instrumental phase, the learned R-O contingen-
cies were tested. Participants evaluated the efficacy of each
button to cancel the outcome on a scale from 0 (absolutely
not) to 10 (totally). Similar to Lewis et al. (2013), the rating
for the incorrect response was subtracted from the rating for
the correct response, and the data of participants with scores
equal to or lower than 0 were removed from further statistical
analyses.
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Figure 1. Experimental design. Top panel. Trial sequence
during the instrumental phase. Middle panel: Trial sequence
during the Pavlovian phase. Bottom Panel. Trial sequence
during the transfer phase.

Pavlovian phase The Pavlovian phase consisted of the
presentation of 5 different stoves (S1-S5; 950 × 520 pixels),
each having a different color (i.e., blue, green, purple, red,
yellow). Two stoves (S1 and S2) were paired with the same
outcomes (O1 and O2) as in the instrumental phase. The third
stove was paired with a novel aversive outcome (O3; i.e., a
video of a house on fire), and the last two stimuli were paired
with two novel neutral outcomes: the plus sign (O4) and the
caret symbol (O5). Which stove served as the different S was
determined randomly for each participant. Participants were
instructed that they had to learn which stove was paired with
each specific outcome and they were not allowed to press any
button during this phase.

Figure 1 shows a visual depiction of the trial sequence.
Each Pavlovian trial started with a pre-trial interval of 2000
to 6000 msec (steps of 1000 msec). Then one of the stoves
appeared. Gradually virtual fire appeared from four places of
the stove.† After 2550 msec, the outcome was presented for
1000 msec. Which stove served as S1 to S5 was determined
randomly for each participant. Each S was presented 9 times
(45 trials in total), and it was followed always by the same O.
The intertrial intervals were set to from 2000 to 6000 msec
(steps of 1000 msec).

At the end of the Pavlovian phase, participants had to
choose which stove was followed by which outcome. All
stoves were presented on the middle of the screen and
pictures of each outcome were presented on the bottom of
the screen. Participants could pick the outcome by using
the computer mouse. The data of participants who did not
correctly report any of the S-O contingencies were removed
from further analyses (see Participants section above). Apart
from the S-O contingencies, no further data were collected
during the Pavlovian phase.

Transfer phase During the transfer phase, participants were
instructed that they would see each stove again, one at the
time, and they were allowed to press any button they wanted
or chose to not respond at all. Then, the transfer phase
started. Each stove was presented 12 times (60 trials in total),
with fire coming out of 4 places from the stove as was done
in the Pavlovian phase. Similar to the study by Lewis et al.

(2013), no outcome was presented in this phase. Instead, all
stoves were followed by the message ‘the gas is refilling’,
which was presented for 2000 msec.‡ Unless this message
was presented, participants were allowed to press any button.
We did not record any press responses unless any of the Ss
were on the screen.

Statistical Analyses
To test whether participants learned to cancel the aversive
events during the instrumental phase, we performed a 2
(Outcome: O1 vs. O2) × 2 (response: R1 vs. R2) × 2 (group:
OC− vs. OC+) repeated measures analysis of variance
(ANOVA), with outcome and response serving as the within
subjects factor and group the between subjects factor. The
dependent variables were the mean number of button presses
for each stimulus. In case of violation of the assumption of
sphericity, we used the Geisser-Greenhouse correction.

To test our specific-PIT hypothesis, we compared between
group differences in responding to S1 and S2 during
the transfer phase. We ran a 2 (stimulus: S1 vs. S2) ×
(response: R1 vs. R2) × 2 (group: OC− vs. OC+) × 2
(time: Beginning vs. End) repeated measures ANOVA, with
stimulus, response, and time serving as the within subjects
factor, and group as the between subject factor. The factor
time was included as a factor to test whether PIT effects
were attenuated over time, due to the transfer phase being
conducted in extinction.

Finally, to test the general-PIT hypothesis, we compared
differences in responding for S3, S4, and S5, during the
transfer phase. We ran the same repeated measures ANOVA
as for the specific-PIT analyses, except that the stimulus
factor had 3 levels (S3, S4, and S5).

Results
Questionnaires As expected, between-group differences
arose in terms of checking behavior, t(27) = -21.33, p <
0.001: the OC+ group had higher checking scores (M =
6.54), compared to the OC− group (M = 0). No between-
group statistical differences arose for STAIT, t(41.7) = -1.2,
p = 0.238, or trait anxiety, t(46) = -1.73, p = 0.091. Table 1
shows mean characteristics for groups.§

Instrumental conditioning results Results showed that
participants learned to perform the correct response for
both O1 and O2 as indicated by a significant Outcome ×
Response interaction, F (1, 46) = 62.96, p < 0.001, η2G =
0.34. This effect did not differ across groups as indicated by
a non-significant Outcome × Response × Group interaction,
F (1, 46) = 0.07, p = 0.80, η2G < 0.001 (see Figure 2). The rest
of interactions and main effects did not reach significance
levels (p > 0.05) except for the main effect of response,
F (1, 46) = 62.95, p < 0.001, η2G = 33.96. Collectively, the

†This effect was used in order to implicitly form a mental scenario according
to which the fire is followed by one of the outcomes that was presented at
the end of the trial.
‡This message was presented in order to emulate the similar message that
was presented during the test phase in Lewis et al. (2013).
§Please note that we report Welch’s t-test, since the assumption of equal
variances was not true, and the degrees of freedom were adjusted for each
test separately.
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manipulation was successful: each group learned to perform
the correct response to O1 and O2.

Specific-PIT results Results showed that participants
performed R1 more frequently during the presentation of
S1 and R2 more frequently during the presentation of S2
as shown by a significant Stimulus × Response interaction,
F (1, 46) = 34.62, p < 0.001, η2G = 0.263 (see Figure 3). The
main effect of Time was not significant F (1, 46) = 1.71, p =
0.197, η2G < 0.001. Importantly, specific PIT effect differed
between groups, as indicated from Stimulus × Response
× Group interaction, F (1, 46) = 5.07, p = 0.029, η2G =
0.05. Regarding the other effects, there was a main effect
of Group, F (1, 46) = 5.60, p = 0.02, η2G = 0.056, and a
significant Group × Response interaction, F (1, 46) = 7.56,
p = 0.008, η2G = 0.02. However, in presence of a significant
high order interaction, interpretation of lower order effects is
ambiguous.

Given the significant Stimulus × Response × Group
interaction, we followed up our analyses with separate
repeated measures ANOVAs within each group. Results
showed the same pattern of responses across both groups but
now the rate of responding was higher for the OC− group,
Stimulus × Response interaction, F (1, 19) = 19.76, p <
0.001, × = 0.324, compared to the OC+ group, Stimulus
× Response interaction, F (1, 27) = 11.42, p = 0.002, η2G =
0.172.

General-PIT results Regarding our exploratory hypothesis,
we found a significant Stimulus × Response interaction,
F (1.22, 56.12) = 4.06, p = 0.041, η2G = 0.012, suggesting
that the rate of responding differed between stimulus type
and response. No other main effects and interactions reached
significance.

Follow up post-hoc analysis showed that participants
pressed the R1 button more often during the presentation
of S3 (i.e., novel threat outcome) than S5 (i.e., the caret
symbol), t(47) = 2.29, p = 0.026. Taken together, there is
some, although not strong, evidence for the presence of a
general-PIT effect, without any between group differences.

Discussion
We compared PIT effects between individuals with low (OC-
) and high (OC+) levels of subclinical OCD symptomatology
in an avoidance-based PIT. To our knowledge, this is the
first time that PIT performance was tested in a population
with OCD-related symptomatology. Results showed that
both groups exhibited a specific-PIT effect, as reflected in the
transfer phase by more frequently pressing of the R1 button
during the presentation of the S1 and pressing the R2 button
during presentation of S2. Importantly, although both groups
exhibited the predicted effect, this effect was somewhat
stronger in the OC− compared to the OC+ group as indicated
by the differences in the estimated effect sizes across groups.
We also found limited evidence for the presence of a general-
PIT effect. Specifically, participants pressed the R1 button
more often during the presentation of S3 (i.e., the novel
negative stimulus) than S5 (i.e., the caret symbol), and this
effect was comparable between groups. Different lines of
explanations can be given for these specific and general PIT
results.

No between-group differences in terms of trait or state
anxiety arose. This may be because the sample had
sublinical levels of OCD. Nonetheless, we think it is
important to refer to the potential role that anxiety and
stress could have played in our results. Specifically, the
limited differentiation between the R1 and R2 in the OC-
compared to the OC+ group in transfer phase is in line with
previous studies showing that individuals under stress or
anxiety show limited discriminatory learning in conditioning
procedures (e.g., Charpentier et al., 2015; Duits et al., 2015).
Another way to explain these findings is by considering
that uncertainty, which is also linked to anxiety and stress
(Gentes & Ruscio, 2011), promotes excessive checking
in individuals with subclinical levels of OCD (Toffolo
et al., 2013) – with such checking ironically increasing,
rather than decreasing, memory trust (Dek, Hout, Giele, &
Engelhard, 2010) – resulting in suboptimal performance.
Lastly, increased stress and anxiety are linked with biases
in decision-making, such as worse economic decisions when
emotional stimuli are present (Xu et al., 2013), and with
increased emotional reasoning, rather than merely focusing
on objective situational information (Engelhard & Arntz,
2005). Although as mentioned before, bringing up these
hypotheses need to be tested in samples where there are also
differences in anxiety levels, the weaker specific PIT effects
in individuals with high levels of OCD could point to the
potential influence of stress, anxiety, and/or uncertainty in
these individuals, resulting in limited differentiation between
R1 and R2.

Although we tested general-PIT effects only for
exploratory reasons, we acknowledge that our results
partially contradict those by Lewis et al. (2013). In that
study, healthy individuals underwent an avoidance-based
PIT task. Results showed that healthy individuals exhibit
both specific and general PIT effects. Although we found
clear specific PIT effects, we found only weak evidence for
the presence of a general PIT. These differences could be
explained by procedural deviations between the different
studies. Lewis et al. (2013) used a game-like scenario
in which participants had to avoid attacks from different
on-screen creatures (e.g., goblins) by using specific shields.
In our study, we tailored our task after an impulsive-like
checking scenario, where participants had to learn to
avoid different house being destroyed. Arguably, the two
experiments could be considered only conceptually similar.
As such, procedural differences between these studies could
have resulted in differences in outcomes for the general-PIT.

Our study has limitations. First, we used a relative small
sample size, although it was large enough to detect medium
to small effects. Second, although we found between group
differences in terms of OCD symptoms, there were no
between group differences in trait anxiety, possibly due to
random sample variations. Third, our design allowed us
to evaluate PIT during the S presentations, but it did not
include a baseline phase to assess whether the two groups
showed similar performance in absence of the different Ss.
So, we do not know whether the groups have similar baseline
instrumental performance in the absence of the stimuli,
which would have made our results stronger. Although
responses outside the S presentation would not be expected,
future studies should also assess instrumental performance
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Figure 2. Barplots of mean performance in the instrumental phase per outcome and button response. Error bars denote standard
errors.

during the Transfer phase outside the S presentation. Finally,
the non-observation of between-group differences in the
general PIT could stem from the confusion of the novel
outcome with the previously presented outcomes (e.g., a
house on fire could also explode or collapse). However, this
is unlikely because for both S1 and S2 no videos of houses
on fire were shown before videos of exploding or collapsing
houses.

All in all, by using an avoidance-related PIT, we
explored whether participants with higher levels of OCD
symptomatology exhibit higher performance, compared to
participants with lower levels of OCD. Our results provide
some preliminary evidence that individuals with lower
subclinical levels of OCD show somewhat stronger specific-
PIT than individuals with higher levels. We acquired also
preliminary but weak evidence for the presence of a general-
PIT. We argue that together with other associative learning
tasks (e.g., Pavlovian conditioning procedures), the use of
PIT could prove useful in further testing how learning
processes contribute to OCD symptomatology.
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M., Friedel, E., . . . others. (2014). Pavlovian-to-
instrumental transfer in alcohol dependence: A pilot
study. Neuropsychobiology, 70, 111–121.

Gawin, F. H. (1991). Cocaine addiction: Psychology and
neurophysiology. Science, 251, 1580–1586.

Gentes, E. L., & Ruscio, A. M. (2011). A meta-analysis
of the relation of intolerance of uncertainty to
symptoms of generalized anxiety disorder, major
depressive disorder, and obsessive–compulsive
disorder. Clinical Psychology Review, 31, 923–933.

Gillan, C. M., Morein-Zamir, S., Urcelay, G. P., Sule, A.,
Voon, V., Apergis-Schoute, A. M., . . . Robbins, T.
W. (2014). Enhanced avoidance habits in obsessive-
compulsive disorder. Biological Psychiatry, 75,
631–638.

Gillan, C. M., Papmeyer, M., Morein-Zamir, S., Sahakian,
B. J., Fineberg, N. A., Robbins, T. W., & Wit,
S. de. (2011). Disruption in the balance between
goal-directed behavior and habit learning in
obsessive-compulsive disorder. American Journal
of Psychiatry, 168, 718–726.

Gillan, C. M., & Robbins, T. W. (2014). Goal-directed learn-
ing and obsessive–compulsive disorder. Philosophi-
cal Transactions of the Royal Society B, 369(1655),
1–11.

Gustavsson, A., Svensson, M., Jacobi, F., Allgulander, C.,
Alonso, J., Beghi, E., . . . others. (2011). Cost of
disorders of the brain in Europe 2010. European
Neuropsychopharmacology, 21, 718–779.

Hajcak, G., Huppert, J. D., Simons, R. F., & Foa, E. B.
(2004). Psychometric properties of the oci-r in a
college sample. Behaviour Research and Therapy,
42, 115–123.

Holland, P. C. (2004). Relations between Pavlovian-
instrumental transfer and reinforcer devaluation.
Journal of Experimental Psychology: Animal
Behavior Processes, 30, 104–117.

Holmes, N. M., Marchand, A. R., & Coutureau, E.
(2010). Pavlovian to instrumental transfer: A
neurobehavioural perspective. Neuroscience &
Biobehavioral Reviews, 34, 1277–1295.

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas,
K. R., & Walters, E. E. (2005). Lifetime prevalence
and age-of-onset distributions of DSM-IV disorders

in the national comorbidity survey replication.
Archives of General Psychiatry, 62, 593–602.

Kruse, J. M., Overmier, J. B., Konz, W. A., & Rokke,
E. (1983). Pavlovian conditioned stimulus effects
upon instrumental choice behavior are reinforcer
specific. Learning and Motivation, 14, 165–181.

Leplow, B., Murphy, R., & Nutzinger, D. O. (2002). Speci-
ficity of conditional associative-learning deficits
in obsessive-compulsive disorder (OCD) and non-
OCD anxiety disorders. Journal of Clinical and
Experimental Neuropsychology, 24, 792–805.

Lewis, A. H., Niznikiewicz, M. A., Delamater, A. R., &
Delgado, M. R. (2013). Avoidance-based human
Pavlovian-to-instrumental transfer. European Jour-
nal of Neuroscience, 38, 3740–3748.

Morey, R. D. & Lakens, D. (unpublished). Why most of
psychology is statistically unfalsifiable.

Morris, R. W., Quail, S., Griffiths, K. R., Green, M. J., &
Balleine, B. W. (2015). Corticostriatal control of
goal-directed action is impaired in schizophrenia.
Biological Psychiatry, 77, 187–195.

Nadler, N., Delgado, M. R., & Delamater, A. R. (2011).
Pavlovian to instrumental transfer of control in a
human learning task. Emotion, 11, 1112–1123.

Nielen, M., Den Boer, J., & Smid, H. (2009). Patients
with obsessive–compulsive disorder are impaired
in associative learning based on external feedback.
Psychological Medicine, 39, 1519–1526.
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