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ABSTRACT

Background and aim: There is a lack of research on the stress-related transfer from goal-directed
behavior to stimulus-response habits in (early stages of) online buying-shopping disorder (BSD). This
study investigated the Pavlovian-to-instrumental transfer (PIT) effect after reward devaluation (PIT-
dev) as indicator of habitual behavior and its modulation by acute stress in individuals with risky
(online) buying-shopping (r-BSh). Methods: Individuals with r-BSh (n = 67) and a control group
(n = 67) underwent a PIT paradigm with devaluation procedure. A stress induction/control procedure
was administered after the first part of the paradigm. Four salivary samples (alpha-amylase, sAA; cortisol,
sCort) and subjective stress ratings were collected before/after stress induction. Results: Individuals with
r-BSh showed higher sAA levels (after stress induction), but comparable sCort and subjective stress
levels to the control group. The devaluation reduced, albeit not abolished, shopping-specific
instrumental behaviors in both groups, particularly in neutral trials. There were no interaction effects of
stress condition, group and devaluation on shopping-specific response choice in the preregistered
analysis. sCort response significantly predicted PIT-dev as indicator for habitual behavior. Exploratory
analyses showed that interactions of BSD symptom severity with subjective and sCort stress response
predicted PIT-dev. Discussion and conclusions: The findings are mixed. They show some evidence for a
stress-related shift to habitual shopping-specific behaviors in persons with higher symptom severity yet
they do not match findings of other planned analyses. Further research is needed to clarify the role of
stress in PIT effects and potentially habitual behaviors, which may have implications for prevention/early
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INTRODUCTION

The transfer from goal-directed to habitual behaviors
respectively the dominance of habitual behaviors has been
repeatedly linked to different forms of addictive, compulsive
and impulsive behaviors (Brand, 2022; Gillan, Kosinski,
Whelan, Phelps, & Daw, 2016; Voon et al., 2015). Habit
formation is assumed to play an important role in the
development and maintenance of addictive disorders
(Everitt & Robbins, 2016), which can be measured using
Pavlovian-to-instrumental transfer (PIT) paradigms with an
outcome-devaluation phase (Garbusow et al., 2022). Models
on substance use disorders postulate that in individuals with
substance use disorders, habitual behaviors increase at the
expense of goal-directed behaviors, which is generally sup-
ported in individuals with severe alcohol use disorder
(Donamayor et al, 2022; Heinz et al,, 2019). It is yet to
clarify if this phenomenon might be explained by deficits in
the goal-directed system or a predominance of the habitual
system or an interaction of both.

Studies carried out in behavioral addictions found that
individuals with internet gaming disorder tend to rely on
habitual systems in an instrumental learning task (Zhou
et al., 2021) and individuals with gambling disorder showed
reduced model-based responding (i.e., goal-directed control)
in a two-step decision task (Wyckmans et al., 2019). The
concept of habitual behaviors in the field of addictions is a
controverse one as some authors argue that addiction would
be rather due to goal-directed drug consumption and that
evidence for habitual behavior would be less convincing
(e.g., Hogarth, 2020).

Besides habitual behaviors, conditioning processes are
assumed to play an important role in the development of
addictions. Two experimental studies in behavioral addic-
tions investigated the influence of conditioning processes on
the development and maintenance of behavioral addictions
by administering a PIT paradigm. This experimental
approach provides information on the effect of reward-
related stimuli that underwent previous Pavlovian condi-
tioning on instrumental responding related to the same
reward (i.e. specific PIT-effect). Qin et al. (2023) considered
specific PIT effects in internet gaming disorder and found
PIT effects to be related to symptom severity. Vogel et al.
(2018) conducted the only study that, besides gaming
behavior, also examined buying-shopping behavior in the
context of a PIT paradigm. Only gaming, but not shopping
symptom severity, and strength expectancy ratings (i.e., a
measure of awareness of the experimental contingencies in
the Pavlovian phase) predicted the respective PIT effect. The
authors discussed this as a possible effect of the low level of
shopping symptom severity observed in the convenience
sample. The Pavlovian phase of this PIT paradigm involved
pairing the formerly neutral stimuli with shopping-/gaming
images instead of pairing them with rewarding outcomes.
This procedure does work as well because addictive images
also acquire rewarding properties and become themselves
rewarding (e.g., Trotzke, Starcke, Pedersen, & Brand, 2021).
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Another factor known to influence the development,
maintenance and relapse of addiction is stress (Goeders,
2003; Sinha, 2001, 2008). Stress can be measured subjectively
(e.g., by a visual analogue scale) or by biological markers
(e.g., salivary cortisol, sCort, for the hypothalamic-pituitary-
adrenal axis and alpha-amylase, SAA, for the sympathetic
nervous system) (Laurent, Powers, & Granger, 2013).
A blunted biological stress reaction was found in individuals
with alcohol use disorder (Blaine & Sinha, 2017) and this
stress reaction has been linked to the risk of relapse (Mil-
ivojevic & Sinha, 2018). Robust biological stress reactions
however have been associated with resilience (Wemm &
Sinha, 2019). In behavioral addictions, the evidence
regarding stress reactivity is mixed (e.g., Kaess et al., 2017;
van Timmeren, Piray, Goudriaan, & van Holst, 2023;
Wemm, Cao, Han, & Wulfert, 2020; Wyckmans et al., 2022)
and there is a lack of studies, particularly in BSD (Thomas
et al,, 2024). In a study involving a negative mood induction
scenario, individuals with BSD tendencies showed stronger
negative affect after the negative mood induction than in-
dividuals without BSD tendencies (Vogt, Hunger, Tiirpe,
Pietrowsky, & Gerlach, 2014).

Importantly, stress influences cognition in a complex
manner (e.g., Roozendaal, 2002; Schwabe, Joéls, Roozendaal,
Wolf, & Oitzl, 2012). Of particular relevance in the relation
between stress and addictive behaviors are trait impulsivity
and inhibitory control: The I-PACE model for behavioral
addictions (Brand et al., 2019) assumes an effect of cue-
reactivity/craving on habitual behaviors that is moderated by
general inhibitory control and mediated by stimulus-specific
inhibitory control. However, the evidence regarding stim-
ulus-specific inhibitory control is mixed (Antons, Miiller,
Neumann, Miiller, & Steins-Loeber, 2023). Antons et al.
(2023) discuss that reduced inhibitory control might be
particularly relevant when persons are stressed or in persons
with high levels of impulsivity. They recommend to inves-
tigate interactions between these variables in future research.
Likewise, Li and Sinha (2008) have recommended exploring
the connection of craving, distress and inhibitory control in
future studies. Findings from original studies also indicate
an interacting effect of stress with impulsivity on addictive
behaviors (Fox, Keri, Peihua, & Rajita, 2010; Tang, Chua, &
Wu, 2011). Stress may furthermore cause a shift from goal-
directed to habitual behaviors (e.g., Schwabe, Dickinson, &
Wolf, 2011; Schwabe & Wolf, 2009, 2010). Two studies
investigated goal-directed and habitual behavior in behav-
ioral addictions under conditions of stress. Using a two-Step
Markov Task/multistep decision-making task, no effects of
stress on goal-directed and habitual behavior in gambling
disorder were found (van Timmeren et al., 2023; Wyckmans
et al., 2022). Research on alcohol use disorder showed that
stress experimentally induced with the Trier Social Stress
Test (TSST) (Kirschbaum, Pirke, & Hellhammer, 1993) led
to an increase in instrumental responding for alcohol-related
rewards (McCaul, Wand, Weerts, & Xu, 2018). Research
thus remains inconclusive until now regarding if stress
might further foster habitual behaviors beyond the poten-
tially already increased levels of habitual behavior in persons
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with (behavioral) addictions. Also, it remains unclear if
acute stress that might impact persons with (behavioral)
addictions differently than healthy controls also facilitates
the transition to habitual behavior in persons with
(behavioral) addiction stronger than in healthy persons.
Regarding PIT mechanisms, Steins-Loeber et al. (2020)
investigated a convenience sample (university students
and general population) and found no effect of stress
experimentally induced with the socially evaluated cold
pressor test (Schwabe, Haddad, & Schachinger, 2008) on
behavior in a PIT paradigm with tobacco and chocolate
rewards.

Considering the ongoing habit debate in addictions and
the lack of research on the effect of Pavlovian conditioned
cues on instrumental responding, the interaction between
goal-directed and habitual behaviors and the influence of
acute stress on these processes in BSD, further research is
warranted. The largest body on research on habitual
behavior or the shift from goal-directed to habitual
behavior under stress in (behavioral) addictions has been
carried out in persons with a pathological form of the
behavior or in a convenience sample. As indicated by the
I-PACE model, habitual behavior is typically detected in
the later stage of the addiction process (i.e., pathological
form of behavior). To the best of our knowledge, studies on
the early stage of the addiction process with persons at risk
of an addiction are rather absent. Therefore, it remains
unclear if habitual behavior already develops/exists in the
early stage of an addiction (e.g., in individuals with risky
shopping). The present study administered a PIT paradigm
with a psychosocial stress induction to individuals with
risky (online) buying-shopping (r-BSh) and a matched
control group (CG). The PIT paradigm was complemented
by an outcome devaluation phase (Hogarth, 2018) to
disentangle habitual and goal-directed behaviors. Given
the increase of e-commerce and problematic forms of
online shopping (Miiller, Joshi, & Thomas, 2022), the
study focused on online r-BSh. Based on the above-
mentioned theoretical grounds, the following was
hypothesized:

HI.1 The specific PIT effect will be more pronounced in
r-BSh than in CG.

The magnitude of the specific PIT effect will be related
to symptom severity of buying-shopping behavior and
awareness of the experimental contingencies.

Hi2

H2.1 Individuals with r-BSh will have a more pronounced
subjective stress response than individuals in CG.
Stress effects on sCort and sAA response will be
explored without specific hypotheses due to a lack of

previous research.

H2.2 The subjective stress response will be associated with
an enhanced specific PIT effect. This effect will be
moderated by trait impulsivity and deficits in

inhibitory control.

Devaluation of the reward outcomes will lead to a
stronger decrease in instrumental responding for the
rewards in CG compared to r-BSh. In r-BSh, but not
CG, stress will reduce the devaluation effect.

H23
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METHODS

Participants

A power analysis (GPower version 3.1.9.2) was run to detect
a medium effect of the stress induction compared to the
control condition on the PIT effect with a desired power of
0.80. This approach was in parts based on previous research
(e.g., Schwabe & Wolf, 2010) and considered four different
groups (r-BSh, CG, risky gaming behavior, control group
gaming). Previous research on the effect of stress on PIT
effects/habitual behavior in the context of behavioral ad-
dictions was sparse and previous research differed by
methodology used (e.g., Vogel et al., 2018). A meta-analysis
on the effect of acute stress on executive functions generally
supports assuming medium effect sizes and mostly reports
necessary sample sizes comparable to our assumption (see
below) to find medium effects (Shields, Sazma, & Yonelinas,
2016). Results regarding the gaming samples are reported
elsewhere (Schmid et al., 2024) and the necessary sample
size in total for all four groups was N = 256. The power
analysis yielded a target sample size of n = 64 for each
shopping group (r-BSh, CG). Sixty-seven individuals with
r-BSh and 67 age- and gender-matched control participants
(CG) were included. Recruitment took place at Hannover
Medical School, Germany and Otto-Friedrich-University of
Bamberg, Germany. Inclusion criteria were non-problematic
use of online shopping for CG/subclinical use of online
shopping for r-BSh, age >18 years and <65 years and suf-
ficient German language skills (at native speaker level or
comparable) for both groups. Exclusion criteria were
learning or developmental disorders, certain psychopha-
rmacological medication, and severe mental disorders.
Furthermore, illnesses or use of medication known to influence
the hypothalamic-pituitary-adrenal axis led to exclusion. Par-
ticipants who displayed both r-BSh and risky gaming behavior
were excluded due to the use of gaming-related pictures as
control cues in the PIT paradigm. Participants assessed were
part of the FOR2974 cohort, which was recruited as part of a
multi-center DFG-funded addiction research unit (FOR2974)
on affective and cognitive mechanisms of specific Internet-use
disorders (Brand et al., 2021).

Procedure

Participant data was pseudonymized using ALIIAS: Ano-
nymization/Pseudonymization with LimeSurvey Integration
and two-factor Authentication for Scientific research
(Englert et al., 2023). Participants were screened for inclu-
sion/exclusion criteria and symptom severity of buying-
shopping and gaming disorder. The laboratory procedure
consisted of the FOR2974 core battery (Brand et al., 2021)
(approx. 4 h) including a structured clinical interview for spe-
cific Internet use disorders based on AICA-SKLIBS (Miiller &
Wolfling, 2018). The outcome of the clinical interview (0-1
criteria fulfilled = CG; 2—4 criteria fulfilled = r-BSh) conducted
by trained staff (e.g., psychologists) decided on the group
allocation. Afterwards, the PIT paradigm was performed.
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An overview of the procedure can be derived from Fig. 1. The
study was preregistered on Open Science Framework in
November 2021 (Link https://osfio/f27qw/?view_only=4b
cea30152d54aab8d6¢191e269cbe7d).

Material

Pavlovian-to-instrumental paradigm with stress induction
and devaluation. A PIT paradigm was conducted that mainly
followed the procedure described by Vogel et al. (2018). It
consisted of three phases, the Pavlovian training phase, the
instrumental training phase, and the transfer phase. In the
Pavlovian training phase, formerly neutral stimuli were
repeatedly associated with a gaming- or shopping image. After
presenting two out of four stimuli (one being the conditioned
stimulus for shopping (CS-shopping), one being the CS-
gaming and two having no predictive value) simultaneously,
participants should indicate whether they expected the pre-
sentation of a gaming or shopping image afterwards. Answers
could be given on a 1-9 scale with 1 representing shopping and
9 representing gaming or vice versa which was counter-
balanced. Participants’ knowledge, which of the formerly
neutral stimuli predicted a shopping and which a gaming
image, represents awareness of the experimental contingencies.
For awareness, the ratings in the last block of the Pavlovian
training phase were particularly important as a significant
difference in the expectancy ratings between trials containing
the CS-shopping and trials containing the CS-gaming formed
one aspect of awareness. Concretely, the expectancy rating was
recoded to 1 = shopping and 9 = gaming as the anchors in the
rating had been randomized during the experiments (so that
some participants performed the rating with 1 representing
shopping and others with 9 representing shopping). After-
wards, a repeated measures ANOVA was computed for every
participant with trial type (factor levels: CS-shopping,
CS-gaming) being the independent variable and expectancy
rating being the dependent variable. If the difference was sig-
nificant and expectancy rating values were lower for

CS-shopping trials, this person fulfilled this aspect of awareness
(Hogarth, Dickinson, Hutton, Elbers, & Duka, 2006). After the
Pavlovian training phase, participants had to answer questions
on which conditioned stimuli were followed by which images
afterwards which reflects the second aspect of awareness.
Participants were only coded as aware if they showed signifi-
cant differences in their expectancy rating between CS-shop-
ping and CS-gaming trials in the last block of the Pavlovian
training and if they answered all questions about the contin-
gencies right. In the instrumental training phase, participants
were intermittently rewarded for shopping- or gaming-related
instrumental behaviors with shopping/gaming coins that could,
according to a cover story, be exchanged for a gaming/shop-
ping voucher afterwards. Rewards were given in 50% of the
trials in which participants showed an instrumental behavior
following a variable quote. Participants were informed after
every trial in the instrumental phase, whether or whether not
they won a shopping/gaming coin. In the transfer phase, the
effect of the previously conditioned stimuli on instrumental
responding was assessed. Concretely, 1/3 of trials contained the
presentation of the CS-shopping prior to the decision to
perform the gaming- or shopping-related instrumental
behavior, 1/3 contained the CS-gaming and 1/3 contained a
neutral condition (presentation of a gray square). Showing
stronger shopping-specific instrumental reactions after pre-
sentation of the CS-shopping compared to the shopping-spe-
cific instrumental reactions in the neutral condition was
indicative of a PIT effect. This phase was conducted under
extinction conditions, so that participants were not informed
after each trial, but only after half and after all of the blocks,
about their winnings. Gaming cues were used as control cues
because the CS-gaming also underwent conditioning but
might be perceived as less rewarding than CS-shopping for
persons interested in shopping. This enabled us to compare
the CS-shopping to the CS-gaming and thus to a stimulus
being associated by conditioning with another potentially
rewarding (non-problematic) internet activity. The procedure
used partly differed from the one described by Vogel et al.

Sali e & Saliva sample & Saliva sample & saliva sample &
aliva sample VAS T2 VAS T3 VAS T
VAST1
|
Placebo Trier
R Outcome
Social Stress Test Symptom dovaluation
severity and
OR OR further
questionnaires
Trier Social Stress
Pavlovian Test In_f,tr.umental Transfer phase
training phase training phase
-30 min -15 min 0 min +25 min +35 min

Fig. 1. Timeline of the Pavlovian-to-instrumental transfer paradigm, the stress induction procedure and the outcome devaluation
Notes. The time points refer to stress onset. Saliva sample refers to cortisol and alpha-amylase samples as biological stress markers.
VAS = Visual analogue scale.
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(2018): The Pavlovian training phase consisted of eight blocks
to offer more opportunity to learn the contingencies and was
synchronized with eye tracking to capture time to first fixation
of the stimuli and dwell time. These data were reported else-
where (Lorsch et al., 2025). After the Pavlovian training phase,
a modified TSST (Kirschbaum et al, 1993) or a friendly
version (placebo-TSST; PTSST; Het, Rohleder, Schoofs,
Kirschbaum, & Wolf, 2009) was carried out to induce psy-
chosocial stress. The TSST includes a preparation phase for a
mock job interview (in which only personal qualities should be
mentioned) taking place in front of a committee with two
people wearing medical coats. Following the interview itself, a
continuous algebra task is administered in front of the com-
mittee (for details on the original procedure see e.g., Labu-
schagne, Grace, Rendell, Terrett, & Heinrichs, 2019). The
friendly version comprises a preparation phase for a talk on a
positive memory (e.g., last book read) with no audience, the
talk itself without a committee being present and a continuous
algebra task with easier values and again without a committee.
Participants were randomly allocated to either undergo the
TSST or the PTSST so that n = 67 persons from both groups
underwent the TSST (out of which n = 34 of r-BSh group)
and n = 67 underwent the PTSST (out of which n = 33 of
r-BSh group). The modifications of the TSST comprised
necessary adaptations due to design (e.g., no resting period
before or after the TSST) or circumstances during testing
period (e.g., committee wore face masks). Further adaptations
have been previously described or used by other authors (e.g.,

Stress Induction
(TSST,
PTSST)

Awareness test

commiittee consisted of two persons, participants should only
elaborate on personal qualities during interview phase, com-
mittee wore medical coats, algorithmic task was changed;
Kudielka, Hellhammer, & Kirschbaum, 2007) or were not
expected to influence the efficacy of the stress
induction procedure (e.g., microphone and camera were set
up, but not in operation, preparation time of 5min).
An outcome devaluation procedure was scheduled after half of
the blocks of the transfer phase (see Fig. 2). Participants were
told: ‘Right now, you have reached the maximum of the
shopping voucher. Earning more shopping points will not
increase the money on the voucher.” The devaluation built
upon the mechanism that, in goal-directed behavior, the
shopping-related button should no longer be pressed if
the desired outcome (i.e., higher shopping voucher) cannot be
reached any more. Continued button presses might be indic-
ative of habitual behaviors (Hogarth, 2020). Afterwards, par-
ticipants were debriefed about the purpose of the TSST/PTSST
and use of a cover story (i.e., vouchers did not exist).

Stress response measurement. Saliva samples were collected
at four measurement points: Two before (approx. 30 min,
approx. 5 min) and two after the onset of the TSST/PTSST
(approx. +25 min, approx. +35min) to assess sCort and
sAA. Saliva samples were stored in a freezer (between

15°Cand 20 °C). They were analyzed at the biochemical
lab of the departments of cognitive psychology and genetic
psychology at Ruhr University Bochum. Inter- and

Devaluation

PIT — Instrumental
Training
(4 blocks of 12 trials)

PIT — Pavlovian Training
(8 blocks of 16 trials; each
block 8 CSGamng- and 8

PIT — Transfer Phase
(4 blocks of 12 trials before devaluation, 4 blocks after devaluation;
1/3 CSGaming 1/3 CSShopping, 1/3 neutral stimulus (gray square))

(4 questionson
experimental

CSShopping —trials)

contingencies)

Choose a key
(S > shopping/
G > gaming)

What picture
do you
expect?
(rating 1-9)

What picture

Which image
followed this
symbol?

do you You win 1
expect?

(rating 1-9)

gaming-point

CSGaming - tria|
CSShopping _ trig|

Gaming
(rating: 1) or
Shopping
(rating: 2)? v

Awareness: all questions in awareness test answered
correctly AND significant difference in expectancy

Choose a key
(S > shopping/
G -> gaming)

CSShopping - trig|

Response choice of
shopping-related

rewards in CSshoeenatrials:  rewards in CSSsmins trials

Shopping
response/(shopping

Choose a key
(S > shopping/
G - gaming)

CSGaming . trig|

Response choice of
shopping-related

Shopping
response/(shopping

Neutral stimulus - trial

Choose a key
(S > shopping/
G -> gaming)

<

Response choice of
shopping-related rewards
in neutral stimulus trials
Shopping response/(shopping
response+gaming response)

ratings between CSShorring trial and CSSamindtrial in last

response+gaming response) response+gaming response)

block of Pavlovian training

PIT effect: response choice of shopping-related response in
CSShopring trial > response choice of shopping-related response in
neutral stimulus trial

Strength of PIT effect: response choice of shopping-related
response in CSShorPing trial - response choice of shopping-related
response in neutral stimulus trial

Fig. 2. Illustration of the Pavlovian-to-instrumental transfer paradigm
Notes. CS = conditioned stimulus; PIT = Pavlovian-to-instrumental transfer; TSST = Trier Social Stress Test; PTSST = placebo version of
the Trier Social Stress Test; ITI = intertrial interval. © shopping & gaming picture: colourbox.
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intraassay coefficients of variance were below 5%. Subjective
stress was also assessed four times, immediately before/after
the saliva samples by asking participants” agreement with the
statement ‘T feel stressed.” on a 1-100 visual analogue scale.

Clinical interview. The clinical interview Assessment of
internet and computer game addiction, Strukturiertes
klinisches  Interview zu Internetbezogenen  Storungen
[Structured clinical interview on Internet-use disorders]
(AICA-SKI IBS; Miiller & Wolfling, 2018) was conducted. It is
based on the DSM-5 criteria for gaming disorder (American
Psychiatric Association, 2013) that were adapted for BSD.

Questionnaires. To measure symptom severity of online BSD
and internet gaming disorder in accordance with the ICD-11
criteria for gaming disorder, the Assessment of Criteria for
Specific Internet-use Disorders (ACSID-11; Miiller, Wegmann
et al, 2022 ghopping = 0.91, Ugaming = 0.83) was used.
Symptom severity of buying-shopping behavior (independently
from the environment offline or online) was further assessed
with the Pathological Buying Screener (Miiller, Trotzke,
Mitchell, Zwaan, & Brand, 2015, @ = 0.91). Additionally, the
Internet Gaming Disorder Test (IGDT-10; Kirdly et al., 2017,
®gaming = 0.76) and an adapted version for shopping
(@shopping = 0.85) was used.

Trait impulsivity was captured with the German 15-item
version of the Barratt Impulsiveness Scale (Meule, Vigele, &
Kiibler, 2011), @ = 0.80. Habitual use of shopping applica-
tions was assessed with the Self Report Habit Index
(Verplanken & Orbell, 2003) adapted for online shopping,
a = 0.93, and chronic stress with the stress screener (SSCS)
of the Trier Inventory for Chronic Stress (TICS; Schulz &
Schlotz, 1999), a = 0.87.

Other behavioral tasks. To assess inhibitory control, a vi-
sual Go/No-Go task (Loeber, Grosshans, Herpertz, Kiefer, &
Herpertz, 2013) with addiction-related distal target cues
(e.g., log-in pages of shopping sites) and neutral stimuli (e.g.,
bureau material in a person’s hands) as control cues was
used. As outcome variable, the commission error index for
shopping-stimuli as no-go stimuli was used.

Statistical analysis

Data regarding most main hypotheses were analyzed as
mixed analyses of variance. For the preregistered hypothesis
(H2.1) directed to stress reactivity, group (r-BSh vs. CG) and
stress condition (TSST vs. PTSST) served as between-sub-
jects factors and time (T1, T2, T3, T4) served as within-
subjects factor. Dependent variables were sCort, SAA and
subjective stress with one ANOVA per stress measure.

For further preregistered hypotheses (HI1.1, H2.3)
regarding the PIT and group-/condition-specific differences,
a separate ANOVA was calculated in which stimulus cate-
gory (CS-shopping vs. CS-gaming vs. neutral stimulus) and
devaluation (before vs. after devaluation) served as repeated
measures factors. Group (r-BSh vs. CG), awareness of the
experimental contingencies (aware vs. unaware) and stress
condition (TSST vs. PTSST) were between-subjects factors.
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Response choice of the shopping-related reward in % (choice
of shopping-related reward/(choice of gaming-related
reward + choice of shopping-related reward) was the
dependent variable. This ANOVA was repeated for persons
that were TSST responders/PTSST non-responders only.

Hierarchical regression analyses on the remaining pre-
registered hypotheses (H1.2, H2.2) included gender, aware-
ness of the experimental contingencies and the magnitude of
the PIT effect before the devaluation in the first step to predict
the magnitude of the PIT effect after the devaluation. The
magnitude of the PIT effect was calculated as the following
difference value: response choice of shopping reward after
presentation of CS-shopping - response choice of shopping
reward in neutral condition (after presentation of gray
square). In the second step, the severity of risky online
buying-shopping behavior was added and the measures of
stress response (sCort: difference T4-T2, subjective stress: T3-
T2, sAA: T3-T2) were included in the third step. Inhibitory
control and trait impulsivity were added in the fourth and the
hypothesized moderating roles of trait impulsivity and
inhibitory control (i.e., interactions with the measures of the
stress response) in the last step. Regression analyses were run
with both groups collapsed and variables were centralized by
their mean (Cohen, Cohen, West, & Aiken, 2002). A second
regression model was computed to exploratively assess
possible interactions between stress responsivity and symp-
tom severity. The model was identical to the previous model
in steps one to three, but in step four interactions between
measures of the stress response and symptom severity were
added. There was no fifth step in this model. For the
regression analyses, f* was calculated as effect size measure for
multiple regressions and conventions by Cohen (1988) were
followed for interpretation. IBM SPSS version 29 (statistical
analysis etc.) and R (R Core Team, 2024; visualization of
interactions) were used.

Ethics

The study procedures were carried out in accordance with
the Declaration of Helsinki. The study was approved by the
local ethics committees (Hannover Medical School:
9025_BO_K_2020; 17.04.2020; University Bamberg: 2019-
12/33; 18.12.2019). All participants provided informed
written consent before the study.

RESULTS

Sample description, results of questionnaires and
clinical interview

There were no group differences regarding gender
distribution (r-BSh: 79.1% women, CG: 77.6% women),
(1) = 0.04, p = 0.834, and education/school years (twelve
or more years of schooling, r-BSh: 94.0%, CG: 95.5%),
x*(1) = 0.15, p = 0.698, age (r-BSh: 26.15 + 8.90 years, CG:
26.12 + 7.74 years), |t|(132) = 0.02, p = 0.984, and
body mass index (r-BSh: 23.49 + 3.67 kg/m?, CG: 22.90 +
2.60 kg/m?), |t|(131) = 1.07, p = 0.286.
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Individuals with r-BSh fulfilled more criteria in the
clinical interview, had higher (online) BSD questionnaire
values (Pathological Buying Screener, ACSID-11, and
IGDT-10 shopping version), higher values for chronic stress
(SSCS) and a higher extent of self-reported habits (Self
Report Habit Index, see Table 1). Individuals with r-BSh
however showed also higher symptom severity in gaming
behavior as measured with the ACSID-11, but not in the
IGDT-10. Problematic levels of gaming were ruled out by
clinical interview.

Awareness of the experimental contingencies in the
PIT paradigm was detected in 56.0% of the participants.
No group differences could be found, y*(1) = 1.48,
p = 0.223.

Stress reactivity

An overview of the results of the mixed ANOVA for the
respective stress measure can be found in Table 2. In total,
70.15% of the participants in the TSST condition were re-
sponders (mean sCort difference between T2, right before
TSST as baseline, and T4, 35 min after stress onset, exceeded
1.5 nmol/l) in accordance with Miller, Plessow, Kirschbaum,
and Stalder (2013), 93.94% of the participants in the PTSST
condition were non-responders (mean sCort difference
T4-T2 did not exceed 1.5 nmol/l).

For sCort, the significant main effects of time and con-
dition were qualified by a time*condition interaction (see
Table 2). sCort levels were higher in the TSST condition

Table 1. Descriptive statistics regarding questionnaires and clinical interview for the whole sample, individuals with non-problematic and
risky use and mean comparisons between the two groups

Descriptive statistics Mean comparison

N
Whole Individuals with non-  Individuals with (for mean
sample problematic use risky use comparison) || df p d|
AICA-SKI IBS (nr. of 1.62 + 1.43 0.40 + 0.49 2.85 + 0.93 133 18.86 98.54 <0.001 3.29
criteria)
PBS 26.40 + 8.90 21.21 + 6.06 31.67 + 8.22 133 8.34 119.58 <0.001 1.45
IGDT-10 Shopping 0.69 + 1.35 0.13 £ 0.39 1.26 + 1.70 133 5.23 71.53 <0.001 0.91
IGDT-10 Gaming 0.13 + 0.53 0.08 £ 0.28 0.18 + 0.67 52 0.65 50 0.520 0.18
ACSID-11 Shopping 0.62 + 0.58 0.34 £ 0.47 0.90 + 0.54 133 6.41 12798 <0.001 1.11
(frequency mean)
ACSID-11 Gaming 0.18 + 0.29 0.08 £ 0.13 0.27 + 0.36 52° 2.63 34.98 0.013 0.69
(frequency mean)
SSCS 20.18 + 8.20 18.04 + 8.39 22.35 + 7.46 133 3.13 131 0.002 0.54
SRHI Shopping 3.46 + 0.96 4.01 £ 0.77 2.89 + 0.80 133 8.24 131 <0.001 1.43

Notes. AICA-SKI IBS = Assessment of Internet and Computer Game Addiction, Strukturiertes Klinisches Interview zu Internetbezogenen
Storungen [Structured clinical interview on Internet-use disorders], ACSID-11 = Assessment of Criteria for Specific Internet-use Disorders,
IGDT-10 = Internet Gaming Disorder Test, PBS = Pathological Buying Screener, SRHI = Self-Report Habit Index, SSCS = Screening-Skala
zum chronischen Stress [Chronic Stress Screening Scale]. ® out of which n = 24 individuals with non-problematic use, n = 28 with risky use.
High SRHI values represent little extent of habitual behavior. Means and standard deviations are presented as descriptive statistics. Two-
tailed t-tests were computed.

Table 2. Mixed analyses of variance for stress reactivity in the respective stress measure

Cortisol (nmol/L)

Subjective stress (VAS)

Alpha-amylase (U/ml)

Time F(1.49, 192.39) = 43.30,
p < 0.001, 7> = 0.25

Time"*Group F(1.49, 192.39) = 0.65,
p = 0479, i* = 0.01

Time*Condition F(1.49, 192.39) = 45.20,

p < 0.001, 77> = 0.26
F(1.49, 192.39) = 1.05,
p = 0334, n* = 0.01

Time*Group* Condition

Group F(1, 129) = 0.76,
p = 0386, n* = 0.01

Condition F(1, 129) = 38.69,
p < 0.001, 7> = 0.23

Group™Condition F(1, 129) = 0.57,

p = 0451, n* = 0.00

F(2.45, 310.83) = 71.69,

p < 0.001, > = 0.36
F(2.45, 310.83) = 0.66,
p = 0.546, n* = 0.01

F(2.45, 310.83) = 40.80,

P < 0.001, 77> = 0.24
F(2.45, 310.83) = 0.78,
p = 0482, n* = 0.01
F(1, 127) = 3.18,

p = 0.077, n* = 0.02
F(1, 127) = 16.48,
p < 0.001, 77> = 0.12
F(1, 127) = 0.01,

p = 0.924, n* = 0.00

F(1.53, 196.19) = 34.97,
p < 0.001, > = 0.22
F(1.53, 196.19) = 5.47,
p = 0.009, 77> = 0.04
F(1.53, 196.19) = 12.78,
p < 0.001, 7> = 0.09
F(1.53, 196.19) = 2.39,
p = 0.108, B> = 0.02
F(1, 128) = 11.39,

p < 0.001, 77> = 0.08
F(1, 128) = 0.91,

p = 0342, n* = 0.01
F(1, 128) = 1.99,

p = 0.161, n* = 0.02

Notes. VAS = visual analogue scale. Significant effects were highlighted in bold. If assumptions of sphericity were violated,
Greenhouse-Geisser corrections were performed. N = 133 for cortisol, N = 131 for subjective stress, N = 132 for alpha-amylase.
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than in the PTSST condition at the third (mean difference
(|MD]) 1.82, SE = 033, p < 0.001) and fourth
(IMD| = 4.15, SE = 0.53, p < 0.001) measurement point.
No main effect of group and no group*condition interaction
were observed.

For subjective stress, the main effects of time and con-
dition were further qualified by a time*condition interaction
with higher subjective stress levels in the TSST condition at
the third (|JMD| = 37.48, SE = 4.73, p < 0.001) and fourth
(IMD| = 9.56, SE = 3.90, p = 0.016) measurement point.
Individuals with r-BSh showed a tendency towards more
pronounced stress levels that did not yield significance. The
group”condition interaction was not significant.

For sAA, a time*condition interaction with higher levels
in the TSST condition at the third (|MD|: 88.23, SE: 32.19,
p = 0.007) measurement point compared to the PTSST
condition was found. Also, a time*group interaction showed
higher sAA levels of r-BSh at all measurement points (T1:
|MD| = 40.25, SE = 16.80, p = 0.018, T2: |MD| = 46.50,
SE = 16.32, p = 0.005, T3: |MD| = 108.38, SE = 32.19,
p = 0.001, T4: |MD| = 49.23, SE = 16.68, p = 0.004).
Significant differences were found between T1 and T3
(IMD| = 107.89, SE = 17.71, p < 0.001) and T2 and
T3 (|JMD| = 113.24, SE = 17.96, p < 0.001) in r-BSh,
but only between T2 and T3 in CG (T1-T3: |[MD| = 39.76,
SE = 17.98, p = 0.173; T2-T3: |[MD| = 51.36, SE = 18.24,
p = 0.034). Mean differences suggest a stronger sAA in-
crease in r-BSh than CG. Significant main effects of time and
group emerged. A group®condition interaction was not
observed. For visualization of the results, see Fig. 3.
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Results on devaluation effects

Analyses of the whole sample showed a main effect of
stimulus and a main effect of devaluation on the choice
of shopping reward in the transfer phase of the PIT para-
digm before and after devaluation. The main effect
of stimulus (choice of shopping-related reward after
CSshopping > neutral stimulus > CSgaming) and the main
effect of devaluation (shopping-related reward chosen more
often before devaluation than afterwards) were further
qualified by interaction effects. For visualization of the re-
sults, see Fig. 4.

Two-way interactions (stimulus*awareness and deval-
uation”stimulus) could be observed as well as a deval-
uation”stimulus“awareness three-way interaction. This
three-way interaction indicated that before devaluation,
unaware participants did not differ in their instrumental
behavior in response to the stimulus shown beforehand (all
ps > 0.052) whereas aware participants did (all ps < 0.001).
Aware participants chose the shopping-related reward most
often after CSgpopping (M = 95.48, SE = 2.70) and more often
after the neutral stimulus (M = 67.46, SE = 3.44) than after
CSGaming (M = 18.20, SE = 4.08). After devaluation, un-
aware participants still did not differ in their instrumental
response behavior depending on the stimulus shown
beforehand (all ps > 0.230), but showed overall reduced
responses (all [MD| > 19.28, all ps < 0.001). Aware partici-
pants also displayed reduced instrumental responses
(all |MD| > 13.66, all ps < 0.001) which manifested in
particularly strong decrease after the neutral stimulus
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Time Course

a: Saliva cortisol levels of the four different groups and
changes in saliva cortisol over time

b: Subjective stress of the four different groups and changes in
subjective stress over time

c: Alpha amylase levels of the four different groups and
changes in alpha amylase over time

Notes. CG = control group, PTSST = Placebo Trier Social Stress Test, TSST=
Trier Social Stress Test, VAS = visual analogue scale. Means and standard
errors of the means are presented. Cortisol: nprsstce = 33, Nprsst Risky use = 33,
NTssT 6 = 33, NTssT Risky use = 34. Subjective stress: nprsst c = 34, NpTssTRisky use =
32, nrsst 6 = 33, NrssTRisky use = 32. Alpha-amylase: nprsstce = 33, Nprsst Risky use
= 33, n1ss706 = 32, NTSSTRisky use = 34,

Fig. 3. Stress reactivity as measured by cortisol, alpha-amylase and subjective stress by group, condition, and measurement point
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Fig. 4. Effect of the devaluation in the transfer phase of the PIT paradigm by group, stimulus and awareness
Notes. CG = control group (non-problematic use). The results ‘before’ refer to the four blocks of the transfer phase before the devaluation
and the results ‘after’ refer to the four blocks of the transfer phase after the devaluation. Choice of the shopping-related reward refers to
percentage of trials in which the shopping-related reward was chosen compared to all valid trials (trials in which either the gaming- or the
shopping-related reward was chosen). Higher choice of shopping-related rewards after presentation of the shopping stimulus than after
presentation of the neutral stimulus is indicative of a PIT effect. Potentially habitual behavior is to be reflected by little or no reductions
in the choice of shopping-related rewards after the devaluation. Strong reductions or no choice of shopping-related rewards after
devaluation would indicate goal-directed behavior. Means and standard errors of the means are presented. Sample size: ncG - unaware = 31,

0CG - aware = 34, Drisky use — unaware — 26, Dyisky use — aware — 41.

(IMD] > 47.10, SE = 4.62, p < 0.001), but still reacted more
strongly to CSspopping than to the neutral stimulus and to the
neutral stimulus than to CSgaming (all ps < 0.001). Taken
together, aware participants showed stronger PIT effects
that were even larger after devaluation (before devaluation:
M = 27.17, SD = 30.63; after devaluation: M = 50.12,
SD = 39.42) due to the decrease in instrumental responding
after presentation of the neutral stimulus. There were no
main effects of group, condition or awareness. Further sig-
nificant interactions are not described in detail, as effect sizes
were small and p-values surpassed significance level if cor-
rected for multiple testing (see Table 3). Analyses only
including TSST responders and PTSST non-responders led
to comparable main results (see Table 3).

Regression analyses predicting magnitude of shopping
PIT effect after devaluation
In the regression model, awareness, the magnitude of the

shopping PIT effect before devaluation and sCort response
emerged as significant predictors (see Table 4) for the
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magnitude of the shopping PIT effect after devaluation as
criterion. Gender, symptom severity, SAA response, subjec-
tive stress response, inhibitory control, trait impulsivity,
the interactions between trait impulsivity and sAA response/
sCort response/subjective stress response and the in-
teractions between inhibitory control and sAA response/
sCort response/subjective stress response missed signifi-
cance. Awareness and the PIT effect before devaluation
showed medium-sized effects, the sCort stress response
showed a small-sized effect and impulsivity showed a
small-sized effect although not being significant. Remaining
predictors showed no meaningful effect.

The finding of a main effect of sCort response led to
additional, more fine-grained exploratory analyses to further
investigate the effects of stress (sAA, sCort and subjective
stress) and its potential interplay with symptom severity on
the PIT effect after devaluation (see Table 5). Awareness, the
PIT effect before devaluation, sCort response as well as the
interactions between sCort response and symptom severity
and between subjective stress response and symptom
severity yielded significance. All other variables missed
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Table 3. Mixed analysis of variance with stimulus, awareness and devaluation as repeated measures, group and condition as between-subjects
factors and response choice of the shopping-related reward in the transfer phase as dependent variable

Whole sample analysis (response choice)

TSST-responder analysis (response choice)

Devaluation
Devaluation*Group
Devaluation™Condition
Devaluation™ Awareness
Devaluation®Group® Condition
Devaluation®”Group® Awareness
Devaluation™Condition™ Awareness
Devaluation®Group* Condition
* Awareness
Stimulus
Stimulus*Group
Stimulus*Condition
Stimulus* Awareness
Stimulus*Group*Condition
Stimulus*Group* Awareness
Stimulus*Condition* Awareness
Stimulus*Group*Condition
* Awareness
Devaluation™Stimulus
Devaluation®Stimulus®Group
Devaluation™Stimulus*Condition
Devaluation®Stimulus* Awareness
Devaluation®Stimulus®Group
*Condition
Devaluation®Stimulus® Group
* Awareness
Devaluation™Stimulus*Condition
* Awareness
Devaluation®Stimulus® Group
*Condition™ Awareness
Group
Condition
Awareness
Group™Condition
Group™*Awareness
Condition* Awareness
Group*Condition™ Awareness

F(1.00, 124.00) = 85.55, p < 0.001, > = 0.41
F(1.00, 124.00) = 0.26, p = 0.614, > = 0.00
F(1.00, 124.00) = 0.02, p = 0.888, 7> = 0.00
F(1.00, 124.00) = 0.77, p = 0.383, * = 0.01
F(1.00, 124.00) = 0.09, p = 0.766, 7> = 0.00
F(1.00, 124.00) = 4.49, p = 0.036, 7/ = 0.04°
F(1.00, 124.00) = 1.09, p = 0.298, #* = 0.01
F(1.00, 124.00) = 0.93, p = 0.338, #* = 0.01

F(1.57, 194.15) = 90.20, p < 0.001, * = 0.42
F(1.57, 194.15) = 0.59, p = 0.517, > = 0.01
F(1.57, 194.15) = 2.29, p = 0.116, 5> = 0.02

F(1.57, 194.15) = 43.65, p < 0.001, > = 0.26
F(1.57, 194.15) = 0.03, p = 0.944, > = 0.00
F(1.57, 194.15) = 1.91, p = 0.160, 5> = 0.02
F(1.57, 194.15) = 0.38, p = 0.634, 51> = 0.00
F(1.57, 194.15) = 0.50, p = 0.561, > = 0.00

F(2.00, 248.00) = 18.44, p < 0.001, > = 0.13
F(2.00, 248.00) = 1.45, p = 0.236, * = 0.01
F(2.00, 248.00) = 0.01, p = 0.987, * = 0.00
F(2.00, 248.00) = 7.67, p < 0.001, > = 0.06
F(2.00, 248.00) = 0.56, p = 0.571, * = 0.01

F(2.00, 248.00) = 0.10, p = 0.903, 7> = 0.00
F(2.00, 248.00) = 4.70, p = 0.010, > = 0.04*
F(2.00, 248.00) = 0.99, p = 0.373, * = 0.01

F(1,124) = 0.33, p = 0.569, n* = 0.00
F(1,124) = 1.81, p = 0.181, * = 0.01
F(1,124) = 0.02, p = 0.889, > = 0.00
F(1,124) = 0.61, p = 0.437, n* = 0.01
F(1,124) = 0.70, p = 0.403, * = 0.01
F(1,124) = 0.14, p = 0.713, > = 0.00
F(1,124) = 0.59, p = 0.445, n* = 0.01

F(1.00, 100.00) = 64.13, p < 0.001, > = 0.39
F(1.00, 100.00) = 0.00, p = 0.991, > = 0.00
F(1.00, 100.00) = 0.15, p = 0.703, 7> = 0.00
F(1.00, 100.00) = 0.10, p = 0.750, 7* = 0.00
F(1.00, 100.00) = 0.11, p = 0.736, 7> = 0.00
F(1.00, 100.00) = 4.44, p = 0.038, * = 0.04°
F(1.00, 100.00) = 0.04, p = 0.845, 7> = 0.00
F(1.00, 100.00) = 0.81, p = 0.371, #* = 0.01

F(1.57, 156.57) = 75.01, p < 0.001, * = 0.43
F(1.57, 156.57) = 1.01, p = 0.351, > = 0.01
F(1.57, 156.57) = 1.71, p = 0.190, > = 0.02

F(1.57, 156.57) = 41.18, p < 0.001, 7/* = 0.29
F(1.57, 156.57) = 0.06, p = 0.905, > = 0.00
F(1.57, 156.57) = 2.21, p = 0.125, > = 0.02
F(1.57, 156.57) = 0.14, p = 0.817, > = 0.00
F(1.57, 156.57) = 0.67, p = 0.478, n* = 0.01

F(2.00, 200.00) = 16.55, p < 0.001, 7> = 0.14
F(2.00, 200.00) = 1.24, p = 0.292, * = 0.01
F(2.00, 200.00) = 0.04, p = 0.962, * = 0.00
F(2.00, 200.00) = 5.15, p = 0.007, > = 0.05"
F(2.00, 200.00) = 0.18, p = 0.834, > = 0.00

F(2.00, 200.00) = 0.01, p = 0.993, > = 0.00
F(2.00, 200.00) = 2.93, p = 0.056, 7 = 0.03
F(2.00, 200.00) = 0.84, p = 0.433, ¥ = 0.01

F(1,100) = 1.02, p = 0.315, * = 0.01
F(1,100) = 0.49, p = 0.487, n* = 0.01
F(1,100) = 0.12, p = 0.728, #* = 0.00
F(1,100) = 0.77, p = 0.382, > = 0.01
F(1,100) = 1.64, p = 0.204, > = 0.02
F(1,100) = 0.07, p = 0.791, #* = 0.00
F(1,100) = 0.34, p = 0.560 1> = 0.00

Notes. If assumptions of sphericity were violated, Greenhouse-Geisser corrections were performed. o-level was set to 0.0016 due to

Bonferroni correction for multiple testing (0.05/31). N = 132 for whole sample, N = 108 for TSST-responder analysis. * This test would have
been significant on 0.05 a-level, but was not on the corrected a-level. Significant effects were highlighted in bold.

significance. The inclusion of the interactions of the stress
variables with symptom severity ameliorated the predictive
ability of the model by 6%. A closer inspection of the in-
teractions revealed that persons with high symptom
severity and a high sCort response showed highest PIT
effects after devaluation when compared to persons with
high symptom severity, but low sCort response (see Fig. 5).
Differences between persons with low symptom severity
and high sCort response and persons with low symptom
severity and low sCort response were not that striking.
Comparable patterns can be observed in the interaction
involving symptom severity and subjective stress response.
Effects of awareness and the PIT effect before devaluation
were medium, sCort stress response and the interactions of
symptom severity with sCort stress response respectively
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subjective stress response were small. Remaining predictors
showed no meaningful effect.

DISCUSSION AND CONCLUSIONS

The TSST proved to successfully induce stress regarding
subjective as well as biological measures with 70.15% of the
participants in the TSST condition being classified as cortisol
responders. Preregistered analyses indicated no group dif-
ferences in sCort and subjective stress response (H2.1 not
supported), however, participants with r-BSh had higher
sAA baseline levels and a stronger increase in sAA levels
than those in the CG. In both groups, shopping-specific
instrumental reactions were reduced by the devaluation but
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Table 4. Hierarchical moderated regression analyses with inhibitory

control and trait impulsivity as potential moderators on the effect

of stress response on the magnitude of shopping PIT effect after
devaluation as dependent variable

Table 4a. Significance of predictors in the final model (after step 5)

Table 5. Hierarchical moderated regression analyses with stress
response as potential moderator on the effect of symptom severity
on the magnitude of shopping PIT effect after devaluation as
dependent variable
Table 5a. Significance of predictors in the final model (after step 4)

B t P f

B t p f

Step 1 Gender 0.02 025 0.802 0.00
Awareness 0.36 424 <0.001 0.16
PIT effect before 034  4.07 <0.001 0.15
devaluation
Step 2 Symptom severity 0.00 0.04 0970 0.00
buying-shopping
Step 3 Amylase stress 0.02 0.25  0.803 0.00
response
Cortisol stress 0.20 2.05 0.043 0.04
response
Subjective stress 0.04 047  0.642 0.00
response
Step 4 Inhibitory control 0.00 0.02  0.982 0.00
Impulsivity 0.11 1.37 0.172  0.02
Step 5 Amylase stress 0.05 047  0.637 0.00
response”Inhibitory
control
Cortisol stress 0.00 0.04 0972 0.00
response”Inhibitory
control
Subjective stress 0.01 0.07 0944 0.00
response”Inhibitory
control
Amylase stress 0.05 0.55 0.584 0.00
response” Impulsivity
Cortisol stress 0.06 0.73 0.468 0.00
response” Impulsivity
Subjective stress 0.04 042  0.676 0.00
response”Impulsivity

Notes. Subjective stress response refers to the difference value
between the subjective stress ratings (visual analogue scale) at

T3 and T2 (T3-T2). Cortisol stress response refers to the difference
value between the different cortisol concentrations at T4 and T2
(T4-T2). Alpha-amylase stress response refers to the difference
value between the different alpha-amylase concentrations at T3 and
T2 (T3-T2). N = 127. Test statistics refer to the last step (step 5)
with all predictors included. Step 1 etc. only refers to the stage

in which the predictor was entered. f* = 0.02: small effect size,

£ = 0.15: medium effect size, f* = 0.35: large effect size. Significant
effects were highlighted in bold.

Table 4b. Explained variance of the models and increment in
explained variance by step

R AR Sign. in F
Step 1 0.33 0.33 < 0.001
Step 2 0.33 0.00 0.787
Step 3 0.35 0.02 0.281
Step 4 0.36 0.01 0.418
Step 5 0.37 0.01 0.961

Significant effects were highlighted in bold.

still existed. Reductions mainly affected the neutral condition
whereas  shopping-specific instrumental reactions still
occurred frequently after CS-shopping. This is likely the
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Step 1 Gender 0.01 0.14 0.893 0.00
Awareness 0.37 4.84 <0.001 0.20
PIT effect before 0.38 492 <0.001 0.21
devaluation
Step 2 Symptom severity 0.02 0.30 0.768  0.00
buying-shopping
Step 3 Amylase stress 0.04 0.38 0.707  0.00
response
Cortisol stress 0.16 1.99 0.049 0.03
response
Subjective stress 0.09 1.11 0.270  0.01
response
Step 4 Amylase stress 0.12 1.20 0.231 0.01
response”Symptom
severity
Cortisol stress 0.18 2.22 0.028 0.04
response” Symptom
severity
Subjective stress 0.18 2.29 0.024 0.04
response” Symptom
severity

Notes. Subjective stress response refers to the difference value
between the subjective stress ratings (visual analogue scale) at

T3 and T2 (T3-T2). Cortisol stress response refers to the difference
value between the cortisol concentrations at T4 and T2 (T4-T2).
Alpha-amylase stress response refers to the difference value
between the alpha-amylase concentrations at T3 and T2 (T3-T2).
N = 129. Test statistics refer to the last step (step 4) with all
predictors included. Step 1 etc. only refers to the stage in which
the predictor was entered. £ = 0.02: small effect size, £ = 0.15:
medium effect size, f* = 0.35: large effect size. Significant effects
were highlighted in bold.

Table 5b. Explained variance of the model and increment in
explained variance by step

R AR Sign. in F
Step 1 0.33 0.33 < 0.001
Step 2 0.33 0.00 0.795
Step 3 0.35 0.02 0.281
Step 4 0.41 0.06 0.007

Significant effects were highlighted in bold.

reason why the PIT effect even increased in aware persons
after devaluation. It seems as if participants still tended to
more or less reliably show the shopping-specific instrumental
reaction after CS-shopping despite the devaluation meaning
reward-absentness. Although the general reduction in shop-
ping-specific instrumental behavior after devaluation could be
viewed as indicator of goal-directedness (Hogarth, 2020), the
remaining influence of the CS-shopping on the shopping-
specific instrumental behavior after the devaluation could
speak in favor of potential habitual processes being involved.

Of particular further interest is the lack of differences
between stress conditions (H2.3 not supported). No
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Fig. 5. Moderation of cortisol stress response (left figure) respectivley subjective stress response (right figure) on the impact of symptom
severity on the magnitude of the shopping PIT effect after devaluation
Notes. For the purpose of illustrating this moderation, simple slopes were derived. Note that the values “low/high” represent the value of one
standard deviation below the mean (=low) and a value of one standard deviation above the mean (=high) of the moderator (cortisol as left
figure respectively subjective stress response as right figure). Average refers to the mean of the moderator. Subjective stress response refers to
the difference value between the subjective stress ratings (visual analogue scale) at T3 and T2 (T3-T2). Cortisol stress response refers to the
difference value between the different cortisol concentrations at T4 and T2 (T4-T2). PIT effect after devaluation: Response choice of
shopping-related rewards in presence of CSypopping - response choice of shopping-related rewards in presence of the neutral stimulus in the
blocks of the transfer phase after devaluation. Symptom severity and stress reactivity are centralized.

differences in the PIT effect between the groups emerged
(H1.1 not supported). In addition, regression analyses
showed that the PIT effect after devaluation was not pre-
dicted by symptom severity, but by the PIT effect before
devaluation and awareness (H1.2 partly supported). No
moderations of trait impulsivity or inhibitory control were
found (H2.2 not supported). Still, the sCort response pre-
dicted the PIT effect after devaluation suggesting some in-
fluence of stress on potentially habitual behavior. Taken
together, the above-mentioned preregistered main analysis
showed that the response choice of shopping-specific
behavior in the transfer phase is neither subject to group/
symptom severity (risky use of online buying-shopping
behavior vs. unproblematic use) nor to stress condition
(stress induction vs. placebo procedure). Furthermore, the
PIT effect after devaluation as indicator of potentially
habitual behavior was not predicted by interactions of
different measures of the stress response with inhibitory
control or trait impulsivity but by sCort response solely. So,
most preregistered analysis did not show the results as hy-
pothesized. An additional exploratory analysis revealed that
a symptom severity”stress response interaction (in sCort and
subjective stress) predicted the PIT effect after devaluation
demonstrating a more complex pattern. Thus, the PIT effect
after devaluation (i.e., potentially habitual behavior) was
high if symptom severity and stress responsivity were high.
Although these findings suggest potentially habitual
behavior in persons with high stress response and high
symptom severity, they do not match the before-mentioned
analyses on response choice in which no effects of
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devaluation, group and stress condition were found. These
seemingly contradictory findings most importantly under-
line the need for further research and particularly of repli-
cation of the above-reported findings and extension to
persons with pathological buying-shopping behaviors.

This study extends the body of evidence regarding PIT
mechanisms and habitual behaviors in BSD. Preregistered
and exploratory analyses are somewhat diverging in their
main findings which might be due to the fact that the
ANOVA captures group and stress condition as dichoto-
mous variables which neglects the variance within the
groups. A strength of the regression is that it considers this
by incorporating continuous predictors. Also, the dependent
variables differed across the analyses. In the ANOVA,
shopping-specific response choice was the dependent vari-
able, whereas the regression used the PIT effect after
devaluation - a direct measure of potentially habitual
shopping-specific behavior — as dependent variable. If the
results in the regressions could be replicated, the finding of
potentially higher habitual behavior in individuals with
higher symptom severity and elevated stress responsiveness
would suggest that once individuals have developed risky use
patterns a vicious cycle could develop in which individual
stress responses further contribute to the habitual use of the
buying-shopping applications. These findings are in line
with central assumptions of the I-PACE model (Brand et al.,
2019), in which interactions of cognitive and affective re-
sponses are assumed to contribute to the development and
maintenance of problematic behaviors. Concretely, the
I-PACE model assumes that internal/external triggers such
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as acute stress are supposed to induce cue-reactivity and
craving which leads to potentially shopping-specific habitual
behavior in (online) CBSD (Brand et al., 2019). The relation
between stress, cue-reactivity/craving and habitual behaviors
should be a subject for future research. If the exploratory
findings can be replicated, the results of our study might also
indicate a potential transition from reward-oriented to more
habitual behaviors, particularly when the motivation to
reduce stress might additionally be involved, which would fit
with theoretical considerations (Brand, 2022; Everitt &
Robbins, 2016). Our findings, if further replicated, might
also complement important contributions by Schwabe et al.
(2011). They postulated that the shift from goal-directed to
habitual behavior under stress may contribute to addiction.
The prediction of the PIT effect after devaluation as indi-
cator for habitual behavior by sCort response which was part
of the preregistered analyses aligns well with the findings by
Schwabe and Wolf (2009, 2010) who found a shift from
goal-directed to habitual behavior under conditions of stress.
Empirical contributions regarding PIT mechanisms in BSD
are sparse so that findings of this study are embedded into
studies on other behavioral addictions. Qin et al. (2023)
found a direct association of symptom severity of gaming
and the PIT effect, which was not observed in the present
study. However, mechanisms may also be specific for
different addictive behaviors and Vogel et al. (2018) already
reported a direct association of the PIT-effect with symptom
severity of gaming, but not shopping. This is consistent with
the present findings. Unlike Wyckmans et al. (2019), who
reported general reduced goal-directed behavior in in-
dividuals with gambling disorder, our study yielded mixed
findings including no effect of devaluation, stress condition
and group on shopping-specific response choice, but an
interaction of symptom severity and sCort response on
habitual behavior. At the same time, results partly align with
the findings of other studies that investigated gambling
disorder (van Timmeren et al, 2023; Wyckmans et al,
2022). The lack of an interaction between devaluation, stress
condition and group on shopping-specific response choice
resembles findings by van Timmeren et al. (2023) and
Wyckmans et al. (2022) who did not find an effect of stress
on goal-directed vs. habitual decision making in gambling
disorder. However, exploratory analyses in our study
showed an impact of stress response together with symptom
severity on potentially habitual behavior which differs from
the main findings by van Timmeren et al. (2023) and
Wyckmans et al. (2022), but also from the findings on
shopping-specific response choice in our study. The sample,
tasks and stress procedures from the above-mentioned
studies differed however from the ones applied in our study.

Previous findings regarding stress reactivity in behavioral
addictions have yielded mixed results (e.g., Kaess et al., 2017;
van Timmeren et al, 2023; Wemm et al., 2020; Wyckmans
et al,, 2022). The few studies that reported differences in stress
responses pointed towards a blunted cortisol stress reaction in
individuals with gaming/gambling disorder (Kaess et al., 2017;
Wemm et al., 2020). In contrast, our current study however
showed increased levels of sAA in individuals with risky
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buying-shopping and no differences in sCort and subjective
stress. One explanation might include differences between
r-BSh and pathological forms of BSD or other behavioral
addictions that previous studies investigated.

Limitations and strengths

Some limitations have to be considered for proper inter-
pretation of the results. The sample included individuals
with r-BSh, so that no conclusions regarding pathological
buying-shopping behavior are possible. Future research
should consider person with pathological (online) buying-
shopping behavior as well as persons with risky use in order
to replicate the above-mentioned findings, if possible, and to
investigate potential differences between early and later stage
of this behavioral addiction. When integrating the study’s
results into the existing body of research in the field of
(behavioral) addictions one should acknowledge that it is
not yet clear if habitual behaviors and the impact of stress
are comparable across different behavioral addictions.
Nevertheless, theoretical models and research concerning
behavioral addictions/internet-use disorders postulate
comparability of the mechanisms involved in these addic-
tions (Brand et al., 2019; Mestre-Bach, Steward, Jiménez-
Murcia, & Ferndndez-Aranda, 2017). It is further yet to
prove if risky behavior (ie., early stage of a manifest
behavioral addiction) involves the same influence of habitual
behaviors or stress but to an intermediate extent. Research
does not clearly indicate if habitual behavior linearly in-
creases over the course of an addiction. Likewise, it remains
unclear if it is less pronounced in persons with risky use
compared to pathological use. The same concerns stress
responsivity as it is not yet known if it increases from
unproblematic to risky use, but decreases from risky to
pathological use. The definition of r-BSh was challenging as
previous literature focused on pathological use or used con-
venience samples. The assumed threshold of 2—4 criteria for r-
BSh was not empirically derived. Data concerning self-control
abilities however supports the group allocation as persons
with risky and unproblematic use were distinct groups with
regard to self-control abilities (Miiller et al., 2025). Further-
more, participants conducted the PIT paradigm after an
extensive core battery (Brand et al, 2021) of approximately
four hours, which might have caused exhaustion effects.

The present study has several strengths. It is the first
study that used a well-defined sample with r-BSh classified
by clinical interview. To our knowledge, our study is the
second (published) study that uses buying-shopping as
target behavior in a PIT paradigm and the first that used
a devaluation procedure in combination with the PIT
paradigm. Generally, there are very few studies on the shift
from goal-directed to habitual behavior in behavioral
addictions. The devaluation procedure allows dissociation of
goal-directed behavior from habitual behavior and was the
first time applied to BSD. Also, the present study used a
standardized procedure for experimental stress induction
which has not been done in BSD research yet (for review see
Thomas et al., 2024).
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Clinical implications

If further studies are able to replicate these findings and to
extend it to people with pathological buying-shopping be-
haviors, stress coping could be included into therapy, e.g.,
via psychoeducation (Bhattacharjee et al., 2011; Li et al,
2022), self-observation to detect risky situations, stress
management/coping strategies (Linardatou, Parios, Varvogli,
Chrousos, & Darviri, 2014; Wolfling et al., 2019) and to
ameliorate relapse prevention (Kapetanovic et al., 2023). In
the future, PIT mechanisms could be used to better under-
stand treatment outcome as has been done in substance use
disorder (Chen et al., 2023; Sekutowicz et al., 2019). The PIT
effect itself might also be tackled by approach avoidance
trainings (Rosenthal, Chen, Beck, & Romanczuk-Seiferth,
2023) or cognitive bias modification trainings (Chen et al.,
2022). Becoming aware of automatic processes could be
another relevant part of therapy to be able to counteract
habitual behaviors by goal-directed reactions.

CONCLUSIONS

This study provided mixed evidence for a shift from goal-
directed to habitual behavior under conditions of stress in
persons with risky online buying-shopping behavior. Most
preregistered analyses did not show effects in line with the
hypotheses. Still, an effect of sCort response on potentially
habitual behavior was found. More fine-grained and
exploratory analyses showed that the PIT effect after
devaluation as potentially habitual behavior was predicted
by increased symptom severity of online shopping together
with stress responsivity (sCort and subjective stress). The
exploratory findings are tentative. If these findings can be
replicated, PIT effects and presumably also habitual behav-
iors might be considered addiction mechanisms that
commence even in an early stage of addictive behaviors or
risky use respectively, which would highlight the need for
prevention strategies/early interventions.
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