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A B S T R A C T  

The I-PACE model suggests that Internet-use disorders result from the interplay of individual vulnerabilities and 
cognitive and affective processes. As in substance use disorders, Pavlovian conditioning processes are attributed a 
key role. However, and despite progress in identifying individual vulnerabilities, factors influencing appetitive 
conditioning remain poorly understood. We therefore conducted a Pavlovian conditioning experiment in which 
individuals with risky as well as non-problematic use of either gaming or buying-shopping applications learned 
to associate different abstract stimuli with either gaming or buying-shopping. Regression analyses were used to 
identify individual characteristics influencing awareness of the experimental contingencies, speed of acquisition 
of awareness and the magnitude of the conditioned emotional responses regarding pleasantness and arousal 
ratings of the stimuli. Results demonstrated successful Pavlovian conditioning and an attentional bias towards 
reward-predicting cues. Awareness of the experimental contingencies was linked solely to cognitive abilities, 
while the speed of acquisition of awareness and the magnitude of conditioned responses was influenced by 
specific personality characteristics, experiences of compensation from using the application and severity of 
problematic use. Importantly, certain characteristics specifically predicted the magnitude of the conditioned 
response towards gaming, while others specifically predicted the response towards buying-shopping, high-
lighting differing vulnerabilities. These findings underscore the importance of targeted interventions and pre-
vention strategies tailored to these specific vulnerability factors. Further implications and limitations are 
discussed. 

1. Introduction 

Current theories on the development and maintenance of addictive 
behaviors emphasize the role of both Pavlovian and instrumental 
learning processes. The incentive sensitization theory posits that cues 
that were repeatedly associated with substance intake acquire appetitive 
properties and an enhanced incentive salience (e.g., [1]). Subsequently, 
the exposure to conditioned substance-associated stimuli elicits condi-
tioned stimulus-associated responses, which motivate instrumental drug 
seeking behavior. It is assumed that stimulus-response habits develop, 
and compulsive drug use emerges as the result of diminished inhibitory 
control [2]. As summarized in the Interaction of 
Person-Affect-Cognition-Execution (I-PACE) model [3] similar processes 
are assumed for behavioral addictions and there is a growing body of 

research demonstrating cue reactivity when individuals with risky use of 
games are confronted with gaming-related cues [4]. In addition, cue 
reactivity and disadvantageous decision making have been demon-
strated for compulsive buying-shopping disorder in several studies [5]. 
In previous research [6], we demonstrated that during the Pavlovian 
conditioning phase of a Pavlovian-to-instrumental transfer (PIT) task, 
participants learnt to associate abstract stimuli with different Internet 
applications, namely gaming or buying-shopping. By the end of the 
training, the stimulus associated with buying-shopping, though not the 
one associated with gaming, was rated as more pleasant than the control 
stimuli. Importantly, during the later transfer phase these stimuli then 
biased instrumental responding for rewards related to either gaming or 
buying-shopping. Regression analysis indicated that the symptom 
severity of gaming was associated with the magnitude of this effect for 
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https://doi.org/10.1016/j.bbr.2024.115254 
Received 7 May 2024; Received in revised form 16 September 2024; Accepted 17 September 2024
Available online 20 September 2024
0166-4328/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). 

mailto:frank.loersch@uni-bamberg.de
www.sciencedirect.com/science/journal/01664328
https://www.elsevier.com/locate/bbr
https://doi.org/10.1016/j.bbr.2024.115254
https://doi.org/10.1016/j.bbr.2024.115254
https://doi.org/10.1016/j.bbr.2024.115254
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbr.2024.115254&domain=pdf
http://creativecommons.org/licenses/by/4.0/


      

 

F. L¨ Behavioural Brain Research 476 (2025) 115254orsch et al. 

gaming-related rewards. 
Although learning mechanisms are considered important in recent 

theories on the development and maintenance of addictive behaviors (e. 
g., the I-PACE model), empirical research on the process through which 
cues that are repeatedly associated with addictive behaviors acquire 
appetitive properties is very rare. In the field of substance use disorders, 
Loeber and Duka [7] presented an experimental study that demon-
strated that acute alcohol does not impair conditioned learning in an 
appetitive monetary learning paradigm which is an important obser-
vation regarding alcohol use disorders. However, only a few studies 
have examined the factors that facilitate this process, thus putting in-
dividuals at risk for the development and maintenance of addictive be-
haviors. Only very recently, Ebrahimi and colleagues [8] investigated de 
novo appetitive Pavlovian conditioning with monetary rewards and 
found that compared to healthy control participants, individuals with 
alcohol use disorder showed stronger amygdala activation during 
appetitive conditioning. The authors interpret their finding as reflecting 
stronger susceptibility of individuals with alcohol use disorder to assign 
incentive salience to reward-related cues. In addition, Flemming and 
colleagues [9] found that individuals with an increased risk to develop 
an alcohol use disorder, as indicated by self-reported sensitivity to the 
acute effects of alcohol, were more susceptible to the conditioned rein-
forcing properties of alcohol-related cues. These findings suggest that 
factors moderating Pavlovian conditioning may be related to the 
development and maintenance of substance use disorders. 

Regarding behavioral addictions, Klucken et al. [10] reported that 
individuals with compulsive sexual behavior showed increased amyg-
dala activity during appetitive conditioning with sexual stimuli sug-
gesting facilitated appetitive conditioning. In another study of this 
group, a facilitating effect of extraversion on appetitive conditioning 
was observed [11]. In our own previous research [6] we found that in a 
convenience sample from the general population the severity of prob-
lematic use of gaming predicted awareness of the experimental contin-
gencies at the end of Pavlovian conditioning training with abstract 
stimuli related to either gaming or buying-shopping, an important pre-
requisite for conditioned responses. This was not observed for 
buying-shopping probably due to overall low severity of problematic 
buying-shopping in this community sample. Perceived stress, neuroti-
cism, extraversion, female gender, and younger age emerged as further 
predictors for awareness of experimental contingencies. 

As outlined in the I-PACE model [3], it can be assumed that in the 
development of addictive behaviors predisposing variables interact with 
affective and cognitive mechanisms resulting in experiences of gratifi-
cation or compensation from using a specific behavior which 
strengthens affective and cognitive responses to cues related to this 
behavior. General vulnerability factors for the development of addictive 
behaviors include a genetic predisposition, negative early childhood 
experiences and insecure attachment style, personality traits (e.g., 
impulsivity, sensation seeking, extraversion), dysfunctional emotion 
regulation, stress sensitivity, anxiety, depression, low social support, 
and a problematic family background [3]. There are also more specific 
vulnerability factors with regard to certain addictive behaviors. For 
example, higher aggressiveness and attention-deficit/hyperactivity 
symptoms have been associated with gaming disorder [12,13]. In 
contrast, materialistic value endorsement and perceived stress may be 
risk factors for developing compulsive buying-shopping disorder 
[14-17]. Furthermore, narcissistic personality traits as well as a wide 
range of using motives (e.g. compensation of psychological needs and 
stress) have been linked to both gaming disorder as well as compulsive 
buying-shopping disorder [18,12,19-24]. 

However, while the effects of extraversion, sensation seeking and 
neuroticism on appetitive conditioning have been previously demon-
strated [11,25,6], to the best of our knowledge, the facilitating effects of 
other vulnerability factors on appetitive conditioning as an important 
mechanism contributing to the development and maintenance of 
addictive behavior have not been investigated so far. 

From a theoretical point of view, it is important to enhance our 
understanding of the mechanisms that make a person more vulnerable to 
develop a specific addictive behavior [26]. This may also have impor-
tant implications for prevention strategies. As outlined above, while 
several individual characteristics have been identified as risk factors for 
the development of behavioral addictions, it is not clear how these 
characteristics interact with cognitive and affective mechanisms. 
Against this background, the aim of the study presented here was to 
investigate whether specific characteristics identified as risk factors for 
the development of gaming and compulsive buying-shopping disorder 
facilitate the acquisition of conditioned appetitive responses as a key 
component in the development of addictive behavior. We therefore 
administered a Pavlovian training with abstract stimuli and stimuli 
related to gaming and buying-shopping applications to individuals with 
risky use of gaming or buying-shopping as well as healthy controls. 
Awareness of the experimental contingencies (as indicated by expec-
tancy ratings), subjective ratings on valence and arousal of the abstract 
conditioned stimuli as well as attention allocation (using an eye-tracking 
system) to the conditioned stimuli were assessed as indicators of 
conditioned responses. Based on theoretical considerations and the 
current literature we assumed that awareness of the experimental con-
tingencies would be predicted by cognitive abilities, lower impulsivity, 
lower chronic stress and higher severity of problematic Internet use, 
particularly gaming and buying-shopping. In contrast, we assumed that 
narcissistic personality traits, materialistic values endorsement as well 
as use motives and the severity of problematic use would predict sub-
jective ratings on pleasantness and arousal of the abstract stimuli. The 
two online activities were chosen because gaming disorder is now 
recognized as a formal mental disorder in the ICD-11 [27] which occurs 
mainly in men [28]. Compulsive buying-shopping disorder is considered 
as another candidate for the ICD-11 category disorders due to addictive 
behaviors [29] which, according to the majority of population-based 
surveys, affects women more often than men [30]. Our main research 
question was whether certain predictors differentially relate to stronger 
conditioned responses regarding gaming versus those regarding 
compulsive buying-shopping. This would imply the existence of poten-
tial divergent vulnerability pathways in the development of both 
addictive behaviors. 

2. Materials and methods 

2.1. Procedure 

The procedure applied and test battery assessed here is part of a 
multi-center DFG-funded addiction research unit (FOR2974) on affec-
tive and cognitive mechanisms of specific Internet-use disorders (ACSID; 
[31]. The study was conducted from October 2021 to July 2023 and 
testing took place at the University of Bamberg or the Hannover Medical 
School. The study protocol was pre-registered at [https://osf. 
io/f27qw/?view_only=4bcea30152d54aab8d6c191e269cbe7d]. The 
study was approved by the respective local ethics committee (Hanover: 
9025_BO_K_2020; 17.04.2020; Bamberg: 2019–12/33; 18.12.2019). The 
study protocol adhered to the declaration of Helsinki and all study 
participants provided informed consent. Participants received a reim-
bursement of 10euro/hour or course credits if they were psychology 
students. Participant data was pseudonymized using ALIIAS: Anonym-
ization/Pseudonymization with LimeSurvey Integration and two-factor 
Authentication for Scientific research [32]. 

Testing comprised a single test session lasting about six hours and 
included the administration of different questionnaires and cognitive 
tasks as part of the FOR 2974 core battery [31] as well as the project 
specific Pavlovian-to-instrumental transfer (PIT) paradigm and a stress 
induction. As in our previous research [6] the PIT-paradigm comprised 
three different phases: a Pavlovian training phase in which participants 
learned to associate different abstract stimuli with the presentation of 
either gaming- or shopping-related pictures (see below). In the 
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instrumental training phase, participants learned to press two different 
buttons to receive gaming- or shopping-related rewards. In the transfer 
phase, participants could earn gaming- and shopping-related rewards as 
before, but the abstract pictures from the Pavlovian training phase as 
well as a grey square as control stimulus were displayed to investigate 
whether conditioned stimuli bias responding. For the research question 
addressed here, we report data from the first part of the PIT-paradigm, i. 
e. Pavlovian training. 

2.2. Participants 

Sixty-seven individuals at risk for gaming disorder (9 females, 
meanage = 24.18 years, SD = 4.62), 66 individuals at risk for compulsive 
buying-shopping disorder (52 females, meanage = 26.21 years, SD = 
8.96) as well as control participants matched regarding age and gender 
to either the risky gaming (n=67; 10 females, meanage = 24.19 years, SD 
= 3.67) or risky buying-shopping group (n=67; 51 females, meanage = 
25.48 years, SD = 8.09) were recruited. Participants were recruited at 
Bamberg and Hannover from the general population by posts on social 
networks, mailing lists, flyers, and word-of-mouth recommendations. 
Individuals interested to take part in the study were screened for eligi-
bility via a telephone interview. The main exclusion criteria were 
learning or developmental disorders, psychosis, substance-use disorder 
(except tobacco), and consumption of any psychoactive substances 
known to interfere with the performance in cognitive tasks. A stan-
dardized clinical interview for the assessment of specific Internet-use 
disorders [33] was performed at the test day. Being at risk for gaming 
disorder or compulsive buying-shopping disorder was defined as 
meeting at least two, but not more than four DSM-5 criteria for gaming 
disorder or compulsive buying-shopping disorder (criteria were adapt-
ed). The DSM-5 criteria for gaming disorder include several key features 
[34]. First, individuals often show a constant preoccupation with 
Internet games, making it the main focus of their daily lives and over-
shadowing other interests and activities (1). When gaming is no longer 
available, individuals may experience withdrawal-like symptoms, such 
as irritability, anxiety, or sadness, although there are no physical with-
drawal symptoms as seen with substances (2). Over time, they may need 
to spend increasing amounts of time gaming to achieve the same level of 
satisfaction, indicating tolerance (3). Efforts to limit or stop gaming are 
typically unsuccessful (4), and individuals may continue playing despite 
recognizing the negative effects on their personal and social lives (5). 
This can lead to a diminished interest in other forms of entertainment 
(6). Furthermore, individuals might lie to family members, therapists, or 
others about the extent of their gaming (7). Gaming is often used as a 

way to escape or relieve negative emotions like helplessness, guilt, or 
anxiety (8). Lastly, significant relationships, job opportunities, or 
educational and career prospects may be jeopardized or lost due to 
excessive gaming (9). Individuals of the control group were required to 
game or shop via the Internet at least occasionally but must not fulfil 
more than one DSM-5 criterion. 

2.3. Pavlovian training 

Pavlovian training was identical to our previous research and is 
depicted in Fig. 1; see also Vogel et al. [6]. In short, each trial started 
with a fixation cross. As soon as the participants fixated on the cross, the 
two abstract stimuli were presented for 2300 ms, followed by the 
question, “What picture do you expect? 1= shopping-related, 5= I don’t 
know, 9= gaming-related” (the anchors were counterbalanced across 
participants). Then a gaming- or a shopping-related picture was pre-
sented depending upon which abstract stimuli had been shown at the 
start of the trial. Four abstract stimuli were presented: one stimulus 
served as the CSG and was always followed by a gaming-related picture, 
another stimulus served as the CSS and was always followed by a 
shopping-related picture, while the other two abstract stimuli were 
control stimuli and were equally often presented in combination with 
the CSG as well as the CSS Which stimulus served as CSG, CSS or control 
stimulus was counterbalanced across participants). Repeated measures 
ANOVAs with age and gender as covariates indicated that before 
Pavlovian training, the four abstract stimuli did not differ regarding 
pleasantness (F(3, 783) = 1.04, p = 0.38) and arousal ratings (F(3, 783) 
= 0.61, p = 0.61) and no interaction effects with group or behavior were 
observed (all Fs ≤ 1.40, all ps ≥ 0.24). The gaming-related and 
shopping-related pictures were validated in a pilot study and selected 
from an initial pool of 100 gaming-related and 100 shopping-related 
pictures representing the games/shopping websites with the highest 
sales figures and/or popularity. Selection criteria were based on high 
mean ratings regarding representativeness for gaming/shopping (on a 
scale ranging from 0 to 10), craving, pleasantness, and arousal (possible 
values ranging from 0 to 8) provided by a sample of 129 individuals who 
indicated to game at least occasionally and 225 individuals who indi-
cated to shop at least occasionally The selected 64 gaming-related pic-
tures had a mean craving rating of 4.45 (SD = 2.83), a mean 
pleasantness rating of 4.39 (SD = 1.35), a mean arousal rating of 3.45 
(SD = 1.80), and a mean representativeness rating of 6.74 (SD = 2.27). 
The 64 shopping-related pictures had a mean craving rating of 2.90 (SD 
= 2.56), a mean pleasantness rating of 4.12 (SD = 1.24), a mean arousal 
rating of 2.59 (SD = 1.81), and a mean representativeness rating of 7.30 

Fig. 1. Illustration of the Pavlovian training phase with a CSGaming - trial (left) and a CSShopping - trial (right). Placeholder images for gaming and buying-shopping are 
used in the figure due to copyright restrictions (Source: Colourbox, © 2024). 
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(SD = 2.06). In each block, 16 trials were presented (8 CSG, 8 CSS). 
Compared to our previous research [6], eight blocks instead of four were 
presented to increase the number of participants aware of the experi-
mental contingencies. 

Different outcome measures were assessed from Pavlovian training. 
Participants were coded as aware, if expectancy ratings in the final block 
of Pavlovian training were significantly different in CSG trials compared 
to CSS trials [35]. Additionally, to assess the speed of acquisition, a 
counting variable was calculated as the number of blocks required for 
expectancy ratings of the CSG to become significantly different from 
those of the CSS, ranging from 1 to 8. Attention allocation to the different 
experimental stimuli was assessed using an eyetracker system. For the 
CSG as well as the CSS the raw data were log-transformed and for each 
block the mean dwell time and time to first fixation for the control 
stimuli was subtracted from the dwell time and time to first fixation for 
the CSG or the CSS resulting in a dwell time and time to first fixation bias 
score for the CSG and the CSS. 

Before and after Pavlovian training an emotional evaluation of the 
different stimuli was administered and each stimulus was presented 
twice, in random order, with the questions: “How pleasant do you find 
this picture on a scale from 1 to 9? (1=not pleasant at all, 9=very 
pleasant)?”, and “How arousing do you find this picture on a scale from 1 
to 9? (1=not arousing at all, 9=very arousing)?”. Mean scores for pleas-
antness and arousal ratings were calculated for the CSG, the CSS as well 
as the combined control stimuli. In addition, we calculated two differ-
ence scores between the emotional ratings for the stimuli by subtracting 
the ratings of pleasantness and arousal towards the CSS from those to-
wards the CSG. A positive difference score indicated higher ratings to-
wards the CSG, while a negative difference score indicated higher ratings 
towards the CSS. 

2.4. Apparatus 

Participants were seated in front of a 24-inch screen on which 
Pavlovian training was presented. A desktop-mounted EyeLink 1000 
Plus eyetracker from SR-Research Ltd (5516 Main Street, Osgoode, 
Ontario, Canada K0A 2W0; available at: http://www.sr-research.com) 
was used to assess attention allocation to the experimental stimuli. 

2.5. Questionnaires and paradigms 

The following questionnaires and paradigms were used (in alpha-
betical order). 

2.5.1. Assessment of criteria for specific internet-use disorders (ACSID-11) 
In addition to the clinical interview, a self-report measure for the 

severity of problematic Internet behavior (in this study gaming and 
buying-shopping) was used. The Assessment of Criteria for Specific 
Internet-use Disorders [36] is based on the ICD-11 criteria for gaming 
disorder and was also adapted for compulsive buying-shopping disorder. 
The scale consists of 11 items, which are answered on a two-part 
response scale, capturing both the frequency (0 = never, 1 = rarely, 2 
= sometimes, 3 = often) and intensity (0 = not at all intense, 1 = rather not 
intense, 2 = rather intense, 3 = intense) of the symptoms. For the purpose 
of this study, mean frequency was used (frequency gaming: Cronbach’s α 
= 0.90; frequency shopping: Cronbach’s α = 0.91). 

2.5.2. Big five inventory 2 (BFI-2) 
To measure Extraversion, the Big Five Inventory 2 (BFI-2; [37]) was 

used in its German adaptation [38]. Cronbach’s alpha was 0.88 in our 
sample. 

2.5.3. Barrat impulsiveness scale short form (BIS-15) 
Impulsiveness was assessed using the German adaptation [39] of the 

Barratt Impulsiveness Scale short Version (BIS-15; [40]), comprising 15 
items categorized into three subscales: nonplanning, motor, and 

attentional impulsivity. Participants rated each item on a four-point 
Likert scale, ranging from 1 (never/rarely) to 4 (almost always/always). 
Due to the learning nature of the main paradigm applied in this study, 
the subscale attentional impulsivity was used for further analyses. In-
ternal consistency was acceptable in our sample (Cronbach’s α = 0.62). 

2.5.4. Cue-reactivity paradigm 
In the addiction-specific Cue-Reactivity Paradigm, participants view 

a total of 48 pictures, evenly split between 24 depicting the target 
behavior (e.g., gaming) and 24 showing a distractor behavior (e.g., 
porn) divided up into four blocks. Each picture displays a distant cue, 
evaluated for valence, arousal, and urge to use the application on a five-
point Likert scale. Before each block, participants rate their urge to 
engage in both the target and distractor behaviors using visual analogue 
scales ranging from 0 to 10. 

2.5.5. Experience of gratification and compensation scale (EGS & ECS) 
Experiences of gratification and compensation due to use of specific 

online applications were assessed using the Experience of Gratification 
Scale (EGS) and the Experience of Compensation Scale (ECS) by [41]. 
The EGS comprises two scales including gratification of needs and 
experience of pleasure, while the ECS also comprises two scales 
including compensation of needs and compensation of stress. Each scale 
consists of three items which are rated on a a four-point Likert scale, 
ranging from 0 (never) to 4 (very often). Internal consistency was good for 
both scales (EGS: Cronbach’s α = 0.85; ECS: Cronbach ’s α = 0.88). 

2.5.6. Leistungsprüfsystem [Performance assessment system] (LPS) 
To assess logical thinking abilities, subtest four of the German in-

telligence test battery Leistungsprüfsystem (LPS; [42]) was employed. 
This paper-based test presents participants with 40 rows of numbers 
and/or letters arranged in a logical sequence. Within eight minutes, 
participants must identify and mark the single item in each row that 
does not adhere to the sequence’s logic. The number of accurately 
identified rows serves as a measure of proficient logical reasoning skills. 

2.5.7. Modified cart sorting test (MCST) 
In the computerized Modified Card Sorting Test (MCST; [43]), which 

assesses cognitive functions such as rule detection, feedback processing, 
and cognitive flexibility, participants have to sort 48 cards one by one 
into four decks. These cards must be sorted according to a pre-
determined rule, initially unknown to participants, which they must 
infer through trial and error with feedback provided on screen. Sorting 
criteria include symbols (circle, square, cross, and star), symbol colors 
(green, yellow, blue, and red), or the number of symbols depicted on the 
cards (one, two, three, and four). The rule changes after 6 consecutive 
correct responses. Error scores in the MCST indicate reduced cognitive 
functions. 

2.5.8. Material values scale (MVS) 
The German translation [44] of the short Materialistic Values Scale 

(MVS; [45]) was used to assess endorsement of materialistic values, The 
scale comprises 15 items rated on a five-point Likert scale from 1 (= not 
true) to 5 (= completely true). Higher total MVS scores indicate stronger 
endorsement of materialistic values. Internal consistency was good in 
the current sample (Cronbach’s α = 0.87). 

2.5.9. Dirty dozen 
Trait Narcissism was measured using the respective items of the Dirty 

Dozen questionnaire by Jonason and Webster [46] in its German 
adaptation [47]. In our sample, internal consistency was good (Cron-
bach’s α = 0.86). 

2.5.10. Chronic stress screening scale (SSCS) 
The Chronic Stress Screening Scale (SSCS), a short version of the 

Trier Inventory of Chronic Stress [48,49] was used to measure 
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self-reported chronic stress. This screening tool comprises 12 items, 
assessing chronic stress stemming from high demands or unmet needs in 
both work and personal life. Participants rated the frequency of 
encountering these situations and experiences over the past three 
months on a five-point Likert scale, ranging from 0 (never) to 4 (very 
often). Cronbach’s alpha was 0.88 for our sample. 

2.6. Statistical analysis 

The acquisition of awareness of the experimental contingencies was 
analyzed twofold. Firstly, a repeated measures ANOVA with expectancy 
ratings as dependent variable and stimulus category (CSG, CSS) and 
experimental block (1,  , 8) as repeated measures factor and group 
(non-problematic use, risky use) and behavior (gaming, buying-
shopping) as between-subject factors was calculated. Secondly, the 
percentage of participants coded as aware at the end of Pavlovian 
training was compared between groups and behaviors using the Chi-
square test. To analyze attention allocation to the experimental stim-
uli, repeated measures ANOVAs with the dwell time bias score or the 
time to first fixation bias as dependent variables and stimulus category 
(CSG, CSS) and experimental block (1,  , 8) as repeated measures factor 
and group (non-problematic use, risky use) and behavior (gaming, 
buying-shopping) and awareness as between-subject factors were 
calculated. Awareness was entered as between-subject factor to assess 
whether any learning has taken place. All of the analyses above involved 
the full sample (N = 267). A sensitivity analysis was performed using 
G*Power 3.1.9.7 [50] to assess the smallest effect size detectable with 
our current sample size. The analysis revealed that with a sample size of 
N = 267, the repeated measures ANOVA could detect a minimum effect 

2size of ɳp = 0.10 with 80 % power. 
The subsequent analysis on emotional ratings regarding pleasantness 

and arousal of the experimental stimuli, were calculated for aware 
participants only (N = 185). Thus, repeated measures ANOVAs were 
calculated with time (before Pavlovian training, after Pavlovian 
training) and stimulus category (CSG, CSS, control stimuli) as repeated 
measures factor and group and behavior as between-subject factors. In 
all the analyses described above group was entered as between-subject 
factor to analyze the impact of the severity of risky use of gaming or 
buying-shopping applications on the development of expectancy ratings, 
attention allocation and conditioned emotional responses. Gender and 
age were entered as covariates. 

The assumptions of all statistical procedures applied were checked. 
In the case of violation of the assumption of homogeneity of variances, 
the Greenhouse-Geiser-adjustment was applied and adjusted degrees of 
freedom are reported. Effect size statistics (partial eta2, ɳp2) are reported 
for the main outcome measures. Two-sided planned contrasts were 
calculated for significant main or interaction effects and corrected for 
multiple testing; adjusted p-values are reported. 

The predictive validity of individual characteristics on the acquisi-
tion of awareness of the experimental contingencies was analyzed using 
stepwise binary logistic regression analysis. Age, gender, logical 
thinking and problem-solving ability were entered as control variables 
in the first step. In the second step, chronic stress, extraversion, narcis-
sism, materialistic value endorsement and attentional impulsivity were 
entered. In the final step, experiences of gratification or compensation as 
using motives as well as cue reactivity and severity of problematic online 
behavior (gaming and buying-shopping) were entered. 

The predictive validity of individual characteristics on the speed of 
acquisition of awareness was analyzed using Poisson regression with 
number of blocks required for expectancy ratings of the CSG to become 
significantly different from those of the CSS as dependent variable. 
Additionally, this difference had to stay significant in every block until 
Pavlovian training was completed for a participant to be included in the 
regression analyses. The same predictor variables as in the binary lo-
gistic regression analysis were included in this model. Since the primary 
objective of this analysis was to understand the factors that influence the 

speed at which awareness is acquired, participants who never achieved 
awareness (N = 82) were excluded from this analysis, resulting in a 
sample size of N = 185 aware participants. 

Regarding the magnitude of the conditioned emotional responses, 
multiple stepwise hierarchical regression analyses were conducted 
separately for pleasantness and arousal ratings after Pavlovian training, 
again including only participants who were categorized as aware (N = 
185). For completeness, results of the regression analyses for the full 
sample, which includes both aware and unaware participants (N = 267), 
are provided in the supplementary material (Tables S1 and S2). The 
analysis regarding the prediction of the magnitude of the conditioned 
emotional responses represents a deviation from the initial preregistered 
protocol, where awareness data was stated as the only dependent vari-
able of interest. However, we now regard the conditioned emotional 
response as an at least equally important aspect of Pavlovian condi-
tioning, as individuals with behavioral addictions often exhibit strong 
emotional reactions to conditioned stimuli, which can significantly in-
fluence their behavior and relapse potential (e.g., [51]). Therefore, two 
multiple stepwise hierarchical regression analysis were calculated with 
arousal and pleasantness ratings of the CSG compared to the CSS at the 
end of Pavlovian training as dependent variables. Age and gender were 
entered as control variables in the first step of the regression models. In 
the second step, extraversion, narcissism, material values endorsement 
and attentional impulsivity were entered. In the final step, experiences 
of gratification or compensation as using motives as well as cue reac-
tivity and severity of problematic online behavior (gaming and 
buying-shopping) were entered. 

A separate sensitivity analysis using G*Power 3.1.9.7 [52] was 
conducted to determine the smallest effect size that can be detected with 
our sample size. The results indicate that with the current sample size (N 
= 185), the regression analyses could detect a minimum effect size of R2 

= 0.011 with 80 % power, justifying the sample size as sufficient to 
reliably detect the effects of interest in the present study. Due to tech-
nical problems, questionnaire data from three participants were missing 
and these participants were thus excluded from all regression analyses. 
To control for multiple comparisons and reduce the likelihood of Type I 
errors, the False Discovery Rate (FDR) correction [53] was applied to the 
p-values obtained from the regression analyses. All continuous predictor 
variables were standardized prior to analysis, allowing for the direct 
comparison of the relative importance of each predictor. To assess 
multicollinearity among the predictors, Variance Inflation Factor (VIF) 
was calculated for each predictor in the regression models. All predictors 
had VIF values below 4, indicating no significant multicollinearity. The 
Durbon-Watson test indicated no significant autocorrelation in the re-
siduals of the linear regression models. All analyses were performed 
using IBM SPSS Statistics (Version 26). 

3. Results 

3.1. Participant characteristics 

Participant characteristics are depicted in Table 1. 

3.2. Acquisition of awareness of the experimental contingencies 

3.2.1. Awareness of the experimental contingencies 
As training progressed, participants learned to discriminate between 

the CSG and the CSS as indicated by expectancy ratings. A repeated 
measures ANOVA indicated a significant main effect of stimulus (F(1,

2263) = 509.91, p < 0.001, ηp =.66, 90 % CI [0.61, 0.70]) as well as a 
stimulus by block interaction effect (F(3.42, 898.22) = 178.17, p < 

20.001, ηp =.40, 90 % CI [0.36, 0.44]). Planned contrasts indicated that 
the expectancy of the gaming-related stimuli was significantly higher in

2CSG than in CSS trials in all blocks of training (all ps < 0.001; ηp ≥ 0.27). 
The stimulus by block interaction was further qualified by a stimulus by 
block by behavior interaction effect (F(3.42, 898.22) = 6.53, p < 0.001, 
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Table 1 
Descriptive statistics of the individual participant characteristics for the four groups. 

Variables Participant characteristics 

Gaming Buying-shopping 

Risky (n = 67) Non-problematic (n = 67) Risky (n = 66) Non-problematic (n = 67) 

Age (years) 24.18 (4.62) 24.19 (3.69) 26.21 (8.96) 25.48 (8.09) 
Gender, n (%) 
Female 9 (13.4) 10 (14.9) 51 (76.1) 52 (78.8) 
Male 58 (86.6) 57 (85.1) 15 (22.4) 14 (21.2) 

Logical thinking (LPS 4) 30.99 (3.34) 31.80 (3.19) 30.21 (3.72) 30.21 (3.88) 
Impaired problem-solving ability (MCST) 1.46 (1.99) 2.18 (2.75) 3.11 (4.35) 3.94 (4.77) 
Chronic stress (SSCS) 18.33 (8.59) 14.06 (6.98) 22.35 (7.46) 18.04 (8.39) 
Extraversion (BFI 2) 2.86 (0.73) 3.40 (0.62) 3.49 (0.61) 3.30 (0.73) 
Narcissism (D4) 4.41 (2.11) 4.52 (2.09) 4.72 (2.25) 4.35 (2.27) 
Material values endorsement (MVS) 37.70 (9.30) 36.70 (10.31) 43.13 (11.22) 37.51 (10.05) 
Attentional impulsivity (BIS 15) 10.37 (2.56) 9.81 (2.48) 10.29 (2.49) 9.64 (2.47) 
Experience of hedonism (EGS) 3.01 (0.62) 2.81 (0.57) 2.66 (0.79) 2.01 (0.83) 
Gratification of needs (EGS) 2.07 (0.72) 1.87 (0.78) 1.23 (0.74) 0.75 (0.64) 
Compensation of needs (ECS) 1.51 (0.84) 1.26 (0.92) 1.05 (0.91) 0.38 (0.62) 
Compensation of stress (ECS) 2.00 (0.88) 0.94 (0.83) 1.52 (0.86) 0.57 (0.67) 
Cue reactivity 1.90 (0.69) 1.66 (0.55) 2.35 (0.69) 1.55 (0.63) 
Symptom severity gaming (ACSID 11) 0.96 (0.58) 0.47 (0.37) 0.11 (0.27) 0.03 (0.09) 
Symptom severity buying-shopping (ACSID 11) 0.13 (0.29) 0.15 (0.30) 0.90 (0.54) 0.34 (0.47) 

Note. All values are displayed as means and standard deviations (SD) in brackets if not otherwise specified. Due to missing values, sample sizes for the descriptive 
statistics ranged from 66 to 67. ACSID-11 = Assessment of Criteria for Specific Internet-use Disorders; BFI-2 = Big Five Inventory 2; BIS-15 = Barrat Impulsiveness 
Scale Short-version; EGS & ECS = Experience of Gratification and Compensation Scale; LPS-4 = Leistungsprüfsystem [Performance assessment system]; MCST = 
Modified Cart Sorting Test; MVS = Material Values Scale; SSCS = Chronic Stress Screening Scale. 

2ηp=.02, 90 % CI [0.01, 0.04]). Thus, as depicted in Fig. 2, while all 
participants learned to discriminate between the CSG and the CSS, par-
ticipants with risky or non-problematic gaming showed a stronger 
discrimination between the CSG and the CSS compared to participants 
with risky or non-problematic buying-shopping as indicated by signifi-
cantly greater differences in expectancy ratings in CSG compared to CSS 

trials from the seventh block onwards (all ps ≤ 0.05; Bonferroni-
corrected). 

The stimulus by block by group interaction effect was approaching
2significance (F(3.42, 898.22) = 2.42, p = 0.06, ηp=.01, 90 % CI [0.00, 

0.02]), but planned contrasts did not indicate any reliable differences. 
The stimulus by block by group by behavior interaction effect (F(3.42, 
898.22) = 0.51, p = 0.70) was not significant. Given the significant 
group differences regarding gender and age between individuals with 
risky or non-problematic gaming and participants with risky or non-
problematic buying-shopping, the analysis was calculated again with 
age and gender as covariates. This did not affect the findings reported 
above. However, to disentangle effects of problematic behavior and 
gender, we provide an additional figure in the supplementary material 
(Figure S1) showing expectancy ratings of the two control groups. As 
this figure is very similar to Fig. 2 it can be assumed that the behavioral 
differences observed here are driven by gender-differences. 

At the end of Pavlovian training, 64.31 % of participants were coded 
as aware of the experimental contingencies. This percentage did neither 
for gaming-related (χ2(1) = 0.02, p = 1.00) nor shopping-related 
behavior (χ2(1) = 1.48, p = 0.30) differ significantly between partici-
pants with risky or non-problematic behavior. However, 72.60 % of 
participants with risky or non-problematic gaming compared to 56.00 % 
of participants with risky or non-problematic buying-shopping were 
aware of the experimental contingencies and this difference achieved 
significance (χ2(1) = 8.10, p = 0.005). 

3.2.2. Prediction of awareness of the experimental contingencies 
The logistic regression analysis showed that lower number of 

perseverative errors in the MCST emerged as the only significant pre-
dictor (see Table 2). The initial model in Block 1 was significant (χ2(4) = 
19.26; Nagelkerkes R2 =.099, p < 0.001), correctly classifying 69 % of 
the participants. In Block 2, the model remained significant (χ2(9) = 

21.22; Nagelkerkes R2 =.109, p = 0.012), correctly classifying 72 % of 
the participants. However, in Block 3, the overall model was only 
approaching significance (χ2(16) = 24.55; Nagelkerkes R2 =.125, p = 
0.078), indicating that the additional predictors in this block did not 
significantly improve the model fit. Despite this, while gender was no 
more a significant predictor after FDR correction, lower number of 
perseverative errors in the MCST remained as significant predictor (p < 
0.001). Each additional perseverative error on the MCST was associated 
with a 14 % decrease in the odds of being aware of the experimental 
contingencies (OR = 0.860, 95 % CI [0.789, 0.937], p < 0.001). 

3.2.3. Prediction of the speed of acquisition of awareness 
The Poisson regression regarding the prediction of the speed of 

acquisition of awareness showed a significant model fit (χ2(16) = 41.58 
p < 0.001). The results of the Poisson regression are presented in 
Table 3. 

Specifically, age was a significant predictor of the speed of acquisi-
tion, indicating that younger participants acquired awareness more 
quickly. Gender was also a significant predictor, suggesting that females 
had a higher expected count of the number of blocks to achieve 
awareness compared to males. Material values endorsement was 
another significant predictor, suggesting that lower scores were associ-
ated with a faster acquisition of awareness. Contrary to our expectations, 
lower cue reactivity and lower symptom severity of gaming were sig-
nificant predictors for faster acquisition of awareness. Other variables 
did not significantly predict the speed of acquisition. However, after 
applying the FDR correction, only material values endorsement and 
symptom severity of gaming remained significant. 

3.3. Acquisition of conditioned responses 

3.3.1. Attention allocation 
As training progressed the dwell time bias scores for the CSG as well 

as the CSS increased in participants aware of the experimental contin-
gencies as indicated by a significant main effect of block (F(4.48,

21146.12) = 3.91, p < 0.001, ηp =.02, 90 % CI [0.003, 0.025]) which was 
qualified by a significant block by awareness interaction effect (F(4.48,

21146.12) = 11.44, p < 0.001, ηp =.04, 90 % CI [0.02, 0.06]). Again, 
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Fig. 2. Expectancy ratings (mean, SEM) of the shopping-related or gaming-related outcomes after presentation of the CSG or the CSS; data from individuals with risky 
and non-problematic gaming were collapsed in the gaming group and data from individuals with risky and non-problematic buying-shopping in the shopping group 
as no significant group differences were observed. 

Table 2 
Results of the stepwise binary logistic regression analysis to predict awareness of the experimental contingencies. 

Variables and steps Awareness 

Step 1 Step 2 Step 3 

B SE P B SE P B SE P 

Age 
Gender 

0.21 
0.36 

0.15 
0.27 

0.160 
.190 

0.22 
0.46 

0.15 
0.29 

0.163 
0.115 

0.23 
¡0.70 

0.16 
0.35 

0.157 
0.045^ 

Logical thinking (LPS 4) 
Impaired problem-solving ability (MCST) 
Chronic stress (SSCS) 
Extraversion (BFI 2) 
Narcissism (D4) 
Material values endorsement (MVS) 
Attentional impulsivity (BIS 15) 
Experience of hedonism (EGS) 
Gratification of needs (EGS) 
Compensation of needs (ECS) 
Compensation of stress (ECS) 
Cue reactivity 
Symptom severity gaming (ACSID 11) 
Symptom severity buying-shopping (ACSID 11) 
R2 

0.36 
¡0.52 

.099 

1.00 
0.16 

.720 
<0.001 

<0.001 

0.35 
¡0.53 
0.12 
0.07 
0.13 
0.15 
0.02 

.109 

0.93 
0.16 
0.16 
0.15 
0.16 
0.16 
0.15 

0.706 
<0.001 
0.434 
0.643 
0.429 
0.340 
0.909 

0.012 

0.34 
¡0.57 
0.14 
0.01 
0.09 
0.12 
0.02 
0.00 
0.01 
0.23 
0.01 
0.16 
0.07 
0.13 
.125 

0.88 
0.17 
0.18 
0.16 
0.16 
0.17 
0.16 
0.19 
0.22 
0.27 
0.27 
0.18 
0.18 
0.18 

0.697 
<0.001 
0.426 
0.975 
0.600 
0.482 
0.975 
0.993 
0.982 
0.387 
0.974 
0.378 
0.678 
0.482 
0.078 

Note. B is the unstandardized regression coefficient; SE standard error; control variables were entered in the first step. Personality variables were entered in the second 
step. In the final step, variables related to gaming and buying-shopping were entered. Participants were coded as aware if expectancy ratings in trials with a gaming-
related outcome (CSG) were significantly higher than in trials with a shopping-related outcome (CSS) in the final block of Pavlovian training. Significant effects are 
highlighted in bold. ^not significant after FDR correction 

similar findings were observed when age and gender were entered as 0.09) in unaware participants. In contrast, in aware participants with 
covariates in the analysis. Thus, as shown in Fig. 3a, in participants risky or non-problematic gaming, the dwell time bias for the CSG was 
aware of the experimental contingencies, the CSG as well as the CSS were significantly higher from the fourth block onwards compared to the first

2fixated longer than the control stimuli as indicated by an increase in the block (all ps ≤ 0.007, ηp = 0.15). For participants with risky or non-
dwell time bias score. In contrast, participants unaware of the experi- problematic shopping, this difference approached significance only in

2mental contingencies did not show a dwell time bias (see Fig. 3b) sug- the last block of training (p = 0.06, ηp = 0.05, 95 % CI [-1.050, 0.005]). 
gesting a failure to learn. Unaware participants were thus excluded from This analysis was also calculated using the time to first fixation as 
the analysis on the emotional evaluation of the stimuli. However, for indicator of attention allocation. However, while a significant stimulus 
transparency, results for unaware participants are presented in the by block by behavior by group interaction effect emerged (F(6.59,

2supplementary material (e.g., Figure S2). 1615.54) = 2.24, p = 0.03, ηp = 0.01, 90 % CI [0.0004, 0.0142]) which 
In addition, a significant stimulus by block by behavior (F(6.12, was further qualified by a significant stimulus by block by behavior by 

21563.80) = 2.41, p = 0.02, ηp = 0.01, 90 % CI [0.001, 0.015]) as well as group by awareness interaction effect (F(6.59, 1615.54) = 2.64, p = 
2a significant stimulus by block by behavior by awareness interaction 0.01, ηp = 0.01, 90 % CI [0.001, 0.012]), the main effects of stimulus (F 

2 2effect (F(6.12, 1563.80) = 2.77, p = 0.01, ηp = 0.01, 90 % CI [0.001, (1, 245) = 0.02, p = 0.89, ηp < 0.001, 90 %, CI [0.000, 0.001]), as well 
20.017]) emerged. Although effect-size estimates were small and findings as block (F(6.65, 1628.96) = 1.44, p = 0.18, ηp = 0.01, 90 % CI [0.00, 

should be interpreted with caution, planned contrasts indicated no sig- 0.01]), did not achieve significance. We thus refrained from interpreting 
nificant increases in the dwell time bias for the CSG or the CSS (all ps ≥ these interaction effects. 
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Table 3 
Results of the Poisson regression analysis to predict speed of awareness acquisition. 

Variables Speed of awareness acquisition 

B SE χ2 (95 % CI) P 
Age 0.09 0.04 4.84 (0.01, 0.17) 0.028^ 
Gender 0.22 0.10 4.78 (0.02, 0.42) 0.029^ 
Logical thinking (LPS 4) 5.84 7.66 0.58 ( 20.86, 9.18) 0.446 
Impaired problem-solving ability (MCST) 0.03 0.05 0.33 ( 0.08, 0.14) 0.564 
Chronic stress (SSCS) 0.00 0.05 0.00 ( 0.97, 0.10) 0.964 
Extraversion (BFI 2) 0.00 0.05 0.00 ( 0.09, 0.10) 0.957 
Narcissism (D4) 0.01 0.05 0.02 ( 0.88, 0.10) 0.893 
Material values endorsement (MVS) 0.13 0.05 7.54 (0.04, 0.23) 0.006 
Attentional impulsivity (BIS 15) 0.01 0.04 0.06 ( 0.72, 0.93 0.803 
Experience of hedonism (EGS) 0.03 0.06 0.25 ( 0.16, 0.09) 0.616 
Gratification of needs (EGS) 0.04 0.07 0.36 ( 0.18, 0.09) 0.548 
Compensation of needs (ECS) 0.06 0.08 0.44 ( 0.22, 0.11) 0.509 
Compensation of stress (ECS) 0.11 0.08 2.11 ( 0.27, 0.04) 0.146 
Cue reactivity 0.10 0.05 3.95 (0.00, 0.19) 0.047^ 
Symptom severity gaming (ACSID 11) 0.14 0.05 8.95 (0.05, 0.24) 0.003 
Symptom severity buying-shopping (ACSID 11) 0.07 0.05 1.84 ( 0.03, 0.18) 0.176 
Model Fit 41.58 <0.001 
AIC 785.930 
Log-Likelihood 375.965 
Deviance 223.898 

Note. B is the unstandardized regression coefficient; SE standard error; Participants were included in the analysis based on their expectancy ratings. Specifically, 
participants were considered aware from the block where their expectancy ratings for gaming-related outcomes (CSG) were significantly higher than for shopping-
related outcomes (CSS). This criterion had to be met in one block and maintained through all subsequent blocks. Significant effects are highlighted in bold. ^ = not 
significant after FDR correction 

3.3.2. Emotional evaluation of the stimuli rated the CSS as significantly more pleasant than the CSG (p < 0.001, 
With regard to pleasantness ratings a significant main effect of time 95 % CI [0.548, 2.530]) and the control stimuli (p = 0.03, 95 % CI 

2emerged (F(1, 176) = 5.44, p = 0.02, ηp =.03, 90 % CI [0.00002, [0.067, 1.577]). For participants with risky or non-problematic gaming 
0.06887]), which was qualified by a significant time by stimulus by these differences were not significant (p ≥ 0.39).

2behavior interaction effect (F(1.82, 320.14) = 9.45, p < 0.001, ηp =.05, With regard to arousal ratings a significant main effect of time was 
290 % CI [0.02, 0.09]). Planned contrasts indicated for participants with found (F(1, 176) = 5.26, p = 0.02, ηp = 0.03, 90 % CI [0.002, 0.081]) 

risky or non-problematic gaming (see Fig. 4a) a significant increase in which was qualified by a significant time by stimulus by behavior 
2pleasantness ratings of the CSG (p = 0.03, 95 % CI [-1.324, 0.059]) interaction effect (F(1.74, 305.59) = 3.26, p = 0.047, ηp =.02, 90 % CI 

which was not observed for the CSS (p = 0.31, 95 % CI [0.059, 1.324]). [0.0002, 0.0473]). Planned contrasts indicated for participants with 
Participants with risky or non-problematic shopping (see Fig. 4b) re- risky or non-problematic gaming (see Fig. 4c) a significant increase in 
ported an increase in pleasantness ratings of the CSS (p = 0.06, 95 % CI arousal ratings of the CSG (p < 0.001, 95 % CI [-1.846, 0.600]) which 
[-1.067, 0.014]) and a decrease of pleasantness ratings of the CSG (p = was not observed for the CSS (p = 0.79, 95 % CI [-0.723, 0.528]). Par-
0.06, 95 % CI [-0.014, 1.152]), although these latter changes only ticipants with risky or non-problematic shopping (see Fig. 4d) reported a 
approached significance. For both groups, an increase in pleasantness significant increase in arousal ratings of the CSS (p = 0.04, 95 % CI 
ratings of the control stimuli was observed (gaming: p = 0.01, 95 % CI [-1.195, 0.035]) and a decrease of pleasantness ratings of the CSG, 
[-1.150, 0.131]); shopping: p = 0.02, 95 % CI [-1.033, 0.094). After which was however only approaching significance (p = 0.095, 95 % CI 
Pavlovian training, participants with risky or non-problematic shopping [-1.062, 0.085]). For both groups, an increase in arousal ratings of the 
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Fig. 3. Dwell time bias score (mean/SEM) to the CSG and the CSS for aware (3a) and unaware (3b) participants of the different groups; data from individuals with 
risky and non-problematic gaming and individuals with risky and non-problematic buying-shopping were collapsed; presented are difference scores to the con-
trol stimuli. 
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Fig. 4. Pleasantness and arousal ratings of the different experimental stimuli before and after Pavlovian training for aware individuals with risky and non-
problematic gaming or risky and non-problematic buying-shopping, * p < 0.05, # p < 0.10. 

Table 4 
Results of the stepwise hierarchical linear regression analysis to predict the magnitude of the conditioned pleasantness response towards a gaming-related outcome 
(CSG) compared to a shopping-related outcome (CSS) after the final block of Pavlovian training. 

Variables and steps Magnitude of conditioned pleasantness response 

Step 1 Step 2 Step 3 

β (95 % CI) T P β (95 % CI) T P β (95 % CI) T P 

Age 
Gender 

Extraversion (BFI 2) 
Narcissism (D4) 
Material values endorsement (MVS) 

Attentional impulsivity (BIS 15) 
Experience of hedonism (EGS) 
Gratification of needs (EGS) 
Compensation of needs (ECS) 
Compensation of stress (ECS) 
Cue reactivity 
Symptom severity gaming (ACSID 11) 
Symptom severity buying-shopping 
(ACSID 11) 

R2 

.043 ( .102,.188) 
¡.155 
(¡.451,.141) 

.025 

0.58 
¡2.11 

0.565 
0.036 

0.104 

.005 ( .134,.144) 
.135 ( .423,.153) 

.019 ( .132,.170) 

.038 ( .120,.196) 
¡.270 (¡.423, 
¡.117) 
.245 (.102,.388) 

.134 

0.08 
1.88 

0.26 
0.48 
¡3.51 

3.39 

0.940 
0.062 

0.799 
0.633 
<0.001 

<0.001 

<0.001 

.003 ( .136,.142) 

.007 ( .330,.344) 

.083 ( .078,.244) 

.028 ( .130,.186) 
¡.207 (¡.374, 
¡.040) 
.233 (.092,.374) 
.018 ( .184,.220) 
.011 ( .218,.240) 
.126 ( .142,.394) 
.147 ( .398,.104) 
.090 ( .253,.073) 

.230 (.062,.398) 
.117 ( .299,.065) 

.199 

0.04 
0.08 

1.03 
0.35 
¡2.48 

3.24 
0.18 
0.10 
1.34 
1.18 
1.07 

2.72 
1.29 

0.971 
0.934 

0.303 
0.726 
0.014^ 

0.001 
0.861 
0.921 
0.344 
0.238 
0.285 
0.007 
0.197 

<0.001 

Note. β is the standardized regression coefficient. Control variables were entered in the first step. Personality variables were entered in the second step. In the final step, 
variables related to gaming and buying-shopping were entered. Significant effects are highlighted in bold. ^ = not significant after FDR correction 

control stimuli was observed (ps ≤ 0.006). After Pavlovian training, responses, results from the linear multiple hierarchical regression ana-
participants with risky or non-problematic gaming rated the CSG as lyses are presented in Table 4 for pleasantness and Table 5 for arousal 
significantly more arousing than the CSS (p = 0.004, 95 % CI [0.328, ratings. 
2.217]) and the control stimuli (p < 0.001, 95 % CI [0.388, 1.761]). For 
participants with risky or non-problematic shopping these differences 3.3.3.1. Pleasantness. In the initial step, the model did not achieve 
were not significant (p ≥ 0.23). significance (R2 =.025, F(2, 181) = 2.33, p = 0.100). Subsequent 

entering of personality variables in the second block significantly
3.3.3. Prediction of the magnitude of the conditioned emotional responses improved the model (ΔR2 =.106, p < 0.001), resulting in overall sig-

Regarding the prediction of the magnitude of conditioned emotional nificance (R2 =.131, F(4, 177) = 4.46, p < 0.001). Adding the variables 
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Table 5 
Results of the stepwise hierarchical linear regression analysis to predict the magnitude of the conditioned arousal response towards a gaming-related outcome (CSG) 
compared to a shopping-related outcome (CSS) after the final block of Pavlovian training. 

Variables and steps Magnitude of conditioned arousal response 

Step 1 Step 2 Step 3 

β (95 % CI) T P β (95 % CI) T P β (95 % CI) T P 

Age 
Gender 

Extraversion (BFI 2) 
Narcissism (D4) 
Material values endorsement (MVS) 

Attentional impulsivity (BIS 15) 
Experience of hedonism (EGS) 
Gratification of needs (EGS) 
Compensation of needs (ECS) 
Compensation of stress (ECS) 

Cue reactivity 
Symptom severity gaming (ACSID 11) 
Symptom severity buying-shopping 
(ACSID 11) 

R2 

.047 ( .099,.193) 
.075 

( .373,.223) 

.007 

0.63 
1.01 

0.531 
0.316 

0.524 

.011 ( .127,.149) 
.055 ( .198,.088) 

.054 ( .098,.206) 

.058 ( .103,.219) 
.283 ( .436, 

.130) 
.267 (.122,.412) 

.128 

0.15 
0.76 

0.71 
0.72 
3.66 

3.68 

0.878 
0.450 

0.476 
0.470 

<0.001 

<0.001 

<0.001 

.009 ( .128,.146) 

.101 ( .229,.431) 

.100 ( .056,.256) 

.072 ( .083,.227) 
¡.246 (¡.409, 

¡.083) 
.259 (.121,.397) 
.140 ( .057,.337) 
.118 ( .342,.106) 
.254 ( .003,.511) 

¡.338 (¡.591, 
¡.085) 

.037 ( .122,.196) 
.219 (.055,.383) 
¡.228 (¡.402, 

¡.054) 
.228 

0.13 
1.22 

1.27 
0.92 

¡3.00 

3.67 
1.42 
1.07 
1.95 

¡2.78 

0.46 
2.64 

¡2.56 

0.900 
0.225 

0.205 
0.360 
0.003 

<0.001 
0.159 
0.288 
0.053 
0.006 

0.650 
0.009 
0.011 

<0.001 

Note. β is the standardized regression coefficient. Control variables were entered in the first step. Personality variables were entered in the second step. In the final step, 
variables related to gaming and buying-shopping were entered. Significant effects are highlighted in bold. 

related to gaming and buying-shopping in the third block did not 
significantly improve the model, although the increase approached 
significance (ΔR2 =.067, p = 0.054). The final model remained signifi-
cant (R2 =.198, F(7, 170) = 3.24, p < 0.001). 

Attentional impulsivity (β=.233, 95 % CI [.092,.374]) and symptom 
severity of problematic gaming (β=.230, 95 % CI [.062,.398]) emerged 
as significant predictors for a relatively higher magnitude of the 
conditioned pleasantness response towards the gaming-associated 
stimulus as indicated by positive regression coefficients, while materi-
alistic values endorsement (β=� .207, 95 % CI [ .374, .040]) signifi-
cantly predicted a relatively higher magnitude of the conditioned 
pleasantness response towards the shopping-associated stimulus as 
indicated by a negative regression coefficient (see Fig. 5). However, 
after the FDR correction, only attentional impulsivity (p = 0.001) and 
symptom severity of gaming (p = 0.007) remained significant. 

3.3.3.2. Arousal. In the initial step, the model did not achieve signifi-
cance (R2 =.007, F(2, 181) = 0.64, p = 0.527). Subsequent entering of 
personality variables in the second block significantly improved the 
model (ΔR2 =.121, p < 0.001), resulting in overall significance (R2 

=.128, F(4, 177) = 4.34, p < 0.001). When the variables related to 
gaming and buying-shopping were entered in the third block, the model 
further improved significantly (ΔR2 =.098, p =.005). 

Attentional impulsivity (β=.259, 95 % CI [.121,.397]) and symptom 
severity of problematic gaming (β=0.219, 95 % CI [.055,.383]) emerged 
as significant predictors for a relatively higher magnitude of the 
conditioned arousal response towards the gaming-associated stimulus as 
indicated by positive regression coefficients, while materialistic values 
endorsement (β=� .246, 95 % CI [-.409, .083]), compensation of stress 
(β=� .338, 95 % CI [-.591, .085]), and symptom severity of problem-
atic buying-shopping (β=� .228, 95 % CI [-.402, .054]) significantly 
predicted a relatively higher magnitude of the conditioned arousal 
response towards the shopping-associated stimulus as indicated by 
negative regression coefficients (see Fig. 6). All predictors remained 
significant after the FDR correction. 

4. Discussion 

Given the important role attributed to processes of Pavlovian con-
ditioning regarding the development and maintenance of addictive 

behavior, the aim of the present study was to investigate whether in-
dividual differences identified as risk factors for the development of 
gaming disorder and/or compulsive buying-shopping disorder facilitate 
the acquisition of conditioned appetitive responses related to either 
gaming or buying-shopping. We administered a Pavlovian training with 
abstract stimuli and stimuli related to gaming or buying-shopping to 
individuals with risky gaming or buying-shopping as well as participants 
with non-problematic application use. We then analyzed factors 
affecting the awareness of the experimental contingencies and the speed 
of acquisition of awareness (as indicated by expectancy ratings) and the 
magnitude of the conditioned emotional responses (as indicated by 
subjective ratings on pleasantness and arousal of the abstract condi-
tioned stimuli). Based on the current literature, we hypothesized that 
cognitive abilities, certain personality features, experiences of gratifi-
cation and compensation as specific use motives as well as the severity of 
problematic gaming or buying-shopping would emerge as significant 
predictors. 

Our results first of all demonstrated that as Pavlovian training pro-
gressed, participants awareness of the experimental contingencies 
increased as indicated by higher expectancy ratings of gaming-related 
pictures when the CSG was presented compared to the CSS and higher 
expectancy ratings of buying-shopping-related pictures when the CSS 

was presented compared to the CSG. These outcomes are in line with our 
previous findings [6] and underline the validity of the Pavlovian 
training to assess the development of learning processes. Extending our 
previous findings, using an eyetracking system we now also demon-
strated that in parallel an attentional bias for the CSG and CSS developed 
as indicated by dwell times, however only in participants aware of the 
experimental contingencies. Interestingly though, the severity of prob-
lematic gaming/buying-shopping did only marginally affect the acqui-
sition of awareness of the experimental contingencies as indicated by a 
stimulus by block by group interaction effect that only approached 
significance. This finding was supported by results from the regression 
analysis on acquisition of awareness in which severity of problematic 
behavior did not emerge as significant predictor. On the contrary, higher 
symptom severity of problematic gaming emerged as one of the most 
reliable predictors for a slower acquisition of awareness. Individuals 
with gaming disorder have been shown to exhibit cognitive deficits (e.g., 
[54-56]) which could mediate this effect. In line with these assumptions, 
results of the regression analysis revealed that awareness of the 
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Fig. 5. Hierarchical multiple linear regression analysis of the conditioned pleasantness response difference scores by individual characteristics, presented in separate 
panels for each predictor. Scatter plots depict the relationship between the conditioned pleasantness response and significant predictors. Green regression lines 
represent positive correlations, where higher predictor values are associated with greater pleasantness ratings for the gaming-associated stimulus (CSG). Red 
regression lines indicate negative correlations, where higher predictor values are linked to greater pleasantness ratings for the buying-shopping-associated stimulus 
(CSS). Confidence intervals around the regression lines provide an estimate of the uncertainty in the predictions. Only significant predictors are depicted for clarity 
(please note, that material values endorsement was not significant after the FDR correction anymore). 

experimental contingencies was predicted solely by lower levels of 
cognitive impairment. No further personality characteristics, variables 
related to gaming or buying-shopping, or severity of problematic 
Internet behavior emerged as significant predictors. Participants who 
made more perseverative errors on the MCST were significantly less 
likely to become aware of the experimental contingencies. This suggests 
that individuals who struggle with perseveration—continuing to make 
the same mistake despite feedback—might have more difficulty in 
learning or recognizing patterns that lead to awareness of the contin-
gencies in the experiment. Thus, awareness of the experimental con-
tingencies may rely more on general cognitive abilities such as 
problem-solving, rather than on previous experiences of gratification 
or compensation from using the application or an enhanced incentive 

salience of application-related stimuli as indicated by cue reactivity. 
However, it should be acknowledged, that these findings may be due to 
the inclusion of individuals with risky use of gaming or buying-shopping 
applications fulfilling less than five DSM-5 criteria for gaming dis-
order/compulsive buying-shopping disorder according to inclusion/ex-
clusion criteria for the present study. Different findings may be observed 
when including participants with clinically relevant, pathological 
application use. 

Our results further indicated that participants of the gaming groups, 
irrespective of whether they reported non-problematic or risky use, ac-
quired a clearer differentiation between the CSG and CSS compared to 
the buying-shopping groups. This was also reflected in awareness rates 
at the end of Pavlovian training. While in the entire sample 64.31 % of 
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Fig. 6. Hierarchical multiple linear regression analysis of the conditioned arousal response difference scores by individual characteristics, presented in separate 
panels for each predictor. Scatter plots depict the relationship between the conditioned arousal response and significant predictors. Green regression lines represent 
positive correlations, where higher predictor values are associated with greater arousal ratings for the gaming-associated stimulus (CSG). Red regression lines indicate 
negative correlations, where higher predictor values are linked to greater arousal ratings for the buying-shopping-associated stimulus (CSS). Confidence intervals 
around the regression lines provide an estimate of the uncertainty in the predictions. Only significant predictors are depicted for clarity. 

participants were coded as aware of the experimental contingencies, this 
percentage was significantly higher in the gaming compared to the 
buying-shopping group. These findings suggest that the gaming group, 
including both individuals with non-problematic and risky gaming 
behavior, and the buying-shopping group, similarly including in-
dividuals with non-problematic and risky buying-shopping behavior, 
may differ in important characteristics that makes the gaming group 
more prone to acquire awareness of the experimental contingencies than 
the buying-shopping group. 

Regarding the emotional evaluation of the stimuli and thus appeti-
tive conditioning our findings indicated that in participants aware of the 
experimental contingencies, pleasantness and arousal ratings of the 
different conditioned stimuli changed through Pavlovian training 
dependent on whether participants were individuals with risky/non-
problematic gaming or risky/non-problematic buying-shopping. Thus, 
individuals with risky/non-problematic gaming rated the CSG as 
significantly more pleasant and arousing after Pavlovian training 
compared to before Pavlovian training, while individuals with risky/ 
non-problematic buying-shopping rated the CSS as more pleasant 
(though this increase slightly failed to achieve significance) and 
arousing. These findings suggest the acquisition of differential condi-
tioned responses. Interestingly, significant increases in pleasantness and 
arousal ratings were also observed for the control stimuli. These findings 
are not without precedence. One plausible explanation is the temporal 
and spatial pairing due to the experimental procedure. Since the control 
stimuli were consistently presented alongside the CSG and CSS, 

participants likely formed associative links due to their frequent co-
occurrence, leading to conditioning of the control stimuli through 
their close temporal proximity to the CSs and US. Additionally, gener-
alization is a plausible factor in this context [57]. Given that all four 
stimuli were abstract geometrical figures, participants may have 
generalized their conditioned responses from the CSG and CSS to the 
control stimuli. However, the observed increase in pleasantness and 
arousal ratings for the control stimuli does not undermine the present 
study’s findings since the primary focus was on comparing predictors of 
conditioned responses specific to gaming versus compulsive 
buying-shopping. However, future studies, particularly those examining 
a single disorder, should implement different control conditions to avoid 
such generalization effects and ensure clearer differentiation between 
conditioned and control stimuli. 

Regarding the conditioned emotional responses, several individual 
characteristics were identified as significant predictors. Specifically, for 
gaming, higher attentional impulsivity, and symptom severity of prob-
lematic gaming emerged as significant predictors for both the condi-
tioned pleasantness and arousal responses. Individuals with higher 
attentional impulsivity may have an increased sensitivity to immediate 
rewards [58,59], and heightened attentional impulsivity has been found 
in individuals with gaming disorder [54]. Gaming is often designed to 
provide rapid and frequent rewards, such as leveling up, earning points, 
or achieving in-game goals. The gaming experience may therefore be 
more appealing and emotionally engaging for impulsive individuals, 
leading to stronger conditioned emotional responses toward 
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gaming-associated stimuli. Although further research is needed to 
confirm these findings, our results suggest that these characteristics 
make individuals more vulnerable to developing problematic behavior 
by fostering the acquisition of gaming-associated conditioned responses. 

Regarding buying-shopping, higher material values endorsement 
initially emerged as significant predictor for the conditioned pleasant-
ness response. However, after applying the False Discovery Rate 
correction, this personality trait was not significant anymore. This 
discrepancy suggests that while material values endorsement might 
have potential predictive validity, its significance for the conditioned 
pleasantness response should be interpreted with caution. In contrast, 
for the conditioned arousal response, higher material values endorse-
ment, compensation of stress, and symptom severity of problematic 
buying-shopping remained significant predictors even after the FDR 
correction. While previous studies demonstrated that materialistic value 
orientation traits and specific buying-shopping motives are associated 
with problematic buying-shopping (e.g. [16,22]), our findings expand 
previous knowledge by demonstrating that these variables are associ-
ated with the acquisition of stronger buying-shopping-related condi-
tioned responses. In addition, the observation that the severity of 
problematic application use is associated with the acquisition of stron-
ger conditioned responses suggests a vicious cycle. When individuals 
have frequent problematic application use, they may already be more 
sensitized to rewards associated with the application use. This height-
ened sensitivity could amplify their conditioned emotional responses 
because their reward system is more attuned to stimuli associated with 
application use (e.g., [1]). As outlined in the I-PACE model and also 
demonstrated in previous research [4,60], cue reactivity is an important 
mechanism contributing to the development of problematic behavior. 
Cue reactivity is based on the assumption that cues repeatedly associ-
ated with application use acquire incentive properties, leading to 
stronger conditioned responses and further problematic behavior. 
However, it is interesting to note that cue reactivity itself was not a 
significant predictor in our model. This could be due to our sample 
characteristics, as we included participants with risky, but not patho-
logical, behavior. Although cue reactivity is expected to be heightened 
in this group compared to individuals with non-problematic use [4,60], 
experiences of compensation may play a more significant role in 
strengthening conditioned responses at this early stage of the addiction 
process [3], at least in the context of problematic buying-shopping 
behavior, where compensation of stress emerged as a significant 
predictor. 

Together, our findings highlight that distinct individual character-
istics might be linked to stronger conditioned buying-shopping-
associated responses compared to gaming-associated responses. In this 
regard, our findings also indicate that while certain individual charac-
teristics may predispose individuals to addictive behaviors in general, 
there also appear to be specific characteristics associated with the 
development of specific Internet-use disorders. These findings support 
the conceptual differentiation of specific Internet-use disorders from a 
general Internet-use disorder [61]. However, it is important to note that 
our findings may not be applicable to other forms of specific Internet-use 
disorders, which could share common individual risk factors [62]. 

Our findings also underscore the possibility that awareness of the 
experimental contingencies and the acquisition of conditioned 
emotional response represent two distinct processes given that different 
predictors were identified. Most intriguingly, the severity of problematic 
behavior was associated with the acquisition of conditioned emotional 
responses, but not the acquisition of awareness. On the other hand, our 
findings support the assumption that explicit contingency knowledge is 
an important prerequisite for the acquisition of conditioned responses 
(e.g., [63]). The question of the automaticity of evaluative conditioning 
continues to be a subject of ongoing debate (see [64] for a review). For 
example, research by Lovibond and Shanks [65] has shown that while 
some forms of learning can occur without conscious awareness, explicit 
knowledge often enhances the strength and persistence of learned 

associations. In contrast, research by Olson and Fazio [66] demonstrated 
that individuals could develop attitudes toward stimuli through evalu-
ative conditioning without conscious awareness of the contingencies 
involved. This may suggest that although many forms of human condi-
tioned behavior may depend upon explicit knowledge of the predictive 
contingency between stimuli, responses, and the reinforcer, this may not 
always be a necessary condition for the emotional evaluation of stimuli. 
Therefore, while our findings support the importance of explicit con-
tingency awareness for conditioned responses in the context of prob-
lematic Internet use, it is essential to consider that learning can occur 
through both conscious and unconscious mechanisms. Future research 
should continue to explore these different pathways to better understand 
the conditions under which each type of learning predominates, which 
may have significant treatment implications. In general, an enhanced 
ability to detect and acquire stimulus-outcome associations could hold 
evolutionary advantages and may not be inherently problematic. Yet, in 
our current environment, where we are frequently exposed to 
reward-predicting stimuli, such as through media, a heightened sensi-
tivity to learning these associations might indeed be a vulnerability 
factor for susceptible individuals [67]. 

4.1. Limitations 

In the present study, 64.31 % of participants were coded as aware of 
the experimental contingencies, based on significantly higher expec-
tancy ratings of the gaming-related outcome in CSG trials compared to 
CSS trials in the final block of Pavlovian training. Although this defini-
tion relies on previous research (e.g., [6,35]) and allows comparison to 
previous findings, we cannot exclude that different findings would have 
been observed with a different definition. For example, presenting the 
CSG and the CSS and asking participants whether a gaming- or 
shopping-related picture had followed this stimulus is a categorical and 
maybe a more rigorous measure of awareness of the stimulus-outcome 
association than asking “What picture do you expect? (1 = shopping, 
5 = I don’t know, 9 = gaming)” when the CSG or CSS are presented as 
compound with the control stimuli on a trial-by-trial basis. The defini-
tion of awareness in the present study bears the risk that a significant 
difference emerges although only contingency knowledge for one of the 
stimulus was acquired (for example by providing mean expectancy 
ratings of 9 in CSG trials and of 5 in CSS trials). However, inspection of 
our data indicated that this did not occur. In addition, dwell time data 
also indicated that unaware participants showed a failure to learn. While 
future studies are warranted to assess systematically the pros and cons of 
different definitions of contingency knowledge, the use of the definition 
in the present study provides also important information. Thus, the 
percentage of 64.31 % of aware participants observed which is only a 
small increase compared to Vogel et al. [6] who found that 62 % were 
aware of the experimental contingencies. Given that in the present study 
the number of training blocks was doubled compared to Vogel et al. [6] 
this finding suggests that the number of training blocks is only of mar-
ginal relevance regarding the acquisition of awareness of experimental 
contingencies. While this stresses the role of individual characteristics, 
for example, cognitive flexibility, given the observed amount of variance 
explained by these variables in the present study, there might be also 
some further variables that may affect the learning process. Addition-
ally, a similar argument applies to the regression model used for pre-
dicting the magnitude of the conditioned response. Although our models 
are statistically significant and explain 19.9 % of the variance in pleas-
antness and 22.8 % of the variance in arousal, a substantial portion of 
the variance remains unexplained. Thus, further aspects and individual 
characteristics should be investigated systematically in future research. 

One such aspect that should be addressed in future research is 
gender. Thus, in the present study participants with risky use of gaming 
or buying-shopping applications differed significantly regarding gender 
with a significantly higher proportion of females in the group with risky 
buying-shopping. Although this reflects prevalence rates in the general 
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population and enhances generalizability of our findings, we cannot 
clearly disentangle possible effects of gender and type of behavioral 
addiction even though we recruited gender-matched control groups and 
entered these variables as covariates/control variables in all analyses. 
Thus, future studies are warranted to investigate systematically gender-
specific differences regarding behavioral addictions. 

However, one aspect that potentially limits the generalizability of 
our findings is the preselection criterion. As per our preregistered pro-
tocol, subjects who simultaneously fulfilled the risk criteria for both 
gaming disorder and buying-shopping disorder were excluded from the 
study. This exclusion criterion was implemented to isolate the effects of 
each behavior independently. However, by excluding individuals with 
comorbid risky gaming and buying-shopping behaviors, our results may 
not fully capture the broader spectrum of these disorders as they man-
ifest in the general population. Future research should consider 
including participants with comorbid conditions to provide a more 
comprehensive understanding of how these disorders interact and 
impact one another. 

While overall there was a lot of convergence between pleasantness 
and arousal in our results, there were also dissimilarities, such as for 
materialistic values endorsement and compensation of stress. This 
dissimilarity could reflect statistical issues. For example, materialistic 
values endorsement was initially significant as predictor for the condi-
tioned pleasantness response, but this significance did not hold after 
applying the FDR correction. This could suggest that the effect is real but 
smaller in magnitude, and thus more susceptible to being deemed non-
significant when controlling for multiple comparisons. However, from a 
theoretical point of view it is possible that the conditioning process itself 
differs for arousal and pleasantness. Arousal could be more susceptible 
to associative learning because it is a more fundamental physiological 
response, whereas pleasantness may require more complex cognitive 
associations that involve individual preferences and subjective in-
terpretations. Therefore, it is important for future research to disen-
tangle the effects of predictors on conditioning of both dimensions 
further. 

Moreover, it is important for future research to assess the individual 
relevance of the gaming-related and shopping-related stimuli used as 
outcomes in the Pavlovian training and their appetitive nature. While 
the stimuli used in the present study were selected based on the highest 
ratings regarding craving, pleasantness and arousal as indicated in a 
pilot study, the ratings were rather in the neutral than appetitive range. 
Although we observed significant increases in pleasantness and arousal 
ratings of the abstract stimuli after Pavlovian training, these ratings 
were also rather in a neutral than appetitive range. We cannot exclude 
that different findings would have been observed with stimuli with a 
higher individual relevance (for example depicting a desired scenario 
instead of a mere application) which might induce higher craving and be 
rated as more appetitive. However, other studies with participants with 
risky use also reported craving ratings in response to addiction-related 
stimuli in a rather medium range (e.g. [4]). In 1999, Verheul and col-
leagues [68] suggested that there are different pathways leading to 
craving and that reward craving (i.e. craving for the rewarding effects of 
alcohol) should be differentiated from relief craving (i.e. craving for the 
reduction of negative feelings). As outlined in the I-PACE model [3], 
there may also be a shift from the experience of gratification to the 
experience of compensation in the development of addictive behavior. It 
is thus possible that addiction-related cues have appetitive properties for 
some individuals and aversive properties for others and it is important to 
consider these individual differences. 

In addition, while we assessed awareness of the experimental con-
tingencies and the magnitude of the conditioned response as two distinct 
mechanisms, regarding the magnitude of the conditioned response we 
relied on subjective ratings and eyetracking and did not assess, for 
example, physiological responses or functional magnetic resonance 
imaging (fMRI). Previous research has observed a dissociation of sub-
jective ratings and physiological responses (e.g., [10,69]), and 

Schweckendiek et al. [11] observed that neuroticism or extraversion 
were correlated with BOLD-responses and effective connectivity, though 
not subjective ratings. This suggests that incorporating psychophysio-
logical measures like skin conductance responses or fMRI in future 
studies may potentially enhance the explained variance in analyses, thus 
refining the predictive accuracy of our model based on the variables 
already entered. This is especially important, as in the present study, 
although eyetracking data indicated the development of an attentional 
bias for both the CSG and the CSS, no reliable group or behavior specific 
differentiations were observed suggesting that other physiological 
measures may be more suitable. Finally, due to the nature of our 
learning paradigm, expectancy ratings and conditioned responses were 
compared between cues related to two specific online behaviors, namely 
gaming and buying-shopping. This allowed us to analyze 
behavior-specific characteristics in the acquisition of awareness and 
conditioned responses. It would be interesting for future research to 
replicate these findings using different conditioning procedures and 
stimuli. 

5. Conclusion 

Taken together, our results provide additional support for the I-PACE 
model by Brand et al. [3], as we were able to demonstrate associations 
between various vulnerability factors and cognitive as well as affective 
mechanisms, such as Pavlovian learning and appetitive conditioned 
responses. By showing that factors such as materialistic values 
endorsement, experiences of compensation or severity of problematic 
application use are linked to Pavlovian conditioning of emotional re-
sponses towards behavior-relevant stimuli, we not only support the 
theoretical framework but also shed light on potential pathways through 
which these factors may contribute to the development or maintenance 
of addictive behaviors. This insight is crucial for informing targeted 
interventions and prevention strategies aimed at addressing problematic 
behaviors associated with these vulnerability factors. After individuals 
with risky gaming or risky buying-shopping behavior have been iden-
tified via screening instruments, effective prevention and treatment 
strategies [70] should be augmented by tailored interventions based on 
the specific problematic behavior. For those with risky buying-shopping 
behavior, interventions should focus on exploring alternative values, 
drawing from approaches such as Acceptance and Commitment Therapy 
[71]. Additionally, those individuals could benefit from interventions 
aimed at enhancing coping strategies for stress (e.g., [72]). Conversely, 
interventions for individuals with risky gaming behavior should aim to 
develop strategies that help those individuals to retrain their attention, 
e.g. via cognitive bias modification [73,74] or via mindfulness training 
[75,76]. By implementing targeted interventions based on the nature of 
the risky behavior, individuals can effectively address underlying issues 
and work towards healthier behavioral patterns. Thus, our findings 
underscore the importance of considering both individual characteris-
tics and underlying psychological mechanisms in understanding and 
addressing behavioral addictions. Future studies could implement for 
example longitudinal designs and utilize more sophisticated statistical 
methods, such as structural equation modeling, to better account for the 
complexity of interactions among predisposing variables, cognitive and 
affective mechanisms, as well as experiences of gratification and 
compensation (e.g., [24]). This, in turn, would further enhance our 
understanding of the addictive process. 
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