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1. General introduction

Approximately one third of the global population plays videogames and it the most popular
among young males (Fabio, 2024). Video game use shows similar patterns in the
Hungarian population: based on surveys from 2019, 71.8% of adolescents (86.3% of males
and 55.7% of females) (Kirdly, Demetrovics, 2020), but only 10.7% of adults (14.9% of
males and 7.1% of females) (Kiraly, Demetrovics, Paksi 2021) reported video game use
during the past month. Despite the benefits of video game use in promoting goals in
education, physical activity (Sailer, Homner 2020; Mazeas et al., 2022), cognitive
development (Green, Bavelier, 2015) and therapeutic interventions (Kollins et al., 2020),
problematic pattern of video game use was recognized in ICD-11 (World Health
Organization, 2019) referred to as Gaming disorder (GD). The ICD-11 defines GD as a
continuous or episodic and recurrent pattern of gaming behavior present over at least a 12-
month period (which in case of serious symptoms can be lowered) which causes significant
impairment in important areas of life (social, education, occupation). All three of the

following symptoms must be present to make for diagnosis:

1. Impaired control over gaming;
2. Precedence of gaming over other interests and activities;

3. Continuation or escalation of gaming despite negative consequences.

The Interaction of Person-Affect-Cognition-Execution (I-PACE) model (Brand et al., 2016;
Brand et al., 2019) was constructed to explain disorders related to internet use, which is
frequently applied to explain GD. I-PACE describes the development of GD over time and
attempts to define the roles of related factors in the process. The model differentiates
between an early phase, when the behavior is gratifying by itself and a later phase mainly
driven by compensatory need. The components of the model are assigned to three different

roles:

1. Risk factors include several neurobiological and psychological features, such as
social  cognitions, personality, biopsychological constitution, comorbid

psychopathology and motives.



II.
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2. Mediators of risk factors include subjective situation perception (e.g. salience, stress
reactivity), affective and cognitive responses (e.g. craving, attentional bias) and
executive functioning/inhibitory control.

3. Moderators of risk factors include coping style and internet related cognitive biases

(e.g. expectancies).

In line with the I-PACE model, a great proportion of research is aimed at exploring the
motivational drivers of GD, frequently built upon two, popular motivational models: the
“motivations for play in online games” (MPOGQ; Yee, 2006) including three main
motivational factors (achievement, social, immersion), which consists of an additional 10
subcomponents; and the model of the motives for online gaming questionnaire (MOGQ)
(Demetrovics et al., 2011) including the following seven motivations: escape, coping,
fantasy, skill development, recreation, competition, social. These motivations show
considerable association with GD (Bécklund et al., 2022) and were found to be useful in the
explaining the association between poor mental health and GD (Kirdly et al., 2015;

Ballabio et al., 2017).

2. Research aims
Execute a qualitative synthesis of the previous gaming motivation theories and
construct a comprehensive measurement tool that can broadly explore the drivers of
video game use while taking their overlap into consideration (Study 1).
Write a narrative review of available empirical research on the aetiological factors of
GD to support and/or refute previous models. Additionally, provide a summary of areas
not covered in earlier models: the role of external (e.g. culture, peers, family etc.) and
game-related (e.g. game genres, structural characteristics etc.) factors (Study 2).
Provide a quantitative synthesis of studies focusing on the ADHD-GD association and
supplement earlier research with qualitative summary of the potential mediators
explaining the underlying process of this association (Study 3).
Test the potential mediator role of video game motivations in the association between

ADHD, GD and average time spent playing (Study 4).



3. A comprehensive model to understand and assess the motivational background of
video game use: the Gaming Motivation Inventory (GMI) (Study 1)!
3.1. Methods
All analyses were performed with SPSS version 25 (IBM Corp., 2017) and Mplus 8
(Muthén & Muthén, 1998-2017). Several goodness-of-fit indices were estimated to
determine model fit (Brown, 2015).

Stage 1 (procedure and analyses): PubMed, ScienceDirect, Web of Science, and Scopus
were screened to identify studies including measurement of video game motives. Most
frequently used instruments measuring gaming motives were used to identify underlying

motives and generate a comprehensive item pool for their assessment.

Stage 2-4 (procedure): an online, self-report survey was designed and administered in
Qualtrics distributed in collaboration with a popular Hungarian gamer magazine
(GameStar) to recruit a large sample of Hungarian-speaking video game players
(N=14,740, 89.3% male, mean age 24.1 years). The survey consisted of sociodemographic
measures, questions related to video game use habits, the survey constructed at Stage 1 for
gaming motivation measurement, and the following, previously validated scales:

e sociability was assessed with five items proposed by Asendorpf and Wilpers (1998);

e competitiveness was assessed with three items from the nine-item Enjoyment of
Competition subscale of the Revised Competitiveness Index (Harris & Houston,
2010; Houston, Harris, Mclntire, & Francis, 2002);

e sensation seeking was assessed with the four-item subscale of the short version of
the UPPS-P Impulsive Behavior Scale (Billieux et al., 2012; Zsila, Bothe,
Demetrovics, Billieux, & Orosz, 2020);

e general self-esteem, self-esteem when playing video games were measured with the
five positive items of the Rosenberg Self-Esteem Scale (Rosenberg, 1965) (original

and modified version);

! The published version of this study is the following: , Kiraly, O., Billieux, J., King, D. L., Urbéan, R., Koncz,
P., Polgar, E., & Demetrovics, Z. (2022). A comprehensive model to understand and assess the motivational
background of video game use: The Gaming Motivation Inventory (GMI). Journal of Behavioral Addictions,
11(3), 796-819. https://doi.org/10.1556/2006.2022.00048”
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e positive and negative affect traits were measured with the 20-item Positive and
Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988);
e perceived stress was measured for the previous 3 months with the short four-item
version of the Perceived Stress Scale (Cohen, 1986; Cohen & Williamson, 1988);
e GD symptoms were assessed with the Ten-Item Internet Gaming Disorder Test
(IGDT-10; Kiraly et al., 2019; Kiraly, Sleczka, et al., 2017);
e depression symptoms were measured by the six-item version of the Center of
Epidemiological Studies-Depression Scale (CES-D; Radloff, 1977).
Stage 2 (analysis): at the first step, a confirmatory factor analysis (CFA) was used to
validate 27 theoretically proposed motivational factors. Then the total sample was divided
into three non-overlapping random samples. At the second step, exploratory factor analysis
(EFA) was used to test how the motivational factors found at step one cluster into higher-
order factors. At the third step, an independent sub-sample was used to cross-validate the
model found at the second step. At the fourth step, exploratory structural equation modeling
(ESEM) was used to cross-validate the hierarchical structure found at the second and third
step. To evaluate model fit, chi-square (¥2) test of exact model fit was performed and
Comparative Fit Index (CFI), Tucker-Lewis index (TLI), root-mean square error of
approximation (RMSEA) and standardized root-mean-square residual (SRMR) were

estimated.

Stage 3 (analysis): multiple indicators, multiple causes (MIMIC) analysis was used to
cross-validate the six higher-order motivational factors with the measured psychological

and personality variables.

Stage 4 (analysis): a parallel mediation model was constructed within structural equation
modeling (SEM) to test the mediation role of the six higher-order motivations. This
analysis was expected to further validate the model by showing similar patterns of
association as in earlier, similar research (Kiraly et al., 2015; Ballabio et al., 2017).

3.2. Main results

Stage 1: 100 items were generated based on previous instruments which covered 27

theoretical motivational factors.



Stage 2: 26 first-order factors were identified using CFA (first step), which were clustered
into six higher order factors during two independent EFA (second and third step). The
factors were named as Mastery, Immersion/Escapism, Competition, Stimulation, Social and
Habit/Boredom (Table 1). The ESEM model had confirmed the model resulted from the
earlier EFAs (fourth step). The ESEM model had shown adequate fit to the data (2 (184) =
3,264.4, p < 0.001; CFI = 0.944; TLI = 0.901; RMSEA = 0.059, 90% confidence interval
0.057-0.060; SRMR = 0.021).

Table 1

Exploratory Structural Equation Modeling of the 26 Motivational Factors from the Results
of the Exploratory Factor Analysis (n3 = 4,872)

Factor loadings

Mastery Immersion/Escapism Competition Stimulation Social Habit/Bored om
Advancement 0.730 0,018 0.1% 0,059 =080 =0.011
Amotivation 0,057 =0.032 0012 =0.049 0033 0.677
Autonomy 0.533 0.458 =0.040 0,021 0,000 0,030
Boredom =0.024 0,093 0.066 0,167 =0013 0.464
Competence 0.145 0,332 0.606 0,021 0.005 —0.014
Competition 0.101 —0.183 0.660 0243 0.053 0043
Completion 0.778 —0.087 0.193 0,018 =102 0037
Coping -0.070 0,631 0.115 0.158 0046 -0.051
Escape —=0.113 0.783 0.050 0.020 —=0.011 0.099
Exploration + Mechanics 0.878 0.030 -0014 —0.147 0,085 0.071
Fantasy 0217 0.735 =0.109 0073 - 0053 0.035
Financial 0,024 0,028 0293 =0.111 0,140 0127
Game skills 0.622 =0.093 0.503 0,019 0.01% =058
Identity 0.159 0.620 0273 —0.133 0.061 -0.111
Introjected regulation =0.075 0.499 0.335 0,002 —0033 0173
Recreation 0.159 0271 -0.129 0.191 0,035 —-0.237
Skill development 0.384 0.136 0.306 —=0.008 0,132 —0.144
Social 0.018 0.163 0.178 =0.102 0.694 =0.010
Status 0,005 0,125 0.692 0,035 0144 0,054
Arousal-action 0079 =0.009 0222 0,644 0111 =0.052
Cooperation 0,009 -0.124 =0.020 0102 0.875 0,005
Custo mization 0.324 0,127 —=0.143 0286 0.106 0075
Deestruction —=0.007 0.156 0.086 0.534 0.025 0.165
Graphics 0,090 0,015 0,004 0.503 — 042 —0.165
Story 0344 0237 =0.341 0.180 0.010 —0.038
Strategy 0.390 =0.104 -0.113 0,093 0.359 0042
Correlation between the factors

Mastery Immersion/Escapism Competition Stimulation Social

Immersion/Escapism 044777
Competition 03297 0.269™"
Stimulation 0436™" 0.350™ 0124
Social 0337 0191 " 0480 0.276™"
Habit/Boredom —-02237" 01117 0172%™ —=0.013 0047

Note. Salient factor loadings (>0.30) are boldfaced.
P <005 """P < 000L



Stage 3: several significant, positive path coefficients were found between main motives
and theoretically related psychological and personality variables, including (in ascending
order) negative affect and Immersion/Escapism motivation (f = 0.242, p < 0.001),
sociability and Social motivation (£=0.261, p<0.001), positive affect and Mastery
motivation ($=0.344, p<0.001), competitiveness and Competition motivation ($=0.604,
p<0.001) (Table 2). Additionally, video game genre preference had shown distinguishable

motivational profiles.

Table 2
How Relevant Psychological Variables Predict the Six Main Motivations:
Path Coefficients of Multiple Indicator Multiple Cause Model (N=14,740)

Gaming motive

Predictor Mastery Immersion/Escapism Competition Stimulation Social Habit/Boredom
Self-esteem —0.096"*" —0.063*** —0.023" 0.052*** —0.087°** —0.036
Positive affect 0.344""" 0.123""" 0.033"" 0.092""" 0.097""" —0.220"""
Negative affect 0.024 0.242"** 0.154"** 0.128"** 0.010 0.250"**
Sociability —0.087*** —0.103*** —0.016 —0.020 0.261"*" 0.067**
Competitiveness 0.012 —0.148""* 0.604""* 0.187*** 0.133*** —0.120"
Perceived stress 0.077"** 0.188"** 0.044™*" 0.053** 0.030 0.148"*"
Sensation seeking 0.123""" 0.080""" —0.008 0.174™*" 0.083""" 0.050™"
Age —0.067*** —0.080""* —0.155"** —0.045 —0.250"** —0.266""*
Gender 0.056""* 0.062""* —0.034"** —0.060" —0.041"** —0.103""*

Note. Effect sizes are provided as standardized betas. Gender: males were coded as 0, females as 1.
*P < 0.05. ""P < 0.01. ""*P < 0.001.

Stage 4: results had verified a similar pattern of association compared to earlier, similar
models: the effect of depression symptoms and GD symptoms (total effect: p=0.375,
p<0.001) was partially mediated via Immersion/escapism (indirect effect: £=0.089,
»<0.001) and via Competition (indirect effect: f=0.016, p<0.001). Additionally, the model
had shown a relatively strong indirect association via Habit/Boredom (indirect effect:

$=0.089, p<0.001) not covered in earlier path models (Figure 1).



Figure 1

Mediation Model Between Depression Symptoms and Gaming Disorder Symptom Severity
and Gaming Time (N=14,740)

A80*

’ N T RI=28.5%
& — \ e .
o Immersion/ N 228 Gaming
I,’@. Escapism disorder
% symploms
YL Competition
Depression
symploms 035 s ATz
T Stimulafion
. R2=18.0%
- .
<) Social — Gaming time
[T
HabitBoredom  J~~ "~
-063*

Fig. 2. Mediation model between depression symptoms and gaming disorder symptom severity and gaming time (N = 14,740)
Note. Values on single-headed arrows are standardized regression coefficients (/). The value on the double-headed arrow represents a
correlation coefficient. Due to the large sample size, only *P < 0.001 was considered as a significant effect. Solid lines represent significant
standardized regression coefficients. Dashed lines represent non-significant standardized regression coefficients. Bold letters represent
considerable standardized regression coefficients (f > 0.1). Gaming disorder symptoms were calculated by summarizing the dichotomized
Ten-Item Internet Gaming Disorder Test items, except for Item 8 (i.e., escaping or relieving a negative mood). We removed Item 8 because
its content conceptually overlapped with the higher-order motive Immersion/Escapism, which could have biased the results. The model was
controlled for age and gender. However, to ease the interpretation of the figure, correlation coefficients between the latent variables and the

covariate effects of gender and age are not shown.

3.3. Discussion

This study has successfully created a valid comprehensive tool with good psychometric
properties suitable to measure 26 motives that can be clustered into 6 higher-order
motivational dimensions. GMI includes the dimensions of the previously popular tools
including the MPOGQ (Yee, 2006) and the MOGQ (Demetrovics et al., 2011). GMI also
follows similar hierarchical structure as the MPOGQ: Achievement component is measured
Mastery and Competition in GMI, there is a Social component in both motivational system
with similar content and the Immersion higher-order component of MPOGQ is also mostly

covered by Immersion/Escapism.

The criterion validity of the higher-order has been verified by showing considerable
significant correlation between these dimensions and psychological scales: Competition
higher-order motive was strongly associated with competitiveness; Social higher-order
motive was moderately associated with sociability; Mastery higher-order motive had the

positive association with positive affect in line with the studies of Ryan and colleagues



(2006) which have shown that game enjoyment is related to the fulfillment of basic
psychological needs through tackling challenges; Immersion/Escapism was moderately
associated with negative affect in line with previous studies showing reporting moderate
association between mental health issues and escapism, fantasy, coping (Ballabio et al.,
2017; Banyai et al., 2019; Kiraly et al., 2015); Habit/Boredom was positively associated
with negative affect and negatively with positive affect with moderate effect sizes, which is
in line with studies showing that amotivation (main motive of Habit/Boredom) shows
positive association with need frustration during daily life (Mills et al., 2018) and negative

association with need fulfillment in-game (Lafreniére et al. 2012).

Finally, a similar parallel mediation model was tested as in previous studies (Ballabio et al.,
2017; Béanyai et al., 2019; Kirély et al., 2015) where the effect of depressive symptoms on
GD was mediated by Immersion/Escapism, Habit/Boredom and Competition. This model is
in line with the theoretical conceptualization of GD, showing the importance of inflexible,
avoidance oriented maladaptive coping (Kross et al., 2008) and consistent with previous

research regarding the correlations of amotivation (Mills et al., 2018; Zsila et al., 2017).

This research holds some limitations, such as the usage of self-report assessment
(vulnerable to memory recall and social desirability bias), the cross-sectional design (not
suitable to explore causal or temporal associations), extensive length of the questionnaire
(resulting in fatigue and attrition among respondents). Despite these limitations, GMI can
be used in research to widely explore the motivational basis of problematic video game
users, most importantly Immersion/Escapism and Habit/Boredom higher order motives.
Furthermore, clinical practice can benefit from using GMI to track the motivational
background of GD patients signifying the state of latent psychological need fulfillment and

frustration.



4. Gaming disorder: A summary of its characteristics and aetiology (Study 2)?

4.1. Methods

The authors collected, processed and narratively described the most recent and relevant
research findings explaining the characteristics and aetiological factors of GD based on
their scientific knowledge. An initial goal was to include studies covering the following

three main areas of interest: individual, environmental and gaming-related factors.
4.2. Main results

A large set of research (N = 177) was identified covering a wide range of variables found to

play a role in the emergence, development and maintenance of GD.
4.2.1. Gaming-related factors

Online video game players were consistently found to be more affected by GD (Lemmens
& Hendriks, 2016; Montag et al., 2021; MdBle & Rehbein, 2013; Smyth, 2007) which may
be related to the capacity of online games to provide safe environments of social
interactions as the identity of players can remain anonymous and there is no necessity of
participating in face-to-face social activities to have social interactions (Heng et al., 2021;
Bodi et al., 2021; Lee & Leeson, 2015). Several game genres were consistently associated
with problematic gaming, such as massively multiplayer online role-playing games
(MMORPGs), first-person/third person shooter (FPS/TPS) games, real-time strategy (RTS)
games, and multiplayer online battle arena (MOBA) games (Miiller et al., 2015; Rehbein et
al., 2021). The contribution of specific genres to the addictive nature of games for
vulnerable individuals is supposedly due to their structural characteristics (Billieux et al.,
2015; King et al., 2010; Rehbein et al., 2021) such as the permanent nature of game worlds
(in case of MMOs), advancement and complex reinforcement systems (in case of RPGs),
virtual social organizations in the form of guilds and clans (in case of MMORPGs and
online shooters). Additionally, options for detailed character customization (in case of

MMORGPs and simulation games) provide an opportunity to create personalized avatars

2 The published version of this study is the following: ,, Kiraly, O., Koncz, P., Griffiths, M. D., &
Demetrovics, Z. (2023). Gaming disorder: A summary of its characteristics and aetiology. Comprehensive
Psychiatry, 122, 152376. https://doi.org/10.1016/j.comppsych.2023.152376”
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which through identification can reduce discrepancy among real and idealized self, thus

possibly contributing to the addictive nature of video games (Szolin et al., 2022).

Video game monetization is frequently built upon microtransactions (i.e., the purchase of
additional game content in the form of virtual items such as textures/skins, weapons,
currency, or levels), especially in case of free-to-play games (Dreier et al., 2017). Several
monetization techniques are seen as predatory (King, Delfabbro, 2018), as they are built
upon player behavior tracking used to personalize offers and pricing, which are further
supported by different pressuring tactics such as “limited time offers” (King et al., 2019).
Some members of the video game industry deliberately aims to profit from a small
proportion of high spending players (known as “whales) (Dreier et al., 2017), who are not
necessarily wealthy, but rather problematic users (Close et al., 2021). Another emerging
field is the growing presence of gambling like elements in the world of video games,
including loot boxes (virtual containers which include random virtual items of different
value)(Raneri et al., 2022) and skin gambling (using video game cosmetics for betting)
(Hing et al., 2021). Loot boxes show visual similarities with slot machines and have been

consistently associated with problematic use (Raneri et al., 2022).
4.2.2. Individual factors

Adolescent and young adult males are the most vulnerable population for the development
of GD (Stevens et al., 2020; Su et al., 2020). Several studies have examined the relationship
of GD with personality traits, finding several associations with the Big Five personality
traits: neuroticism was positively associated, while extraversion, conscientiousness and
agreeableness were negatively associated with problematic video game use (Akbari et al.,
2021; Chew, 2022). Furthermore, impulsivity was also consistently found to be also
associated with GD (Lee et al., 2019). The mental health of GD affected is worse compared
to healthy individuals in several areas including more frequent symptoms of depression,
anxiety, substance and polysubstance misuse, ADHD and autism (Ji et al., 2022; Ostinelli
et al., 2021; Wang et al., 2017; Koncz et al., 2023; Murray et al., 2021). Additionally, GD
affected individuals are more socially isolated and have lower self-esteem (Péapay et al.,
2013; Van Rooij et al., 2014) and social competence (Van Roojj et al., 2014; Wichstrom et

al., 2019). While these issues are supposed to be the results of problematic use, they are



also expected to be risk factors for the development and maintenance of problematic

involvement.

Understanding motivation to play in relation to GD is crucial in explaining problematic use.
Escapism (a tendency to avoid real life problems by playing) is most closely related
motivation to GD followed by achievement, immersion and social motivations (Wang &
Cheng, 2022; Bécklund et al., 2022). Specific motivations are not only risk factors of GD
but are also shown to be intervening between other individual risk factors (e.g.
comorbidities) and GD (Ballabio et al., 2017; Banyai et al., 2019; Kiraly et al., 2015),
indicating that the presence of issues in other areas of life drive players to use video games
to avoid their problems or compensate for their lacking need fulfillment (Salvarh &

Griffiths, 2021; Szolin et al., 2022).

Based on the similarities of the neurobiological basis of substance use disorders and GD,
genetic vulnerability is assumed to be responsible for GD development, but only a few
studies were published in this topic yet. Brain imaging studies have shown unique
neurobiological patterns of GD affected individuals including different functioning in
prefrontal areas and the temporoparietal, frontolimbic and subcortical regions (Schettler et
al., 2022) and reduced gray-matter volume and altered white matter density in areas
responsible for decision-making, emotion regulation and behavioral control (Weinstein,

2017; Yao et al., 2017).
4.2.3. Environmental factors

Families play an important role in prevention as the quality of parent-child relationships are
evidently negative related to the severity of GD (Schneider et al., 2017). Good parent-child
communication, common social activities, cohesion, connectedness, acceptance, secure
attachment, warmth, and affectivity were protective factors, while poor family functioning,
conflicts, hostility and demanding, authoritarian, neglectful or permissive parenting style
were risk factors for problematic gaming (Nielsen et al., 2020). Several studies have noted
that the importance of father-child relationships as a protective factor (Schneider et al.,
2017; Su et al., 2018; Throuvala et al., 2019) and growing up in single-parent families is a
risk factor for GD (Batthyany et al., 2009; Schneider et al., 2017). Furthermore, childhood

maltreatment (emotional, sexual, or physical abuse and physical or emotional neglect of a

6



child) is also considered as a risk factor for GD (Nielsen et al., 2020; Torres-Rodriguez et
al., 2018; Vadlin et al., 2016). Besides family relations, peers and school related factors
were also found to be related to GD. Being bullied and bullying others, having friends
whose gaming is also problematic, having low educational and career achievements
(skipping school classes, truancy, and having low school grades), and a low level of
integration are all found to be associated with GD (Mihara & Higuchi, 2017). Cultural
differences were found in the prevalence of GD, higher pooled prevalence rate was found
for the prevalence of gaming disorder in Asian countries (5.08%) compared to Europe
(2.72%) (Stevens et al., 2021). Despite low amount of studies were made among esports
players, it is argued that the further promotion of videogame playing under the umbrella of
esports would likely increase the prevalence of hazardous gaming and GD (Chung et al.,

2019).
4.3. Discussion

Based on the gaps identified in the present review, future studies should focus on specific
aspects of aetiology. Videogames are continually changing and advancing using newer
behavioural mechanics that appear to manipulate gamers to play more and spend more, thus
this area should be an important area of continuous research. The research on comorbid
psychopathology holds utmost importance as mental health can significantly hinder
recovery if no treated in parallel. Future research needs to explore the specific interactions
between the three aetiological factors outlined in the present review. It is plausible to
assume that there are particular interactional profiles which need specific types of
prevention and treatment. This is in line with Ko and colleagues (2023) clinical
observations who argued that there are common types of GD patients, such as male patients
with ADHD, patients with dysphoria and dysfunctional coping skills, or isolated patients
with social anxiety. Future studies should be conducted to explore such profiles to help
develop personalized treatment protocols. Prevention and intervention of gaming disorder
at both the community level and the individual level require multi-professional action (e.g.,
from caregivers, educators, researchers, therapists, policymakers) due to its multifactorial

nature regarding aetiology.



5. The emerging evidence on the association between symptoms of ADHD and gaming
disorder: A systematic review and meta-analysis (Study 3)*

5.1. Methods (procedure and analyses)

Articles search was done systematically on Scopus, Science Direct, Web of Science, and
PubMed to identify studies relating to the association between ADHD and GD. Studies
were included, if at least one of the following was reported: a correlation coefficient
regarding ADHD-GD association; group means and SDs of ADHD symptom severity
(between GD and non-GD individuals); group means and SDs of GD symptom severity
(between ADHD and non-ADHD individuals). Data extraction was performed with the
inclusion of BA, MA and PhD students.

Data was analyzed using the Comprehensive Meta-Analysis Software Version 3.0
(Borenstein, Hedges, Higgins, & Rothstein, 2009). Data synthesis was executed using
random-effects model and confirmed in structural equation meta-analysis, heterogeneity
estimates were calculated (Q and I? statistics) and figures (forest plots), were created for
illustration. All analyses were performed on either the combined ADHD symptom severity,
and/or on ADHD subdomain (inattention and hyperactivity/impulsivity) severity scores.

Findings not suitable for data synthesis were reported qualitatively.

Publication bias tests were implemented (funnel plot, trim-and-fill method, Rosenthal’s
fail-safe N method) (Egger, Smith, Schneider, & Minder, 1997; Duval, Tweedie, 2000;
Rosenthal, 1979) to test the robustness of findings to systematic missingness due to
selective publication practice. Moderator analyses were performed using several potential
moderators (age, gender ratio, year of data collection, study quality, sample type, country of
origin, GD measure and source, ADHD measure and source, type of addiction examined).
Quality assessment was provided for the included research articles based on the protocol of
Murray and colleagues (2021). Theoretical summary was provided to explain the role of all

intervening factors of the association.

3 The published version of this study is the following: ,,Koncz, P., Demetrovics, Z., Takacs, Z. K., Griffiths,
M. D., Nagy, T., & Kiraly, O. (2023). The emerging evidence on the association between symptoms of
ADHD and gaming disorder: A systematic review and meta-analysis. Clinical Psychology Review, 106,
102343. https://doi.org/10.1016/j.cpr.2023.102343”
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5.2. Main results

As the results of articles search and data extraction 52 studies were found suitable for data
synthesis (39 studies with correlation estimates, 7 studies comparing GD severity of ADHD
and non-ADHD affected individuals, 6 studies comparing ADHD severity of GD and non-
GD individuals) (Figure 2).

Figure 2

Flowchart of the Systematic Database Search and Screening Process
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After data synthesis pooled estimates of correlation between GD and ADHD were all

significant, indicating a positive, moderate association with combined ADHD scores (r =

0.296, p < 0.001), inattention scores ( = 0.306, p < 0.001), and hyperactivity/impulsivity

scores (r = 0.266, p < 0.001) (Figure 3). These results were confirmed by structural

equation meta-analysis. A large average difference was found in GD severity between

ADHD affected and non-ADHD affected individuals (g = 0.693, p < 0.001) (Figure 4). A

large average difference was found in ADHD severity between GD affected and non-GD

affected individuals (g = 0.854, p < 0.001) (Figure 5).

Figure 3

Forest Plot for Studies With Correlation Data of the Association Between Gaming

Disorder Symptom Severity and Combined ADHD Scores
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Figure 4

Forest Plot for Studies With Correlation Data of The Association Between Gaming

Disorder Symptom Severity and ADHD Inattention Scores
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Figure 5

Forest Plot for Studies with Correlation Data of the Association Between Gaming Disorder

Symptom Severity and ADHD Hyperactivity/Impulsivity Scores
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Publication bias tests had shown no evidence for considerable publication bias for any data
type, as funnel plots indicated only slight asymmetry in case of correlation coefficients
between all three types (combined, inattention, hyperactivity/impulsivity) ADHD
symptoms severity scores and GD and no asymmetry in case of groups comparison results.
According to the results of the fail-safe N method, the average effects were robust, large
amount of non-significant studies would be necessary to turn the average effect non-
significant: 31,960 in case of correlation coefficients between combined ADHD and GD;
13,912 in case of correlation coefficients between combined inattention and GD; 8016 in
case of correlation coefficients between combined hyperactivity/impulsivity and GD; 321
in case of GD symptom severity differences between ADHD and non-ADHD groups and
261 in case of ADHD symptom severity differences between GD and non-GD groups.

The moderator analyses indicated significant effects in case of three moderators: stronger
positive correlation was found between combined ADHD and GD scores in studies with
higher percentage of males (coefficient = 0.0018, p < 0.05) (Figure 6); stronger positive

correlation was found between combined ADHD and GD scores in studies where not only
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GD, but a mixture of GD and internet addiction (IA) was measured (» = 0.288, p < 0.001
for only GD; »=0.374, p < 0.001 for mixed measurement Q (1) = 8.636, p < 0.003) (Figure
7); larger difference was found in GD symptom severity between ADHD affected and non-
ADHD affected individuals in more recent studies (coefficient = 0.0528, p < 0.001) (Figure
8).

Figure 6

Meta-Regression Analysis of Gender Distribution on Correlation Estimates Between

Combined ADHD Scores and Gaming Disorder Symptom Severity
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Figure 7

Forest Plot for the Comparison of Correlation Estimates of the Association Between
Gaming Disorder and ADHD Inattention Scores Between Studies Measuring Gaming

Disorder and Internet Addiction Mixed with Gaming Disorder
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Figure 8
Meta-Regression Analysis of Data Collection Date on Gaming Disorder Symptom

Severity Differences Between ADHD and Non-ADHD Groups
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As the result of quality assessment no low-quality studies were found and most of the
studies (38 out of 52) were found to be of high quality. Among studies reporting correlation
analysis, only the possibility of sampling/selection bias was identified as a common
problem. In studies including group comparisons between ADHD and non-ADHD
individuals, sampling/selection bias and the use of less reliable GD/IA assessment tools
were identified, affecting general study quality. Ratings of studies including a comparison
between GD and non-GD samples were all rated high in all aspects, with no systematic

quality issue.
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5.3. Discussion

The present study extends the knowledge regarding common GD comorbidities, as
previously the co-occurrence of depression and sub-clinical depressive symptoms (Ostinelli
et al., 2021) and autism spectrum disorder (Murray et al., 2020) were confirmed using
meta-analysis methodology. Based on cross-sectional correlational results, a medium-sized
significant positive correlation was found between the two disorders, which was true for the
association with both inattention and hyperactivity/impulsivity subdomain scores.
Moderate-to-large differences were found in both studies where the GD and non-GD
individuals were compared using ADHD symptom severity scores and in studies where
ADHD and non-ADHD individuals were compared using GD symptom severity scores.
The present meta-analysis provides an overview of the field in regard to research methods.
We found that the majority of the studies reported cross-sectional results based on self-
report. Interestingly, the single study, which reported a correlation coefficient based on
professional rating (clinicians’ rating) for both ADHD and GD found only a weak
relationship, which warrants for further studies using professional assessment as opposed to

self-report.

GD is more prevalent among the male population (Stevens et al., 2020), and ADHD-
affected males show higher symptom severity on both subdomains compared to ADHD-
affected females (Gershon, 2002), and this factor did moderate the association between the
two disorders, indicating stronger association for samples where most of the participants
are males. A significantly stronger association was found between GD symptoms and
inattentive symptoms in studies assessing problematic internet use in predominantly video
game user samples compared to studies where purely gaming disorder severity was
assessed. These results might indicate that the presence of inattentive symptoms of ADHD
is a risk factor for the problematic use of numerous other online activities rather than online
gaming only. These findings are in line with a meta-analysis, where the association
between ADHD and PUI was explored (Werling et al., 2022). Conflicting results were
found for the year of data collection. While correlation estimates and ADHD symptom
severity differences in group comparison between GD and non-GD individuals were not

associated with the year of data collection, newer studies reported larger differences in GD
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symptom severity between ADHD and non-ADHD individuals. However, as this
association was only found in one analysis, it is unclear whether the association may be
strengthening over time. The result might simply be the consequence of a confounding
variable such as a change in methodology, a trend in different assessment instruments for
instance. Also, it should be considered that the moderator analyses might have been
underpowered with the relatively small number of studies that we could include in this

meta-analysis.

Although the present results cannot establish causality or even the temporal direction of the
association, several underlying mechanisms could be involved. A major factor to explain
the association between the two disorders is impulsivity (Yen et al., 2017, Li et al., 2016).
One important characteristic of children with ADHD is the preference of immediate over
delayed rewards (delay aversion) (Sonuga-Barke, 2002). Regarding excessive gaming,
there are a wide range of experimental neurocognitive studies showing on average a
moderate difference in response inhibition between GD individuals compared to healthy
controls (Argyriou et al., 2017). Affective functioning may be another important area of
consideration. A study of Chen and colleagues (2021) demonstrated that depression
severity and hopelessness mediate the relationship between the symptoms of the two
disorders and problematic gaming can lead to progression of disruptive mood dysregulation
among ADHD patients (Tzang, Chang, Chang, 2022). Social functioning in ADHD
affected individuals, presenting in the form of intrusiveness and aggressivity have several
consequences, such as unpopularity, peer rejection or lack of reciprocal relationships
(Nijmeijer et al., 2008). Social difficulties are a risk factor for GD, as online video games
can be used to compensate for needs that are hard or impossible to satisfy in everyday life
(Kiraly et al., 2023). Purely ADHD sample-based studies of Chou and colleagues (Chou et
al., 2015; 2016) also support this hypothesis. Another idea is that ADHD individuals may
have a greater need for highly stimulating activities, such as video games (Chou, Chang,
Yen 2018) to reach an optimal level of arousal (Paulus et al., 2018 in Dullur, Krishnan,
Diaz et al., 2020). The higher tendency of ADHD individuals for immersion into video
games may be one factor contributing to greater vulnerability for problematic use (Jung et
al., 2020), which may be a manifestation of ADHD-related hyperfocus (Hupfeld, Abagis,
Shah 2018).
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Regarding future studies the results show that there is a great need for longitudinal studies
to establish temporal precedence and the direction of the effect in addition to assessment
based on clinicians’ ratings or diagnosis. The use of robust psychometric instruments
suitable for cross-culturally comparison is highly recommended, such as the IGDT-10
(Kiraly et al., 2017, 2019) or the IGDS-9SF (Pontes & Griffiths, 2015). Moderator analyses
should be run again in the future, when more data are available in the different categories
(sample type, country, assessment tool, informant, type of disorder examined). On a

practical note, screening of both disorders is recommended in the presence of either.
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6. Gender-specific motivational pathways in ADHD-related inattention and gaming
disorder symptoms (Study 4)*
6.1. Methods (procedure and analyses)

All analyses were based on the data collected during Study 1 (for further information, see
methods section of Study 1, Stage 2-4). The six-item version of the Adult ADHD Self-
Report Scale (ASRS) (Kessler et al., 2005) was used to assess the symptom severity of the
two ADHD subdomains. Participants reported the average hours spent gaming during
weekdays and weekend days (to one decimal place) and the average weekly gaming time
was calculated from these data. Analyses were performed with SPSS version 28 (IBM
Corp., 2021) and Mplus 8 (Muthén & Muthén, 1998-2017). To determine the adequacy of
model fit the guidelines of Browne (1993) and Kline (2015) were used. A parallel
mediation model was tested in SEM using robust maximum likelihood estimation (MLR).
ADHD subdomain (inattention and hyperactivity/impulsivity) severity scores and higher-
order motivations (for further information, see Study 1, Stage 2, second step) were used as
predictors, and GD symptom severity (without escapism symptom) and time spent gaming
were the outcomes. Both models were controlled for age and models were tested separately
for males and females. For model fit evaluation chi-square (y2) test of exact model fit was

performed and RMSEA, SRMR, CFI were calculated.
6.2. Main results

Male model: the male model had shown adequate fit to the data (¥2 (df = 407) = 11881.4,
p <0.001; CFI=0.934; RMSEA = 0.046; SRMR = 0.027). The effect of inattention to GD
(total effect: p=0.385, p<0.001) was partially mediated via Immersion/escapism (indirect
effect: P=0.068, p<0.001), via Competition (indirect effect: B=0.021, p<0.001) and
Habit/Boredom (indirect effect: 3=0.094, p<0.001). The effect of hyperactivity/impulsivity
to GD (total effect: f=0.038, p<0.01) was partially mediated via Immersion/escapism
(indirect effect: f=0.016, p<0.001) (Figure 9).

4 The published version of this study is the following: ,, Koncz, P., Demetrovics, Z., Urban, R., Griffiths, M.
D., & Kiraly, O. (2024). Gender-specific motivational pathways in ADHD-related inattention and gaming
disorder symptoms. Addictive Behaviors, 158, 108120. https://doi.org/10.1016/j.addbeh.2024.108120”
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Figure 9

The mediation model for males
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Note: N=13,157; Both subdomains of attention-deficit/hyperactivity disorder (inattention and
hyperactivity/impulsivity) were entered into the model as latent variables, assessed using their related Adult
ADHD Self-Report Scale items (not represented in the figure). Gaming motives were also introduced in the
model as latent variables. The explained variances of the endogenous variables and the standardized path
coefficients for all associations are presented. This model was controlled for age (not represented in the
figure). GD symptom severity score does not include the escape motive. Dashed lines represent non-
significant path coefficients and simple lines represent significant path coefficients. Bold lines indicate

standardized beta coefficients above 0.2. *p<.05, **p<.01, ***p<.001.

Female model: the female model had shown adequate fit to the data (y2(df = 407) =
21959, p < 0.001; CFI = 0.918; RMSEA = 0.053; SRMR = 0.033). The effect of
inattention to GD (total effect: p=0.260, p<0.001) was partially mediated via
Immersion/escapism (indirect effect: f=0.081, p<0.05) (Figure 10).
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Figure 10

The mediation model for females

-0.001

r = |

! 0.138** !

E i
I

! R2=2.6% !

| |

I I

! v

]

| :

; GD symptom severity

I

i

! R2=26.1%

I

I

I

I

I

i

i r=0.361%** X - r=0.204%**

I 7/ N,

i

]

i

i R2=16.3%

1

I

I

I

i

y

Hyperactivity/

. Time spent gamin,
Impulsivity . penteaming

. W, 8
—————————————————————————— Habit/ Gttt
Boredom

Note: N=1,581; Both subdomains of attention-deficit/hyperactivity disorder (inattention and hyperactivity/impulsivity)
were entered into the model as latent variables, assessed using their related Adult ADHD Self-Report Scale items (not
represented on the figure). Gaming motives were also introduced in the model as latent variables. The explained variances
of the endogenous variables and the standardized path coefficients for all associations are presented. This model was
controlled for age (not represented in the figure). GD symptoms score does not include the escape motive. Dashed lines
represent non-significant path coefficients and simple lines represent significant path coefficients for the model. Bold

lines indicate standardized beta coefficients above 0.2. *p<.05, **p<.01, ***p<.001.

6.3. Discussion

The association between inattention symptoms and GD symptom severity mostly mediated
through immersion/escapism motivation among both genders, and through competition
motivation among males. Deficits in stress and emotion regulation, and to a lesser degree,
the drive to compete and achieve social status among males in the gaming world, seem to
be responsible for the emergence and maintenance of GD symptoms among ADHD-
affected individuals. This aligns with the observations that poor emotional regulation is a
central characteristic of children with ADHD (Graziano & Garcia, 2016) and coping
difficulties are also frequently observed (Al-Yagon et al., 2020; Barra et al., 2021; Hampel
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et al., 2008; Young, 2005), meanwhile GD is also characterized by maladaptive coping
strategies, such as denial and behavioral disengagement, as well as self-distraction or self-

blame (Banyai et al., 2021; Schneider et al., 2017).

Another considerable mediated path was found between inattention symptoms and GD
symptoms among males, which can be characterized by a boredom-reduction-oriented
routine associated with a psychological state lacking any substantial motivation to play. For
ADHD-affected individuals, low motivational levels are present in all settings (Volkow et
al., 2011), which does not explain how this contributes to the overuse of a recreational
activity instead of more meaningful and future-oriented life goals. The possible explanation
comes from experimental research which shows a greater tendency of ADHD-affected
individuals to prefer immediate over delayed rewards (Luman et al., 2005) is more likely to
be attained in a videogame, than in the non-virtual world. This preference can lead to an
escalating habitual retreat into videogame playing, resulting in real-life conflicts and

dependence (Soares et al., 2023).

Furthermore, the gender-specificity of this effect requires additional explanation. Males
with comorbid ADHD are more likely to be characterized by externalizing, rule-breaking
behavior and impaired educational functioning, while females show more internalizing
symptoms and peer functioning deficits (Faheem et al., 2022; Gershon, Gershon, 2002;
Skogli et al., 2013). The externalizing behavior of males may lead them to lower academic
and vocational success (lower rates of graduation, postsecondary education and occupation,
higher levels of job instability and job performance impairments) (Gordon & Fabiano,
2019; Loe & Feldman, 2007) which in turn with less purposeful opportunities to seek, can
result in habitual, boredom-reduction-oriented videogame play. Among female video
gamers, the presence of harassment directed specifically towards them in videogames may
provoke resistance toward and disengagement from daily habitual play (Kaye &

Pennington, 2016; McLean & Griffiths, 2019).

Overall, the results of the present study provide a foundation for personalized GD
interventions. Techniques used to improve emotion regulation, such as mindfulness-based

approaches (Chambers et al., 2009) could be a direction to mitigate the ADHD-affected
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problematic players’ urge to be immersed and to escape by gaming. Moreover, existential
therapy and logotherapy could support the need of ADHD affected male players to find
subjectively meaningful alternatives for gaming (Wong, 2016), while also beneficially
affecting the symptoms of other comorbid disorders (Vos et al., 2015). But, despite
motivations account for a significant proportion of the association between the two
disorders, ADHD symptoms seem to have independent effect of motivational drivers
therefore it is not enough to only identify and address the underlying causes of motivations

without applying appropriate treatment for the symptoms of ADHD.

Finally, some methodological and statistical limitations need to be mentioned. Due to the
cross-sectional nature of the data, the directions of the presented model paths are only
based on theoretical assumptions. The recruitment and data collection method applied may
have been affected by self-selection, social desirability and recall biases, while
Hyperactivity/Impulsivity was only defined by two items in the models. The seemingly
differing model parameter estimates were not comparable statistically due to the lack of
measurement invariance of the motivational scale and the different sample sizes of males
and females resulted in a significantly stronger statistical power to detect mediation effects
in the male subsample. Longitudinal studies focusing on the stability and change of
underlying motivations and interventional studies with specific emphasis on modifying

such drivers among ADHD affected individuals could be a direction for future research.
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7. Summary of findings

The result of Study 1 is the construction of a comprehensive tool measuring 27
theoretical motivational factors originating from earlier research, which shows good
psychometrical properties. Further analysis has successfully identified six higher-order
motivational dimensions in which the 27 motivational factors clusters into: Mastery,
Immersion/Escapism, Competition, Stimulation, Social and Habit/Boredom. This
instrument was cross-validated using several different psychological scales including
positive/negative affect, sociability, competitiveness. The validity of this tool was
further verified by the results of a similar parallel mediation model tested in earlier
empirical research (Kiraly et al., 2015; Ballabio et al., 2017) showing that the
association between symptoms of depression of was mediated through
Immersion/Escapism and Competition. An additional mediational path was identified
through Habit/Boredom which has shown similarly strong indirect path as
Immersion/Escapism. In Study 2, a wide range of articles were identified and
summarized regarding the main characteristics and aetiological factors of GD, covering

gaming-related, individual and environmental aspects.

Study 3 includes a qualitative review and quantitative synthesis of research focusing on
the association between ADHD and GD. As a result of this study, a moderate positive
correlation was found between the symptom severity of ADHD and GD, and a large
average difference was found both during ADHD symptom severity comparison
between GD affected and non-GD affected groups and GD symptom severity
comparison between ADHD and non-ADHD affected groups. No low-quality studies
were identified, and the results were not affected considerably by publication bias. Most
of the moderator analyses had shown no significant difference in estimates, except three
cases: (1) stronger positive correlation was found between combined ADHD and GD
scores in studies with higher percentage of males; (2) stronger positive correlation was
found between combined ADHD and GD scores in studies where not only GD, but a
mixture of GD and internet addiction (IA) was measured; (3) larger difference was
found in GD symptom severity between ADHD affected and non-ADHD affected

individuals in more recent studies. The co-occurrence of ADHD and GD symptoms was
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explained by impulsivity, difficulties in affective and social functioning, and
motivational deficits. In study 4, two separate parallel mediation models were testes (one
for males, one for females) attempting to explain the association between the symptoms
of ADHD and GD. In the male model the effect of inattention to GD was partially
mediated through Immersion/escapism, Competition and Habit/Boredom and the effect
of hyperactivity/impulsivity to GD was partially mediated through Immersion/Escapism.
In the female model the effect of inattention to GD was partially mediated through

Immersion/escapism.

8. Limitations

The research presented in this dissertation has a few limitations. Firstly, two articles
(Study 2 and partially Study 3) present a qualitative synthesis of previous findings rather
than presenting results from the collection and analysis of new and original data. The
simple narrative description of these findings does not (or only partially) make it
possible to assess the methodological shortcomings or the strength of the effects of the
research mentioned. Secondly, most of the studies are observational studies using a
cross-sectional design (or built upon such studies), which hold a drawback that they do
not allow to clarify cause and the effect relations. Thirdly, all empirical studies and a
large proportion of qualitative summaries are based on responses to psychological
questionnaires using self-reports. This data collection procedure can lead to several
biases, such as reference, recall, misinterpretation, social-desirability and introspection
bias. And finally, the presented comprehensive motivational model (Study 1) and the
parallel mediation analysis which was built upon the previous motivational model
describing the relationship between ADHD and GD (Study 4) was constructed from data
of a Hungarian-speaking sample. Replication of findings using non-Hungarian samples

would be necessary to support the international generalizability of the findings.

9. Conclusions

GD is a complex issue, determined by the combination of internal, external and gaming-
related causes, thus multidisciplinary intervention may be more effective in addressing this
problem. The exploration of the gender-specific motivational drivers of problematic use can
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be beneficial during daily clinical practice and upcoming research, especially
Immersion/Escapism, Habit/Boredom and Competition higher-order motives. ADHD
symptoms have shown a robust, moderate positive association with GD, thus screening for
one in the presence of the other is recommended during diagnostic process. Similar
motivational patterns appear to be responsible for the co-occurrence of depression and
ADHD with GD symptoms, demonstrating that Immersion/Escapism is a common, while

for ADHD symptoms Habit/Boredom is a male-specific pathway for GD development.
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