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ABSTRACT

Gaming-related health problems have been researched since the 1980s with numerous different ontol-
ogies as reference systems, from self-assessed ‘game addiction’ to ‘pathological gambling’ (in the
Diagnostic and Statistical Manual of Mental Disorders [DSM]-IV), ‘internet gaming disorder’ (in the third
section of the DSM-5) and most recently ‘gaming disorder’ (in the International Classification of Diseases
[ICD]-11). Our goal was to investigate how screening instruments that derive from different ontologies
differ in identifying associated problem groups. By using four central screening instruments, each rep-
resenting a different ontological basis, we hypothesized differences and similarities in prevalence, over-
lap, and health. A nationally representative (N=28217) sample of Finnish participants was collected. The
screening instruments produced significantly different prevalence rates (from 0.4% to 6.9%) and the
binomial probabilities of group overlap ranged from poor (0.419) to good (0.919). Expectedly, the prob-
lem groups had lower mental health than the general population, yet exploratory analyses implied
equivalent or significantly higher physical health. We also found strong exploratory evidence for mis-
chievous responding to complicate the measurement of gaming problems. Considering that several
major differences were confirmed between the four gaming problem constructs, we recommend
researchers to clearly define their construct of interest, i.e. whether they are studying the ICD-11 based
official mental disorder, the DSM-5 proposed ‘internet gaming disorder’, or other gaming problems—
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especially in future meta-analyses.

Introduction

A lot of scientific effort has recently been invested in study-
ing the relationship between technology use and wellbeing.
A key theme in this research are the suggested mental disor-
ders related to technology use, which outside diagnostic
manuals are often discussed as ‘addictions’, such as ‘social
media addiction’. At the time of writing, one technology-
related disorder has received approval from the World
Health Organization (WHO): in 2019, ‘gaming disorder’ was
confirmed to be included in the International Classification
of Diseases (ICD-11) as a disorder due to addictive behav-
iors. Unlike the WHO, the American Psychiatric Association
(APA) decided not to include such disorders for diagnosis
in their Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), because the literature ‘suffers from a
lack of a standard definition from which to derive preva-
lence data [and] understanding of the natural histories of
cases’ (APA 2013, p. 796). ‘Internet gaming disorder’ was
listed in the third section of DSM-5 as needing
more research.

Despite ‘gaming disorder’ now being part of the ICD-11,
the problems addressed by the APA—how to identify and
epidemiologically measure those with clinically significant
problems—remain debated. Henceforth, we use gaming-
related health problems (GRHPs) as a reference to all con-
structs (‘videogame addiction’, ‘gaming disorder’, etc.) that
relate to adverse mental, physical, and social aspects of
gaming. A recent review of English GRHP screening instru-
ments found 32 unique scales (King et al. 2020), and the
scholars concluded five of them—including GAS7 (Game
Addiction Scale: Lemmens et al. 2009) and IGDTI10
(Internet Gaming Disorder Test: Kirdly et al. 2017)—to
have high evidential support. A later review found the
prevalence rates of these five instruments to range from less
than 1% to more than 14% in different age groups (Stevens
et al. 2021). Despite scholars’ continuous attempts to make
sophisticated epidemiological estimations, the fundamental
problem remains unsolved: with at least 32 English screen-
ing tools that derive from diverse ontological grounds, what
varies may not only be the prevalence rates, but also the
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GRHP constructs that are being measured (Online
Appendix 0). For instance, GAS7 is based on the definition
of pathological gambling in the DSM-IV (seven symptoms
four of which must be present), whereas IGDT10 is based
on ‘internet gaming disorder’ in the DSM-5 (nine symptoms
five of which must be present). After ‘gaming disorder’ was
confirmed to be included in the ICD-11, new instruments
now rely on the WHO’s ontology: three novel criteria that
must all be met for establishing a diagnosis. Taken together,
these differences reflect two dimensions of onto-
logical diversity:

1. What criteria define the disorder? E.g. the DSM-5 and
the ICD-11 list different criteria.

2. How criteria define the disorder? E.g. the DSM-5 dis-
order is diagnosable when some criteria are met, but
the ICD-11 demands meeting all criteria.

Previous research has found many participants who
express GRHP symptoms based on the DSM-5 not to
have general health problems (Carras and Kardefelt-
Winther 2018), whereas some scholars further distin-
guish between the degrees to which criteria, symptoms,
and health problems manifest (Myrseth and Notelaers
2018). Such investigations imply that it could be useful
to distinguish more than one (not necessarily diagnos-
tic) GRHP constructs. Accordingly, our research ques-
tion is:

RQ: How do screening instruments that derive from dif-
ferent ontological understandings differ in identifying
GRHP groups?

The research question is investigated from three perspec-
tives—prevalence, overlap, and health—which form three
sub research questions.

RQ,: How do GRHP screening instruments that derive
from separate ontological understandings differ in their
prevalence rates (how many)?

RQg: How do GRHP screening instruments that derive
from separate ontological understandings differ in who they
identify (what characteristics)?

RQc: How do GRHP screening instruments that derive
from separate ontological understandings differ in the health
of their identified groups (how healthy)?

To formulate informed hypotheses, we carried out a pilot
(N=1000) by using four central GRHP screening instru-
ments with separate ontological foundations.

Game Addiction Scale (GAS7) (Lemmens et al. 2009)

e based on pathological gambling, as defined in the DSM-IV.

Internet Test (IGDT10)

et al. 2017)

Gaming Disorder (Kiraly

e based on ‘internet gaming disorder’, as defined in the
DSM-5.

Gaming Disorder Test (GDT) (Pontes et al. 2021)
e based on ‘gaming disorder’, as defined in the ICD-11.

Problem Test (THL1) (Salonen and

Raisamo 2015)

Gaming

e based on Self-assessed gaming problems.

Whereas all the above instruments measure GRHPs, the
discrepancies in the above-cited literature imply that the
construct(s) being measured might not be a single entity,
but plural. Although our methods cannot investigate the
clinical or etiological nature of these potentially multiple
constructs, we can seek evidence for the multiplicity of the
measured construct(s). Thus, we use ‘constructs’ as referen-
ces to those latent entities, which are shared by the (expect-
edly) different four groups identified by each of the four
instruments, respectively. Accordingly, our study pursued
evidence for an improved conceptual organization of what
the ICD-11 and many scholars today refer to as a single
construct, ‘gaming disorder’.

The current epidemiological and historical understand-
ings of ‘gaming disorder’ are based on a long lineage of
research throughout which multiple GRHPs have been
treated as one and the same construct. In practice, studies
on the literal ‘gaming disorder’ (by the ICD-11) draw from
the literature on ‘internet gaming disorder’ (in the DSM-5),
which in turn was built on studies of ‘gaming addiction’
(pathological gambling in the DSM-IV) and others, such as
‘problem gaming’, that vary in their ontology by each study
and research team. Sound evidence for this issue are the epi-
demiological reviews, which systematically mix gambling-
based (DSM-1V), internet-based (DSM-5), general (ICD-11),
and other ontologically diverse findings of GRHPs (e.g.
Stevens et al. 2021). If we find evidence for our four onto-
logically diverse instruments to be similar in how they oper-
ate, this supports the single-construct idea of ‘gaming
disorder’ (which may manifest in many ways, Figure 1). If
the instruments differ in how they operate, this indicates
that efforts should be directed toward assessing the clinical
(ir)relevance of multiple constructs (Figure 2).

Next, we introduce our hypotheses, which are specified in
the Methods section. Based on the recurring findings that
show prevalence rates of GRHPs to vary along with the
instruments (e.g. Stevens et al. 2021), we expected our onto-
logically distinct instruments to produce meaningfully differ-
ent prevalence rates (Online Appendix 1).

Primary hypotheses, high confidence.

H1: We expect the ICD-11 and DSM-5 based GRHP
prevalence rates to be meaningfully lower than the DSM-IV
and Self-assessment' based prevalence rates.

Hla: We expect the ICD-11 based prevalence rate to be
meaningfully lower than the DSM-IV based prevalence rate.

'All the applied instruments are self-assessment survey tools, but only one
(THL1) asks the respondent to directly Self-assess their gaming problems.
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Figure 1. Four example scenarios where GRHP screening instruments identify overlapping groups.

Note. On the left: an example scenario where four screening instruments identify four different sized groups and they all capture the same construct on different severity levels (e.g. GD-1:
severe problems, GD-4: mild problems). Left middle: an example scenario where four screening instruments identify four different sized groups and they all capture different domains of
the construct (e.g. GD-A: mental health problems, GD-B: physical health problems, GD-C: social health problems, GD-D: other problems). Right middle: an example scenario where four
screening instruments identify four different sized groups of which one involves GRHPs (e.g. GD-1: mixed health problems, other identified groups not related health problems). On the
right: an example perfect scenario where four screening instruments identify one and the same group. The examples are not exhaustive, and the identified groups need not overlap.

QA

n/a

n/a

n/a

Figure 2. Three example scenarios where one screening instrument identifies a group with marginal overlap.

H1b: We expect the ICD-11 based prevalence rate to be
meaningfully lower than the Self-assessment based preva-
lence rate.

Hlc: We expect the DSM-5 based prevalence rate to be
meaningfully lower than the DSM-IV based prevalence rate.

H1d: We expect the DSM-5 based prevalence rate to be
meaningfully lower than the Self-assessment based preva-
lence rate.

The prevalence rate tells us how many people are identified,
but it tells little about overlap—who are identified. In practice,
two identical prevalence rates could identify two entirely differ-
ent groups of people. For instance, Starcevic et al. (2020)
assessed 100 individuals who sought treatment for GRHPs and
found 36 met both ‘gaming disorder’ and ‘internet gaming dis-
order’ criteria, whereas additionally 25 met only the latter.
Likewise, Ko et al. (2020) carried out diagnostic interviews
with 69 individuals who met the ‘internet gaming disorder’ cri-
teria and found 44 of them also met the ‘gaming disorder’

criteria (cf. Figure 1). We did not find clinical studies between
‘game addiction’ (DSM-IV pathological gambling based) and
the later ‘internet gaming disorder’ (DSM-5) and ‘gaming dis-
order’ (ICD-11); however, our pilot data indicated that the lat-
ter two also meet the DSM-IV based criteria. We hence expect
our three related instruments to identify similarly overlapping
groups. The overlap of Self-assessment based problems is
reported exploratively.
Secondary hypotheses, medium confidence.

H2: We expect ICD-11, DSM-5, and DSM-IV based
GRHPs to overlap. Those who meet the ICD-11 criteria also
meet the DSM-5 criteria, and both above additionally meet
the DSM-1V based criteria.

H2a: Those who meet the ICD-11 criteria also meet the
DSM-5 criteria.

H2b: Those who meet the ICD-11 and DSM-5 criteria also
meet the DSM-IV based criteria.

Finally, we are interested in whether some groups are
healthier than others. Because ‘gaming disorder’ is
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conceptualized as a mental disorder, we expect those identi-
fied by related screening tools to have lower mental health
scores than the general population. Previous findings also
imply similar patterns regarding physical health (Puolitaival
et al. 2020). Due to the small prevalence rates acquired in
our pilot study (Online Appendix 1), we expect not to have
sufficient power to compare health in ICD-11 and DSM-5
based constructs at Stage 2. Thus, we set a hypothesis on the
other two constructs alone. As our pilot gave mixed evi-
dence on the health of those with Self-assessed gaming prob-
lems, we set competing HOs.
Tertiary hypotheses, mild confidence.

H3: We expect those with DSM-IV and Self-assessment
based GRHPs to have (equally) lower health in comparison to
the general population.

H3a: We expect those with DSM-IV based GRHPs to have
meaningfully lower mental or physical health in comparison
to the general population.

H3b/HO: We expect those who Self-assess that they have
gaming problems to have meaningfully lower mental or phys-
ical health in comparison to the general population.

H3c/HO: We expect the mental and physical health of
those with DSM-1IV and Self-assessment based GRHPs to be
meaningfully different.

Methods

This study received a positive appraisal from the Human
Sciences and Ethics Committee of University of Jyvaskyla in
2021. The research was carried out according to the Finnish
National Board on Research Integrity guidelines and the
Helsinki Declaration with its later amendments.

Sampling

The data were collected with Bilendi, i.e. respondents were
invited remotely from the company’s 2.2 M panel of partici-
pants (Online Appendix 1). Our plan to collect a nationally
representative Finnish sample (N~ 8000) was successful: we
recruited 8217 respondents as representative of gender
(women = 4130, men = 4070), region (East = 797, South =
3662, West = 2831, North = 927), and age (M =48.60,
SD=18.18). We included two control questions
(Oppenheimer et al. 2009) in the survey and Bilendi
removed those responses that failed both (i.e. not included
in N=28217). Additionally, participants who reported not
having played videogames within the past six months did
not fill out GRHP instruments, and they were considered
not having GRHPs. The order of the screening instruments
was randomized.

H1. Our sample size calculation for the estimated preva-
lence rates was based on precision (see Rothman and
Greenland 2018). We calculated the required sample size of
7668 participants based on the 95% confidence interval

around the point estimate 0.2, which corresponds with the
smallest prevalence rate in the pilot (GDT). Thus, N~ 8000
was a rational target sample size for precise prevalence ana-
lysis and comparison.

H2. Sample size derived from HI.

H3. The sample size requirement for H3a-b was based
on power analysis for the Welch t-test (one-sided). For the
desired power level of 0.9, alpha set to 0.025 (using multiple
comparison correction), and the expected sizes of the groups
(GAS7=712; 8.9%; THL1=1104; 13.8%) when the target
sample size is N=28000, we would have had power to reli-
ably detect d=0.127 and d=0.105, respectively. This meets
our smallest effect size of interest (d=0.22). We only make
inferences based on the effects that are reliably detectable by
the identified groups. The sample for H3c derives from sen-
sitivity analysis for the Welch t-test (two-sided). Based on
the 95% confidence intervals of the above prevalence, sensi-
tivity analysis with the desired power level of 0.9 and alpha
set to 0.025 showed that we would be able to reliably detect
d=0.185 or d=0.155, respectively. The code is available at:
https://osf.io/6fqm5/

Design

H1. Among adolescents, GRHPs have been found to be
more common than in older groups (e.g. Stevens et al
2021). Due to the sample including individuals younger than
18, we expected our adult pilot data prevalence rates to be
lower. We had no reason to believe this to notably influence
the ratios between the prevalence rates of the four instru-
ments. We expected the differences between the prevalence
rates to cohere with those in the pilot (Table 1 in Online
Appendix 1) so that the proportions identified by ICD-11
and the DSM-5 based instruments are meaningfully smaller
than those identified by DSM-IV and Self-assessment based
instruments (Hla-d). To test the hypotheses, we used an
interval-based method, as described in Dienes (2021) (see
Neyman and Pearson 1933). We set the HO critical region
(null corroboration) to the lower bound of 95% CI in the
smallest obtained prevalence rate and the H1 acceptance
region twice above the upper bound of 95% CI in that
prevalence rate. The range between these intervals represents
an inconclusive region of doubt. If the 95% confidence inter-
vals of the Hla-d effects (differences between prevalence
rates) overlap mainly with the HO or the H1 interval, the
hypotheses are corroborated, respectively. If the 95% confi-
dence intervals of the effects (differences between prevalence
rates) overlap mainly with the region of doubt, neither HO
nor H1 will be corroborated. Hla-d corroborations support
the position that ICD-11 and DSM-5 based constructs differ
from DSM-IV and Self-assessment based gaming problem
constructs in terms of prevalence. Due to lacking pilot sup-
port for ICD-11 and DSM-5 prevalence differences, we did
not set a hypothesis regarding them but report that explora-
tively. If HO is corroborated one or more times, this sup-
ports the position that the DSM-IV and/or Self-assessment
based gaming problem constructs are similar to ICD-11
and/or DSM-5 based ones, prevalence-wise.
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H2. From previous clinical studies, we found only ICD-
11 and DSM-5 based GRHPs analyzed comparatively. These
studies found 60% (Starcevic et al. 2020) and 64% (Ko et al.
2020) of ‘internet gaming disorder’ (DSM-5) patients also
meeting the ‘gaming disorder’ (ICD-11) criteria, and all the
latter meeting all the former. Our pilot found no overlap
between the individuals in the ICD-11 and DSM-5 criteria
meeting groups. The conflict could be explained by our pilot
sample size (Figure A in Online Appendix 1). It is also
known that the content differences between the available
screening instruments are large (Karhulahti et al. 2021), thus
some of these discrepancies could be explained by the prop-
erties of GDT and IGDT10 scales. We thus followed the
clinical literature in our hypotheses, in addition to which we
expected both the ICD-11 and DSM-5 criteria meeting
groups to meet the DSM-IV based cutoff, based on the pilot
data: P(DSM-5|ICD-11)~1 and P(DSM-5+ ICD-11|DSM-
IV)~1. Because mischievous responding, among similar
biases, is a known problem in survey research, we controlled
Type 2 error. In gaming research, Przybylski (2016) found
mischievous responding alone to account for up to 2.27% of
respondents, indicating that among those who meet ICD-11
criteria (N =8000 x 0.2~ 16), a false response is not unlikely
to occur. Therefore, we allowed variation by the lower
bound of the binomial probability 50% confidence interval
for the conditional probability P=1 (n=16/16; 0.917, 1).
This control allows, for example, one ICD-11 criteria meet-
ing respondent to not meet the DSM-5 criteria without
undermining the hypothesis (in the example of ICD-11 = 16;
0.917, 1). If the obtained sample of ICD-11 criteria meeting
group meets P(ICD-11|DSM-5)>0.917, we consider H2a
corroborated and this as evidence for the ICD-11 and DSM-
5 based constructs to overlap. For null testing, we set the
binomial probability confidence interval at 95% for the con-
ditional probability P=1 (n=16/16; 0.794, 1). If the sample
of GDT criteria meeting participants meets P(ICD-11|DSM-
5)<0.794, we consider HO corroborated and this as evidence
for the ICD-11 and DSM-5 based constructs to be different
by overlap. We repeat the process with the same logic
regarding ICD-11-DSM-IV and DSM-5-DSM-IV (H2b).
Empirical support for overlap can mean that the constructs
consist of similar health problems (of different degree), dif-
ferent kinds of health problems, or no health problems
(Figure 1). Empirical support for lacking overlap can mean
that the constructs are partially or entirely different
(Figure 2).

H3. We planned to apply PROMIS Global Physical
Health (GPH-2) and Global Mental Health (GMH-2) scales
for investigating health (Hays et al. 2017). The United States
based reference values for physical health are 42-50 (good)
and 35-41 (fair); for mental health the values are 40-48
(good) and 28-40 (fair) (PROMIS 2021; Hays et al. 2015).
When measured with GPH-2 in the pilot, the Finnish work-
ing population had mean value 44.2 whereas the value for
the individuals meeting DSM-IV based criteria was 42.5.
With GMH-2, the values were 47.0 for the general working
population and 44.5 for the DSM-IV based criteria meeting
group. A one-way analysis of variance (ANOVA) test
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showed that there was a statistically significant difference
between both physical health (F[1, 998]=4.66, p <.05,
Cohen’s d=10.23, 95% CI [0.14, 0.33]) and mental health
(F[1,998] =8.53, p<.01, Cohen’s d=0.32, 95% CI [0.22,
0.41]). Even small effects can be relevant if adverse health
scenarios prolong over multiple years (Funder and Ozer
2019). Hence, we set our smallest effect size of interest to
d=0.22 (the lowest 95% CI in the pilot; clear change in ref-
erence value). If either the mental or physical health of the
DSM-IV and Self-assessment based groups is significantly
(d>0.22 at alpha 0.025) lower than that of the general
population, we consider H3a/H3b corroborated. If corrobo-
rated, we consider that as theoretical evidence for the Self-
assessment or DSM-IV based constructs linking to lower
health. If neither mental nor physical effects are significant
or below d=0.22, we consider H3a/H3b not supported and
continue with equivalence testing (Lakens 2017) to assess
null support. As we did not find strong pilot evidence for
H3c (Online Appendix 1), we set HO as a competing
hypothesis. In H3c, we assess the difference between the
DSM-IV and Self-assessment groups. A significant effect
(d>0.22 at alpha 0.025) is interpreted as support for the
multiplicity of constructs health-wise. HO is a competing
hypothesis, and its corroboration is interpreted as evidence
for construct similarity, health-wise.

Analysis plan

H1. We planned to calculate the prevalence rates with 95%
confidence intervals for each of the four instruments. As the
ontology of each diagnostic manual is linked to their recom-
mended cutoffs (second dimension in Introduction), we fol-
low their recommendations (Online Appendix 1). We apply
the method described by Dienes:

If the CI lies mainly in the HO interval and the remaining
minority only in the grey interval, one could accept HO;
similarly, if the CI lies mainly in the H1 interval and the
remaining minority only in the grey interval, accept HI;
otherwise more data are needed. (2021, p. 9)

We set the HO interval (null corroboration region) to the
lower bound of 95% CI in the smallest obtained prevalence
rate and the HI interval (alternative acceptance region)
twice above the upper bound of 95% CI in that prevalence
rate. Because assessing what ‘endorsement’ of items means is
not straightforward (Connolly et al. 2021), we report Self-
assessment (THL1) exploratively by using different endorse-
ment criteria.

H2. The results regarding cutoff overlap are presented
descriptively based on the above analyses. For H2, we test
group overlap against conditional probability P> 0.917. The
null is tested against conditional probability P < 0.714.

H3a-b. We compare the means of mental (GMH-2) and
physical (GPH-2) health between the DSM-IV based group
and the rest of the sample (one-tailed Welch t-test). This is
repeated with Self-assessment. Because mental and physical
health are measured separately, we carry out the test twice
with a corresponding alpha level 0.025 (multiple comparison
correction). Equivalence testing is carried out using the
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TOST two function for an independent t-test (TOSTER
package). Exploratively, we repeat the analyses with two gen-
eral population groups: gaming and non-gaming. We set our
equivalence bounds by the same smallest effect size of inter-
est (d=0.22) and report the smaller test statistic. We follow
the above in H3c and use THLI cutoff 2/4 in concordance
with GAS7 wording (‘sometimes’).

Results

H1. The prevalence rates (N=28217) with 95% confidence
intervals are presented in Table 1.

For all Hla-d, we set null regions to the lower 95% CI
bound of the smallest prevalence rate (0.3), and the acceptance
region twice as high as the higher 95% CI bound
(2x0.5=1.0). All four hypotheses were corroborated (Figure
3). We conclude that each of the four GRHP construct com-
parisons imply difference in terms of prevalence.

H2. To test construct overlap, we calculated binomial
probabilities for the groups (Table 2). We set the null to
binomial probability 0.794 and the acceptance binomial
probability to 0.917. In H2a, the null was supported (DSM-
5/ICD-11). In H2b, the first part was undecided (ICD-
11|DSM-1V), and in the second, alternative hypothesis
corroborated (DSM-5|DSM-1V).

H3.> We set competing alternative and null hypotheses
regarding the lower health of DSM-IV and Self-assessment
based groups, in comparison to the general population.

e In H3a, the DSM-IV group (M =43.65, SD=28.76) had
lower mental health than the general population
(M=46.98, SD=8.00), #(639.27) = 8.812, p < .00,
d=0.40, 95% CI (0.30, 0.49). This exceeded our smallest
effect size of interest, corroborating the alterna-
tive hypothesis.

e We did not find a significant difference in physical health
between the DSM-IV group (M=3.07, SD=1.15) and
the general population (M=3.05, SD=0.998), #(632.34)
= —042, p = 67, d = —0.02, 95% CI (—0.11, 0.06).

2As we were about to initiate data collection, the war in Ukraine started.
Russia threatened to use nuclear weapons, and in Finland (where our
participants are), for the first time in history, the support for joining NATO
(North Atlantic Treaty Organization) outnumbered opponents. Although the
past two years under COVID-19 had hardly been ‘normal’, the acute possibility
of World War Il implied that the mental health of our participants was not
what it had been a bit earlier. The project schedule did not allow postponing
data collection, but as an extra control measure, our team agreed to enlarge
the survey with two additional measures: anxiety (validated Finnish translation
of GAD-2: Kujanpaa et al. 2014) and depression (validated Finnish translation
of BDI-6: Aalto et al. 2012). To add further means for assessing the effects of
the drastic world events, we also included a single item that asks the
participants to self-report the negative mental health impact of the war in
Ukraine. We did not contact the recommender about these additional
measures, as they are not analyzed in this article, and they did not change
any of the planned analyses. As a byproduct of these last-minute changes and
several extra test iterations, however, a mistake occurred in our team and an
erroneous GPH-2 item—PROMIS Global Health item #09 instead of #06, which
is very similar in wording—ended up being included in the final survey. We
noticed this soon after the data had been collected and immediately
contacted the recommender who, after discussing with the managing board,
advised us to proceed without confirmatory GPH-2 analysis in H3. We thus
report physical health exploratively in this section with only one GPH-2 item
('GPH-1').

Table 1. Prevalence rates and their differences.

Gaming disorder construct Prevalence rate 95% Cl

€THL1 (2/4, problems at 12.6% (n=1036) 11.9,13.3
least ‘sometimes’)

THL1 (3/4, problems ‘often’ or 2.2% (n=184) 1.9, 2.6
‘almost always')

DSM-IV based (GAS7) 6.9% (n=568) 64,75

DSM-5 based (IGDT10) 0.9% (n=74) 0.7, 1.1

ICD-11 based (GDT) 0.4% (n=31) 03,05

Difference in prevalence rates Difference 95% CI of difference
ICD-11 vs DSM-IV 6.54 5.97,7.10
ICD-11 vs THL1 (3/4) 1.86 152, 2.21
€ICD-11 vs THL1 (2/4) 12.23 11.50, 12.96
€sDSM-5 vs THL1 (2/4) 11.70 10.96, 12.45
DSM-5 vs THL1 (3/4) 134 0.96, 1.72
DSM-5 vs DSM-IV 6.01 5.43, 6.60

€ = Exploratory.

Equivalence testing revealed that the effect is statistically
equivalent, as both p values in two one-sided tests were
below 0.05, #(632.05) = 4.37, p < .01.

e In H3b, the Self-assessed problems group (M =45.01,
SD =8.04) had lower mental health than the general popu-
lation (M =47.0, SD=28.08), #(1354.2) = 7.48, p < .001,
d=0.25, 95% CI (0.18, 0.31). Again, this effect size corro-
borated the alternative hypothesis.

e We did not find a significant difference in physical
health between the Self-assessed problems group
(M=3.04, SD=1.06) and the general population
(M=3.05, SD=1.01), #(1314) = 049, p = .62,
d=0.02, 95% CI (—0.05, 0.08). Equivalence testing
revealed that the effect was statistically equivalent, as
both p values in two one-sided tests were below 0.05,
£(1320.62) = —6.19, p < .0L.

e In H3c, the Self-assessed problems group (M =45.53,
SD =7.65) had higher mental health than the DSM-IV
group (M=43.02, SD=8.93), #(308.06) = 3.68, p <
.001, d=0.30, 95% CI (0.14, 0.48). This result was
reached when excluding participants who met both
cutoffs. When not doing so (i.e. some participants
belonged to both groups), the Self-assessed problems
group (M =45.01, SD=28.04) still had higher mental
health than the DSM-IV group (M =43.65, SD =8.76),
t(1085.1) = 3.06, p = .002, d=0.16, 95% CI (0.06,
0.26), but the effect did not meet our smallest effect
size of interest. We continued with equivalence testing,
which revealed that the effect was not statistically
equivalent because the larger p value was higher than
0.05, 1(1084.9) = —1.10, p = .135.

e We did not find a significant difference in physical
health between the Self-assessed problems group
(M=3.00, SD = .99) and the DSM-IV group
(M=3.00, SD=1.08), #(1314) = —.04, p = 97, d <
0.01, 95% CI (—0.16, 0.15). The effect was statistically
equivalent; both p values were below 0.05, #(323.22) =
+2.72 (identical negative/positive), p < .01. This result
was reached when excluding participants who met
both cutoffs. Similar results were reached when not
doing so: the effect was statistically equivalent, as
both p values were below .05, #(1088.83) = 3.65,
p < .01
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ICD-11 vs DSM-IV

DSM-5 vs DSM-IV

Figure 3. Null regions (left) against the effects of compared constructs (right) in H1.

Table 2. Binomial probabilities for overlap when comparing participants in respective construct groups.

GRHP construct groups Overlap Binomial probability 95% Cl

ICD-11 (n=31) and DSM-5 (n=74) 0.419 0.264, 0.592
ICD-11 (n=31) and DSM-IV (n =568) 0.871 0.711, 0.949
DSM-5 (n =74) and DSM-IV (n =568) 0.919 0.834, 0.962
€ THL1 (3/4) (n=184) and DSM-IV (n = 568) 133 0.723 0.654, 0.782
€ THL1 (3/4) (n=184) and DSM-5 (n =74) 0.608 0.494, 0.711
€ THL1 (3/4) (n=184) and ICD-11 (n=31) 0.677 0.501, 0.814

€ = Exploratory.

Exploratory analyses

As some of the results were unexpected, we were curious if
careless or mischievous responding could explain some of
them. The survey included two control items, and those
who failed both were not included in the final dataset.
Thus, we decided to investigate exploratively how many
respondents who report having GRHPs failed the first con-
trol item (‘Please select often as a response to this question.
This is a control question, which is used to verify that you
are not a robot’). The results show that the more problems
people report, the more they also fail the control (Table 3).
For instance, the four response options in THLI illustrate
how control failures increase from 0.1% and 2.3% to 12.8%
and, finally, all the way up to 22.7%. Although we cannot
make claims about causality, the result is consistent with
mischievous responding, i.e. people intentionally inflating
extreme responses. Confirmatory research is needed to
properly investigate the issue. We exploratively reanalyzed
all hypotheses without the participants who failed the first
control, and this did not change any results (Online
Appendix 3).

As exploratory analyses related to H3a-b, we additionally
compared the mental and physical health of DSM-5, ICD-
11, and THLI (at least ‘often’) based participants to the
general population. These analyses were repeated with three
different ‘general population’ types: all participants (gen-
eral), those who had played at least once over the past six
months (general gaming), and those who had not played at

Table 3. Participants who failed the first control question but passed the
second one (and were included).

GRHP construct groups Failed first control

THL1 (4/4, problems ‘almost always’) 22.7%
DSM-5 based (IGDT10) 13.5%
THL1 (3/4, problems ‘often’) 12.8%
ICD-11 based (GDT) 9.6%
DSM-IV based (GAS7) 8.1%
THL1 (2/4, problems ‘sometimes’) 2.3%
THL1 (1/4, problems ‘never’) 0.1%
Total sample, including all GRHPs 1.4%

all over the past six months (general non-gaming). H3a-b,
which were tested as confirmatory with the former type,
were also exploratorily reproduced with the latter two types.
We also fully reproduced H3c with the THL1 criteria ‘often’
(and ‘almost always’). All analyses are reported in Table 4.
Power for the exploratory analyses is reported by power
curve (Online Appendix 4).

The exploratory analyses regarding the mental health of
gaming and non-gaming populations did not yield any
meaningful differences. On the other hand, while we did
find the ICD-11 based group having significantly lower
mental health than the general population, we could not
find this effect in the DSM-5 based group. This implies a
construct difference in terms of mental health, but confirma-
tory research is needed to corroborate it. Following the
above, we did not find meaningful differences in physical
health between the ICD-11 based group and the general
population; however, both the DSM-5 based group and the
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Table 4 . All H3-related exploratory analyses.

Exploratory analyses related to H3a

M SD M sSD t df p d 95% Cl
General gaming population (n = 5459) DSM-IV (n=568)
GMH-2 (T-scores) 46.9 791 43.6 8.76 8.58 666.75 <.01 0.39 [0.30, 0.49]
GPH-1 3.07 .99 3.07 1.15 .03 658.25 98 <0.01 [—0.09, 0.09]
Equivalence test result: equivalent, t(657.79) = —4.717, p =.00000146
General non-gaming population (n =2190) DSM-IV (n=568)
GMH-2 (T scores) 471 8.23 43.6 8.76 8.52 845.03 <.01 0.41 [0.32, 0.51]
GPH-1 3.00 1.01 3.07 1.15 —1.46 809.35 15 —0.07 [—0.17, 0.03]
Equivalence test result: equivalent, t(808.18) = 3.180, p =.000764
General population (n=28143) DSM-5 (n=74)
GMH-2 (T scores) 46.80 8.08 45.40 9.89 1.18 73.89 12 0.15 [—0.09, 0.43]
Equivalence test result: nonequivalent, t(73.89) = —0.509, p =.306
GPH-1 3.05 1.01 3.45 1.27 —2.67 73.83 <.01 —0.35 [—0.63, —0.1]
General gaming population (n =5953) DSM-5 (n=74)
GMH-2 (T scores) 46.60 8.02 45.40 9.89 1.07 74.20 14 0.14 [—0.12, 0.40]
Equivalence test result: nonequivalent, t(74.2) = —0.676, p=.250
GPH-1 3.07 1.00 3.45 1.27 —2.54 74.13 .01 —0.33 [-0.61, —0.07]
General non-gaming population (n =2190) DSM-5 (n=74)
GMH-2 (T scores) 471 8.23 454 9.89 1.48 76.45 .07 0.19 [—0.07, 0.45]
Equivalence test result: nonequivalent, t(76.45) = —0.259, p=.398
GPH-1 3.00 1.01 3.45 1.27 —3.01 76.1 <.01 —0.39 [—0.65, —0.13]
General population (n=8186) ICD-11 (n=31)
GMH-2 (T scores) 46.8 8.08 419 103 2.63 30.14 <.01 0.53 [0.13, 0.96]
GPH-1 3.05 1.01 3.03 1.30 .09 30.14 93 0.02 [—0.40, 0.41]
Equivalence test result: nonequivalent, t(30.14) = —1.010, p=.160
General gaming population (n = 5996) ICD-11 (n=31)
GMH-2 (T scores) 46.6 8.03 419 103 2.56 30.19 <.01 0.52 [0.13, 0.98]
GPH-1 3.07 1.01 3.03 1.30 18 30.19 .86 0.04 [—0.37, 0.43]
Equivalence test result: nonequivalent, t(30.19) = —0.924, p=.181
General non-gaming population (n =2190) ICD-11 (n=31)
GMH-2 (T scores) 471 8.23 419 10.3 2.81 30.54 <.01 0.56 [0.15, 1.02]
GPH-1 3.00 1.01 3.03 1.30 —.16 30.51 .88 —0.03 [—0.47, 0.38]
Equivalence test result: nonequivalent, t(30.51) = 0.964, p=.171
Exploratory analyses related to H3b
M sSD M SD t df p d 95% Cl
General gaming population (n =4991) Self-assessed, at least ‘sometimes’ (n = 1036)
GMH-2 (T scores) 47.00 8.01 45.00 8.04 711 14922 <01 0.24 [0.18, 0.31]
GPH-1 3.08 1.00 3.04 1.06 121 1437.2 23 0.04 [-0.03,0.11]
Equivalence test result: equivalent, t(1439.09) = —5.200, p =.000000114
General non-gaming population (n=2190)  Self-assessed, at least ‘sometimes’ (n = 1036)
GMH-2 (T scores) 471 8.23 45.0 8.04 6.91 20745 <.01 0.26 [0.19, 0.33]
GPH-1 3.0 1.01 3.04 1.06 —1.07 19415 28 —0.04 [-0.12, 0.04]
Equivalence test result: equivalent, t(1945.29) = 4.769, p =.000000996
General population (n=8033) Self-assessed, at least ‘often’ (n = 184)
GMH-2 (T scores) 46.8 8.08 46.1 8.77 95 19018 .17  0.07 [-0.08, 0.22]
Equivalence test result: nonequivalent, £(190.18) = —1.769, p =.0392
GPH-1 3.04 1.00 3.53 1.16 —5.67 189.27 <.01 —045 [-0.62, —0.29]
General gaming population (n = 5843) Self-assessed, at least ‘often’ (n = 184)
GMH-2 (T scores) 46.6 8.02 46.1 8.77 75 19276 .23 0.06 [—0.09, 0.22]
Equivalence test result: equivalent, t(192.76) = —2.059, p =.0204
GPH-1 3.06 1.00 3.53 1.16 —546 19159 <.01 —044 [-0.59, —0.28]
General non-gaming population (n =2190) Self-assessed, at least ‘often’ (n = 184)
GMH-2 (T scores) 471 8.23 46.1 8.77 145 21096 .07 0.11 [-0.03, —0.27]
Equivalence test result: not equivalent, t(210.99) = —1.300, p =.0975
GPH-1 3.00 1.01 3.53 1.16 —6.07 20682 <.01 —049 [-0.67, —0.33]

Exploratory analyses related to H3c

M SD M t df p d 95% Cl
Self-assessed, at least ‘often’ (1=51) DSM-IV (n=435) Note: 82 participants met both cutoffs. In this comparison, they have been excluded.
GMH-2 (T scores) 47.1 8.06 43.0 8.57 342 64.02 <.01 0.49 [0.21, 0.80]
GPH-1 345 0.945 292 1.07 3.73 66.15 <.01 0.52 [0.24, 0.81]
Self-assessed, at least ‘often’ (n=184) DSM-IV (n=568) Note: 82 participants met both cutoffs. In this comparison, they have been included.
GMH-2 (T scores) 46.1 8.77 436 8.76 3.36 309.75 <.01 0.29 [0.11, 0.45]
GPH-1 3.53 1.16 3.07 1.15 4.68 306.53 <.01 0.40 [0.22, 0.58]
Discussion

Self-assessed problems (at least ‘often’) group reported sig-

nificantly higher physical health than the general population.
These surprising exploratory findings naturally call for con-

firmatory research as well.

Our findings show that ICD-11 based, DSM-5 based, DSM-
IV based, and Self-assessment based measures for ‘gaming-
related health problems’ (GRHPs) identify different groups



of people, which implies that different problems (or other
different constructs) are being measured, to different
degrees. This generally supports the premise that the mul-
tiple ontologically different constructs, which have been used
synonymously as a reference to gaming disorder (or addic-
tion), should not be mixed. Some constructs also had simi-
larities, which we discuss below.

The first hypotheses (H1) brought confirmatory evidence
for prevalence differences in all four comparisons. The
prevalence rates ranged from 0.4% (ICD-11) to 6.9% (DSM-
IV), which means that one scale provided an estimate that is
more than 17 times larger than another scale. On the other
hand, no less than 12.6% of the participants Self-assessed
having problems with gaming at least ‘sometimes’. Evidently,
many people have some problems with gaming sometimes,
but this should not be confused with the prevalence of
related mental disorders. The persistent challenges of distin-
guishing everyday problems and healthy intensive use from
diagnostic constructs remain prevalent (see Andrews et al.
2015). Future studies, with clinically validated scales, will
hopefully be able to assess what the prevalence rates for
gaming disorder (as a mental disorder) are.

We did not hypothesize about the prevalence difference
between ICD-11 (0.4%) and DSM-5 (0.9%), but the second
hypothesis (H2) yielded counterevidence against the ICD-11
and DSM-5 based constructs being similar: more than half
of the ICD-11 group did not meet the DSM-5 criteria. On
the other hand, a significant proportion of the DSM-5 group
also met the DSM-IV based criteria, which implies a differ-
ence in degree rather than kind (Figure 4).

Finally, our hypotheses regarding health (H3) were gener-
ally supported, i.e. both DSM-IV and Self-assessment based
problem groups had meaningfully lower mental health levels
than the general population. We also found a significant dif-
ference between the two constructs, but the effect was not
large enough (d > 0.22) to be meaningful. Our interpretation
is that the constructs are distinct health-wise in relation to
the general population, but the data do not allow us to
make claims regarding meaningful differences or equivalence
between them. The findings regarding physical health were
both different and similar: the DSM-IV group and those
who Self-assess having problems (at least) ‘often’ had equiva-
lent physical health with the general population and each
other; namely, the two constructs were similar in this
respect, but also similar with the general population.
Physical health does not seem play a major role in GRHPs.

In this study, we chose to use the officially suggested instru-
ment cutoffs for analysis. Such cutoffs generally represent the
diagnostic relevance in individual cases, and thus allowed us to
compare the prevalence, overlap, and health of the identified
groups as proxies for constructs like ‘gaming disorder’ (ICD-
11) and ‘internet gaming disorder’ (DSM-5). We did not, how-
ever, investigate other aspects, such as the dimensions across
measured symptoms and problems or alternative cutoffs by
sensitivity, except for both ‘sometimes’ and ‘often’ with THL1
(see Regier et al. 2004; Kessler et al. 2004). To chart further
ontological differences and similarities between constructs and/
or instruments, it would be possible to compare, for instance,
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Figure 4. A model of the prevalence rates and overlap of all four meas-
ured constructs.

instrument-specific factor structures or item-based network
models (e.g. Adamkovic et al. 2022; Liu et al. 2022).
Researchers could also explore the standardization of cutoffs
(de Beurs et al. 2021); however, due to the major differences
between ontological systems, such as monothetic and polythetic
premises, this could compromise the core criteria by which dif-
ferent constructs define themselves. As our data are open for
secondary analysis, anyone willing to pursue the above avenues
is encouraged to do so.

Taken together, our findings add to the rapidly accumu-
lating literature on the fuzziness of technology use con-
structs. For instance, Davidson et al. (2022) recently
compared measures such as those of smartphone addiction,
social networking addiction, and internet gaming disorder,
and found them all to be reducible to a single component
(despite claims to measure various diverse constructs).
Although the design of our study was the opposite (investi-
gating differences and similarities within one assumed con-
struct), we further corroborate the fuzziness hypothesis:
multiple significant differences manifest between constructs
that all measure addictive gaming behaviors. In sum, while
the current technology use scales of different constructs
seem unable to distinguish themselves from others, the
scales of addictive gaming behaviors—standardly studied as
a single construct—seem unable to identify mutual groups
with shared problems. Presently, the field appears incapable
of managing both, construct differences and similarities. As
these issues concern technology use research in general, it is
possible that the rapid pace of technology development is
not very suitable for measurement development, which tends
to require time and patience in order to efficiently capture
the complexity of human behavior constructs.

Limitations

Because of the incidence reported in Footnote 2, we could
not carry out confirmatory analyses regarding physical
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health, and we had to settle with an exploratory single-item
measure. That said, the item is a direct self-assessment of
physical health, and we have no reasons to expect different
results with the full scale: the correlation between our 1-item
and the original 2-item PROMIS Global Physical Health was
p=0.75 in the pilot data. As to more in-depth research on
physical health and gaming, we rather look forward to other
methods, such as actual physical health tests, which can yield
more accurate information. Related to the incident, the war
in Ukraine may have affected the respondents at the time of
survey. Nevertheless, because our design was comparative
between related constructs, the potential effects applied to all
constructs, and thus were unlikely to undermine the find-
ings. Finally, we highlight that our study was limited to four
instruments, i.e. one per each construct. Different instru-
ments are likely to represent the same constructs in different
ways, due to which possible future replications and other
similar studies may consider adding new instruments. On
the other hand, researchers might do better by investing
their resources in explorative designs that map out the dif-
ferent types of problems and their unique contexts rather
than continuing with the existing instruments, which seem
to measure multiple unknown constructs (and/or con-
struct dimensions).

Conclusions

Historically, gaming-related health problems have been
studied through constructs such as ‘game addiction’,
‘internet gaming disorder’, and most recently, ‘gaming dis-
order’. Many of them derive from different ontological foun-
dations that range from various diagnostic manuals and
theories to simple self-assessment. In the present study, our
goal was to investigate their differences, which were
hypothesized due to different ontological foundations: ICD-
11, DSM-5, and DSM-1V, and Self-assessment. Our findings
lead us to conclude two things. First, we confirm that the
constructs seem to be associated with lower mental health.
Second, we confirm that there do not seem to be many
other similarities between the constructs, i.e. despite their
mutual capacity to predict lower mental health, they were
found to be significantly different in terms of prevalence
and/or overlap. Ultimately, we recommend researchers who
are working with gaming-related health problems to

a. define their construct of interest, i.e. whether they are
researching gaming disorder (as an ICD-11 mental dis-
order), problems related to gaming, or some
other construct.

b. seek good evidence for construct validity, i.e. whether
the instruments being used accurately represent the
construct of interests, or something else.

Being able to give strong answers to both a and b will
significantly improve research quality, enable the develop-
ment of useful meta-analyses, and allow researchers to com-
municate with each other without the risk of confusing
related yet different constructs.
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