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The commentary by Billieux and Fournier (2022) is an
excellent example of how constructive open dialogue can
help a field to progress rapidly. In response to our pre-regis-
tered confirmatory findings that supported ontological diver-
sity of the ‘gaming disorder’ construct(s) by prevalence and
group overlap (Karhulahti, Vahlo et al. 2022), Billieux and
Fournier approached the same research question and data
using network analysis. As a methodological benefit, net-
work analysis allows for scrutinizing construct relationships
on an item-level: every item of each operationalized con-
struct can be assessed based on their association with other
items across constructs (e.g. Borsboom et al. 2021).

As items that cluster together can be considered to form
useful construct lines, Billieux and Fournier (2022) simulated
two models that illustrate different possibilities of items rep-
resenting constructs: without notable overlap (their Figure
la) and with notable overlap (their Figure 1b). By reusing
the data of our study, Billieux and Fournier were able to
show that a network model of the four ‘gaming disorder’
scales (their Figure 2) fits the overlap type better than the
non-overlap type. It is a justified interpretation of these
results that the four scales (and the constructs they repre-
sent) significantly overlap, ‘therefore measuring substantially
homogeneous constructs after all’ (Billieux and Fournier
2022, abstract).

As Billieux and Fournier correctly point out, the above
presented findings should lead us to collectively better define
or further elaborate on what ‘ontological diversity’ is or
could be. We completely agree with this conclusion as well
as their related suggestion that item-level construct overlap
is theoretically explainable due to historical similarities (and
differences) in gaming-related measurement development. In
order to take this dialogue one more step further, we also
carried out network analyses using the same dataset. As the
dataset also included previously unreported measures for
non-gaming constructs, our goal was to test whether net-
work overlap might similarly occur with other constructs
that are historically distinct. To do this, we chose two highly

established mental disorder constructs—anxiety and depres-
sion—with one of the original gaming measures:

Anxiety: General Anxiety Disorder 2 (Finnish validation by
Kujanpaa et al. 2014)

Depression: Beck Depression Inventory 6 (Finnish validation
by Aalto et al. 2012)

Gaming: Internet Gaming Disorder Test 10 (Finnish valid-
ation by Mannikko et al. 2019)

For experimental reasons, we additionally included a
fourth construct that measures experiences of having been
bullied in life (single-item instrument created by us), which
is not part of any leading diagnostic manuals, but our recent
phenomenological findings indicated to be of importance for
gaming-related health problems (Karhulahti, Siutila
et al. 2022).

Because the first three constructs are independent in the
light of psychiatric nosology (despite comorbidity, see
below) and they do not share strong conceptual origins (like
mutual ‘addiction’ measurement), the network produced by
the items of these constructs should, following the same
principle, fit the non-overlap model rather than the overlap
model. Alas, the results of network analysis generate mod-
el(s) that involve notable overlap between constructs (Figure
1(A-E); notice outcome differences between approaches)
(Supplement 1). On the one hand, the findings may be con-
sidered surprising because the scales and their validated
items measure constructs (anxiety, bullying, depression,
gaming-related health problems) with widely acknowledged
independence that have their own diagnostic and research
histories; on the other hand, the areas of correlational and/
or causal overlap between anxiety, bullying, depression, and
gaming-related health problems are somewhat established
(e.g. Kumpulainen 2008; Ropovik et al. 2022), for which one
might also expect significant associations and correlations
(even regularized partial correlations) to occur. It is possible
that the network approach is not optimal for precise
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Figure 1. Visualization of the networks. A=0Original data, ggmModSelect estimator, tuning = 0; B=0Original data, EBICglasso estimator, tuning = .25;
C=Dichotomized data, IsingFit estimator, tuning =.25; D = Non-paranormal transformation, ggmModSelect estimator, tuning = 0; E= Non-paranormal transform-

ation, EBICglasso estimator, tuning =.25.

identification of construct differences, at least with the pre-
sent data in the current methodological state.

To investigate the possible homogeneity of the originally
used four gaming scales (Karhulahti, Vahlo et al. 2022;
Billieux and Fournier 2022) from one more perspective, we
also carried out confirmatory factor analyses with all the
items of each such scale (Supplement 1). A single factor
structure was not supported (1*(209) = 11161.73, p < .001;
CFI = 0.85; TLI = 0.84; RMSEA = 0.09, 95% CI [0.09,
0.10]; SRMR = 0.05). Although the four-factor structure (i.e.
each gaming scale modeled as a separate factor) yielded a
significantly better fit (Ay*(5) = 688.05, p < .001), the
model was still disconfirmed. To exploratively investigate
the ideal number of factors, a parallel analysis was run, and
the results suggest that the optimal solution has even more
(eight) factors than the number of theoretical constructs
included in the model. If the latter is correct, the four scales
cannot reliably measure all factors, as multiple items are
needed for a factor to be identified (e.g. Brown 2015; see
Supplement 1 for cross-loadings)."

By combining our original results, those found by
Billieux and Fournier, and the present findings, we find the
state of art to be several steps ahead from where we started.
In the original study, we set out to investigate two dimen-
sions of ontological diversity: ‘What criteria define the dis-
order? and ‘How criteria define the disorder? (Karhulahti
et al. 2022, p. 2). Although our results generally confirmed
such diversity in terms of prevalence and group overlap,
Billieux and Fournier (2022) convincingly suggested that

"For all reported network and factor analyses, we did not test other measures
or combinations thereof. It is possible that other combinations yield results
with different implications.

critical item-level similarities may still be observed. Because
our present results imply such item-level similarities to
occur also between constructs with established nosological
and other differences, a larger question remains: at what
point and in what way should a construct be identified with
independent ontology or be considered homogenous with
related constructs? Keeping in mind that construct overlap
can also be a product of the crud factor or method bias (e.g.
Orben and Lakens 2020), or relate to the indexicality of con-
structs (e.g. Kendler 2017), detailed conceptual analysis, con-
tent validity assessment, and real-life consequences should
outdo statistical estimations. Essentially, the independence of
constructs becomes a pragmatic and political question: what
benefits and harms would follow from setting the bar of
construct independence high or low? This is a question that
will undoubtedly be revisited by decision-makers and
researchers in the future.

It is important to remember that diagnostic manuals,
which currently tend to serve as the main ontological source
for psychopathology research, are not necessarily designed
to guide the development of statistical measures. For
instance, while the ICD coding system specifically serves as
a ‘tool for recording, reporting and grouping conditions and
factors that influence health’ (reference guide at https://icd.
who.int/en), the DSM-5-TR explicitly states that the ‘primary
purpose of DSM-5 is to assist trained clinicians in the diag-
nosis of mental disorders’ (APA 2022, p. 21). Accordingly,
when statisticians develop and use different scales based on
such standardized systems with varying functionalities and
premises, it is arguably unsurprising that different preva-
lence rates and groups are identified. This is not necessarily
a problem, however, if researchers clearly define their con-
structs of interest and carry out comparisons across
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constructs with a critical awareness of differences. For
instance, as Billieux and Fournier (2022) correctly exemplify,
one can ask: is the measured gaming construct built on
symptoms such as tolerance and withdrawal, which are no
longer part of ‘gaming disorder’ in the ICD-11-based con-
struct and its measures? With such reflexivity, the interpret-
ation of both clinical and epidemiological findings will
be improved.

This will not, however, solve the main ontological
dilemma. In order to provide a practical example of how
new related challenges will keep ensuing, it is currently
unclear whether problems related to financial spending dur-
ing gaming are part of ‘gaming disorder’ even according to
the improved criteria outlined in the ICD-11. Although the
ICD-11 criteria do not address financial spending at all and
related measures do not identify this dimension as part of
the construct, there are case studies (e.g. Ra and Das 2020)
and large-scale clinical analyses (e.g. Karhulahti, Nuutinen
et al. 2022) that show how people already seek treatment
because of their problematic spending of money in video-
games. If one day this financial dimension is added to the
ontological structure of ‘gaming disorder’, for instance, by
means of new criteria in the official diagnostic manuals, it is
evident that the updated measures will once again address
new populations and thus produce different prevalence rates
and group overlap discrepancies. The ontological challenge
of ‘gaming disorder’—perhaps unlike those of anxiety and
depression—is that the human-technology relationship is
rapidly ever-evolving and will remain difficult to domesticate
into stiff nosological structures. >

To conclude, we completely share Billieux and Fournier’s
(2022) positive sentiment on the possibilities that endorsing
open science practices enables for our research fields.
Transparent reporting practices—allowing us to have con-
structive conversations through different methodological
interpretations of data and materials—will remain a major
benefit and, in the long run, help the research community
to pursue robust, cumulative scientific outcomes.
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