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Abstract

Previous research on gaming disorder (GD) has highlighted key methodological and conceptual

hindrances stemming from the heterogeneity of nomenclature and the use of non-standardized

psychometric tools to assess this phenomenon. The recent recognition of GD as an official

mental health disorder and behavioral addiction by the World Health Organization (WHO) in

the 11th Revision of the International Classification of Diseases (ICD-11) opens up new possi-

bilities to investigate further the psychosocial and mental health implications due to excessive

and disordered gaming. However, before further research on GD can be conducted in a reliable

way and within a robust cross-cultural context, a valid and reliable standardized psychometric

tool to assess the construct as defined by the WHO should be developed. The aim of this study

was to develop The Gaming Disorder Test (GDT), a brief four-item measure to assess GD and

to further explore its psychometric properties. A sample of 236 Chinese (47% male, mean age

19.22 years, SD = 1.57) and 324 British (49.4% male, mean age 26.74 years, SD = 7.88) gamers

was recruited online. Construct validity of the GDT was examined via factorial validity, nomo-

logical validity, alongside convergent and discriminant validity. Concurrent validity was also

examined using the Internet Gaming Disorder Scale—Short-Form (IGDS9-SF). Finally, reliability

indicators involving the Cronbach’s alpha and composite reliability coefficients were estimated.

Overall, the results indicated that GDT is best conceptualized within a single-factor structure.

Additionally, the four items of the GDT are valid, reliable, and proved to be highly suitable for

measuring GD within a cross-cultural context.

Keywords: Videogame addiction - Gaming disorder - ICD-11 - GDT - Behavioral addictions

Prior to the publication of the fifth revision of Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) by the American Psychiatric Association in May 2013 (American Psychiatric Association
2013), researchers and clinicians were unclear about the core diagnostic criteria of the phenomenon
gaming disorder (GD) (Griffiths et al. 2015). The adoption of inconsistent terminologies and non-
standardized assessment tools by previous research investigating GD (see King et al. 2013) has led
to several debates among scholars as to whether the phenomenon represents a unique clinical entity
worth being officially recognized as a behavioral addiction (Griffiths and Pontes 2014; Pontes and
Griffiths 2014, 2015c).

More recently, scholars have argued that formal recognition of GD as a disorder may result in
potentially negative medical, scientific, public health, societal, and rights-based repercussions that

should be acknowledged (Aarseth et al. 2017). These concerns often relate to the challenges in the
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psychometric and clinical assessment of the phenomenon as accurate identification of pathological
and non-pathological behavior and actual illness has long been a problem in psychiatric epidemiology,
often leading to false-positive diagnoses with significant economic and societal implications (van Rooij
et al. 2018). Thus, for some scholars, caution is warranted as the new proposed disorder arguably
lacks the necessary scientific support and sufficient clinical utility to justify its medical recognition.
Notwithstanding this, other scholars have argued against this view and in favor of legitimating GD
as a bona fide disorder. For example, Griffiths et al. (2017) suggested that although GD is a rare
phenomenon due to its low prevalence rates, dismissing its clinical significance and the individual
impact that excessive gaming can have on overall health may inevitably lead to a number of detrimental
outcomes. There are several reasons supporting formalizing GD as a psychiatric disorder. For example,
by recognizing GD as an official mental health disorder, new social policy can help the development
of better insurance and treatment providers able to offer specialized and efficacious treatments for
patients suffering from GD (Griffiths et al. 2017). Although different perspectives can be taken on the
merits of recognizing GD, it is the view of the present authors that the extant empirical and clinical
research warrants recognition of GD as a mental health disorder that affects a minority of gamers.
Hence, future research should aim to provide answers related to how GD can be better understood
regarding its prevention and which risk factors may contribute to shedding light on how it develops in
the general population. Consequently, developing an updated psychometric assessment tools based on
official diagnostic framework will likely lead to greater consistency at the diagnostic level and provide
robust parameters for replication in research.

Furthermore, with the publication of the DSM-5 in May 2013, “Internet Gaming Disorder” (IGD)
was included in Section III (“Emerging Measures and Models”) of the DSM-5 as a tentative disorder
requiring additional research before possible formal recognition could be achieved in future revisions
of the DSM (Petry and O'Brien 2013; Pontes and Griffiths 2014). According to the American Psychiatric
Association (2013), the clinical diagnosis of IGD comprises a behavioral pattern encompassing persis-
tent and recurrent use of the Internet to engage in online games, leading to significant impairment
or distress over a period of 12 months as indicated by endorsing five (or more) of nine criteria. The
proposed diagnostic criteria for IGD in the DSM-5 include the following: (1) preoccupation with games;
(2) withdrawal symptoms when gaming is taken away; (3) tolerance, resulting in the need to spend
increasing amounts of time engaged in games; (4) unsuccessful attempts to control participation in
games; (5) loss of interest in previous hobbies and entertainment as a result of, and with the exception
of, games; (6) continued excessive use of games despite knowledge of psychosocial problems; (7)
deceiving family members, therapists, or others regarding the amount of gaming; (8) use of games
to escape or relieve negative moods; and (9) jeopardizing or losing a significant relationship, job, or
education or career opportunity because of participation in games. When the severity of IGD is greatly
increased, it may lead to academic failure, job loss, or marriage failure as the problem behavior tends
to displace usual and expected social, work and/or educational, relationship, and family activities
(American Psychiatric Association 2013).

Due to the initial recognition of IGD in the DSM-5, the focus of the scholarly debate has shifted
from questioning whether IGD merited formal recognition as a mental health disorder to highlighting
the need to further understand the core experiences of IGD from a broad biological, psychological, and
social perspective (Pontes 2018). As a result, researchers in the gaming studies field have suggested
the need of additional empirical evidence to help identify the defining features of IGD, obtain cross-

cultural data on reliability and validity of specific diagnostic criteria, determine prevalence rates in
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representative epidemiological samples in countries around the world, evaluate its natural history, and

examine its associated biological features (Petry and O'Brien 2013; Pontes and Griffiths 2014).
The call for unification in the field (Griffiths et al. 2014, 2016) has led to an increase in the research

being conducted on IGD (Pontes and Griffiths 2015a), with several psychometric assessment tools being
developed under the IGD framework defined by the American Psychiatric Association (e.g., Kiraly
et al. 2017; Lemmens et al. 2015; Pontes and Griffiths 2015b) as reported in a recent review (Pontes
2016). According to Kuss and Pontes (2019), since the publication of the nine IGD criteria in May
2013, a total of seven clinical psychometric tools were developed to assess IGD. Although progress
has been made toward unifying the assessment of IGD, clinical and cross-cultural evidence for these
assessment tools remains limited as only the Internet Gaming Disorder Test (IGD-20 Test; Pontes et al.
2014), the Internet Gaming Disorder Scale-Short Form (IGDS9-SF; Pontes and Griffiths 2015b), and the
Ten-Item Internet Gaming Disorder Test (IGDT-10; Kiraly et al. 2017) have been extensively examined
cross-culturally. More specifically, the IGD-20 Test has been psychometrically validated and culturally
adapted for Spanish, Arabic, and Korean speakers, and the IGDS9-SF has been validated for Slovenian,
Portuguese, Italian, and Persian speakers. Similarly, the IGDT-10 has been investigated in Hungarian,
Iranian, Norwegian, Czech, Peruvian, French, and English samples, and only the Clinical Assessment
Tool (C-VAT 2.0; Van Rooij et al. 2017) has preliminary clinical evidence to support its use in clinical
samples.

Arguably, the potential unification in the field and the increased consistency in IGD research has
led to IGD being officially recognized as a potential mental health disorder by the World Health
Organization in September 2018 after an extensive and iterative review process (World Health Organi-
zation 2018a). Additionally, the WHO adopted the term “disorder” instead of “addiction.” The choice
in the nomenclature accounts for ongoing discussion among scholars debating if excessive gaming is
best characterized as an addictive disorder or something else (King and Gaming Industry Response
Consortium 2018). Based on this, “Gaming Disorder” (GD) is now classed as a bona fide disorder due
to addictive behaviors in relation to excessive gaming. The WHO’s decision to include GD in the 11th
Revision of the International Classification of Diseases (ICD-11) was based on extensive reviews of
existing peer-reviewed evidence and reflects a consensus among experts from different disciplines
(e.g., psychology, psychiatry, neurosciences) and geographical regions that were involved in several
consultation meetings organized by the WHO in the process of developing the ICD-11.

More specifically, GD is defined in the beta draft of the ICD-11, as a pattern of persistent or recurrent
online and/or offline gaming behavior manifested by three core diagnostic criteria: (1) impaired control
over gaming (e.g., onset, frequency, intensity, duration, termination, context); (2) increasing priority given
to gaming to the extent that gaming takes precedence over other life interests and daily activities and
(3) continuation or escalation of gaming despite the occurrence of negative consequences (World Health
Organization 2018b). Moreover, GD should only be diagnosed when the behavior pattern is of sufficient
severity to result in significant impairments in personal, family, social, educational, occupational, or
other important areas of functioning (World Health Organization 2018b). In this context, for a diagnosis
to be assigned, the pattern of gaming behavior should be continuous or episodic and recurrent, and
the gaming behavior and its associated features should be normally evident over a period of at least 12
months. Nonetheless, the required diagnostic duration may be shortened if all diagnostic requirements
are met and symptoms are severe (World Health Organization 2018b). In addition to this, exclusion
criteria when diagnosing GD have been specified by the WHO in the ICD-11. These include hazardous
gaming (QE22), bipolar type I disorder (6A60), and bipolar type II disorder (6A61). This nuanced
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diagnostic approach proposed by the WHO is in line with previous findings suggesting that gaming
can be an intense activity whereby individuals may end up spending copious amounts of time gaming
and yet no significant clinical impairment may be experienced as the gaming behavior falls within the
notion of a high engagement behavioral pattern toward gaming due to the lack of endorsement of core
diagnostic criteria (i.e., conflict, withdrawal symptoms, relapse, and behavioral salience) (Charlton and
Danforth 2007).

Although GD has been recognized by the WHO as an official disorder, the field now faces similar
research challenges to those that arose when IGD was included in the DSM-5. More specifically, in
order to advance research and further the scientific understanding of GD under the new diagnostic
framework established by the WHO, researchers should endeavor to establish standardized tools with
adequate psychometric properties to assess the core criteria for GD according to this new framework,
particularly in reference to the lack of direct diagnostic comparability between the IGD and the GD
criteria. Additionally, cross-cultural clinical and psychometric research will be key to shed light on the
relevance of each criterion. This is indeed a crucial step to be considered in GD research in order to
provide empirical information related to the diagnostic properties and efficacy of the new criteria as
it will impact on clinical practice and research on GD around the world.

In light of the aforementioned rationale, the main aim of the present study was to develop the first-
ever standardized psychometric tool for assessing GD using the new diagnostic framework devised
by the WHO. Additionally, this study will scrutinize key psychometric properties of these criteria
adopting a cross-cultural perspective by investigating a sample of Chinese and British gamers. The
main reason for focusing on these two specific population results from the fact that addictive gaming
has become a major public health issue in Asian countries such as China (with prevalence rates ranging
from 3.5 to 17%) (Long et al. 2018) and an emerging issue in developed Western countries such as the
UK (with prevalence rates reported around 14.6%) (Lopez-Fernandez et al. 2014).

To the best of the authors’ knowledge, this is the first study ever to be conducted on the effects
of addictive gaming by adopting the WHO’s diagnostic criteria. Therefore, this study contributes to
facilitating international research in this field and improving diagnostic approaches in clinical milieus
by developing a standardized psychometric tool to assess GD and ascertaining its suitability to measure

the problem behavior in a valid and reliable way.

Method

Participants and Procedures

The present study recruited two samples of gamers in China and in the UK. For the Chinese sample,
a call for participants was promoted at a large university in Beijing. Moreover, for the British sample,
students from two major universities from the East Midlands and Greater London area were invited to
participate in the research project. There was no distinction between undergraduate and postgraduate
students across the countries.

Data collection for both samples was conducted using online surveys. More specifically, the
British sample was recruited using an online survey hosted on Qualtrics (www. qualtrics.com) while
the Chinese sample was recruited via an online survey programmed on the Survey Coder platform
(www.ckannen.com). The two recruiting online platforms were hosted independently and despite the
difference in language, they were equivalent in terms of the questions included on both surveys among
the two samples. Participation was entirely voluntary and no financial compensation was offered to

participants. Additionally, all participants were assured of anonymity and confidentiality, and the study
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was granted approval by the College Research Ethics Committee at Nottingham Trent University. All
procedures of the study were executed in accordance with the ethical standards of the responsible
committee on human experimentation and with the Helsinki Declaration of 1975, as revised in 2005.

Participants were eligible to participate in the study upon responding to the following screening
question: “have you played any video game in the past 12 months (yes/no)?” Respondents were not
allowed to take the survey in case they have responded “no” to this question. A total of 25 participants
(4%) were excluded based on this inclusion criterion, resulting in a total of 597 recruited participants.

The mean age of the sample was 20 years in China (SD = 1.57, range 18-24 years) and 26 years
in the UK (SD = 7.81, range 18-49 years). Overall, the gender split was relatively even with males
representing 52% (n = 310) of the total sample (see Table 1 for further details).

Table 1. Chinese and British samples, sociodemographic characteristics and related gaming behaviors

Variables Overall Chinese British
Sample size (n) 560 236 324
Gender (male, %) 271 (48.4) 111 (47) 160 (49.4)
Age (years) (mean, SD) 23.6 (7.09)  19.22 (1.57)  26.74 (7.88)
Relationship status (in a relationship, %) 237 (42.3) 66 (28) 171 (52.8)
Weekly time spent gaming (mean, SD) 12.69 (12.05) 11.56 (13.22) 13.51 (11.03)
Percentage of time spent on weekend (%) 46.15 49.76 43.52
Experienced significant problems due to gaming (yes, %) 36 (6.4) 21 (8.9) 15 (4.6)
Depression severity (mean, SD) 17.05(5.9)  14.75(4.82)  18.72 (6.21)
Loneliness severity (mean, SD) 6.51 (2.6) 5.91 (2.36) 6.95 (2.68)
Gaming disorder severity (mean, SD) 6.89 (3.17) 6.17 (2.91) 7.42 (3.25)
Gaming disorder prevalence (n, %) 10 (1.8) 4(1.7) 6 (1.9)
Item-related descriptive statistics (mean, SD)

GDT item 1 1.85(0.94)  1.87(0.96)  1.84(0.93)
GDT item 2 1.98 (1.06)  1.56(0.86)  2.29 (1.08)
GDT item 3 1.69 (1.04)  1.43(0.85)  1.89 (1.13)
GDT item 4 136 (0.76)  1.31(0.76)  1.40 (0.76)

SD, standard deviation; GDT, Gaming Disorder Test

Measures

Sociodemographic and Gaming-Related Behaviors Sociodemographic and gaming-related behav-
iors questions were aligned with previous similar psychometric studies on GD (e.g., Pontes and
Griffiths 2015b; Pontes et al. 2014; Schivinski et al. 2018). More specifically, sociodemographic data
included participants’ gender, age, and relationship status. Gaming-related behaviors were controlled
by self-reported average time spent playing videogames in a week and weekends. An additional self-
report question was included asking if participants had experienced significant problems in their lives

due to gaming as their activity in the past 12 months.

The Gaming Disorder Test

The Gaming Disorder Test (GDT) is a brief standardized assessment tool including four items reflecting
the key defining diagnostic features of GD in the ICD-11 (World Health Organization 2018b). The
GDT examines gaming activities occurring over a 12-month period since the WHO criteria for GD
are based on persistent and recurrent gaming. This most often involves specific online and/or offline
games, regardless of the device used to play (e.g., consoles, computers, smartphones). All four items
are rated on a 5-point Likert scale: 1 (“never”), 2 (“rarely”), 3 (“sometimes”), 4 (“often”), and 5 (“very

often”). Total scores are obtained by summing the gamer’s answers and they can range from 4 to 20,
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with higher scores being indicative of higher degrees of disordered gaming. It is also worth noting that
the main purpose of this instrument is not to diagnose GD but to assess its severity and accompanying
detrimental effects to the gamer’s life. However, for research purposes, it is recommended that answers
are given as 4 (“often”) or 5 (“very often”) to any of the four items should be coded as endorsement
of a specific GD criterion. By adopting this (=4 or 5) diagnostic approach, researchers will be able to
distinguish between potentially disordered and non-disordered gamers.

Prior to developing the GDT items, the research team consulted with a group of experts (i.e.,
blinded for review purposes) working in the field in order to ensure that the scale had adequate content
validity. Furthermore, the first three items were devised to map on (i) impaired control over gaming, (ii)
increased priority given to gaming, and (iii) continuation despite negative consequences. An additional
item reflecting the (iv) experience of significant problems in life was added given that at higher levels;
GD is of sufficient severity to result in significant impairment in personal, family, social, educational,
occupational, or other important areas of functioning (World Health Organization 2018b). The inclu-
sion of the fourth item helps to ensure that the scale is able to effectively capture GD at different levels
of severity rather than excessive or hazardous gaming according to the definition proposed by WHO.

For the process of the cross-cultural adaptation of the GDT in China, we adopted a standard
procedural method (Beaton et al. 2000). Therefore, two bilingual Chinese translators translated the
GDT from its original English version to Mandarin. The Chinese GDT was then back-translated to
English. The translators (see acknowledgement) discussed together with the authors the back and forth
translations of the GDT in Mandarin to ensure that the meaning of the Chinese version of the GDT
fits the original English items. Finally, we assessed face validity of the GDT by running a pilot testing
among 47 videogame players with the English version of the scale (51% male, mean,g = 21.4, SD,ge =

3.5). The respondents did not report any significant problems when completing the questionnaire.

Internet Gaming Disorder Scale—Short-Form

The Internet Gaming Disorder Scale—Short-Form (IGDS9-SF) (Pontes and Griffiths 2015b) is a
psychometric tool adapted from the nine IGD criteria according to the DSM-5 (American Psychiatric
Association 2013). This instrument is used to assess the severity of IGD symptoms and its detrimental
effects by examining both online and/or offline gaming activities occurring over a 12-month period.
The nine items of the IGDS9-SF are answered using a 5-point Likert scale: 1 (“never”), 2 (“rarely”), 3
(“sometimes”), 4 (“often”), and 5 (“very often”). Total scores can be obtained by summing the gamer’s
answers to each item and total scores can range from 9 to 45, with higher scores being indicative of
higher degrees of disordered gaming. The IGDS9-SF has been extensively investigated in cross-cultural
research and has been found to be consistently valid and reliable to assess IGD symptoms across
different countries and samples, including in Chinese- and English-speaking samples (Stavropoulos et
al. 2018; Yam et al. 2018).

Three-Item Loneliness Scale

Loneliness was assessed using three items from the UCLA Loneliness Scale, version 3 (Russell 1996).
These items were extensively tested in large sample surveys using population-based samples, and they
displayed excellent psychometric properties for assessing loneliness concisely across both Chinese-
and English-speaking samples (e.g., Hughes et al. 2004; Xu et al. 2018). All three items are rated on a 4-
point Likert scale: 1 (“never”), 2 (“rarely”), 3 (“sometimes”), and 4 (“often”). The total of the responses

to the three questions was used to determine participants’ levels of loneliness.
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The Patient Health Questionnaire

The Patient Health Questionnaire (PHQ-9) (Kroenke et al. 2001) is a nine-item instrument designed
to assess symptoms of depression and was developed based on the criteria for major depressive
disorder in the DSM-IV (American Psychiatric Association 1994). Participants evaluate their symptoms
referencing the last 2 weeks, using a 4-point Likert scale for a duration ranging from 0 (“not at all”), 1
(“several days”), 2 (“more than half the days”), and 3 (“nearly every day”). The PHQ-9 has been used
as a screening and diagnostic tool and as an outcome measure in both Chinese- and English-speaking
samples and displayed excellent psychometric properties (e.g., Merz et al. 2011; Tsai et al. 2014). Total

scores of 5, 10, 15, and 20 can be used to determine “mild,” “moderate,” “moderately severe,” and “severe”

depression, respectively (Kroenke et al. 2001).

Data Management and Analytic Strategy

Data management involved undertaking several steps to ensure the applied parametric testing would
be conducted appropriately. First, the structure of the missing data was tested with Little’s Missing
Completely at Random (MCAR) test using the package BaylorEdPsych (R Package for Baylor Univer-
sity Education Psychology Quantitative Course Version 0.5) in R system for statistical computing
Version 3.4.2 “Short Summer” (https://www.r-project.org). The results of this test yielded a chi-square
of 8.36, df = 13, p = 0.81. The hypothesis of the MCAR is rejected at 0.05 significance level, therefore
it can be assumed that the data is missing at random. Furthermore, a total of 32 (5.3%) cases were
excluded from the analyses at this stage due to severe missing values (i.e., =5) on the psychometric
tests used in the study.

The distribution of all items across all psychometric tests utilized in the present study was examined
to assess univariate normality. As a result, no item of the GDT and the other psychometric tests had
absolute values of skewness > 3.0 and kurtosis > 8.0 (Kline 2011). Additionally, the data was screened
for univariate outliers by computing a standardized composite sum score using the four GDT items.
Participants were considered univariate outliers if their composite score obtained was + 3.29 standard
deviations from the GDT z- scores as this threshold includes 99.9% of the normally distributed z-scores
(Field 2013). The same procedure was repeated for all the remainder of the psychometric tests utilized
in the study (see Table 2). Moreover, multivariate outliers were assessed by examination of the Maha-
lanobis distances and the critical value for each case (based on the chi-square distribution values). As a
result of this procedure, an additional three participants were excluded from the subsequent analyses.
Overall, after applying the data cleaning strategy outlined, a final sample of 560 (93.8%) respondents

fully eligible for the final statistical analyses was reached.
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Table 2. Reliability, convergent, and discriminant validity of the Gaming Disorder Test (GDT)

o CR AVE (1) (2) (3

Overall

(1) Loneliness 0.84 085 0.66 0.81

(2) Depression 0.90 090 0.52 0.75 0.72

(3) GDT 0.84 0.85 0.59 045 047 0.77
Chinese

(1) Loneliness 0.82 0.84 0.63 0.79

(2) Depression 0.87 087 046 0.74 0.68

(3) GDT 0.87 0.87 0.63 0.38 047 0.79
British

(1) Loneliness 0.85 0.86 0.67 0.82

(2) Depression 0.90 090 0.53 0.72 0.73

(3) GDT 0.84 0.85 0.59 045 041 0.77

The square root of the Average Variance Extracted for each construct is in italics

Statistical Analyses

Statistical analysis of the data collected included (i) descriptive statistics of the main sample’s
characteristics, (ii) an in-depth psychometric evaluation of the GDT that included analysis of the
construct validity (i.e., factorial validity via Confirmatory Factor Analysis [CFA], nomological validity
by estimating a full structural equation model to test a set of a priori theoretical assumptions about
the interplay between these constructs; convergent and discriminant validity analysis based on the
Average Variance Extracted [AVE] coeflicients of each latent variable), and a (iii) reliability analysis
using different coefficients and indicators of internal consistency (i.e., Cronbach’s alpha and Composite
Reliability [CR]) was performed. Finally, (iv) concurrent validity of the GDT was investigated using
the IGDS9-SF as both tools assess the same construct.

To assess the quality of the structural equation models tested, several fit indices indicators were
used to judge the quality of the goodness of fit (GOF). However, because there is no consensus on
the fit indices for evaluating structural equation models (see Bollen and Long 1993; Boomsma 2000;
Hoyle and Panter 1995), the following fit indices and thresholds were adopted in the present study: x*/
df [1;4]; Comparative Fit Index (CFI); and Tucker-Lewis Fit Index (TLI) [0.90;0.95]; Root Mean Square
Error of Approximation (RMSEA) [0.05;0.08]; and the Standardized Root Mean Square Residual (SRMR)
[0.05;0.08] (Bentler 1990; Bentler and Bonnet 1980; Hooper et al. 2008; Hu and Bentler 1999). These fit
indices are often used in similar psychological research and provide the best coefficients to assess the
quality of the results obtained in latent variable modeling. Furthermore, Full Information Maximum
Likelihood estimation method (FIML) was used in the estimation of the structural equation models
with 5000 bootstrap samples to yield robust standardized errors (Berkovits et al. 2000).

All the aforementioned statistical analyses were performed using R system for statistical computing.
More specifically, the following packages were utilized: Psych (Procedures for Psychical, Psychometric,
and Personality Research Version 1.8.10), and Lavaan (Latent Variable Analysis Version 0.6-3).

Results

Descriptive Statistics
With regard to gender distribution in the overall sample, females represented 51.6% (n = 289) of all

participants, reflecting a balanced gender distribution. Participants’ age ranged between 18 and 49
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years, and the mean age observed in the sample was 23 years (SD = 7.09 years). Finally, about (42.3%,
n = 327) of participants reported not being involved in a romantic relationship (42.3%, n = 327).

As per gaming-related behaviors, the average time spent playing videogames during the week was
12 h (SD = 12.05 h), with about 46% of this time being spent over the weekend alone. Finally, a total
of 36 participants (6.4%) reported having experienced significant problems in their lives due to their
gaming behavior according to the self-report question developed within the sociodemographic section
of the survey. In terms of symptomatology, depression (meanoyeran = 17.05; SDoveran = 5.9; min = 8, max
= 32), and GD severity (meanyveran = 6.89; SDoveran = 3.17; min = 4, max = 20) were higher in the overall
sample in comparison to loneliness (meanyyeran = 6.51; SDgyeran = 2.6; min = 3, max = 12). Gamers from
the British sample exhibited significantly higher levels of depression (#[558] = 8.16, p < 0.001; d = 0.69),
loneliness (#[558] = 4.77, p < 0.001; d = 0.40), and severity of GD (¢[560] = 4.67, p < 0.001; d = 0.40). Finally,
the prevalence rates of GD found among the Chinese and British gamers did not differ significantly
(¥ [1, N = 560] = 0.02, p = 0.58). A complete summary of all participants’ main sociodemographic
characteristics and severity of symptoms of the constructs assessed is presented in Table 1, including

all variables investigated in the present study among both the Chinese and British samples.

Factorial Validity: CFA and Unidimensionality Testing

The factor structure of the GDT was investigated and operationally defined under a single-factor
solution due to statistical and theoretical reasons as an optimal balance between scale length with
parsimony in measurement should be warranted. At the statistical level, given the brevity of the GDT,
having more than one dimension would lead to latent factors containing less than three indicators,
which is not aligned with the standard recommendations made against retaining factors with fewer
than three indicators (Tabachnick and Fidell 2013; Worthington and Whittaker 2006). At the theoretical
level, brief IGD standardized tools have been recently operationalized at the latent level as a unidi-
mensional factor containing the key core indicators and clinical symptoms of the disorder (e.g., Kiraly
et al. 2017; Lemmens et al. 2015; Pontes and Griffiths 2015b).

Based on this rationale, the unidimensional factor structure of the GD construct as measured with
the four GDT items was examined by performing a CFA with relevant covariates in a Multiple-
Indicator Multiple-Causes model (MIMIC model) (see Fig. 1). For the MIMIC model specification, GD
was predicted by the following variables: age, gender, and weekly time spent playing videogames.
These variables were selected due to their role in predicting GD as several empirical studies reported
GD to be associated with younger and male gamers, and greater time spent playing videogames (e.g.,
Dong et al. 2018; Fuster et al. 2016; Lemmens et al. 2009; Pontes and Griffiths 2015b, 2016; Schivinski
et al. 2018).
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Fig. 1 Unidimensional factor structure of GD construct as measured with four GDT items was examined by performing

a CFA with relevant covariates in a Multiple-Indicator Multiple-Causes model

The results of this analysis yielded the following GOF: FIMLoyeran¥’an = 46.22, y*/df = 4.20, CFI =
0.97, TLI = 0.94, RMSEA = 0.07, and SRMR = 0.03, further suggesting that the unidimensional factor
structure for the GDT construct fits the data well. Overall, similar findings were obtained in the Chinese
(FIMLchinese 111 = 12.31, y*/df = 1.12, CFI = 0.99, TLI = 0.99, RMSEA = 0.02, and SRMR = 0.02) and British
(FIMLyy?11n) = 34.68; y?/df = 3.15, CFI = 0.93, TLI = 0.92, RMSEA = 0.08, and SRMR = 0.03) samples. The
standardized item loads ranged from Acprioverall = 0.73 t0 AcpT3overan = 0.79 and were all above the desired
threshold of A;; =0.50, p < 0.001 (Hair et al. 2010).

Furthermore, the results of this analyses demonstrated that GD was positively influenced by time
spent playing videogames during the week (f = 0.45, p < 0.001), while age and gender were not
statistically significant (p = 0.29 and p = 0.27, respectively). A detailed summary of these findings is
presented in Fig. 1, including the breakdown of the results according to the overall sample and the two

countries.

Construct Validity: Nomological Validation

The assessment of the construct validity of GDT involved identifying a relevant network of key
constructs associated with GD to explain the pattern of interrelationships that exists among them
(Bryant et al. 2007). This procedure has been extensively discussed by Cronbach and Meehl (1955)
who suggested that it is necessary to understand the nature of a construct through the statistical or

deterministic laws underlying the network of key constructs, often referred to as the nomological
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network. The nomological network is considered an essential aspect of construct validity of a given
phenomenon and was investigated in the present study by replicating the structural and causal rela-
tionships between GD, loneliness, and depression accounting for potential confounding effects. The
decision to investigate the interplay between these three latent constructs was informed by empirical
findings.

Based on the aforementioned rationale, the structural model testing the nomological network
proposed included GD, loneliness, and depression in a mutually reinforcing (bi-directional) association
pattern. Additionally, GD has been specified as the outcome of weekly time spent gaming, age, and
gender to control for potential confounding effects stemming from key individual differences factors.
The results obtained for the overall sample produced an adequate fit to the data (FIMLoverany’[130) =
480.66, y*/df = 3.70, CFI = 0.92, TLI = 0.91, RMSEA = 0.06, and SRMR = 0.05). As expected, GD was
positively associated with loneliness (r = 0.45, p < 0.001) and depression (r = 0.45, p < 0.001), further
corroborating previous findings (see Fig. 2). Finally, the total variance explained in GD by weekly time
spent, age, and gender was 23% (R* = 0.23, p < 0.05) (see Fig. 2). Overall, similar findings were obtained
in the Chinese (FIMLchineseY’(120] = 224.13, y*/df = 1.74, CFI = 0.94, TLI = 0.93, RMSEA = 0.05, and SRMR
= 0.00) and British (FIMLuk 120 = 313.41, y*/df = 2.43, CFI = 0.93, TLI = 0.92, RMSEA = 0.06, and SRMR
= 0.06) samples.
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Fig. 2 Total variance explained in GD by weekly time spent, age, and gender

Taken together, these results highlight the suitability of the GDT to measure GD symptoms and
capture previously reported association patterns between other closely related and implicated mental

health constructs.

Convergent Validity, Discriminant Validity, and Reliability Analysis

The literature defines convergent validity as the extent to which items of a psychometric test appear to
be indicators of a single underlying construct (Lee et al. 2015). Convergent validity is deemed adequate
when the AVE of the latent variable is =0.50 and composite reliability is = 0.70 and there is no evidence
of cross-loadings across the constructs (Fornell and Larcker 1981; Hair et al. 2010). As shown in Table
2, the AVE values for the GDT in the overall, Chinese and British samples were all adequate (0.59, 0.63,
and 0.59 respectively), and the composite reliability coefficients were well beyond the desired threshold
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across the overall, Chinese, and British samples (0.85, 0.87, and 0.85 respectively). Furthermore, no
evidence of cross-loadings across the constructs was found.

The notion of discriminant validity refers to the degree to which the measures of distinct constructs
differ (Lee et al. 2015) and is demonstrated when the square root of the AVE of each latent variable is
higher than the correlations between it and the rest of the constructs (Fornell and Larcker 1981; Hair
et al. 2010). The square root of the AVE of each latent variable is in italics in Table 2. The results of
this analysis suggest that the value for each latent variable was higher than the correlations between
it and the other constructs of the study.

Finally, the internal consistency of the GDT was also assessed using the Cronbach’s alpha as
another indicator of internal consistency in addition to the CR (see Table 2). More specifically, the
Cronbach’s alphas of the GDT were all excellent across the overall (@ = 0.84), Chinese (a = 0.87), and the
British (a = 0.84) samples. Overall, the results of these analyses illustrate that the GDT demonstrated
convergent validity, discriminant validity, and reliability across different levels, further supporting its

psychometric robustness to measure GD.

Concurrent Validity: GDT and IGDS9-SF

The concurrent validity of the GDT was assessed to examine the degree to which this measure relates
to the IGDS9-SF (Pontes and Griffiths 2015b). The main assumption of the concurrent validity analysis
is that a psychometric test should show substantial correlation with other measures to which it is
theoretically related (Frick et al. 2010). This procedure involves administering a new psychometric tool
and an existing well-validated measure of psychopathology to a group of individuals. If a correlation
of 0.20 is obtained, then the concurrent validity of the new measure would be questionable. However,
a correlation =0.75 indicates a sufficient degree of concurrent validity of the new measure (Frick et
al. 2010).

In the present study, concurrent validity was assessed by examining the degree of association
(i.e., bootstrapped correlation with bias-corrected accelerated 95% confidence intervals) between the
GDT and IGDS9-SF overall scores across all three subsamples (i.e., overall, Chinese, and British). As
expected, participants’ level of GD (as assessed by the GDT) was highly associated with the IGDS9-
SF scores. More specifically, the obtained correlation coefficients ranging from r = 0.82 (p < 0.001) to
r=0.83 (p < 0.001) (see Table 3). Therefore, it can be concluded that the GDT exhibited satisfactory

concurrent validity when considering other closely related measures.

Table 3. Bootstrapped correlation matrix with 95% bias-corrected and accelerated confidence interval between the
GDT and IGDS9-SF scores across all samples

Measure (sample) GDT BCa95%CI R®
IGDS9-SF (overall) 0.83** 0.78; 0.86 0.68
IGDS9-SF (China) 0.82** 0.75; 0.88 0.67
IGDS9-SF (UK) 0.82** 0.77;0.86 0.67

IGDS9-SF, Internet Gaming Disorder Scale—Short-Form; GDT, Gaming Disorder Test; R?, R-squared. Bootstrap results are based on 5.000

bootstrap samples. **Correlation is significant at the 0.01 level

Discussion

The present study sought to develop the first psychometric tool to assess GD based on the newest
diagnostic framework developed by the WHO in the ICD-11 (World Health Organization 2018b). In
order to achieve this goal, experts in the field developed the GDT, a four-item standardized psycho-
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metric tool covering all key GD diagnostic criteria and clinical features. Furthermore, the GDT was
investigated in a cross-cultural setting involving gamers from China and the UK. The GDT was
scrutinized at the psychometric level using different parameters to support its validity and reliability
and whether it reflects the concept of GD. All the psychometric analyses were performed on three
subsamples including the overall sample, Chinese sample, and the British sample to ensure consistency
of the findings.

Overall, the results obtained supported the new scale’s factorial validity and demonstrated that
the single-factor solution for GD as measured by the GDT reflects an optimal factor structure for the
construct. This finding mirrors similar research in the field that aimed to develop psychometric tools
based on the nine IGD criteria as defined in the DSM-5 (American Psychiatric Association 2013). More
specifically, researchers have found empirical support to a unidimensional factor structure for IGD
across different studies (e.g., Chiu et al. 2018; Kiraly et al. 2017; Pontes and Griffiths 2015b). Although
GD was psychometrically operationalized within a unidimensional factor structure, all indicators (i.e.,
items) of the latent construct reflected the different clinical manifestations of the disorder in order to
cover its main clinical features.

In addition to factorial validity, other sources of validity of the GDT were investigated in the present
study, such as construct validity (i.e., nomological validity, convergent validity, and discriminant
validity) and criterion-related validity (i.e., concurrent validity). Finally, the internal consistency of the
GDT was also investigated using different indicators of reliability (i.e., Cronbach’s alpha and CR).

With regard to the nomological validity analysis of the GDT, a nomological network of relevant
constructs was examined. More specifically, GD, loneliness, and depression were examined within a
bi-directional association pattern when controlling for weekly time spent gaming, age, and gender
effects. This rationale was informed by previous empirical research suggesting that GD, loneliness,
and depression are consistently implicated at the cross-sectional level (e.g., Burleigh et al. 2018; Lee
et al. 2018; Lemmens et al. 2015; Myrseth et al. 2017; Pontes 2017). More specifically, these studies
reported a positive association between these constructs. Furthermore, a recent large-scale longitu-
dinal study using a representative sample of adolescents in Norway investigating the developmental
trajectories of GD and mental health factors such as depression and loneliness found that all three
variables were reciprocally associated (Krossbakken et al. 2018). Based on this, the results of this
analysis indicated that the nomological network tested was supported and consistently replicated
across the three (sub)samples (i.e., overall, Chinese, and British samples), lending further support to the
construct validity of the GDT. Additionally, similar findings were obtained regarding the convergent
validity and discriminant validity of the GDT as the results suggested that the GDT items reflect a
single underlying construct (i.e., convergent validity) and that they also uniquely measure GD when
compared against distinct constructs (i.e., discriminant validity). In relation to the examination of the
concurrent validity, the GDT scores were consistently and highly associated with the IGDS9-SF scores
obtained by participants across all three (sub)samples. Finally, the internal consistency of the GDT was
excellent across all the three (sub)samples. Taken together, the findings concerning the different types
of validity and reliability of the GDT were consistent across the three samples, further supporting the
population cross-validity of the GDT.

Previous research on IGD assessment reported several inconsistencies undermining the conceptu-
alization and measurement of the construct (Pontes and Griffiths 2014). For instance, most of the
existing instruments were found to be inconsistent since no two psychometric tests were alike in

their conceptualization and ability to measure key diagnostic features (King et al. 2013). Moreover, the
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main limitations in existing psychometric tools included (i) inconsistent coverage of core addiction
indicators, (ii) varying cut-off scores to indicate clinical status, (iii) lack of a temporal dimension, (iv)
untested or inconsistent dimensionality, and (v) inadequate data on predictive validity and inter-rater
reliability. It is envisaged that the GDT will uniquely contribute to overcoming previous inconsistencies
in the assessment of GD by adopting the latest official theoretical framework for GD as developed by
the WHO in the ICD-11. Additionally, this study represents an initial effort to standardize the clinical
criteria for GD in a way that it will benefit time-limited research as the GDT is a brief tool that can be
easily administered to a large number of gamers in a short period of time.

Previous authors (Koronczai et al. 2011) have suggested that a suitable psychometric tool should
meet six key criteria: (i) comprehensiveness (i.e., examining many and possibly all aspects of GD); (ii)
brevity, so that it can be used for impulsive individuals and fit time-limited surveys; (iii) reliability and
validity for different data collection methods; (iv) reliability and validity across different age groups;
(v) cross-cultural reliability and validity; and (vi) validation on clinical samples for determining more
precise cut-off points based not only on empirical data. Although the present study was not able to fully
cover all the six steps outlined above, it was still able to develop the GDT, which is a (i) comprehensive
(i.e., measures all aspects of GD as defined by the latest clinical criteria developed by the WHO); (ii)
brief instrument with a minimal amount of indicators able to fully measure the phenomenon while still
capable of maintaining a high level of construct and content validity; and presents robust indicators of
cross-cultural reliability and validity among two distinct samples. Nevertheless, the present study was
not able to entirely fulfill the third, fourth, and sixth criteria outlined above as (i) the findings reported
only refer to one type of data collection method (i.e., online survey using convenience sampling); (ii)
the age of participants did not include all relevant age-related demographics of all gamers; and the
study (iii) lacked a clinical sample to aid the development of robust cut-off points. As such, further
research should focus on investigating the psychometric properties of the GDT in more culturally
diverse samples, including clinically diagnosed individuals as this will enable further developments
of the GDT and refinement to the GD criteria by providing further information about the diagnostic
properties and efficiency of the GDT using the GD framework.

Notwithstanding this, the present study provides a useful and much-needed resource for assessing
GD in two major nations (i.e., China and the UK). Both the Chinese and English versions of the GDT
(see Appendix 1) will help advance empirical and clinical research on GD by facilitating assessment
of GD in different countries. In addition to this, the present findings were estimated accounting for
the potential effects stemming from excessive gaming and high engagement via increased time spent
gaming, therefore a greater degree of certainty and robustness exists regarding how the findings
were obtained in relation to the measurement of core GD symptoms as opposed to measurement of
peripheral GD symptoms. The GDT is a suitable measure for large-scale and nationwide research
projects aiming to establish the prevalence of GD in a large number of individuals. Thus, future
research should aim to investigate additional forms of validity of the GDT using large samples and
more sophisticated statistical analyses such as latent profile analysis to ascertain the profile of gamers
and further determine the diagnostic properties of the GDT.

In light of previous developments in research regarding the assessment of IGD and the psychometric
tools developed to assess the phenomenon, the present work contributes uniquely to the assessment
of GD by providing an initial attempt to measure GD strictly using the main criteria outlined by
the WHO. Although existing IGD tools are still relevant for measuring disordered gaming based on

the IGD framework, fundamental clinical and diagnostic differences will emerge from the IGD-based
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psychometric assessment tools and the psychometric tools developed under the new WHO framework.
For example, the IGD diagnostic framework includes the experience of withdrawal symptoms when
gaming is not possible as a core diagnostic criterion. By contrast, the new framework for GD based
on the WHO’s proposal does not include withdrawal symptoms within its core conceptualization
of disordered gaming. Although the present study cannot offer empirical evidence supporting the
potential hindrances to diagnostic practices using the two approaches, it does offer an updated, concise,
and clinically useful psychometric tool that warrants further testing, which will hopefully shed light
on how these differences shape epidemiological rates of GD across countries and how diagnostic
approaches may be conducted in clinical settings.

Although this study is likely to contribute to future unification in the assessment of GD (Griffiths
et al. 2014), it is indeed not without potential limitations. Firstly, the findings reported were based
on convenience samples. Even though the use of convenience sample is common in this field of
research, such sampling strategy may be problematic in understanding the full extent and degree of
the generalizability of these findings as the present study relied on convenience samples comprising
Chinese and British gamers. Consequently, the findings reported may not be necessarily representative
of all Chinese and British gamer populations. Secondly, the use of self-report psychometric tests is
often criticized as it may be accompanied by possible biases such as social desirability bias and short-
term recall bias. Thirdly, the present study was not able to estimate robust cut-off points to aid future
diagnostic practices using the newly developed tool. However, this potential limitation arose from the
fact that a clinical sample was not recruited, inevitably rendering it impossible to obtain a clinical gold
standard for GD.

In conclusion, the present study lends empirical support for the concept of GD as currently defined
by the WHO in the ICD-11 (World Health Organization 2018b). The findings obtained also support
the viability of further studies investigating GD in greater depth. Moreover, the present findings
demonstrated that the GDT can cater to the need for a brief standardized and psychometrically sound
tool for assessing GD among Chinese- and English-speaking individuals under the latest diagnostic
framework. Therefore, the authors of the present study envisage that the GDT will contribute to facil-
itating additional research in the field by providing a brief, valid, and reliable psychometric assessment
tool to measure the core symptoms and severity of GD.
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Appendix
The Gaming Disorder Test (GDT) (Pontes et al. 2019)

Instructions: The questions below are about your gaming activity during the past year (i.e., last 12
months). Here, gaming activity means any gaming-related activity that has been played either from
a computer/laptop or from a gaming console or any other kind of device (e.g., mobile phone, tablet)
both online and/or offline.

Please indicate how often the following issues occured on average over the past twelve months

until today.
Never Rarely Sometimes Often Very Often

1. I have had difficulties controlling my gaming activity. o o o o o

2. T have given increasing priority to gaming over other life interests and o o o o o
daily activities.

3. T have continued gaming despite the occurrence of negative o o o o o
consequences.

4. T have experienced significant problems in life (e.g., personal, family, o o o o o

social, education, occupational) due to the severity of my gaming

behavior.

Scoring information: Total scores can be obtained by summing up all responses given to all four
items of the GDT and can range from a minimum of 4 to a maximum of 20 points, with higher scores
being indicative of a higher degree of gaming disorder. In order to differentiate disordered gamers
from non-disordered gamers, researchers should check if participants have endorsed all four diagnostic
criteria as assessed by each GDT items by taking into account answers as ‘4: Often’ or ‘5: Very often’,
which translates as endorsement of the criterion.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons license, and indicate if changes

were made.
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