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Abstract 
 
Many games feature avatars that enable adoption of, and experimentation with, roles and 

identities. How avatar- and self-related processes develop and maintain gaming disorder 

(GD) is unclear. This review examined 18 quantitative studies of avatar- and self-related 

concepts and problematic gaming, including 13 survey-based and 5 neuroimaging studies. 

Survey-based studies consistently reported that negative self-concept, avatar identification, 

and large self-avatar discrepancies were associated with problematic gaming. Poor self-

concept appears to be a GD risk factor. Further research should explain how avatars relate to 

GD’s addictive mechanisms (e.g., cognitive distortions, reward-seeking), amid calls for GD-

related interventions to focus on avatar identification.   
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Avatar- and self-related processes and problematic gaming: 

A systematic review 

In one of the first published psychiatric case reports of gaming disorder (GD), Allison 

et al. (2006) described the case of Mr. A, an 18-year old male. Apart from being “addicted” 

to games, Mr. A. had created a “playful extension of himself” (p. 384) (an avatar) when 

playing a game called Diablo II. The avatar appeared to provide a way of realizing an ideal 

version of himself and/or expressing aspects of himself that he perceived he was unable to in 

his real-world life. Since this report, the study of avatars and self-related processes in 

problematic gaming has increased as fueled by researchers’ interest in the growing 

complexity and idiosyncrasies of video game structural characteristics that enable role-

playing and character creation (King, Koster, & Billieux, 2019b; Li, Liau, & Khoo, 2013; 

Przybylski, Weinstein, Murayama, Lynch, & Ryan, 2012). Research on the clinical 

characteristics and risk factors for problem gaming has also been advanced by the 

acknowledgement of ‘internet gaming disorder’ in Section III of the DSM-5 in 2013 and the 

inclusion of gaming disorder (GD) in the ICD-11 in 2019 (King et al., 2018; Saunders et al., 

2017; World Health Organization, 2019). 

Emerging research on avatar- and self-related processes among problematic gamers has 

not been limited only to conceptual or basic research on the mechanisms of excessive gaming 

(King et al., 2019b). This research base has also provided a platform for researchers to 

advance recommendations that these phenomena should be considered important proximal 

influences on problematic gaming behavior that require attention in clinical practice and 

other interventions. Morcos, Stavropoulos, Rennie, Clark, and Pontes (2019), for example, 

concluded that “virtual demographics, such as the Draenei race [in the game World of 

Warcraft], and their interplay with compensatory behaviors should be carefully considered 

when creating prevention and intervention policies targeting excessive gaming, especially 

when it involves the use of avatars”. Along a similar line, Sioni, Burleson, and Bekerian 

(2017) commented that “assessment of avatar identification may facilitate IGD diagnosis” 

(p.15). Thus, the aim of this review was to evaluate the current state of research evidence on 
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avatar- and self-related processes as potential psychological mechanisms that develop or 

underlie problematic gaming and gaming disorder. 

Online gaming activities have become increasingly sophisticated in the types of 

experiences offered to players, particularly in regard to creating and animating complex 

characters in immersive environments. Historically, in the 1980s and 1990s, video games had 

mainly featured diverse but rather simplistic and fixed (i.e., unchangeable) virtual 

representations of the playable character (Burleigh, Stavropoulos, Liew, Adams, & Griffiths, 

2018). In contrast, modern gaming characters can be highly realistic or stylized, with many 

customization options that alter personal attributes, abilities, and appearance. These features 

are thought to enable players to develop a unique identity (Przybylski et al., 2012) and 

provide opportunities to act out roles of who they might aspire or wish to be in real life (King 

& Delfabbro, 2014, 2019a). Certain types or genres of game that emphasize avatar creation 

are generally referred to as ‘role-playing’ games, such as massively multiplayer online role-

playing games (MMORPGs) (Smahel, Blinka, & Ledabyl, 2008). However, games of all 

kinds (e.g., sports and racing, shooters, strategy and puzzle games) are now including avatar 

and other role-playing options (Ducheneaut, Wen, Yee, & Wadley, 2009; King & Delfabbro, 

2019a; Trepte & Reinecke, 2010), and thus these features seem to be becoming more relevant 

to the general phenomenon of excessive gaming (Wan & Chiou, 2006).   

Psychological perspectives have advanced the view that, for some players, the in-game 

avatar represents an idealized version of the player’s self-concept that motivates persistent 

playing (Mancini & Sibilla, 2017). For other players, the avatar may not be idealized but may 

serve various functions, such as enabling exploration, expression, or extension of the self via 

interaction with the avatar as a kind of tool, product, or toy (Mancini & Sibilla, 2017). Of 

relevance to these interactions is the player’s perception of the avatar relative to the self. 

According to Higgins’ (1987) self-discrepancy theory, there are three self domains: actual-

self (i.e., traits one actually possesses), ideal-self (i.e., traits one would ideally like to 

possess), and ought-self (i.e., traits one believes they should possess). Discrepancies between 

these aspects of the self (i.e., self-discrepancy) causes negative affect, including sadness, 
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disappointment, and dissatisfaction (Li, Liau, & Khoo, 2011). Individuals are naturally 

motivated to reduce this emotional discomfort by employing one or more strategies, 

including avoiding the actual-self; improving the actual-self; restructuring perceptions of the 

actual-self; lowering ideal-self standards; or attaining the ideal-self. However, gaming is 

thought to enable another domain of the self: avatar-self (i.e., traits one possesses online). 

Through avatar creation, gamers can develop and experiment with their self-concept (Li et 

al., 2011), and provide an alternative means of reducing self-discrepancy. By constructing the 

avatar-self that can be maintained in a persistent virtual world (i.e., to escape from or avoid 

the real world) and which features idealized characteristics and skills, players are able to 

compensate for their perceived real-world deficiencies and/or escape from situations that 

elicit negative affect associated with self-discrepancy (Lemenager et al., 2014).  

Research on players’ perceptions of avatars has provided some general support for 

these assertions. Bessière, Seay, and Kiesler (2007) surveyed 51 World of Warcraft gamers’ 

perceptions of their actual-, ideal-, and avatar-self attributes. Participants tended to describe 

their avatar as having more favorable attributes than their actual-self (i.e., more extraverted 

and conscientious, and less neurotic). However, these attribute ratings did not significantly 

differ between the avatar and ideal-self, suggesting that gamers viewed their avatar in similar 

terms to their idealized self. Subsequently, researchers have contended that players may 

develop a type of bond to their virtual persona, which may function similarly to a virtual 

friendship and/or idolization or provide a means of merging self-characteristics with an 

idealized self (i.e., avatar identification). Lemenager et al. (2013) found that addicted gamers 

reported significantly poorer self-concept compared to nonaddicted and inexperienced 

gamers. Additional studies have reported significant positive correlations between avatar 

identification and excessive gaming (Mancini, Imperato, & Sibilla, 2019; Smahel et al., 2008; 

You, Kim, & Lee, 2017). However, while these are promising findings, these investigations 

have adopted varied methodological approaches and there has not yet been an attempt to 

systematically present their findings. 
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The Present Review 

There is a need to better understand the individual-level determinants and risk factors 

of problematic gaming and GD. Negative self-concept, self-discrepancies, and avatar 

identification are proposed mechanisms of excessive gaming. To date, there has been no 

systematic review of this literature, which includes self-report surveys and emerging studies 

that employ neuroimaging techniques. This review aimed to provide a critical summary of 

the peer-reviewed quantitative studies of avatar- and self-related processes in relation to GD 

symptomatology. The aim was to determine the consistency and significance of the reported 

findings to consider recent recommendations calling for avatar-related processes to be 

addressed in GD assessment and interventions.  

Method 

Identification of Empirical Studies 

This review aimed to identify peer-reviewed quantitative studies of avatar- and self-

related processes in relation to problematic gaming and/or GD. Five databases were searched: 

PsycINFO, Scopus, Web of Science, Academic Search Complete, and Google Scholar. The 

following keywords were used: (self OR self-discrepanc* OR avatar OR player-avatar OR 

character OR cyber-self) AND (patholog* OR problem* OR addict* OR Internet Gaming 

Disorder OR compulsive OR dependen* OR disorder* OR excessive) AND (gaming OR 

game). All searches included full-text articles published in English from 1st January 2004 to 

7th May 2019. This 15-year timeframe was chosen to focus on more recent implementations 

of avatar creation, coinciding with the popular uptake of the massively multiplayer online 

(MMO) genre that enabled sophisticated avatar creation.  

The search parameters yielded the following number of results, including duplicates: 

PsycINFO (382), Scopus (2,655), Web of Science (4,662), Google Scholar (~19,400), and 

Academic Search Complete (420). Given the large number of irrelevant results on Google 

Scholar, the first 30 pages of results were examined on this database. Figure 1 summarizes 
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the selection process, according to Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines (Moher et al., 2009). 

 

[INSERT FIGURE 1 HERE] 

 

Selection of Empirical Studies 

Figure 1 provides a PRISMA summary of the selection process. The initial search 

identified 27,519 records using the search logic, resulting in 5,173 records after excluding 

extraneous Google Scholar records. The titles, subjects and abstracts (where necessary) of 

these records were screened for potential relevance to gaming and avatar- and self-concepts, 

which resulted in 61 records (including 26 duplicates). Full-text articles (n=35) were then 

screened based on the following inclusion criteria: (1) peer-reviewed studies published in 

English; (2) presented quantitative results; (3) assessment of GD symptomatology; and (4) 

measurement of avatar- and self-related processes (e.g., avatar identification, avatar-self 

discrepancy). The first two authors independently analyzed the 35 articles for eligibility and 

reached total agreement. Single case reports and studies that did not present quantitative 

results (n=3) were excluded. Studies that did not assess problematic gaming symptoms 

(n=11) were excluded. Finally, diverse terminology was evident regarding the various self-

related cognitions involved in gaming. Articles that focused on self-efficacy, self-worth, 

and/or self-esteem only (i.e., without reference to game avatars) were excluded (n=3). A total 

of 18 studies remained and were included for review. 

Results 

Table 1 provides a summary of the following characteristics of the reviewed studies: 

(1) location, (2) study design, (3) sample, (4) measure of GD, and (5) relevant measure of 

avatar- and self-related process (e.g., avatar identification). Table 2 provides a summary of 

each study’s: (1) theory or conceptual framework (e.g., self-discrepancy theory); (2) 

aims/hypotheses, and (3) main findings. These tables form the basis of discussion in the 
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following subsections. Cited references in these tables have been assigned a number (1-18) 

for parsimony in citation for the results.  

 

[INSERT TABLE 1 HERE] 

 

[INSERT TABLE 2 HERE] 

 

Conceptualization and Measurement 

Studies varied in their conceptualization of self-related domains and subdomains. Nine 

studies (including all neuroimaging studies) referred to self-concept [5, 6, 7, 8, 9, 13, 15, 16, 

17]. This construct was defined as multidimensional, encompassing an individual’s 

perception of their skills, interests, desires, emotions, values, actions, and physical 

attractiveness. Mills, Mettler, Sornberger, and Heath [9] examined six subdomains (athletic 

competence, behavioral conduct, close friendships, physical appearance, social competence, 

and scholastic competence), whereas Choi et al. [17] examined three (general self, physical 

self, and social self). Lemenager et al. [8, 13] treated self-esteem as a component of self-

concept, whereas You et al. [11] considered self-esteem as a correlate of self-concept. Some 

studies assessed social competence as distinct from self-concept [10, 11, 15]. Seven studies 

referred to Higgins’ (1987) self-discrepancy theory and attempted to measure at least some of 

the self-discrepancies proposed in the theory. Actual-ideal self-discrepancy was examined in 

six studies [2, 3, 5, 8, 12, 15]. Five studies investigated discrepancies between actual-self and 

avatar-self [1, 6, 7, 8, 18]. Finally, four studies examined discrepancies between ideal-self 

and avatar-self [5, 7, 12, 18]. 

Self-concept and self-discrepancies were primarily measured by continuous, self-report 

ratings of statements pertaining to the self, including adjectives and self-descriptions. Lower 

scores on items assessing actual-self were interpreted as indicating poorer self-concept. Three 

studies discussed lower scores as ‘deficits’ in self-concept [5, 6, 7]; however, this term was 
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applied loosely. Self-discrepancy scores were yielded by comparing evaluations of actual-self 

(I am attractive), ideal-self (I want to be attractive), and avatar-self (my avatar is attractive). 

Studies generally did not report cut-off scores or norms for self-discrepancies or self-concept 

evaluations.  

Self-related instruments included the Self Attribute Statement Scale, adapted from 

Dittmar (2005) [3], Giessen Test (Beckmann, Brähler, & Richter, 1990) [5, 7, 8], Big Five 

Inventory (Rammstedt & John, 2007) [18], as well as some unnamed, self-developed scales 

[2, 15]. Only one study [3] directly asked participants to assess their self-discrepancy (I am…, 

and/but I would like to…), how much they would like to change, and perceived competence 

in changing. All other scales presented separate statements for actual-self, ideal-self, and/or 

avatar-self. The studies that used the Giessen Test did not report how discrepancies between 

actual-self, ideal-self, and avatar were scored [5, 7, 8]. Avatar identification was examined in 

10 studies [1, 4, 6, 8, 10, 11, 12, 14, 17, 18]. Avatar identification measures included the 

Player-Avatar Identification Scale (Li et al., 2013) [10], Avatar Identification Scale (adapted 

from Mael & Ashforth, 1992) [11], Self-Presence Questionnaire (Ratan & Dawson, 2016) 

[12, 14], and the Avatar Identification Subscale (van Looy, Courtois, De Vocht, & De Marez, 

2012) [18]. Zhong and Yao [4] created five items, some of which seemed to assess self-avatar 

discrepancy instead (My avatar is more successful than I am). Three functional magnetic 

resonance imaging (fMRI) studies assessed avatar identification by measuring brain 

responses to avatar-related stimuli [6, 7, 17]. 

Studies also varied with respect to their choice of screening instrument for problematic 

gaming. The most commonly used tools were the Checklist for the Assessment of Internet 

and Computer Game Addiction (Wolfling, Beutel, & Muller, 2012) [6, 7, 8, 13], the Internet 

Gaming Disorder-9: Short Form (Pontes & Griffiths, 2015) [12, 14], the Internet Gaming 

Disorder Scale (Lemmens, Valkenburg, & Gentile, 2015) [10, 16], and the Young Internet 

Addiction Scale (Young, 1998) [2, 17]. All other studies employed a measure not that was 

not used in any other study, which included new composite measures. For a comprehensive 

review of these measures, see King et al. (2020). 
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Study Characteristics 

Most studies employed cross-sectional designs. Two studies from Australia 

incorporated longitudinal data that were collected over three months [12, 14]. Studies were 

conducted across a range of countries: Germany (n=2), South Korea (n=2), Australia (n=2) 

Italy (n=1), Croatia (n=1), United States (n=1), Canada (n=1), China (n=1), Singapore (n=1), 

and The Czech Republic (n=1). Five studies employed fMRI [6, 7, 8, 15, 17], including three 

in Germany and two in South Korea. 

Sample Characteristics 

Most cross-sectional surveys employed convenience sampling (n=11). Surveys were 

administered to adolescents from schools (n=4), university students (n=2) and members of 

online gaming communities (n=6). All fMRI studies (n=5) and two survey studies [8, 13] 

recruited individuals with clinician-verified gaming addiction. One clinical sample involved 

adolescents [17]. Most studies (n=12) involved MMORPG players [1, 4, 5, 6, 7, 8, 10, 11, 17, 

13, 16, 18] or players of other MMO-style (non-role-playing) games [3, 12, 14]. 

Comorbidities were largely excluded from the clinical studies. Four fMRI studies excluded 

participants with comorbid symptoms, such as a pre-existing psychiatric disorder or 

substance use issues [6, 7, 8, 17]. Kim et al.’s [15] fMRI study included participants with GD 

who had histories of depressive disorder or ADHD. 

Main Findings 

Survey-based studies consistently reported that GD was related to poor self-concept, 

large self-discrepancies, and high avatar identification. GD symptomology was significantly 

negatively related to self-concept clarity [16] and perceptions of scholastic competence, 

behavioral conduct, close friendships, and self-worth [9]. Addicted gamers reported poorer 

social competence, emotional competence, self-esteem, and body image than healthy controls 

[6, 13]. Lemenager et al. [13] reported that addicted gamers had lower self-esteem, poorer 

body image, and lower social competences than problematic gamers. GD severity was 

significantly positively related to actual-ideal self-discrepancies [2]. Addicted gamers 
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reported a significantly larger actual-ideal self-discrepancy and lower discrepancy between 

ideal-self and avatar-self than non-addicts [6]. Three studies found significant positive 

associations between GD and avatar identification [1, 10, 11]. Correlations were generally 

modest (r=.22), with some exceptions (r=.59) [10]. 

Neuroimaging studies yielded results consistent with the survey studies. Addicted 

gamers reported poorer body image [8, 13], social competence [7, 8], and emotional 

competence [8]. Addicted gamers evaluated their actual and ideal selves more negatively than 

controls [15]. Dieter et al. [7] found addicted gamers evaluated avatars more positively than 

their actual-self, but not significantly different from their ideal-self, whereas nonaddicted 

gamers rated their actual-self more highly than avatars. However, Kim et al. [15] found no 

group differences on these variables.  

Neurobiological Data 

Tables 3 and 4 provide a summary of the fMRI within-group and between-group 

differences during self-related tasks. Four studies involved presenting a series of statements 

about the actual-self [7, 8, 15 17], ideal-self [7, 8, 15], other person [17], and avatar [7, 8, 

17]. In Lemenager et al. [6], participants were presented with whole body images of 

themselves, their avatar, and unfamiliar persons. Addicted gamers exhibited greater activity 

during avatar-reflection [6, 7, 8, 17] and less activity during self-reflection [15, 17] compared 

to controls. There was greater activation in the left angular gyrus among problematic gamers 

when viewing avatar-related stimuli [6, 7, 8, 15]. GD was significantly positively related to 

activation in the left AG [8] and anterior cingulate cortex (ACC) [17]. 

 

[INSERT TABLE 3 HERE] 

 

[INSERT TABLE 4 HERE] 
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Avatar Identification as a Mediator/Moderator 

Avatar identification was implicated in various mediation analyses. Avatar 

identification mediated the following relationships: (1) social phobia and GD [10]; (2) social 

skills and GD [11]; (3) depression and GD [11]; (4) self-discrepancy and GD when using 

idealized avatars [18]; and (5) self-discrepancy and GD when using utopian avatars [18]. 

Burleigh et al. [12] reported that avatar identification moderated the relationship between 

depression and GD. Physical activity weakened the association between physical-avatar 

identification and GD [14]. 

Discussion 

This review aimed to evaluate GD research on avatar- and self-related processes. Despite 

variability in the conceptualization and measurement of avatar- and self-related concepts, 

survey-based studies have consistently reported that negative self-concept, avatar 

identification, and large self-avatar discrepancies are significantly associated with excessive 

gaming. Emerging neurobiological evidence reports significantly poorer self-concept among 

problematic and addicted gamers as compared to controls. Individuals with GD reported 

larger actual-ideal self-discrepancies than controls (Lemenager et al., 2013) and greater 

discrepancies between actual- and avatar-self (Dieter et al., 2015). Neuroimaging studies 

reported greater activation in the left angular gyrus among problematic gamers when viewing 

avatar-related stimuli as compared to self-related stimuli. These findings suggest that poor 

self-concept may be a risk factor for developing GD in games that facilitate online identity 

formation. 

Avatar identification was modestly positively associated with GD in bivariate and 

multivariate analyses. This was a consistent finding across numerous survey studies and 

demonstrates the potential of this variable to explain how problematic gaming is maintained. 

Sioni et al. (2017) presented the strongest correlations between these variables and concluded 

that “the findings presented here provide preliminary validity for the use of avatar 

identification as a DSM-5 IGD criterion” (p.14). As a psychological mechanism, Smahel et 
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al. (2008) concluded that avatar identification causes negative emotions when the avatar is 

faced with adversity (e.g., feeling ashamed after losing a battle). Other researchers have 

highlighted the importance of avatars to the gaming experience but have also noted that 

identifying with avatars can often be a positive experience too (Whang & Chang, 2004; 

Klimmt, Hefner, & Vorderer, 2009). Stavropoulos, Gomez, Mueller, Yucel, and Griffiths 

(2020), in a study published shortly after this review was completed, reported that players 

who viewed their identity as being ‘fused’ with their avatar were more likely to be 

problematic gamers than those who perceived their avatar as being differentiated from their 

identity. Another noteworthy finding from survey studies was the relationship between avatar 

identification and comorbidity. There was evidence, for example, that avatar identification 

was a mediator between GD and mood symptoms, including depression and social phobia 

(Sioni et al., 2017; You et al., 2017), which has implications for conceptualizing the 

conditional links between GD and other common mental disorders. Such findings may help 

to explain the higher rates of GD among gamers who become involved in MMO games (i.e., 

games that facilitate avatar functionality) (King et al., 2019b). 

Addicted gamers exhibited significantly greater brain activity during avatar-related than 

self-related tasks (Lemenager et al., 2014, 2016; Dieter et al., 2015; Choi et al., 2018), while 

healthy controls did not exhibit this activity. Similarly, healthy controls demonstrated greater 

AG activation during self-related tasks than during avatar-related tasks (Dieter et al., 2015). 

The AG region is related to self-identification processing, empathy, and distinguishing the 

self from others (Ganesh, van Schie, de Lange, Thompson, & Wigboldus, 2011). Four studies 

identified AG activation differences that suggested addicted gamers identified less with their 

real-world-self than their avatar-self (Lemenager et al., 2014, 2016; Dieter et al., 2015; Kim 

et al., 2018). Choi et al. (2018) reported, however, that addicted gamers’ medial prefrontal 

cortex (MPFC) and ACC were significantly activated during avatar-related tasks. These 

differences in neural correlates may be attributable to the fact that Choi et al. (2018) had 

employed adolescents instead of adults. The ACC is related to affective processes and 

selective attention (Shenhav, Botvinick, & Cohen, 2013), whereas the MPFC is integral to 
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self-reflection (Sebastian, Burnett, & Blakemore, 2008). There is significant anatomical 

development between adolescence and adulthood, with a shift in activity from the MPFC to 

the temporal and parietal regions (Sebastian et al., 2008). 

Prevention and treatment of GD is still developing its evidence base (King et al., 2017; 

Király et al., 2018). The findings of this review inform proposals for GD interventions to 

incorporate a greater focus on addressing avatar identification. For example, Stavropoulos et 

al.’s (2020) survey study of problematic gamers concluded that clinicians should address “the 

user-avatar bond in the treatment of disordered gaming, by inviting gamers to talk about their 

virtual personas, and their game-related achievements and investigating ways that such avatar 

aspects of their ‘in-game’ avatar life can be transferred to real life” (p.9). Similarly, King and 

Delfabbro (2019a) described a practical strategy for engaging adolescents with GD in therapy 

that involved using a visual representation of the client’s ‘two selves’ or identities when 

gaming versus in the real world. Such advice on assessment and interventions should be 

justified by a sufficiently strong evidence base on the efficacy of such practice and 

techniques. This review suggests that avatar identification may be a promising area for 

interventions to consider, with some important caveats. For example, avatar-related processes 

(e.g., avatar identification) appear to be implicated in GD but much of the available research 

is tentative and composed of non-treatment studies in populations without verified GD. 

Another issue to consider is that the avatar-self relationship may be complex and demand 

a high degree of client insight to explore effectively, and therefore may not be feasible to 

attempt to address in the context of a brief therapeutic engagement. Given that treatment 

engagement is often low among individuals with GD (Humphreys, 2019), particularly among 

adolescents, clinicians should be guided by evidence-based guidelines to optimize what can 

be delivered within a very limited period of engagement (e.g., 1 or 2 sessions, including an 

assessment). Speculatively, for example, brief behavioral therapy designed to establish new 

non-gaming routines may be more feasible than brief therapy involving challenging cognitive 

distortions about avatars. Cognitive-behavioral therapy is currently the recommended 

treatment approach to GD (Stevens, King, Dorstyn, & Delfabbro, 2019), but it is not yet clear 
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whether or how effectively avatar-related processes may be accommodated within this 

approach (e.g., addressing avatar identification as a cognitive distortion, or reducing avatar-

related urges to play), and whether the avatar is just one of many salient game-related stimuli 

that contribute to maladaptive player-gaming experiences. Similarly, avatar-related processes 

may not be relevant to all types of problematic gaming in the same way, such as for games 

without avatars or for gamers who play across many types of games, which may make 

avatars an unreliable focal point for an intervention. 

Limitations 

This review had several limitations. First, video games are continually changing with 

new technological innovations and market demands, which limits the validity of comparisons 

of avatar and role-playing systems over time. Another issue is that studies did not 

consistently examine comorbidity, as well as other typical addictive processes (e.g., 

impulsiveness), and thus the relationships between avatar- and self-related processes and GD 

may have been accounted for by these other variables. Similarly, there was variability across 

studies in terms of terms of design, measurements, approaches and conceptualizations, which 

compromises their direct comparability. The review protocol only selected published 

quantitative studies and excluded case report studies, grey literature, and older studies. 

‘Avatar’ may be a limited unit of analysis as it is not clear what playable representations this 

may (and may not) include (e.g., humans vs non-humans, including animals, vehicles, and so 

on). This review did not evaluate indicators of study quality. Other standard limitations 

included: (1) the lack of inclusion of non-English literature (e.g., Chinese and Korean 

papers); (2) the adequacy of search protocol for searching a broad topic; and (3) exclusion of 

non-peer-reviewed work. 

Future Directions 

Research on avatar- and self-related processes appears to be promising given consistent 

findings across both survey and fMRI studies. However, there is a need for further studies 

with a broader focus on different types of avatars and game genres (i.e., not only MMO-style 
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and role-playing games). It may also be worthwhile to consider the role of online streaming 

channels with live audiences in the formation of online characters and personas. More 

importantly, there is a need for more unified measurement approaches to the study of avatar-

self relationships that harmonize across survey-based, neuroimaging, as well as intervention 

studies. Longitudinal studies would assist in identifying how avatar/self-concept-related 

processes begin and progress in the course of long-term play, including their contribution to 

the sunk cost and emotional investment in games that maintain persistent gaming behaviors 

despite harms. Future research on avatars should incorporate measures of comorbidity as well 

as known correlates of addictive disorders, including impulsivity and personality traits. 

Further issues for avatar-related research include understanding potential relationships 

between avatar-identification and self-related processes and other affective and cognitive 

processes likely to be involved in gaming disorder. For example, how may avatar 

identification and self-related processes be linked to craving, using motives, coping 

mechanisms? Speculatively, individuals with stronger avatar identification may experience 

stimuli-specific urges to play games that are linked to their avatar’s needs and states. Reward 

expectancies and gratification may be dependent on how certain outcomes of play relate to 

the avatar. For example, completion of in-game activities may only be gratifying or relieve 

urges or negative mood under highly specific reward circumstances determined by avatar-

related considerations. These possibilities warrant further study, such as experimental studies 

that manipulate player mood and avatar identification and evaluate inhibitory control and 

subsequent desire to play. 

Conclusions 

Survey-based and neurobiological evidence suggests that individuals with GD report 

greater negative self-concept and avatar identification than non-problematic gamers. These 

are compelling findings that warrant further studies, particularly studies with clinical 

samples, to determine whether avatar-related processes form a central mechanism of 

problematic gaming or may be an interesting byproduct of other more primary player-game 
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interactions. In particular, there is a need to better understand these processes and how they 

develop and operate in the context of other addictive processes (Brand et al., 2016, 2019). 

GD has been proposed to have some distinct motivational and cognitive-behavioral features 

that distinguish it from other behaviors, such as gambling and shopping. However, it is 

important that researchers in search of unique phenomenological characteristics do not 

overlook and adequately account for the fundamental components and processes that appear 

to underlie addictive behaviors, and that new psychological processes such as avatar 

identification are thoroughly investigated prior to recommending specific assessment and 

interventions. 
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Figure 1. Database search results and screening process, according to PRISMA guidelines. 
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Highlights 

Ø Survey of 993 gamers explored avatar identification, self-concept clarity, and problem 

gaming 

Ø Avatar identification did not differ greatly based on avatar features or game type 

Ø Wishful identification was the only significant avatar identification predictor of 

problem gaming 

Ø Avatar identification was related to higher problem gaming and poorer self-concept 

clarity 

Ø Significant indirect effect of avatar identification on problem gaming through self-

concept clarity 
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Abstract 

Some video-gaming activities feature customizable avatars that enable users to fulfil self-

identity needs. Research evidence (e.g., fMRI and survey studies) has suggested that poorer 

self-concept and stronger avatar identification are associated with problematic gaming. 

Player-avatar relationships have thus been proposed to require attention in gaming disorder 

assessment and interventions. To examine the interplay of player-avatar interactions in 

problematic gaming, this study investigated whether avatar identification differed according 

to avatar characteristics and game types, and whether the association between avatar 

identification and problem gaming was mediated by self-concept clarity. A total of 993 adult 

respondents completed an online survey that assessed problematic gaming, avatar 

identification, and self-concept clarity. The results indicated that avatar identification scores 

were generally unrelated to avatar characteristics (e.g., human resemblance, degree of 

customizability, and in-game perspective). Avatar identification was significantly positively 

related to problematic gaming and significantly negatively related to self-concept clarity. 

Consistent with models of avatar identification and self-concept, there was a significant 

indirect relationship between avatar identification on problem gaming mediated through self-

concept clarity. These findings suggest that poorer self-concept clarity may be one 

mechanism by which avatar identification affects problem gaming. Future research with 

clinical samples may help to gain a better understanding of avatar-related processes and 

psychological vulnerabilities related to problematic gaming. 

 

Keywords:  

Gaming disorder; problematic gaming; avatar identification; self-concept; identity; Proteus 

effect 
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1. Introduction 

Online gaming activities have become increasingly sophisticated in terms of the 

interactive experiences offered to players (Billieux et al., 2015; King, Herd, & Delfabbro, 

2018; King, Koster, & Billieux, 2019; Lemenager, Neissner, Sabo, Mann & Kiefer, 2020). 

An important element of gaming that enhances this interactivity is the playable avatar 

projected into an immersive digital environment (Bailey, West, & Kuffel, 2013; Bessière, 

Seay, & Kiesler, 2007; Burleigh, Stavropoulos, Liew, Adams, & Griffiths, 2018; Trepte & 

Reinecke, 2010). An avatar is the representation of the player that is projected to other 

players (Bailey et al., 2013; Bessière et al., 2007; Burleigh et al., 2018; Trepte & Reinecke, 

2010). Such playable avatars can be realistic or stylized and come with customization options 

that allow players to alter personal attributes, abilities, and their appearance. Certain games 

that emphasize avatar creation are generally referred to as ‘role-playing’ games, such as 

massively multiplayer online role-playing games (MMORPGs) (Smahel, Blinka, & Ledabyl, 

2008), but avatar elements can be found in many types of games. Avatar features have 

attracted increasing attention to explain the popularity of gaming as well as the development 

and maintenance of problematic gaming (Wan & Chiou, 2006).  

Problematic gaming, in its most serious form, has been recognized as gaming disorder 

(GD) in the ICD-11 and as a condition for further study in the DSM-5. The conceptualization 

of gaming disorder shares features and symptoms (e.g., loss of control and continuation 

despite awareness of harm) with other addictive behaviors (e.g., gambling disorder), 

substance use disorders (SUDs), impulse control disorders (e.g., compulsive buying disorder 

[CBD]) and obsessive-compulsive disorder (OCD). This condition is characterized by 

persistent involvement in gaming activities, impaired control over gaming, and continued use 

despite harm to multiple areas of functioning, including psychological and physical health, 

relationships, and work or study (King, Delfabbro, et al., 2018; Saunders et al., 2017). We 

employ the term ‘problematic gaming’ to encompass the DSM-5 and ICD-11 classifications, 
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and to refer to the broader spectrum of problematic gaming behaviors that fall below the 

clinical threshold.  

Research suggests that players form an attachment to, or identify with aspects of, their 

avatar (Li, Liau, & Khoo, 2013; Liew, Stavropoulos, Adams, Burleigh, & Griffiths, 2018). 

This has been described in the literature as a “strong emotional bond” (Mancini, Imperato, & 

Sibilla, 2019, p.297), “powerful psychological component of the gaming world” 

(Stavropoulos, Pinches, Morcos, & Pontes, 2019), and important to an “individual’s personal 

narrative, psychological wellbeing, and self-conception” (Wolfendale, 2007, p.115). Further, 

avatars have been proposed to fulfil important needs of the user and represent “far more than 

mere online objects” (Wolfendale, 2007, p.114), allowing gamers to express suppressed 

versions of their psyche (Stavropoulos, Gomez, Mueller, Yucel, & Griffiths, 2020). ‘Avatar 

identification’, a common term in this literature, refers to “the temporary alteration in self-

perception of the player induced by the mental association with their game character” (van 

Looy, Courtois, De Vocht, & De Marez, 2012, p.206). Avatar identification is described as a 

positive or desired experience, as avatars enable identity expression, creativity, and 

immersion in the virtual world (Klimmt, Hefner, & Vorderer, 2009; van Looy, 2015; Whang 

& Chang, 2004).  

Avatar identification has also been linked to excessive gaming (Sioni, Burleson, & 

Bekerian, 2017; Mancini & Sibilla, 2017; Smahel et al., 2008; You, Kim, & Lee, 2017; 

Mancini et al., 2019) and depressive mood (Bessière et al., 2007; You et al., 2017; Burleigh 

et al., 2018). Neuroimaging (fMRI) studies have reported consistently that problematic 

gamers exhibit greater brain activity during avatar-reflection (Lemenager et al., 2014, 2016; 

Dieter et al., 2015; Choi et al., 2018) and less brain activity during actual-self-reflection, 

compared to controls (Kim et al., 2018; Choi et al., 2018). Burleigh et al. (2018) examined 

cross-sectional and longitudinal data and reported that gamer-avatar relationships were a 

significant individual risk factor for problematic gaming over time. Such evidence has been 

cited to support proposals to add avatar identification to the definitional criteria for gaming 

disorder (e.g., in the DSM-5 or ICD-11) (Sioni et al., 2017) and as a target to address in 
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treatment (Stavropoulos, Gomez, et al., 2020). For instance, clinicians have been encouraged 

to explore the “relationship between their client’s identity inside and outside of the game in 

relation to their use of avatars” (Burleigh et al., 2018, p.116), to examine an avatar’s 

characteristics to “provide a subtle (or obvious) glimpse into players’ unconscious processes” 

(Sioni et al., 2017, p.15), and to carefully consider “virtual demographics, such as the 

Draenei race” [in the game World of Warcraft] when preventing and treating problem gaming 

(Morcos, Stavropoulos, Rennie, Clark, & Pontes, 2019, p.13). 

Despite these findings, avatar identification is not generally considered inherently 

problematic (i.e., it can often be an important part of the ‘fun’ and appeal of gaming; 

Neustaedter & Fedorovskaya, 2009; Yee & Bailenson, 2007). Therefore, researchers have 

attempted to identify the potential mechanisms or important conditions that may interact with 

avatar identification to increase the risk of problem gaming (e.g., Stavropoulos, Gomez, et 

al., 2020). Much of this work has drawn heavily from Yee and colleagues’ (e.g., Yee & 

Bailenson, 2007; Yee, Bailenson, & Ducheneaut, 2009) seminal work on avatars, specifically 

the ‘Proteus Effect’. The Proteus Effect refers to the phenomenon of an individual’s gaming 

behavior being influenced by their digital self-representation. Yee and colleagues’ studies 

reported that characteristics of the avatar – including, for example, its physical attributes 

(height, attractiveness) – can influence the user’s in-game choices and behaviors. It has also 

been found that certain Proteus Effect ‘profiles’, such as users who reported that their 

emotions and behaviors were more strongly affected by their avatar, were more at risk of 

problem gaming (Stavropoulos, Pontes, Gomez, Schivinski, & Griffiths, 2020). 

Other researchers have proposed that some aspects of avatar identification may more 

readily elicit problem gaming among vulnerable individuals, particularly those with identity 

needs related to the avatar experience. Van Looy’s (2015) multidimensional model of avatar 

identification provides useful points of reference to distinguish these important aspects of 

avatar identification. His model proposes three basic dimensions, including similarity 

identification, wishful identification, and embodied presence. Of particular relevance to 

understanding gamers’ personal vulnerabilities is the concept of wishful identification, which 
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refers to a process whereby a person desires to emulate or vicariously live through the avatar. 

Drawing on Higgins’ (1987) self-discrepancy theory, van Looy (2015) argues that wishful 

identification relates to a desire to compensate for perceived discrepancies between their real-

world and virtual selves. According to van Looy (2015), avatar identification involves a 

process of temporarily experiencing an altered sense of self due to the mental association 

with an avatar, which can lead to a tendency to use the avatar to escape from reality and one’s 

problems. This tendency, in turn, may lead to gaming that generates negative consequences. 

Extending on this concept, Šporčić and Glavak-Tkalić (2018) proposed that a poorly 

defined sense of self was a risk factor for overuse of avatar-based games. They argued that 

players with poorer self-concept engaged in gaming to become immersed in different roles 

offered within a game, or to create an avatar as a representation of one’s ideal self to develop 

a clearer concept of themselves. These avatar-related experiences could provide a “temporary 

detachment from reality and their actual self, and therefore may lead to excessive and 

problematic video game playing” (p.8). Šporčić and Glavak-Tkalić surveyed 509 adult 

gamers and reported that poorer self-concept clarity was related to problematic gaming. The 

results of their mediation model showed that self-concept clarity was both directly and 

indirectly (via escape motive) associated with problematic online gaming. These findings 

were consistent with other studies that reported that some players created an avatar with 

idealized attributes to compensate for perceived inadequacies (Bessière et al., 2007; 

Lemenager et al., 2014, 2020), and studies reporting significant positive correlations between 

avatar identification and excessive gaming (Lemenager et al., 2013; Mancini et al., 2019; 

Smahel et al., 2008; You et al., 2017).   

Despite the ongoing discussion of avatar identification in the literature, there has been 

little work on the avatar characteristics themselves and how these may relate to avatar 

identification. Research on the Proteus Effect has examined how specific characteristics of 

avatars can shape the user’s behaviors (e.g., a taller avatar increases the user’s 

aggressiveness; Yee et al., 2009); however, there has been limited work on how such aspects 

may affect avatar identification and problem gaming. Research has often focused on 
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MMORPG players (Collins, Freeman, & Chamarro-Premuzic, 2012; Hyun et al., 2015), 

despite the prominence of avatars across many types of games, including first-person shooter 

(FPS) and multiplayer online battle arenas (MOBAs). Most MMORPGs are long-played 

games (usually with one avatar), featuring options for character development, customization, 

emphasis on group play and social functionality, and have been identified as a ‘high-risk’ 

game for problematic use (Eichenbaum, Kattner, Bradford, Gentile, & Green, 2015; 

Stavropoulos, Gomez, et al., 2020). Mancini et al. (2019) reported that MMORPG players’ 

intention to play was higher among those who customized and identified with an idealized 

avatar. While studies have examined gaming motivations (Hussain, Williams, & Griffiths, 

2015; King, Delfabbro, Deleuze, et al., 2019; Zhong & Yao, 2013), little research has 

examined avatar features and customizability in relation to avatar identification and problem 

gaming.  

1.1 The Present Study 

The present study was guided by van Looy’s (2015) multidimensional model of avatar 

identification and Yee and Bailenson’s (2007) Proteus Effect theory, which propose that 

players develop an attachment to their avatar which affects their in-game choices, emotions, 

and behaviors, and this may increase their desire to play to escape from problems and reality. 

As outlined by the concept of wishful identification in van Looy’s (2015) model, and based 

on recent research (Šporčić & Glavak-Tkalić, 2018), we predicted that poorer self-concept 

may be a mechanism by which avatar identification is related to problematic gaming. We also 

sought to examine potential differences in avatar identification according to the avatar’s 

characteristics, as suggested by research on the Proteus Effect. Specifically, avatars may be 

more influential if the player can customize avatar characteristics to match preferences for 

attributes, such as their gender, race, attitude, background, and current situation (van Looy, 

2015).  

The following hypotheses were proposed: (1) humanoid, personalized, and 

customizable avatars would be associated with stronger avatar identification than non-human, 
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non-customizable ‘default’ avatars; (2) stronger avatar identification and poorer self-concept 

clarity would be significantly related to problem gaming; (3) wishful identification would 

have a stronger relationship to problem gaming than similarity identification and embodied 

presence; and (4) the expected positive association between avatar identification and problem 

gaming would be mediated by poorer self-concept clarity.  

2. Method 

2.1 Participants 

A total of 993 adult participants (73% male; n=725), with a mean age of 26.4 years 

(SD=8.1), completed an online survey advertised on online gaming-related forums (Reddit, 

Games Spot, Games Planet, and PC Gamer Forum). Most respondents reported being 

Caucasian (75.4%), single (59.5%), engaged in employment (61.3%) and/or further study 

(45.3%). Based on GD checklist scores, there were 162 (16.3%) problem gamers. The sample 

comprised of players of MMORPG (n=419, 42.2%), single-player role-playing games (RPG) 

(n=253, 25.5%), FPS (n=125, 12.6%), MOBA (n=80, 8.1%), and other games (n=116, 

11.7%). Missing/incomplete data (n=646) and ineligible participants were excluded (e.g., 

aged under 18 years old [n=4]). 

2.2 Measures 

2.2.1 Demographic and gaming-related information. Each participant provided 

socio-demographic information (e.g., gender, age, other details). Participants reported the 

typical number of hours spent gaming each day in the last three months. Participants reported 

their preferred gaming genre, including MMORPG, MOBA, FPS, single-player RPG, or 

Other. Questions about avatar characteristics referred to the main game currently played. 

Participants reported the number of avatars they controlled (1 avatar; 2 or more avatars; no 

identifiable avatar), avatar type (human; non-human creature; non-human non-creature), 

avatar perspective (first-person only; third-person only; both first-person and third-person 

perspective), pre-game avatar customizability (default avatar; choice from multiple defaults; 
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fully customizable avatar), and in-game avatar customization (none; some options; many 

options). 

2.2.2 Problematic gaming. Petry et al.’s (2014) checklist is a 9-item self-report 

measure to assess the DSM-5 gaming disorder (APA, 2013). Response options are 

dichotomous (Yes/No). A score of 5+ indicated problematic status. The checklist has been 

used in clinical and neurobiological studies of GD, and shown solid psychometric qualities 

(King, Billieux, Carragher, & Delfabbro, 2020; King, Chamberlain, et al., 2020). Internal 

consistency of the scale in this study was .68, which was relatively low but consistent with 

other studies (Evans, King, & Delfabbro, 2018; Jeromin, Rief, & Barke, 2016; King, Herd, 

Delfabbro, 2018), and which may be attributed to the variable sensitivity of the nine DSM-5 

criteria (Ko et al., 2014).  

2.2.3 Player identification. The Player Identification Scale (van Looy et al., 2012) is a 

28-item measure with three subscales: avatar identification (e.g., “my character is an 

extension of myself”), group identification (e.g., “I feel connected with the members of my 

guild”), and game identification (e.g., “the game is more than a hobby to me”). In addition, 

there are three subscales for avatar identification: similarity identification (e.g., “my character 

resembles me”), embodied presence (e.g., “I feel like I am inside my character when 

playing”), and wishful identification (e.g., “my character is a better me”). Each statement is 

rated on a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree). Avatar 

identification scores range from 17 to 85, with higher scores indicating stronger 

identification. The measure has demonstrated adequate to excellent psychometric properties 

(van Looy et al., 2012). Cronbach’s alpha was .92 in this study. 

2.2.4 Self-concept clarity. Self-concept clarity refers to the extent to which an 

individual holds self-beliefs or schema that are stable, clearly, and confidently defined 

(Usborne & Taylor, 2010). Greater self-concept clarity has been reported to buffer against 

depression and stress (Bigler, Neimeyer, & Brown, 2001), and poorer self-concept clarity has 

been identified as increasing one’s vulnerability to mental health problems, including trauma 
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response severity (Evans, Reid, Preston, Palmier-Claus, & Sellwood, 2015), alcohol use 

issues (Corte & Zucker, 2008) and problematic gaming (Šporčić & Glavak-Tkalić, 2018). 

The Self-Concept Clarity Scale (Campbell et al., 1996) presents 12 statements (e.g., “In 

general, I have a clear sense of who I am and what I am”) and asks participants to indicate 

their level of agreement. Responses range from 1 (strongly disagree) to 5 (strongly agree). 

Higher scores (i.e., sum of all items) indicate greater self-concept clarity. Campbell et al. 

(1996) reported that the scale had excellent reliability and validity. This sample yielded a 

Cronbach’s alpha of .89. 

2.3 Procedure 

Ethics approval was granted by the School of Psychology Human Research Ethics 

Subcommittee (approval number: 20/18). Participants who were aged 18 or older and played 

games weekly were eligible to participate. Upon completion of the survey, participants 

entered a prize draw for a $50 AUD voucher.  

2.4 Statistical Analysis 

Analyses were conducted using IBM SPSS Version 26 software. Spearman’s rank-

order correlations were used to assess bivariate associations, as problematic gaming scores 

were positively skewed. One-way ANOVAs and Bonferroni tests compared avatar 

identification across gender, game genres, and avatar-related characteristics and features. An 

exploratory multiple regression examined the predictive value of each variable on GD scores. 

Version 3.5 of the PROCESS macro for SPSS (Hayes, 2013) was used to conduct the 

mediation analyses. 

3. Results 

3.1 Descriptive Statistics and Mean Comparisons 

Table 1 presents a summary of group differences in avatar identification according to 

participants’ gender and avatar characteristics. Avatar identification was significantly higher 

among: (1) female gamers as compared to male gamers; (2) participants who used fully 

customizable avatars as compared to a default avatar or one of multiple default avatar 
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options; (3) participants who had many in-game avatar customization options as compared to 

some or no customization options; (4) participants who used one main avatar as compared to 

multiple or no discernible avatars; (5) participants whose avatar had both first- and third-

person perspective compared to only one of either perspective; and (6) MMORPG and RPG 

users as compared to MOBA users. However, avatar identification did not differ according to 

whether the avatar was human, a non-human creature, or non-human non-creature. All 

significant comparisons yielded only small effect sizes. Thus, there was limited support for 

the hypothesis that humanoid, personalized, and customizable avatars would be associated 

with stronger avatar identification than non-human, non-customizable avatars. 

 

[INSERT TABLE 1 HERE] 

 

3.2 Correlations 

Table 2 summarizes the Spearman’s rank-order correlations between the main 

variables. In support of Hypothesis 2, avatar identification was significantly positively related 

to problem gaming (r=.26) and significantly negatively related to self-concept clarity (r=-

.27). Self-concept clarity was significantly negatively correlated with problem gaming (r=-

.39). Avatar identification was not related to gaming time, suggesting that the player-avatar 

bond may not change greatly as a function of time spent playing.  

 

[INSERT TABLE 2 HERE] 

 

3.3 Multiple Regression 

Table 3 presents a simultaneous multiple regression examining the three subscales of 

avatar identification (similarity identification, embodied presence, wishful identification), 

self-concept clarity, and gaming time as predictors of problem gaming. The model explained 

20.6% of the variance in GD. Of the three avatar identification subscales, wishful 
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identification (β=.18) was the only significant predictor of problem gaming. Hypothesis 3 

was therefore supported because wishful identification had a stronger relationship to problem 

gaming than similarity identification and embodied presence. 

 

[INSERT TABLE 3 HERE] 

 

3.4 Mediation Analysis 

Figure 1 presents a summary of the mediation analysis, including the regression 

weights for paths a, b, c, and c′. The model assessed whether self-concept clarity mediated 

the relationship between avatar identification and problem gaming. The 95th percentile 

confidence intervals (CI) for the indirect effects were estimated with bias-corrected bootstrap 

analyses (5,000 samples). There was a significant indirect effect of avatar identification on 

problem gaming through self-concept clarity, b=0.1, 95% CI [0.008, 0.016]. Therefore, 

Hypothesis 4 was supported because the positive association between avatar identification 

and problem gaming was mediated by poorer self-concept clarity. 

 

[INSERT FIGURE 1 HERE] 

 

Two additional mediation analyses (Figures 2 and 3) examined game identification 

(i.e., another subscale of the Player Identification Scale with comparable associations to self-

concept clarity and problem gaming) and wishful identification in place of avatar 

identification. These analyses reported a similar pattern of results (i.e., comparable direct and 

indirect effects). Specifically, there was a significant indirect effect of game identification on 

problem gaming through self-concept clarity, b=0.03, 95% CI [0.028, 0.05]. The indirect 

effect of wishful identification on problem gaming through self-concept clarity was also 

significant, b=.03, 95% CI [.027, .047]. 
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[INSERT FIGURE 2 HERE] 

 

[INSERT FIGURE 3 HERE] 

 

4. Discussion 

This study examined avatar identification and self-concept clarity in problematic 

gaming, as well as differences in avatar identification according to avatar characteristics. 

Avatar identification was modestly associated with problematic gaming in bivariate and 

multivariate analyses. This finding was consistent with past studies (Mancini et al., 2019; 

Smahel et al., 2008; Sioni et al., 2017; You et al., 2017). Further, the wishful identification 

subscale of avatar identification was the only significant avatar-related predictor of problem 

gaming. Wishful identification refers to the process whereby a person desires to emulate or 

live vicariously through the avatar (van Looy, 2015). For example, wishful identification 

items refer to experiencing the avatar as a “better me”, and as having “characteristics that I 

would like to have”. Thus, while avatar identification was a significant predictor of problem 

gaming, it appears that the most important aspect of avatar identification in relation to 

problem gaming involves the avatar providing the means of compensating for the player’s 

perceived self-deficiencies in the real world. This result was consistent with the mediation 

analysis, which found a significant indirect effect of avatar identification on problem gaming 

through self-concept clarity. Self-concept clarity may be a psychological mechanism or 

vulnerability by which avatar identification, and particularly wishful identification, affects 

problem gaming. Overall, these results suggest that avatar identification and poor self-

concept clarity may be modest predictors of GD which can interact, as suggested by the 

Proteus Effect and van Looy’s (2015) model of avatar identification.  

This study found only limited support for the notion that personalized and customizable 

avatars are more strongly associated with greater avatar identification than non-customizable 

avatars. Differences in avatar identification scores across avatar types were statistically 
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significant (due to large sample size) but constituted small effects only. Avatar identification 

was also slightly higher among those who controlled a single avatar (versus multiple avatars) 

and those who viewed their avatar from both first and third-person perspectives. MOBA 

users reported slightly lower avatar identification than MMORPG and RPG users. However, 

avatar identification did not differ greatly according to whether the participant’s avatar was a 

human, a non-human creature, or non-human non-creature. Avatar identification was not 

associated with time spent playing the game, suggesting that stronger avatar identification 

may not be the product of mere exposure (i.e., repeatedly viewing the avatar) (Zajonc, 1968) 

or the target of cognitive dissonance (i.e., a need to rationalize one’s investment in the 

gaming activity as being worthwhile) (Festinger, 1957). These results suggest that player-

avatar bonds may form relatively quickly and that different implementations of avatar 

features may not greatly affect or inhibit potential avatar identification. 

The present study’s findings add to the continuing discussion of problem gaming 

interventions that refer to the need to address avatar-related phenomena. For instance, 

Lemenager et al. (2016) describes a therapy that focuses on achieving emotional detachment 

from the avatar, where “addicted gamers discuss in a group setting all positive characteristics 

of their avatar and how they can transfer some of them into their own personality” (p.496). 

Similarly, Burleigh et al. (2018) argued that “prevention and treatment initiatives should 

target the gamer-avatar relationship…to guide cognitive and self-reflective interventions” 

(p.116). Stavropoulos, Gomez, and colleagues (2020) refer to inviting gamers “to talk about 

their virtual personas, and their game-related achievements and investigating ways that such 

avatar aspects of their ‘in-game’ avatar life can be transferred to real life” (p.9). The extent to 

which guided exploration of the avatar may aid therapy objectives warrants further 

examination. As noted in our review (Green, Delfabbro, & King, 2020), treatment 

engagement is often low among individuals with GD, particularly among adolescents 

(Humphreys, 2019), and therefore clinicians should apply evidence-based guidelines to 

optimize what can be delivered within a typically limited period of engagement. Brief 

cognitive-behavioral therapy (see Stevens, King, Dorstyn, & Delfabbro, 2019; Wölfling et 
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al., 2019) designed to establish new non-gaming routines, including identifying personal 

barriers and employing harm minimization strategies, may be the most feasible and effective 

option.  

The present study was not without limitations. First, although the study recruited a very 

large and diverse sample of regular gamers, the recruitment approach was purposive (i.e., to 

select more individuals with relevant gaming and avatar-related experiences) and therefore 

these findings may not generalize to the wider gaming population, nor to individuals with 

more severe gaming problems, such as those described in case reports (Allison et al., 2006). 

Another limitation is the potential transience of gaming for many participants, which may 

have affected the specificity of measurement. It is possible, for example, that some 

individuals may play numerous games and sometimes take extended ‘breaks’ from their main 

game. The study’s questions provided only a ‘snapshot’ and thus did not systematically 

gather data on the player’s history with specific games and avatars. Acquiring such 

information may be a worthwhile follow-up project, which could also examine the predictive 

value of avatar identification to habit formation or predicting future gaming behaviors.  

This study employed measures with abstract concepts requiring insight and English 

language competency that may preclude the comprehension of some populations (e.g., 

individuals with low verbal comprehension). This study also did not examine identity issues 

(e.g., gender dysphoria) or personality traits (e.g., conscientiousness, perfectionism) that may 

influence avatar and in-game goal motivations. This work should be considered preliminary 

and in need of replication, particularly in clinical samples, and using alternative methods of 

data collection, such as interviews, to confirm experiences. Finally, this study was conducted 

during the COVID-19 pandemic and, while most variables would be relatively stable 

constructs, it is possible that participants may have responded differently due to pandemic-

related stress and uncertainties (King, Delfabbro, Billieux, & Potenza, 2020).  
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4.1 Conclusions 

This study found a significant relationship between avatar identification and problem 

gaming that was mediated by self-concept clarity. Gamers with poor self-concept may be 

more vulnerable to relying on avatar features in games to meet their identity-related needs 

(i.e., compensate for lack of real-world identity), which may, in turn, increase the risk of 

problem gaming. Players who have a stronger need to be like their avatar, or who view their 

avatar as the ideal version of themselves, appear to be more at risk of problematic gaming. 

Avatar identification was not generally related to features of the avatar itself, including 

whether it was humanoid or customizable. These data will hopefully contribute to continuing 

efforts to identify potential mechanisms of problematic gaming. At a time when the validity 

of GD is criticized for ‘pathologizing’ gaming (Bean, Nielsen, van Rooij, & Ferguson, 2017), 

the notion that avatar identification underlies and maintains GD may attract similar scrutiny. 

In our view, despite these and other promising findings, it may be premature for avatar 

identification to be considered a symptom of GD. However, the concept may nevertheless be 

a useful psychological process (see Brand, Rumpf, King, Potenza, & Wegmann, 2020) for 

understanding the importance of in-game rewards that some players desire and seek out 

excessively. This study emphasizes the important role of player vulnerabilities in 

understanding the formation of problem gaming. Future research may gain a better 

understanding of avatar-related processes, including how avatar-stimuli preferences develop 

and operate in connection to established addictive processes, such as approach bias and 

inhibitory control (Brand et al., 2019). 
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Table 1 

Avatar identification scores according to gender and avatar characteristics 
            Avatar identificationa 

Group n M (SD) F(2,992) Partial η2 Post-hocb 

Gender 
1. Male 725 40.77 (15.39) 

15.40* .03 2 > 1 2. Female 243 46.61 (13.76) 
3. Other 25 44.16 (14.62) 

Avatar type 
1. Human 897 42.45 (15.15) 

1.06 - - 2. Non-human creature 82 41.48 (15.49) 
3. Non-human non-creature 14 36.86 (15.19) 

Number of avatars controlled 
1. 1 main avatar 435 44.36 (14.88) 

7.81* .02 1 > 2-3 2. 2+ avatars 511 40.87 (15.19) 
3. No main avatar 47 38.53 (15.68) 

Avatar perspective 
1. First-person only 128 40.07 (16.06) 

8.57* .02 3 > 1-2 2. Third-person only 675 41.60 (15.09) 
3. Both perspectives 190 46.22 (14.30) 

Initial avatar customizability 
1. Single default 212 39.54 (15.55) 

8.11* .02 3 > 1-2 2. Multiple defaults 196 40.52 (15.86) 
3. Fully customizable  585 43.87 (14.63) 

In-game avatar customization 

1. No option 133 38.99 (17.15) 

11.24* .02 3 > 1-2 2. Some options 383 40.51 (14.50) 
3. Many options 477 44.63 (14.80) 

Game genre 

1. MMORPG 419 43.60 (15.22) 

3.95* .02 3 < 1-2 

2. RPG 253 43.38 (14.67) 
3. MOBA 80 37.64 (16.37) 
4. FPS 125 40.34 (15.08) 
5. Other 116 40.48 (14.64) 

* p<.01. aHigher scores indicated stronger avatar identification (Range: 17-85). Total score on 
the main subscale. bBonferroni post-hoc analyses, except for gender and avatar customization 
options when there were unequal variances assumed (Games-Howell). MMORPG: Massively 
Multiplayer Online Role-Playing Game; RPG: Role-Playing Game; MOBA: Multiplayer 
Online Battle Arena; FPS: First Person Shooter. 
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Table 2 
Descriptive statistics and correlations (p-value) between main study variables 

Variable M (SD) 1 2 3 4 5 6 7 8 

1. Problem gaming 2.68 (1.93)         

2. Weekly gaming time 25.85 (8.55) .19* (<.01)        

3. Avatar identification (AI) 42.29 (15.18) .26* (<.01) .02 (.44)       

4. Group identification 20.37 (5.93) .16* (<.01) .24* (<.01) .15* (<.01)      

5. Game identification 13.72 (4.69) .32* (<.01) .23* (<.01) .33* (<.01) .32* (<.01)     

6. AI: Similarity identification 14.79 (6.27) .16* (<.01) -.04 (.28) .84* (<.01) .09* (<.01) .18* (<.01)    

7. AI: Embodied presence 14.47 (6.55) .20* (<.01) .001 (.97) .85* (<.01) .14* (<.01) .34* (<.01) .58* (<.01)   

8. AI: Wishful identification 13.03 (5.56) .31* (<.01) .08* (<.01) .78* (<.01) .14* (<.01) .32* (<.01) .51* (<.01) .51* (<.01)  

9. Self-concept clarity 38.90 (10.05) -.39* (<.01) -.07 (.02) -.27* (<.01) -.06 (.05) -.27* (<.01) -.14* (<.01) -.23* (<.01) -.32* (<.01) 
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Table 3 

Multiple regression predicting problem gaming from similarity identification, embodied 
presence, wishful identification, self-concept clarity, and gaming time 
 
Predictor B Beta (β) p 

Similarity identification   .01   .03 .376 

Embodied presence   .01   .02 .682 

Wishful identification   .06   .18 <.01 

Self-concept clarity -.06 -.32 <.01 

Weekly gaming time   .02   .11 <.01 

R2 = .206, F(5,987) =51.10, p<.01 
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in to a 'correct format' for acceptance and provide the items required for the publication of your 
article.  
To find out more, please visit the Preparation section below. 
 
INTRODUCTION  
Types of Paper 
 
The word length requirements for the following types of papers exclude title page, references, 
tables and figures. 
 
•Full-length papers of original research should be no longer than 3500 words with a 250 word 
abstract. 
 
•Short Communications of original research or pilot studies should be no longer than 2000 
words with a 250 word abstract. The total number of figures/tables combined should not exceed 
two. 
 
•Editorials are invited only and should not exceed 1000 words. Editorials express opinions 
about special topics of interest and are meant to stimulate debate or new lines of research. 
Authors wishing to respond to editorials should email the Editor-in-Chief first. 
 
•Scholarly Commentaries express points of view on scientific matters and should not exceed 
800 words. Authors should email the Editor-in-Chief prior to submitting this type of paper. 
 
•Case studies or a series of case studies should not exceed 2500 words. Authors should clearly 
describe why the case or cases are innovative and why they add significant information to the 
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extant literature. These case studies should be empirically oriented. Patient information should 
be presented anonymously although it should be clear that patient consent was obtained. 
 
•Systematic reviews should provide a critical review and analysis of a field of research and 
should include detailed information on search criteria and methods. Conclusions should be 
useful to both clinicians and researchers. These reviews should not exceed 4000 words. 
 
•Mini-reviews are more limited reviews of developing fields of research and are not necessarily 
systematic in nature. They should provide current knowledge and point the way toward future 
research needs. These reviews should not exceed 2500 words.  
Submission checklist  
You can use this list to carry out a final check of your submission before you send it to the 
journal for review. Please check the relevant section in this Guide for Authors for more details. 
 
Ensure that the following items are present: 
 
One author has been designated as the corresponding author with contact details: 
• E-mail address 
• Full postal address 
 
All necessary files have been uploaded: 
Manuscript: 
• Include keywords 
• All figures (include relevant captions) 
• All tables (including titles, description, footnotes) 
• Ensure all figure and table citations in the text match the files provided 
• Indicate clearly if color should be used for any figures in print 
Graphical Abstracts / Highlights files (where applicable) 
Supplemental files (where applicable) 
 
Further considerations 
• Manuscript has been 'spell checked' and 'grammar checked' 
• All references mentioned in the Reference List are cited in the text, and vice versa 
• Permission has been obtained for use of copyrighted material from other sources (including 
the Internet)  
• A competing interests statement is provided, even if the authors have no competing 
interests to declare  
• Journal policies detailed in this guide have been reviewed 
• Referee suggestions and contact details provided, based on journal requirements 
 
For further information, visit our Support Center. 
 
BEFORE YOU BEGIN  
Ethics in publishing  
Please see our information pages on Ethics in publishing and Ethical guidelines for journal 
publication. 
 
Declaration of interest  
All authors must disclose any financial and personal relationships with other people or 
organizations that could inappropriately influence (bias) their work. Examples of potential 
competing interests include employment, consultancies, stock ownership, honoraria, paid 
expert testimony, patent applications/registrations, and grants or other funding. Authors must 
disclose any interests in two places: 1. A summary declaration of interest statement in the title 
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page file (if double-blind) or the manuscript file (if single-blind). If there are no interests to 
declare then please state this: 'Declarations of interest: none'. This summary statement will be 
ultimately published if the article is accepted.  
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of 
the journal's official records. It is important for potential interests to be declared in both places 
and that the information matches. More information.  
Submission declaration and verification  
Submission of an article implies that the work described has not been published previously 
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple, 
redundant or concurrent publication' for more information), that it is not under consideration 
for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly 
by the responsible authorities where the work was carried out, and that, if accepted, it will not 
be published elsewhere in the same form, in English or in any other language, including 
electronically without the written consent of the copyright-holder. To verify originality, your 
article may be checked by the originality detection service Crossref Similarity Check. 
 
Preprints 
Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing 
policy. Sharing your preprints e.g. on a preprint server will not count as prior publication (see 
'Multiple, redundant or concurrent publication' for more information).  
Use of inclusive language  
Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to 
differences, and promotes equal opportunities. Content should make no assumptions about the 
beliefs or commitments of any reader; contain nothing which might imply that one individual 
is superior to another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, 
disability or health condition; and use inclusive language throughout. Authors should ensure 
that writing is free from bias, stereotypes, slang, reference to dominant culture and/or cultural 
assumptions. We advise to seek gender neutrality by using plural nouns ("clinicians, 
patients/clients") as default/wherever possible to avoid using "he, she," or "he/she." We 
recommend avoiding the use of descriptors that refer to personal attributes such as age, gender, 
race, ethnicity, culture, sexual orientation, disability or health condition unless they are relevant 
and valid. These guidelines are meant as a point of reference to help identify appropriate 
language but are by no means exhaustive or definitive. 
 
Author contributions  
For transparency, we encourage authors to submit an author statement file outlining their 
individual contributions to the paper using the relevant CRediT roles: Conceptualization; Data 
curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project 
administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing - 
original draft; Writing - review & editing. Authorship statements should be formatted with the 
names of authors first and CRediT role(s) following. More details and an example 
 
Changes to authorship  
Authors are expected to consider carefully the list and order of authors before submitting their 
manuscript and provide the definitive list of authors at the time of the original submission. Any 
addition, deletion or rearrangement of author names in the authorship list should be made only 
before the manuscript has been accepted and only if approved by the journal Editor. To request 
such a change, the Editor must receive the following from the corresponding author: (a) the 
reason for the change in author list and (b) written confirmation (e-mail, letter) from all authors 
that they agree with the addition, removal or rearrangement. In the case of addition or removal 
of authors, this includes confirmation from the author being added or removed.  
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Only in exceptional circumstances will the Editor consider the addition, deletion or 
rearrangement of authors after the manuscript has been accepted. While the Editor considers 
the request, publication of the manuscript will be suspended. If the manuscript has already been 
published in an online issue, any requests approved by the Editor will result in a corrigendum. 
 
Author Disclosure  
Authors must provide three mandatory and one optional author disclosure statements. These 
statements should be submitted as one separate document and not included as part of the 
manuscript. Author disclosures will be automatically incorporated into the PDF builder of the 
online submission system. They will appear in the journal article if the manuscript is accepted. 
 
The four statements of the author disclosure document are described below. Statements should 
not be numbered. Headings (i.e., Role of Funding Sources, Contributors, Conflict of Interest, 
Acknowledgements) should be in bold with no white space between the heading and the text. 
Font size should be the same as that used for references. 
 
Statement 1: Role of Funding Sources 
Authors must identify who provided financial support for the conduct of the research and/or 
preparation of the manuscript and to briefly describe the role (if any) of the funding sponsor in 
study design, collection, analysis, or interpretation of data, writing the manuscript, and the 
decision to submit the manuscript for publication. If the funding source had no such 
involvement, the authors should so state. 
 
Example: Funding for this study was provided by NIAAA Grant R01-AA123456. NIAAA had 
no role in the study design, collection, analysis or interpretation of the data, writing the 
manuscript, or the decision to submit the paper for publication. 
 
Statement 2: Contributors 
Authors must declare their individual contributions to the manuscript. All authors must have 
materially participated in the research and/or the manuscript preparation. Roles for each author 
should be described. The disclosure must also clearly state and verify that all authors have 
approved the final manuscript. 
 
Example: Authors A and B designed the study and wrote the protocol. Author C conducted 
literature searches and provided summaries of previous research studies. Author D conducted 
the statistical analysis. Author B wrote the first draft of the manuscript and all authors 
contributed to and have approved the final manuscript. 
 
Statement 3: Conflict of Interest 
All authors must disclose any actual or potential conflict of interest. Conflict of interest is 
defined as any financial or personal relationships with individuals or organizations, occurring 
within three  
(3) years of beginning the submitted work, which could inappropriately influence, or be 
perceived to have influenced the submitted research manuscript. Potential conflict of interest 
would include employment, consultancies, stock ownership (except personal investments equal 
to the lesser of one percent (1%) of total personal investments or USD$5000), honoraria, paid 
expert testimony, patent applications, registrations, and grants. If there are no conflicts of 
interest by any author, it should state that there are none. 
Example: Author B is a paid consultant for XYZ pharmaceutical company. All other authors 
declare that they have no conflicts of interest. 
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Statement 4: Acknowledgements (optional) 
Authors may provide Acknowledgments which will be published in a separate section along 
with the manuscript. If there are no Acknowledgements, there should be no heading or 
acknowledgement statement. 
 
Example: The authors wish to thank Ms. A who assisted in the proof-reading of the 
manuscript. Article transfer service  
This journal is part of our Article Transfer Service. This means that if the Editor feels your 
article is more suitable in one of our other participating journals, then you may be asked to 
consider transferring the article to one of those. If you agree, your article will be transferred 
automatically on your behalf with no need to reformat. Please note that your article will be 
reviewed again by the new journal. More information. 
 
This service is independent of the decision making process and the journals being offered for 
transfer 
 
Copyright  
Upon acceptance of an article, authors will be asked to complete an 'Exclusive License 
Agreement' (see more information on this). Permitted third party reuse of open access articles 
is determined by the author's choice of user license. 
 
Author rights 
As an author you (or your employer or institution) have certain rights to reuse your work. More 
information. 
 
Elsevier supports responsible sharing 
Find out how you can share your research published in Elsevier journals.  
Role of the funding source  
You are requested to identify who provided financial support for the conduct of the research 
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in 
study design; in the collection, analysis and interpretation of data; in the writing of the report; 
and in the decision to submit the article for publication. If the funding source(s) had no such 
involvement then this should be stated. 
 
Open access 
Please visit our Open Access page for more information. 
 
Elsevier Researcher Academy 
Researcher Academy is a free e-learning platform designed to support early and mid-career 
researchers throughout their research journey. The "Learn" environment at Researcher 
Academy offers several interactive modules, webinars, downloadable guides and resources to 
guide you through the process of writing for research and going through peer review. Feel free 
to use these free resources to improve your submission and navigate the publication process 
with ease. 
 
Language (usage and editing services) 
Please write your text in good English (American or British usage is accepted, but not a mixture 
of these). Authors who feel their English language manuscript may require editing to eliminate 
possible grammatical or spelling errors and to conform to correct scientific English may wish 
to use the English Language Editing service available from Elsevier's Author Services. 
 
Informed consent and patient details  
Studies on patients or volunteers require ethics committee approval and informed consent, 
which should be documented in the paper. Appropriate consents, permissions and releases must 
be obtained where an author wishes to include case details or other personal information or 
images of patients and any other individuals in an Elsevier publication. Written consents must 
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be retained by the author but copies should not be provided to the journal. Only if specifically 
requested by the journal in exceptional circumstances (for example if a legal issue arises) the 
author must provide copies of the consents or evidence that such consents have been obtained. 
For more information, please review the Elsevier Policy on the Use of Images or Personal 
Information of Patients or other Individuals. Unless you have written permission from the 
patient (or, where applicable, the next of kin), the personal details of any patient included in 
any part of the article and in any supplementary materials (including all illustrations and 
videos) must be removed before submission. 
 
Submission  
Our online submission system guides you stepwise through the process of entering your article 
details and uploading your files. The system converts your article files to a single PDF file used 
in the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your 
article for final publication. All correspondence, including notification of the Editor's decision 
and requests for revision, is sent by e-mail. 
 
PREPARATION  
NEW SUBMISSIONS  
Submission to this journal proceeds totally online and you will be guided stepwise through the 
creation and uploading of your files. The system automatically converts your files to a single 
PDF file, which is used in the peer-review process.  
As part of the Your Paper Your Way service, you may choose to submit your manuscript as a 
single file to be used in the refereeing process. This can be a PDF file or a Word document, in 
any format or lay-out that can be used by referees to evaluate your manuscript. It should contain 
high enough quality figures for refereeing. If you prefer to do so, you may still provide all or 
some of the source files at the initial submission. Please note that individual figure files larger 
than 10 MB must be uploaded separately. 
 
References 
There are no strict requirements on reference formatting at submission. References can be in 
any style or format as long as the style is consistent. Where applicable, author(s) name(s), 
journal title/ book title, chapter title/article title, year of publication, volume number/book 
chapter and the article number or pagination must be present. Use of DOI is highly encouraged. 
The reference style used by the journal will be applied to the accepted article by Elsevier at the 
proof stage. Note that missing data will be highlighted at proof stage for the author to correct. 
 
Formatting requirements 
There are no strict formatting requirements but all manuscripts must contain the essential 
elements needed to convey your manuscript, for example Abstract, Keywords, Introduction, 
Materials and Methods, Results, Conclusions, Artwork and Tables with Captions. 
If your article includes any Videos and/or other Supplementary material, this should be 
included in 
your initial submission for peer review purposes. 
Divide the article into clearly defined sections. 
 
Figures and tables embedded in text 
Please ensure the figures and the tables included in the single file are placed next to the relevant 
text in the manuscript, rather than at the bottom or the top of the file. The corresponding caption 
should be placed directly below the figure or table. 
 
Peer review  
This journal operates a double blind review process. All contributions will be initially assessed 
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a 
minimum of two independent expert reviewers to assess the scientific quality of the paper. The 
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Editor is responsible for the final decision regarding acceptance or rejection of articles. The 
Editor's decision is final. More information on types of peer review. 
 
REVISED SUBMISSIONS 
Use of word processing software 
Regardless of the file format of the original submission, at revision you must provide us with 
an editable file of the entire article. Keep the layout of the text as simple as possible. Most 
formatting codes will be removed and replaced on processing the article. The electronic text 
should be prepared in a way very similar to that of conventional manuscripts (see also the 
Guide to Publishing with Elsevier). See also the section on Electronic artwork.  
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-
check' functions of your word processor. 
 
Article structure 
Subdivision - numbered sections 
Divide your article into clearly defined and numbered sections. Subsections should be 
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). 
Use this numbering also for internal cross-referencing: do not just refer to 'the text'. Any 
subsection may be given a brief heading. Each heading should appear on its own separate line. 
 
Introduction 
State the objectives of the work and provide an adequate background, avoiding a detailed 
literature survey or a summary of the results. 
 
Material and methods 
Provide sufficient details to allow the work to be reproduced by an independent researcher. 
Methods that are already published should be summarized, and indicated by a reference. If 
quoting directly from a previously published method, use quotation marks and also cite the 
source. Any modifications to existing methods should also be described. 
 
Theory/calculation 
A Theory section should extend, not repeat, the background to the article already dealt with in 
the Introduction and lay the foundation for further work. In contrast, a Calculation section 
represents a practical development from a theoretical basis. 
 
Results 
Results should be clear and concise. 
 
Discussion 
This should explore the significance of the results of the work, not repeat them. A combined 
Results and Discussion section is often appropriate. Avoid extensive citations and discussion 
of published literature. 
 
Conclusions 
The main conclusions of the study may be presented in a short Conclusions section, which may 
stand alone or form a subsection of a Discussion or Results and Discussion section. 
 
Appendices 
If there is more than one appendix, they should be identified as A, B, etc. Formulae and 
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a 
subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, 
etc.  
Essential title page information  
• Title. Concise and informative. Titles are often used in information-retrieval systems. 
Avoid abbreviations and formulae where possible.  
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s) 
of each author and check that all names are accurately spelled. You can add your name between 
parentheses in your own script behind the English transliteration. Present the authors' affiliation 
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addresses (where the actual work was done) below the names. Indicate all affiliations with a 
lower-case superscript letter immediately after the author's name and in front of the appropriate 
address. Provide the full postal address of each affiliation, including the country name and, if 
available, the e-mail address of each author.  
• Corresponding author. Clearly indicate who will handle correspondence at all stages of 
refereeing and publication, also post-publication. This responsibility includes answering any 
future queries about Methodology and Materials. Ensure that the e-mail address is given and 
that contact details are kept up to date by the corresponding author.  
• Present/permanent address. If an author has moved since the work described in the article 
was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be 
indicated as a footnote to that author's name. The address at which the author actually did the 
work must be retained as the main, affiliation address. Superscript Arabic numerals are used 
for such footnotes. 
 
Highlights  
Highlights are mandatory for this journal as they help increase the discoverability of your 
article via search engines. They consist of a short collection of bullet points that capture the 
novel results of your research as well as new methods that were used during the study (if any). 
Please have a look at the examples here: example Highlights. 
Highlights should be submitted in a separate editable file in the online submission system. 
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, 
including spaces, per bullet point). 
 
Abstract  
A concise and factual abstract is required. The abstract should state briefly the purpose of the 
research, the principal results and major conclusions. An abstract is often presented separately 
from the article, so it must be able to stand alone. For this reason, References should be avoided, 
but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon 
abbreviations should be avoided, but if essential they must be defined at their first mention in 
the abstract itself. 
 
Graphical abstract 
Although a graphical abstract is optional, its use is encouraged as it draws more attention to 
the online article. The graphical abstract should summarize the contents of the article in a 
concise, pictorial form designed to capture the attention of a wide readership. Graphical 
abstracts should be submitted as a separate file in the online submission system. Image size: 
Please provide an image with a minimum of 531 × 1328 pixels (h × w) or proportionally more. 
The image should be readable at a size of 5 × 13 cm using a regular screen resolution of 96 dpi. 
Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical 
Abstracts on our information site.  
Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their 
images and in accordance with all technical requirements.  
Keywords  
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling 
and avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). 
Be sparing with abbreviations: only abbreviations firmly established in the field may be 
eligible. These keywords will be used for indexing purposes. 
 
Abbreviations 
Define abbreviations that are not standard in this field in a footnote to be placed on the first 
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at 
their first mention there, as well as in the footnote. Ensure consistency of abbreviations 
throughout the article. 
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Acknowledgements 
Collate acknowledgements in a separate section at the end of the article before the references 
and do not, therefore, include them on the title page, as a footnote to the title or otherwise. List 
here those individuals who provided help during the research (e.g., providing language help, 
writing assistance or proof reading the article, etc.). 
 
Formatting of funding sources 
List funding sources in this standard way to facilitate compliance to funder's requirements: 
 
Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, 
yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United 
States Institutes of Peace [grant number aaaa]. 
 
It is not necessary to include detailed descriptions on the program or type of grants and awards. 
When funding is from a block grant or other resources available to a university, college, or 
other research institution, submit the name of the institute or organization that provided the 
funding. 
 
If no funding has been provided for the research, please include the following sentence: 
 
This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 
 
Math formulae 
Please submit math equations as editable text and not as images. Present simple formulae in 
line with normal text where possible and use the solidus (/) instead of a horizontal line for small 
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are 
often more conveniently denoted by exp. Number consecutively any equations that have to be 
displayed separately from the text (if referred to explicitly in the text). 
 
Footnotes 
Footnotes should be used sparingly. Number them consecutively throughout the article. Many 
word processors build footnotes into the text, and this feature may be used. Should this not be 
the case, indicate the position of footnotes in the text and present the footnotes themselves 
separately at the end of the article. 
 
Artwork 
Electronic artwork 
General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Indicate per figure if it is a single, 1.5 or 2-column fitting image. 
• For Word submissions only, you may still provide figures and their captions, and tables 
within a single file at the revision stage.  
• Please note that individual figure files larger than 10 MB must be provided in separate 

source files. 
 
A detailed guide on electronic artwork is available. 
You are urged to visit this site; some excerpts from the detailed information are given 
here. Formats  
Regardless of the application used, when your electronic artwork is finalized, please 'save as' 
or convert the images to one of the following formats (note the resolution requirements for line 
drawings, halftones, and line/halftone combinations given below): 
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EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'. 
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 
dpi. 
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.  
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 
dpi is required. 
 
Please do not:  
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution 

is too low.  
• Supply files that are too low in resolution. 
• Submit graphics that are disproportionately large for the content. 
 
Color artwork 
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), 
or MS Office files) and with the correct resolution. If, together with your accepted article, you 
submit usable color figures then Elsevier will ensure, at no additional charge, that these figures 
will appear in color online (e.g., ScienceDirect and other sites) regardless of whether or not 
these illustrations are reproduced in color in the printed version. For color reproduction in 
print, you will receive information regarding the costs from Elsevier after receipt of your 
accepted article. Please indicate your preference for color: in print or online only. Further 
information on the preparation of electronic artwork. 
 
Figure captions 
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the 
figure itself) and a description of the illustration. Keep text in the illustrations themselves to a 
minimum but explain all symbols and abbreviations used.  
Tables  
Please submit tables as editable text and not as images. Tables can be placed either next to the 
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in 
accordance with their appearance in the text and place any table notes below the table body. 
Be sparing in the use of tables and ensure that the data presented in them do not duplicate 
results described elsewhere in the article. Please avoid using vertical rules and shading in table 
cells. 
 
References 
Citation in text 
Please ensure that every reference cited in the text is also present in the reference list (and vice 
versa). Any references cited in the abstract must be given in full. Unpublished results and 
personal communications are not recommended in the reference list, but may be mentioned in 
the text. If these references are included in the reference list they should follow the standard 
reference style of the journal and should include a substitution of the publication date with 
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press' 
implies that the item has been accepted for publication. 
 
Web references 
As a minimum, the full URL should be given and the date when the reference was last accessed. 
Any further information, if known (DOI, author names, dates, reference to a source publication, 
etc.), should also be given. Web references can be listed separately (e.g., after the reference 
list) under a different heading if desired, or can be included in the reference list. 
 
Data references 
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing 
them in your text and including a data reference in your Reference List. Data references should 
include the following elements: author name(s), dataset title, data repository, version (where 
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available), year, and global persistent identifier. Add [dataset] immediately before the reference 
so we can properly identify it as a data reference. The [dataset] identifier will not appear in 
your published article. 
 
References in a special issue 
Please ensure that the words 'this issue' are added to any references in the list (and any citations 
in the text) to other articles in the same Special Issue. 
 
Reference management software 
Most Elsevier journals have their reference template available in many of the most popular 
reference management software products. These include all products that support Citation Style 
Language styles, such as Mendeley. Using citation plug-ins from these products, authors only 
need to select the appropriate journal template when preparing their article, after which 
citations and bibliographies will be automatically formatted in the journal's style. If no template 
is yet available for this journal, please follow the format of the sample references and citations 
as shown in this Guide. If you use reference management software, please ensure that you 
remove all field codes before submitting the electronic manuscript. More information on how 
to remove field codes from different reference management software. 
 
Users of Mendeley Desktop can easily install the reference style for this journal by clicking the 
following link: 
http://open.mendeley.com/use-citation-style/addictive-behaviors  
When preparing your manuscript, you will then be able to select this style using the Mendeley 
plug-ins for Microsoft Word or LibreOffice. 
 
Reference formatting 
There are no strict requirements on reference formatting at submission. References can be in 
any style or format as long as the style is consistent. Where applicable, author(s) name(s), 
journal title/ book title, volume number/book chapter, year of publication and the article 
number or pagination must be present. Use of DOI is highly encouraged. The reference style 
used by the journal will be applied to the accepted article by Elsevier at the proof stage. Note 
that missing data will be highlighted at proof stage for the author to correct. If you do wish to 
format the references yourself they should be arranged according to the following examples: 
 
Reference style 
Text: Citations in the text should follow the referencing style used by the American 
Psychological Association. You are referred to the Publication Manual of the American 
Psychological Association, Sixth Edition, ISBN 978-1-4338-0561-5, copies of which may be 
ordered online or APA Order Dept., P.O.B. 2710, Hyattsville, MD 20784, USA or APA, 3 
Henrietta Street, London, WC3E 8LU, UK.  
List: references should be arranged first alphabetically and then further sorted chronologically 
if necessary. More than one reference from the same author(s) in the same year must be 
identified by the letters 'a', 'b', 'c', etc., placed after the year of publication. 
 
Examples: 
Reference to a journal publication: 
Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific 
article. Journal of Scientific Communications, 163, 51–59. 
https://doi.org/10.1016/j.Sc.2010.00372. 
 
Reference to a journal publication with an article number: 
Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2018). The art of writing a scientific 
article. Heliyon, 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205. 
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Reference to a book: 
Strunk, W., Jr., & White, E. B. (2000). The elements of style. (4th ed.). New York: Longman, 
(Chapter 4). 
 
Reference to a chapter in an edited book:  
Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article. 
In B. S. Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281–304). New 
York: E-Publishing Inc. 
 
Reference to a website: 
Cancer Research UK. Cancer statistics reports for the UK. (2003). 
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ Accessed 13 
March 2003. 
 
Reference to a dataset:  
[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T. (2015). Mortality data for Japanese 
oak wilt disease and surrounding forest compositions. Mendeley Data, v1. 
https://doi.org/10.17632/ xwj98nb39r.1. 
 
Reference to a conference paper or poster presentation: 
Engle, E.K., Cash, T.F., & Jarry, J.L. (2009, November). The Body Image Behaviours 
Inventory-3: Development and validation of the Body Image Compulsive Actions and Body 
Image Avoidance Scales. Poster session presentation at the meeting of the Association for 
Behavioural and Cognitive Therapies, New York, NY. 
 
Journal abbreviations source 
Journal names should be abbreviated according to the List of Title Word Abbreviations.  
Video  
Elsevier accepts video material and animation sequences to support and enhance your scientific 
research. Authors who have video or animation files that they wish to submit with their article 
are strongly encouraged to include links to these within the body of the article. This can be 
done in the same way as a figure or table by referring to the video or animation content and 
noting in the body text where it should be placed. All submitted files should be properly labeled 
so that they directly relate to the video file's content. In order to ensure that your video or 
animation material is directly usable, please provide the file in one of our recommended file 
formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation 
files supplied will be published online in the electronic version of your article in Elsevier Web 
products, including ScienceDirect. Please supply 'stills' with your files: you can choose any 
frame from the video or animation or make a separate image. These will be used instead of 
standard icons and will personalize the link to your video data. For more detailed instructions 
please visit our video instruction pages. Note: since video and animation cannot be embedded 
in the print version of the journal, please provide text for both the electronic and the print 
version for the portions of the article that refer to this content. 
 
Supplementary material  
Supplementary material such as applications, images and sound clips, can be published with 
your article to enhance it. Submitted supplementary items are published exactly as they are 
received (Excel or PowerPoint files will appear as such online). Please submit your material 
together with the article and supply a concise, descriptive caption for each supplementary file. 
If you wish to make changes to supplementary material during any stage of the process, please 
make sure to provide an updated file. Do not annotate any corrections on a previous version. 
Please switch off the 'Track Changes' option in Microsoft Office files as these will appear in 
the published version. 
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Research data  
This journal encourages and enables you to share data that supports your research publication 
where appropriate, and enables you to interlink the data with your published articles. Research 
data refers to the results of observations or experimentation that validate research findings. To 
facilitate reproducibility and data reuse, this journal also encourages you to share your 
software, code, models, algorithms, protocols, methods and other useful materials related to 
the project. 
 
Below are a number of ways in which you can associate data with your article or make a 
statement about the availability of your data when submitting your manuscript. If you are 
sharing data in one of these ways, you are encouraged to cite the data in your manuscript and 
reference list. Please refer to the "References" section for more information about data citation. 
For more information on depositing, sharing and using research data and other relevant 
research materials, visit the research data page. 
 
Data linking 
If you have made your research data available in a data repository, you can link your article 
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on 
ScienceDirect with relevant repositories, giving readers access to underlying data that gives 
them a better understanding of the research described. 
 
There are different ways to link your datasets to your article. When available, you can directly 
link your dataset to your article by providing the relevant information in the submission system. 
For more information, visit the database linking page. 
 
For supported data repositories a repository banner will automatically appear next to your 
published article on ScienceDirect. 
 
In addition, you can link to relevant data or entities through identifiers within the text of your 
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 
734053; PDB: 1XFN). 
 
Mendeley Data 
This journal supports Mendeley Data, enabling you to deposit any research data (including raw 
and processed data, video, code, software, algorithms, protocols, and methods) associated with 
your manuscript in a free-to-use, open access repository. During the submission process, after 
uploading your manuscript, you will have the opportunity to upload your relevant datasets 
directly to Mendeley Data. The datasets will be listed and directly accessible to readers next to 
your published article online. 
 
For more information, visit the Mendeley Data for journals page. 
 
Data statement 
To foster transparency, we encourage you to state the availability of your data in your 
submission. This may be a requirement of your funding body or institution. If your data is 
unavailable to access or unsuitable to post, you will have the opportunity to indicate why during 
the submission process, for example by stating that the research data is confidential. The 
statement will appear with your published article on ScienceDirect. For more information, visit 
the Data Statement page. 
 
AFTER ACCEPTANCE  
Online proof correction  
To ensure a fast publication process of the article, we kindly ask authors to provide us with 
their proof corrections within two days. Corresponding authors will receive an e-mail with a 
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link to our online proofing system, allowing annotation and correction of proofs online. The 
environment is similar to MS Word: in addition to editing text, you can also comment on 
figures/tables and answer questions from the Copy Editor. Web-based proofing provides a 
faster and less error-prone process by allowing you to directly type your corrections, 
eliminating the potential introduction of errors.  
If preferred, you can still choose to annotate and upload your edits on the PDF version. All 
instructions for proofing will be given in the e-mail we send to authors, including alternative 
methods to the online version and PDF.  
We will do everything possible to get your article published quickly and accurately. Please use 
this proof only for checking the typesetting, editing, completeness and correctness of the text, 
tables and figures. Significant changes to the article as accepted for publication will only be 
considered at this stage with permission from the Editor. It is important to ensure that all 
corrections are sent back to us in one communication. Please check carefully before replying, 
as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your 
responsibility. 
 
Offprints  
The corresponding author will, at no cost, receive a customized Share Link providing 50 days 
free access to the final published version of the article on ScienceDirect. The Share Link can 
be used for sharing the article via any communication channel, including email and social 
media. For an extra charge, paper offprints can be ordered via the offprint order form which is 
sent once the article is accepted for publication. Both corresponding and co-authors may order 
offprints at any time via Elsevier's Author Services. Corresponding authors who have published 
their article gold open access do not receive a Share Link as their final published version of the 
article is available open access on ScienceDirect and can be shared through the article DOI 
link. 
 
AUTHOR INQUIRIES  
Visit the Elsevier Support Center to find the answers you need. Here you will find everything 
from Frequently Asked Questions to ways to get in touch.  
You can also check the status of your submitted article or find out when your accepted article 
will be published. 
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