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A B S T R A C T

Gaming avatars can influence users’ attitudes and behaviors and manifest as the proteus effect. The present study
examined proteus effect profiles among 571 gamers and their associations with disordered gaming and physical
activity. Latent class analysis identified three profiles: non-influenced gamers, emotion-perception influenced
gamers (highest proteus effect), and emotion-behavior influenced gamers (moderate proteus effect). The high
proteus effect group exhibited significantly higher gaming disorder symptoms at baseline and 6 months
compared to other profiles. Proteus effect profiles did not significantly differ in physical activity levels. However,
higher disordered gaming and proteus effect predicted lower activity over time. The strong proteus effect group’s
avatar immersion may increase gaming disorder risks. Minimal avatar influence for the non-influenced gamers
appears protective. While proteus effect profiles do not directly relate to activity, amplified disordered gaming
can reduce active lifestyles. Overall, findings demonstrate how avatars differentially affect gamers’ experiences
and functioning through proteus-induced changes.

1. Introduction

Gaming is a worldwide phenomenon, approximately 67 % of the
Australian community, where the present study was conducted, engage
in gaming and over 2.2 billion people game globally (O’Farrell et al.,
2020; Statista, 2023). Gaming can improve spatial ability, attentional
capacity, and accuracy when multitasking (Podlogar& Podlesek, 2022).
It can also enhance social connections and psychological wellbeing for
many individuals (Bowman et al., 2022; Johannes et al., 2021). Gami-
fication, which utilizes gaming principles has been applied in health and
education settings to leverage the intrinsic motivation and engagement
of gameplay (Sardi et al., 2017). Gamified health interventions (i.e., E-
health) have shown positive outcomes including improved medication
adherence for chronically ill patients (Sardi et al., 2017). However,
excessive gaming has been linked to negative outcomes, such as reduced
academic performance, social impairment, anxiety, stress, and depres-
sion (Ko et al., 2014; Pontes, 2017). As a result, the fifth edition of the
diagnostic and statistical manual of mental disorders (DSM-5) has listed
Internet Gaming Disorder (IGD) as a disorder warranting further

research. Similarly, the International Classification of Diseases, 11th
Revision (ICD-11), has included Gaming Disorder (APA, 2023; WHO,
2018).

IGD is characterized by impaired control and functioning due to
excessive gaming. Individuals with IGD experience interference with
routines, social interaction, family life, occupation, and self-care (Ste-
vens et al., 2021). IGD prevalence is estimated at 1.96 % worldwide,
with higher rates present throughout Asia (Stevens et al., 2021). Known
risk factors include psychological conditions such as depression, anxiety
disorders, and impulsivity (Kuss & Griffiths, 2012; Rho et al., 2017).
Personality traits like avoidance and motivations of dissociation, and
maladaptive coping strategies have also been linked to IGD risk (Kuss &
Griffiths, 2012). Additionally, research indicates that males are 2.5
times more likely to develop IGD symptoms than females. Moreover,
adolescents, children, and members of online groups have also been
identified as particularly vulnerable to IGD (Pontes, 2017; Rho et al.,
2017; Stevens et al., 2021). Furthermore, those with lower physical
activity also have increased IGD susceptibility in emerging adulthood;
however, active individuals appear to be more resilient to problematic
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IGD behaviors (Henchoz et al., 2016). Interestingly, participating in
virtual reality exergames has been shown to boost fitness levels, reduce
anxiety, and lessen problematic gaming behaviors, therefore acting as a
protective factor against developing IGD behaviors (Maden et al., 2022).

Additionally, cultural capital (i.e., non-financial social assets that
promote social mobility) within the metaverse (defined as immersive
virtual shared spaces) and in-game flow are other aspects that have been
thought to influence IGD behaviors (Hu et al., 2019; Korkeila & Hamari,
2020). Flow refers to a state of complete absorption and engagement in
an activity, characterized by intense focus, loss of self-consciousness,
and distorted sense of time. In gaming contexts, flow is often associ-
ated with optimal gaming experiences where players are fully immersed
and challenged at a level matching their skills (Hu et al., 2019). Flow is
shown to mediate the relationship between social gaming preference
and addictive behaviors, with immersion occurring in both the game
and resulting online interactions (Hu et al., 2019; Soutter & Hitchens,
2016). Indeed, the immersion achieved through customizing avatars can
increase identification, motivation, flow, and potentially IGD risk
(Korkeila & Hamari, 2020). However, some studies found conflicting
results. While players often form stronger emotional connections to
game characters, which may encourage IGD, these studies did not find
games to be more immersive than other digital media. (Korkeila &
Hamari, 2020; Van et al., 2018).

This has prompted research into gaming, IGD, and the relationship
between users and their digital representations (Sibilla&Mancini, 2018;
Mancini et al., 2019). An avatar is a digital representation of the gamer
in a virtual world and serves as a conduit for self-expression and virtual
identity formation (Ratan et al., 2020; Stavropoulos et al., 2020). This
connection is often referred to as the user-avatar bond (UAB). The UAB
represents the psychological attachment and identification a gamer
develops with their digital representation (Ratan, 2012). It encompasses
the extent to which gamers perceive their avatars as extensions of
themselves, invest emotionally in their avatar, and the way in which the
avatar is used to explore different aspects of their identity (Ratan, 2012).
The UAB exists on a continuum from alignments to contrasts between
user and avatar identities (Mancini & Sibilla, 2017; Sibilla & Mancini,
2018).

Research highlights that gamers express meaningful aspects of
themselves by creating avatars that embody either idealized or actual-
ized representations of themselves (Mancini & Sibilla, 2017; Sibilla &
Mancini, 2018). Self-discrepancy theory suggests that idealized avatars
can temporarily reduce the gap between the ideal and actual self,
relieving psychological strain (Mancini & Sibilla, 2017; Van Looy et al.,
2012). More specifically, four types of discrepancy profiles have been
proposed in the literature: the negative hero, alter ego, idealized, and
actualized avatars (Mancini & Sibilla, 2017). The idealized profile is an
avatar with more socially desired traits than one’s actual self, repre-
senting an aspirational version of the individual. The actualized profile
embodies traits the gamer believes are attainable and realistic, reflecting
their possible self. The negative hero profile explores anti-social traits,
with “hero” referring to the avatar’s role in the game rather than heroic
qualities. The alter ego profile is an avatar that closely resembles the
gamer’s current self, including both positive and negative traits and/or
behaviors. This avatar allows gamers to express their actual self in a
virtual environment, often highlighting aspects of their personality that
they might not be able to express in real life. (Mancini & Sibilla, 2017).
Some gamers also create utopian avatars who possess traits or skills that
they aspire to but do not possess offline (Mancini et al., 2019). Evidence
suggests that those viewing avatars as an ideal version of themselves
identify more strongly with their avatars than users with socially un-
desirable avatars (Mancini & Sibilla, 2017; Mancini et al., 2019).
Interestingly, non-humanoid avatars also readily allow bonds, indi-
cating relationships stemming from characteristics beyond appearance
(Stavropoulos et al., 2021).

High UAB identification is associated with increased IGD scores,
especially for individuals with psychological distress like social anxiety

or low self-esteem (Dengah & Snodgrass, 2020; Mancini et al., 2019).
The perception of an improved but relatable avatar is thought to
intensify IGD risk by reducing real world distress (Mancini et al., 2019),
which may cause maladaptive coping mechanisms to form (Burleigh
et al. 2019). In addition, customization of the avatar and presence also
heightens intrinsic motivation, identification, and flow (Birk et al.,
2016Li & Lwin, 2016; Soutter & Hitchens, 2016). Interestingly, neuro-
imaging illustrates adolescents with IGD show medial prefrontal cortex
activation when considering their avatars, suggesting a close interper-
sonal association (Choi et al., 2018). Thus, demonstrating how impor-
tant the UAB is to understand the risks and protective factors of IGD.
However, most studies utilize Massively Multiplayer Online Role-
Playing Game (MMORPG; i.e., Role-playing games that are hosted on
online servers with a focus on interacting with other players in a shared
world; e.g., Final Fantasy XIV) players, limiting generalizability by ho-
mogenizing gamers (Szolin et al.,2022).

The Proteus effect (PE) is a psychological phenomenon that occurs
when individuals adjust their attitudes and behaviors based on the
characteristics of their avatars within virtual environments. More spe-
cifically, it refers to the observed changes in an individual’s behavior
and attitudes as a result of their digital self-representation. This effect
highlights how the appearance and perceived traits of an avatar can lead
to significant shifts in how a person thinks and acts in the game (Ash,
2016; Ratan, 2012; Stavropoulos et al., 2021). For example, gamers with
more attractive avatars may feel more confident approaching others,
while those with taller avatars might exhibit greater assertiveness
compared to those with shorter avatars (Yee & Bailenson, 2007). Self-
perception theory offers suggest that individuals infer their attitudes
and behaviors by observing themselves in their avatar’s role; this pro-
cess leads to behavioral changes consistent with the avatar’s charac-
teristics (Liu, 2023; Bem, 1972). Additionally, priming offers another
perspective on the PE; priming involves the activation of specific sche-
mas or stereotypes in the user’s mind during gameplay. When players
adopt avatars with certain traits, these characteristics can prime asso-
ciated behaviors, leading to actions that align with the stereotypes of
those traits (Ash, 2016).

The PE stands alongside game transfer phenomena as ways in which
virtual experiences can influence real-world cognition and behavior.
Game transfer phenomena describe the broader impact of gaming ex-
periences on a player’s physiological and cognitive states beyond the
virtual environment (Ortiz de Gortari & Gackenbach, 2021). While
related to the effects of avatars on behavior, game transfer phenomena
encompass a wider range of effects from gaming experiences. Taken
together, these concepts underscore the complex, bidirectional rela-
tionship between users and their avatars (i.e., the UAB), affecting
cognition, behavior, guilt, and the transference of avatar traits into the
offline world (Stavropoulos et al., 2022).

As gamers become immersed in online games, problematic gaming
may increase through heightened self-perception, deindividuation, and
reinforcement of negative gaming emotions. The avatars’ identities,
through the lens of self-perception theory, extend their influence beyond
personal perception, as gamers may infer their own attitudes and be-
haviors from their avatar’s actions, affecting cognition and behavior
both within and outside the virtual environment (i.e., the PE phenom-
ena). For example, Reinhard and colleagues (2020) found participants
walked at a lower or faster pace after using a virtual reality device,
depending on their avatar’s age; highlighting that the manifestation of
the PE can occur outside of the virtual environment. This connection
results in a blurred distinction between avatar and self-identity, where
the game’s immersive qualities (e.g., avatar customization) can cause
the gamers’ offline behaviors to align with those of their avatars (Yee &
Bailenson, 2007). Consequently, as the PE involves merging the avatar’s
characteristics with the user’s actions and attitudes (thus strengthening
the psychological and emotional investment in the avatar), individuals
who experience the PE may experience excessive gaming patterns.
However, a deeper understanding of how virtual identities influence
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player behavior is warranted (Stavropoulos et al., 2020).
A latent class analysis by Stavropoulos et al. (2020) categorized in-

dividuals who experienced the PE and examined their association with
IGD. Three classes emerged: non-influenced gamers, perception/
cognition-influenced gamers, and emotion/behavior-influenced
gamers. Non-influenced gamers showed the lowest IGD symptoms, fol-
lowed by perception/cognition-influenced gamers, while emotion/
behavior-influenced gamers had the highest IGD associations
including mood alteration and loss of control (Stavropoulos et al., 2020).
However, Byrne et al. (2022) found no IGD and PE correlation, hy-
pothesizing their diverse gamer sample explains the deviation. Although
game transfer phenomena is associated with problematic gaming, the
reverse is not always true (Ortiz de Gortari & Gackenbach, 2021). More
research on UAB and related offline impacts is needed to understand IGD
risks and inform protective interventions (Stavropoulos et al., 2022).

The PE health applications are promising but require additional
study. For example, embodying young, fit avatars in virtual reality and
exergames could see increased physical exertion, as self-perception
theory suggests that individuals may align their behaviors with those
of their avatars, thereby amplifying their engagement in activities. This
alignment could then manifest the PE, causing individuals to carry over
these increased activity levels into their offline lives (Kocur et al., 2021;
Lin&Wu, 2021; Navarro et al., 2022). Indeed, research suggests that the
PE can be observed through increased physical activity and effort off-
line, this is especially so when an avatar with a similar face to the in-
dividual is utilized (Lin &Wu, 2021; Navarro et al., 2022; Koncur et al.,
2021). Whereas an individual’s physical activity appears to decrease
when their avatars are dressed more formally or have a stranger’s face
rather than their own (Navarro et al., 2022). Demonstrating that the
embodiment of the avatar has the potential to modify behavior and
cognition, as evidenced through the manifestation of the PE. However,
research shows sex differences in how avatars impact exercise motiva-
tion, effort, and self-efficacy, with female participants being more
persuaded than males to physically exert themselves and display
increased self-efficacy when embodying normal sized, muscular, or
athletic avatars (Lin et al., 2021; Lin&Wu, 2021). Avatar customization
and embodiment can increase game persuasiveness by encouraging
fulfilment of gender stereotypes through salient gendered avatar traits,
though emotional bonds with avatars may only reduce related intentions
rather than actual behaviors (Kang & Kim, 2020; Kim & Kim, 2016;
Ratan & Sah, 2015). However, some studies find no greater persuasive
impact of video games over other digital mediums regarding avatar
embodiment and bonds (Van Looy et al. 2012).

Despite this, the PE has demonstrated reliability in meta-analysis
with empirical evidence illustrating small to medium effect sizes (Ratan
et al., 2020). It also offers an avatar specific construct to further analyze
the UAB in a way that priming, and game transfer phenomena do not
(Stavropoulos et al., 2021). The significance of the UAB, the negative
consequences of IGD and its association with PE behaviors and
decreased physical activity demonstrate the need for more research. Not
only to add to the body of knowledge on IGD but also for its potential use
in E-Health interventions that utilize gamification and increase physical
activity and its protective value against IGD (Maden et al., 2022; Stav-
ropoulos et al., 2021; Stavropoulos et al., 2022). In summary, the
negative outcomes of IGD, its connection to physical inactivity and PE,
and the potential for positive PE health applications highlight the need
to investigate physical activity and PE as risk and protective factors for
IGD development.

Thus, the present exploratory paper puts forward the following
research questions:

(i) What are the different Proteus Effect profiles that can be identi-
fied through latent class analysis?

(ii) How do these identified Proteus Effect profiles relate to gaming
disorder and physical activity:

a) Concurrently?
b) Over-time (6 months later)?

2. Method

2.1. Participants

A six-month longitudinal study investigated gaming patterns and
demographics within an online community, collecting data from 627
participants at two separate intervals. After excluding preview-only re-
sponses (n= 7), spam (n = 19), bots (n= 1), those without consent (n =

12), invalid responses (n = 8), and incomplete responses (n = 15), the
final sample consisted of 565 adolescents and adults (Mage= 29.3 years,
SD=10.6; 50 % male, 45 % female, 4 % other gender). At the first time
point, 55.3 % of participants reported being employed full-time, 36 %
had an undergraduate degree, 73.6 % identified as heterosexual, 72.5 %
indicated they were of Australian or English ancestry, 25.1 % lived with
their family of origin, and 30.2 % were single. The inclusion criteria are
that participants must be 12 years old and above, play online games with
others, and have an avatar in their game world. The data, available
online (see Stavropoulos, 2023), has been used in three previous studies
(see Brown et al., 2024; Hein et al., 2024; Stavropoulos et al., 2023).

The maximum sampling error (N=571; 95 % confidence interval,
Z=1.96) of 4.1 % adheres to recommended levels (+/- 7.1 %; Hill,
1998). Addressing statistical power, a G-power prior analysis computed
Nmin= 74 for linear multiple regression R2 deviation from 0, modelling
15 predictors, an effect size of 0.15, and error probability (α) = 0.05
(Faul et al., 2007). There was a 48.8 % attrition rate, with 276 partici-
pants dropping out between study waves. Attrition/retention was
inserted as an independent dummy coded variable (i.e., 0 = attrition, 1
= retention between waves one and two) to assess its associations with
demographic characteristics. Attrition effects ranged from low to mod-
erate for basic demographics and internet use information, including
gender, sexual orientation, ancestry, romantic relationship involvement,
education, employment, length of gaming engagement, and average
daily gaming time during the week and weekend (Stavropoulos et al.,
2023).

2.2. Materials

2.2.1. Proteus effect Scale-Avatar identification in real life scale (PES-AIS;
Van Looy et al., 2012)

The PES-AIS, a derivative of the Avatar Identification Scale (AIS)
developed by Van Looy and colleagues (2012), assesses players’
behavioral transference into the real world. Comprising six items
loading onto a single factor measuring the influence of video games on
behavior (e.g., “The choice of game character determines how I expe-
rience things in my real life”), participants respond on a five-point Likert
scale (e.g., 1= “strongly disagree” to 5= “strongly agree”). Scores range
from 6 to 30, with higher scores indicating a stronger proteus effect on
behavior. Internal reliability of the instrument in the current study was
robust (Cronbach α = 0.903, McDonald ω = 0.904).

2.2.2. Internet gaming disorder Scale–Short-Form (IGDS9-SF; Pontes &
Griffiths, 2015)

The IGDS9-SF is a standardized questionnaire that assesses Internet
Gaming Disorder (IGD) according to the nine clinical criteria outlined in
the latest edition of the DSM-5. Relating to the last 12 months, it con-
tains nine items, each one measuring one of the nine criteria (e.g., I have
significantly increased the amount of time I play games over last year).
Participants respond on a 5-point Likert scale (e.g., 1 = “strongly
disagree” to 5 = “strongly agree”). Scores range from 9 to 45, with
higher scores indicating the possibility of internet gaming disorder being
present. Internal reliability of the instrument in the current study was
robust (Cronbach α = 0.846, McDonald ω = 0.858).

K. Hein et al.
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2.2.3. Baseline physical activity
Measurement of physical activity was done with an actigraphy de-

vice (i.e., Fitbit devices [FD]), known for its validity in assessing
moderate-to-vigorous physical activity (Feehan et al., 2018; Tully et al.,
2014). The choice of FD aimed to minimize participant burden during
extended wear periods, allowing participants to charge and sync devices
at home, eliminating the need for multiple interactions with the research
team throughout the study.

Participants were instructed to wear the FD on their non-dominant
wrist continuously for seven days. The device utilized a microelec-
tronic triaxial accelerometer to capture three-dimensional body motion
(vertical, anteroposterior, and mediolateral), tracking steps, distance,
energy expenditure, and active minutes (Feehan et al., 2018; Leung
et al., 2022). The study focused on step counts as the primary physical
activity indicator due to previous literature recommendations (Feehan
et al., 2018; Fuller et al., 2020), comparability across individuals of
varying body characteristics, and the device’s high measurement accu-
racy (95–97 % accuracy for step counting when worn as directed;
Evenson et al., 2015) compared to other indicators such as energy
expenditure, known for its measurement inaccuracies (Feehan et al.,
2018). Additionally, aggregating measurements (i.e., calculating mean
scores) was deemed beneficial for enhancing measurement validity and
reliability, particularly for extended periods of activity monitoring (Diaz
et al., 2016; Liew et al., 2018). Thus, step counts were aggregated over
seven days per time point in this study.

2.3. Procedure

The Human Ethics Research Committee of Victoria University
(Australia) approved the study. Data collection occurred from
November 2021 to November 2022. Recruitment was extensive, par-
ticipants were gathered from various community sources. Interested
individuals expressed their interest via a Qualtrics link distributed
through social media (e.g., Facebook, Twitter), Victoria University
websites, and digital forums (e.g., Discord). The study was open to ad-
olescents and adults 12 years and older who volunteered anonymously.
All participants read an information statement explaining their rights,
the study’s goals, and potential risks before giving informed consent. For
adolescents aged 12–18, a parent or guardian’s consent was obtained
first, followed by the adolescent’s assent. After reviewing the Plain
Language Information Statement (PLIS) and consenting to participation,
individuals underwent an in-person meeting where they received a
Fitbit device and a questionnaire link accompanied by a unique numeric
identifier. Researchers established individual accounts for participants
based on their unique numeric identifiers, enabling remote data
retrieval from Fitbit devices via the Fitbit website.

2.4. Statistical analyses

Data analysis was conducted with the tidyLPA package in R
(Rosenberg et al., 2019) and the Statistical Package for the Social Sci-
ences (SPSS). Latent class analysis (LCA) was employed to identify ho-
mogeneous subgroups (classes) of gamers based on their avatar-related
behaviors assessed by the PES-AIS. LCA, a widely used latent variable
modelling technique, identifies homogenous classes within a population
based on the indicator of interest (Larose et al., 2016). LCA estimates
various parameters (e.g., means, variances, covariances) simultaneously
and allows for their comparison across classes, offering an accurate
depiction of class characteristics. Multiple profile solutions (1 to 5 pro-
files) were compared across four different versions of parameter com-
binations (see Supplementary Table S1) to determine the optimal model
fit.

Fit indices, including Akaike’s Information Criterion (AIC),
Approximate Weight of Evidence (AWE), Bayesian Information Crite-
rion (BIC), Classification Likelihood Criterion (CLC), and Kullback In-
formation Criterion (KIC), were evaluated to select the model with the

best fit, with lower values indicating a better fit (Akogul & Erisoglu,
2017). The hierarchy of fit indices used were AIC, AWE, BIC, CLC, and
KIC, based on literature recommendations (Akogul & Erisoglu, 2017).
Additionally, entropy was used for model comparison and selection,
with values ranging from 0 to 1, where 1 signifies perfect classification
certainty (Celeux & Soromenho, 1996; Larose et al., 2016). An analysis
of variance (ANOVA) assessed physical health variations across the
different classes based on active step counts.

3. Results

Missing data were assessed using the missing completely at random
test (MCAR; Zhang et al., 2019), indicating data were missing
completely at random at the level of 1 % (χ2 = 41.5, df = 25, p = 0.02),
while missing values averaged approximately 2 % (i.e., between 2.48 %
and 2.12 %) considering the PES items (Field, 2017).

3.1. Model selection

A comparison of fit indices across the 20 models evaluated (four
parameterizations multiplied by one to five classes) determined that the
CIUP model with five classes exhibited the best fit according to AIC,
AWE, BIC, CLC, and KIC (Akogul & Erisoglu, 2017; see Table 1). How-
ever, upon further examination of model fit statistics, including entropy
and class size, issues related to class membership emerged. Notably, all
models, except the CIUP model with five classes, exhibited average
entropy values above the recommended threshold of 0.8 (Weller et al.,
2020), suggesting inaccurate class delineation. This was further re-
flected in the small size of one class (class one), comprising less than 1 %
of the sample. Therefore, considering all factors, the CIUP model with
three classes was chosen as the optimal model based on fit indices,
sample size, and classification quality, although a larger number of
classes might have provided a statistically superior fit.

3.2. Size of classes

Descriptive methods were employed to calculate the size of each
profile as valid percentages. The final count and proportion indicated
that approximately 26.9 % of the sample belonged to class 1, 7.43 % to
class 2, and 65.7 % to class 3 (see Table 2).

3.3. Classification quality

The CIUP model with three classes demonstrated classification ac-
curacy well above the recommended threshold of 0.76 (entropy = 0.95;
Larose et al., 2016), indicating over 90 % class classification and robust
membership across the three classes.

3.4. Classes across the indicator

Within the three classes, class one exhibited standardized averages
ranging from 0.787 to 1.45 standard deviations above the mean for all
PES-IAS items. Class one displayed higher scores than one standard
deviation above the mean on PE item 3 (“When I play with another
character, I feel involved in a different way in my real life”). Conse-
quently, individuals in class one were profiled as ’emotion and behavior
influenced gamers’. Class two exhibited scores higher than one standard
deviation above the mean for PE item one (“When I play with a different
character, I feel different in my real life”) and below the mean for PE
item three (“When I play with another character, I feel involved in a
different way in my real life”). Therefore, individuals in class two were
profiled as ’emotion and perception influenced gamers’. Lastly, class
three demonstrated scores ranging from 0.371 to 0.582 below the mean
on all PES items, leading to the profiling of individuals in this class as
’non-influenced gamers’ (see Table 3 and Fig. 1).

K. Hein et al.
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3.5. One-way ANOVA

Multiple one-way ANOVAs were run with the PE classes as the in-
dependent variable. Firstly, the one-way ANOVA on IGD at timepoint 1
across the three PE classes was significant, F(1, 558)= 32, p < 0.001. PE
classes explained 5.1 % of the variance in IGD at timepoint one. Sec-
ondly, the one-way ANOVA on IGD at timepoint 2 across the three PE
classes was also significant, F(1, 288) = 13.2, p < 0.001. PE classes
explained 4.3 % of the variance in IGD at timepoint 2. Afterwards, two
one-way ANOVAs were run, one on average weekly steps at timepoint 1
across three PE classes and the second using timepoint 2 average weekly
steps. Both were not significant F(1, 452)= 1.13, p= 0.29; F(1, 252)= 0,
p = 0.98, respectively.

Pairwise comparisons using the Bonferroni adjustment method were
conducted to identify where the differences lie for the significant one-
way ANOVAs. The ANOVA on IGD at timepoint 1 had significant com-
parisons between ‘emotion and behavior influenced gamers’ and
‘emotion and perception influenced gamers’ (p = 0.02); ‘emotion and
behavior influenced gamers’ and ‘non-influenced gamers’ (p < 0.001)
and was not significant between ‘emotion and perception influenced
gamers’ and ‘non-influenced gamers’. The ANOVA on IGD at timepoint 2
had significant comparisons between ‘emotion and behavior influenced
gamers’ and ‘non-influenced gamers’ (p< 0.001) and was not significant

between ‘emotion and behavior influenced gamers’ and ‘emotion and
perception influenced gamers’, ‘emotion and perception influenced
gamers’ and ‘non-influenced gamers’.

3.6. Regression analysis

To check for linear associations between average weekly steps and
PE and IGD, a multiple linear regression was conducted. Average weekly
steps were set as the output variable and PE and IGD were set as pre-
dictor variables. Only data collected at timepoint one was utilized in this
analysis. Multiple regression analysis revealed a significant model, F
(2,441) = 3.78, p = 0.02. The total variance explained by the model
when adjusting R squared was 1.2 %. IGD was found to be a unique
significant predictor t= -2.61, p= 0.009. For every one-point increase of
IGD, average weekly steps decreased by 98.7. While PE was not a sig-
nificant predictor t = -0.13, p = 0.90.

4. Discussion

The present study had two main aims: To examine the occurrence of
different PE profiles (i.e., a distinct class identified through latent class
analysis, characterized by a unique pattern of responses in regard to
their digital self-representation) and to assess how these profiles relate
to UAB and physical activity concurrently and over time. Latent class
analysis identified three distinct PE profiles among gamers: non-
influenced gamers, emotion and behavior influenced gamers, and
emotion and perception-influenced gamers. ‘Non-influenced gamers’
exhibited the lowest levels of PE, indicating their real-world attitudes
and behaviors were minimally impacted by their avatars. In contrast,
‘emotion and behavior influenced gamers’ displayed the strongest PE,
with avatars markedly influencing their emotions, perceptions, and real-
world conduct. ‘Emotion and perception influenced gamers’ fell be-
tween these two extremes; their avatar-related effects centered pri-
marily on shifted perceptions and thought processes rather than overt
conduct changes.

Furthermore, PE profiles are differentially related to disordered
gaming symptoms and physical activity. Specifically, ‘emotion and
behavior influenced gamers’ showed significantly higher IGD behaviors
at baseline and 6 months compared to the other profiles. However, there
were no significant differences between classes in average daily step
counts. Afterwards, a regression analysis demonstrated higher IGD was

Table 1
Initial model testing.

Model Profiles AIC BIC AWE CLC KIC

Class Invariant 1 10483.321 10535.363 10645.405 10461.321 10498.321
Diagonal 2 8690.063 8772.462 8947.968 8653.957 8712.063
Parameterization 3 8364.076 8476.834 8717.790 8313.877 8393.076
(CIDP) 4 8378.055 8521.170 8827.653 8313.687 8414.055

5 8117.896 8291.369 8662.986 8039.752 8160.896
Class Variant 1 10483.321 10535.363 10645.405 10461.321 10498.321
Diagonal 2 N.C N.C N.C N.C N.C
Parameterization 3 N.C N.C N.C N.C N.C
(CVDP) 4 N.C N.C N.C N.C N.C

5 N.C N.C N.C N.C N.C
Class Invariant 1 8545.057 8662.151 8912.245 8493.057 8575.057
Unrestricted 2 8335.288 8482.740 8798.366 8269.114 8372.288
Parameterization 3 8156.332 8334.142 8715.056 8076.228 8200.332
(CIUP) 4 8137.890 8346.058 8792.902 8043.214 8188.890

5 8017.270 8662.151 8767.765 7908.824 8075.270
Class Variant 1 8545.057 8662.151 8912.245 8493.057 8575.057
Unrestricted 2 N.C N.C N.C N.C N.C
Parameterization 3 N.C N.C N.C N.C N.C
(CVUP) 4 N.C N.C N.C N.C N.C

5 N.C N.C N.C N.C N.C
Note: This table shows comparisons between different number of profiles for four possible combination of model parameters (including varying/fixed classes and varying/fixed
covariances. Highlighted results (bold) indicate best model parameterization according to the best information criterion. Results showing N/C indicate that no convergence on a
solution was possible.
AIC=Akaike Information Criterion; BIC=Bayesian Information Criterion; AWE=Approximate Weight of Evidence Criterion; CLC=Classification Likelihood Criterion

Table 2
Population share of the different PE gamers.

Profile N %

Class 1 152 26.9
Class 2 42 7.43
Class 3 371 65.7

Table 3
Standardised mean scores of the PES-AIS items for the different profiles.

Profile Z PE_1 Z PE_2 Z PE_3 Z PE_4 Z PE_5 Z PE_6

Class 1 (EBIGs) 0.976 0.987 1.45 0.872 0.787 0.922
Class 2 (EPIGs) 1.61 0.094 − 0.237 0.164 0.432 0.796
Class 3 (NIGs) − 0.582 − 0.415 − 0.569 − 0.376 − 0.371 − 0.468

Note: Z scores represent standardised scores.
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significantly associated with lower daily steps, while PE was not a sig-
nificant predictor of daily steps.

4.1. Relationship between proteus effect profiles and user avatar bond

The identification of different PE profiles provides insight into the
multifaceted relationships between avatars, game immersion, and off-
line functioning. As outlined in the introduction, more immersive ava-
tars can augment players’ sense of presence, thus heightening the PE
(Birk et al., 2016). ‘Emotion and behavior influenced gamers’ in the
current study exhibited the strongest PE, suggesting they experienced
greater avatar embodiment and immersion that permeated into their
offline attitudes and behaviors. This suggests that factors like custom-
ization and emotional bonds may intensify their avatars’ persuasive pull
(Li & Lwin, 2016; Soutter & Hitchens, 2016). In contrast, ‘non-influ-
enced gamers’ displayed negligible avatar influence, which may indi-
cate lower immersion with a weak sense of avatar connection. ‘Emotion
and perception influenced gamers’ fell between these groups, with
moderate PEs and resulting UAB.

The PE profiles align with established patterns in UABs and identity
transference (Stavropoulos et al., 2020). Stronger bonds and blurred
self-avatar identities appear to be associated with amplified PEs and
higher IGD risks, as exhibited by ‘emotion and behavior influenced
gamers’ (Choi et al., 2018; Stavropoulos et al., 2021). Their avatars’
traits appear to transfer offline through demonstrating proteus-induced
shifts. Weaker bonds among ‘non-influenced gamers’ conversely appear
to limit the avatar identity permeability and offline effects. Again,
‘emotion and perception influenced gamers’ showed intermediate
permeability and transference. These findings demonstrate how avatar
connections shape online experiences and gaming risks through altered
perceptions and embodiment.

4.2. Relationship between proteus effect profiles and gaming Disorder,
and physical activity

The identification of PE profiles provides insight into how the avatar
relates to disordered gaming symptoms and physical activity engage-
ment. Notably, research has suggested that stronger emotional bonds
with avatars can increase gaming immersion and potentially encourage

problematic gaming behaviors (Burleigh et al. 2019; Mancini et al.,
2019). The high PE exhibited by ‘emotion and behavior influenced
gamers’ suggests strong UABs that may exacerbate maladaptive gaming
through heightened presence and identity blurring. Indeed, the ‘emotion
and behavior influenced gamers’ profile contained increases in baseline
and longitudinal IGD scores which align with research linking greater
UAB to amplified IGD risk (Stavropoulos et al., 2020; Stavropoulos et al.,
2021). ‘Emotion and behavior influenced gamers’ cognitive, emotional,
and behavioral permeability to their avatars appears to extend to
problematic gaming behaviors and symptoms.

In contrast, ‘non-influenced gamers’ showed negligible PEs and had
the lowest IGD scores out of the three profiles. Thus, it appears that
having a weaker bond with their avatars attenuated immersion in
gaming and resulting problematic behaviors (Stavropoulos, et al., 2020).
This could be because ‘non-influenced gamers’ simply view their avatars
as tools within the game, and thus the identity permeability and
persuasive influence of the avatars is limited (Burleigh, et al., 2019).
Their lack of emotional investment in the UAB suggests that gaming
remained within healthy limits. These findings demonstrate how the
depth of avatar customization and bonds can influence disordered
gaming symptoms through controlled immersion. For ‘non-influenced
gamers’, their UAB was shallow, minimizing disorder gaming risks and
resulting in a low PE influence.

Interestingly, PE profiles did not relate to physical activity differ-
ences based on step counts. ‘Emotion and behavior influenced gamers’
showed the lowest activity levels, aligning with their gaming disorder
score which has been linked to lower physical activities levels (Henchoz
et al., 2016). However, significant variation between profiles was not
evident, contrasting with research that suggests greater avatar bonds
can reduce offline health behaviors through displacement (Stavropoulos
et al., 2021). The lack of association suggests factors beyond PEs, like
gaming motives and preferences, may better explain activity engage-
ment. Nevertheless, higher IGD scores significantly predicted lower
longitudinal steps, indicating excessive immersion could impede active
lifestyles. Overall, these mixed findings warrant further examination
into how avatar relationships motivate and inhibit physical pursuits.
Additionally, customizing avatars to promote activity intentions could
reveal promising interventions to counteract gaming’s potential seden-
tary effects (Birk et al., 2016; Kang & Kim, 2020). For instance, one

Fig. 1. Standardised mean scores of the PES-AIS items for the different profiles. Note: Z scores represent standardised scores.
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study found users with younger avatars were able to exert greater
physical effort, highlighting the potential of avatar customization to
enhance physical activity (Li et al., 2021). This evidence underscores the
need to explore how gaming experiences can be leveraged to promote
healthier behaviors.

The present findings demonstrate that the PE profiles, specifically
‘emotion and behavior influenced gamers’ susceptibility, provide valu-
able insights into IGD risks, however the differences in physical activity
are less clear. While the PE profile and avatar do not appear to directly
relate to activity levels, their amplification of disordered gaming ap-
pears to impact active behaviors over time. These findings highlight the
complex interplay between gamers’ PE profile, UAB, their gaming
involvement, and related outcomes. Tailoring avatar customization to
engender healthy immersion and motives can potentially mitigate
obsessive symptoms while encouraging offline functioning. Further
disentangling the nuances within avatar relationships can ultimately
inform targeted interventions promoting controlled, rewarding play.

4.3. Limitations and Future research

Despite novel insights, there are a number of limitations which
should be considered. The reliance on self-reports for gaming behaviors
can involve response biases prone to social desirability concerns (Paul-
hus, 1991). Additionally, self-reported data may not have captured the
implicit effects of the PE. Utilizing objective data (e.g., time spent
customizing one’s avatar) may result in different associations being
found. The adult sample also restricts generalizability to higher risk
youth. Additionally, the two assessment timepoints spanned just six
months. It should also be noted that the present paper was exploratory in
nature, and thus no testable hypotheses were generated. Though, future
research could build upon the present findings to develop and evaluate
specific hypotheses.

Future longitudinal research should track adolescents/adults over
longer follow-up periods to better understand how UABs evolve devel-
opmentally and impact online and offline functioning over time. Sys-
tematically manipulating avatar customization could isolate causal
effects on disordered gaming and activity. While this study incorporated
two timepoints, the relatively brief 6-month follow-up provides limited
perspective on PE profile consistency. A longer follow-up could reveal
different results by capturing potential effect decay or reinforcement,
interactions with diverse real-world experiences, and individual differ-
ences in adaptation rates. However, extended follow-ups risk higher
attrition, potentially compromising result validity. The six-month
follow-up balanced these considerations, aiming to observe changes
beyond immediate effects while mitigating practical constraints. Future
research with varied follow-up durations would contribute to a more
comprehensive understanding of the PE’s temporal trajectory, and the
present study provides a foundation for such investigations. Ultimately,
research clarifying how avatar relationships progress across at-risk age
groups and influence experiences longitudinally, will provide essential
insights to inform targeted, tailored interventions promoting healthy
gaming and functioning.

4.4. Implications for research and practice

Our findings have implications for both researchers and practitioners
in the fields of cyberpsychology and mental health. For researchers, this
study underscores the importance of examining the long-term psycho-
social effects of avatar use. Future longitudinal studies should investi-
gate how gamer-avatar relationships evolve over time and influence
offline behaviors, potentially uncovering mechanisms for early inter-
vention in problematic gaming. For mental health professionals, our
results highlight the need to consider clients’ relationships with their
gaming avatars when assessing and treating IGD. Therapeutic in-
terventions might focus on helping clients distinguish between their
virtual and real-world identities, possibly by strengthening real-world

social connections and self-concept (Lemenager et al., 2020).

4.5. Conclusion

This study identified distinct subgroups of gamers based on their PE
profiles in relation to their avatars. ‘Emotion and behavior influenced
gamers’ experienced the strongest avatar-related shifts in emotions,
cognitions, and offline conduct. Their greater immersion and identifi-
cation likely contributed to amplified effects that have been associated
with increased disordered gaming scores. In contrast, ‘non-influenced
gamers’ displayed minimal avatar influence and gaming disorder scores.
Moreover, PE profiles did not appear to be significantly associated with
physical activity levels between profiles, however IGD scores were found
to be higher in profiles that were highly influenced by their avatars, like
‘emotion and behavior influenced gamers’, which may be indirectly
related to reduced activity engagement over time. These findings high-
light how avatars differentially permeate gamers’ online experiences
and offline functioning through proteus-induced changes. Additional
research is needed to extend these insights across diverse age groups and
explore causality between PEs and disordered gaming over time.
Uncovering optimal avatar bonds that maximize immersion yet
constrain negative transference can ultimately inform protective
interventions.
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