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Abstract

Objective: A systematic review of health interventions using avatars (N = 18) was conducted to provide com-
prehensive knowledge of the effectiveness of using avatars to promote healthy behaviors, specifically in
relationship to healthy eating and exercising.
Materials and Methods: Two researchers identified field or laboratory studies that had quantified study results,
which were published in peer-reviewed journals in English from January 2000 to March 2019. Databases (Psy-
chInfo, PubMed, and Web of Science), forward reference, and manual searches were used to identify the studies.
Search terms included avatar, the Proteus effect, exercise, and diet, among others. Two field interventions and 16
laboratory studies were identified. Information on sample characteristics, technologies used, study design and
conditions pertaining to avatars, outcome measures, results, and conclusion were extracted.
Results: Six different avatar characteristics used to elicit health outcomes were identified, which are the similarity
with the user, avatar body size, self-domain (e.g., ideal-self), customizability, body transformation, and avatar’s
behaviors. Only a few studies had a no-avatar control group; thus, it was not possible to conclude whether employing
avatars in health interventions increases the effectiveness of the interventions in comparison to not using an avatar.
Conclusion: The results indicate that using an avatar that is physically active, fit, and similar-looking (to the
user) is effective in eliciting healthy behaviors.

Keywords: Systematic review, Avatars, Virtual self, Physical activity, Eating behaviors

Introduction

Avatars, defined as graphical representations of users in
mediated environments,1 can be applied to a broad range

of media technologies such as social media,2 games,3 and vir-
tual reality.4 Previous research has shown that avatar has great
potential to generate positive psychological and behavioral
outcomes in health domains.5 For example, thanks to the gra-
phic technologies creating highly realistic avatars, avatars can
simulate the subject’s past and current health status as well as
future health consequences determined by current health
choices (i.e., what-if scenarios).5 Visually depicting future
health consequences using an avatar can have a stronger per-
suasive impact on the users, than conventional textual or visual
persuasion messages.6,7 Moreover, avatars can facilitate sub-
jects’ engagement and enjoyment in health interventions
through feelings of identification with or embodiment in ava-
tars,8,9 thereby improving retention rates.10

As avatars have the potential to facilitate success in health
interventions, reviewing and synthesizing previous empirical

research that utilized avatars is a timely task that will benefit
future research by illuminating the ways in which users are
psychologically connected to their avatars and processes
through which an avatar’s characteristics influence the users’
health behaviors in real life. Practically, it can provide useful
knowledge and guidelines in designing effective and enjoy-
able health interventions using avatars.

To our best knowledge, no systematic review of avatar use
and effectiveness in health interventions is available thus far.
Although a 2012 review examined avatar as one of the design
features in e-health interventions,11 it did not focus on the
effectiveness of avatars. Moreover, the term avatar was not
defined as a virtual representation of the user, but as an au-
tomatized system that simulates person-to-person interaction
with the user, which is the definition of computer agents.12

This study reviews the use of avatars and their effectiveness
in health behavior change, particularly in physical activity
and healthy eating. The specific objectives of this study are to
(1) synthesize studies that used an avatar-based approach in
health behavior change and the effectiveness of avatars
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compared to a nonavatar-based approach, (2) review theo-
retical explanations proposed or tested as underlying psy-
chological mechanisms of effects of avatars, and (3) assess
various types of avatar characteristics and their effectiveness.

Data Search

Data source

This study used three databases: PsychINFO, PubMED,
and Web of Science. Research published between January
2000* to March 2019 were included. Search terms were
combinations of the following two groups of keywords (1)
‘‘avatar,’’ ‘‘character identification,’’ ‘‘virtual embodi-
ment,’’ ‘‘self-presence,’’ ‘‘virtual representation,’’ ‘‘game
character,’’ ‘‘mediated self,’’ ‘‘virtual self,’’ ‘‘exergame,’’
and ‘‘Proteus effect’’ and (2) ‘‘exercise,’’ ‘‘diet,’’ ‘‘eating,’’

‘‘health intervention,’’ ‘‘health promotion,’’ ‘‘physical ac-
tivity,’’ ‘‘nutrition,’’ ‘‘obese,’’ ‘‘obesity,’’ ‘‘weight loss,’’
‘‘weight management,’’ and ‘‘well-being.’’ Five hundred
fifty-nine articles were found in Web of Science, 478 articles
in PubMED, and 109 articles in PsychNFO. Four additional
articles were identified by manually reviewing references in
the reviewed articles (Fig. 1).

Data inclusion and exclusion criteria

An eligible study must have been published in English in
peer-reviewed journals and examined the effect of avatars on
health-related behavioral and/or psychological outcomes
using quantitative methods. Research that used, but did not
directly manipulate, avatar characteristics were excluded. In
addition, studies that used the term avatar to indicate com-
puter agent, not a representation of the user, were excluded.
Finally, intervention studies with clinical populations were
excluded because this research focuses on preventive health
practices.

FIG. 1. Inclusion and exclusion process.

*The year 2000 was selected as the starting year because this was
when avatar technology was mature enough to be used in health
interventions and early avatar studies began to emerge.
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Data extraction

The following information was extracted from the re-
viewed studies: (1) author(s), publication year, sample size,
and characteristics; (2) technology used (hardware and
software); (3) health domain and outcome measures; (4)
manipulation of avatars; (5) underlying theories and/or
concepts; and (6) study results (Tables 1 and 2). In addition,
the risk of bias assessment was conducted by two researchers
(Fig. 2).

Results

Summary of the data sample

Fifteen research articles were included in the review. Ar-
ticles that had multiple studies were considered individually,
which resulted in 18 studies in total. The total number of
participants across all the studies was 1513 (male = 583 and
female = 930). The sample size in the individual studies
ranged from 23 to 156. All but three studies recruited college
students as study subjects. The other three studies recruited
overweight children,13 overweight adults,14 and overweight
veterans.15 Of the 18 studies reviewed, 2 studies were long-
term field interventions, and 16 studies were laboratory ex-
periments. Hardware used in the studies included 2D screen
desktop computers, console games with a controller (i.e.,
Nintendo Wii), and 3D head-mounted gear. In terms of
software, off-the-shelf games (e.g., The Sims 4), an online
virtual world called Second Life, and an immersive virtual
environment with 3D self-modeling were used.

Theoretical explanations

Regarding the theoretical bases, social cognitive theory16

was the most frequently used.15,17,18 Based on social cog-
nitive theory, an avatar can be a behavioral model from
which people learn healthy behaviors through observation
and imitation. Eight studies mentioned the Proteus ef-
fect,13,17,19–22 which explains the influence of avatars based
on self-perception theory.23 The Proteus effect argues that
users behave in accordance with their avatar’s perceived
traits.24 A similar theoretical explanation is the perception-
behavior mechanism,21 which posits a direct connection
between perception and behavior.25 According to this ex-
planation, perceiving an avatar activates a certain self-
concept, and subsequently, it induces the user to behave
following the activated self-concept. Similarly, one study20

argued that priming participants with a healthy self-concept
using an avatar can lead to actual healthy behaviors.

Two studies26,27 used self-discrepancy theory28 as a the-
oretical framework. According to the theory, there are three
basic domains of the self: the actual self, the ideal self, and
the ought self. These studies had participants create an avatar
that reflect a particular domain of self and examined whether
changing one’s view of the self through the avatar leads to a
change in health behaviors. Finally, the General Learning
Model (GLM) was used in two studies.29,30 The GLM as-
sumes that personal and environmental factors influence an
individual’s internal state, and thereby elicit specific be-
haviors. These studies viewed avatar as a personal or envi-
ronmental factor, which could activate an internal state that
leads to health behaviors.

Effects of avatars

The first objective of the study was to synthesize previous
studies and examine whether the use of an avatar leads to
better health intervention outcomes. Three studies directly
compared an avatar treatment condition to a no-avatar con-
trol condition. Among them, one study14 found that the av-
atar condition was more effective for exercise efficacy.
Another study found that the participants in the condition
where their avatar’s body size changed as a result of their
behavior showed a significant difference in the users’ level of
physical activity, while there was no difference between the
no-change avatar and control groups.17 The last study did not
find any difference among all conditions for calorie expen-
diture during physical activity and self-efficacy for physical
activeness.15

Effects of avatar characteristics

The second objective was to review and assess the effect
of different avatar characteristics. Various avatar character-
istics were implemented, including similarity (avatar similar
vs. dissimilar to the user), body size (obese vs. normal ava-
tar), customizability of avatar (customizable vs. non-
customizable), avatar body transformation (change vs. no
change), self-domain (ideal self vs. actual self vs. ought self
avatar), and avatar’s behavior (healthy vs. unhealthy). Some
studies employed more than one avatar characteristics.

Similarity. Five studies implemented similar versus dis-
similar avatars.15,17,30 Similarity manipulation included actual
physical resemblance and perception of similarity. Four stud-
ies found the effectiveness of a similar avatar. Three studies
showed that the participants had a higher level of motivation
for an actual engagement in physical activity when they ob-
served the similar avatar exercising or when they exercised
using an avatar that looks or is perceived to be similar to them,
compared to a dissimilar avatar.17,30 Another study did not find
a significantly larger effect of using a similar avatar on en-
hancing the participants physical activity levels, as compared
to a non-similar avatar or not using an avatar at all.17

Avatar body size. Five studies13,18,19,21,22 focused on
how an avatar’s body size influenced users’ health-related
behaviors. Four studies13,18,19,21 found the main or interac-
tion effects, and one study found no effect.22 Peña et al.19,21

found that a normal-sized avatar increased physical activity
during exergame play. In addition, participants who used an
obese avatar showed decreased physical activity when they
perceived the body size difference to be significant between
their own avatar and the opponent player’s avatar. Moreover,
those who were in the normal-sized avatar condition showed
more vigorous physical activity when playing against a
normal-sized avatar than an obese avatar. These interaction
effects indicate that in a competitive exergame setting, an
opponent avatar should be active and fit to motivate users,
but the gap between the users’ own avatar and the competitor
avatar should not be too large.

Another exergame study13 found that participants who
used a normal-sized avatar showed better exercise attitude
and motivation after playing the game as well as better game
performance than obese avatar users. The last study18 found
that the normal-sized avatar elicited healthy behaviors from
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the users only when the avatars practiced healthy behavior,
while the normal-sized avatar performing unhealthy behav-
iors did not. In comparison, obese avatars were not effective
in changing the participants’ behaviors regardless of be-
havior types.

Self-domain. Four studies20,26,27,31 utilized avatars re-
flecting different domains of self (e.g., ideal, actual/present,
or ought self), and two studies26,31 found the main effect of an
avatar reflecting ideal self. The first study31 found that par-
ticipants who used ideal-self avatars showed lower dis-
counting rates (i.e., tendency to disregard the value of future
gains relative to immediate rewards), which resulted in
healthier eating behaviors than those who used present-self
avatars. The second study26 found that participants who cre-
ated a desired-self avatar that represented their ideal body
showed a clearer visualization of the ideal body shape than
those who created an actual-self avatar. On the other hand, the
actual-self avatar creators displayed a higher level of health
risk perception. The visualization and health risk perception
were positively related to the tendency for prevention-focused
self-preservation (i.e., not engaging in unhealthy behaviors).

The other two studies20,27 found interaction effects with
other variables. One study27 found a three-way interaction
between activated self-concept, regulatory focus, and effi-
cacy appeals. When the actual self was activated by creating
an avatar in a health game, a fit between regulatory focus and
efficacy appeal (i.e., priming promotion focus and using self-
efficacy appeal or prevention focus and using response effi-
cacy appeal) resulted in greater healthy dieting intention.
However, when the ideal self was activated, the opposite was
true. The other study found that the effect of activation of
ought self on the healthy eating behavior was moderated by
health consciousness; those who were highly health con-
scious were more likely to show healthier behavior than
those who are not when ought self was activated.20

Customizability. Two studies examined the effect of av-
atar customization.26,32 One26 showed that participants who
customized their own avatar showed greater intention to
spend the time to maintain their health. However, unlike their
response about the intention, those who customized their av-
atar actually engaged in more unhealthy behaviors than those
who were randomly assigned an avatar. Another study32 found
an interaction effect between the avatar’s gender and inter-
nalization of health ideals. Specifically, those who internalized
health as a part of their ideal self showed greater intention for
exercise and healthier eating when they customized an avatar
whose sex is the opposite to their own than those who did not
internalize healthy ideal self.

Body transformation. Two studies utilized change versus
no-change conditions.17,33 One study17 found that partici-
pants in changing avatar conditions (i.e., gaining weight
when participants were inactive and losing weight when
participants were exercising) showed greater physical ac-
tivity after the use of avatars than participants in no-avatar or
no-transformation conditions. The second study33 found that
the participant’s sex moderated the avatar effect. The study
hypothesized that body transformation would increase partic-
ipants’ feeling of presence and lead to healthier eating behav-
iors. For female participants, the increased presence resulted in

healthier behaviors than those who felt a low presence, whereas
male participants showed the opposite pattern.

Behavior. Three studies utilized the avatar’s health behav-
iors.17,18,30 One study30 found the main effect of physical ac-
tivity level on participant’s feelings of exhaustion in exergames.
The other two studies found interaction effects between the
avatar’s behavior and similarity17 and body size18, which are
mentioned in the Similarity and Avatar body size sections.

Discussion

Implementation of avatars in health interventions

Among the 18 studies, 3 studies had a no-avatar control
condition. Due to the small number of studies, it is hard to
conclude whether adding an avatar to health intervention is
likely to result in better intervention outcomes. However,
study results suggest that using an avatar with a particular
characteristic can enhance health outcomes.

Utilizing diverse avatar features in health interventions

Six different strategies have been employed by previous
studies: similarity, avatar body sizes, self-domain, customiz-
ability, body change, and avatar’s behavior. Although this
review does not provide a quantitative analysis of their effec-
tiveness, over 60% of studies that employed similarity or body
size as avatar manipulation found the main effect of the strategy.

Regarding similarity, the results suggest that when the users
perceive the avatar to be similar to themselves, it amplifies the
impact of the avatar’s behavior on the user’s subsequent be-
havior. This implies that the psychological connection be-
tween the user and the avatar, induced by the perception of
similarity, plays a vital role in engendering health behaviors.
This psychological connection can be conceptualized as
identification,34 embodiment,1,35 or self-presence.36 Although
these concepts commonly aim to explain the connection be-
tween the user and the avatar, they capture different types of
experiences.37,38 Future research should test a mediating or
moderating role of these concepts to further illuminate the
underlying process of similarity effect.

Another noticeable result was the effect of the body size of
avatars. Three out of four studies found that a fit avatar was
effective in eliciting health-related outcomes. This result is
consistent with self-perception theory,23 which argues that
people behave in accordance with their own observation of
themselves. In a similar vein, when using an avatar, people
align their behaviors to what they perceive their proxy (i.e.,
avatar) to be like.

Studies that utilized customization, self-domain, body
change, and avatar’s behavior found significant interaction
effects between each other or with user trait variables (Ta-
ble 2). Therefore, the avatar characteristics reviewed in this
study may be more effective when they are combined to
promote behavioral changes,17,18 or when user characteris-
tics (e.g., personality traits, and attitude toward or involve-
ment in healthy lifestyle) are taken account of.20,29

Theoretical and practical implications

The theoretical frameworks mentioned in the studies
can be categorized into three groups: social cognitive ap-
proach, perception-behavior consistency approach, and self-
discrepancy approach.
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The social cognitive approach focuses on modeling after
the avatar. Study results pertaining to similarity, body
transformation, and avatar behaviors demonstrate that ava-
tars can be a powerful model for vicarious or enacted
learning.39,40 By practicing healthy behaviors through an
avatar, users can learn the behaviors, and the learning could
be facilitated by an increased similarity between the avatar
and the user. Furthermore, given that body transformation
was found to be effective, visualizing positive health con-
sequences through the transformation of an avatar seems to
increase the user’s positive outcome expectancy,41 which
motivates them to adopt healthy behaviors. State-of-the-art
graphic technology allows a high level of similarity between
an avatar and the user, as well as a realistic simulation of
health behaviors and their consequences. Future health in-
terventions can benefit from these technological advance-
ments to maximize effectiveness.

The perception-behavior consistency approach is based on
the premise that people automatically behave in a way
consistent with their perception of self or others.23,42 Since
avatars are a virtual representation of the users, an avatar
being perceived healthy and active can be carried over to the

user’ own self-conception, consequently engendering cor-
responding behaviors. Although the theoretical proposition
of this approach has been well established, the underlying
process has not been rigorously tested. Future research should
test whether the user’s self-concept is actually changed in line
with the avatar’s characteristics.

Finally, the self-discrepancy approach is based on a dis-
crepancy between different self-domains. Different self-
domains made salient to users through an avatar direct the
users’ attention to the gap between what they ideally want to
be or what they should be and what they are now. This
discrepancy, in turn, motivates individuals to narrow the
gap. Self-discrepancy should not be too large as it can be
demotivating.

Limitation

First, this study only included research participants who
are from a nonclinical population. Fifteen out of 18 studies
used a college student sample, which hinders generalization
of the study results. For clinical populations, researchers
might need to consider other dispositional or contextual

FIG. 2. Risk of bias assessment. H, high risk of bias; L, low risk of bias; U, unclear risk of bias.
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variables unique to the population. Most of the included
studies used short-term exposure, although oftentimes
health-related behavioral change requires the long-term ef-
forts. Therefore, investigating long-term effects of avatar use
will be beneficial. Finally, this study focuses more on re-
viewing and synthesizing diverse avatar strategies that have
been used in existing research and illuminating their theo-
retical mechanisms. It does not report a statistical analysis of
the results due to the small number of studies in each cate-
gory of the independent variables. Future research can pro-
vide a more concrete conclusion about the effectiveness of
different avatar strategies using the meta-analytic approach.

Conclusion

This review found that employing an avatar in health in-
terventions could be effective when the avatar is similar to
the user, fit, customizable, and demonstrating health conse-
quences. Users could be motivated by an avatar that reflects
their ideal or ought self. When these strategies are used,
relevant user traits should be taken into consideration, in-
cluding gender and health consciousness. Social cognitive
theory, self-perception theory, and self-discrepancy theory
can best explain the underlying processes of the effects of
avatar use on health behavior.
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