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Abstract

Morbid obesity in association with comorbidities is
a considerable burden for the healthcare systems
worldwide. Long-term weight loss maintenance
requires sustainable behavioral changes but poor
adherence is a significant problem in obesity care today
and patients often relapse. Prior research has found
conversational — agents with of a humanoid
representation (avatar) embodying the role of a virtual
coach useful for the interface of health behavior change
support systems. Regarding the avatar design, the coach
could, e.g., take the role of an obese “peer buddy” or a
lean “expert”. Based on requirements and design
principles derived from the literature, the present study
investigates how the avatar should be designed.
Therefore, two patient surveys were conducted to
evaluate static and dynamic representations of potential
coaches. The results suggest that patients welcome the
concept and lean “expert” coaches might be more
suitable in an obesity context. Design implications for
future research are derived and discussed.

1. Introduction

According to a recent study, one in five deaths
worldwide was associated with unhealthy nutrition [1].
Obesity, as a disease related to poor nutrition and high
treatment costs, poses a significant challenge for the
national health care systems [2]. The causative factors
of obesity are manifold, with poor diet and a lack of
physical activity playing an important role [3]. An
increasing body mass index (BMI), increases the risk for
secondary diseases as well (e.g., diabetes type 2,
cardiovascular diseases or mental illnesses) and obesity
becomes a complex chronic disease [3]. A BMI over 40
kg/m? is considered as morbid obesity and associated
with a very high risk of comorbidities [4]. Sustainable
lifestyle modifications with changes in nutrition and
exercise behavior are mandatory for any long-term
treatment success. Especially the life-long follow up
care, characterized by a successive reduction of
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appointments carries a considerable risk of relapse.
About 70% of patients relapse and do not maintain
weight loss over a period of three years [5].

Health behavior change support systems (HBCSS),
i.e., software applications that aim to transform attitudes
or behavior by using persuasive techniques, promise an
improvement of adherence and treatment outcomes [6]—
[8]. Regarding the user interface of HBCSS, current
research focuses on the development of conversational
agents (CAs) taking the role of virtual coaches (VCs)
[9]-[11]. CAs enable text or speech-based human-
computer interaction and are able to emulate
interpersonal communication [12]. A subtype of CAs
are embodied conversational agents (ECAs) that have an
animated visual representation (also called avatar) [13],
[14]. Prior research has revealed that in application areas
in which rapport and trust are crucial (like health
behavior change), ECAs should be preferred over
disembodied agents [15].  Considering that
demoralization due to a lack of social support and
motivation are major barriers to long-term weight loss
maintenance [16], ECAs as computerized social actors
are a promising tool for obesity care. However, there is
a lack of HBCSS that make use of avatar and CA-
technologies and address the needs of obese and
especially morbidly obese patients. As a result, less
research has been done on how the avatar should look
like for this application context [17]. This is also
surprising considering the stigmatization and self-
stigmatization patients with obesity commonly
experience [18]. A central question in this domain refers
to whether the avatar should take the social role of an
obese “peer buddy” or that of a lean role model. While
a well-designed avatar can have a positive impact on the
persuasion, imperfections may also lead to a rejection of
the entire system [19]. Therefore, we want to investigate
the following research question:

RQ: How should the avatar of a virtual coach for
morbidly obese patients be designed?

Page 3835



To address this research question, we followed a
design science research (DSR) approach. The remainder
of this paper is structured as follows. In the next section,
we introduce the theoretical background of our study.
Afterwards, we describe our research methodology in
detail and present our results followed by a discussion.
We close this paper with an outlook on future research
and a summary of our contributions.

2. Theoretical Background

2.1. Conversational Agents and Avatars for
Health Behavior Change Support

An essential foundation for using CAs and avatars as
user interface of HBCSS is the “computers are social
actors” paradigm [20]. The paradigm grounds the idea
that humans apply the same rules to cues in software
systems (e.g., trust as social response to a particular
avatar design) as in human interactions [20]. Based on
this seminal work and further research results, Oinas-
Kukkonen and Harjumaa [21] developed the persuasive
systems design model that can be considered as one of
the most important vehicles for guiding the development
of HBCSS [7], [8]. The model proposes 28 design
principles, where the present study examines the
principle of employing the system with a “social role”
more in detail and investigates how it can be applied to
HBCSS in obesity care.

Prior research has found that different
characteristics of the communicator such as likability,
similarity, attractiveness, authority and credibility (with
its key dimensions trust and expertise/intelligence)
determine the persuasiveness and thus the intervention
effectiveness [22], [23]. A question that has been
discussed in the literature for years concerns whether a
VC (or pedagogical agent in learning settings) similar to
the user in terms of visual appearance (“peer”) or an
authoritative “expert” might be more effective [24]-
[27]. Several theories, such as the social cognitive
theory [28] or similarity attraction theory [29] suggest
that people might be more persuaded by similar others.
Similar others can act as social models that demonstrate
a certain target behavior and instill the awareness that
the observer is able to successfully accomplish it too
[30]. Furthermore, socially attractive communicators
with a high degree of likability and similarity to the
recipient are especially effective persuaders when
people make personal and emotional decisions [22].
However, perceiving the communicator as an expert
could be beneficial when facts are involved [27].
Consequently, the use of multiple coaches where each
embodies a different role might be an effective approach
and is referred to as “split persona” effect [31], [32].

With respect to the design of a VC for obesity
patients, designing the avatar (or in case of multiple
coaches at least one avatar) similar to the appearance of
the user seems reasonable based on the previous
considerations. Against the background that avatar
technologies enable a realistic modeling of the
individual’s appearance, the maximum degree of
similarity can be achieved if the avatar resembles a
virtual “doppelganger”. For instance, the study by Fox
and Bailenson [33] investigated the influence of an
avatar with the same face on physical activity behavior.
The results revealed that observing how a virtual self
model is running on a treadmill was more effective for
increasing physical activity (in the real world) than
observing a virtual other. However, the recent study by
Navarro et al. [34] discloses that using avatars with real
body dimensions can elicit anxiety in overweight people
that are often unsatisfied with their own body image
(mean BMI of study group 28.7 kg/m?). In contrast, the
study by van Vugt et al. [35] recommends the use of
overweight avatars as virtual health advisors in general
(mean of study group BMI 22 kg/m?). Napolitano et al.
[36] used obese avatars in educational videos in which
the avatar demonstrates healthy eating and exercise
behavior. The patients were then asked questions
regarding their preference of an avatar with the same
face and an avatar that changes the size/shape (becomes
thinner) as the patient progresses through the program.
The survey results (n = 8, mean BMI 33 kg/m?) revealed
that the participants had mixed preferences regarding an
avatar that looks like them, while the majority preferred
the idea of an avatar that simultaneously changes the
body shape with the patient.

Since the study populations are significantly
different from the target population of our study (BMI >
40 kg/m?) it seems questionable to what extent the
results of previous studies are applicable.

2.2. Theory of Uncanny Valley

While an anthropomorphic (human-like) software
design can elicit positive social responses such as
intelligence or trustworthiness [37], [38], mismatches of
different anthropomorphic design elements (also called
social cues) may lead to a rejection of the system. If the
technology cannot meet the expectations that are
aroused by a human-like design, the so called “uncanny
valley” effect described in the theory by Mori et al. [39]
may occur. The theory posits that increasing the
“human-likeness” of an artifact can increase the
acceptance at first, but the user feels eeriness by a
system that appears “too human” but do not behave like
areal human. Thus, the acceptance effect abruptly drops
negative towards an “uncanny valley”. Bartneck et al.
developed the ,,Godspeed Questionnaire®, that is a scale
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widely used in robotic research to measure the user’s
perception of a robot. The questionnaire is available in
several languages and assesses the dimensions
anthropomorphism, animacy, likability, perceived
intelligence and perceived safety of robots. However,
due to correlations among these indices, the scale is only
partially suitable for measuring the uncanny valley
effect [40]. Therefore, a revised scale that comprises the
dimensions eeriness, humanness and attractiveness has
been suggested [40]. Both instruments are used in our
research for evaluating design decisions.

3. Research Methodology

Our research follows the DSR framework proposed
by Hevner [41] consisting of three design science
cycles: relevance, design and rigor. The instantiated
framework with the conducted steps is depicted in
Figure 1. Based on this approach, we aim to
systematically contribute to the knowledge base with
new design implications [42]. The conducted research
steps are embedded into a larger DSR project
investigating the design of an avatar-based VC for
obesity patients [43].

Environment Knowledge Base

Foundations:

Design Science Research

Application Domain:

Obesity treatment &
management

Behavior change
theory

Design-Artifacts &
Processes

People:

* Patients

« Physicians

* Nutrition
therapists
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Technologies
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Knowledge Base

Design
Cycle

* Requirements
* Field Testing
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Opportunities

* Lack of adherence
in obesity follow up

Evaluation

Digital Health
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Research Steps:

@ Awareness of the Problem @ Designing static and @ Documenting
dynamic Avatars Design Knowledge
@ Deriving Meta-Requirements

and Design Principles from
Literature

Evaluating static and
dynamic Avatars

Figure 1. DSR three cycle view according to
Hevner [41] and conducted research steps

We initialized our research with the awareness of
the problem as described in the introduction (step 1). In
the second step, we derived a first set of meta-
requirements and design principles from the literature
(knowledge base). Against the background that several
studies suggest that both static and dynamic aspects of
the ECA influence the user’s impression [25], [44], [45],
we evaluated both perspectives. Therefore, we designed
avatars of potential coaches based on the elicited
requirements and design principles (step 3) and

conducted an evaluation of the static and dynamic
representation (step 4). After the evaluation, we
documented our gathered design knowledge (step 5).
The survey participants were recruited from a non-
surgical obesity treatment program in a German
hospital. The program participants have a mean age of
46 years and a mean BMI of 49.5 kg/m? [16]. As our
survey solely focused on opinions, a formal medical
ethical approval was not required. All patients provided
their consent.

The avatars of the potential coaches were rated on
a semantic differential scale from 1 to 7 with regard to

the dimensions: perceived humanness, eeriness,
attractiveness, likability, perceived intelligence,
trustworthiness, authority and the self-assessed

likeliness following the coach’s advice. The first three
dimensions were adapted from the revised “Godspeed”
scale proposed by Ho and MacDorman to assess the
uncanny valley effect [40]. In order to avoid fatigue
when completing the questionnaire, only the items with
the highest factor load were considered. The likability
and perceived intelligence scales were adapted with a
subset of items from the Godspeed questionnaire by
Bartneck et al. [46]. The remaining three dimensions
(trustworthiness, authority and likeliness to follow the
coach’s advice) were adopted in accordance to the
studies by ter Stal et al. [25], [47].

In addition, the patients were asked if they would
prefer two coaches (peer and expert), what they think
about losing weight simultaneously with the avatar (i.e.,
the avatar dynamically changes the BMI over time) and
their preference regarding an avatar as virtual self (same
hair, face,...). While the first question aimed to assess
the general interest in a multi-coach approach (e.g.,
[48]), the second and third question were adopted in
accordance to the study by Napolitano et al. [36].
Furthermore, a free-text field was included where the
patients could express their own ideas.

4. Deriving Meta Requirements and Design
Principles from Scientific Literature

As discussed in section 2, a persuasive design of the
VC is of pivotal importance to digitally support
behavioral changes [8], [11]. However, given that the
avatar is always present to the user when interacting
with the system, this feature poses a hurdle. In addition
to the visual appearance, also design features such as
speech or movements must be brought into harmony in
order to ensure a persuasive appearance [38]. We
summarize in MR-1: ,, The avatar of the virtual coach
should be perceived persuasive”. With respect to a
persuasive design of the avatar, a rich body of design
principles is available in the literature (e.g., [38], [49],
[50]). Nevertheless, what the coach’s avatar should look
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like in an obesity context is largely unclear. Opinions in
literature differ and so far, to the best of our knowledge,
no study has explored the appearance of an avatar-based
VC in a morbidly obese population. Additionally, it is
unclear to what extent a “split persona” (multi-coach)
approach may be considered for a VC to support obesity
patients. Such an approach has so far been less
investigated, but can be found, e.g., in the recent
Horizon 2020 project “Council of Coaches” (see [48]).
For this reason, no meta-requirements and design
principles can be stated here yet and should be examined
more in detail in this work. While the similarity to the
user is controlled via the BMI of the avatar in this study,
previous studies revealed that perceived intelligence of
the “expert” avatar can be triggered with social cues
such as wearing eye-glasses [37] or a white doctor coat
[51]. From these findings, we derived DP-1 using the
structure proposed by Gregor et al. [52] (see Figure 2).
To summarize, designers and researchers should equip
the avatar with stereotypical cues which are also
associated with experts in real life.

DP1: For desi s and hers to design an
The avatar of the virtual avatar-based VC, equip the avatar with
MR1: ) R .
N coach should be > stereotypical cues that are associated with
Persuasiveness

perceived persuasive. experts (e.g., eye glasses) to increase the

perceived intelligence of the avatar.

DP2: For designers and researchers to design an
avatar-based VC, equip the avatar with childish
and cartoonized features in order to avoid the
uncanny valley effect.

The avatar design of the
virtual coach should
avoid the uncanny valley

effect \DP}: For designers and researchers to design an

avatar-based VC, equip the avatar with eye
movements in order to avoid eeriness caused by
dead eyes.

Figure 2. Derived meta-requirements and
design principles with regard to the avatar
design

MR2:
Uncanny
Valley Effect

However, if various social cues appear “too human”
or do not match with each other, feelings of uncanniness
might be evoked (see section 2.2). Therefore, we state
in MR-2 “The avatar design of the virtual coach should
avoid the uncanny valley effect”. For avoiding the
uncanny valley effect, Schwind et al. [53] proposed
several design principles. For example, several studies
revealed that abstract representations and childish
features, such as often found in cartoonized avatars (e.g.
Disney Pixar) [54], [55] are useful for avoiding the
uncanny valley. Another approach described by
Schwind et al. [53] is to let the users themselves design
the avatar (as it is often done in the gaming area) for
increasing identification with the avatar. However, there
is a lack of consensus regarding self-designed avatars in
the ECA literature. Some authors argue that users tend
to choose such that are not that suitable for them and
thus, e.g., have negative impact on learning outcomes

! https://www.reallusion.com/character-creator/

[56], [57]. Other studies report that this approach could
even have positive impact on the persuasion [58]. For
this research, we address MR-2 by designing a
cartoonized avatar and instantiated DP-2 based on [53]—
[55]. In short, designers should equip the avatar with
childish and cartoonized features for tackling the
uncanny valley. Another design principle adopted from
Schwind et al. [53] that is particularly relevant for
dynamic avatars is the avoidance of dead eyes (see DP-
3 in Figure 2). Therefore, avatars equipped with eye-
movements are less likely to be perceived as uncanny
compared to static (dead) eyes.

5. Designing static and dynamic Avatars

Based on the derived requirements and design
principles from literature, four static avatars of potential
VCs were designed first. The avatars varied in terms of
gender (male, female) and role (expert, peer). For
representing the “peer buddy”, the anthropometry was
matched to the BMI of the target group, while the
“experts” were designed with wearing eye glasses to
stimulate perceived intelligence. Based on the study
results by ter Stal et al. [25] that revealed that young
avatars tend to be more preferred in a general
population, we only designed young representations.
However, it should be noted that there is no consent in
the literature with regard to a preferable age of the avatar
[38]. For designing the avatars, we used the software
“Reallusion Character Creator 3”! (CC3) that was
extended by additional packages to design cartoonized
avatars (see DP2) and enable a “Body Morphing” for
increasing the BMI.

i3

Figure 3. Feedback on the weight curve from
the avatar-based coach

For implementing a dynamic version of the avatar,
we used the package “SALSA LipSync Suite™ that
enables real-time lip sync approximation from live-
input and automates animation of eyes, eyelids and
head. Likewise, the automated animations address the
symptom of dead eyes (see DP-3). First, we exported the

2 https://crazyminnowstudio.com/unity-3d/lip-sync-salsa/
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static avatar model with its textures (e.g., clothing, hair)
designed in CC3 and imported the model into the
gaming engine “Unity”3 . In a next step, the mentioned
package was added and linked to the avatar model.
Additionally, several animations were added from the
library “mixamo.com” as for example, greeting and
pointing gestures or idle animations. Facial expressions
were limited to a slightly smiling representation.
Finally, we exported the avatar as WebGL* build and
integrated the avatar into a web application (see Figure
3).

6. Evaluating static and dynamic Avatars

First, the static avatars were evaluated in a patient
group of n = 33 (female: 23, male: 9, NA: 1) using a
paper-based  questionnaire. For validating the
acceptance of the questionnaire, » = 5 patients were
surveyed first. After there were no problems indicated,
the remaining patients were surveyed. The patients were
asked two control questions regarding their general
interest in using an avatar-based VC and their usage
behavior of different technologies (computer, tablet,
smartphone, smartwatch/fitness tracker) in their daily
life. Of the n = 33 participants, a total of n = 30 could
imagine to use an avatar-based VC. With respect to
technology usage behavior, n = 32 patients are using a
smartphone, » = 18 a computer, » = 10 a tablet and n =
23 a smartwatch/fitness tracker at least on a daily basis.

B Female Expert

[ Male Expert BN Female Peer
~
A
IL| L — [ —

The results of the first survey are depicted in Figure
4 and 5. In Figure 4 and 6, the mean value is white dotted
highlighted and the median in a gray box. Differences
were tested with a Wilcoxon test for paired samples
(Bonferroni correction) and noticeable differences were
marked. We used the Python package “scipy.stats” [59]
for the tests.

The evaluation of static avatars (see Figure 4)
shows that the obese peers were rated lower with respect
to attractiveness, perceived intelligence, trustworthiness
and likeliness to follow advice of the coach. The means
of perceived humanness and eeriness were in the middle
of the scale and differences between “peer buddy” and
obese avatars did not reach statistical significance. With
regard to the perceived humanness, the results
correspond to the expectations come with a deliberately
unrealistic but anthropomorphic designed avatar.
Overall, the results suggest that an “expert”
representation of the VC might be more suitable for
morbidly obese patients. Asking the patients what they
think about losing weight simultaneously with the
avatar, reflects an ambivalent result. As depicted in
Figure 5, a total of n = 25 patients liked the idea of a
dynamically changing avatar according to their body
weight. With regard to the interest in a multi-coach
approach and a virtual doppelganger, the results were
mixed. However, one patient wrote in the free-text field:
“The avatar should be similar to me and appear as a
friend and help me to overcome my weaker self. [ ...] The
avatar should lose weight with me and I would like to be

I Male Peer

ns ns &3

3 i

Perceived Eeriness
Humanness

Likability

ns p>005
* p=<005
o p=<001
ek p=0.001

Attractiveness

Perceived Trustworthiness

Intelligence

Authority

Likeliness to follow
advice of the coach

Figure 4. Ratings of potential coaches (static avatars)

3 https://unity.com/

4 https://www.khronos.org/webgl/
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able to use the avatar to simulate how I look with less
weight.”

B sirongly disagree disagree

neither agree nor disagree agree W strongly agree

I would like to have two coaches.
One expert who appears more
authoritarian and a

virtual friend / companion who meets
me at eye level, shares experiences
and supports me emotionally.

T would like to loose weight together
with a virtual companion

(the avatar and me are getting
thinner at the same time).

T would like the avatar to look like me
(e.g., my face, my hair, ...)

Figure 5. Preferences regarding multiple
coaches, losing weight together with an obese
companion and a virtual doppelganger

For the further study, we decided to initially
evaluate only one dynamic avatar. Although the results
indicate that male and female “expert” representations
might be both suitable, a decision was made in favor of
a female representation for the dynamic implementation
and evaluation. The design decision is based on findings
of previous studies revealing that female representations
might be more beneficial in supportive relationship
contexts (e.g., [25], [60]). In addition, there is a general
bias with regard to the use of female representations in
the research field of CAs [15], [61].

For evaluating the dynamic avatar, we chose a
video-prototyping approach. Therefore, we created a
one minute video clip5 in which the VC presents the
core functions of the system. First, the VC introduces
herself (“Hello, my name is Lea. I’'m your virtual
coach...”) and explains the weight and step curve, the
nutrition diary and the goal-setting component (see
Figure 3). We used a synthetic voice similar to the voice
of the popular speech assistant “Alexa” from the text-to-
speech service ,,Amazon Polly”6.

A total of n = 12 patients (female: 7, male: 5)
participated in the dynamic evaluation. After the
therapist presented the video, the patient filled out the
same questionnaire as in the evaluation of static avatars.
Figure 6 depicts the results. A two-sided Wilcoxon rank
sum test against the neutral value of the scale showed
significant differences (all p < .01). The results reveal
that despite adding a synthetic voice to the avatar, the
patients perceived the avatar as more human and not feel

3 Video used for evaluation: https://youtu.be/EwJYHuewe9o

more eeriness compared to the static evaluation (see
Figure 4). Additionally, the other dimensions also
suggest that the avatar is perceived persuasive by the
patients and thus, might be effective to support
behavioral changes.

_W*= =

)

1 1

Perceived  Eeriness  Likability — Attract-  Perceived Trust- Authority Likeliness
Humanness iveness Intelligence worthiness to follow
advice of
the coach

Figure 6. Ratings of the dynamic avatar
appearance

7. Discussing and Documenting the Design
Knowledge

Our DSR study aimed to investigate the design of
an avatar as a VC to support morbidly obese patients in
their daily life and foster behavioral changes. Against
the background of disagreement in the literature, a
research question of particular interest was whether the
avatar should mirror the patients’ obese appearance. Our
results of the first design cycle suggest that the lean
“expert” avatars were more suitable as VCs and
preferred by the patients as compared to the obese “peer
buddys”. Even though the “peer buddy” approach is
supported by several theories, such as the social
cognitive [28] or similarity attraction theory [29], our
results suggest that this might not apply to this patient
group. However, our results confirm that deliberately
cartoonized avatars are accepted by the patients and are
potentially suitable as VC. We found that patients were
receptive towards the idea of being coached by multiple
VCs. Implementing two VCs could be useful for
patients to separate themselves from their destructive
self, e.g., by creating one VC as the devil's advocate who
challenges aspired cognitive-behavioral changes.

While it was expected that using stereotypical cues
associated with experts (e.g., wearing eyeglasses)
increases the perceived intelligence, the ratings with
respect to attractiveness, trustworthiness and likeliness
to follow advice of the coach showed significant
differences too. One possible explanation for the rating
differences could be that obesity patients are often
dissatisfied with their own body and stigmatized in
society [18], [62], [63]. However, the patients were

6 https://aws.amazon.com/de/polly/
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interested in losing weight together with the avatar what
would imply an obese appearance. This might be
explained by the fact that the joint weight loss with the
avatar visualizes one’s own success. This is perceived
as interesting from the patient’s point of view but might
be also achieved in form of a diagram visualizing the
weight loss. Furthermore, our results are in line with the
results of Napolitano et al. [36], where the participants
were also interested in such a dynamic and also had
mixed preferences regarding an avatar as virtual
doppelganger. Based on the results, we propose DP4
that addresses MR1: “For designers and researchers to
design an avatar-based VC for obesity patients, employ
an obese avatar with consciousness, carefully evaluate
the effects and be aware of body dissatisfactions and
stigmatization in/of this patient group”.

Table 1. Documentation of the design
knowledge based on Gregor and Jones [42]

Component Description

Purpose and The objective of an avatar-based VC for

scope morbidly obese patients is to provide support in
their daily life and foster sustainable behavioral
changes (esp. eating and exercise behavior)
with a persuasive system design.

Constructs Eight constructs relevant for the avatar design
of the VC were derived from the literature:
perceived humanness, eeriness, attractiveness,
likability, perceived intelligence, trust-
worthiness, authority and likeliness to follow

advice of the coach

Principles of see DP1-DP4

form and

function

Artifact The avatar can be deployed on different

mutability platforms (e.g., virtual or augmented reality
glasses, mobile phones or in the web-browser)

Testable H1: Lean “expert” avatars as VCs are perceived

propositions as more intelligent, trustworthy, attractive and
patients tend to more likely follow their advice

compared to obese “peer buddy” avatars.

H2: If the avatar design follows the derived
design principles, then a fall into the “uncanny
valley” is avoided.

Justificatory
knowledge

Computers Are Social Actors Paradigm/Social
Response Theory [20], Theory of Uncanny
Valley [39], literature on the usage of VCs and
avatar technologies (esp. in weight-loss or
maintenance settings), literature on
investigations of social cues in the field of CAs

We summarized our gathered design knowledge in
Table 1 based on the components of a design theory
(purpose and scope, constructs, principles of form and
function, artifact mutability, testable propositions and
justificatory knowledge) as suggested by Gregor and
Jones [42]. Thereby, we aim to systematically contribute
to the knowledge base by providing a first guidance for

designers and researchers in subsequent work. The
present study particularly contributes with a set of meta-
requirements and design principles derived from the
literature that were validated and extended with
empirical investigations.

8. Limitations and Opportunities for Future
Research

Although our study contributes with a first
guidance on the avatar design of a HBCSS for morbidly
obese patients, there are some limitations. First, we only
evaluated the static appearances of the obese “peer
buddys” and lean “experts”, and then selected one avatar
for the dynamic evaluation. It could be possible that the
dynamic evaluation of the obese avatars would have
revealed different results than the static evaluation.
Future research should address this limitation and could
also evaluate the impact of the different avatars on
adherence regarding the recommended daily steps or
diet in a clinical trial. Second, although our results
reveal preferences regarding lean “expert” avatars,
using an avatar that represents a virtual doppelganger
could be beneficial too and was also suggested by a
patient in the free-text field. Therefore, future studies
could experiment with advanced avatar technologies
that are able to generate virtual doppelgangers from
images of the patient. Additionally, advanced
approaches could also generate images of the future self
after successful weight loss transformation and could
serve as a motivational tool in behavior therapy (e.g.,
[64]). Third, it could be possible that the obese avatars
investigated in the present study were designed
disadvantageous and another appearance might have
resulted in more favorable ratings. Also, the lean
characters but not the obese ones were wearing eye
glasses, which could have contributed to the different
intelligence ratings. Thus, future research could
evaluate additional obese avatars with different
appearances to validate the results. Given that body
dissatisfactions could be one reason for the significant
differences, future studies could also assess the impact
of body image disorders on the avatar ratings. In
addition, it seems questionable to what extent the results
apply to other contexts, e.g., other ethnicities, cultures
or diseases. For example, obese avatars could be well
suited for a population with a BMI between 20 and 25
kg/m? [35] but inappropriate for morbidly obese
patients. Subsequent research could repeat the study in
other contexts. Furthermore, we limited similarity to the
user by the visual appearance. However, similarity can
be defined beyond and might be, for instance, also
triggered with verbal cues if a lean character would say
“I used to be like you...”. This could be addressed in
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subsequent investigations. Finally, future studies could
investigate the effects of omnipresence (e.g. perceived
technostress and efficacy of the coaching) by deploying
one or multiple coaches on different platforms (e.g.,
virtual/augmented reality glasses, mobile phone and
smartwatch).
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