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Embodied conversational agents (ECAs) are gaining interest to elicit user engagement and stimulate actual use of
eHealth applications. In this literature review, we identify the researched design features for ECAs in eHealth,
the outcome variables that were used to measure the effect of these design features and what the found effects
for each variable were. Searches were performed in Scopus, ACM Digital Library, PsychINFO, Pubmed and IEEE
Xplore Digital Library, resulting in 1284 identified articles of which 33 articles were included. The agents speech
and/or textual output and its facial and gaze expressions were the most common design features. Little research
was performed on the agent's looks. The measured effect of these design features was often on the perception of
the agent's and user’s characteristics, relation with the agent, system usage, intention to use, usability and
behaviour change. Results show that emotion and relational behaviour seem to positively affect the perception of
the agents characteristics and that relational behaviour also seems to positively affect the relation with the agent,
usability and intention to use. However, these design features do not necessarily lead to behaviour change. This
review showed that consensus on design features of ECAs in eHealth is far from established. Follow-up research
should include more research on the effects of all design features, especially research on the effects in a longterm, daily life setting, and replication of studies on the effects of design features performed in other contexts
than eHealth.

1. Introduction
To relieve the burden on the healthcare sector caused by the ageing
society, the use of eHealth applications is being widely investigated.
These applications can be used in establishing a user’s behaviour
change in daily life either under the supervision of a healthcare professional, or in stand-alone use to promote self-management. Although
they seem promising, many eHealth applications face the problem of
actual use rapidly decreasing after several weeks (Nijland, 2011).
Often, existing eHealth applications provide advice in the form of plain
text or via a text-based question-answer module (Kaptein et al., 2012).
Face-to-face interaction remains one of the best ways to communicate
health information; it incorporates grounding – dynamically assessing

the other persons level of understanding and repeating or elaborating
on information when necessary (Clark and Brennan, 1991). In addition,
face-to-face interaction elicits trust, better communication and satisfaction via both verbal and non-verbal behaviour (Bickmore et al.,
2009b).
Face-to-face interaction seems to be a possibility to elicit user engagement and stimulate actual use of eHealth applications. Therefore,
the use of embodied conversational agents (ECAs) is gaining interest as
an alternative means. ECAs are more or less autonomous and intelligent
software entities with an embodiment used to communicate with the user
(Ruttkay et al., 2004). By interacting with the user, ECAs can build trust
and rapport, leading to companionship and long-term, continual use
(Vardoulakis et al., 2012).
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Table 1
Terms used for the database searches. For databases that do not allow the use of the asterisk (*), the asterisks were removed.

1.1. ECAs in eHealth: a Lack of Design Guidelines

2. Method

Although research indicates that incorporating ECAs into eHealth
applications could elicit user engagement, little is known about how
these agents should be designed in order to accomplish this engagement. Some research on the agent's design has been performed, but no
design guidelines exist. A taxonomy of the different design features of
ECAs can be essential to establish a common ground for developing
design guidelines. Ruttkay et al. (Ruttkay et al., 2004) created a taxonomy of relevant design and evaluation aspects of ECAs. They distinguish the agent's embodiment (its looks, speech and/or textual
output, hand and body gestures and facial and gaze expressions),
mental capacities (its social role, personality, user model, natural language generator and dialogue manager) and the application interface
(including background knowledge processing). In addition, Straßmann
and Krämer (Straßmann and Krämer, 2017) identify design features
related to the agent's appearance. They categorise the variables: embodiment vs no embodiment, species, realism, 2D vs 3D and feature
specification (socio-demographic and styling).
Despite the attempts to create a taxonomy of design features, little is
known about how these features should actually be designed. Some
agent design guidelines exist, such as the design guidelines for pedagogical agents by Veletsianos et al. (Veletsianos et al., 2009), but these
guidelines do not focus on eHealth. Many studies on agent design features with respect to eHealth explore a single design feature (such as an
agent’s culture background (Zhou et al., 2017) and body shape (van
Vugt et al., 2006)). Therefore, we conclude that no design guidelines for
ECAs in eHealth exist.
A literature review of research on design features for ECAs in
eHealth can, therefore, be a valuable input for the development of these
guidelines. Such a literature review could provide insight into how
often particular design features have been researched and could draw
general conclusions on the effects of particular design features flowing
from results of multiple studies. Several literature reviews on conversational agents in eHealth have been performed. However, they either focus on conversational agents in general, not on ECAs specifically
(Laranjo et al., 2018; Rist et al., 2004), are not up-to-date (Rist et al.,
2004), focus on a broader context than health (Scholten et al., 2017) or
focus on a subarea of health, such as clinical psychology (Kramer et al.,
2019; Provoost et al., 2017; Rist et al., 2004). In addition, all of the
reviews focus on technological and clinical possibilities. Although they
sometimes include a description of the ECA designs used, they do not
present effects of particular design features. Thus, a structured literature review of the available studies on particular design features, including a general conclusion with respect to the researched effect of the
design features, is missing.

2.1. Search Strategy
Searches were performed in November 2018 in the electronic databases of Scopus, ACM Digital Library, PsychINFO, PubMed and IEEE
Xplore Digital Library, as discussed and agreed upon by three researchers: the first, third and fourth author. The searches were restricted to queries containing terms related to (1) embodied conversational agent and (2) eHealth. The list of search terms was composed after
several iterations and refinement by the first, third and fourth author.
The final list of search terms can be seen in Table 1.
The searches were performed on titles and abstracts and were not
restricted on publication date. For databases that allowed to, Scopus
and Pubmed, the language was limited to English and Dutch. In addition, we limited the searches on Scopus to the subject areas Computer
Science, Medicine, Mathematics, Social Sciences, Engineering,
Psychology, Health Professions, Neuroscience, Nursing, Arts and
Humanities and Decision Sciences and the document type Conference
Paper, Article, Book Chapter and Book. Again, these limitations were
discussed and agreed upon by three researchers: the first, third and
fourth author. The final database searches were performed by one researcher (StS).
2.2. Screening Strategy
From the articles identified by the database searches, the duplicates
were removed by the first author. Then, two researchers, the first and
second author, performed the title, abstract and full text screening independently. The inclusion and exclusion criteria used for the screenings were discussed and agreed upon by the first, third and fourth author and can be seen in Table 2 and Table 3. The taxonomy of design
features used for exclusion criterion E4 was created by combining the
categories identified by Ruttkay et al. and Straßmann and Krämer (see
Table 3). After each screening, the researchers discussed disagreements
until they reached consensus. For the full-text screening, a third researcher, the third author, screened the texts for which the other two
researchers had difficulties in reaching consensus. Finally, forwardsnowballing was used to screen the references in the included articles
using the same technique as used for the screening of the database
searches, consisting of a title screening, abstract screening and full-text
screening. Duplicates and articles that were already selected for the
Table 2
Inclusion criteria used for the article screenings.

1.2. Research Objectives
The main goal of this literature review is to identify the researched
design features for ECAs in eHealth. The sub goals of this research are to
identify the outcome variables used to measure the effect of these design
features and to identify what the found effects for each variable were.
2
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Table 3
Exclusion criteria used for the article screenings.

review through the screening of the database searches, were removed in
a pre-processing stage.

researched and the outcome variable(s). The design feature categories
were the same categories as used in exclusion criterion E4 (see Table 3).
The categories of the outcome variables were designed retrospectively
by thematic analysis of all outcome variables found in the articles. In
addition, the table displays the method and the results of the research
with respect to the design feature. The articles are grouped on design
feature and sorted alphabetically within this category.

2.3. Article Reviews and Synthesis
Two review tables were created. The first table, Table 5, lists general information about the articles found: the goal of the application in
which the ECA was implemented (either in the context of alcohol
consumption, mental health, nutrition, physical activity, medical
treatment or other) and characteristics of the participants in the research (the age group: adults, children or elderly; education: low, at
least some college, students and university; and cultural background:
Asian, African American, Caucasian and Hispanic). In addition, the
evaluation of each study was classified as one of the four evaluation
stages of DeChant, according to the renewed framework for the evaluation of telemedicine by Jansen Kosterink et al. (Jansen Kosterink
et al., 2016). Evaluations were classified as either being in:

3. Results
From the 1284 articles identified by the database searches, 23 articles were included in the review. In addition, 10 articles were included via the snowballing method, resulting in 33 articles included
in the review. Figure 1 shows the flow diagram of the database searches and article screenings.
Table 5 lists general information about the articles found. The included studies were published between 2001 and 2018. Most of the
ECAs were developed in the context of physical activity (thirteen ECAs
(Bickmore et al., 2005a; 2009a; 2010; Bickmore and Picard, 2004;
2005; Forlizzi et al., 2007; Frost et al., 2012; Nguyen and Masthoff,
2007; Olafsson et al., 2017; Schmeil and Suggs, 2014; Wissen et al.,
2016; Yin et al., 2010; Zhou et al., 2017)), medical treatment (eight ECAs
(Forlizzi et al., 2007; Parmar et al., 2018; Ring et al., 2014; Robertson
et al., 2015; Silverman et al., 2001; Skalski et al., 2007; Wissen et al.,
2016; Zhou et al., 2014)), mental health (six ECAs (Alsharbi and
Richards, 2017; Bickmore and Schulman, 2007; Grillon and Thalmann,
2008; Kang and Gratch, 2011; Nguyen and Masthoff, 2009; Tielman
et al., 2017)) and nutrition (four ECAs (Creed and Beale, 2012; Creed
et al., 2015; Olafsson et al., 2017; Schmeil and Suggs, 2014)). Just a few
articles describe ECAs in the context of alcohol consumption (3 articles
(Amini et al., 2014; 2013; Lisetti et al., 2013)) or other topics (three
articles (Bickmore and Ring, 2010; Malhotra et al., 2016; van Vugt
et al., 2006)). The amount of participants differed from 11 to 764 (M =
91, SD = 147). Most studies included both male and female participants.
Three studies focused on children (Alsharbi and Richards, 2017; Frost
et al., 2012; Zhou et al., 2017), two on elderly (Malhotra et al., 2016;

• Stage I: technical efficacy – focus on the feasibility and usability of
the technology.
• Stage II: specific system objectives – gaining an initial idea about the
•
•

potential added value for clinical practice and possible working
mechanism.
Stage III: system analysis – technology evaluated in the way they
will be implemented in daily clinical practice.
Stage IV: external validity – elaboration of the adoption as addressed
in stage III.

Furthermore, each study was classified as either experimental
(meaning the researcher allocates subjects to an intervention or exposure group), observational analytic (the researcher simply measures
the exposure or treatments of the groups) or as a survey or qualitative
study.
The structure of the second review table, Table 6, was agreed upon
by two researchers (StS and MT). For each article, the table presents the
category of the design feature(s) researched, the design feature(s)
3
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Fig. 1. Flow diagram of the database searches and article screenings.

Wissen et al., 2016) and the rest on adults. Of the articles that reported
on the participants’ education, most participants were students (Amini
et al., 2013; Bickmore and Schulman, 2007; Bickmore and Picard, 2004;
Creed et al., 2015; Lisetti et al., 2013; Nguyen and Masthoff, 2007;
2009; Olafsson et al., 2017; Skalski et al., 2007; Tielman et al., 2017;
van Vugt et al., 2006), had a university degree (Creed et al., 2015;
Nguyen and Masthoff, 2007; 2009; Tielman et al., 2017; Wissen et al.,
2016; Zhou et al., 2017) or had at least some college (Bickmore and
Ring, 2010; Bickmore et al., 2009a; 2010; Robertson et al., 2015;
Silverman et al., 2001; Wissen et al., 2016; Zhou et al., 2017). Just one
study particularly focused on lower-educates (Robertson et al., 2015).
Of the articles that reported on the participants’ cultural background,
participants were Caucasian (thirteen articles (Alsharbi and Richards,
2017; Amini et al., 2013; Bickmore et al., 2009a; 2010; Creed et al.,
2015; Frost et al., 2012; Olafsson et al., 2017; Robertson et al., 2015;
Schmeil and Suggs, 2014; Tielman et al., 2017; Wissen et al., 2016; Yin

et al., 2010; Zhou et al., 2014)), Afro American (seven articles (Amini
et al., 2013; Bickmore and Ring, 2010; Bickmore et al., 2009a; 2010;
Olafsson et al., 2017; Robertson et al., 2015; Zhou et al., 2014)), Hispanic (three articles (Amini et al., 2013; Yin et al., 2010; Zhou et al.,
2014)) and Asian (three articles (Amini et al., 2013; Olafsson et al.,
2017; Zhou et al., 2017)).
Of the evaluations performed, no evaluation was in stage IV, technical
efficacy. Just one article reports on stage III, system analysis (Zhou et al.,
2014). Some articles performed evaluations in stage II, specific system
objectives (Bickmore et al., 2005a; 2009a; 2010; Bickmore and Picard,
2004; 2005; Creed and Beale, 2012; Creed et al., 2015; Nguyen and
Masthoff, 2009; Schmeil and Suggs, 2014; Skalski et al., 2007; Tielman
et al., 2017; Yin et al., 2010; Zhou et al., 2017). However, the majority of
the articles report on evaluations in the stage I, technical efficacy. In addition, no article described an observational analytic study and few
articles describe qualitative studies (two articles (Nguyen and Masthoff,
4
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Fig. 2. Frequency of design features and outcome variables in the articles found. The width of the bubble corresponds to the number of articles that research a
particular outcome variable for a particular design feature category.

2010; 2005b; Lisetti et al., 2013; Nguyen and Masthoff, 2009; Olafsson
et al., 2017; Ring et al., 2014; Silverman et al., 2001; Tielman et al.,
2017; Wissen et al., 2016; Zhou et al., 2014; 2017), intention to use
(Amini et al., 2014; 2013; Bickmore and Schulman, 2007; Bickmore
et al., 2010; 2005b; Bickmore and Picard, 2004; 2005; Creed and Beale,
2012; Lisetti et al., 2013; Olafsson et al., 2017; Parmar et al., 2018; Ring
et al., 2014; Schmeil and Suggs, 2014; van Vugt et al., 2006; Wissen
et al., 2016; Zhou et al., 2014) and system usage (Bickmore et al.,
2009a; 2010; 2005b; Bickmore and Picard, 2005; Creed and Beale,
2012; Creed et al., 2015; Olafsson et al., 2017). Also, many articles
already provide information about the effect of the design of a particular feature on users’ (intention towards) behaviour change (Bickmore
and Schulman, 2007; Bickmore et al., 2010; 2005b; Bickmore and
Picard, 2005; Creed et al., 2015; Kang and Gratch, 2011; Nguyen and
Masthoff, 2009; Parmar et al., 2018; Schmeil and Suggs, 2014;
Silverman et al., 2001; Skalski et al., 2007; Tielman et al., 2017; Yin
et al., 2010; Zhou et al., 2017). Just a few articles provide results related to the users’ perception of their own characteristics (Creed et al.,
2015; Frost et al., 2012; Tielman et al., 2017; van Vugt et al., 2006; Yin
et al., 2010; Zhou et al., 2014) or report on other outcome variables
(Bickmore and Ring, 2010; Bickmore and Picard, 2005; Creed and
Beale, 2012; Nguyen and Masthoff, 2007; Olafsson et al., 2017; Tielman
et al., 2017; Zhou et al., 2014).
Looking at the relation between the design feature categories and
outcome variables specifically, we see that for realism, species and 2D/
3D just a few outcome variables are researched, whereas for the other
categories, almost all outcome variables have been researched.
In the remainder of this section, the research and outcomes are
grouped by the design features categories. We start with describing research related to speech and/or textual output, facial and gaze expressions and hand and body gestures, followed by research on the
agent’s looks.

2007; Robertson et al., 2015)) and survey studies (four articles
(Alsharbi and Richards, 2017; Forlizzi et al., 2007; Nguyen and
Masthoff, 2007; Parmar et al., 2018)). The majority of the studies performed were experimental studies; they compared multiple variants of a
particular design feature.
3.1. The Design Features and Outcome Variables Researched
Table 6 provides information about the design features researched,
corresponding outcome variables and results for each article in the
review. All articles were grouped on design feature category. In addition, Figure 2 provides an overview of the frequencies of the design
feature categories and outcome variables identified in articles included
in the review.
Some articles research design features in multiple categories. Most
of the research is performed on the categories speech and/or textual output
and facial and gaze expressions. The categories species and 2D/3D are
researched the least.
The thematic analysis of the outcome variables resulted in the following categories: usage, intention to (continue) using, (intention towards)
behaviour change, usability and user experience, agent characteristics (e.g.
demographics, personality, styling), relation with agent, user characteristics
and other. The majority of the articles provide outcomes regarding the
users’ perception of the agent characteristics (Alsharbi and Richards,
2017; Amini et al., 2014; 2013; Bickmore and Ring, 2010; Bickmore
and Schulman, 2007; Bickmore et al., 2009a; 2010; 2005b; Bickmore
and Picard, 2005; Creed and Beale, 2012; Forlizzi et al., 2007; Grillon
and Thalmann, 2008; Lisetti et al., 2013; Malhotra et al., 2016; Nguyen
and Masthoff, 2007; 2009; Olafsson et al., 2017; Parmar et al., 2018;
Ring et al., 2014; Robertson et al., 2015; Silverman et al., 2001; Skalski
et al., 2007; Tielman et al., 2017; van Vugt et al., 2006; Wissen et al.,
2016; Yin et al., 2010; Zhou et al., 2014; 2017). In addition, many
articles report on the users’ perception of the relation with the agent
(Alsharbi and Richards, 2017; Amini et al., 2014; 2013; Bickmore et al.,
2005b; Bickmore and Picard, 2004; 2005; Creed et al., 2015; Kang and
Gratch, 2011; Lisetti et al., 2013; Olafsson et al., 2017; Parmar et al.,
2018; Skalski et al., 2007; van Vugt et al., 2006; Zhou et al., 2014),
usability and user experience (Amini et al., 2014; 2013; Bickmore and
Ring, 2010; Bickmore and Schulman, 2007; Bickmore et al., 2009a;

3.1.1. Speech and/or Textual Output, Facial and Gaze Expressions and
Hand and Body Gestures
Table 4 provides a summary of the effects found for the different
outcome variables with respect to design features in the categories
speech and/or textual output, facial and gaze expressions and hand and
body gestures.
5
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Table 4
Summary of the effects of the design features on the outcome variables, either a positive effect (+), negative effect (-),
no effect (0) or an effect that depends on the context ( ~ ). For every row, symbols having the same number in
superscript are researched within the same study.

First, some articles provide research on an agent’s emotion. Compared
to agents not showing emotion, agents showing emotion are rated
higher on several characteristics, such as likeability and believability
(Creed and Beale, 2012; Creed et al., 2015; Silverman et al., 2001) and
resulted in higher usability (Silverman et al., 2001) and intention to use
(Creed and Beale, 2012). However, no clear consensus exist for emotional agents triggering behaviour change; one study found that users
interacting with an emotional agent showed a larger behaviour change
than users interacting with a non-emotional agent (Silverman et al.,
2001). Another study found the opposite: users interacting with a nonemotional agent showed a larger behaviour change than users interacting with an emotional agent. But, on other behaviour variables, they
did not find any differences (Creed et al., 2015). It should be noted that
the two studies offered different application goals: change in awareness
on heart attack scenarios and change in food intake.
Second, some articles provide research on an agent’s relational, empathic behaviour. First, relational agents are liked more: they score
higher on characteristics, such as likeability, perceived caring, trustworthiness and enjoyment (Amini et al., 2014; 2013; Bickmore et al.,
2005a; Bickmore and Picard, 2004; 2005; Lisetti et al., 2013; Nguyen
and Masthoff, 2009). In addition, relational behaviour positively affects
the users’ relation with the agent (Amini et al., 2014; 2013; Bickmore
et al., 2005a; Bickmore and Picard, 2004; 2005; Lisetti et al., 2013).
Lastly, the use of relational agents leads to higher usability (Amini
et al., 2014; 2013; Bickmore and Schulman, 2007; Lisetti et al., 2013;
Nguyen and Masthoff, 2009) and intention to use (Amini et al., 2014;
2013; Bickmore et al., 2005a; Bickmore and Picard, 2004; 2005; Lisetti
et al., 2013). However, with respect to behaviour change, literature
presents mixed results; some studies did not find any effect (Bickmore
et al., 2005a; Bickmore and Picard, 2004; 2005; Nguyen and Masthoff,
2009), whereas just one article provided some positive results related to
an agents relational behaviour (Bickmore and Schulman, 2007).

Though, the studies researched applications with different goals.
Bickmore and Schulman, finding a positive effect of relational behaviour, tested the effect of relation behaviour on mood, whereas the
majority of the other studies, not finding any effects, focused on physical activity. A last note with respect to an agent’s relational behaviour:
as described by Nguyen and Masthoff, people seem not to care or expect
whether a system could understand and care for their feelings, but
when a system is represented by a human-like agent, its lack of empathy
could lead to negative user experience and worsen the user’s attitude
towards the system.
In addition, some articles research an agent providing personal information. High self-disclosure positively affects the user’s (intention
towards) behaviour change and its relationship with the agent (Kang
and Gratch, 2011), whereas stories told in first person result in high
system usage and usability (Bickmore et al., 2009a).
Furthermore, some research on variability in an agent’s behaviour has
been performed. Variability in an agent’s behaviour positively affects
system usage (Bickmore et al., 2010) and intention to use (Bickmore
et al., 2010), but, with respect to behaviour change, non-variable behaviour is preferred over variable behaviour (Bickmore et al., 2010).
When varying the behaviour of an agent, changing its behaviour with
respect to human eye contact behaviour seems to be better than randomly changing its behaviour, since an agent changing its behaviour
with respect to human eye contact behaviour is perceived to be more
normal and realistic (Grillon and Thalmann, 2008).
Some last remarks, based on research presented in single articles. First,
allowing users to control an agent’s prosody (the stress and intonation
patterns of an utterance) and facial expressions when the agent’s task is
to retell a story results in high satisfaction (Bickmore and Ring, 2010).
Second, users rate their characteristics (e.g. intrinsic motivation and
self-efficacy) higher after interaction with an interactive coach than
after interaction with a non-interactive coach and higher after
6
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interaction with a moving coach than after interaction with a nonmoving coach (Frost et al., 2012). Furthermore, adding rap music to a
dialogue positively affects engagement and the user’s relation with the
agent, whereas rap music reduces trust in an agent (Olafsson et al.,
2017). The presence or absence of rap music did not influence the
perception of the agent’s characteristics (e.g. naturalness, knowledgeability, perceived similarity and liking), system usage, intention to
(continue) using the agent and the systems usability. Also, presenting
psycho-education via text results in higher task adherence than when
an agent provides the psycho-education verbally (Tielman et al., 2017),
since psycho-education in text was better recollected. Finally, linguistic
tailoring had no effect with respect to persuasion in the context of behaviour change (Yin et al., 2010).

different cultural background could be beneficial (Yin et al., 2010; Zhou
et al., 2017). However, the studies targeted different users and researched applications with different goals. In addition, the studies were
in different stages of change (ranging from I to III). Furthermore, some
research indicates a preference for an agent that acts as a friend
(Alsharbi and Richards, 2017), whereas other research indicates that
the preferred agent role relates to the agent’s task (Nguyen and
Masthoff, 2009). Though, the studies focused on a different target
group (children vs. adults) and application goal (treatment of anxiety
and post-traumatic stress disorder vs. mood manipulation).
Two final remarks with respect to the agent’s looks. First, several
studies stress the importance of aligning the agent’s looks to the looks of
the user (Malhotra et al., 2016; Robertson et al., 2015). Similarity with
the agent seems to influence the perception of the characteristics of and
preferences for particular agents (Zhou et al., 2014). It seems that some
users prefer agents that are similar to themselves, for example, in age
(Alsharbi and Richards, 2017), body shape (van Vugt et al., 2006) and
cultural background (Alsharbi and Richards, 2017; Zhou et al., 2017).
Second, literature indicates that preference for particular agents and
perception of their personalities depend on the task of the agent (e.g.
providing medical advice, encouraging to perform physical activity)
(Nguyen and Masthoff, 2009; Ring et al., 2014). It seems that people
apply human stereotypes to agents, and therefore, for example, have
preferences for a particular gender for a particular task (e.g. male
agents are preferred for the role of athletic trainer) (Forlizzi et al.,
2007).

3.1.2. Looks
Other research identified in the review focuses on the agent’s looks.
Table 4 provides a summary of the effects found for the different outcome variables with respect to the agent’s looks. Research has been
performed on the subcategories species, realism, styling and socio-demographics. No article in the review presented research on effects of agents
in either 2D or 3D.
Just one article researched the agent’s species and a few the agent’s
realism. Research shows mixed results with respect to the best rendering
style. Although stylised agents are rated positively on characteristics
such as friendliness (Ring et al., 2014; Robertson et al., 2015), several
studies indicate that human agents are preferred over abstract, and
stylised (cartoon-like) agents (Forlizzi et al., 2007; Ring et al., 2014;
Robertson et al., 2015; Wissen et al., 2016). However, the application
goal, participants and study methods of the studies varied a lot. With
respect to intention to use, no effect of rendering style was found
(Wissen et al., 2016).
Second, some articles research the agent’s clothing and body shape. A
professional looking agent, dressed in a white coat and wearing a
stethoscope, is positively rated on its characteristics (e.g. credibility,
trustworthiness, reassurance, caring and friendliness), relation with the
user and intention to use (Parmar et al., 2018) compared to a casually
dressed agent. Regarding the agent’s body shape, literature shows
mixed results. With respect to behaviour change, some research shows a
preference for attractive agents above unattractive agents (Nguyen and
Masthoff, 2007; Schmeil and Suggs, 2014; Skalski et al., 2007), whereas
other research shows a preference for non-ideal, fatter characters above
ideal, slim characters (van Vugt et al., 2006). Also, with respect to the
perception of the agent’s characteristics, relation with the agent and
intention to use, results show positive effects for non-ideal body shapes
(van Vugt et al., 2006). Although the studies show different results, the
target users and application goal were similar.
Lastly, some articles research the agent’s demographics. Literature does
not show a clear consensus when it comes to preference for a particular
gender. Some research indicates a preference for female agents
(Alsharbi and Richards, 2017), whereas other research shows that the
preferred gender depends on the task of the agent (Forlizzi et al., 2007).
However, the studies differed in target group (children vs. adults) and
application goal (providing medical advice or physical activity training
vs. treatment of anxiety and post-traumatic stress disorder). In addition,
no clear consensus exists on the age of the agent; some research suggests that young agents are preferred over old agents (Wissen et al.,
2016), whereas other research suggests that users prefer agents of the
same age or older (Alsharbi and Richards, 2017). Again, the studies
differed in target group (older adults vs. children) and application goal
(increase physical activity and medication vs. treatment of anxiety and
post-traumatic stress disorder). Also, some research indicates an agent
having the same cultural background as the user is more positively
rated on its characteristics (e.g. perception of caring, general liking)
(Alsharbi and Richards, 2017; Yin et al., 2010) and its relation with the
user compared to an agent with a different cultural background (Zhou
et al., 2014), whereas, with respect to behaviour change, agents with a

4. Discussion
In this paper, we provided a state of the art of design features for
ECAs in eHealth, showing a field that is immature and without consensus on effective design features. Emotion and relational behaviour
seem to have positive effects, but do not necessarily lead to behaviour
change in the context of eHealth. In the remainder of this section, we
discuss the design features researched, the outcome variables on which
the effect of these design features were researched and what the measured effects were.
4.1. Design Features for ECAs in eHealth
The included articles show that most of the research focused on
speech and/or textual output, gaze and facial expressions and hand and
body gestures, and not on an agent’s looks. Therefore, we see an opportunity for future work on the agent’s looks. We are not aware of a
literature review identifying design features for ECAs in other contexts
to compare our results with. However, articles that research speech
and/or textual output, facial expressions and hand and body gestures
(Acosta and Ward, 2011; Berry et al., 2005; Kim et al., 2007; Lee et al.,
2007; Pelachaud, 2009; von der Pütten et al., 2009) or the agent’s looks
(Baylor and Kim, 2004; Cowell and Stanney, 2003; Guadagno et al.,
2007; Khan and Angeli, 2009; Khan and Sutcliffe, 2014; Kim et al.,
2003; 2007; Lee et al., 2018; Rosenberg-Kima et al., 2008; Straßmann
and Krämer, 2017; Veletsianos, 2010) in general, or in another context
than eHealth, do exist. Therefore, we believe that in other contexts similar design features might have been researched.
4.2. Outcome Variables for Measuring the Effect of Design Features
The measured effect of the design features for ECAs in eHealth was
often on the perception of the agent’s and users characteristics, relation
with the agent, system usage, intention to use, usability and behaviour
change. Again, although we are not aware of a literature review identifying outcome variables used to evaluate ECAs in other contexts, we
do see similar outcome variables researched in other contexts by individual articles. For example, research has been performed on the
perception of the agent’s characteristics (Kim et al., 2007; Pelachaud,
7
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2009), user’s characteristics (Kim et al., 2007), relation with the agent
(Acosta and Ward, 2011; Lee et al., 2007; von der Pütten et al., 2009)
and behaviour change (Berry et al., 2005; Kim et al., 2007; Lee et al.,
2007). Therefore, we believe that outcome variables measured in other
contexts might be similar to the outcome variables researched in the
health context.

factors to take into account when it comes to creating a positive perception of the agent. These results are in line with research in other
contexts, for example in the context of e-learning, showing mixed results on the agent’s rendering style (Straßmann and Krämer, 2017),
gender (Baylor and Kim, 2004; Cowell and Stanney, 2003; Guadagno
et al., 2007; Kim et al., 2007; Rosenberg-Kima et al., 2008), age (Cowell
and Stanney, 2003; Lee et al., 2018), role (Baylor and Kim, 2004; Kim
et al., 2003), cultural background (Baylor and Kim, 2004; Cowell and
Stanney, 2003) and the agent’s clothing and body shape (Baylor and
Kim, 2004; Khan and Angeli, 2009; Khan and Sutcliffe, 2014;
Veletsianos, 2010). What should be noted is that some articles included
in the review stress the importance of aligning the agent’s looks,
especially its demographics age and gender, to the looks of the user.
Research in other contexts, such as e-learning, supports this note
(Baylor, 2009; Guadagno et al., 2007; Gulz and Haake, 2005; Lee et al.,
2018; Rosenberg-Kima et al., 2008; Straßmann and Krämer, 2017;
Veletsianos, 2010). Thus, it seems important to personalise the agent’s
looks:

4.3. Measured Effects of the Design Features
4.3.1. Effects of an ECA’s Speech and/or Textual Output, Facial and Gaze
Expressions and Hand and Body Gestures
Existing literature shows some consensus on the effects of an ECAs
emotion and relational behaviour, but no consensus on the effects of
other design features with respect to an agent’s speech and/or textual
output, facial and gaze expressions and hand and body gestures.
Research on design features for ECAs in other contexts supports our
findings.
First, some positive effects of an agent’s emotion were found in research in other contexts, such as e-learning. Research shows that an
agent’s positive emotions positively affect the users perception of an
agent’s characteristics, such as the ability to facilitate learning (Kim
et al., 2007) and that the way emotion is implemented might affect the
function of emotion (e.g. attract the user’s attention, persuade the user)
(Pelachaud, 2009). Whereas our literature review does not show a clear
effect of emotion on behavior change, existing research in other contexts shows some positive effects, such as an agent’s emotion increasing
the user’s interest in learning (Kim et al., 2007) and increasing the
user’s cognitive performance (Berry et al., 2005).
Second, research in other contexts shows positive results for the
implementation of relational behaviour. For example, research on pedagogical and co-learner agent’s shows that an agent’s empathy positively impacts students self-efficacy (Kim et al., 2007), adapting the
agent’s speech to the emotional state of the user results in higher rapport (Acosta and Ward, 2011), that trust in the agent is higher for a
caring co-learner compared to a non-caring co-learner agent (Lee et al.,
2007) and that a higher mutual awareness when increasing the agent’s
behavioural realism (von der Pütten et al., 2009). Whereas the articles
in the review mainly show no effect of relational behaviour on behaviour change, some articles in other contexts do show a positive effect
of relational behaviour on behaviour change. For example, in the
context of e-learning, research shows an increased learner interest (Kim
et al., 2007) and increased learning (Lee et al., 2007) when implementing relational behaviour.
For other design features with respect to speech and/or textual
output, facial and gaze expressions and hand and body gestures, results
show no clear consensus. Either few studies have been performed on
these features, which makes it difficult to generalize the results, or results show contradictory effects. Differences might be caused by the
studies involving different target groups, ranging from children to older
adults, or the applications having too different goals, ranging from
mood manipulation to increase of physical activity. Therefore, more
research is needed:

We see opportunities for future work researching the effect of design
features regarding the agent’s looks in relation to the characteristics of
the user.
4.3.3. Transferring Effects to a Long-term, Daily Life Setting
The research area on the design of ECAs in eHealth is relatively
immature. Most of the articles describe research in stage I or II of the
renewed framework of evaluation for telemedicine (Jansen Kosterink
et al., 2016). Therefore, we learned about the effects of the agent’s
design features in a lab setting, but do not yet know how these effects
translate to a daily life setting for which the ECAs are designed. In
addition, in most lab studies users interacted with the agent’s for a short
period of time, which is different from the long-term interaction for
which the majority of the ECAs are designed. Therefore, we should be
careful with interpreting the results of this literature review:
We see an opportunity for replicating the studies identified in this literature review that were in stage I or stage II of the renewed framework
of evaluation for telemedicine, in a long-term, daily life setting (stage III
or IV)
4.4. Applying Design Guidelines from Other Contexts
As indicated above, the findings of our review are in line with results of general research on design features for ECAs or research on
design features for ECAs in another context. Therefore, we believe that
general guidelines, like guidelines for designing personalities for social
agent’s by Dryer (Dryer, 1999) and design guidelines for other contexts,
such as guidelines of the Enhancing Agent Learner Interactions (EnALI)
Framework (Veletsianos et al., 2009), might be applicable to agent’s in
eHealth as well. However, research also indicates that the user’s perception of ECAs depends on the agent’s task (Baylor, 2009). Whereas
the task of agent’s in eHealth might be similar to agent’s in other
contexts, such as being informative, like embodied chatbots on commercial websites, agent’s used in museums or pedagogical agent’s, the
task of the agent might differ from the task of these agent’s when
supporting behaviour change in the health domain. Therefore, we
should research whether results of other contexts are still applicable to
eHealth:

We recommend to perform research on the effect of design features regarding the agent’s speech and/or textual output, facial and gaze expressions and hand and body gestures on the same outcome variables and
with a similar target group and application goal.
4.3.2. Effects of an ECA’s Looks
Until now, just a few studies have been carried out on the agent’s
looks in the context of eHealth. No consensus exist on the agent’s
species and rendering style, and no research has yet been performed on
the effects of agent’s in either 2D or 3D. Also, different opinions on the
most appropriate agent demographics exist. Our review does not show
consensus with respect to the preferred gender, age, role and cultural
background. Also, an agent’s clothing and body shape seem to be

We suggest to repeat studies focusing on the effects of design features in a
general or other context in the eHealth context.
4.5. Strengths and Limitations Review
The strength of this review was that it focused on design features for
ECAs in a specific context, eHealth, since preferences for agent designs
8
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might be context-dependent. However, this narrow focus could also be
a limitation of the research. General research – research not restricted
to a particular context – on agent design features might still be applicable to a health context. In addition, research regarding design
features in other contexts, such as research on design features for
pedagogical agent’s, is not included in the review. Some of the results
might still be applicable to the eHealth context.

Solely, emotion and relational behaviour seem to positively affect the
perception of the agent’s characteristics and that relational behaviour
also seems to positively affect the relation with the agent, usability and
intention to use. However, these design features do not necessarily lead
to behaviour change. The research area of ECAs in eHealth is immature,
therefore, we see four opportunities for future work: (1) more research
on the agent’s speech and/or textual output, facial and gaze expressions
and hand and body gestures, (2) initial research on the agent’s looks,
(3) for all categories: evaluations in a long-term, daily life setting, and
(4) replication of studies regarding design features performed in other
contexts than eHealth. By performing research in these four areas, we
can work towards a set of design guidelines for ECAs in the eHealth
domain.

5. Conclusion
This literature review identified (1) the researched design features for
ECAs in eHealth, (2) the outcome variables used to measure the effect of
these design features and (3) the found effects for each variable. Results
show that the agent’s speech and/or textual output and its facial and
gaze expressions were the most common design features, whereas little
research was performed on the agent’s looks. The measured effect of
these design features was often on the perception of the agent’s and
user’s characteristics, relation with the agent, system usage, intention to
use, usability and behaviour change. With respect to the effects found,
consensus on design features of ECAs in eHealth is far from established.
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