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Abstract 
In this article, we 
explore how Embodied 
Conversational Agents 
(ECAs) or avatars could 
be used as social 
orthotics defined as 
therapeutic computer-
based social 
companions aimed at 
promoting healthy 
behaviors.  We review 
some of the latest 
related progress and 
identify specific 
features of ECAs that 
are important – if not 
necessary – to include 
in the design of social 
orthotic systems.  
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ACM Classification Keywords 
H5.m. Information interfaces and presentation (e.g., 
HCI): User-centered design.  

Introduction 
Embodied Conversational Agents (ECAs) have been 
proposed as a natural computer interface for humans 
because of their anthropomorphic form and their 
potential functionalities – from anthropomorphic 
expressive abilities to dialog possibilities (Cassell, et al., 
2000), which necessitate little or no effort for humans 
to understand. 

Simulated human characters are therefore increasingly 
common elements of user interfaces of applications 
such as interactive learning environments, eldercare 
systems, VR-based psychotherapy systems, intelligent 
assistant systems, physician-patient communication 
training, and entertainment applications such as video 
games and interactive drama (Cassell, et al., 2000, De 
Rosis et al., 2003; Pasquariello et al., 2001; Pelachaud, 
2003, Predinger, 2004, among others).   
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While these systems have improved steadily in their 
degree of graphic realism (Predinger, 2004; Pelachaud, 
2003) and dialog abilities, their social realism is still 
seriously lacking.  Although Reeves and Nass (1996) 
have shown that users consistently respond to 
computers as if they were social actors, most systems 
don’t behave as competent social actors, leading to 
user alienation similar to the uncanny valley effect in 
graphical realism (Mori, 1982; DiSalvo et al., 2002).   

One context in which ECAs  might prove useful is in 
computer-based therapeutic assistance for human 
therapists.  In this domain which has been unexplored 
(Coyle et al., 2007), and they might offer a promising 
potential, if their social realism can be addressed along 
with their abilities to adapt to specific patients.  
Although computer-assisted therapy raises unique 
ethical and professional issues, the possibility for 
psychotherapy to use computers both as 
communication devices through the medium of the 
Internet and as simulation devices, creating virtual 
realities that can be manipulated to therapeutic 
advantage (Wolf, 2003) offers a healing and curing 
potential that needs exploration.   

Indeed mental illness has been identified as the second 
leading cause of disability and premature mortality in 
the developed world (Murray et al., 1996).  Yet the 
majority of people suffering from treatable mental 
health disorders do not have access to the required 
treatment.  Computer assisted mental health 
interventions and computerized interventions might be 
able to address this imbalance (Doyle et al., 2007).  If 
designed properly and evaluated as efficient (which, 
granted, still needs to be established), it would become 
possible to envision that social orthotics could 

potentially complement weekly regular therapeutic 
sessions.  Patients could interact daily (or as needed) 
with their artificial agents personalized to their specific 
disorder(s) between the scheduled weekly sessions with 
their therapist.  

After briefly describing some of the current therapeutic 
practices that we envision could be coupled with 
socially believable ECAs, we identify key features that 
might be important when designing these ECAs for 
therapeutic perspectives, to assist patients with 
treatement adherence, or assist patients speed up 
recovery. 

Current Therapeutic Practices  
We want to explore what kind of therapies – if any – 
could benefit from the adoption of social orthotics, and 
what kind of information technologies could be useful 
for that purpose. 

For example, one type of intervention documented for 
treating substance abuse is referred as motivational 
interviewing (MI).   Unlike more traditional 
confrontation-of-denial counseling, motivational 
interventions are intended, through support and 
persuasion, to increase the likelihood that people will 
make changes in their behavior toward healthy habits.  
It typically involves a brief assessment followed by 
feedback about the assessment results (Burke et al., 
2003).   

We envision that ECAs could be used to interview 
patients, in particular teenagers with substance abuse 
problems because teens have been found particularly 
receptive to computer gaming and such.  In a preivous 
article we described how ECAs would be given 
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predetermined scripted questions to elicit private 
information from the teenager, record the results, 
calculate the statistics (as an expert system connected 
with relevant databases) to be given in the feedback by 
the therapist.  ECAs would then generate an animated 
feedback movie based on the therapist’s feedback that 
the teenager can keep and replay as needed (Lisetti 
and Wagner, 2007).  We will discuss later in this article 
some features that ECAs would need to have for this 
purpose.  

Another type of therapy involves exposure to disturbing 
stimuli or events at various increasing levels of 
intensity to address problems such as post-traumatic 
disorders, anxiety and phobic responses (Silverman and 
Kurtines, 1996).  As seen later in this article Virtual 
Reality (VR), virtual environments and computer games 
already provide a very conducive platform for treating 
such phobic disorders.   

On the other hand, cognitive therapy is based on 
(among other principles) an ever-evolving formulation 
of the patient and her problems in cognitive terms.  It 
requires sound therapeutic alliance between the 
patients and the therapist, and uses a variety of 
techniques to change thinking, mood, and behavior 
(Beck, 1995). 

Cognitive therapists have made specific 
recommendations on how counselors should present 
themselves and about how to employ a specific dialectic 
dialogue technique that could be included in the ECAs 
architecture and dialogue abilities, respectively (Beck, 
1995).  Latest progress in social dialog abilities of ECAs 
are bringing this alternative ever closer (Cassell and 
Bickmore, in press). 

We are particularly interested in the therapeutic 
alliance mentioned above.  A number of studies have 
established that good communication and quality 
relationships between health care providers and their 
patients are very important and represent a key factor 
in improving patient satisfaction (Bellet, and Maloney, 
1991; Wooley, et al., 1978).  In addition specific 
communication skills used by physicians – including 
strategies for conducting patient-centered interviews 
and relationship development – have not only been 
associated with improved adherence to treatment  
(Garrity, 1981; Becker and Rosenstock, 1984) but also 
to improved physiological outcomes (Kaplan, et al., 
1989; Stewart, et al., 1995).  

These results have led to identifying recommendations 
for training physicians in these skills, most of them 
emphasizing the crucial role of “relational” skills such as 
empathic communication, (Platt and Keller, 1994; 
Novack, et al., 1992; Keller, and Caroll, 1994; Squier, 
1990). 

In particular, empathy is considered the most important 
core condition in terms of promoting positive outcomes 
in psychotherapeutic contexts (Orlando and Howard, 
1986; Glastein, 1983). Furthermore, Gelso and Fretz 
(2001) observe that virtually all major schools of 
counseling note the importance of empathy in the 
counseling process.  We will show later how these 
findings can be included in ECA design for patient 
therapy and for therapist training. 

In the following, we discuss how computers have 
already been used in a variety of therapeutic 
interventions. 
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Computers as Social Therapeutic Helpers  
From the simulation perspective, Virtual Reality (VR, 
requiring high-tech set up and gears) and more 
recently on virtual environments (which can be run on 
a simple PC), have already proven to be very efficient 
for the cure of phobias. Indeed by being an active 
participant in the simulated reenactment of a traumatic 
or fear-inducing situation, the patient can gain a sense 
of mastery by acting in a situation that previously 
paralyzed them.  They learn to differentiate their 
perceptions of and reactions to such situations in ways 
that allow them to separate realistic and unrealistic 
elements in their cognition (Wolf, 2003).  They are 
particularly efficient for example for treating phobias 
such as fear of spiders, fear of flying in planes, or fear 
of heights (Alcaniz et al. 2005). In addition they have 
also been used to treat post-traumatic disorders, as for 
soldiers coming back from Iraq and troubled with PTSD.  

More recently, progress in ECA technology has made it 
possible to turn attention to problems involving human-
human interactions or social phobias for which 
interaction with virtual interactive anthropomorphic 
avatars appears as a potential asset (Glantz, et al., 
2003). Successful examples include suggestions for the 
treatment of public speaking anxiety (Pertaub Mel 
Slater and Barker, 2002), panic disorder and 
agoraphobia, and for a variety of other mental health 
problems (Riva, 2005). 

In a review of the use of computers in psychotherapy 
(Plutchik and Karasu, 1991), it was found that indeed 
computers can present questions to patients in a 
flexible way, that patients find the interaction 
acceptable, and more interestingly that patients are 
often willing to reveal personal information to the 

computer during an initial interview, than to a clinician.    
In the same study, it was predicted that advances in 
the use of computers in psychotherapy will depend 
upon making explicit the strategies of interaction 
involved as well as on the capacity of computers to 
adequately interpret natural language inputs.  We add 
that the ability to interpret multimodal physiological 
inputs could also be a strong asset for such use of 
computers (Lisetti and Nasoz, 2004), to address some 
issues with cognitive introspection and the well known 
limitations of self-report. 

Results: Identified set of features for ECAs  
In the following, we propose if ECAs can be useful in 
social orthotic systems then they will need specific 
features.  As mentioned earlier, we currently define 
social orthotics as software-based personal social 
companion systems that support people with desired 
changes to their mental and/or social problems, such as 
phobias, addiction, and other unhealthy patterns of 
behavior.  

The Face as Interface 

The human face has often been identified as the most 
important channel for conducing trust and believability 
versus bodily regions such as posture and gesture 
(Cowell and Stanney, 2005).  In the same way as the 
therapist’s face is used as the main interface in many 
therapy approaches (with communication of words and 
facial expressions), we postulate that facial avatars or 
ECAs can provide an appropriate interface for some 
social orthotic systems (e.g. the social companion).  

Recent work on facial expression generation for ECAs 
have made it possible to manipulate the avatar’s face 
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to express a wide variety of facial expressions such the 
ones shown in Figure 1 (Nasoz and Lisetti, 2006).  

 

figure 1: Variety of ECAs’ facial expressions. 

In a previous study (Paleari and Lisetti, 2007), a wide 
range of dynamic facial expressions were created for 
avatars, following the dynamic principles for facial 
expression generation in humans described in the 
Component Process Theory (CPT) of emotions (Scherer 
et al., 2007).  An example is shown in Figure 2, where 
each facial Action Unit (AU) of the face is controlled 
independently to create the dynamic animation.  AUs 
represent the smallest independent muscle units of the 
face capable of movement, as classified in the Facial 
Action Coding System (FACS) (Ekman et al., 2002). 

 

  

figure 2: Dynamic Facial Expression Generation 
according to the Component Process Theory (CPT) of 

emotions 

On Beauty 

In a previous study (Nass, Ibister, Lee, 2000), it was 
established that in order to reach user satisfaction 
during interaction with an ECA, appearance and 
perceived beauty is crucial. But not only did users 
prefer to look at or interact with ECAs that are more 
attractive, but “the beautiful characters were more 
convincing and obtained greater compliance from their 
users”. 

In another work (Lisetti et al., 2004), the effect of the 
attractiveness of an avatar (used as the interface for a 
social service robot) was evaluated by a user study 
conducted with a survey rating of different avatar 
faces.  The results of the study was included in the 
design of the system, and an attractive young female 
avatar was selected for the design of the interface 
(shown in figure 3). 
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figure 3: Cherry happy (left), sad(right) 

 
Ethnicity  

Ethnicity was also previously assessed as having 
meaning beyond arbitrary representation (Nass, Ibister, 
Lee, 2000), in a study that established that the same 
words meant different things when coming from an ECA 
that had  similar ethnicity as opposed to a different 
one.  The results provided strong evidence for 
surprising similarities in the way people respond to 
ethnicity in ECAs and in humans. 

We have therefore created a template of avatars, 
(shown in Figure 4) displaying different ethnic 
background (Nasoz and Lisetti, 2006) in order to 
provide ethnic preferences so that our social orthotic 
companions can have the maximum persuasive impact 
on behavioral change. 

 

figure 4: Multi-Ethnic Designed Avatars 

It could be that for some individual, the most effective 
avatar is a anthropomorphic character with fantastical 
features (which can also be arranged with our 
software).   

It could also be the case that the best character figure 
for one given individual is a morphed representation of 
the therapist who initially interviewed the individual and 
delivered the personalized feedback to him or her. 

The strength of our approach is that the feedback and 
intervention can truly be tailored to the specifics of the 
individual’s preferences for maximum impact via user-
modeling, discussed next. 
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Personality  

Personality was also found to be of importance in 
establishing believability and attempts to model 
emotions and traits have been proposed (Hudlicka 
2002; Velasquez 1996).  Studies to advise which 
companion personality might best fit the individual 
need to be conducted in order to guide the design of 
the digital personality. 

Personality dimensions should also be added to the 
model corresponding to long-term personality traits 
(stable or slow changing patterns) guiding attitudes 
and responses to events (McCrae and Costa, 1989; 
Wiggins, 1979) and found to be usefully characterized 
in within the two-dimensional space. Dominance (level 
of disposition toward controlling or being controlled by 
others, ranging from dominant to submissive) was 
found to be necessary to disambiguate the negative 
emotions (Mehrabian and Russell, 1974; Russell and 
Mehrabian, 1977; MacKinnon and Keating, 1989; 
Morgan and Heise, 1988; Scherer et al., 2006), and 
friendliness (level of tendency to be warm and respond 
to other’s emotional behaviors, i.e. empathic ability) 
(Mehrabian and Epstein, 1972) will also be included and 
captured with common personality tests (collected prior 
to interaction with tests such as the Myers-Briggs Type 
Indicator; Myer and McCaulley, 1985).    

Additional dimensions and sensing modalities could also 
be added modularily, such as the Extrovert/Introvert 
dimension which can be linked with expressive patterns 
in both the user and the agent (e.g. speech rate: 
introvert tend to speak slower and prefer to hear slower 
speech vs. the contrary in extraverts, choice of words: 
introverts tend to like encouraging and empathic 

comments during tasks vs. extroverts who prefer to be 
challenged and pushed). Introverts also seem to prefer 
slower speech patterns than do extravert.  The speed of 
speech in current speech synthesizers can be adjusted. 

Furthermore, people with same personality traits seem 
to attract (Nass, and Ibister, 2000) and dominance and 
emotional empathy parameters could be adjusted to 
derive learnable empathic models that adapts to the 
user’s preferences. 

Empathy  

One important element of social competence is 
empathy, especially the ability of one agent to respond 
in ways that are affectively appropriate to the 
expressed emotions of another agent.  Because of their 
increasing presence, the ability for agents to establish 
empathic relationships with their users will have a 
broad impact in a variety of domains and applications 
already mentioned. 

Egan (2002) describes empathic understanding as a 
process that involves listening, understanding, and 
communicating that understanding to the client.   
Glastein (1983) identifies the following stages of 
empathy: the counselor has an emotional reaction to 
the client’s situation, the counselor attempts to 
understand the clients situation from the client’s 
perspective, the counselor communicates empathy to 
the client, and the client feels a sense of caring and 
understanding from the counselor.   

As of today, very few attempts have been made to 
design empathetic characters (Bickmore, et al., 2005; 
Diaz and Paiva, 2005).  In particular, one study 
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developed an avatar with “relational skills” involving 
social dialogue, nonverbal immediacy behaviors, and 
other behaviors to build good working relationships 
over multiple interactions (Bickmore et al., 2005). 

In particular for forming and maintaining therapeutic 
alliance, we argue that ECAs will need to start to model 
the emotional reaction (or affective contagion) aspect 
of empathy, which focuses on the observer’s emotional 
responses to another person’s actual or anticipated 
condition.  In this model, empathy is present if the 
observer (e.g. the virtual agent) acquires the same 
state as the other (e.g. the patient).  It is important to 
note that this kind of empathic emotional contagion 
does not require cognition in humans: without being 
aware of their actions, people can respond to other’s 
stress, fear or delight (Glastein, 1983) by expressing a 
mirror of these states.   

Affective contagion can be therefore be modeled by 
interpreting cues from the user’s communication 
affective patterns (Nasoz and Lisetti, 2006), such as 
facial expressions, eye gaze/movements, vocal 
intonation, galvanic skin response, and/or heart rate 
depending upon the type of therapeutic interventions 
necessary.  For example, exposure to phobic stimuli to 
cure phobia will need such physiological cues, while 
cognitive therapy might be more focused on the 
wording used to describe internal states.  

User-Modeling 

User-modeling techniques (of ‘watching over the user’s 
shoulder’), which combine Artificial Intelligence pattern 
recognition with high-level interpretation of patient’s 
habits and behaviors can be used to build a profile of a 

specific user.  This could include (a) the result of a 
personality test given once to the patient to determine 
the major traits of its personality, (b) the preferred 
patient’s avatar identified either directly from the 
patient’s selection from an avatar menu or inferred 
based on the patient’s ethnicity, age, and/or 
personality, (c) the type of interaction preferred by the 
patient, e.g. text entries, selection from menus, 
dialogue with avatar.  

This user-model can be remembered, reloaded when 
recognizing it is facing a specific patient, and direct the 
interaction accordingly. 

Natural Language Abilities  

Spoken Language Generation  

The last few years have seen a lot of progress in 
animating virtual characters via mark-up languages 
making it more feasible to have text-to-speech scripted 
interventions (Carretero et al., 2005; Pelachaud, 2003; 
Predinger, 2004).  While issues of synchronization 
between text and speech as well as vocal 
expressiveness of the ECAs (usually very monotonic 
and not credible) still need to be addressed, some 
interventions involving partial scripted spoken 
interventions mixed with other modalities (screen 
shots, reminders) can still be designed for substantial 
impact (Lisetti and Wagner, 2007).  

Dialog Abilities 

Furthermore a number of studies have pointed out that 
one of the limit of computers for psychotherapy lies in 
their partial ability to adequately interpret natural 
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language inputs (Plutchik and Karasu, 1991; ref).   
While latest progress has been increasing ECAs dialog 
abilities, meaningful interventions can still be designed 
without full natural language understanding.  

Possible Hardware Platforms for social orthotic 
ECAs  

One potential medium for intervention has been 
introduced with the massive use of portable phones, 
which have been found useful for such contexts as 
persuasive games or managing a chronic disease 
because they can be ‘worn’ or carried all the time, and 
are always available to provide feedback (Fogg, 2007). 
The latest merging of streamline design devices 
combined with all the functionalities of PDAs and mobile 
phones demonstrated by some of the latest 
technologies available lately and most popular across 
various population (e.g. Apple iphone) seam to render 
such a project even more possible and appealing than 
ever before. 

In the same way as cognitive orthotics already help 
patients (e.g. alzheimer’s patients) with reminders, 
GPS for orientation, and the like, we propose that social 
orthotics may include elements of adaptive 
programming, artificial intelligence and user-modeling, 
to accommodate the needs of the individuals more 
appropriately at the social behavioral level.  An 
individualized ECA companion could be available at all 
times on the portable device of patients and provide 
them support if needed during the week between their 
regular weekly therapy sessions. 

We envision the use of a ‘pal companion’ option on a 
mobile device, available at all times to give support for 

behavior change.  An ECA can be animated to talk to, 
say a teenager, reminding him about the goals he 
established during his previous session with his 
therapist.   

While they do raise concerns about some of the ethical 
dangers of mobile persuasion, which need not go 
unnoticed, in a context of therapy these can be 
addressed by following the lines of those instituted by 
for the computer-assisted assessment (American 
Psychological Association, 1986; Ford, 1993). 

CONCLUSION 
In this article we have proposed that social orthotic 
companion systems might have a powerful positive  
impact on a variety of behavior changes. We discussed 
how embodied conversational agents (ECAs) or avatar 
can be designed to act as social orthotic companions in 
this contexts and identified key issues and features 
relevant to make this promising interdisciplinary 
approach viable and successful.  While much more 
research on the topic is needed, we suggested that 
using avatars for therapeutic purposes represents a 
promising potential that has been under explored as of 
today. 
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