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Abstract. A selection of web-based eHealth interventions have evolved from
innovative prototypes to evidence-based and clinically applied solutions for
mental diseases such as depression and anxiety. Open-access, self-guided types
of those solutions hold the promise of reaching and treating a large population
against reasonable costs.
However, a considerable factor that currently hinders the effectiveness of these
self-guided web-based interventions is the high level of attrition. The absence
of a human caregiver apparently has a negative effect on user adherence. Although clear evidence on the rationale for non-adherence is currently missing,
recent studies indicate that user support could an important causal factor.
In this paper we describe the protocol of an exploratory user study which aims
to identify the persuasive features of virtual coaches in terms of user support.
Virtual coaches are anthropomorphized instances of software, designed to engage and motivate users.
We will measure user experience, engagement, motivation and perceived persuasiveness during usage of the ‘Living to the Full’ intervention. We will compare a condition with and without empathic virtual coach condition to explore
its supportive capabilities.
Keywords: eHealth, web-based interventions, embodied conversational agents,
virtual coaches, virtual humans, affective computing, behavior change support
system, BCSS, Intelligent Tutoring System, ITS

1

Introduction

Meta–analyses have demonstrated that web-based interventions for mental health
have become reasonably successful treatments against common mental health problems such as depression and anxiety [1,14,15]. However, it is a consistent finding that
human-supported web-based therapeutic interventions outperform self-guided interventions (in which there is no support from a human). The mere online, sometimes
remote presence of a human being, delivering informational support, emotional sup-
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port or a therapeutic service results in significantly higher effect sizes [9]. In addition,
human-supported interventions achieve higher rates of adherence, that is more participants use the intervention as intended, e.g. by completing all the lessons of an intervention. [1,8,15]. Non-adherence is an important issue in web-based interventions for
mental health [21] and becomes an even bigger problem when evidence-based therapies are deployed as free to access self-guided web-based therapeutic interventions
[20]. In these interventions, adherence, defined as the percentage of users who complete all lessons, falls to a level as low as 1% [21] or even 0.5% [22].
The higher rates of adherence in human-supported interventions can be explained
in favor of therapists, who prove to do an effective job in motivating clients during
their change process. Interestingly enough, Talbot [12] describes in her meta-study
that a key converging finding is that the involvement of a professional support provider, a therapist, is not necessary. What is key is a minimal level of non-guiding
human contact. Irrespective of whether this type of contact is provided by a layperson
or a professional, it has equally large positive effects on intervention adherence.
Moreover, scheduling support can already have an effect of itself on treatment effectiveness. A telephone contact scheduled at the start of the treatment to take place as
soon as a self-help book has been read, yields surprisingly large completion rates and
treatment outcomes [13].
This poses the question what this support is that is needed to achieve higher rates
of adherence and effectiveness. A study of Cavanagh and Millings [34] provides evidence of built-in ‘common factors’ such an generating hope, empathy and warmth,
collaboration and feedback, that increase the effectiveness of interventions. However,
there is no common definition of the support or ‘common factors’ that should be included in each intervention to be effective.
Furthermore, this opens up the opportunity to look into different ways of providing
this support. There have been studies into the role technology can play in increasing
adherence. Studies have shown positive effects of e.g. reminders, tailored advice and
updates of the interventions website on adherence [21,35,36]. The study of Kelders et
al. [8] has shown that technology in the form of dialogue support (supporting the interaction between the user and the system) has an influence on adherence. In this way,
technology can be seen as persuasive: it tries to persuade the user to keep using the
intervention and to change their behavior according to what is learned within the intervention.
Computers can be equipped with capabilities that can potentially enhance their persuasiveness as is shown in the field of affective computing and by using embodied
conversational agents.
Affective Computing as a term was coined in the seminal article of Picard [26]
who defined it as “computing that relates to, arises from, or influences emotion”.
Picard [26, 27] stated that computers should be equipped with at least the basic functionality to notice and respond to emotions expressed by their users, in order to cater
for a more natural form of human-computer interaction.
Cassell [38] defined embodied conversational agents as human-like appearances
that have the same properties as humans in face-to-face conversation (see Figure 1 for
an example), including:
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•
•
•
•

The ability to recognize and respond to verbal and non-verbal input.
The ability to generate verbal and non-verbal output.
The ability to deal with conversational functions such as turn taking, feedback,
and repair mechanisms.
The ability to give signals that indicate the state of the conversation, as well as to
contribute new propositions to the discourse.

Fig. 1. Example of an embodied conversational agent

Both developments create capabilities to enrich the dialog between computer and
user. This enriched dialog encompasses both verbal and non-verbal information and
aims to acknowledge the role of human emotion. From a coaching perspective, the
computer side of the dialog steers user emotion into productive directions.
Deploying an affective embodied conversational agent as an adjunctive virtual coach
to self-guided web-based interventions can possibly contribute to the need for support
as expressed by users. However, this poses questions such as:
•

•
•

When should support be delivered by the virtual coach? Can and should recognition of non-productive user status trigger a supportive action from the virtual
coach?
If so, what non-productive user states can the computer reliably distinguish?
What empirical evidence consists for effective recognition and repair of nonproductive user states?

69

Fourth International Workshop on Behavior Change Support Systems (BCSS’16):
How Persuasive is a Virtual Coach in Terms of Promoting Web-based Intervention
User Engagement?

Research of non-productive user states so far has focused on frustration and boredom. Concerning frustration, Klein et al. [39] conducted an experiment during which
the participant was deliberately frustrated during game play, after which the user was
affectively supported by a text-based agent. Their results showed that the users chose
to interact significantly longer when the system provided textual affective support
compared to the condition during which no affective support was given. Based on
these findings Klein et al. suggested that ‘computers are capable of alleviating strong,
negative emotions, even when they are the source of these emotions’. However, frustration may not need remediation as argued by Mentis [40]. According to Mentis’,
frustration among users of information systems is only of concern if it is associated
with events that are outside of the user’s locus of control, such as a program bug. A
frustrating event of this nature interrupts the user’s cognitive flow and ambition to
fulfill his computerized tasks and is therefore detrimental to user adherence..
A second non-productive user state concerns boredom. Based on user state measurements during online learning Baker et al. [41] conclude that boredom is both a
frequent and detrimental state with regards to learning. They propose that next to
frustration detection, boredom detection should trigger computerized motivational
interventions. D’Mello et al [42] point out that bored students have a high risk of
becoming frustrated. They describe predictors of poor learning and increased drop-out
rates such as pupils going off-task, zoning out and intentionally misusing (i.e. gaming) the learning system. Therefore they state that Intelligent Tutoring Systems (ITS)
should include affective loop capabilities. D’Mello et al. [42] developed an ITS on
biology that aimed to promote engagement and learning by dynamically detecting and
responding to student’s boredom and disengagement. The system made use of an eye
tracker to monitor the student’s gaze patterns and identifies when the user is no longer
looking at the screen. If the longitude of the gaze away period exceeds a threshold, an
animated pedagogical agent displays a motivational intervention, such as “please pay
attention” in order to reengage the user. The gaze-reactive tutor resulted in significantly more accurate responses to the sub-category of deep-reasoning questions.
However, overall, there were no significant learning gains. It appeared that there were
significant positive overall learning effects for high proficient learners and negative
overall learning effects for less gifted students. This effect shows that computer support delivery to users remains a challenging task with potentially counter-productive
effects.

2

Our Research Proposal

To study the opportunities for a virtual coach within a web-based intervention for
mental health, we will study user experience, engagement, motivation and perceived
persuasiveness during usage of an intervention with a virtual coach as an adjunct to
the existing web based intervention ‘Living to the Full’ [43]. We will use a betweensubjects design with two experimental conditions (empathic virtual coach and neutral
virtual coach) and a control condition (the existing intervention without a virtual
coach).
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For the creation of the virtual coach, we will make use of the Virtual Human environment, as kindly offered by the Institute for Creative Technologies, University of
Southern California [23]. As we make use of separate platforms, the users in the experimental conditions will have two screens, one for ‘Living to the Full’ and on for
the virtual coach. At this stage, we therefore envisage a researcher to start up the Virtual Coach utterances at the right time, i.e. a wizard of Oz solution will be chosen.
As interaction moments between user and virtual coach, we envisage:
• An introduction moment during which the virtual coach presents itself to the
user and indicates that he is there to support the user and is capable of answering user questions, to some extent
• A supportive moment at the middle of the ‘Living to the Full’ intervention
during which the virtual coach expresses its interest in the user (empathic
coach condition) or gives the user the opportunity to ask questions (neutral
coach condition)
• A supportive and evaluative moment at the end of the ‘Living to the Full’ intervention during which both the neutral and empathic virtual coach ask
about the user’s experiences, with the empathic virtual coach doing it in a
empathic manner
After the session, participants will fill-out a questionnaire on user experience, engagement, motivation and perceived persuasiveness. This will be supplemented with
qualitative interview questions. Based on the lessons learned we will prepare a second
study where the intervention will be used in a more real-life setting, e.g. using more
sessions, which enables us to also focus on the effectiveness of adding virtual coachsupport.

3

Future Research

We foresee further Virtual Coach research projects during which we will measure
user boredom and/or frustration and a virtual coach that acts upon these measurements.
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