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ABSTRACT
A human therapist continuously adapts how they persuade a client
to adhere to a behavior change intervention based on theoretical
expertise, past experience with the client as well as other clients,
and the client’s current situation. We aim at incorporating these
elements into the persuasive communication of a conversational
agent that acts as a virtual coach for smoking cessation and physical
activity increase. The focus thereby is on investigating how three
coaching elements, goal-setting, data-monitoring and the assign-
ment of activities, can be designed to enhance treatment adherence.
A first experiment is currently finished to 1) get user input for the
interaction design based on interaction scenarios, 2) gather data for
and test a reinforcement learning-approach to persuading people to
do small preparatory activities for smoking cessation and increas-
ing physical activity, and 3) gain insights into the acceptance and
perceived motivational impact of the virtual coach used to persuade
people.

CCS CONCEPTS
•Applied computing→Health informatics; •Human-centered
computing → Human computer interaction (HCI); • Com-
puting methodologies → Intelligent agents; Reinforcement
learning.
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1 INTRODUCTION
Imagine you have a coach that helps you to quit smoking. Let’s
suppose the name of this coach is Hannah. How does Hannah
decide how to persuade you to stick to your intervention? Hannah
probably draws upon her theoretical expertise, experience with
other and especially similar clients, and knowledge about what
motivated you in the past. Furthermore, she will consider your
current situation - have you had a terrible day at work or are you
excited about the sudden onset of summer? And finally, Hannahwill
keep adapting her strategy over time as she gains more experience.
Now, let’s suppose that you have another coach, Sam. In contrast
to Hannah, Sam is a virtual coach. Sam is available at all times,
scalable, cost-effective and can facilitate tailoring [15]. However,
can Sam do what Hannah can, or even more?

Changing personal behavior such as by quitting smoking is one
of themost promisingways to improve health and reduce premature
death, with almost 40% of deaths in the United States being caused
by behavior [24, 31]. To support such behavior change, there have
been numerous eHealth interventions for various domains [1, 8, 18].
Yet, adherence to these interventions remains low [1, 14]. The aim
of our work thus is the design and development of persuasive com-
munication in form of a virtual coach to help people in adhering to
their intervention. Personalized data-driven advice has been shown
to effectively support people during interventions, for example by
tailoring motivational messages to people’s gender, personality and
stage of behavior change [6]. Rather than just considering certain
characteristics of people, however, we go a step further by adapting
the persuasion to each individual based on learning which ones they
respond favorably to. Such persuasive profiles have been shown to
be effective with regards to reducing snacking behavior, increas-
ing uploads of sensor data, and yielding higher rates of clicking
through for commercial emails [12]. Yet, little work has explored
how continuously adapted, data-driven persuasive profiles can be
used to improve adherence to an entire behavior change interven-
tion by addressing different coaching elements such as goal-setting,
data-monitoring, and activity assignments [1, 9].

2 RESEARCH PLAN
The overarching question we aim to answer is how persuasive
communication for computerized coaching can serve to enhance
treatment adherence in the context of smoking cessation and physi-
cal activity increase. Smoking and physical inactivity are chosen as
target behaviors, as both are important preventable risk factors of
cardiovascular disease [21], which is a main cause of mortality in
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Europe [37]. Notably, while our research is conducted in the context
of two specific behaviors, generalizability to other behaviors is an
important guideline for our work. Our design process consists of
1) getting input from stakeholders, 2) designing and testing per-
suasion components, and 3) empirically evaluating the acceptance
and motivational impact of the virtual coach. We discuss the three
resulting sub-questions subsequently.

2.1 Needs and Values of Stakeholders
The virtual coach will be created based on the principles of human-
centered design, which means that we will incorporate the needs
and values of end-users. This is crucial to avoid a poor fit between
the developed technology and end-users in their specific context [3,
34]. As a first step, we have designed a patient journey that captures
main elements of the intervention the virtual coach is developed
for [20]. Such a patient journey is a structured visualization of the
user’s experience [32]. Thereby, we used an iterative design process
in which insights from existing interventions [19, 22, 27], relevant
theories [16], and input from experts and end-user representatives
were included. Based on this patient journey, we have created videos
for possible interactions with the virtual coach. We show these
videos to daily smokers in our current first experiment. Participants
are asked to provide a rating for how likely they would engage
in the shown interaction in place of the persona in the video. In
addition, we ask the participants to explain their rating by means of
a free-text response to understand their values and preferences. A
viable future step would be to gather input from other stakeholders.

2.2 Designing Elements of Computerized
Coaching to Enhance Treatment Adherence

Goal-setting, data-monitoring and activity assignments have been
identified as core elements of behavior change coaching [1, 9]. The
first element, goal-setting, can help people to successfully achieve
a goal by providing motivation and help to stay focused on a de-
sired outcome [7]. However, setting effective goals can be difficult
[17]. The reason is that an effective goal needs to satisfy several
criteria, such as aligning with other goals of the person [25] and
being realistic and achievable [5]. While current behavior change
applications do allow setting goals such as by choosing a smok-
ing quit date [26, 33] or selecting a target number of steps per
day [30], they do not ensure that the resulting goals meet the nec-
essary criteria. In our research, we thus examine using a dialog
with a virtual coach to support people in the goal-setting process.
Such a virtual coach has the advantage that it can serve patients
where traditionally clinicians would have provided guidance. This
includes using information about an individual to customize the
goal-setting process. Personalizing goal-setting by suggesting goals
tailored to baseline physical activity has been shown in the past
to significantly improve physical activity [4]. We plan to build on
this work by extending the personalization to other elements of
the goal-setting process. Currently, we are examining the use of
personalized examples of similar people who succeeded at reaching
a goal to increase a person’s confidence in reaching their own goal.

The second and third core elements of the coaching process we
target are data-monitoring and assigning small activities such as
writing down reasons for wanting to quit smoking. More precisely,

we strive to use points of interaction such as providing feedback,
explaining collected data and assigning activities in a way that we
are most confident to successfully motivate a specific user. Research
has shown that the way people react to past persuasive attempts is
a good predictor of how these people will react to those persuasive
attempts in the future [12]. Moreover, the behavior of all other
[12, 13] or similar people [10] can be employed as guidance. In
addition, we plan to consider a person’s current situation - is the
person already very motivated to begin with, or is the person’s con-
fidence very low? - and to continuously learn over time based on
the data we collect. One framework that integrates these elements
is Reinforcement Learning (RL). RL has been successfully applied
to customize the display of emotions in an argumentative dialog
[36] or the politeness style of a robotic companion for elderly peo-
ple [29]. Currently, we are finishing a first experiment with more
than 500 people to gather data for and test an RL-approach for per-
suading people to do preparatory activities for smoking cessation
and physical activity increase. Participants interact with the virtual
coach Sam in five conversational sessions. In each of these session,
participants are assigned an activity with a certain persuasion type.
In the future, we plan to build on this algorithm by specifically
adapting to single individuals over time and intelligently deciding
when to explore new and possibly better types of persuasion.

2.3 Usability of the Persuasive Communication
Since end-users form the center of our design, we will empirically
evaluate the usability of the persuasive communication. In the cur-
rent RL-experiment described in the previous section, for example,
we assess users’ acceptance of the virtual coach [2, 28] and the
perceived motivational impact of the conversational sessions.

3 METHODS
Our research methodology rests on four core pillars. First, design
choices are informed by discussions with domain experts among
our project partners and end-user representatives. For instance, the
Dutch Center of Expertise on Health Disparities Pharos provides
guidance on how to render interactions accessible to people of low
socioeconomic status. Second, our research is grounded in impor-
tant theories such as the COM-Bmodel for behavior change [23] and
goal-setting theory [16], as well as relevant previous work on per-
sonalizing persuasion by learning which type of persuasion works
[10–13, 35, 36] such as by means of RL. Third, we use controlled
experiments to test the effectiveness of individual communication
components as well as qualitative studies to gain insights into the
needs and values of potential end-users. Lastly, in an effort to foster
reproducibility of our work, code for algorithms and statistical anal-
yses as well as anonymized collected data will be publicly shared.
Furthermore, experiments and analyses will be pre-registered in
the Open Science Framework (OSF)1.
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