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Abstract

Lack of physical activity is one of the main risk factors for the development of cardiovascular diseases.
Although most people are aware of the risks of this poor health behavior, they have a hard time improv
ing this behavior. Goalsetting is an effective step in the process of changing behavior. It can motivate
a person and help them to remain focused on the desired outcome, which increases the chance of
successfully achieving a goal. In this thesis, we studied the design of a goalsetting dialogue for a
virtual coach to motivate people in the context of physical activity. The dialogue was designed to sup
port people in setting SMART goals and to raise their selfefficacy. Part of the design was vicarious
experiences in the form of examples of people who successfully achieved a physical activity goal. We
gathered these examples and fit a model to predict which examples to show to a user during the conver
sation with the virtual coach. An experiment was conducted to evaluate whether there was an increase
in users’ selfefficacy after the conversation with the virtual coach, how motivating the given examples
were, and users’ attitudes towards the virtual coach. The results indicated that users’ selfefficacy was
lower after the interaction with the virtual coach. However, we found that people considered the given
examples motivating and had a positive attitude toward the virtual coach.
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1
Introduction

1.1. Motivation
According to the World Health Organization, cardiovascular disease is the number one cause of death
worldwide, with a death rate of approximately 17.9 million lives a year [19]. Lack of physical activity is
one of the main risk factors for the development of cardiovascular disease [28]. Although most people
are aware of the risks of this poor health behavior, they have a hard time improving this behavior.
Three factors that are important to change behavior are capability, opportunity, and motivation [71]. To
increase motivation, one can set goals [60]. Goalsetting is a common step in the process of changing
behavior [29]. It can motivate a person and help them to remain focused on the desired outcome, which
increases the chance of successfully achieving a goal. However, setting realistic and welldefined goals
can be a difficult task [64]. Often, people aim for unrealistic goals or set vague goals where it is hard
to measure whether they actually achieved the goal. Locke and Latham are the founders of the goal
setting theory. They identified principles that affect the chance of achieving a goal successfully, such
as goal commitment and goal clarity [66].

Goal setting is used in both traditional behavior change interventions and smartphone applications,
such as apps to promote physical activity [72]. There are many apps that can help someone keep track
of their physical activity and set target goals, such as losing weight or taking a number of steps per day
[84]. The goals that are set with such apps specify a certain behavior or activity, have a deadline, and
in some cases can be measured.

Previously evaluated physical activity applications are web tools and mobile apps to set goals as
part of an intervention. However, the goals that are set in these apps are limited in terms of relevance
and level of attainability. Relevance and attainability are attributes of the SMART goalsetting frame
work [36], a framework based on the goalsetting theory [76]. SMART goals are Specific, Measurable,
Attainable, Relevant, and Timebound. Making sure that the goal conforms to these principles can
make the goal more effective and resultoriented [77]. It is important to ensure that a goal matters to
a person, that it aligns with other relevant goals of that person [75] and that the goal is realistic and
achievable by that person [76]. To enhance the relevance and attainability, certain questions could be
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1.2. Research question 2

asked to the user, such as ”Why is this goal significant to your life?” or ”Is achieving this goal realistic
with effort and commitment?” [61, 62]. When people are supported to realize why they want to achieve
a certain outcome, they are able to create more personalized goals and therefore achieve better re
sults [62]. Thus, by enhancing the relevance, personalization is also increased. Previous studies have
shown that personalized goalsetting significantly improves physical activity [23].

Current physical activity applications are only focused on the goal being specific, time bound, and
measurable. Therefore, there is room for improvement for goalsetting apps that support people to
set relevant and achievable goals. Furthermore, in current approaches, users do not set goals with a
conversational agent. Conversational agents are increasingly playing an important role in health care,
assisting clinicians during consultations and supporting patients in their behavior change process [59].
Setting goals together with a virtual coach instead of using web tools or humans can be beneficial in
several ways. A dialogue with a virtual coach can serve people where traditionally human coaches
would have provided support. Chatbots are easy to understand and communication is similar to how
people interact with each other through computers or other smart devices [102]. Moreover, mobile apps
are useful for people who are reluctant to make an appointment with counselors. A chatbot would be
available at all times, so the person is not restricted by working hours and would have the freedom to
start the intervention whenever suits them best [102]. Additionally, chatbots are able to reach a broad
audience and decrease the workload of clinicians and human operators where automation is possible
[31]. Using a conversational agent instead of a web tool could increase adherence to the intervention
due to social interaction [42]. Research shows that using a conversational agent instead of normal text
interfaces creates more arousal, trust, and commitment [56].

To address current limitations, this research proposes to design and develop a goalsetting dialogue
for a conversational agent to motivate users in the context of physical activity. The aim is to provide
a dialogue that supports users in setting SMART goals and motivate them in with regard to physical
activity because of the integral role motivation plays in changing health behavior [10].

In addition, this research offers a new approach to the goalsetting process by creating a chatbot
with the purpose of setting physical activity goals. The aim of this project is to create a goalsetting
dialogue framework that can be applied to set physical activity goals with a virtual coach.

1.2. Research question
The aim of this thesis is to design and implement a goalsetting dialogue that a virtual coach can use to
support people in setting physical activity goals. The conversation with the virtual coach shouldmotivate
the user with regard to physical activity. The main research question can be defined as follows:

How can a goalsetting dialogue for a virtual coach be designed to motivate people in the context of
physical activity?

To optimize the goals that are set, the goal must adhere to the principles of the goalsetting theory.
The goals that are set should be SMART, but especially relevant and achievable, since these are the
aspects that are currently lacking in goalsetting interventions. Furthermore, it should motivate the
user to commit to the goal and change their behavior. It is important to understand how the virtual
coach should interact with the user. This relates to the type of questions that are asked by the virtual
coach, the language that is being used, and also the input that is expected from the user. When
these requirements are understood and defined, we need to know how to design such a goalsetting
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dialogue. Finally, the goalsetting dialogue that is built needs to be evaluated. First, we could evaluate
the level of motivation because we want to increase motivation as it positively affects behavior change
[71]. Second, selfefficacy is relevant because it affects motivation and behavior [89]. Finally, it is
useful to know whether the virtual coach is liked and accepted by the user. Provoost et al. show that
acceptability is used in many studies to evaluate the effectiveness of a conversational agent [81]. The
following subquestions are defined based on the previous matters:

• What are the requirements for a goalsetting dialogue with a virtual coach in the context of physical
activity?

• How can a goalsetting dialogue with a virtual coach be designed in the context of physical activ
ity?

• How effective is the designed goalsetting dialogue?

– Selfefficacy

– Motivation

– Establishing a positive attitude towards the virtual coach

1.3. Approach
To answer the abovementioned research questions, the first step was to explore and research the cur
rent state of the art. What is the goalsetting theory, how do we set relevant and achievable goals, how
do virtual coaches interact with the user, and how can they motivate the user? In addition, we explored
how conversational agents have been designed and used up to now, and what existing physical activity
applications do. From this literature research, requirements were defined (Chapter 2). In addition, the
advice of experts was desired to make design choices. This expert consultation aimed to find out and
understand why experts would choose certain design choices over others, to aid in making the final
design decision. After the literature research and expert consultation, we designed a dialogue for the
conversational agent (Chapter 3). Subsequently, an experiment was set up to evaluate the created
design (Chapter 4). Finally, the evaluation results were discussed, limitations were identified, future
work was proposed, and final remarks were given (Chapter 5).



2
Foundation

This chapter answers the first subquestion:
What are the requirements for a goalsetting dialogue with a virtual coach in the context of physical
activity?

To define the requirements for a goalsetting dialogue with a virtual coach, we explored previous work
and current practices and applications to have a good understanding of the stateoftheart. Additionally,
experts in the field of psychology were consulted for further discussion on design choices. At the end
of this chapter, a list of requirements is presented for the goalsetting dialogue.

2.1. Related work
In this section, previous research is explored. The topics that are covered are goalsetting, personal
ization, conversational agents, and current applications for physical activity. At the end of each topic,
the key takeaways and requirements that can be derived are summarized.

2.1.1. Goalsetting
Locke and Latham have been researching goalsetting and motivation since the 1960s [75]. In the goal
setting theory they developed, they consider human actions to be purposeful and directed by conscious
goals [75]. Content and intensity are two attributes of goals that have been studied extensively. The
content concerns the difficulty of the goal and how specific or vague a goal is. The difficulty of a goal
differs per person, as we all have different knowledge, skills, and abilities. Locke and Latham have
found a linear relationship between difficulty and performance. Given that a person can achieve a
certain goal, the more challenging the goal, the better they adjust their efforts to the difficulty of the
task and the better they perform [75, 66]. Furthermore, the authors found that more specific goals lead
to better performance. The main reason for that is that when people set vague goals, they tend to be
satisfied more easily by their performance, even if this is lower than what they can achieve. Another

4
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aspect of specific goals is that the more specific the goal is, the less variable the goal becomes. This
means that there are fewer possible outcomes for that goal, which is desirable because it makes it clear
when a goal is achieved. All of these findings are based on studies that focus on many tasks, from
workliferelated tasks to sports. [75]. This shows that the founders of the goalsetting theory have
researched goalsetting in many fields, including goalsetting for physical activity, which is what we are
interested in.

The second attribute of goalsetting that has been studied extensively is intensity, which is related
to goal commitment. The main aspects of intensity are the scope, clarity, and mental effort involved in
mental processes [82]. Gollwitzer, Heckhausen, and Ratajczak found that the more intensely a person
tries to solve a problem, the more likely they are to become committed to the goal and achieve the goal
[39]. Commitment refers to how important a goal is considered, how determined a person is to achieve
it, how attracted they are to the goal and how well they stick to the goal when faced with obstacles [75].
The degree to which a person feels committed to a goal is enhanced when people believe that they can
achieve a goal and when they believe that achieving the goal is important. An individual’s belief in his
or her capacity to perform an action is referred to as selfefficacy. Selfefficacy includes the ability of a
person, their experience, training, the information they have obtained, previous successes, and inter
nal attributions [66]. For example, if a person has experience or past successes in completing a task,
they have more selfefficacy. Increasing selfefficacy has a positive effect on successfully completing
a task and increases motivation to do a task [71]. Additionally, selfefficacy can be enhanced by en
couragement [101] and vicarious experience [5]. Vicarious experiences deliver a feeling or experience
from someone else. They are most effective when a person observes someone similar to themselves
successfully achieves a goal [9]. In addition to increasing selfefficacy, understanding the purpose of
the goal and why the goal is important can also be used to enhance the commitment to a goal [62].

Another relevant aspect of goalsetting is that receiving feedback on goals is effective and leads
to higher performance [74, 75]. Feedback provides information on the degree to which a person met
the standards. If the performance meets or exceeds the standard, the same performance is generally
maintained. If the performance is below standards, a person may be dissatisfied. If that person has
high enough selfefficacy, they might set higher goals to meet the standards.

Based on the goalsetting theory, the SMART goalsetting framework was created [36]. SMART goals
are Specific, Measurable, Attainable, Relevant, and Timebound [27, 61]. Specific means that the goal
provides a detailed description of what is to be accomplished. Measurable goals are quantifiable, which
makes it possible for progress and targets to be measured and having benchmarks. Attainable means
that the goal should be realistic and achievable by the person who sets the goal. Relevant goals are
consistent with the vision of the person and what the person considers important. Finally, timebound
goals have a target achievement date, so there is a deadline to focus on. Making sure that the goal is
consistent with these SMART principles can make the goal more effective and resultoriented [77]. This
is desirable because it increases the chance of achieving a goal. The SMART goalsetting framework
captures the important aspects of the goalsetting theory. However, one thing that is not considered is
selfefficacy.
We can derive two requirements from the goalsetting topic:

• R1: The virtual coach should motivate the user to enhance their selfefficacy.

• R2: The dialogue with the virtual coach should support the user in creating specific, measurable,
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attainable, relevant and timebound (SMART) goals.

2.1.2. Personalization
Personalization is the process of making something suitable for the needs of a particular person [57].
’Personalization’ is a term with many definitions [37]. For clarity, we use the definition used by Fan
et al. [32], defining personalization as ”a process that changes the functionality, interface, content, or
distinctiveness of the system to increase its personal relevance.” It is important to consider what will
be personalized and for whom it will be personalized. Moreover, the type of personalization should
be considered, which can be implicit or explicit. In implicit personalization, the required information is
obtained automatically already by the observations of the system, and in explicit personalization, the
user needs to actively participate in providing information, such as answering questions. In digital tech
nology, personalization can be achieved by changing the interface, functionality, or access to specific
content. Examples of this are personalized feedback, daily health reports, personalized reminders,
alerts, warnings, and recommendations [57].

Rimer and Kreuter use the term ’tailoring’ to define a process to create personalized communications
[83]. This type of tailoring is included in the definition we use for the term personalization. Tailoring
uses data from an individual to determine which information or strategies meet that individual’s needs
best. It can enhance motivation by matching people’s interests and needs, by framing information in
a context that is meaningful to the person, by using design elements to capture the person’s attention,
and to provide the amount and type of information the user prefers [83]. This could consequently lead
to increased attention and ultimately to an increased likelihood of behavior change. As an example,
the Woebot applies personalization by showing specific content to individuals depending on their mood
state [35].

The study by Lee et al. proposes a different way of personalizing health services [62]. They argue
for a reflective strategy that helps people realize what matters to them and enables them to better per
sonalize services themselves. This not only increases personalization, but also helps with commitment
to the goal. They achieve this by asking specific questions, in particular why questions.
Key takeaways from this section are that personalization can be useful in motivating the user, increasing
the user’s attention, and ultimately enhancing the chance of successful behavior change. This leads
to the following requirement:

• R3: The dialogue with the virtual coach should be personalized.

2.1.3. Current approaches
Conversational agents
Conversational agents are computer programs that interact with a person through speech and text.
Laranjo et al. researched 14 different conversational agents in healthcare [59] and found that they
are mainly taskoriented, for example, assisting clinicians during consultations and supporting users in
their behavior change process. With advances in voice recognition, natural language processing, and
artificial intelligence, conversational agents are increasingly playing an important role in health care [59].
Car et al. researched 47 articles on the topic of conversational agents in healthcare [18]. They found
that conversational agents in healthcare are aimed at treatment, monitoring, and health service support,
and that most conversational agents are textbased, delivered through smartphone applications. The
role of a virtual coach is to teach the user new skills, provide a sense of companionship by establishing



2.2. Expert consultation 7

an effective relationship based on trust, and provide the relevant and accurate information that the user
requests [54].

An example of an automated conversational agent that is used in healthcare is Woebot [35]. It is
designed to provide cognitive behavioral therapy (CBT), supporting people who selfidentify as having
symptoms of anxiety and depression. Another example is the virtual coach created by Watson et al.
to increase levels of physical activity in overweight adults [97]. The authors also mention that virtual
coaches provide an interactive relationship and can form a social bond with the user, which is absent
in the use of web tools. Using a conversational agent instead of a web tool could increase adherence
to the intervention due to social interaction [42].

Physical activity applications
In an extensive study on mobile health applications by Sama et al., most of the applications were fitness
or training apps (174 of 400 apps) [85]. An interesting finding in their research is that only 8 of 400mobile
health apps that the authors evaluated used goalsetting as their main engagement method, indicating
that goalsetting is either not at all used in the apps or only used as a secondary engagement method.
We explored apps in the context of physical activity. These apps were found in previous literature, but
also in the Google Play Store and Apple app store [40, 3] . In most of the physical activity apps [86, 44,
98, 95], the user begins by creating his profile by filling in relevant demographics such as their name,
gender, and weight. The apps offer the ability to set goals for a given set of activities or to select one of
the offered goals. Moreover, users often have to select a deadline for a goal. Most physical activity apps
offer an overview of the activities they have completed, some apps offer guides for physical exercises,
and some for diets. When setting goals, users are limited to what can be tracked by the app.

This section shows that mobile applications have been used to successfully increase the level of
physical activity of people and that the key features they offered were setting target goals for specific
activities, showing an overview of the activities, and providing guidelines for physical activities.

2.2. Expert consultation
With the information obtained from the literature research, a general idea of the requirements is ob
tained. In addition to the literature, the advice of experts in the field of psychology was desired to make
design choices for the goalsetting dialogue. To make these decisions, experts were consulted and
asked for input on scenarios. Scenarios are examples of use situations of the goalsetting dialogue to
help people understand the context of the proposed technology [92]. They describe how people would
use (part of) a system to perform tasks or activities. It is a relatively lightweight method to envision
future use cases; it allows people to imagine a use case [20]. Scenarios are useful because they are
easy to create compared to actually implementing examples, and when people can envision a use case,
they can make more accurate decisions about them than without them. Moreover, scenarios are useful
in the design process because they capture the consequences and tradeoffs of potential designs [20].
The scenarios were presented together with claims to emphasize the differences in the scenarios and
to raise a discussion. The aim of the expert consultation was to find out and understand why experts
would choose certain design choices over others.
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2.2.1. Method
Participants
To further refine the requirements and obtain additional insights, the scenarios were discussed with the
following four experts:

• a psychologist and assistant professor, expert on changing health behavior and smoking cessa
tion.

• a senior eHealth researcher and scientific manager

• a PhD student at unit Health, Medical, and Neuropsychology and medical psychologist at a car
diology clinic.

• a PhD student in the field of biomedical signaling and systems, researching the use of sensors
for the physical activity running.

The first three experts were all related to the psychology field, the fourth was more involved in the
development of the app itself, with a focus on physical activity and the use of sensors. Throughout the
following sections, when experts are named without explicitly mentioning their background, we refer to
psychology experts.

Materials
Four scenarios were created, which contain use case examples for parts of the goalsetting dialogue.
Each scenario was presented with two or three options on how parts of the dialogue could be ap
proached. Additionally, each scenario was presented together with claims to emphasize the different
approaches for a part of the dialogue and raise a discussion. The first scenario is shown in Figure 2.1
as an example. All scenarios can be found in Appendix A.

Procedure
The four experts were invited to one of the three scenario meetings. In each meeting, the focus of the
discussion and the questions was adjusted to the relevant expertise. The purpose of the discussions
was to find out why experts would choose certain design choices over others and why they considered
certain aspects of the dialogue important. Additionally, questions were asked where their input and
feedback were desired.
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Longterm goalsetting option A Longterm goalsetting option B

Figure 2.1: This figure shows an example of the scenarios. In this scenario, two options are given to approach the longterm
goalsetting part. In option A, the user needs to select the type of activity for which they are setting a goal and write down the

longterm goal they would like to achieve. In option B, the user writes down the type of activity instead of selecting it. In
addition, extra reflective questions are asked about why the goal is important to the user.

2.2.2. Findings of expert consultation
In the following, we report the main findings of the discussions with experts. The proposed claims are
explained based on the past literature, and the discussion results are given.

Claim: The virtual coach should ask reflective questions
This claim states that the virtual coach should ask the user why the goal is important to them and
how this goal helps to reach their future identity. These reflective questions posed in scenario B of the
scenarios in Figure 2.1 are based on the findings of Lee et al. [62], where they use a reflective approach
to enhance the personalization and commitment that the user experiences. The experts believed that
reflective questions are useful, explaining that the user will be more involved and more committed in
this way. However, they were concerned that those questions might be very hard to answer. To solve
this problem, they came up with several ideas. One was to make use of questionnairetype questions
such as the Likert scale, so that users can answer the questions on, for example, a scale from 110.



2.2. Expert consultation 10

Another way that was proposed to make the process easier and to ensure that all the elements of goal
setting are included was by giving the user sentences in which they have to fill in the blanks.

An example that one of the PhD students mentioned is the ”Wat er toe doet”, in English: ”What
matters”, questionnaire [96]. It presents four questions to help a person realize what is important in
their lives. In the first question, the user needs to select 3 out of 9 topics that are important to them,
which are topics such as family, physical or mental health, and their relationship. By offering options
that a user can choose from, the action becomes simpler because the user does not have to come
up with their own topics. Next, the user is asked to write a goal for one of the three topics they have
selected. When they choose family, a relevant set of examples is given such as ’I want to visit my
family members on their birthdays.’ A similar method can also be used in the goal setting dialogue. If
users are presented with topics for which they can set a goal and examples of goals are given for those
topics, the process of coming up with a goal can be facilitated.

A requirement that can be derived from this discussion is that the virtual coach should ask the user
reflective questions, so that the commitment to the goal and perceived personalization are enhanced.

• R4: The dialogue with the virtual coach should make the user realize why the goal they are setting
is important to them; the user should become committed to the goal.

Claim: The virtual coach should give examples of goals
For the examples that the virtual coach presents to the user in the dialogue, the PhD student and senior
researcher suggested not to put them in the beginning of the chat. Their reasoning for this is that the
user might be pushed in a certain direction if they see the example first. Experts agreed that showing
examples of people who achieved a goal of physical activity can help to increase the user’s selfefficacy.
However, they mentioned that the examples that are shown should suit the user, as it can otherwise
have a discouraging effect. The use of examples to improve selfefficacy is in line with what has been
discussed previously and belongs to the first requirement (R1).

Claim: The virtual coach should be friendly and use emojis
Since the use of emojis became popular and can be useful, health researchers have started to apply
them in health interventions [100]. The use of emojis can make the virtual coach seem more friendly
and approachable. Experts mentioned that the use of emojis makes the dialogue look more appealing
and helps break the distance between the virtual coach and the user, which can make the user feel
more comfortable. We mentioned our concern that users might consider the virtual coach less credible
when using emojis [100], however, the senior researcher believed that it is okay to use emojis as long
as they are not overused. The language used in one of the scenarios was inspired by the Woebot
[35] and other research following guidelines for ecoaching [73, 100]. These studies indicate, among
other things, that starting with a compliment has a positive effect on the perceived conversation quality
by the user. Experts agree that giving compliments and encouraging the user is good practice. The
psychologist said that, in general, it was better to give a little too many encouragements than too few,
with the idea that the majority of the users would be happy with the encouragement. When the user is
encouraged, their selfefficacy could increase [101]. The results of this discussion are in line with the
first requirement (R1).
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Claim: The dialogue should guide the user in creating SMART goals
To make sure that the goal is SMART, the goal needs to be specific, measurable, achievable, realistic
and time bound. To make the goal achievable, the virtual coach in the third scenario tries to make
the user aware of the feasibility of the goal. However, one of the psychology PhD students suggested
that the virtual coach should explicitly ask whether the user thinks the goal is achievable, so that they
actually consider whether the goal is achievable. The psychologist agreed with asking that question,
but suggested letting the virtual coach first say something positive, because of concerns that the user
might be demotivated if the coach asks if they believe their goal is achievable.

Conclusions that we drew from this discussion is that it is good to support users in setting SMART
goals by asking them specific questions. This is in line with the second requirement that we defined
earlier (R2). Furthermore, the virtual coach should explicitly ask the user if they believe that the goal is
achievable so that the user thinks about whether the goal they are setting is realistic.

• R5: The dialogue with the virtual coach should make the user consider whether the goal they are
setting is achievable and realistic.

In addition to the advice the experts gave regarding the claims, their general advice was to keep the
language easy to understand, short and simple. This is in line with the methods of Provoost et al. [81],
where they agree to keep text readable by using short and clear sentences. In addition to keeping
the language simple, experts also recommend keeping the process as simple as possible. Providing
options from which users can select makes it easier for users to complete the goalsetting dialogue.

Additionally, one PhD student mentioned that it might be wise to give the user the ability to change
the goal if they want to. The reason for this is that during the dialogue the user thinks about their goal
in more depth and might realize that the goal that they initially wrote down is not what they want to
achieve. If they are able to change it, they can set a new goal that they would like to achieve. From
this last discussion, we derived the following requirement:

• R6: The language used by the virtual coach should be simple, short, and clear.

2.3. Requirements
Based on the literature review and expert consultation, the following requirements for the goalsetting
dialogue with the virtual goal are defined (in no particular order of importance):

• R1: The virtual coach should motivate the user to enhance their selfefficacy.

• R2: The dialogue with the virtual coach should be personalized.

• R3: The dialogue with the virtual coach should support the user in creating specific, measurable,
attainable, relevant, and timebound (SMART) goals.

• R4: The dialogue with the virtual coach should make the user realize why the goal they are setting
is important to them; the user should become committed to the goal.

• R5: The dialogue with the virtual coach should make the user consider whether the goal they are
setting is achievable and realistic.

• R6: The language used by the virtual coach should be simple, short, and easy to understand.



3
Design

This chapter describes the proposed solution to the research question:
How can an effective goal setting dialogue to increase physical activity with a virtual coach be designed?

The designed solution is explained first with its relation to previous research. Next, the designed goal
setting dialogue flow is explained and amore detailed description of the dialogue is given with its relation
to the requirements that we established in the previous chapter. The datadriven part of the solution is
explained in detail afterwards, followed by an analysis of the collected data for the datadriven part.

3.1. Design overview
To meet the requirements that were established in the previous chapter, a goalsetting dialogue was
designed for a conversational agent. In the previous chapter, the goalsetting theory was explained
and we found that goalsetting is used to motivate people to change their behavior. We found that
selfefficacy affects the goals we choose, how we approach the goal, and goal commitment. In our
proposed design, we tried to enhance selfefficacy in two ways: verbal persuasion (encouragement) [5,
101] and vicarious experience [5]. Vicarious experiences are most effective when a person observes
someone similar to them successfully achieve a goal [9]. Ashford et al. reviewed interventions aimed
at increasing selfefficacy for physical activity to research the relation between the used intervention
techniques and the change in selfefficacy [4]. They found that selfefficacy was significantly higher
when vicarious experience was used as an intervention technique, supporting the theory that seeing
similar people perform a behavior can raise an individual’s belief that they can also achieve the same
[5, 4, 9]. Based on this theory and review, we proposed the idea of using a model that predicts which
examples to show to the user to enhance the user’s selfefficacy. The idea of this model was to predict
which example the user would find motivating based on what similar users found motivating. To create
this model, data was needed. We needed examples to show and data as input for the prediction model.
How these data are collected is explained in detail in Section 3.3.

12
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Furthermore, we described the SMART goalsetting framework [36] that was based on the goal
setting theory of Locke and Latham [75]. Making sure the goal is consistent with these SMART princi
ples can make the goal more effective and resultoriented [77]. Therefore, we incorporated this frame
work into our design. The virtual coach asks questions to make the user consider each aspect of the
framework. Two of the principles, how achievable and how relevant the goal is, are especially important
aspects of our design because previous physical activity interventions lack these principles. We found
that asking reflective questions helps with goal commitment and personalization [62], which helps for
the relevance of the goal. Therefore, the virtual coach asks reflective questions, based on the frame
work [96] that one of the experts proposed in the expert consultation.

The design phase was divided into two parts. The first phase covers the design of the goalsetting
dialogue with the conversational agent, and the second part focuses on the data collection, in which
the examples were collected and a prediction model was created.

3.2. Goalsetting dialogue
In this section, we explain the goalsetting dialogue in more detail. Figure G.1 gives a highlevel
overview of the dialogue flow. The goalsetting dialogue is designed to set goals for physical activity,
in particular for running or walking. These activities are chosen to fit the scope of the Perfect Fit project.

From now on, we will refer to the virtual coach using the name Jody. We decided to give the virtual
coach a gender neutral name to avoid gender bias [34].

Figure 3.1: A highlevel overview of the dialogue flow.

At the beginning of the dialogue, Jody introduces themselves and asks the mood of the user. Asking
their mood helps the virtual coach appear friendly and increases the perceived personalization of the
conversation. Jody responds appropriately according to the selected mood and continues by explaining
the purpose of the conversation. Jody asks whether the user wants to set a running or walking goal
and asks the user to think about the goal they want to set. Jody emphasizes that this is not their final
goal and that they will make their goal more specific later on. Jody asks the user to think about their
goal themselves first, because the psychologist expert warned us about giving examples beforehand.
When the user sees an example beforehand, it is more likely that they will copy the example instead
of properly thinking about it themselves. Copying an example or creating a goal based on the given
example can happen unconsciously. It is important for the user to think about the goal themselves to
increase the chance that they are setting a goal that is relevant to them.
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After the user has an initial idea of what running or walking goal they would like to achieve, Jody
shows two examples of other people who have achieved a running or walking goal. As we explained
in the previous section, the examples are shown as vicarious experiences to enhance the user’s self
efficacy. The examples consist of two parts. The first part is an introduction of the example person, so
that the user has an idea of what type of person the example concerns. The second part of the example
describes the walking or running goal that the person achieved, including a short description on how
they achieved their goal. Running or walking goal examples are shown because these are the type of
goals that the user is setting, and we want to increase the user’s selfefficacy with regard to running or
walking. Figure 3.2 shows an example of someone who achieved a running goal.

Figure 3.2: Screenshot of part of the dialogue showing an example of a person who achieved a running goal.

Before Jody shows the second example, Jody asks whether the user finished reading the first exam
ple. If the user indicates that they have finished reading by pressing the button that becomes available,
Jody continues. This is done to avoid showing too much text at once and to minimize the chance that
people skip reading parts.

After the user has read the examples, Jody asks the user to think about their goal again and write
it down in more detail. This refers to the principle of the SMART goalsetting framework that goals
should be specific. The conversation continues with this framework by asking a reflective question:
why the running or walking goal the user set is important to them. This improves the commitment to
the goal and perceived personalization [62]. One concern that was raised in the previous chapter was
that these types of questions might be hard to answer. Our proposed solution guides the user by giving
them options to select from (see Figure 3.3), based on the ’What matters’ questionnaire [96]. Jody first
offers options to choose from: Family, Health, Relationships, Personal Growth, Work, Friends (Figure
3.3). Consequently, Jody asks why their goal is important for their chosen option.
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Figure 3.3: Screenshot of part of the dialogue showing buttons to choose why the running or walking goal the user set is
important to them.

After addressing the relevance principle of the SMART goalsetting framework, Jody continues with
the next principle: attainability. Jody asks the user how achievable they consider their goal (on a scale
from 1 to 7, where 1 is not achievable and 7 easily achievable). If the user indicates that it is hard
for them to reach their goal (1 or 2) or easy for them to reach their goal (6 or 7), Jody gives them the
opportunity to change their goal to something that suits them better (Figure 3.4).
The question was asked as follows:

How achievable is your goal [goal] to you?
Select a number between 1 and 7 where 1 is not achievable and 7 is easily achievable.

The questions about whether they want to change their goal were formulated following the advice of
psychologist experts, to minimize the risks that the user might be demotivated by the question.

a) Screenshot of the dialogue when the user indicates that their

goal is easy to achieve.

b) Screenshot of the dialogue when the user indicates that their goal is

hard to achieve.

Figure 3.4: In both cases a) and b), the user is given the option to change or keep their goal.

To make the goal timebound, which is also a principle of the SMART goalsetting framework, Jody
asks when the user wants to achieve their goal and checks the deadline the user sets. If the deadline
is in the past or in the near future (within a week), Jody asks the user to pick a different deadline.
When the user sets a valid deadline, Jody asks the user whether the deadline they set is correct, and
otherwise gives them the opportunity to change it.

When the deadline is set, Jody summarizes the goal and offers the possibility to change the goal or
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the deadline for the goal. When the user indicates that they are happy with the goal, Jody congratulates
them on setting the goal and gives some encouraging words before saying goodbye. Encouraging and
complimenting the user is in line with the ecoaching guidelines [73, 100] that we found in the previous
chapter.

3.2.1. Personalization
In Chapter 2 we found that personalization is useful to motivate the user, to increase the user’s attention,
and ultimately to enhance the chances of successful behavior. In the designed goalsetting dialogue,
we found multiple ways to include personalization elements.

Jody provides examples of people who successfully achieved a running or walking goal. The selec
tion of these examples is personalized: the examples that are predicted to be most motivating for that
user are shown to the user. The personalization aspect here is the use of examples that are considered
motivating by similar people rather than using general examples.

Other personalization elements are present in the dialogue flow. When the user chooses an answer,
Jody responds differently depending on their choice. For example, Jody asks the user what their mood
is by giving mood options that the user can choose from, and responds differently based on their choice.
Another example is that Jody offers the user the opportunity to change their goal if they indicate that
their goal is difficult or easy to achieve, which changes the direction of the dialogue.

3.2.2. Language
Attention is paid on the language that Jody used. As explained in the previous chapter, it is desired to
keep the language easy to understand, short, and simple. Therefore, the language used by the coach
is kept simple and longer text messages are split up into multiple sentences to make it more readable.
Another aspect of language is the use of emojis. The use of emojis can make the conversational agent
appear more friendly and approachable [100]. Psychology experts were in favor of using emojis in the
dialogue, as long as they were not overused. Jody uses emojis every now and then in the messages
and for the buttons provided (see Figure 3.3 for emoji examples).

In addition to using easy language, experts also recommended keeping the goalsetting process
simple. By offering options that the user can choose from, the action becomes simpler, because the
user does not have to come up with an answer themselves. Buttons are used for multiple questions
throughout the conversation.

Finally, Jody follows the principles of motivational interviewing by expressing empathy (e.g., ac
knowledging the user’s mood), by cheering the user on and complimenting the user (e.g., compliment
ing them for thinking about their goal), and supporting selfefficacy and optimism (e.g., encouraging the
user to achieve their goal) [46].

Table 3.1 below gives a brief overview of the requirements we established in Chapter 2 with the pro
posed solutions.
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Table 3.1: Overview of requirements with a brief description of the design solution.

Requirement Design solution
R1 The virtual coach should motivate the user to

enhance their selfefficacy.
The virtual coach tries to enhance the users’
selfefficacy by showing examples of others
that successfully achieved a goal (vicarious
experiences) and encouraging them (verbal
persuasion).

R2 The dialogue with the virtual coach should be
personalized.

The examples that are shown by the virtual
coach are personalized and the direction of
the dialogue can change based on specific
user choices.

R3 The dialogue with the virtual coach should
support the user in creating specific, mea
surable, attainable, relevant and timebound
(SMART) goals.

The virtual coach asks questions to make the
user consider each element of the SMART
goal setting theory.

R4 The dialogue with the virtual coach should
make the user realize why the goal they are
setting is important to them; the user should
become committed to the goal.

The virtual coach asks reflective questions to
make the user realize why their goal is impor
tant to them to increase relevance and conse
quently commitment to the goal.

R5 The dialogue with the virtual coach should
make the user consider whether the goal they
are setting is achievable and realistic.

The virtual coach asks the user whether they
believe their goal is achievable, and supports
them with changing their goal if they want to.

R6 The language used by the virtual coach
should be simple, short and easy to under
stand.

The language used by the virtual coach is sim
ple and long sentences are split up for read
ability

3.3. Example data
Part of our designed dialogue is the examples that are shown to the user to enhance their selfefficacy.
We mentioned before that we use a model to predict which examples to show to the user. Two ways
were considered to predict these examples:

1. Predict which examples to show based on which examples people with similar user characteristics
perceived as similar.

2. Predict which examples to show based on which examples people with similar user characteristics
found motivating.

We needed to gather data for both models. For the similarity ratings, it was necessary to obtain ratings
on how similar someone perceives the person of the example. For the motivation ratings, we needed to
obtain ratings of howmotivating the user perceives the example. Thus, we created examples consisting
of two parts. The first part was the introduction of the person in which they mention something about
their physical activity. We were interested in their physical activity because we wanted users to feel
similar to them with respect to physical activity. We were interested in physical activity because we
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want to increase the users’ physical activity selfefficacy. In the second part of the example, the physical
activity goal that the example person has successfully achieved is shown, and a brief description on
how they achieved their goal is given. Additionally, describing how the example person achieved their
goal instead of only showing the goal they achieved was done to enhance motivation.

Jody shows examples of people who achieved a running or walking goal in the proposed goalsetting
dialogue. Therefore, we needed examples of people that achieved a running or walking goal.

3.3.1. Example data collection
To gather the examples and ratings of these examples, the data collection phase was divided into two
parts. The first part (A) focused on obtaining the examples. The second part (B) focused on rating these
examples on how similar the example people are perceived, and on howmotivational the example goals
are considered. Both parts A and B were approved by the TU Delft Human Ethics Research Committee
(HREC reference number: 1707). These experiments were run in September and October 2021.

3.4. Data collection part A: Introductions and goal examples
The goal of this part was to gather introductions of people who have achieved physical activity goals.These
introductions were used as part of the example that the virtual coach used to increase the user’s self
efficacy and to motivate the user.

In our goalsetting dialogue, Jody showed two examples of a person who has achieved a walking or
running goal, including an introduction of the example person and how they achieved their goal. Three
questions were asked to obtain the first part of the examples:

1. Please introduce yourself in 23 sentences as if you are introducing yourself to a new person you
meet at your friend’s gathering. This person is interested in learning about your physical
activity.

2. Describe one goal with regards to running or walking you have achieved in the past year.

3. Describe in one sentence how you have achieved your goal.

The first question was asked to obtain information about the participant, expecting the participant to
describe themselves. The question specifically mentions that they should introduce themselves to
someone who is interested in learning about their physical activity, to ensure that they write about their
physical activity. This was desired because the final goal was that people who read the example feel
similar to or relate to the given example person with regard to physical activity as well.

The second and third questions asked for a goal the participant achieved with respect to running
or walking and how they achieved that goal. The latter question was asked for motivational purposes;
besides reading that the person in the example achieved a certain goal, it can be motivating and helpful
to read about how they managed to achieve that goal [67]. The answers to the second and third
questions were presented together during the conversation with the virtual coach.

3.4.1. Participants
Participants who were invited to take part in the study were fluent Englishspeaking adults (18 years
and older). Prolific, an online crowdsourcing platform, was used to recruit participants. Eligible were
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people who had achieved a running or walking goal in the past year.
Prolific offers the ability to prescreen participants based on user variable criteria. Diversity was desired
because in the final conversation with Jody, there should be an example of a similar person available for
any kind of user. To ensure diversity between the participants, groups with different user variables that
were available beforehand for prescreening in Prolific were created, and participants were recruited
based on these groups. The groups filter on gender (2 levels: male/female), age (3 levels: 1835, 3655,
and 55+), and activity level (3 levels: less than 60 minutes active per week, 60120 minutes active per
week, and more than 120 minutes active per week). The combinations of the three variables gender,
age, and activity level resulted in 18 (2x3x3) different groups. The groups and their corresponding user
variables can be found in Table D.1 in Appendix D. Four participants were recruited per group, resulting
in a total of 72 participants. The number of participants was chosen based on the budget available for
this part of the project and to make sure that we have at least 4 people per group.

Table B.1 in Appendix B shows the characteristics of the participants of part A.

3.4.2. Materials
Qualtrics was used to host the online questionnaires.

3.4.3. Measures
We collected data on user variables that served as input for the prediction model. The chosen variables
are variables that were expected to have an influence on perceived motivation of people and variables
measuring physical activity.

The COMBmodel is a behavior model [99]. It identifies three factors that are necessary for behavior
to occur: capability, opportunity, and motivation. Capability and opportunity in the COMBmodel impact
motivation, and together they impact behavior. The chosen user variables and their relationship to these
factors are explained below.

Motivation
Motivation refers to mental processes that influence our decision making and behavior.

• Running or walking selfefficacy (an adaptation of the exercise selfefficacy scale by McAuley
[68], instead of exercise to specifically walking or running. The whole scale can be found in
Appendix C). Selfefficacy is a motivational construct that affects choices, effort, persistence, and
achievement [90].

• Big5 personality (10item TIPI questionnaire[41]). The Big5 personality traits are related to in
trinsic and extrinsic motivation [43][14].

• TTMphase for becoming more physically active (an adaptation based on the Exercise: Stages
of Change short form [93]). The TTMphase that a person is in affects their motivation to change,
but also what they perceive as motivating. For example, an already active person most likely
does not consider walking 2000 steps every day motivating, because they already walk more
than that.

• Number of hours spent sitting on a weekday and on a weekend day [53]. The number of hours
spent sitting is related to the TTMphase. For example, if a person sits a lot, the person is likely
in one of the first stages of physical activity change.
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• Physical activity selfidentity (an adaptation to physical activity instead of exercise of the ques
tionnaire from the paper by Anderson and Cychosz [2]). Physical activity selfidentity measures
the extent to which someone sees physical activity as a part of their selfconcept, which affects
their physical activity behavior.

• Need for cognition (the three items used in the paper by Steward et al. [94], which are in turn
from the paper by Cacioppo et al. [16]). Need for cognition describes an individuals’ tendency to
engage in and enjoy effortful cognitive activity [15] and is shown to be positively correlated with
intrinsic motivation [78].

Capability
Capability describes the physical and psychological capability that together with opportunity makes
behavior possible. This includes, for example, a person’s physical and mental functioning. For this
study, we are interested in the physical activity level of the users. The following variables were obtained
to determine the physical activity level:

• Godinleisure time activity [38] to measure exercise and categorize based on physical activity, for
which guidelines are given in the questionnaire.

• Weekly exercise (number of hours per week).

Opportunity
Opportunity describes the physical and social opportunity that together with capability makes behavior
possible. This includes, for example, financial or material resources and social norms.

• Selfevaluated socioeconomic status and personal and household income. Both selfevaluated
socioeconomic status and income could affect how much money a person has to spend on phys
ical activity.

• Household size. Household size could, for example, impact whether people have someone to
workout with.

• Highest completed education. Education level could impact physical activity in multiple ways, for
example, it was found that for loweducation people, not working and job loss were associated
with reduced physical activity, while for highly educated individuals the opposite was true [30].

Smoking
In addition to the variables mentioned above, we gathered smoking variables because smoking affects
a person’s physical fitness [25] and is closely related to physical activity [47]. For example, smoking
can be associated with significantly reduced odds of being moderately or highly physically active [79].
The following smokingrelated variables were obtained only from participants who smoke at least once
a day:

• Smoking selfidentity, nonsmoking selfidentity and quitter selfidentity (3 items each based on
Meijer et al. [70]).

• Smoking groupidentity (based on the ingroup ties subscale of the paper by Cameron [17]).

• Nonsmoking groupidentity (based on the ingroup ties subscale of the paper by Cameron [17]).
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• Quitting smoking selfefficacy (4 items based on the paper by Scholl et al. [88]).

• Quitting smoking attempts [1].

• TTMphase for quitting smoking [1].

• Quit smoking status, smoking status, and the smoking frequency were obtained from the partici
pant’s Prolific profile.

Demographics
Finally, we gathered the basic user demographics age and gender.

Part of the user data was retrieved from the Prolific profiles of the participants. This includes their age,
gender, household size, personal and household income range, highest completed education level,
selfevaluated socioeconomic status, weekly exercise amount in minutes, quit smoking status, smoking
status and smoking frequency. The other variables were collected using a Qualtrics questionnaire.

3.4.4. Procedure
The experiment was divided into two parts: the prescreening questionnaire to check whether the
participants are eligible for this experiment, and the goalquestionnaire for the content of the experiment.

1. First, the participant completed theQualtrics prescreening questionnaire which determinedwhether
they were eligible for the experiment. Eligibility was based on whether the participant consented
to participate in the study, whether they were fluent in English and whether they achieved a run
ning or walking goal in the past year or not.

Only participants who were eligible and completed the prequestionnaire received an email with
an invitation to the goalquestionnaire.

2. Participants had one week to respond to the invitation to the goalquestionnaire. The goal
questionnaire started with asking the participant to introduce themselves, and describe a walking
or running goal they achieved in the past year and how they achieved it. Additionally, questions
were asked to collect the user data variables described in Section 3.4.3.

Participants were excluded after the second part if they failed half or more of the attention check
questions, did not respond within a week, did not complete the goalquestionnaire, and/or clearly
gave nonsensical answers to the freetext questions.

When a participant was excluded, they were replaced by a new participant who was recruited from
the same user variable group. Participants who passed part 1 and/or 2 (were not excluded) were paid
according to the minimum payment rules on Prolific (i.e., min. 5 GBP/hour).

3.4.5. Data preparation
The introductions, goals and how the goals were achieved were extracted from the responses and
checked in several ways. First, the goals were checked to determine whether the collected goals were
actual running or walking goals according to the following definition: ”A goal that involves running or
walking and is achieved by running or walking”. All goals were read and labeled ”running or walking
goal” or ”other goal” by three people. Two raters were students with a background in computer science,
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and the third rater was a student with a background in computer science and persuasion algorithms. For
any disagreement, the majority rating was chosen. To measure interrater agreement, Fleiss’ Kappa
was calculated and resulted in a value of 0.99, which means almost perfect agreement [69]. Afterwards,
the introductions, goals and how the goals were achieved sentences were corrected on several criteria,
including anonymization, spelling, grammar, and punctuation mistakes. A complete overview of the
criteria can be found in Appendix E.

3.4.6. Results
After cleaning and anonymizing the data, we were left with 72 examples of people who achieved a
running or walking goal. Two examples of the resulting data are shown below:

• Introduction:
”I’m Patricia and I really like playing tennis and walking at night. I set a challenge for me to walk
at least 6.000 steps per day.”
Achieved goal and how they achieved it:
”I walked every day at least 6.000 steps.
I achieved this by just going for walks alone, with my boyfriend or my dog.”

• Introduction:
”Hello, I’m Edward. I’m 49 years old. I’m a person who loves to run and feel like I’m physically
active and have good health”
Achieved goal and how they achieved it:
”I increased the number of daily kilometers I walk on a given week.
I achieved this because I started with shorter distances, when I achieved 10 km I sped up.”

3.5. Data collection part B: Ratings of examples
The goal of this part is to find out how people rate the collected examples of people who achieved a
running or walking goal. Based on these ratings, a prediction model can be created to decide which
example should be shown to a user who has a conversation with the virtual coach.

Participants were asked to give two types of ratings:

1. The introductions of the people of part A were rated based on similarity. The participant was
asked to read the introduction and answer the question How similar do you consider this person
to yourself? by filling out a scale from 3 to 3, where 3 was labeled as not similar, 0 was labeled
as neutral and 3 was labeled as very similar.

2. The goals of the people of part A and how they achieved the goal were rated based on motivation.
The participant was asked to read the goal and how they achieved it, and answer the question
How motivating do you consider this goal and how they achieved it? by filling out a scale from
3 to 3, where 3 was labeled as not motivating, 0 was labeled as neutral and 3 was labeled as
very motivating.
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3.5.1. Participants
The participants in this experiment were fluent Englishspeaking adults (18 years and older). People
who participated in experiment A were excluded from participation. The same 18 user variable filter
groups that were used for recruitment in part A were also used for part B (Table D.1 in Appendix D).
For part B, two people were recruited per group, resulting in a total of 36 participants. This number was
chosen to ensure that we have two raters per group to reduce bias and was within the budget assigned
for this part of the experiment.

Table B.2 in Appendix B shows the characteristics of the participants in part B.

3.5.2. Materials
Qualtrics was used to host the online questionnaires.

3.5.3. Measures
The user data collected in this experiment is the same as in experiment A, as the participants in both
experiments were compared to each other. They were compared to each other because we wanted
to measure how similar they are to each other, and we did this by calculating the difference of the
independent variables between them. Questions asking for an introduction and running or walking
goal and how they achieved it were not asked to the participants in part B, as these data were only
needed from the participants of part A.

3.5.4. Procedure
The participants were asked to fill out a Qualtrics questionnaire. It started with the same questions
to obtain user information as in part A, except for the questions about introducing themselves and
describing a running or walking goal they achieved. Afterwards, participants were asked to rate the
perceived similarity of the person and the motivational impact of the corresponding running or walking
goal for 18 people). The 18 people were randomly chosen such that there was one person per group
(see Table D.1 in Appendix D).
When a participant failed half or more of the attention check questions or did not complete the question
naire, they were excluded and a new participant from the same group was recruited to replace them.
The participants were paid according to the minimum payment rules on Prolific (i.e., min. 5 GBP/hour).

3.5.5. Data preparation
After parts A and B, we were left with 72 examples and approximately 9 ratings per example. 36
Participants from part B rated 18 examples each (on similarity and motivation), resulting in 648 data
points for both similarity and motivation ratings. The data obtained from parts A and B needed to be
cleaned and combined to have the appropriate data format for the data analysis. The following data
indices were created:

• The selfefficacy scale index was obtained by summing the confidence ratings and dividing by
the total number of items on the scale.

• The GodinLeisure time score was calculated and classified into one of the three groups: active,
moderately active, or insufficiently active [38].
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• The Big5 personality (10item TIPI questionnaire) contained 2 items for each of the 5 personal
ity dimensions. The answers given for the 2 items for a personality dimension were averaged
(accounting for direction) to obtain the score for the given dimension.

• For the need for cognition and the physical activity selfidentity, indices were computed by av
eraging the respective items (accounting for direction). To measure the internal consistency of
these two variables, Chronbach’s Alpha was calculated. The need for cognition questionnaire
consisted of 3 items (α = .70) which is considered acceptable. The physical activity selfidentity
questionnaire consisted of 9 items (α = .91), which is considered excellent.

3.6. Model performance
In the data collection parts A and B, we collected examples from people in part A and let the people of
part B rate the examples on how similar they perceived the example introductions, how motivating they
considered the example goals and how the goal was achieved. These ratings were needed to create
input for a prediction model. We need to predict which examples the virtual coach should show to a
person having the goalsetting conversation. With the data obtained, a model could be fit to predict the
perceived similarity and perceived motivation of the examples based on the user variables gathered in
parts A and B.

3.6.1. Linear model
Linear regression was used to analyze the data. Two regressions were calculated:

• Similarity model: The first linear regression model was calculated to predict the dependent
variable similarity rating based on the independent variables, which are the difference in user
variables between the rater (person of part B) and the example person (person of part A) that the
rater rated. age, agreeableness, conscientiousness, education level, emotional stability, extraver
sion, gender, godin leisure time activity, household income, household size, need for cognition,
openness to experiences, personal income, physical activity selfidentity, running or walking self
efficacy, sitting hours weekday, sitting hours weekend day, smoking status, smoking frequency,
socioeconomic status, ttm phase physical activity, and weekly exercise.

• Motivation model: The second multiple linear regression model was calculated to predict the
dependent variablemotivation rating based on the same independent variables as in the similarity
model.

These models were both analyzed to see which one would be better to use for the prediction of which
example to show to a new user. In both cases, the multiple R2 statistic was low (0.14 and 0.17 for the
similarity and motivation model respectively), indicating that the models are not fitting the data very well,
as only roughly 14% and 17% of the variance found in the dependent variables can be explained by
the predictor variables. Since the model that predicts motivation ratings performed better, we decided
to continue using that model. Details of the similarity and motivation models can be found in Appendix
F in Tables F.1 and Table F.2.
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3.6.2. Final prediction model
For the final model, we tried to reduce the number of variables necessary for the prediction without
reducing the accuracy of the model. This was done to avoid overfitting and to decrease the number of
variables required to predict the motivation rating. If fewer variables are required, users must answer
fewer questions, which reduces the entry barrier to participate [52] and ultimately to make use of the
virtual coach. Furthermore, we tried to use the similarity ratings data as input for the motivation rating
model. All of these analyses are explained in Appendix G.

Final model
The final model (Table 3.2) contains the following variables: age, extraversion, godin leisure time activ
ity, household income, household size, openness to experiences, physical activity selfidentity, running
or walking selfefficacy, sitting hours weekend day, ttm phase physical activity, cluster 1, cluster 2, and
cluster 3.

Table 3.2: Final model used to predict motivation rating.

Estimate Std. Error t value Pr(>|t|)

age 0.65 0.28 2.33 0.02 *
household income 0.77 0.36 2.11 0.04 *
household size 0.60 0.33 1.84 0.07 .
extraversion 0.73 0.33 2.25 0.03 *
openness to experiences 0.79 0.31 2.58 0.01 *
ttm physical activity level 0.53 0.27 2.00 0.05 *
physical activity selfidentity 0.44 0.39 1.13 0.26
running or walking selfefficacy 0.82 0.30 2.72 <0.01 **
sitting hours weekend day 0.57 0.37 1.55 0.12
godin activity 0.89 0.18 5.03 <0.001 ***
cluster1 0.13 0.05 2.43 0.02 *
cluster2 0.01 0.05 0.20 0.84
cluster3 0.40 0.06 6.79 <0.001 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

The final model has a Multiple R2 of 0.23 and Adjusted R2 value of 0.21, which is slightly higher
than the inital step model (0.22 and 0.21 respectively), and comparable to the full model (0.23 and 0.20)
respectively). Thus in the final model, around 23% of the observed variation in the dependent variable
can be explained by the independent variables.

This model is used to decide which examples the virtual coach shows to the user. For the new user,
the motivation ratings of the examples are predicted and the two examples with the highest motivation
ratings are chosen.



4
Evaluation

The aim of this chapter is to answer the following research question:
How effective is the designed goalsetting dialogue with regards to:

• Running or walking selfefficacy

• Motivation

• Establishing a positive attitude towards the virtual coach

In previous chapters, we described the design of a goalsetting dialogue with a virtual coach for
physical activity. To evaluate the goalsetting dialogue, an experiment was set up. This chapter starts
with describing the experimental setup, followed by the data analysis and results. The chapter ends
with a discussion of the findings.

As we explained before, selfefficacy impacts the goals we choose, how we approach the goal, and
goalcommitment. The virtual coach that we created was designed to increase the user’s selfefficacy
with regards to running and walking by showing examples of other people who successfully achieved
a goal and by encouraging the user. To examine this, the following hypothesis was formulated:

• H1: The user’s selfefficacy is higher after the conversation with the virtual coach than before the
conversation with the virtual coach.

To predict which examples to show the user, a prediction model was fitted. This model predicts
which example the user would consider most motivating. We wanted to analyze whether these ex
amples chosen by the prediction model (personalized examples) are more effective in enhancing the
participant’s selfefficacy than when the virtual coach shows general examples. To evaluate this, we
formulated the following hypothesis:

• H2: The selfefficacy is higher when people receive personalized examples than when they re
ceive general examples.

26



4.1. Methods 27

Besides the indirect effect of the examples that might be observed in an increase of selfefficacy,
we were also interested to directly analyze whether the personalized examples are considered more
motivating than the general examples. The following hypothesis emerged from this:

• H3: The personalized examples are perceived as more motivating than the general examples.

Finally, we wanted to analyze how the people perceive the virtual coach, as this is important for
behavior change in general. A better relationship with the virtual coach makes people like, trust and
respect the virtual coach more, which leads to more positive behavior changes [103, 12]. A positive
attitude towards the virtual coach has a positive impact on goalsetting as well, because a better relation
with the coach can increase the goal commitment and shared goal feeling [11]. The following hypothesis
was formulated:

• H4: People have a positive attitude towards the virtual coach.

In addition to analyzing these four hypothesis, we conducted a thematic analysis to find out what
people find motivating about the example goals. We try to answer the following question: What do
people find motivating about the running or walking goals from other people?

4.1. Methods
The experiment to evaluate the goalsetting dialogue was run in March 2022. Before running the experi
ment, we registered the design of this study with theOpen Science Framework (OSF) [51]. Furthermore,
the study design was approved by the TU Delft Human Research Ethics committee (HREC reference
number: 1707).

4.1.1. Experimental Design
Study design
This study adopts a mixed study design with:

• 1 Betweensubjects factor (the type of examples the virtual coach provides) and 2 levels (general
examples or personalized examples), and

• 1 Withinsubjects factor (time) measuring the running or walking selfefficacy twice, before the
conversation with the virtual coach and after (referred to as pre and post respectively).

Randomization
Randomization was applied to the betweenparticipants component of this study. Participants were
randomly assigned to one of the two groups. The three variables of our prediction model that were
able to best predict motivation ratings were considered for randomization. These were the baseline
selfefficacy and two of the three cluster similarity rating variables.

To account for these three continuous variables in the randomization, we used adaptive covariate
randomization [63]. For both groups, the means were calculated and covariance matrices were esti
mated. We tried 100 ways of assigning people to the two groups. For each of the 100 samples, two
multivariate Gaussian distributions were estimated. To choose one of these 100 samples, Jeffrey’s
distance was computed between the two Gaussians of each sample. The sample with the smallest
Jeffrey’s distance (i.e. the pair of groups with the most similar multivariate Gaussians) was chosen. If
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there were multiple samples with the smallest Jeffrey’s distance, one of these samples was randomly
chosen.

To ensure diversity between participants, 36 groups with different user variables were created be
forehand and participants were recruited based on these groups. The groups filter on gender (male/female),
age (age ranges 1835, 3655, and 55+), activity level (less than 60 minutes active per week, 60120
minutes active per week, and more than 120 minutes active per week) and smoking status (smoking
at least once a day or not). Prolific offers the ability to prescreen participants based on user variable
criteria. The prescreening ensured that the complete sample was represented equally by all different
groups. The combinations of the four variables gender (2 levels), age (3 levels), activity level (3 levels),
and smoking status (2 levels) resulted in 36 (2x3x3x2) groups. The groups and their corresponding
user variables can be found in Table D.2 in Appendix D.

4.1.2. Materials
Prolific was used to recruit participants. The questionnaires were hosted on Qualtrics. Furthermore,
data from the previous data collection phase was used, including the examples of people that achieved
a running or walking goal and the prediciton model. The chatbot was implemented using Rasa version
2.8.01. The code for the chatbot can be found online [49]. The chatbot was running on a Google Cloud
server2.

The examples that were shown by the virtual coach during the goalsetting conversation were ob
tained in the data collection procedure that we described in the previous chapter (Section 3.3). We
collected 72 examples in total. The three examples that received the overall highest motivation rating
were used as the general examples. Each person received a random selection of two of these three
examples. The three most motivating examples can be found in Appendix H.

Algorithm input variables
The same variables that we collected in experiments A and B are also gathered in this experiment as
input for the prediction model. In addition, we asked participants to rate six introductions of example
people based on how similar they consider that person. This is used as a predictor of motivation ratings.
A more detailed description of this can be found in Appendix G. Note that the six examples they rated
similarity were not used in the dialogue with the virtual coach, as the participants had seen part of the
examples beforehand.

4.1.3. Measures
Primary variables
We identified the primary variables as variables that are relevant to answer the hypotheses. These are
the following variables:

• Running or walking selfefficacy, an adaptation of the exercise selfefficacy scale byMcAuley [68],
instead of exercise to specifically walking or running. The whole scale can be found in Appendix
C.

• Acceptance of the virtual coach, an adaption of the questions asked in the paper by Bickmore et
al. [13] that is adapted in the paper by Provoost et al. [81]. In the postquestionnaire, participants

1https://rasa.com/
2https://cloud.google.com/
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were asked to fill out questions about the acceptance of the coach to assess their attitude towards
and satisfaction with the virtual coach. For each of the six items, participants were asked to pro
vide a rating (on a scale from 3 to 3) and then to elaborate by means of a freetext response for
the question ”Why do you think so?”. The 6 items of the questionnaire assess the satisfaction
with the conversational agent, ease/difficulty of talking to the conversational agent, preference
regarding continuing or stopping to work with the conversational agent, relationship with the con
versational agent, preference regarding working with the conversational agent or a questionnaire,
and intended use of the conversational agent’s advice in the future.

• Motivation ratings of examples. Participants were asked to rate the two examples they were
given and the two examples that would have been given to them if they were in the other group
on how motivating they perceived them (on a scale from 3 to 3 where 3 is not motivating and 3
is very motivating). This allows us to see whether personalized examples are considered more
motivating. If one of the predicted personalized examples was the same as the general examples,
they only rated that example once.

Secondary variables
The secondary variables concern the variables that were gathered for future research. Additionally, data
from the dialogue between the participant and the virtual coach were saved for exploratory purposes.
This includes the following:

• Type of goal the participant sets (running or walking).

• What the participants take away from the examples (free text response).

The other dialogue variables that were measured but not used in the analysis can be found in the OSF
preregistration form.

Finally, participants were asked an open question about the examples. After rating the example
goals in the postquestionnaire, participants were asked the following question: What do you find mo
tivating about the running or walking goals that other people achieved? This allows us to understand
which elements of the examples are considered motivating so that they can be used positively in the
future.

4.1.4. Participants
The participants for this experiment were fluently English speaking adults (age 18 and older). The
people from whomwe had collected example running or walking goals were excluded from participation.

To determine the sample size required for this experiment, we performed a power analysis using
G*Power [33]. To obtain a medium effect size f of 0.25 [24], we used a power of 0.8 and 0.05 alpha error
probability. The resulting required sample size was 34. We created 36 groups to balance participant
recruitment, thus we decided to aim for two more participants for a total of 36 participants.

The experiment consisted of two parts: a prequestionnaire and a postquestionnaire. Participants
were excluded from the analysis after the first part of the experiment if they did not give informed
consent, did not indicate they speak English fluently or failed more than 25% of the attention check
questions of the prequestionnaire. Participants were invited for part 2 if they successfully passed part
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1. In part 2, participants were excluded from the analysis if they did not complete the conversation with
the virtual coach, did not pass at least 50% of the attention checks of the postquestionnaire, or did not
give sensible answers to freetext questions of the postquestionnaire.

Based on these criteria, eight participants were excluded: One participant did not give informed
consent, two participants failed the prescreening question about fluency in English, two participants
did not finish the postquestionnaire, two participants did not return for the second part of the study
within 1 week, and one participant did not complete the conversation with the virtual coach. We ended
up with more than 36 participants because of two reasons. First, we did a pilot study beforehand to
make sure that everything was working. The pilot study was successful and no changes were made
afterwards, thus we added the pilot data to the data collected in the actual experiment. Second, one
extra person was recruited by accident. In total, 47 participants were recruited of which 39 participants
were included in the analysis. The participant characteristics can be found in Table 4.1. Participants
were nationals of various countries, including Portugal, the United Kingdom, and South Africa.

Table 4.1: Participant characteristics of the two groups (General and Personalized) and both groups together (Total).

General Personalized Total

N = 20 N = 19 N = 39

Age mean (SD), range 44 (18), 1972 39 (15), 2266 42 (16), 1972

Running or walking selfefficacy mean, range 86 (46, 100) 76 (60, 98) 84 (55, 100)

Godin LeisureTime score mean, range 28 (8, 52) 29 (10, 44) 29 (9, 45)

Gender n (%)

Female 10 (50%) 10 (53%) 20 (51%)

Male 10 (50%) 9 (47%) 19 (49%)

Weekly exercise (per week) n (%)

Less than 60 minutes 8 (40%) 6 (32%) 14 (36%)

60120 minutes 6 (30%) 6 (32%) 12 (31%)

More than 120 minutes 6 (30%) 7 (37%) 13 (33%)

TTMphase for physical activity n (%)

Maintenance phase 6 (30%) 5 (26%) 11 (28%)

Action phase 2 (10%) 3 (16%) 5 (13%)

Preparation phase 6 (30%) 3 (16%) 9 (23%)

Contemplation phase 3 (15%) 8 (42%) 11 (28%)

Precontemplation phase 3 (15%) 0 3 (7.7%)

Abbreviations: SD, Standard deviation; TTM, Transtheoretical model.

We checked whether there were differences between the two groups of the independent variable
’example type’ (general and personalized). To do this, we used Bayesian ttests and Bayesian test of
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proportions. None of the variables had a certainly high probability of being different between the two
groups according to Chechile’s guidelines [21].

Table 4.2: Differences between the two groups (General and Personalized group). The probability difference in means
between the two groups > 0 shows the probability that the difference in means between the two groups is greater than 0. The
estimated probability to be a participant of the General group shows the probability that the participant belongs to the ’General’
group. For example, we see that participants who exercise less than 60 minutes per week have a probability of 56% to belong
to the ’General’ group, which means that there is a probability of 44% that the participant belongs to the ’Personalized’ group.

Variable Probability difference in means between the two groups > 0 [95% CI]
Running or walking selfefficacy 0.84
Age 0.85
Godinleisure time activity 0.68

Estimated probability to be in the General group [95% CI]
Smoking status
Smoker 0.55
Nonsmoker 0.33
Weekly exercise:
Less than 60 minutes 0.56
60120 minutes 0.50
More than 120 mintues 0.46
TTMphase for physical activity
Maintenance phase 0.54
Action phase 0.42
Preparation phase 0.64
Contemplation phase 0.30
Precontemplation phase 0.84

Abbreviations: CI, Credible interval, TTM: Transtheoretical model.

4.1.5. Procedure
Participants were recruited from Prolific. They received monetary compensation based on the payment
rules on Prolific (i.e., min. 5 GBP/hour).

The experiment was divided into two parts:

1. The participants were first briefed about the nature of the experiment. They filled out the pre
questionnaire, which started with an informed consent form. Participants continued only if they
provided informed consent. The prequestionnaire gathered the user variables necessary to fit
the prediction model, asked for ratings on examples of other people that achieved a running or
walking goal, and measured running and walking selfefficacy.

Participants were invited for the second part of the experiment after one week. Participants had
a week to respond to the invitation and were excluded and replaced otherwise.

2. The second part was the conversation with the virtual coach (approximately 7 minutes), followed
by a postquestionnaire to measure selfefficacy (either running or walking selfefficacy based on
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whether the participant has set a running or walking goal during the conversation with the virtual
coach), to measure the acceptance of the virtual coach, to get example ratings, and to gather
feedback on what participants consider motivating about the example goals.

To give an overview, the experiment procedure is illustrated in Figure 4.1.

Figure 4.1: Experiment design showing the experiment process, the data gathered and exclusion criteria.

4.1.6. Data preparation and analysis
The collected data were cleaned in Python and analysed in R. All data and analysis code can be
found in the 4TU ResearchData Repository [50] and the results can be reproduced with Docker. Data
cleaning entailed anonymizing the data, removing data from excluded participants, and transforming
and restructuring the data.

The transformations for the measures that were used for experiments A and B are explained in
Section 3.5.5. Indices for the other measures were created as follows:

• For the similarity ratings given for the clusters, the participants rated two examples per cluster.
The average of the two examples was taken to create one index value.

• For the motivation ratings given for the examples, the participant rated two examples per group
(personalized examples and general examples). One index was created for this per group by
taking the average value of the two ratings.

• For the acceptance questionnaire, we computed the indices by averaging the corresponding six
items. To measure the internal consistency of this variable, Cronbach’s α was computed. The
acceptance questionnaire consisted of 6 items (α = .87) which is considered very reliable [26].
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To analyze the four hypotheses, Bayesian hypothesis testing was used. This is in contrast to what
was written in the OSF preregistration form, where we described a frequentist analysis. We initially did
the frequentist analysis, and the results were inconclusive for some hypotheses. Therefore, we reana
lyzed the data using a Bayesian approach, which allowed us to draw conclusions about the hypotheses.
Compared to the commonly used frequentist approach, Bayesian testing assigns a probability to a hy
pothesis [48]. We used Bayesian testing because the frequentist analysis results were inconclusive,
and using the Bayesian approach gives us more insight about the data. Bayesian hypothesis testing
shows the probability of whether a hypothesis holds, instead of only rejecting the hypothesis if the
pvalue is smaller than alpha.

The four hypotheses were analyzed as follows:

• To analyze the first hypothesis (H1), we performed a Bayesian paired ttest. The two measure
ments compared were the pre selfefficacy measurement and post selfefficacy measurement.
For the selfefficacy measure, we compared the pre and postmeasurement of the participants’
running or walking selfefficacy depending on which activity the participant set a goal for. Both
running and walking selfefficacy were measured beforehand, because we did not yet know which
activity the participants would choose. Only the selfefficacy of the activity that was chosen during
the conversation with the conversational agent was measured afterward.

• To check H2, a Bayesian twosample ttest was conducted. The two independent groups were
the general and personalized examples groups, and the dependent variable was the change in
selfefficacy between the pre and post measurement.

• To check whether personalized examples were perceived as more motivating than general exam
ples (H3), a Bayesian twosample ttest was performed for the motivation rating measure.

• For the last hypothesis (H4), we conducted a Bayesian onesample ttest of the participants’
responses to the acceptance questionnaire.

In addition to the Bayesian analysis to answer the four hypotheses, we conducted a thematic analysis
to further analyze what participants considered motivating about the example goals they read. The
themes were coded by two raters with a background in computer science. To measure interrater
reliability, we calculated Cohen’s Kappa which resulted in a value of 0.79, which means substantial
agreement [69]. To reduce bias in the findings, we used triangulation [80]. We asked the participants
two different questions through two different platforms to gather data for the thematic analysis.

4.2. Results
H1: The user’s selfefficacy is higher after the conversation with the virtual coach than before
the conversation with the virtual coach.
Figure 4.2 shows the differences in running or walking selfefficacy before (pre) and after (post) the
conversation with the virtual coach. The difference is calculated by subtracting the pre measurement
from the post measurement. On average, the participants had a lower selfefficacy after the conver
sation with the virtual coach (M = 56.68, SD = 28.11) than before the conversation (M = 71.61 , SD =
25.55). We looked at the posterior probability distribution of the selfefficacy change between pre and
post. We found that the mean difference is less than 0 by a probability of >0.99 and more than 0 by a
probability of <0.01. A mean paired difference of 15 is found with a 95% credibility interval of [6, 24].
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Figure 4.2: Comparison selfefficacy before (pre) and after (post) the conversation with the virtual coach.

H2: The selfefficacy is higher when people receive personalized examples than when they
receive general examples.
The box plots in Figure 4.3 illustrate the differences in running or walking selfefficacy between the two
groups (general and personalized examples). The difference is calculated by taking the selfefficacy
measurements of the general group minus personalized group. There is a probability of 0.43 that the
difference in means is greater than 0, and a probability of 0.57 that the difference in means is less
than 0. The estimated mean difference in selfefficacy change between the two groups is 1.6 with a
credibility interval of [20, 17]. We observe a larger mean difference between the pre and post self
efficacy measurement for the general group, so the selfefficacy drops more for the general group.
Table 4.3 gives an overview of the means, standard deviations, and difference in means of the general
and personalized group.

Table 4.3: Mean, standard deviation, and mean difference of the selfefficacy of the two groups (general examples and
personalized examples).

Mean change pre and post [95% CI] SD [95% CI] Mean betweengroup diff [95% CI]
General 16 [30, 1.6] 29 [20, 41]

1.6 [17, 20]
Personalized 14 [27, 1.3] 26 [17, 37]

Abbreviations: SD, Standard deviation; CI, Credible interval.
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Figure 4.3: Comparison selfefficacy before (pre) and after (post) the conversation with the virtual coach per group (general or
personalized examples).

H3: The personalized examples are perceived as more motivating than general examples.
The difference between means is greater than 0 by a probability of 0.80 and less than 0 by a probability
of 0.20. We looked at the difference of given motivation ratings between the general examples minus
the personalized examples. The estimated mean difference between the two groups is 0.3 with a
credibility interval of [0.9, 0.4]. Table 4.4 shows the means, standard deviations and the difference in
means of the general and personalized examples. Figure 4.4 gives an illustration of the values of the
table.

Table 4.4: Mean, standard deviation, and mean difference of the motivation ratings for general and personalized examples.

Mean [95% CI] SD [95% CI] Mean betweengroup diff [95% CI]
General examples 1.2 [0.7, 1.6] 1.4 [1.1, 1.8]

0.3 [0.9, 0.4]
Personalized examples 1.5 [1.0, 1.9] 1.3 [1.0, 1.7]

Abbreviations: SD, Standard deviation; CI, Credible interval.
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Figure 4.4: Comparison of motivation ratings between the two example types: General and Personalized.

H4: People have a positive attitude towards the virtual coach.
Looking at the posterior probabilities, we observe that the mean is more than 0 by a probability of >0.99
and less than 0 by a probability of <0.01 (M = 1.5, SD = 1.1) with a 95% credibility interval of [1.2, 1.9].

Table 4.5 shows the mean and standard deviation of each question of the acceptance questionnaire.
Figure 4.5 illustrates the values of the table with box plots.

Table 4.5: Means and standard deviations for each item of the acceptance questionnaire. ’Average’ shows the mean and
standard deviation of all 6 questions combined (overall acceptance score).

Mean [95% CI] SD [95% CI]

Q1  Satisfaction 1.9 [1.5, 2.3] 1.1 [0.9, 1.5]

Q2  Ease of use 3.0 [3.0, 3.0] 0.0 [0.0, 0.0]

Q3  Preference continuing or stopping 1.7 [1.2, 2.2] 1.4 [1.1, 1.8]

Q4  Relationship with virtual coach 0.4 [0.0, 0.9] 1.3 [0.9, 1.7]

Q5  Preference virtual coach or questionnaire 1.4 [0.8, 2.1] 1.7 [1.0, 2.3]

Q6  Following advice 1.4 [0.8, 1.9] 1.6 [1.2, 2.0]

Average 1.5 [1.2, 1.9] 1.1 [0.8, 1.4]

Abbreviations: SD, Standard deviation; CI, Credible interval
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Figure 4.5: Box plots of the overall score (average) and each question (Q1Q6) of the acceptance questionnaire. Questions:
Q1  Satisfaction, Q2  Ease of use, Q3  Preference continuing or stopping, Q4  Relationship with virtual coach, Q5 

Preference virtual coach or questionnaire, Q6  Following advice.

4.2.1. Qualitative results
Figure 4.6 shows the themes that we derived from the responses to the two open questions about what
the participants found motivating about the example goals and what they could take away from the
example goals. Four main themes were identified in the responses to these questions:

• Goalrelated: The ’Goalrelated’ theme concerns all themes that are related to the contents of
the example goal. Participants found it motivating that the goals were achievable and challenging.
They also mention that they found it useful to see that the people from the examples wrote specific
goals.

• Path to goal: The ’Path to goal’ theme concerns everything that occurs in the process of reaching
the goal. Participants liked reading that the people from the examples enjoyed the process of
achieving their goal. They found it motivating that they did not give up and stayed consistent.
Further, they reported to like the fact that the example people achieved their goal step by step.

• Personrelated: Participants reported that they found it motivating to read that the example
people that they related to were able to achieve certain goals.

• Goal completion: The fact that the examples represented people who successfully achieved a
goal motivating. Participants believed that if the example people were able to achieve certain
goals, they would be able to do the same.
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Figure 4.6: Thematic analysis about what participants found motivating about the example goals, including quotes from
participants.

4.3. Discussion of results
H1: The user’s selfefficacy is higher after the conversation with the virtual coach than before
the conversation with the virtual coach.
The participants’ running or walking selfefficacy decreased after the conversation with the virtual coach
with a posterior probability of 99%, which is according to Chechile’s criteria for posterior probabilities
[21] a virtually certain probability. Our reasoning for this effect is as follows. Dunning and Kruger
explain that people tend to overestimate themselves when people have little experience or knowledge
regarding a certain task [58]. In our experiment, the premeasurement of selfefficacy was measured
one week before the conversation with the virtual coach. The postmeasurement occurred directly
after the conversation with the virtual coach. During the dialogue with the virtual coach, the participant
is stimulated to think about multiple aspects of their goal, including their ability to achieve their goal.
A possible explanation could be that the interaction with the virtual coach caused the participants to
actively think about their abilities to achieve a running or walking goal and possibly judge their abilities
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more realistically. It could be that they overestimated themselves before the conversation with the virtual
coach due to the absence of knowledge and experience with running or walking goals [58]. During the
conversation, the participants read examples of others who achieved a running or walking goal, giving
the participants a better idea of what kind of running or walking goals could be successfully achieved.

A similar effect has been observed in the study by Kang et al. [55]. The authors explain that
participants might have lower selfefficacy after their virtual reality experience because the participants
realized that the activity they performed was more difficult than what they initially anticipated.

Another idea that is important to keep in mind is that other factors could decrease the participant’s
selfefficacy. It could be that the examples were considered motivating, but that the motivation effect
was not sufficient to increase their selfefficacy. There are other factors that could affect their self
efficacy, such as the type of activity, the experience they have, or the difficulty of the goal they set.

H2: The selfefficacy is higher when people receive personalized examples than when they
receive general examples.
Whenwe look at the posterior probabilities of the Bayesian test we performed, we observed a probability
of 57% that the personalized group has a higher increase in selfefficacy than the general group after the
conversation with the virtual coach. Since in our case the selfefficacy decreases after the conversation
with the virtual coach, this means that the personalized group has a probability of 57% that the decrease
in selfefficacy is lower in the personalized group than in the general group after the conversation with
the virtual coach. As the probability is close to 50%, we can draw the conclusion that these data do not
suggest a difference between the two groups. According to Chechile [21], this probability is not worth
betting on. We also see that the 95% credibility interval of the difference between groups has a wide
range from negative to positive values [17, 20], showing that there is no clear difference between the
two groups. It could be that the effect of the example type was not a prominent part of the interaction
with the virtual coach and therefore does not affect overall selfefficacy.

In Figure 4.3, we see a difference in means between the general and personalized group for the pre
measurement of selfefficacy. However, the two groups were balanced on their baseline selfefficacy to
avoid bias. The groups were balanced based on selfefficacy for the activity they preferred. However,
some participants set a goal for a different activity than the activity they indicated they prefer. This
happened with 8 out of 39 participants. Because of that, the two groups were not as balanced as they
initially were. We performed a Bayesian ttest to measure this difference (see Table 4.2). We found
that there is a probability of 84% that the baseline selfefficacy of the two groups is different. According
to Chechile’s criteria for posterior probabilities, we cannot say that the difference is certain, but we
could do a casual bet that there is a difference in selfefficacy between the two groups. This could also
have affected the results of the selfefficacy measurements, as the personalized group started with a
lower selfefficacy on average. In addition to the difference in baseline selfefficacy, we can see that
the variables age and precontemplation phase have a similar probability of being different between the
two groups. Although these variables probably do not affect selfefficacy as much as the running or
walking selfefficacy measure, and we did not balance for these variables, there is a chance that it has
an effect on selfefficacy.

H3: The personalized examples are perceived as more motivating than the general examples.
For the third hypothesis, we found that there is a probability of 79.4% that the personalized examples
are rated higher than the general examples. According to Chechile’s criteria for posterior probabilities
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[21], we could say that we can do a casual bet that the personalized examples are more motivating
than the general examples. We considered reasons why there is no pronounced difference in means
between personalized and general examples. An explanation for this could be that the personalized
examples are not personalized well enough. As we noticed in the previous chapter, the predictionmodel
that was used to predict which personalized examples to show to the participant had a small Rsquared
value, namely 0.23. This indicates that the independent variables could only explain about 23% of the
variation of the dependent variable, and thus the model could not predict the dependent variable very
well. Another explanation could be that general examples were rated relatively high because these
were the examples that were considered the most motivating overall. This means that the general
examples that were shown can be considered to be examples that were motivating. For most people,
the personalized examples they received were different from the general examples, which means that
the predicted personalized examples were not the same as the general examples.

Finally, both types of examples have a positive estimated mean and a 95% credibility interval of
[0.71.6] for the general examples and [1.01.9] for the personalized examples. Thus, it appears that
the examples are generally perceived as motivating, as these values are all above zero.

H4: People have a positive attitude towards the virtual coach.
The results of the acceptance questionnaire indicate that participants have a positive attitude towards
the virtual coach. The probability that the acceptance rating of the virtual coach is higher than 0 is 0.99,
so we can assume that H4 holds according to the guidelines listed by Chechile [21] with a virtually
certain probability. We cannot directly compare the questions with each other as they all measure
different aspects of acceptance. However, we noticed that the second acceptance question about the
ease of use of the virtual coach had a high score, indicating that participants had no difficulty talking to
the virtual coach. A relatively low but still positive score was given to the question about the relationship
with the virtual coach (Q4), indicating that the participants did not necessarily consider the virtual a very
close friend.

Thematic analysis
With the thematic analysis, we tried to answer the question What do people find motivating about the
running or walking goals that other people achieved? Participants considered it motivating when the
goals were achievable and challenging. Moreover, they found it useful when the example goals were
specific. These aspects related to the content of the goals are related to the principles of the SMART
goalsetting framework [36]. It seems that when goals are in accordance with these principles, they are
considered motivating.

Participants also indicated that they liked that people they can relate to are able to achieve running
or walking goals. This is an important finding because it is in line with the purpose of the examples.
The goal was to motivate people by showing them that other people could achieve running or walking
goals, so people believed that they could also do it. This was based on Bandura’s theory that vicarious
experiences can increase people’s selfefficacy. Many participants considered it motivating that the
example people were able to complete running or walking goals, which supports the purpose of the
examples.
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4.3.1. Limitations
We identified the limitations of this experiment. First, we are not sure whether we can properly gener
alize for the appropriate population: the virtual coach is meant for people who want to set a goal for
running or walking and are willing to improve their physical activity. The participants in our experiment
were people who did not necessarily want to set a goal for running or walking, and they were not nec
essarily motivated to be more physically active. A reason for this is that the participants were in various
stages of physical activity change. Some of the participants were already in the maintenance state,
which means that they were already consistently active and most probably satisfied with their progress
and therefore not necessarily motivated to run or walk more. It could be interesting to test the virtual
coach only with people who intend to increase their physical activity by running or walking, so that the
participants of the study are actually the target audience.

Second, our experiment is limited to only setting a goal, independent of the actual behavior. There
fore, in our study, we cannot see the effect of the dialogue with the virtual coach on actual physical
activity behavior; we are limited to observing only their first perception of motivation. It might be inter
esting to study the effects of motivation over a longer period of time [45], combined with actual behavior.
We only measured their selfefficacy and motivation once after the conversation with the virtual coach,
but after multiple interactions with the virtual coach, these results might change.



5
Discussion and Conclusion

In this chapter, we discuss and conclude the work that has been done in this thesis. First, the research
questions are presented and answered. Thereafter, the contributions of this thesis are discussed. The
contributions are followed by a discussion on the limitations, and finally we give suggestions for future
research.

5.1. Findings
The main research question we answered in this study is:

How can a goalsetting dialogue for a virtual coach be designed to motivate people in the context of
physical activity?

To answer this main research question, we broke the question down into three subquestions that
we have seen in the previous chapters. The answers to these subquestions are described below.

• What are the requirements for a goalsetting dialogue with a virtual coach in the context of physical
activity?

After a literature study and expert consultation, we were able to formulate what was required to design
a goalsetting dialogue with a virtual coach. We found that selfefficacy is important in goalsetting
because it increases goal commitment [75] and motivation to change behavior. Selfefficacy can be
enhanced by encouragement [101] and vicarious experiences [5]. R1 in Table 5.1 summarizes these
findings. Furthermore, we found that setting SMART goals [36] is effective [77] and a good way to set
complete goals (R2). The effects of personalization appeared to be useful to motivate the user, increase
the user’s attention, and ultimately enhance the chance of successful behavior change [83] (R3). Asking
reflective questions increases the commitment to a goal [62] and helps the user understand why their
goal is important to them [96] (R4). From the expert consultation, we found that explicitly asking the
user if they believe their goal is achievable helps the user understand and consider whether their goal is
realistic (R5). We found that this aspect of goalsetting was lacking in current approaches. Finally, we

42
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agreed that the virtual coach should use easy to understand language with short and simple sentences
[81] (R6).

Table 5.1: Requirements for the goalsetting dialogue.

R1 The virtual coach should motivate the patient to enhance their selfefficacy.

R2 The dialogue with the virtual coach should support the patient in creating specific, measurable,
attainable, relevant and timebound (SMART) goals.

R3 The dialogue with the virtual coach should be personalized.

R4 The dialogue with the virtual coach should make the user realize why the goal they are setting
is important to them; the user should become committed to the goal.

R5 The dialogue with the virtual coach should make the patient consider whether the goal they are
setting is achievable and realistic.

R6 The language used by the virtual coach should be simple, short and easy to understand.

• How can a goalsetting dialogue with a virtual coach be designed in the context of physical activ
ity?

With the established requirements in mind, a goal setting dialogue was designed with a virtual
coach named Jody. The purpose of this dialogue was to guide the user in setting a longterm running
or walking goal. We found that selfefficacy impacts the goals we choose, how we approach the goal,
and goalcommitment [65][6]. Thus, the virtual coach was designed to increase the user’s selfefficacy
by showing examples of other people that successfully achieved a goal and by encouraging the user.
The examples that were shown consisted of two parts: an introduction of a person that achieved a goal,
and the running or walking goal they achieved, including how they achieved it. Since we did not have
access to such examples, we conducted two datagathering experiments. To choose which examples
Jody should present to the user, we fit a model that predicts which examples the user would consider
most motivating. This is one way of personalization that is implemented in the dialogue, which was one
of the requirements. Additionally, the direction of the dialogue changed based on the user responses.
For example, if the user indicated that they consider their goal too difficult, Jody responded accordingly.

Setting SMART goals makes the goal more effective and resultoriented [77]. To support the user
in setting SMART goals, the virtual coach asked specific questions to make the user consider each
element of the SMART goalsetting theory. Jody asked reflective questions to make the user realize
why their goal is important to them to increase relevance and consequently the commitment to the goal.
Moreover, Jody asked the user whether they believe their goal is achievable, and supported them with
changing their goal if they want to.

Finally, we considered the language of the virtual coach and made it easy to understand, as this was
shown to be beneficial [81]. The language used by the virtual coach was simple, and long sentences
were divided to make the messages more readable.

• How effective is the designed goalsetting dialogue with regards to:

– Running or walking selfefficacy

– Motivation
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– Establishing a positive attitude towards the virtual coach

The implemented virtual coach was evaluated in an online experiment.
The results of this experiment indicate that there is no increase in selfefficacy after the conversation

with the virtual coach. Instead, we observed a decrease in selfefficacy with a probability of 99%. An
explanation that we considered for this effect is that the presence of a cognitive bias might have led
the participants to overestimate their abilities. This could happen because during the conversation with
the virtual coach, the user is asked to think about the running or walking goal they want to achieve and
whether their goal is realistic or not, making them consider their abilities more seriously. With the pre
selfefficacy measurement, the participants of the experiment were not inspired to think about their goal
in detail, they were only asked whether they thought they would be able to achieve specific amounts
of running or walking.

We observed that the personalized group has a probability of 57% that the decrease in selfefficacy
is lower in the personalized group than in the general group after the conversation with the virtual coach,
indicating that there is no certain difference in selfefficacy between the two groups.

With regard to how motivating the examples are considered, we found that there is a 80% chance
that people will rate the personalized examples higher than the general examples. Both example types
have a 95% credibility interval in a positive range, suggesting that the examples are generally con
sidered motivating. The findings of the thematic analysis also showed that participants consider the
examples motivating, as they indicated to like to see others achieving running or walking goals.

The results of the acceptance questionnaire indicate that the participants had a positive attitude
towards the virtual coach. Jody especially scored high on ease of use, and the participants were
satisfied with Jody. The lowest but still positive score was given to the question asking whether the
participants considered Jody a close friend, which suggests that they consider Jody somewhat close,
but not very.

5.2. Contributions
The first contribution of this project is the use of literature and the expert consultation to give an overview
of the goalsetting theory and how it can be used by a virtual coach for physical activity. This information
can be used in future research regarding conversational agents and goalsetting.

The next contribution is the dialogue with the virtual coach to set longterm running or walking
goals. The conversation structure, as well as the goalrelated questions that are asked by the virtual
coach, can be used for other types of goalsetting interventions because it is not dependent on the goal
activity type. Additionally, the virtual coach itself is a contribution, which can be used as a basis for
further expansions to potentially allow for different types of goals or shortterm goals.

Furthermore, a contribution of this project is the set of examples of people that have achieved a
running or walking goal, and ratings on these examples on how motivating their goals are perceived.
These examples can also be used for other research related to running or walking goals. In addition to
this, themodel that predicts motivation ratings can be useful for researchers to see how the independent
variables affected motivation rating.

The findings of this study are a contribution as well. We analyzed and gained insight on how the
dialogue with the virtual coach affects selfefficacy, the motivation of the examples, and the attitude
towards the virtual coach. The results indicate that people have a positive attitude towards the virtual
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coach, and that the gathered examples are perceived as motivating.
The virtual coach, example data, analysis, analysis data, and results can be consulted online.

5.3. Limitations
We recognize several limitations in our work. The first limitation is the prediction model that we fit. This
model was used to decide which examples the virtual coach shows the user. For a new user, the moti
vation ratings of the examples were predicted and the two examples with the highest motivation ratings
were chosen. In the final prediction model, about 23% of the observed variation in the dependent vari
able could be explained by the independent variables, which is not very high. Therefore, the accuracy
of the predicted motivation ratings is limited. Consequently, the performance of the personalized ex
amples is also limited, as these are the examples that are chosen based on the predicted motivation
rating.

Second, selfreporting biasmight be present in all experiments, which is a deviation between the true
values of a measure and the selfreported value [8]. The variables we collected from the participants
and the responses to the survey were all selfreported data. It could be that the participants responded
differently due to cognitive processes, social desirability, and survey conditions [8]. For example, we
asked questions about how often people exercise per week. The participants may have given an
answer that is more accepted in society, although they might not have meant to do so.

Finally, with regard to motivation, we can distinguish two types of motivation: reflective motivation
(including evaluation and plans) and automatic motivation (including emotions and impulses) [71]. We
only consider reflective motivation when asking people to rate how motivating they consider the ex
amples, so we are limited to this type of motivation, while there could have been effects on automatic
motivation as well.

5.4. Future work
There are several aspects of this study that can be explored or expanded in future research. We
gathered many additional variables that could impact perceived motivation or selfefficacy. These vari
ables can still be explored to see whether they are covariates, so that we can find out how they affect
perceived motivation or selfefficacy.

Future work could expand the virtual coach by for example including more types of physical activity
to make it applicable in more situations. An even better expansion might be the ability to set shortterm
goals to be able to reach the longterm goal, to make the goalsetting experience more complete [7].
Longterm goals provide the end goal that people want to achieve, and shortterm goals are useful to
provide feedback on progress toward the longterm goal [7]. In addition to using the designed goal
setting dialogue for physical activity goals, it can be interesting to use it for different types of goals as
well, as the goalsetting elements of the dialogue are not limited to physical activity.

The prediction model could be improved. The results indicated that the personalized examples
have a higher chance of being considered more motivating, and we should not discard that probability.
To improve the model, it could be useful to test other user variables to see their effect on perceived
motivation. This could, for example, be variables related to people’s culture or religion, as these char
acteristics were identified to influence how users perceive health recommendations [52], or variables
that are not directly related to the user, such as the content of the message.
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Moreover, different ways of choosing which example to show to the user could be tested. We have
used a regression model to predict motivation ratings, but there are recommendation algorithms, such
as collaborative filtering or hybrid filtering, [91] that could be tried out as well.

As personalization is considered to be useful in conversational agents [83, 57], other ways to person
alize the dialogue could also be considered, such as incorporating past running or walking experiences
in the dialogue flow and responses of the virtual coach.

5.5. Final remarks
In this thesis, we presented a virtual coach that supports users in setting effective longterm running
or walking goals. The dialogue with the virtual coach was designed and evaluated on selfefficacy,
motivation, and acceptance. The results indicate that people have a positive attitude towards the virtual
coach, and that the gathered examples are perceived as motivating. Suggestions are made for future
work to further explore the effectiveness of the virtual coach and the set of examples.
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A
Scenarios

In this appendix, the scenarios that were used for the expert consultation can be found. The aim of the
expert consultation was to find out and understand why experts would choose certain design choices
over others. The scenarios were presented together with claims to emphasize the differences in the
scenarios and to raise a discussion.

A.1. Scenario 1  Longterm goalsetting
The first scenario is a use case example in which the user is talking with the virtual coach to set a
longterm goal. Two options are given:

• In scenario 1A, the user has to choose whether they want to set a longterm goal for physical
activity or smoking. The user selects physical activity and chooses the activity ’running’ from the
dropdown menu. Next, the virtual coach asks the user to write their goal down and gives an
example.

• In scenario 1B, the coach starts with asking similar questions as in scenario 1A, but instead of
selecting one of the given options, the user needs to write their answers down. In addition, the
coach asks reflective questions about why the user wants to achieve a goal and how the user
thinks this would help them reach their future identity.

55



A.2. Scenario 2  Opening weekly goal 56

Longterm goalsetting option A

Longterm goalsetting option B

Figure A.1: In this scenario, two options are given to approach the longterm goalsetting part. In option A, the user needs to
select the type of activity they are setting a goal for, and write down the longterm goal they would like to achieve. In option B,
the user writes down the type of activity instead of selecting it. In addition, extra reflective questions are asked about why the

goal is important to the user.

A.2. Scenario 2  Opening weekly goal
The second scenario shows examples of opening dialogues for setting a weekly (shortterm) goal. The
user always sets a longterm goal before setting a weekly goal. Two examples are presented with two
main differences:

• In scenario 2A, the coach is formally greeting the user and asking them how they want to proceed.
Important to note here is that the virtual coach asks the user to set a weekly (shortterm) goal that
is part of a longterm goal. Thus, we are assuming that a longterm goal is part of a longterm
goal.

• In scenario 2B, the coach asks the same questions but approaches the user in a more friendly,
informal manner, also using emojis. Moreover, weekly goals can be set independently of the
longterm goals.
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Opening weekly goal option A Opening weekly goal option B

Figure A.2: This figure shows the second scenario. In this scenario, two options are given to approach the weekly goalsetting
part of the dialogue. In option A, the virtual coach is more formal and weekly goals are bound to a longterm goal. In option B,

the virtual coach is more informal and weekly goals do not have to be part of a longterm goal.

A.3. Scenario 3  Weekly goal details
The third scenario is focused on the details of the weekly goalsetting.

• In scenario 3A, part of the weekly goalsetting process is shown. The user needs to select the
days they want to perform the activity, and provide other relevant information such as the duration
of their activity and the desired intensity. All questions are being answered by selecting one of the
provided options. In the end, the virtual coach formulates a weekly goal based on the answers
that are given by the user.

• In scenario 3B, the same questions are asked, but the user is required to answer the questions
by writing their responses. Additionally, the coach is encouraging the user to keep in mind if the
goal is feasible for them and to aim for higher goals every week.
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Weekly goal details option A Weekly goal details option B

Figure A.3: In this scenario, two ways of setting the weekly goal details is shown. In option A, the user gets button options to
set their goal. In option B, the user has to write their answers, and the virtual coach encourages the user to challenge

themselves.

A.4. Scenario 4  Weekly goal recommendations
The last scenario presents three different ways the virtual coach could recommend goals to the user.
Recommending a goal might help the user to set reasonable goals and motivate them to aim for better
goals [22].

• In scenario 4A, the weekly goal that is recommended is based on what health experts think is
good for the user. This could be based on guidelines from the World Health Organization, but
also what doctors say.

• In scenario 4B, the weekly goal recommendation is based on the user’s performance in the pre
vious week.

• In scenario 4C, the weekly goal is proposed to the user in the form of a narrative, describing a
person in a similar position in terms of demographics, and physical activity and smoking.
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Goal recommendation option A Goal recommendation option B Goal recommendation option B

Figure A.4: This figure shows three different ways of recommending weekly goals that the user could set. Option A uses WHO
guidelines, option B uses previous progress and option C uses example achievements of other people.



B
Participants experiment A and B
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Number %

Gender
Male 36 50
Female 36 50

Weekly exercise
Less than 60 minutes active per week 24 33
60120 minutes active per week 24 33
More than 60 minutes active per week 24 33

Smoking status
Smoker 51 71
NonSmoker 21 29

Household income range
Less than £10,000 12 17
£10,000  £15,999 8 11
£16,000  £19,999 6 8.3
£20,000  £29,999 19 26
£30,000  £39,999 8 11
£40,000  £49,999 4 5.6
£50,000  £59,999 5 6.9
£60,000  £69,999 2 2.8
£70,000  £79,999 4 5.6
£80,000  £89,999 1 1.4
£90,000  £99,999 1 1.4
£100,000  £149,999 1 1.4

TTMphase for physical activity
Maintenance phase 25 35
Action phase 18 25
Preparation phase 11 15
Contemplation phase 16 22
Precontemplation phase 2 2.8

Household size
1 10 14
2 11 15
3 20 28
4 21 29
5 5 6.9
6 4 5.6
7 1 1.4

Mean Range
Age in years 43 (20, 74)
Hours spent sitting weekend day 5 (4, 8)
Godin LeisureTime physical activity score 42 (28, 63)
Running or walking selfefficacy 77 (61, 92)

Personality
Extraversion 4 (3, 5.5)
Openness to experiences 5 (4.5, 6)

Table B.1: Participant characteristics part A.
Abbreviations: TTM, Transtheoretical model.
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Number %

Gender
Male 18 50
Female 18 50

Weekly exercise
Less than 60 minutes active per week 12 33
60120 minutes active per week 12 33
More than 60 minutes active per week 12 33

Smoking status
Smoker 29 81
NonSmoker 7 19

Household income range
Less than £10,000 6 17
£10,000  £15,999 10 28
£16,000  £19,999 4 11
£20,000  £29,999 7 19
£30,000  £39,999 5 14
£40,000  £49,999 2 5.6
£50,000  £59,999 1 2.8
£70,000  £79,999 1 2.8

TTMphase for physical activity
Maintenance phase 10 28
Action phase 6 17
Preparation phase 10 28
Contemplation phase 3 8.3
Precontemplation phase 7 19

Household size
1 5 14
2 15 42
3 7 19
4 4 11
5 3 8.3
6 1 2.8
7 1 2.8

Mean Range
Age in years 42 (20, 71)
Hours spent sitting weekend day 8 (6, 10)
Running or walking selfefficacy 79 (45, 97)

Personality
Extraversion 4.5 (3.5, 5.5)
Openness to experiences 5.0 (3.0, 6.5)

Table B.2: Participant characteristics part B.
Abbreviations: TTM, Transtheoretical model.



C
Selfefficacy questionnaire

Selfefficacy questionnaire for running:
Using the scales listed below please indicate how confident you are that you will be able to run at a
moderate intensity for the given amount of minutes per week. When you’re running at a moderate
intensity, you breathe heavily but you can still hold a short conversation.

• How confident are you to run for 15 minutes per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to run for 30 minutes per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to run for 45 minutes per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to run for 60 minutes per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to run for 75 minutes per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to run for 90 minutes per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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• How confident are you to run for 105 minutes per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to run for 120 minutes per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to run for 135 minutes per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to run for 150 minutes or more per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Selfefficacy questionnaire for walking:
Using the scales listed below please indicate how confident you are that you will be able to walk at
a moderate intensity for the given amount of minutes per week. When you’re walking at a moderate
intensity, you breathe heavily but you can still hold a short conversation.

• How confident are you to walk for 30 minutes (0.5 hour) per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to walk for 60 minutes (1 hour) per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to walk for 90 minutes (1.5 hours) per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to walk for 120 minutes (2 hours) per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to walk for 150 minutes (2.5 hours) per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to walk for 180 minutes (3 hours) per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to walk for 210 minutes (3.5 hours) per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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• How confident are you to walk for 240 minutes (4 hours) per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to walk for 270 minutes (4.5 hours) per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

• How confident are you to walk for 300 minutes (5 hours) per week at a moderate intensity?
Not at all confident Moderately confident Highly confident
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%



D
Recruitment groups

Groups for the prescreening of participants for the data collection experiments (experiment A and B)
and the final experiment. Low activity indicates less than 60 minutes of physical activity per week,
moderate activity indicates 60120 minutes of physical activity per week and high activity indicates
more than 120 minutes of physical activity per week. A smoker is defined as a person who smokes at
least one tobacco product a day. A nonsmoker is considered a person who does not smoke at least
one tobacco product a day.
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D.1. Recruitment groups experiment A and B

Table D.1: Groups that filter on user variables for balanced recruitment of participants. For experiment A, 72 participants were
recruited (4 per group). For experiment B, 36 participants were recruited (2 per group).

ID Female Male Age 1835 Age 3655 Age 55+ Low activity Moderate activity High activity
1 x x x
2 x x x
3 x x x
4 x x x
5 x x x
6 x x x
7 x x x
8 x x x
9 x x x
10 x x x
11 x x x
12 x x x
13 x x x
14 x x x
15 x x x
16 x x x
17 x x x
18 x x x

D.2. Recruitment groups final experiment.
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Table D.2: Groups that filter on user variables for balanced recruitment of participants for the final experiment. We recruited 36
participants (1 per group) and 3 additional participants.

ID Smoker Nonsmoker Female Male Age 1835 Age 3655 Age 55+ Low activity Moderate acitvity High activity

1 x x x x

2 x x x x

3 x x x x

4 x x x x

5 x x x x

6 x x x x

7 x x x x

8 x x x x

9 x x x x

10 x x x x

11 x x x x

12 x x x x

13 x x x x

14 x x x x

15 x x x x

16 x x x x

17 x x x x

18 x x x x

19 x x x x

20 x x x x

21 x x x x

22 x x x x

23 x x x x

24 x x x x

25 x x x x

26 x x x x

27 x x x x

28 x x x x

29 x x x x

30 x x x x

31 x x x x

32 x x x x

33 x x x x

34 x x x x

35 x x x x

36 x x x x



E
Data cleaning criteria

Rewriting criteria:
These rewriting criteria were used for the goal data that we gathered in experiment A. The goal data are
the introductions of the participants, the running or walking goal they achieved and how they achieved
it.

• Correct spelling mistakes.
Examples:
acheive > achieve
when ever > whenever

• Correct grammar mistakes.
Examples:
I has a friend. > I have a friend.
I achieved this with a passion. > I achieved this with passion.

• Correct punctuation mistakes.
Example:
Hi I’m Lisa > Hi, I’m Lisa.

• Finish uncompleted sentences.
Example:
10 km in under 4 hours. > I walked 10 km in under 4 hours.

• Replace participant names with common English names.
Example:
Hi, my name is Elsa. > Hi, my name is Mary.

• Rewrite abbreviations and numbers for consistency.
Examples:
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5 kilometers > 5 km
6k > 6.000
10000 > 10.000
hrs > hours

• Write out uncommon abbreviations.
Example: NF1 > Neurofibromatosis type 1

• Add words that are assumed to be known for clarification.
Example:
Walking 10.000 >steps< every day

• Remove sentences directed to reader.
Example:
Hi, my name is Mark. Pleased to meet you. How do you know (friends name)? > Hi, my name
is Mark.

Additionally for the ’How the goals are achieved’ data:

• Adjust the sentence to make a full independent sentence clarifying that the sentence indi
cates how they have achieved their goal. Add ’I achieved …’ if this is unclear.
Example:
By walking every day for 30 minutes. > I achieved this by walking every day for 30 minutes.
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F
Similarity and Motivation models

Similarity model

Table F.1: Summary of model predicting similarity rating with all independent variables. All the independent variables represent
the difference of these variables, e.g. ’age’ represents the difference in age.

Estimate Std. Error t value Pr(>|t|)

(Intercept) 1.16 0.37 3.18 <0.01 **
age 1.54 0.32 4.90 <0.001 ***
education 0.03 0.34 0.10 0.92
household income 0.08 0.49 0.16 0.87
personal income 0.76 0.56 1.36 0.17
household size 0.16 0.36 0.44 0.66
gender 0.49 0.15 3.28 0.001 **
smoking frequency 0.30 0.36 0.85 0.40
socioeconomic status 0.40 0.39 1.01 0.31
weekly exercise 0.32 0.21 1.53 0.13
extraversion 0.07 0.36 0.21 0.84
agreeableness 0.25 0.37 0.67 0.50
conscientiousness 0.47 0.42 1.13 0.26
emotional stability 0.27 0.39 0.70 0.48
openness to experiences 0.66 0.34 1.94 0.05 .
need for cognition 0.25 0.36 0.71 0.48
ttm phase physical activity 0.08 0.30 0.25 0.80
physical activity selfidentity 2.10 0.44 4.73 <0.001 ***
running or walking selfefficacy 0.18 0.34 0.53 0.59
sitting hours weekday 1.36 0.47 2.89 <0.01 **
sitting hours weekend day 0.72 0.43 1.68 0.09 .
godin activity 0.34 0.20 1.73 0.08 .
smoking status 0.49 0.16 3.08 <0.01 **
—
Residual standard error: 1.889 on 625 degrees of freedom
Multiple Rsquared: 0.1422, Adjusted Rsquared: 0.112

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Abbreviations: TTM, Transtheoretical model.
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Motivation model

Table F.2: Summary of model predicting motivation rating with all independent variables. All the independent variables
represent the difference in these variables, e.g. ’age’ represents the difference in age.

Estimate Std. Error t value Pr(>|t|)

(Intercept) 1.77 0.34 5.14 <0.001 ***
age 0.85 0.30 2.88 <0.01 **
education 0.13 0.32 0.40 0.69
household income 0.54 0.46 1.18 0.24
personal income 0.07 0.53 0.13 0.90
household size 0.53 0.34 1.55 0.12
gender 0.06 0.14 0.40 0.69
smoking frequency 0.11 0.34 0.32 0.75
socioeconomic status 0.04 0.37 0.11 0.91
weekly exercise 0.11 0.20 0.56 0.58
extraversion 1.02 0.34 3.00 <0.01 **
agreeableness 0.54 0.35 1.55 0.12
conscientiousness 0.19 0.39 0.48 0.63
emotional stability 0.07 0.37 0.20 0.84
openness to experiences 0.96 0.32 2.96 <0.01 **
need for cognition 0.15 0.34 0.45 0.65
ttm phase physical activity 0.71 0.28 2.49 0.01 *
physical activity selfidentity 0.69 0.42 1.66 0.10 .
running or walking selfefficacy 0.97 0.32 3.04 <0.01 **
sitting hours weekday 0.47 0.44 1.07 0.29
sitting hours weekend day 0.61 0.40 1.51 0.13
godin activity 0.97 0.18 5.28 <0.001 ***
smoking status 0.27 0.15 1.80 0.07 .
—
Residual standard error: 1.776 on 625 degrees of freedom
Multiple Rsquared: 0.1699, Adjusted Rsquared: 0.1407

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Abbreviations: TTM, Transtheoretical model.



G
Model analysis

G.1. Cluster analysis
We decided to use the model predicting motivation ratings, however, we wanted to check whether
the similarity ratings could be used to potentially improve the accuracy of the model. The correlation
between motivation rating and similarity rating was analyzed. Similarity rating and motivation rating
were found to be moderately positively correlated r(648) = .33, p =< 0.001. As we were aware of
the positive correlation between the two variables, a way of using the similarity ratings as input for the
motivation model was considered.

The idea was to put similar people of part A in groups, and get the average similarity rating for each
group. If the people of part A are clustered based on similarity, and a mean rating for each cluster is
found, these mean ratings per cluster can be used as predictors for the motivation model. The clusters
are created based on similarity ratings, thus people of part A that are similarly rated belong to the same
cluster. To analyze this, the following steps were taken:

1. The clusters were created based on similarity ratings, however, not all raters (participants of part
B) rated all example persons (people of part A). This means that there is missing data, which is a
problem, as it is necessary for the raters to have a rating for every person of part A. Itembased
collaborative filtering was used to predict the missing ratings, which is a recommendation method
looking for similar items (in this case items are examples) based on the items users have already
rated [87]. So the missing values were predicted based on ratings that were already given to
other examples.

2. The example persons of part A were clustered based on their similarity ratings using kmeans
clustering. This resulted into 3 clusters, as a larger number caused too much overlap between
the clusters.

3. The two most centered people are looked up per cluster, and the average rating is calculated per
cluster for all raters. Thus every rater has a rating for each cluster.
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After these steps, three new predictors variables were created: cluster 1, cluster 2 and cluster 3. These
new variables were used as predictors in the motivation model, slightly increasing the Multiple R2 value
to 0.23 (from 0.17 before) and Adjusted R2 to 0.20 (from 0.14 before). Although those values are still
low, there is improvement.

Figure G.1: Illustration of the clustering procedure. The people from part A were clustered based on similarity, resulting into
the three clusters shown in the figure. For each cluster, one similarity rating is computed per cluster for the people of part B by
taking the average rating of the two most centered people of that cluster. These similarity ratings for the clusters are used as
input for the prediction model that predicts motivation ratings for the participants. This way, we made use of the similarity

ratings in the prediction of motivation ratings.

To reproduce these average similarity ratings per cluster for the new participants in the last ex
periment, the two most centered examples per cluster were taken out of the total example set and
presented to these participants in the prequestionnaire. Participants were asked to rate these exam
ples on similarity (2 examples per cluster, 6 in total), and the average of the two similarity ratings they
gave per cluster was used as the similarity rating for that cluster. Note that these 6 examples were not
used in the dialogue with the virtual coach, as the participants had seen the examples beforehand.
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Table G.1: Model using all available variables to predict motivation rating. All the independent variables represent the
difference in these variables, e.g. ’age’ represents the difference in age.

Estimate Std. Error t value Pr(>|t|)

(Intercept) 0.07 0.45 0.14 0.89
age 0.70 0.29 2.42 0.02 *
education 0.13 0.31 0.42 0.68
household income 0.81 0.45 1.80 0.07 .
personal income 0.22 0.51 0.44 0.66
household size 0.60 0.34 1.78 0.08 .
gender 0.05 0.14 0.38 0.71
smoking frequency 0.02 0.33 0.05 0.96
socioeconomic status 0.10 0.36 0.27 0.79
weekly exercise 0.05 0.19 0.24 0.81
extraversion 0.74 0.33 2.24 0.03 *
agreeableness 0.31 0.34 0.90 0.37
conscientiousness 0.01 0.38 0.02 0.99
emotional stability 0.09 0.36 0.24 0.81
openness to experiences 0.78 0.31 2.47 * 0.01 **
need for cognition 0.002 0.33 0.008 0.99
ttm phase physical activity 0.52 0.28 1.87 0.06 .
physical activity selfidentity 0.55 0.41 1.34 0.18
running or walking selfefficacy 0.75 0.31 2.42 0.02 *
sitting hours weekday 0.38 0.43 0.88 0.38
sitting hours weekend day 0.44 0.39 1.11 0.27
godin activity 0.89 0.18 4.98 <0.001 ***
smoking status 0.14 0.15 0.96 0.34
cluster1 0.13 0.05 2.36 0.02 *
cluster2 0.008 0.05 0.16 0.88
cluster3 0.39 0.06 6.32 <0.001 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Abbreviations: TTM, Transtheoretical model.

G.2. Step model
Stepwise regression was applied as a first attempt to reduce the number of required variables. The
predictors were iteratively added and/or removed in the predictive model to find the subset of variables
in the data set resulting in the best performing model, that is a model that lowers prediction error.
Stepwise selection (sequential replacement) was used, which is a combination of forward and backward
selection. See Table G.2 for the selected variables.
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Table G.2: Stepwise regression model predicting motivation rating. All the independent variables represent the difference in
these variables, e.g. ’age’ represents the difference in age.

Estimate Std. Error t value Pr(>|t|)

(Intercept) 0.06 0.37 0.16 0.88
age 0.66 0.28 2.36 0.02 *
household income 0.70 0.36 1.94 0.05 .
household size 0.55 0.32 1.70 0.09 .
extraversion 0.75 0.32 2.33 0.02 *
openness to experiences 0.79 0.31 2.59 0.01 **
ttm phase physical activity 0.64 0.25 2.54 0.01 *
running or walking selfefficacy 0.83 0.30 2.75 0.01 **
sitting hours weekend day 0.55 0.36 1.53 0.13
godin activity 0.90 0.17 5.18 <0.001 ***
cluster1 0.14 0.05 2.68 0.01 **
cluster3 0.40 0.06 6.83 <0.001 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Abbreviations: TTM, Transtheoretical model.

The variables that were selected by the step model were similar to the significant predictors from the full
motivation model, except for the household income and number of hours spent sitting in the weekend
variables. Thismodel has aMultipleR2 of 0.22 which is a slight decrease compared to the full motivation
model model, and a slightly higher Adjusted R2 value of 0.21, which was expected as there are less
variables than in the full motivation model.

G.3. Correlation analysis
One problem with the step model is that when two independent variables are highly correlated with
each other, the step model randomly picks one of the two. This was not desired, as we wanted to
use all variables that are highly correlated with the dependent variable (motivation rating). We did not
want to discard potential effects that would be lost if one of the two variables was discarded. Therefore,
we looked at the correlations between all independent variables and the dependent variable, and in
cluded the variables that were significantly correlated to the variables selected by the step model. The
correlations can be found in Table G.3.
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Table G.3: Correlation between the independent variables and dependent variable (motivation rating). All the independent
variables represent the difference in these variables, e.g. ’age’ represents the difference in age.

variable correlation pvalue

age 0.11 <0.01 **
agreeableness 0.09 0.03
conscientiousness 0.02 0.70
education 0.004 0.91
emotional stability 0.02 0.60
extraversion 0.13 <0.001 ***
gender 0.02 0.62
godin leisure time activity 0.26 <0.001 ***
household income 0.05 0.19
household size 0.05 0.18
need for cognition 0.004 0.91
openness to experiences 0.09 0.017 .
personal income 0.02 0.65
physical activity selfidentity 0.13 <0.001 ***
running or walking selfefficacy 0.22 <0.001 ***
sitting hours weekday 0.03 0.46
sitting hours weekend day 0.01 0.87
smoking status 0.09 0.03 .
smoking frequency 0.03 0.45
socioeconomic status 0.02 0.62
ttm phase physical activity 0.20 <0.001 ***
weekly exercise 0.03 0.51
cluster1 0.14 <0.001 ***
cluster2 0.04 0.32 ***
cluster3 0.25 <0.001 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Abbreviations: TTM, Transtheoretical model
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Best rated examples

The three examples that received the highest motivation rating are the following examples (in no par
ticular order):

• Here is how the person introduces themselves:
”I enjoy the outdoors. My hobbies are building puzzles and riding horses. I’m easy to talk to and
I listen well.”
This person achieved the following goal:
”I have walked more than 10.000 steps in half a day. I achieved this by walking everywhere I
needed to be.”

• Here is how the person introduces themselves:
”Hello, I like to meet new people. One of my hobbies is watching tv. I am trying to stay in shape
by walking.”
This person achieved the following goal:
”I set a goal to walk every day regardless of weather factors for 1 straight month, and I achieved
the goal. I achieved this by setting all my feelings aside and forced myself to ensure I met this
goal.”

• Here is how the person introduces themselves:
”I started having walks around country lanes which is nicer than walking alone on a road. I prefer
to look at sheep and cows rather than cars and buses.”
This person achieved the following goal:
”I increased the time that I am walking by walking further. I achieved this by building up my walks
by doing a little bit more each month.”
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