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1
Introduction

Persuasion involves one or more persons who are engaged in the activity of creat-
ing, reinforcing, modifying, or extinguishing beliefs, attitudes, intentions, motivations
and/or behaviors within the constraints of a given communication context [GS03].
When technology is used to persuade people we call this persuasive technology. Fogg
[Fog02] defined persuasive technology as technology that is designed to change at-
titudes or behaviors of the users through persuasion and social influence, but not
through coercion. Persuasive technology can be designed to change people’s behavior
in domains like safety, environment, education, and health. Since computer technol-
ogy plays an important role in our daily life we can use these technologies to persuade
people in their daily life. Oinas-Kukkonen [OK10a] introduces the concept of a be-
havior change support system (BCSS), an information system designed to form, alter
or reinforce attitudes, behaviors or an act of complying without using deception, co-
ercion or inducements.

In this thesis we will describe the design, development and evaluation of a digital
coaching system that supports and motivates people to live a balanced and healthy
lifestyle by providing feedback about their level of physical activity and/or medication
intake [odAKL+11]. This coaching system, named Kristina, is a multi-device system
that is able to monitor users in their daily life in different situations (see Figure 1.1).
Users of the system can be at home, on the go, at their workplace or anywhere else.
In all these situations the system should be able to monitor the user, process the data
from input sensors and provide (motivational) feedback on available output devices.
Existing technology mediated lifestyle interventions often only provide “single point
of contact” and isolated solutions. The attentive personal system here should provide
a multitude of platforms, devices and applications where users will have a uniform
experience across these different platforms. Providing multiple contact points to in-
teract with a coaching platform can increase the effectiveness [NBH07]. A coaching
system across different platforms introduces the issue of inter-usability. Inter-usability
is defined as the easiness with which users transfer and adapt the knowledge they
have acquired from previous uses of their service while they access it with a new de-
vice [SJ04]. Inter-usability is about providing a uniform experience across different
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devices and situations. Inter-usable systems are context-aware, they use available
information in a certain situation and use data from multiple sources to sense the
behavior of the user, process the information and present useful feedback.

Figure 1.1: An overview of the Kristina coaching system

The way in which a technology mediated lifestyle intervention presents feedback
can also increase the effectiveness of the intervention. To further increase the ef-
fectiveness of technology mediated lifestyle interventions we can give the attentive
system the appearance of a human being. This virtual human will represent a virtual
coach. Virtual humans are graphical presentation formats such as a talking head, a
virtual character or an embodied conversational agent (ECA) [CPB+94]. The atten-
tive personal system gives personal feedback to the user in the way a coach would do.
When a virtual coach that communicates with the user is visualized in a human-like
way it supports the idea that the user is interacting with an intelligent autonomous
being. Experience shows that this invites people to attribute all kinds of anthropo-
morphic properties to the agents. Agents become “social agents” [RN96] and they are
assigned affective states [BP05]. The results from studies [HvdBL+09, SB09, BBdR05]
indicate that the use of virtual characters can have a positive effect on the likability,
helpfulness, ease of use and motivation to use computer systems. A virtual character
as (part) of the user interface of a BCSS can influence how the feedback is received
by the user. This can eventually lead to a better performance of the coaching program
in the future and a more effective way to support users to change their behavior.

1.1 Human Computer Interaction aspects and Behavior Change Sup-
port System

There are several frameworks and models (e.g. CeHRes [vGPNvL+11], PSD [OKH09a])
that tries to help to plan, coordinate and execute the development of behavior change
support systems and eHealth technologies. These models can be applied to all differ-
ent kinds of communication and information technologies that can be used to support
health care and promote well-being. These models and frameworks tries to combine
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knowledge from finance, management and technology when designing, implement-
ing and evaluating behavior change support systems and eHealth technology. In this
thesis we focus on the human computer interaction aspects of behavior change sup-
port systems. We will take a closer look at the way in which (end) users interact
with the technology and how this interaction influence the perception of the user. We
will use a classical HCI approach for designing, implementing and evaluating a digital
coaching system.

From the perspective of computer science and system design, human computer
interaction (HCI) is an essential part of the design process [DFAB97]. HCI involves
the design, implementation and evaluation of interactive systems in the context of the
user’s task and work. Target users should be involved in the design, implementation
and evaluation of the system. The design process in which the user plays a central
role is called user centered design (UCD) [Pea87, AMKP04].

Design and Implementation

During the design and implementation of a system, decisions about the interaction
with the system will be made and implemented. Input and feedback from the tar-
get user in this stage is important to improve the usability of the system. The user
can be a single user with a laptop or a group of users who are working together by
using computer technology to accomplish a certain task. Computer technology can
range from desktop and laptop computers to PDA’s, smartphones, tablets and embed-
ded systems. The term “interaction” refers to any communication between a user and
computer. Interaction can be explicit or implicit. Explicit interaction involves input
devices and direct feedback by the computer system throughout the performance of
the task. Indirect interaction involves indirect input and output between user and
computer system. An example of indirect interaction is the interaction with an em-
bedded computer system that controls the environment with sensors, ambient intelli-
gence systems or ubiquitous computer systems. Sensors provide input for a computer
system. Feedback can be provided by changing the environment when the sensors
sense a certain event.

The way in which the user and the computer communicate with each other, or
the interaction style, can be seen as a dialogue between the user and the technology.
Examples of interaction styles are command line interfaces, menus, natural language,
WIMP, point and click, touch, question/answer dialogues, brain computer interfaces
and gesture interfaces. The design of the interaction has an effect on the interaction
with a computer system. These effects includes usefulness, computer systems should
be useful and should support the user in completing a certain task. A computer sys-
tem should be usable, the user should be able to finish his task easily and naturally.
Computer systems should be used, people should want to use the system. Motiva-
tion, engagement and user experience are increasingly important: using a computer
system should be attractive, engaging and fun.
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Evaluation

Human computer interaction can play an important role in the design of behavior
change support systems, but it can also contribute in the evaluations of these systems.
The effectiveness of BCSSs is difficult to measure and requires multi-year studies with
control groups and repeated follow-ups [KCP11]. HCI research can show that the in-
tervention strategies of a BCSS are doing what they are supposed to be doing without
requiring a demonstration of effectiveness in terms of behavior change. User evalu-
ations tailored to their intervention strategies enable researchers to directly compare
different implementations of the same intervention strategies. Comparing different
implementations of intervention strategies makes it possible to learn how different
aspects of the design or implementation affect the efficacy of that intervention strat-
egy. Human computer interaction can provide user centered design approaches and
user evaluations to improve the user experience (UX) and effectiveness of these sys-
tems. Behavior change support systems can be implemented as different interactive
systems, varying from websites, to mobile applications or embedded in accessories
with different interaction styles. Figure 1.2 gives an overview of examples of behav-
ior change support systems for physical activity using different interaction styles.

1.2 Focus of this thesis

In this thesis we will focus on techniques and principles from the field of human com-
puter interaction to design, implement and evaluate behavior change support systems.
We will focus on the user centered design of behavior change support systems, the de-
sign of the user interfaces and the user evaluation of behavior change systems. The
user evaluation studies will focus on aspects related to the interaction with the behav-
ior change support systems. We will not focus on the actual change of behavior. The
effectiveness of a (digital) coaching system and behavior change is hard to measure
and in order to measure real behavior change we would need multi-year studies with
control groups and repeated follow-up studies.

Interactive computer technology can play different functional roles to persuade
people [Fog02]. Computers can serve as tools to make activities easier or more effi-
cient. Computers can function as media, they can function as symbolic media (dis-
playing text, graphics and icons) and sensory media (providing video and audio), and
a computer can act as a social actor. Users of interactive computer technology often
respond to it as if it were a human being [RN96]. When computers act as a social
actor they can use social cues to elicit responses from users and to make inferences
about social presence in computer technology. Social cues can be divided into five
primary types;

• physical – such as having a face, body, eyes or movement

• psychological – such as showing personality, feelings or empathy

• language – such as interactive language use or spoken language

• social dynamics – such as turn taking, cooperation, praise for good work or
answering questions
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• social roles – such as doctor, coach, team mate, opponent, teacher or pet

In this thesis we will pay special attention to the effects on user perception and
user experience of a behavior change support system when feedback messages are
presented in different formats. Feedback messages in the context of the coaching
system that will be discussed in this thesis are short messages including tips, updates
about progress, reminders and overviews. The virtual coach (in the role of a personal
coach) in the coaching system can present these feedback messages in text or via a
virtual human. Text messages use psychological cues in text. The messages presented
by the virtual human will use the same psychological cues but the virtual coach will
be supported by the physical cues of a virtual human.

The main research question this thesis attempts to address is:

RQ How does the way of presenting feedback messages affect the user perception of
a behavior change support system?

User perception of the coaching system will be measured in different field trials.
The field trials will take place in the real-life setting where users will use the system
in their daily life.

1.3 Outline of this thesis

This thesis is divided into three parts. In part I we will introduce the research field of
behavior change support systems in more detail. In Chapter 2 we will discuss existing
behavior change support systems. We will look at behavior change support systems
that are on the consumer market and research systems that are in development. De-
sign guidelines and strategies, and theories from psychology will be discussed. We
will pay special attention for systems that make use of a virtual human as part of the
user interface.

Chapter 3 discusses the design of the Kristina coaching system. We will discuss the
different stakeholders of the Kristina coaching system, and how they were involved in
the user centered design process of the system. Results of different user studies that
were used for the design of the coaching system will be presented (context mapping,
’mockup test’ and online questionnaires). We will discuss the different functionalities
and system architectures.

Part II will be about evaluating (health) behavior change support systems. Chapter
4 will discuss user evaluations of behavior change support systems. We will present an
overview of user evaluations of behavior change support systems. It will present how
we evaluated the Kristina coaching system and how we define user perception. At the
end of Chapter 4 we will present the results of evaluations with early prototypes of
the coaching system. Chapter 5 will present a long-term user evaluation study with
the Kristina coaching system. An overview of all the user evaluations with the Kristina
coaching system can be found in Table 1.1.

In part III we will reflect on our experiences during the development and evalua-
tions of the Kristina system. Section 6 will reflect on the human computer interaction
aspects of behavior change support systems, the lessons we learned during the devel-
opment and the user evaluations with the coaching systems and in more general terms
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the possibilities and consequences of state-of-the-art persuasive computing. Conclu-
sions and future directions for research will be discussed in Section 7.
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(a) Wii Fit U from Nintendo, using natu-
ral language and a virtual representation
of a coach

(b) Ubifit Garden, presenting feedback
about physical activity. The more phys-
ical activite the user, the more beautiful
your garden will be with more flowers
and butterflies

(c) FitBit, feedback on the sensor itself
and an online dashboard with detailed
information about the activities

(d) DirectLife, website with detailed
graphs of the physical activity, online
personal coaching by email

(e) C3PO from Roessingh Research and
Development, progress of a day in a
graph on a smartphone, timely and short
feedback messages about progress

(f) Nike FuelBand, embedded ac-
tivity monitor in an accessory
(watch/bracelet) feedback on acces-
sory itself or iPhone app

Figure 1.2: Different BCSS for physical activity. (a) Wii Fit U, (b) Ubifit Garden, (c) FitBit, (d)
DirectLife, (e) RRD C3PO, (f) Nike FuelBand
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2
Health Behavior Change Support Systems

In this chapter we will present the background of behavior change support systems
(BCSS). In contrast to behavior change support systems that focus on sustainability
[MMHZ08, BHP+12], energy consumption [FFL10, SD13, GSC+12], climate change
[ZTB09] or safety [dBTH13, Chi12], we will focus on health behavior change sup-
port systems. Health behavior change support systems (HBCSS) are systems that are
focused on changing behaviors that are related to health and/or healthy lifestyle.

In the next section we will introduce different generations of health intervention
systems and different categories of behavior change. Section 2.2 will cover the Trans-
theoretical Model and the Goal Setting Theory, two psychological theories that pro-
vide insight in to behavior change and that can be used to develop behavior change
support systems. Models and design strategies for behavior change support systems
will be discussed in Section 2.3. These models provide insight into how persuasion
works and how behavior can be changed. Section 2.4 will discuss user interface as-
pects related to behavior change support systems. We will pay special attention to
anthropomorphic user interfaces for behavior change support systems to strengthen
the idea of using computer technology as a social actor.

2.1 Health Behavior Change Support Systems

Health behavior change support systems support a change in behavior that is related
to health. There are plenty of patterns or behaviors related to health that require
change. People who have to change their behavior can benefit from support. Ex-
amples are (unhealthy) eating habits [Wan02], [LS04], sitting habits [ORM+08],
[DGH13], smoking [GvNv06], and lack of physical activity [CMT+08], [odATMP+12].
These patterns and habits can lead to obesity and other (chronic) diseases. Chronic
diseases are diseases of long duration and generally slow progression. Examples are
heart disease, stroke, cancer, chronic respiratory diseases and diabetes. Chronic dis-
eases are by far the leading cause of mortality in the world, representing 63% of all
deaths [Org13]. Most of these diseases are lifestyle related. Living an active lifestyle
with sufficient physical activity, a healthy diet and avoidance of tobacco use has many
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well-known health benefits and leads to lower the chances of getting chronic diseases.
However, many people are unaware of their own behavior. People are, for example,
not aware of their own physical activity level and do not know whether they achieve
the recommended daily amount of physical activity.

Computer-tailored interventions can be effective in changing lifestyle risk factors
[KWB06]. These interventions can inform people about the risk factors and create
awareness about their behavior. Behavior change support systems utilize persuasion
through computer technology. When computers support communication or persua-
sion between humans we can call this computer-mediated persuasion. Computer
technologies, for example, the internet, e-mail, social networks or instant messaging
can be used to support persuasion between humans. Over time we can distinguish dif-
ferent generations of interventions [NOM09a]. These generations differ on the mode
of delivery, the degree of interaction that is possible with the system, and the degree
of autonomy of the system.

The first-generation of these systems facilitated tailoring with computers to gener-
ate printed materials. Examples of this kind of materials are pamphlets, newspapers,
reports and magazines [CTD+02], [NOM09a], [NZA+07]. Printed materials are static
media written and edited by professionals. Iteration is limited to presenting advice or
self management programs. Some of these printed materials can give medical support
or advice to start using medication [MvdAvdV+04].

Second generation interventions were delivered through interactive technology
or desktop applications such as websites, email and CD-ROM [NZA+07], [BOKR05],
[NOM09b]. This second generation allows for direct interaction between the user
and the technology which increases the capabilities of tailored feedback messages. It
can provide background information to the user, report on goals and progress of the
user and allows social support via forums and chat. These systems are able to provide
tailored and personalised advice and feedback.

Third generation technology includes mobile devices such as hand-held comput-
ers, cell phones and text messaging devices. New functions can be incorporated such
as sensing, monitoring geospatial tracking and location based information [NZA+07],
[NOM09b], [odAJMH12]. New technologies enable new ways to interact with these
systems. Examples are the gamification of behavior change interventions, like serious
games and games for change, real-time feedback and tailored, targeted and person-
alised feedback. Tailoring, targeting and personalising are three features of feedback
messages. Personalised feedback messages are messages where, for example, the
name of the user is mentioned in the content of the message. In targeted messages
the content is customised to reach a specific subgroup of users. The content does not
account for personal differences in the intervention needs. Tailored feedback is based
on a specific individual’s characteristics or the context of the user, history data about
messages, sensor input and interactions with the system and replies to questions or
previous messages.

When we look at the three different generations of interventions we see an in-
creasing autonomy of intervention systems. Increasing processing power of ubiqui-
tous and wearable devices and sensors makes it possible to develop interventions that
can work as an autonomous system. The degree of autonomy of a BCSS has effect
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on the concept of persuader. A BCSS can support computer-mediated persuasion be-
tween a (health) professional and a client (whether or not as part of a program or
medical treatment), or it can act as a stand-alone system where it is the computer
system itself that is the persuader. Computer or software systems do not have inten-
tions on their own. Designers and developers of these systems and the people and
organisations that distribute the technology are the ones who have the intention to
affect attitudes or behavior [OK10b].

Although BCSS can be effective, face to face interaction with a health provider
is widely acknowledged to be the “golden standard” for providing health education
and health behavior change [BG06]. Cugelman [CTD09] provided a communication-
based influence component model, see Figure 2.1. This model is based on a circular
communication system where source and audience exchange messages. The source
can be a person or an organisation. Messages between the source and audience need
to be encoded and decoded. The media channel describes the different media used in
an intervention, such as text, audio, video or speech. The social and physical context
is relevant to the success of an intervention. Social media provide many opportunities
to leverage social forces to make interventions more effective. Computers are not
able to communicate with humans in the same way as humans do with each other.
Knowledge from the field of human-computer interaction and patterns from social
communication should be used in computer-mediated persuasion.

We will explain this model in the context of health behavior change support sys-
tems. In the “golden standard” for providing health education this is done during
face to face interaction. Let us imagine the following situation: Jane is a diabetes
type II patient. Type II diabetes is a disease that is characterised by hyperglycemia
in the context of insulin resistance and relative lack of insulin [Org14]. Diabetes
can damage the heart, blood vessels, eyes, kidneys, and nerves. 50% of the diabetes
patients die because of a heart disease or a stroke. Simple lifestyle measures, such
as being physical active for at least 30 minutes per day, maintaining a healthy body
weight, and eating healthy, are effective in preventing the onset of diabetes type II.
Today Jane has a consult with her diabetes nurse. During this consult the nurse ex-
plains how physical activity, food intake and medication are related and gives Jane
tips how to get better control over her diabetes. When we look at this consult with
the communication-based influence component model in mind, the diabetes nurse is
the source interpreter and Jane is the audience interpreter. The nurse talks to Jane
about her diabetes, medication, physical activity and food. This can be seen as the
intervention message. Jane will listen to the nurse and she will think about what she
is being told. Reactions from Jane can be seen as a feedback message. Jane agrees
with what the nurse is speaking about or can ask questions when things are unclear
and more information is needed. The social and physical context of this example is a
consult with a health provider in a hospital or health centre. In this example the nurse
is the persuader, she is trying to persuade Jane (the persudee) to get better control
over her diabetes.

Depending on the goal and task of the system, the social and physical context of
a health behavior change support system and the role of the source and audience
interpreters will be different. As we already discussed, a BCSS can be part of a med-
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Figure 2.1: Communication-based influence components model [CTD09].

ical treatment where the source interpreter is a health provider and the audience
interpreter is a patient. In this case the health provider will provide the intervention
message. Behavior change support systems can also be part of self monitoring and
self management programs. In this case the social and physical context will shift from
a medical context to a more consumer electronics context, where users will monitor
their own behavior. The intervention message can be given by the system itself, a
human coach that will interpret the data, or by friends or buddies.

These systems, or interventions, make use of different strategies from behavioral
and psychological frameworks to persuade people and change their behavior. Accord-
ing to Oinas-Kukkonen [OK10b] behavior changes can be divided into three categories
of change :

• C-Change - or compliance change, is to make sure that the user complies with
the request of the behavior change support system.

• B-Change - or behavior change, is to elicit a more enduring change than simply
compliance a couple of times. Short time behavior change is easier to achieve
than long-term behavior change.

• A-Change - or attitude change, is to influence the users’ attitudes rather than
behavior only. Changing the attitude of a user may be the most difficult type of
change to achieve by a behavior change support system.

C, B and A-changes can be combined in one behavior change support system.
Users that use, for example, a system that gives support to overcome addictive behav-
iors, may have the right attitude and may be motivated to change their behavior but
miss skills and knowledge to put their attitudes into practice. In this case a B-Change
is needed to provide the right skills and knowledge and an A-Change is needed to
strengthen motivation and self-efficacy of the users.
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The outcomes of these C, B and A-Changes can be defined by F, A and R-Outcomes.

• F-Outcome - or forming outcome means the formulation of a pattern in a situa-
tion where it did not exist before.

• A-Outcome - or altering outcome means a change in the response of a user to
an issue. An example is an increase in the amount of physical activity

• R-Outcome - or reinforcing outcome means the reinforcement of current atti-
tudes or behaviors and making them more resistant to change

In order to design and develop a BCSS, knowledge from the field of computer
science as well as from psychology are required. In the next section we will introduce
two important and often used psychology models in BCSS. In Section 2.3 we will
present some design guidelines and strategies for behavior change support systems
from the literature.

2.2 Psychological theories

Behavior change support systems are based on insights of psychology. Behavior and
behavior change are based on behavioral theories. Examples of popular theories or
models are the transtheoretical model of behavior change [MPV83] or the goal-setting
theory [LCHL89]. We will discuss these theories in more detail.

2.2.1 Transtheoretical Model of Health Behavior Change

The Transtheoretical Model of Behavior Change (TTM) by Prochaska [PVR+94] de-
scribes the process people go through when changing their behavior. This model
includes different stages of change to integrate processes and principles of change
from different interventions and theories. According to Prochaska change in behavior
can be seen as a process involving different stages; (1) pre-contemplation, (2) contem-
plation, (3) preparation (or determination), (4) action and (5) maintenance. Figure
2.2 gives an overview of the different stages of change and the transitions between
these changes. Some versions of the model include the stages relaspe and termination.
The model is best considered circular rather than linear, as people can enter or exit at
any point, and it is applicable to people who self-initiate change as well as those who
are responding to external stimuli such as advice from health professionals or health
campaigns.

People in the stage pre-contemplation have no intention of changing their behav-
ior. Providing proper background information about their negative behaviors can
persuade them to the next stages; the contemplation and preparation (or determina-
tion) stages. In these stages the intention of people is to change their behavior in the
coming months, starting from 6 to 1 month(s). In this stage people can profit from
information about the benefits and availability of support systems. Information pro-
vided by the system can motivate people to stay the preparation stage and move on
the next stage. In the action stage people are modifying their behavior for fewer than
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Figure 2.2: The stages of change and transitions of the transtheoretical model of behavior change

6 months and are committed to achieve a stable situation in which their actual be-
havior matches their desired behavior. The last stage is the maintenance stage where
the people should prevent relapse and consolidate gains. The transition from mainte-
nance to any previous stage is called relapse. The stages of change are not necessarily
mutually exclusive. When the user is in the action stage, it is still possible for them to
try out and look for new tools and systems to support their behavior change. This is
part of the preparation stage.

The action stage is the stage where a BCSS can play an important role. In this stage
when the user is making changes in their behavior, he can benefit from the support of
a BCSS. The BCSS can offer tools to achieve the desired behavior and it can give sta-
bility and support the user in making the desired behavior into a habit. When the user
has fully achieved the desired behavior he or she enters the maintenance stage. In this
stage a BCSS still can be useful for the user, but the focus should shift slightly. During
the action stage offering tools and ways to change behavior can be a good tactic to
change behavior. Users in the maintenance stage are already used to and comfortable
with their new habits. Offering more and different ways to change behavior in the
maintenance stage may be ineffective and annoying to the user. The focus of a BCSS
in the maintenance stage should be more about monitoring the user and intervening
when required to avoid relapse to negative behaviors. Different strategies to make
and maintain change provided by the TTM can be implemented into a BCSS. Table
2.1 gives an overview of the ten different processes of change.

Self-efficacy theory, developed by Bandura [Ban77] is a theory that has been in-
tegrated into the Transtheoretical Model. Self-efficacy is the confidence people have
in their own ability to deal with specific situations without returning to old negative
behaviors. Self-efficacy is strengthened naturally through success, but a BCSS can
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Process of change Definition
Consciousness raising Increase awareness by providing background infor-

mation, feedback and education about (un)healthy
behavior

Dramatic relief Feeling anxious, worried or frightened because of
unhealthy behavior or hope and inspiration when
other people are able to change unhealthy behavior

Self-reëvaluation Realizing that healthy behavior is an important
item for how you want to be

Environmental reevaluation Realizing that unhealthy behavior can affect others
and how you could have more positive effect when
changing your behavior

Social liberation Realizing that the society is more supportive for
people with a healthy behavior

Self-liberation Believing in one’s ability to change and making
commitments and recommitments to act on that
belief

Helping relationships Finding people who are supportive of their change
Counter-conditioning Substituting healthy ways of acting and thinking

for unhealthy ways
Reinforcement management Increasing the rewards that come from positive be-

havior and reducing those that come from negative
behavior.

Stimulus Control Using feedback, reminders and cues that encour-
age healthy behavior as substitutes for those that
encourage the unhealthy behavior.

Table 2.1: Processes of change from the Transtheoretical Model

also reinforce this process. BCSSs can make users explicitly aware of their successes
by showing them monitored data and progress and positive feedback.

2.2.2 Goal Setting Theory

The Goal Setting Theory by Locke [LCHL89, LL02] states that there is a relationship
between the difficulty and specificity of a goal and the performance of a task. Higher
and ambitious goals lead to higher performance than easy and general ones.

When people are asked to perform a task without a specific goal they have find it
difficult to perform the best they can because these goals have no external reference.
Goals with no external reference allow a wide range of acceptable performance levels
compared to specific goals. Having a specific goal does not automatically mean that
people perform better, because specific goals vary in difficulty. However, having a
specific goal does help to reduce the ambiguity of what is to be attained [LCHL89].
Having a goal affects performance through four mechanisms. First, a goal helps to
direct attention and effort toward activities that are goal-relevant, while directing
attention away from goal irrelevant activities [LL02]. Secondly, high goals lead to a
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greater effort than low goals. Therefore, goals have an energizing function [LL02].
Thirdly, goals help with persistence. Hard goals prolong the effort of people make
[LN76]. Finally, goals also affect actions indirectly, because they can lead to arousal,
discovery, and talk about relevant knowledge and strategies [LL02]. There are three
important moderators of goal effects. First of all, goal commitment enhances the
relation between a set goal and the performance. Commitment is most important and
relevant when goals are difficult [KWHA99], because difficult goals are associated
with lower chances of success and require more effort [EZ84]. Goal commitment is
facilitated by the importance of the goal and by self-efficacy. When a goal is more
important to someone, he or she will be more committed to it [LL02]. And when
people believe that they can attain a goal, self-efficacy is increased which enhances
goal commitment [LL02]. Secondly, appropriate feedback that reveals progress in
relation to the goal is important, because it creates a possibility for people to adjust
the level or direction of their effort or to adjust their performance strategies to match
what the goal requires. The combination of goals with feedback is more effective than
goals alone [Ban77]. Finally, task complexity is a moderator of goal effects. If you
have complex tasks, higher level skills and better strategies are needed [LL02].

2.3 Design strategies for behavior change support systems

Models of behavior change and persuasion can be a good starting point for designing
a behavior change support system. Different models try to explain how persuasion
works and how behavior can be changed. In this paragraph we will discuss different
models and design guidelines for behavior change support systems.

Information Deficit Model

The Information Deficit Model [TAR13] assumes that presenting correct information
about a certain topic or phenomenon in question will result in behavior change. The
Information Deficit Model assumes that people perform unhealthy or unsustainable
behavior because they do not know better. Informing people about their current be-
havior and the consequences will result in behavior change. The Information Deficit
Model puts forward that providing information changes people’s values towards cer-
tain behaviors. Change of values will result in change of attitudes and will result in
a behavior change. Figure 2.3 presents an overview of the model. The Information
Deficit Model is a top-down model of behavior change, the desired behavior is de-
termined by some entity (government, educational institute or other authority). The
Information Deficit Model is often used in for example education campaigns by gov-
ernments and organisations. Five common motivational models suit the approach of
this model; (1) Attitude, changing someone’s attitude will result in a change of be-
havior. (2) Rational-Economical, financial factors alone will motivate positive change
in behavior. (3) Information, providing information to users will encourage positive
behavior change. (4) Positive Reinforcements, this model is based on the idea that
behavior change can be achieved through positive feedback stimuli and (5) the Elab-
oration Likelihood Model.
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Figure 2.3: The Information Deficit Model.

Procedural Rhetoric Model

The Procedural Rhetoric Model [TAR13] is a model of persuasion from the field of se-
rious and persuasive gaming. The model is based on the idea that processes and activ-
ities during interaction with a persuasive game (or behavior change support system)
are more persuasive than just informing people by presenting information. Figure 2.4
presents the overview of the model. In this model the information and values are still
present, but behavior change is not based on the delivery of facts. The experiences of
interaction and reflection motivates changes in values, attitudes and behavior.

Figure 2.4: The Procedural Rhetoric Model.
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Fogg Behavior Model

The Fogg Behavior Model (FBM) [Fog09] (see Figure 2.5) provides three factors to
understand human behavior and design persuasive technology, (1) Motivation, (2)
Ability, and (3) Triggers. The model asserts that for a target behavior to happen,
a person must have sufficient motivation, sufficient ability, and an effective trigger
[Fog09]. All these three factors should be present for the targeted behavior to oc-
cur. The motivation of a user and ability to perform the targeted behavior define the
chance that the user will actually perform the targeted behavior. When users increase
motivation and ability, the more likely it is that he or she will perform the target be-
havior. Triggers to actually perform the targeted behavior depend on the motivation
and ability of the user to perform the targeted behavior. Fogg presents seven types of
persuasive technology tools, each of which employs a different strategy (or principle)
to change attitudes or behaviors [Fog02];

• Reduction - Using computer technology to reduce complex behavior into sim-
ple tasks. Reduction makes it easier to perform a behavior and will increase
the benefit/cost ratio of the behavior. A better benefit/cost ratio increases the
motivation of a user to engage in the behavior.

• Tunneling - Using computer technology to guide users through the process of
behavior change. During this process the technology will create opportunities
to persuade their user.

• Tailoring - Using computer technology to present tailored (persuasive) informa-
tion to the needs, interests, personality, context, or other factors of the user.

• Suggestion - Using computer technology to present suggestion to the user. Sug-
gestions presented at the right moment in time will have greater persuasive
power.

• Self-monitoring - Using computer technology to automate the tracking of be-
havior of the user. Self-monitoring helps people to achieve predetermined goals
or outcomes.

• Surveillance - Using computer technology to monitor the behavior of other users
in order to change your own behavior.

• Conditioning - Using computer technology for positive reinforcement to change
existing behavior into habits or to shape complex behaviors.

Although the FBM does suggest design principles to design persuasive technology,
it does not explain how these principles should be transformed into software require-
ments and system features. Oinas-Kukkonen et al. [OKH08] provided a framework
for designing and evaluating persuasive systems. Consolvo et al [CML09] provided
design strategies for technologies that support behavior change in daily life.

The framework of Oinas-Kukkonen presents four categories of system features;
(1) primary task support, (2) dialogue, (3) system credibility and (4) social support.
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Figure 2.5: The Fogg Behavior Model. Based on [Fog09]

Design concepts in the primary task support category are reduction, persuasive tech-
nology should support the user to reduce complex behavior into simple tasks that help
users to perform the desired behavior. The system should guide users through oppor-
tunities to persuade (tunneling) and information provided by the system should be
tailored to the users’ needs, interests and contexts. Users should be able to monitor
their own behavior by tracking and displaying process (self-monitoring) and should
be stimulated by the system by showing cause and effects in regard to the targeted
behavior (stimulation). Persuasive systems should support personalisation of the
system and the system should provide means for rehearsing a targeted behavior.

The design principles related to the dialogue category are about the user interac-
tion with the system. User interaction, or computer-human dialogue, should support
in such a manner that it helps and motivates the users to keep on moving towards
their goal and targeted behavior. Computer-human dialogue includes praise, rewards,
reminders, suggestions, similarity, liking and social role. Persuasive systems should
praise users with positive feedback. Feedback can be presented in different formats
such as text, symbols, images or sounds. When the users perform the targeted be-
havior or when a goal is reached, the system should reward the user and give credits
for the performed behavior. When the user is using the system, it should remind the
user of their targeted behavior by sending reminders and it should suggest certain
behaviors to the user, suggestion. The system should show some similarity with the
user. People are more easy to persuade through systems that remind them of them-
selves in some meaningful way. The system should be visually attractive. Systems
with a nice look and feel are likely to be more persuasive (liking). A persuasive sys-
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tem should adopt a social role, it can act for example as a virtual expert to support
communication between the user and (human) expert.

The third category of system features is related to system credibility. Design prin-
ciples in this category are about designing systems that are more credible and thus
more persuasive. This category includes trustworthiness, the system must provide
information that is truthful, fair and unbiased and incorporate expertise by showing
knowledge, experience and competence to increase persuasiveness. Surface credi-
bility, which means that the system should have a competent look and feel at first-
hand inspection, influences the system credibility. Mentioning people and organiza-
tions behind the system (real-world feel), references to people in the role of au-
thority (authority) and providing endorsements from respected sources (third-party
endorsements) will increase the credibility of the system. The verifiability of the
system, by making it easy to verify the accuracy of the system will also increase the
credibility of the system.

The fourth and last category is related to social support. Design principles in
this category are based on the idea of designing a system that motivates users by
leveraging social influence. Design principles in this category include social learning,
people will be more motivated to perform a targeted behavior when he or she can
observe the behavior of others who are using the system or when they can compare
their own results with other users, social comparison. The system can use peer
pressure, normative influence or supporting communication between users about
their performance (social facilitation) to increase the likelihood that the user will
perform the targeted behavior. Cooperation and competition can motivate people
to adopt the targeted behavior. Personal stories and mentioning names of people who
were successful in adapting the targeted behavior can motivate people to change their
own behavior (recognition).

Consolvo et al. provided eight design strategies for technologies that support
behavior change in everyday life [CML09]. The eight strategies were established
on behavior change support systems [JFHZ05, LML+06, CESL06] and were used in
the design of the prototype system UbiFit Garden system [CML09]. The first design
strategy is to present data in an abstract & reflective way. The system should make
use of data abstraction, rather than raw or explicit data collected from the user and
sensors. The system should be unobtrusive. Feedback and data should be available
when and where the users need it. Data should be presented and collected such
that the user is comfortable in the event that others may intentionally or otherwise
become aware of it, public. The physical and virtual aspects of the technology must be
comfortable and attractive to support the users personal style, aesthetic. The system
should use positive reinforcement to encourage change and reward the user for
performing the desired behavior and attaining their goal. When the desired behavior
is not performed, the user should not receive a reward or a punishment. The user
should be in control of their own data (controllable) and should be able to access
historical data to see changes and trends in behavior over time. The system should
be able to sense and monitor a range of behaviors that can contribute to the targeted
behavior (comprehensive). The representation of the behavior should not be limited
by what the technology can sense or monitor.
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2.4 Human Computer Interaction in Behavior Change Support Sys-
tems

In the previous section we presented different design strategies for behavior change
support systems. Besides these specific guidelines for BCSSs, general requirements for
software design and development also apply for BCSSs. Two of these requirements
are important when we are designing a BCSS. A behavior change support system
should be both useful and easy to use and persuasion through a BCSS should always
be transparent. Difficult to use or useless systems will not be persuasive. The trans-
parency requirement emphasizes the need for revealing the designer bias behind a
BCSS [OK10b].

The design of the user interface and the user interaction of a BCSS have effects on
the usability and the usage of a BCSS. Information in the user interface of a BCSS can
be presented using different modalities and interaction styles. Figure 1.2 in the previ-
ous chapter presents examples of different BCSSs for physical activity. Information in
the user interfaces of these BCSSs are presented in different ways. In Figure 1.2(c),
(d), (e) and (f) physical activity data is presented in different kinds of graphs. The
Wii Fit uses a virtual fitness coach that tells you how to do your exercises (Figure 1.2
(a)). Figure 1.2 (b) presents physical activity data by using the metaphor of a garden
(growing flowers and trees) to present the amount of physical activity. The interac-
tion between the system and the user is also different between the systems. Some of
these systems use short text messages in combination with graphs (e.g Figure 1.2 (c)
and (e)), natural language (Figure 1.2 (a)) or interaction with a human fitness coach
by email (Figure 1.2 (d)). The context in which these systems are used influences the
use of BCSSs. Some of these systems run on a mobile device, which makes them pos-
sible to have it always with you during the day while others use desktop computers
or televisions to use the BCSS. The devices on which the system is used has effect on
the user interface and interaction design.

2.4.1 Anthropomorphic user interfaces

Guidelines tell us what sort of feedback can be presented to the user, what kind of data
should be available in the system or in which tone the feedback should be presented,
it does not tell us anything about the presentation format or modality to present the
feedback in the user interface of the system.

Animated interface agents, user interface agents, embodied conversational agents
or virtual humans are computer generated characters that are capable of interacting
with a user through the use of language. The simplest versions of these agents con-
sist of various different images and some text as output. More advanced versions
of these agents feature animated fully 3D-rendered bodies which allow an agent to
have a natural, realistic look and communicate non-verbally through gestures and
body language. These can speak with the user through speech synthesis and speech
recognition.

An animated user interface agent can support the theory of computers as social
actor by using different types of social cues. An animated user interface agent has a
physical appearance and a personality. It can use language to interact with the user
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(a) An example of a simple
user interface agent

(b) An example of a 2D 3D
interface agent on a PDA

(c) An example of a 3D inter-
face agent

(d) An example of a more
advanced 3D interface agent

Figure 2.6: Four different types of user interface agents

and can play a social role. Having an animated user interface agent, or a virtual hu-
man as part of a user interface can have effects on the effectiveness of the feedback,
on the user satisfaction, and so on the user experience of the user with the system in
the context of for example a travel reservation system [MGH11]. A virtual human as
part of the user interface can make a computer system more human-like. Users can
rely on well-learned interaction skills which make the interaction with computer sys-
tem more smooth and can have a motivational impact by making users more inclined
to use the system. On the other hand, adding a virtual human to the user interface can
be a source of distraction to the user and may disturb the human computer interaction
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[BBdR05].
Effects of animated agents in the user interface have been evaluated in many

studies [SSK+96], [LCK+97], [DvM00], [Mur06], and [MGH11]. In 1997 Lester
[LCK+97] posed the persona effect. The idea behind the persona effect is that a lifelike
agent in a learning environment has a strong positive effect on the user’s perception
of their learning experience, and conclusions from this research showed improved
learning performances. These results were questioned in further research [DvM00]
that failed to show similar effects. Results showed that users perceived a card-playing
game as more entertaining when an animated face was part of the user interface.
Users enjoyed an algebra learning system more when they were confronted by an
animated agent and users rated a virtual advisor presented by an animated agent
more attractive and friendly compared to the same virtual advisor presented by text.
Resutls of a study by Mazotta et al. [MNDC09] showed feedback messages in the
domain of healthy eating were better evaluated when they were presented by a vir-
tual human compared to feedback messages presented in text. Text messages were
easier to understand, but messages presented by the virtual human were perceived as
more persuasive and reliable. Mazotta conclude by hypothesing that text messages
are better suited for simple information given tasks, while more persuasive messages
(reflecting the social and emotional intelligence of the virtual human) could be pre-
sented by a virtual human to increase the effectiveness of the persuasive strategies.

Not all studies showed results that were in favour of animated user interface
agents. Several studies by Mureno et al.[MGH11] showed inconsistent results in
relation to using anthropomorphic user interfaces to present feedback in computer
systems. In one study feedback presented by an animated agent was shown to be
significantly more effective and preferred by users in the domain of in-depth learning
of software systems. Another study showed that the non-anthropomorphic feedback
was significantly more effective in presenting an on-line way-finding assignment. This
study showed unclear results about the user satisfaction, but the preference of the
users tended towards the non-anthropomorphic feedback. The context and domain
in which the different experiments were conducted can influence the effectiveness
and user approval of anthropomorphic user interfaces [DvM00, MGH11]. Catram-
bone [CSX02] also suggested that the type of task can influence the results of these
experiments.

2.4.2 Anthropomorphic user interfaces in a behavior change support system

Anthropomorphic user interfaces have also been studied in the context of behavior
change support systems. Turunen et al. [THS+11] developed a multi-modal com-
panion system that built relationships with the users of the system to support their
everyday health and fitness related activities. User interface agents and support for
conversational dialogues should help to build social relationships between the user
and the system, and these relationships should motivate towards a healthier lifestyle.

Bickmore et al. conducted several experiments [BMCB07], [SB09], [BP05] with
the MIT FitTrack system. By using the FitTrack system users can enter their daily steps
counted by a pedometer and estimated time of physical activity. Different versions of
interface agents can be part of the user interface and are compared during user eval-
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uations. Schulman and Bickmore [SB09] studied the effects of different versions of
computer agents on users’ attitudes towards regular exercises. This experiment com-
pared two situations, an ECA versus a text agent and whether the agent attempted to
build a user-agent relationship through social dialogue in a wizard-of-oz set-up. Par-
ticipants following the persuasive dialogue showed a significant increase in positive
attitude towards the exercises. This change was significantly smaller when the agent
used social dialogue. Users’ perceptions of the dialogue were most positive for an ECA
with social dialogue or a text-only agent without social dialogue.

Henkemans et al. [HvdBL+09] used an animated agent for providing feedback
in a self-management program for people who were overweight. The assistant was
represented by the virtual iCat and showed facial expressions and provided coopera-
tive feedback. The study showed that presenting feedback by the animated assistant
resulted in a higher therapy adherence, reduced the decline in motivation to perform
self-management, lowered the (reported) Body Mass Index (BMI), and improved the
ease of use compared to a self-management without a computer assistant.

In a study by Berry et al. [BBdR05] the interaction with a system that promotes
healthy eating habits was evaluated. The messages from the system could be pre-
sented by an ECA named Greta, a human actor, only the voice of the Greta or via a
text message. The system was evaluated in a user study with 144 participants. Except
for the human actor, presenting the message by an ECA received the highest ratings
for helpfulness and likability. Presenting the message by the ECA led to the poorest
memory performance among the participants, this effect disappeared when the ECA
showed emotional expressions in line with the verbal message.

The MOPET system [BC08] is a mobile personal trainer system. MOPET is de-
signed to support the user throughout exercise sessions, by guiding the user through
fitness trails that alternate running with physical exercises. It tracks the user’s position
on the trail and shows the user’s speed, and also tries to motivate the user through
messages. It uses an external sensor device that collects heart rate and accelerometer
data. When the user comes to an exercise point along the route, the system recognizes
this and demonstrates the exercise to the user. The virtual human is presented as a
full-bodied animated 3D character that is rendered in real-time. While this system
can make exercise more effective and more enjoyable for users, it does not actually
motivate users to start exercising. The MOPET system was evaluated [BCN06] 12 par-
ticipants. During this user evaluation the MOPET system was compared to guiding
users through fitness trails by written instructions. Results showed that the MOPET
system was rated as more useful compared to written instructions and participants
made fewer mistakes using the MOPET system.

In section 4.1 we will look into user evaluation methods for behavior change sup-
port systems. We will pay special attention to behavior change support systems with
anthropomorphic user interfaces.

2.5 Conclusion

(Health) Behavior change support systems can be effective in changing lifestyle risk
factors. Over time different generations of (health) interventions have evolved from
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printed and static media to context aware, wearable and ubiquitous systems that are
able to present tailored and personalised information and feedback to the user. Over
time these interventions have become more and more autonomous systems that are
able to present information and feedback to the user. Depending on the goal and
task, the social and physical context of a health behavior change support system can
fulfil different roles. It can act as a tool for a medical treatment or it can be consumer
electronics that support users who are interested in changing their lifestyle.

The design and development of a behavior change support system requires knowl-
edge from the fields of psychology and computer science. Insights from psychological
theories describe the process how people change their behaviors. The Transtheoretical
Model of behavior change explains different stages of change and Goal Setting theory
explains the relation between difficulty and specificity of a goal and the performance
of a task. Models of persuasion try to explain how persuasion works and how behavior
can be changed. The design and development of persuasive technology to help and
support people to change their behavior in daily life can also profit from knowledge
from the field of human-computer interaction. Design guidelines and strategies, for
example the strategies from the Oinas-Kukkonen dialogue category and the guidelines
presented by Consolvo, are closely related to human-computer interaction.

The design of user interfaces and user interaction of these systems have impact on
the way users will use the system and can influence the effectiveness of the system.
Results of different studies have shown that the personification of a user interface of
a computer system can have positive effects on the entertainment, likability, therapy
adherence, effectiveness of the system, and on the user satisfaction, and so on the user
experience of the user with the system. Other studies where anthropomorphic user
interfaces were compared to text based user interfaces showed mixed results where
a non-antropomorhic user interface was rated more effective and more preferred by
the users. The function of the virtual human in the user interface influences the
effects that an antropomorhic user interface has on the task performance and user
experience.

In the next chapter we will introduce the design of the Kristina coaching system,
a coaching system that is able to support and motivate people to live a healthy life.
The coaching system was designed based on the design strategies presented in this
chapter. The coaching system implemented elements of consciousness raising, stimu-
lus control and the Information Deficit Model to be able to present positive feedback
messages, overviews and history of medication intake and physical activity and to
inform the users about their own behavior and their process towards their personal
goals. Feedback messages can be presented in text or presented by a user interface
agent. These messages can be presented on a smartphone or personal computer. Users
used the system in daily life and messages were received during daily life activities.
The coaching system can set personal goals and targets users who are in the action
stage of the Transtheoretical Model.
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3
Design of the Kristina Coaching System

This chapter will present the design of the Kristina coaching system. Kristina is a
personal, multi-device and context aware coaching system that supports a healthy
lifestyle. This system should be able to monitor the users’ behavior and present feed-
back messages about their behavior in their daily life. The Kristina coaching system
was designed following a user centered design process. The architecture of the coach-
ing system, the design and implementation of the user interfaces and the virtual coach
will be discussed in this chapter. The user centered design cycle will be used to de-
scribe the design of the Kristina coaching system.

The design process in which the user plays a central role is called User Centered
Design (UCD) [Pea87, AMKP04]. Figure 3.1 gives an overview of the user centered
design process. The user centered design process is an iterative process. The first step
in a user centered design process is to get a better understanding of the targeted user
group. The next step in the design process is defining use cases and specifying the
requirements of the system, followed by the development of prototypes and a user
evaluation of the prototype. Results of these evaluations and feedback from the users
will be processed in the next iteration of the design process.

The Kristina coaching system is designed to target two different user groups, dia-
betes type II patients and office workers. Diabetes type II patients can be supported
with taking medication, being more physically active, glucose measurements and
healthy eating habits to have a better control over their diabetes. The second tar-
get group are office workers with an intense digital and sedentary lifestyle. Sedentary
activities include sitting, reading, watching television, playing video games, and com-
puter use for much of the day with little or no physical activity. To prevent office
workers from getting chronic diseases it is important to support them to be more
physically active.

In Section 2.2 and 2.3 different models from the field of psychology and design
strategies for behavior change were discussed. The Kristina coaching system will
implement parts of these models and design strategies for technology that support
behavior change.

The goal of the Kristina coaching system is to support and motivate users to live a
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Figure 3.1: User centered design process.

balanced and healthy lifestyle in daily life. The system will target medication intake
(for diabetes type II patients) and physical activity (for diabetes type II patients and
healthy office workers). The Kristina coaching system will motivate and support the
users to change their lifestyle based on the Information Deficit Model. Providing infor-
mation about the current behaviour of the user (based self-monitoring) will change
the values of the users towards their behaviour and will finally result in behaviour
change. Information about the behaviour of the users, such as the progress towards
their personal goal and tips how to reach these goal(s) will be presented to the users.
Strategies, or part of it, such as “tailoring”, “suggestions” and “self-monitoring” will be
implemented in the Kristina coaching system. The system will target users that are in
the “action” state of the Transtheoretical Model and users will receive their personal
goal for physical activity and medication.

3.1 Understanding the users

In order to get to know the user of the system and how we can support them in living
a healthy lifestyle we conducted two context mapping studies.

Context mapping study

Context mapping is a procedure for conducting in-depth research with users. The
objective of this procedure is to gain knowledge about the context of use of products
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from implied and implicit information that is provided by prospective users during
an intensive process [VSvdLS05, SVSvdLS05]. Through active participation by users,
designers and researchers during the design process, it informs and inspires design
teams and ensures a good fit between the design and the use of a product. A con-
text mapping study can be divided into five stages; (1) preparation, (2) sensitisation,
(3) sessions, (4) analysis and (5) communication. The preparation stage involves the
formulation of goals, selection of participants and techniques and preparation of the
assignments for the participants in the next stage. The next stage is the sensitising
stage. Sensitising is a process where participants are triggered, encouraged and mo-
tivated to think, reflect, wonder and explore aspects of their personal context in their
own time and environment. A sensitising package consisting of small activities or
exercises is sent to the participants at home in the period before the session. In the
session stage the participants are invited to discuss the results from the sensitisation
stage. This can be done in group sessions where a group of participants is invited to
discuss the results with the researcher and the other participants, or in a one-to-one
session where one participant discusses the results with one researcher. The qualita-
tive data from the sessions are analysed and the results are brought back to the design
process in the communication stage.

We prepared two context mapping studies, one for diabetes type II patients and
one for office workers. The sensitising package for diabetes type II patients consists
of seven assignments with topics such as physical activity, food & medication intake
and measuring the number of steps using a step counter. These assignments include
introducing the participant, taking pictures about a certain topic, and drawing time
lines of the current day. Figures 3.2 and 3.3 present two examples of assignments
about food intake and physical activity.

The sensitising package for office workers consists of five assignments with topics
such as introducing the participant, physical activity and sitting behavior, and food
intake. Figure 3.3 presents an example of a completed first assignment.

Fourteen office workers and four diabetes type II patients participated in the stud-
ies. The results of the assignments were discussed in a one-to-one session with partic-
ipants. The context mapping studies provided insights into the daily behaviour of the
users, awareness of the importance of healthy behaviour and the barriers towards a
desired behavior. The requirements collected with this approach were further refined
through a role playing exercise during a workshop. The list of requirements that were
identified included the following:

• The system needs to learn the specific diabetes condition of the user, such as
medication intake moments and difficulties.

• The system needs to know the relevant context information (for example, phys-
ical activity, medication intake, food intake, location and time)

• The system needs to teach and/or assist the user about or with the desired
behaviour

• The system needs to be geared towards motivating the user to reach their (daily)
goals
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Figure 3.2: One day of assignments from the context mapping study with diabetes type II patients

Figure 3.3: One day of assignments from the context mapping study with diabetes type II patients

3.2 Requirement Engineering

In an online questionnaire we asked participants to give their opinion about different
aspects of the coaching system. To get a better idea of the use of the coaching systems
we asked the participants which devices they own. Users were asked to imagine
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different scenarios in which they could get feedback in specific situations and on
certain devices. The scenarios were based on the insights from the context mapping
study. In order to get a general impression from the participants about the experience
of using such a coaching system we used the AttrakDiff2 [HBK03a] questionnaire.
Two different version of the questionnaire were developed, one for diabetes type II
patients and one for office workers.

Diabetes type II questionnaire

Fifteen participants completed the diabetes questionnaire: 4 males, 11 females. 2
were younger than 25 years old, 7 between 25 and 50 years old, and 6 were older
than 50 years old. The largest portion of our diabetic participants were born in the
Netherlands. Eight participants were diagnosed with diabetes more than 3 years ago,
2 participants between 2 and 3 years ago, 2 participants between 1 and 2 years ago,
and 2 participants less than 6 months ago. We present the outcomes of a survey study
of user preferences regarding the situation, device and timing of feedback they receive
from their personal attentive digital coach. An overview of different devices owned
by the participants can be found in Figure 3.4.

Figure 3.4: Devices owned by the diabetes type II participants.

We presented the following five scenarios to the participants of the diabetes type
II questionnaire.

• Scenario 1: You are at home in a hurry to go to work.
Message: A medicine reminder: “Did you forget your medicine?”

• Scenario 2: You are at home cooking diner.
Message: A medicine reminder: “Did you forget your medicine?”

• Scenario 3: You are relaxing in front of the television.
Message: An overview of your physical activity level of the last week. “You can
see how many calories you have burned per day during the last week.”
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• Scenario 4: You are still relaxing in front of the television.
Message: Request for providing a new glucose measurement.

• Scenario 5: You are working during a normal working day.
Message: A request to set your personal physical activity goals for the coming
time.

We asked participants to indicate on which of the presented devices they would
like to receive that message in one of the five situations. Participants could chose one
or more of the following devices: smartphone, computer/laptop, digital photo frame,
car system, television and/or colour-changing lamp. Results can be found in Figure
3.5.

Figure 3.5: Result of the question on which device diabetes type II participants would like to re-
ceive a message.

When the diabetic respondents were asked which device had their preference, the
same top-3 was visible: 1. Smartphone, 2. Computer/laptop, 3. Television. The other
three devices (digital photo frame, on-board car system, and color-changing lamp)
were not even mentioned once in the list of preferred devices. The most popular de-
vices for receiving messages were the smartphone and personal computer. Especially
when in a hurry to go to work the smartphone was a device that most respondents
liked to receive feedback on. When they were at home, the television was also a
device users would have liked to receive feedback messages on.

We asked participants in which situation they would like to receive a certain feed-
back message. We presented the following four feedback messages:

• Message 1: An overview of your progress towards your physical activity goal of
that day.

• Message 2: An explanation of the effect of physical activity on your health.

• Message 3: A motivating text (e.g. “You are on the right track”)
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• Message 4: Physical activity goal achievement: “Congratulations you achieved
you physical activity goal of the day”.

Participants could select one or more situations. Afterwards, they were also asked
which was their preferred moment of receiving that specific message. A list of possible
situations can be found below.

Situations
- At home in a hurry
- Cooking dinner
- Having dinner
- Relaxing in front of the television
- Working during a normal day
- Having a (lunch) break
- Travelling on public transport
- Walking outside
- Doing sports

At the end of this series, the respondents were asked which messages they would
like to receive, provided that they would only be sent at appropriate moments during
the day. Multiple messages could be selected. The list of possible messages can be
found below.

Possible messages
- An overview of your physical activity level of the last week
- An overview of your medication adherence of the last week
- Progress towards achieving your physical activity goal of the day
- A request for providing a new glucose measurement
- A request to set your physical activity goal
- A message that you have achieved your physical activity goal
- A motivational text (e.g. ”You are on the right track”)
- A medicine reminder: ”Did you forget to take your medicine?
- General tips on how to become more physically active
- An explanation of the effects of being physical active on your health

The most popular situations for receiving different types of messages seemed to
be while relaxing in front of the television, and while having a (lunch) break, while
walking outside or while doing sports, motivating and congratulatory messages were
also welcomed by a large portion of the respondents. Results can be found in Figure
3.6.

When the diabetic respondents were asked which messages they would like to re-
ceive, provided that the timing was good, two-thirds said they would like to receive a
message containing their physical activity level of the previous week, and half of them
wanted to see their progress towards their daily physical activity goal. Fewer than
half of the respondents indicated they would welcome messages with their weekly
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Figure 3.6: Results of the question in which situation diabetes type II participants like to the mes-
sage.

medicine intake or requests for a new glucose measurement. Only about a third of
the respondents indicated they would wish to receive the other messages.

Of the messages they were presented with, the diabetic respondents did not want
to receive any message while at home in a hurry. While cooking dinner, while work-
ing during a normal day and while travelling by public transport were all equally
unpopular, with on average about 1 in 5 respondents who would like to receive the
presented messages in that situation. Interestingly, almost half of the diabetic re-
spondents would not have minded getting a congratulatory message that they had
achieved their daily activity target while having dinner.

Office workers questionnaire

Forty-nine participants completed the healthy office worker questionnaire: 26 males,
23 females. 2 were younger than 25 years old, 41 participants were between 25 and
50 years old, and 6 were older than 50 years old. Participants’ countries of origin
were among others: Belgium (17 participants), the Netherlands (15 participants)
and Spain (8 participants). The respondents to our questionnaire spent on average
7.5 hours seated (in front of a computer) in an average working day. An overview of
different devices owned by the participants can be found in Figure 3.7

We presented the following five scenarios to the participants of the office work-
ers’ questionnaire. Scenarios 3 and 5 were identical to the scenarios of the diabetes
type II questionnaire. The office workers respondents were also asked to indicate on
which of the presented devices they would like to receive that message in that specific
situation. Multiple devices could be selected. Afterwards, they were also asked to
pick a preferred device. Scenarios can be found below. Participants could choose one
or more of the following devices: smartphone, computer/laptop, digital photo frame,
car system, television and/or colour-changing lamp. Results can be found in Figure
3.5.

• Scenario 1: You are at home in a hurry to go to work.
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Figure 3.7: Devices owned by the office worker participants.

Message: “You have been sitting for a long time, time for a walk?”

• Scenario 2: You are at home cooking diner.
Message: “You have been sitting for a long time, time for a walk?”

• Scenario 3: You are relaxing in front of the television.
Message: An overview of your physical activity level of the last week. You can
see how many calories you have burned per day during the last week.

• Scenario 4: You are still relaxing in front of the television.
Message: Request for inserting a meal (telling the system what you have eaten
today)

• Scenario 5: You at work during a normal working day.
Message: A request to set your personal physical activity goals for the coming
time.

Results can be found in Figure 3.8. The most popular devices for receiving mes-
sages were the smartphone, personal computer, and television. The computer/laptop
was most popular when the user was in the office, and lost popularity when users
were at home. There the television was a device users would have liked to get feed-
back on, as well as the smartphone. The on-board car system got only a small number
of votes, but contrarily to the diabetic respondents, the color-changing lamp is seen
as a device that some office workers would have liked to receive feedback on.

As for the preferred device in each situation, the computer/laptop was clearly the
winning device when a request is to be sent to the user while he is in the office. In the
other situations, the preferences were more scattered. When in a hurry to go to work,
a reminder for having a sitting break should preferably be sent to the smartphone,
but the computer and color-changing lamp also had some preference votes. While
cooking, the smartphone and lamp were still popular, but the television also gained a
lot of votes. While sitting in front of the television, respondents were divided in people
that would preferred to receive messages on the TV itself, or people that would prefer
a message on their smartphone.
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Figure 3.8: Results of the question on which device office worker participants have liked to receive
a message.

Office workers were also asked in which situation they would have liked to receive
a certain feedback message. We presented the following five feedback messages:

• Message 1: An overview of your progress towards your physical activity goal of
that day.

• Message 2: An explanation of the effect of physical activity on your health.

• Message 3: A motivating text (e.g. “You are on the right track”)

• Message 4: Physical activity goal achievement (e.g. “Congratulations you achieved
you physical activity goal of the day”.

• Message 5: “You have reached your caloric limit for today. It would be wise to
limit your further food intake for today.”

Participants could select one or more situations. Afterwards, they were also asked
which was their preferred moment for receiving that specific message. A list of possi-
ble situations can be found in Table 3.1.

At the end of this series, the respondents were asked which messages they would
like to receive, provided that they would only be sent at appropriate moments during
the day. Multiple messages could be selected. The list of possible messages can be
found in Table 3.2.

For office workers the most popular situations for receiving different types of mes-
sages overall seemed to be while relaxing in front of the television, and while having a
(lunch) break. Getting messages while travelling by public transport was also accept-
able. The office workers also seemed to be more open to receiving messages while
they are at work during a normal day. All results can be found in Figure 3.9.
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Situations
- At home in a hurry
- Cooking dinner
- Having dinner
- Relaxing in front of the television
- Working during a normal day
- Having a (lunch) break
- Travelling through public transport
- Walking outside
- Doing sports

Table 3.1: List of possible moments for receiving a feedback message.

Possible messages
- An overview of your physical activity level of the last week
- Progress towards achieving your physical activity goal of the day
- A request to connect your activity monitor to your computer
- A request to set your physical activity goal
- A message that you have achieved your physical activity goal
- A motivational text (e.g. “You are on the right track”)
- Reminder for a sitting break (e.g. “You have been sitting for a long time, time for a walk?”
- General tips on how to become more physically active
- An explanation of the effects of being physically active on your health

Table 3.2: List of possible messages.

Many office workers also welcomed motivating and congratulatory messages while
walking outside or while doing sports. Office workers were hesitant towards receiv-
ing messages while at home in a hurry. Receiving messages while cooking dinner was
quite unpopular, except for the message that notified the users that they had already
reached their caloric intake limit for that day.

For office workers, there is no unanimity about the best time to send each message.
For an overview of their progress towards their daily activity goal and explanations
of the effect of physical activity on their health, the four preferred situations seemed
to be when relaxing in front of the television, when working during a normal day,
while travelling by public transport or while having a (lunch) break. Participants
preferred to receive congratulatory messages about their physical activity when they
were relaxing in front of the television, working during a normal day or while doing
sports. For receiving a message that they had reached their caloric limit for today,
the preferred situation was while cooking dinner, while other situations such as while
working, having a break or while relaxing in front of the television also received some
votes.

When the office worker respondents were asked which messages they would have
liked to receive, provided that the timing was good, two-thirds would have liked
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Figure 3.9: Results of the question in which situation office worker participants like to the mes-
sage.

to receive a message containing their physical activity level of the last week, their
progress towards their daily physical activity goal, a message that they had achieved
their daily activity goal, and a reminder for taking a break from sitting.

Motivational messages or requests to set a new activity goal were welcomed by
fewer than half of the office worker respondents. Fewer than one-third of the office
workers liked to receive requests to connect their activity monitor or general tips on
how to become more physically active. Least popular was the explanation of the
effects of physical activity on your health, which only one-sixth of the respondents
wanted to receive.

3.3 Implementation of the Kristina coaching system

The Kristina coaching system will be a multi-device system. Multi-device systems, or
cross media systems are, according to Segerstahl [Seg09], composed of a set of dis-
tinctive devices and applications. The main goal for these devices and applications is
to optimize communication and interaction in different contexts for a specific activity
[Seg08]. Segerstahl [Seg08] gives five key characteristics of a cross media system:

1. More than one medium is involved in supporting a message/story/goal

2. The aim is on integrated production of support functionality

3. Content is delivered on multiple devices

4. More than one medium is needed to support the whole message/story/goal

5. The common message/story/goal is spread on the different platforms
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A multi-device system has a number of consequences. First of all a multi-device
service system is able to combine the advantages of single device feedback systems
and brings them together on one integrated service platform. It allows users to have
multiple contact points in various contexts: at home, at work and on the road. A
multi-device system is able to gather more context information of the user compared
to a single-device system and it can combine this information to present better feed-
back to the user. Interventions with several contact points are expected to be more
effective in stimulating change in health behavior than those that use a single con-
tact point [NBH07, NHVSA11]. A multi-device system coaching system supports the
implementation of persuasive principles discussed in the previous chapter. A second
point of interest has to deal with inter-usability. Inter-usability entails a seamless user
experience across devices, platforms and situations and the ease with which users can
reuse their knowledge and skills for a given functionality when switching to other
devices [SJ04, SFJ04].

Segerstahl states the following main challenges for cross media systems [Seg08]:

• Heterogeneity — Users need to have higher technological skills when dealing
with several devices and applications. Different kinds of media may also evoke
different expectations in the users.

• Interoperability — Devices are inter-connected with each other, but this is not
the only interoperability in a cross media system. The conceptual or functional
architecture of the system also plays an important role. The architecture deter-
mines how well the system performs with regards to the interoperability.

• Consistency — When a cross media system is developed by multiple organiza-
tions, there is a chance of inconsistency regarding terms used and interaction
logic.

In order to design a multi-device system that will meet these definitions we have
to come up with a system architecture that makes it possible to have the same func-
tionalities and content on all the devices. To connect all the devices with each other
we came up with three different architectures. The first one is a central setup where
all devices are connected to one central server. This server is responsible for storage
of information and processing of the data. Figure 3.10 shows an overview of a central
architecture. The second option is a decentral, or peer-to-peer setup (Figure 3.11),
where all devices are connected with each other without a central server. All devices
are responsible for storage and processing and synchronising of the data among all
other devices. The third solution is a combination of the previous two solutions, a hy-
brid solution (Figure 3.12). In a hybrid solution all devices are connected to a central
server. This server will store and process data. All the devices are also able to store
and process data on the device itself. Data between the server and all devices should
be synchronised to keep everything up to date.

All three possible architectures have their own advantages and disadvantages. A
central architecture makes it possible to combine all data in one central place where
the data can be processed on a dedicated server with sufficient processing power. A
disadvantage of this architecture is that all sensors and devices should be connected
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to the server all the time. When one of the sensors or devices are not connected, not
all data is sent to the server or feedback messages cannot be sent to the devices. Valid-
ity and relevancy of data and feedback messages should be taken into account when
(network) connections are restored. The advantage of a decentral architecture is the
fact that there is no need network connections always to be available. The system
is able to collect and process data from local sensors on the device itself. The disad-
vantage of this architecture is that sharing data between different devices or systems
is harder. Sharing of data can be necessary when more processing power is needed
to process data or data needs to be shared with other systems. In this case network
connections between devices and servers are needed again. The hybrid architecture
will combine the advantages and disadvantages of the two other architectures. In this
case a behavior change support system is able to sense and present feedback messages
to the user when there are no network connections available, and data can be shared
between devices and servers when network connections are restored again.

Figure 3.10: Central system architecture

Figure 3.13 presents an overview of the architecture of the Kristina coaching sys-
tem. We chose a central setup, because we wanted to combine data from different
sources. All devices are connected to a central server. On this server a virtual coach
keeps track of the input from different devices. Reasoning about and the generation
of the feedback messages will be done by the virtual coach.
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Figure 3.11: Decentral system architecture

Figure 3.12: Hybrid system architecture

Devices

In order to present feedback messages the coaching system makes use of different
input and output devices. Input devices of the coaching system are a smart pill dis-
penser (Figure 3.15) and a 3D accelerometer-based activity sensor (Figure 3.14). The
smart pill dispenser measures medication intake by monitoring if the pill dispenser is
opened or not. Every time the user opens the device it sends a message to the server.
The smart pill dispenser is connected to a server via the GSM network. To measure
the amount of physical activity of the user a 3D accelerometer is used. Users have to
wear the small sensor all day long and have to connect the sensor to their computer to
upload the data to the server. The output devices of the prototype system are Android-
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Figure 3.13: System architecture of the Kristina coaching system

Figure 3.14: An accelerometer to measure the amount of physical activity.

based smartphones, desktop/laptop computers and (smart)TVs (Figure 3.16). From
questionnaires it became clear that smartphones, PCs and (smart) TVs are by far the
most popular devices in terms of device ownership and the preferred devices to re-
ceive feedback by office workers and diabetes type II patients. Smartphones can act
as an input and output device, they gather information about the location of the user,
can ask for self-report and are able to receive feedback messages from the system.

Feedback messages and coaching rules

Based on information provided by the input devices the coaching system will send a
feedback message to the user. From the results of the questionnaires we selected four
situations to present feedback to diabetes type II user. We created a rule based system
to present feedback. The rules and an example of an associated message can be found
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Figure 3.15: A smart pillbox to measure medication intake.

Figure 3.16: Output devices of the coaching system. From left to right PC, Android smartphone
and SmartTV.

below. Messages were originally presented in Dutch.

• NoMedicationIntake: When the medication event is missed and no medication
reminder is read, send a medication reminder (e.g. “Did you already take your
medicine?”)

• Medication100%: When medication is taken three days in a row correctly, and
no medication goal reached messages have been sent, send a congratulation
message. (e.g. “Congratulations, you have taken your medication on time in the
past 3 days. Good job.”)

• ActivityGoalReached: When the last activity achievement is more than 100%
and no activity goal reached message has been sent, send a 100% activity mes-
sage. (e.g. “Congratulations, you have reached your activity goal for today!”)

• ActivityLowOffice: When the last activity achievement is less than 30% and
fewer than two activity low messages have been sent, send an activity low mes-
sage. (e.g. “Compared to your daily routine, your activity level is low. Consider
doing something physically active in the following hours.”

For office workers we selected three situations from the office workers question-
naire; week overviews for physical activity, progress towards the daily activity goal
and a reminder to upload activity level data. This reminder should help the system
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to get the latest physical activity data from the user. For these situations we created
rules to generate feedback. Messages were originally in Dutch.

Rules that generate the week overview message can be found below. These rules
will be triggered at the end of each coaching week. Depending on the performance
of the user in the past week, one of the rules will execute. Details about percentages
and calories will be calculated and one of the variants will be selected randomly.

• WeekOverviewBelow80: If it is a Monday, it is after 21:00h, and the average
week percentage of the user is below 80% send a “week overview below 80
message” between 21:00–24:00. (e.g. “Last week you reached 70% of your goal.
Try to be more active next week”) There are 20 variants on this sentence.

• WeekOverview 80-99: If it is a Monday, it is after 21:00h, and the average week
percentage of the user is between 80% and 100% send a “week overview below
almost message” between 21:00–24:00. (e.g. “Last week you almost reached
your goal. With a little bit more effort you will reach your goal next week.”) There
are ten variants on this sentence.

• WeekOverview 100>: If it is a Monday, it is after 21:00h, and the average week
percentage of the user is more than 100% send a “week overview 100 message”
between 21:00–24:00. (e.g. “Congratulations Jan, last week you reached 118%
of your goal. Keep going like this next week!”) There are eighteen variants on this
sentence.

Rules that will generate feedback about the progress towards a daily goal. Depen-
dent on the amount of physical and current time a user can be on track, below track
or above track. Details about percentages and calories will be calculated and one of
the variants will be selected randomly.

• OnTrack: When the user uploads his activity data, and he is “on track” (on track
means current activity percentage is within 20 percent of the following percent-
age: Rel = (100%/((Now − 7hours)/(23 − 7))), send an “on track message”.
(e.g. “You are right on track to reach your goal today. Keep on going.”). There
are 20 variants of this sentence.

• ActivityLevelLow: When the user uploads his activity data, and his activity
level is low, (low means current activity percentage is lower than the following
percentage: Rel = (100%/((Now − 7hours)/(23 − 7))) minus 20%, send an
“activity level low message”. (e.g. “You were not that active today, maybe you
should be more physically active in the coming hours. Do you always carry your
activity sensor?”). There are 20 variants of this sentence.

• ActivityLevelHigh: When the user uploads his activity data, and his activity
level is high, (high means current activity percentage is above the following
percentage: Rel = (100%/((Now − 7hours)/(23 − 7))) plus 20%, send an “ac-
tivity level high message”. (e.g. “If you keep on going like this you will reach your
daily goal easily”). There are 20 variants of this sentence.



Design of the Kristina Coaching System | 47

• GoalReached: When the user uploads his activity data and his current activ-
ity percentage is between 100% and 120% , send an “activity level reached
message”. (e.g. “Congratulations, you reach your goal today!”). There are 45
variants of this sentence.

• GoalReachedHigh: When the user uploads his activity data and his current
activity percentage is higher than 120%, send a “activity level reached high
message”. (e.g. “Very well done, you reached 134% of your goal today. Keep on
going.”). There are 21 variants of this sentence.

Reminders and request to upload physical activity data are generated by the rules
below. Details about time will be calculated and one of the variants will be selected
randomly.

• RequestToDockNoDocking: When it is after 18:00h and the user has not up-
loaded his activity data, send a “docking request no docking” between 18:00–
24:00. (e.g. “You did not upload your activity data today, please try to upload it
in the coming hours.”) There are fifteen variants of this sentence.

• RequestToDockDockingTooLongAgo: When it is after 18:00h and the last time
the user has uploaded his activity data is more than two hours ago, send a
“docking request too long ago” between 18:00–24:00. (e.g. “The last time you
uploaded you activity data was three hours ago. It is time to upload you data
again.” There are 23 variants of this sentence.

In the case of office workers we created variants of the feedback messages to
prevent the repetition of the same feedback messages. The feedback messages are
based on existing messages that were used by human coaches to present feedback
to their clients. The messages differ in terms of adding different tips and hints to be
more physically active, reminders to carry the activity sensor and ask tips from friends
to be more physically active.

Design of a virtual coach for Kristina

To investigate the effects of presenting feedback messages in text of presented by a
virtual human on the user perception we designed a user interface where the coach
is represented by a virtual human. The representation of the virtual coach should
be available on all the output devices of the coaching system. In Section 2.4.1 we
discussed the possible advantages and disadvantages of a anthropomorphic user in-
terfaces.

The virtual human user interface of the coaching system makes use of the El-
ckerlyc platform [vRRZ10b, RdKN+11]. The Elckerlyc platform is a state-of-the-art
Behaviour Markup Language (BML) realizer for virtual humans. The BML language
is defined in the SAIBA (Situation, Agent, Intention, Behavior, Animation) frame-
work and is a specification language of the form and relative timing of the behaviour,
such as speech, facial expressions, and gestures. The Elckerlyc platform focusses on
continuous interaction, which makes it very suitable for virtual human applications
requiring high responsiveness to the behaviour of the user. Compared to static pic-
tures or pre-recorded movies, real-time animations are able to react immediately to



48 | Chapter 3

Figure 3.17: Overview of the Elckerlyc architecture. BML input is processed by the Elckerlyc
system by different engines. The result is combined into one embodiment. New
Engines, or engines developed by others are indicated by dash lines.

the user, and this responsiveness increases the experience of engagement of the agent.
The Elckerlyc platform can act as a back-end realizer for different embodiments, like
physical robots or realistic 3D full kinematic virtual humans.

The architecture of the Elckerlyc platform is modular [RW11]. A general overview
of the Elckerlyc system can be found in Figure 3.17. The input of the Elckerlyc plat-
form is a BML specification. BML provides abstract behaviour elements to steer the
behaviour of a virtual human. A BML realizer is free to make its own choices con-
cerning how these abstract behaviours will be displayed on the embodiment. The
Elckerlyc system is easy to extend with other engines. Different engines will handle
their own parts of the behaviour specification and generate synchronised instructions
for realising, for example, speech output, body gestures, postures and facial expres-
sions. The output of all the engines are displayed on one embodiment, like a realistic
3D full kinematic virtual human, the ixi robot or a graphical 2D cartoon such as pic-
ture animation. Figure 3.18 shows two examples of embodiments supported by the
Elckerlyc platform.

Not every embodiment is able to render all the behaviours that can be specified
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(a) The ixi robot (b) a realistic 3D full kinematic virtual human

Figure 3.18: Two types of embodiment used as back-end for the Elckerlyc platform

in BML. This depends on what the embodiment offers, for example, a robot that is
not able to smile or a picture animation that lacks a picture showing the smiling face
cannot render the requested smiling behaviour. The interface between the output of
Elckerlyc and the embodiment occurs in a Binding. A Binding is an XML description
to achieve a mapping from abstract BML behaviours to PlanUnits that determine how
the behaviour will be displayed in the embodiment. Bindings can be customized by a
developer. Other Engines provide similar bindings.

Using a realistic 3D full kinematic virtual human embodiment as a representation
of our coach is not suitable for use on mobile devices for multiple reasons. Not only
do such devices lack the processing power to render this kind of environment, but dis-
playing a full scene including a full body ECA on the relatively small screen of a mobile
device is quite impractical. The displayed size of the ECA would make it so small that
its expressions would hardly be visible. The high processing demands would also
drain the device’s battery quickly. In order to avoid all these problems, Elckerlyc uses
a different graphical embodiment on the Android platform, the PictureEngine.

The PictureEngine

The PictureEngine is a lightweight graphical embodiment that uses a collection of 2D
images in order to display the virtual human. While having a 2D image embodiment
offers some limitations, it also has its advantages. First of all, it has low demands
in terms of processing and memory. It also allows for great variation in the design
of virtual humans. One could for example design a cartoon-like virtual human, a
virtual human based on more lifelike illustrations, or even a virtual human based on
photographic images of a real person, or pre-rendered images of a 3D lifelike virtual
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Figure 3.19: Different small pictures on different layers will result in a cartoon-like ECA.

human. Creating your own 2D virtual human starts with designing a set of images
for the appearance of the virtual human in different layers. Figure 3.19 shows how
different layers will result in a cartoon-like virtual human.

In order to generate a dynamic virtual human from a collection of images, the
PictureEngine uses a layer-based approach. Different parts of the virtual human are
displayed on different layers of the final image, and can thus be in different states. For
example, one layer may contain the eyes, while another contains the mouth. By using
this layer based approach, different parts of the virtual human can be manipulated
independently and combined in order to generate different expressions. It also allows
the virtual human to do several (connected or unconnected) things at once, such
as blink while also speaking and pointing at something. While single images may
suffice for portraying expressions in many cases, there are other cases where a virtual
human simply has to display some motion in order to come across as believable. To
make this possible, the PictureEngine also allows the use of animations instead of
single images. The nature of the BML scheduler allows the duration of animations to
be adjusted according to the BML code that is being executed, causing the animation
to play faster or slower depending on the timespan determined by the scheduler.
Animations can also include synchronization information that allows other behaviors
to coincide with specific elements of an animation. In order to visually display the
fact that the virtual human is speaking, the PictureEngine provides a rudimentary
lipsync facility. However, where the lipsync in the standard embodiment provides a
full mapping from visemes to animation units, the PictureEngine lipsync currently
does not make use of such a mapping, so it simply displays a speaking animation
whenever the ECA is speaking1.

Coaching applications and User interfaces

The coaching application is able to present feedback messages and overviews to the
user. The user interfaces of the coaching application on the different output devices

1More information about the Elckerlyc platform on Android can be found in [KHRodA12, KHR+13].



Design of the Kristina Coaching System | 51

are able to present these feedback messages and overviews. Figure 3.20 shows the
dashboard overviews on a smartphone and personal computer. The dashboard of the
coaching application shows an overview of the current state of feedback messages,
and the progress towards the physical activity and medication goals. By clicking on
one of the bubbles more detail and overviews about physical activity or medication
intake will be shown, or the inbox with feedback messages will be opened. Feedback
messages can be presented as a text message, or they can be presented by a virtual
human. Figure 3.21 shows how a feedback message can be presented in two different
ways.

Figure 3.20: Dashboard user interfaces of the Kristina coaching system on a smartphone and
personal computer

Figure 3.21: Feedback message presented in text or by a virtual human

3.4 Conclusion

In this chapter we presented the design and development of the Kristina coaching
system. The coaching system is able to target diabetes type II patients and office
workers. Diabetes type II patients can be motivated and supported to take medication
on time and be physically active, while office workers need will be motivated and
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supported to be more physically active. We followed a user centered design process
to develop the coaching system. Results of two context mapping studies and online
questionnaires were used to develop the first prototype of the coaching system. A
central architecture was used to implement the first prototype. All input and output
devices are connected to one central server. All the input was evaluated by coaching
rules of the virtual coach and feedback messages were sent to the users. Feedback
messages can be presented in text or by a virtual human. In the next chapter we will
continue with the next state of the user centered design process, the evaluation of the
prototypes with users.



Part II

User Evaluations





4
User Evaluations of Health Behavior Change Support

Systems

The goal of every (health) behavior change support system is to change a certain be-
havior or habit. User evaluations of a behavior change support system (BCSS) are
usually focused to show that the intended change in behavior did actually take place.
Measuring change in behavior requires multi-year studies with repeated follow-ups
[KCP11]. Short-term changes in behavior are hard to measure and if they occur
these changes are often short-lived. According to Klasnja [KCP11] evaluating be-
havior change in the traditional clinical sense is not the right metric for early stage
technology that is being developed in the context of human computer interaction.
Evaluating behavior change support systems in the context of the field of human
computer interaction can focus on a narrower notion of efficacy by looking at the out-
comes of particular interventions strategies and whether the system is doing what it
intended to do, even in an early stage of the development of the system. Qualitative
studies focused on the experiences with technology can help researchers understand
how and why a system is working and how the system should be further developed.

In this chapter we will focus on how we will evaluate the Kristina coaching sys-
tem. We will review the literature about the evaluation of behavior change support
systems, followed by a description of the design and results of four small user evalu-
ation studies with (differnent versions of) the Kristina coaching system.

4.1 User Evaluation of Behavior Change Support Systems

Technologies that promote a healthier lifestyle are gaining popularity in the human
computer interaction discipline. Paradoxically, the evaluation of such technologies re-
mains rather unclear [Lan]. Different frameworks, like the Framework for Ubiquitous
Computing Evaluation Areas (UEAs) by Scholz and Consolvo [SC04], the persuasive
system design model (PSD) by Oinas-Kukkonen and Harjumaa [OKH09b] and the
Fogg Behavior Model (FBM) [Fog09] could be used to evaluate behavior change sys-
tems and the features and functionalities of these systems. Evaluating the perceived
persuasiveness of a behavior change support system is an ongoing challenge [Lan].
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Professionals from the field of health and social psychology, and potential end users
should be involved not only in the design of BCSS, but also in the evaluation of these
systems. Health professionals and social scientists could argue about the effectiveness
of the content of a persuasive message, and end users could provide feedback for con-
stant improvements of the system. Researchers and experts from the field of human
computer interaction could play a vital role in better designing and evaluating persua-
sive systems [Lan]. Klasnja et al. ([Lan, KCP11]) propose multi-method approaches
for evaluating behavior change support systems where qualitative and quantitative
methodologies should be combined to provide deeper insights into users’ experiences
with technologies. In this section we will present examples of user evaluation of
health behavior change support systems from the perspective of human computer in-
teraction. We will pay special attention to behavior change support systems that make
use of a virtual human in the user interface.

In a user study by Ahtinen [AMV+09] three different wellness applications were
evaluated by following a multi-method approach. The applications were the Wellness
Diary, the Mobile Coach and SelfRelax. The Wellness Diary was a mobile journalling
tool where users could enter wellness-related self-observations like weight, exercises,
sleep duration and quality, eating, and alcohol consumption. The application would
provide graphical feedback of the progress of the user. The Mobile Coach is a mobile
application that supports physical activities. The application automatically generates
training plans based on personal goals. Users had to enter the intensity of their train-
ing, distance, and average heart rate by hand. The application presented graphical
feedback of the workouts compared to the training plan. SelfRelax is a mobile re-
laxation assistant that generates a personalized relaxing program based on the user
choice (sleep, stress, migraine, pain or general relaxation).

These applications were evaluated with 119 participants over eight weeks in a
field trial. Participants received a toolkit including wearable, mobile and web-based
wellness solutions and a smartphone. The researchers were interested in the long-
term user experiences of these applications and used a multi-method research method.
During the evaluation the researchers collected data in three different ways; log files
were used to measure the actual usage of the applications from the telephones, three
online questionnaires (baseline questionnaire, pre and post intervention question-
naires) and semi-structured telephone interviews. The baseline questionnaire focused
on the use and habits of technology use. The pre and post intervention questionnaires
were identical and were focused on the use of the wellness applications, usability, mo-
tivational factors and willingness to continue the use. Questionnaire questions were
presented as statements with a 5-point Likert scale. At the end of the evaluation
twenty voluntary participants were invited for an interview to get a more in-depth
view and insight into the user experience. The questionnaires included quantitative
(multiple choice) and qualitative (open-ended) questions. Results of the user studies
showed that the three different wellness applications got positive responses. The re-
sults revealed insights into how the users used the system. All the three applications
were evaluated on usefulness, perceived usability, usage habits and motivational fac-
tors. Key elements were identified and discussed. The authors concluded that one of
the strengths of this study was the way in which data was collected. Mixed-methods
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were used to collect data in daily life situations and a large number of ordinary people
participated in the trials.

The UbiFit Garden system from Consolvo [CMT+08] was evaluated in a three
week field trail with twelve participants. The UbiFit system is a mobile application
that is able to monitor physical activities. It uses a MSP fitness device that is able
to automatically infer physical activities. The application is able to display a daily
activity list and users are able to add, edit or delete physical activities in a journal,
see their progress towards their personal week goal and reminders were displayed
if a user did not enter anything in the journal for two days. The goal of the user
evaluation study was to investigate how the system fit into everyday experiences of
the “real end users”. The user evaluation focussed on findings related to experiences
of the participants related to experiences with activity inferences and the sensing
capabilities, as well as the general reactions to the system.

During the trial participants received a mobile phone and had to install their own
SIM card. The trial included three in-person sessions. During the first session at
the start of the trial participants were interviewed about their attitudes and behav-
iors related to physical activity and were asked to complete different questionnaires
about demographics, current physical activity routines and barriers and their state
of change. The second and third in-person sessions took place approximately 7 and
21 days after the first session and participants were interviewed about their experi-
ences in the study. Interviews were audio recorded. In the second session participants
were given the opportunity to change their weekly physical activity goal. Log data
about the actual use of the UbiFit system, inputs in the journal and physical activities
performed by the users were saved and analyzed after the evaluation.

4.1.1 User Evaluation of Virtual Humans in Behavior Change Support Systems

Bickmore et al. [BSN+13] evaluated an automated exercise coach for older adults
during a one year trial with 263 participants. The goal of this trial was to compare
the efficacy of a computer-based physical activity program using an embodied con-
versational agent (ECA) with that of a pedometer control condition. The efficacy of
the exercise coach was measured by the average daily step count. All participants
received a pedometer to measure their daily number of steps. Participants in the ECA
group used an ECA on a table computer as a communication medium to motivate
participants to do more walking during the first two months. Users were instructed to
have a daily conversation with their ECA. These conversations consisted of a dialogue
and other media to promote health behavior change. A typical conversation took 5
minutes and consisted of a greeting, social talk and a well-being check to determine
whether the participant should stop their activity program and to provide empathic
opportunities. Positive reinforcement and problem solving discussions about barriers
to reach short term goals were also part of the interaction. Images of different ex-
ercises, proper use of the pedometer and graphs of the progress were presented to
the user. The result of the evaluation showed that participants from the ECA group
walked significantly more steps than the participants from the control group (4041
versus 3499 steps per day, p = 0.01) after two months. After twelve months this
difference was decreased (3861 versus 3383 steps per day, p = 0.09). Bickmore et
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al. concluded that the coaching program increased the number of steps among older
adults over the short-term, but effective methods for long-term maintenance of be-
havior change are needed.

In a study by Lisetti et al. [LAYR13] three different modalities to present Brief
Motivational Interventions (BMI) for behavior change support systems in the context
of reducing alcohol consumption in problem drinkers were evaluated. During the
evaluation of the computer-based intervention system three different ways of deliver-
ing the same intervention were compared. A text-only interface is compared to two
different ECA interfaces, a neutral one and one with empathic abilities. Users had to
rate the systems in terms of acceptance, perceived enjoyment and intention to use.
Eighty one subjects participated in the lab evaluation. During the evaluation users
had to attend the first session of an interview from the AUDIT psychometric instru-
ment to measure the client’s dependence on alcohol and frequency of drinking. In
the text-only condition the introduction and the interview was presented in a text-
only website. In the neutral ECA condition the content was presented by an ECA that
was able to show natural facial expressions during the introduction and interview,
but did not show any empathy, did not reflect on a user’s answers or changes in a
user’s emotional state. In the empathic ECA condition the ECA reacted with verbal
and non-verbal empathic reactions. The ECA was able to show different emotional
expressions, head gestures, smiles, eyebrow movement and lip synchronisation. Af-
ter the participant has answered the questions from the questionnaires the system
gives feedback about the drinking behavior of the participant. After the feedback the
participants were directed to an online questionnaire to rate the system in terms of
acceptance and performance. The questionnaires were based on a combination of the
Heerink et al. [HKWE06a] model and the Godspeed questionnaires [BKCZ09a]. Re-
sults of the user evaluation showed significant differences in favour of the empathic
ECA compared to the neutral ECA or the text version on almost all statements from
the questionnaires, except the perceived ease of use, anxiety and social influence.

In this section we discussed different user evaluations of behavior change appli-
cations. The goal and methodology of these user evaluations differ on certain points.
First of all we discussed three field trials ([AMV+09, CMT+08, BSN+13]) and one
lab trial ([LAYR13]). The duration of the field trials ranged from three weeks to one
year. The duration of a lab study is a couple of hours. Different qualitative (inter-
views), quantitative (questionnaires and log data) and mixed methods were used to
collect data during the evaluation studies. The number of participants ranged from
12 participants in the evaluation of the UbiFit system [CMT+08] to 263 participants
in the study by Bickmore [BSN+13] (81 participants in [LAYR13] and 119 partici-
pants in [AMV+09]). The big difference between the number of participants can be
explained by the differences in the research fields that are involved in this kind of
research. The intervention systems (IS) research community makes efforts to recruit
and study large user groups, while human computer interaction and persuasive sys-
tems disciplines study small(er) user groups [Lan]. The different user evaluations
studies discussed in this thesis can be found in Table 4.1.

In the next section we will present different user evaluation studies with the
Kristina coaching system. The goal of these user evaluations was to investigate
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whether the presentation of feedback messages affect the user perception of the
coaching system. The method that was used to evaluate the Kristina coaching sys-
tem will be discussed in the next section. The goal of the Kristina coaching system is
to support the users in daily life. For this reason it was our goal to evaluate the system
in real life settings (instead of a lab setting). In line with the discussed literature a
mixed method approach was applied.

4.2 User Evaluation Methods of Behavior Change Support Systems

This section will present how we evaluated the Kristina coaching system. Different
methods to investigate whether the presentation of feedback affect the user percep-
tion of the coaching system were used. In this section we first present how to measure
how users would experience the coaching system. We will discuss different question-
naires that can be used to evaluate the system.

4.2.1 Questionnaires

The goal of the user’ evaluations is to measure users perception of the coaching sys-
tem, and how the different ways of presenting feedback messages affect the user
perception. We discuss different questionnaires that are relevant to the perception of
the user and how we can investigate a difference between the two ways of presenting
the feedback messages.

4.2.1.1 Usability

Usability is a measurement for how easy it is to use a product and how easy it is
to learn to use it. According to the ISO definition usability is “The extent to which a
product (service or environment) can be used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a specified context of use” [ISO, OCT07a].
Many questionnaires have been developed to measure the usability of a product. The
System Usability Scale (SUS) [Bro96] is a questionnaire that is often used to measure
usability.

SUS is a simple and reliable, ten-item scale that will give a global view of subjec-
tive assessments of the usability of a system. The System Usability Scale was created
from a collection of 50 potential questionnaire items. Ten items that lead to the most
extreme responses were selected from the original pool. These items cover a variety
of aspects of system usability, such as the need for training, support and complexity.
Items were answered on a 5-point Likert scale. Users should be asked to record their
immediate response to each item, rather than thinking about items for a long time.
Based on the ratings given by participants a score (between 0 and 100) can be cal-
culated. This score indicates the usability of a product [Bro96]. Products with a SUS
score above 70 are theorized as at least passable. Better products score between 70
and 80, and superior products score better than 90 [BKM08].

The System Usability Scale can be used to evaluate different kind of products
because it is technology independent. The questionnaire is quick and easy to use by
participants and administrators. The result of the questionnaire is a single score that
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is easily understood. The SUS is not protected by trademark, patent or copyright,
which makes it a cost effective tool [BKM08]. Reliability of SUS was calculated in
different experiments and ranged from Cronbach’s alpha between 0.85 and 0.911.
Factor analysis results show that the SUS questionnaire reflects participants’ estimates
of the overall usability of an interface, regardless of the type of interface [BKM08].

Alternative methods involving usability testing are think aloud protocol [vdHdJS03,
PB09], remote usability testing and lab usability testing [TFM+02], and walkthroughs
[KCF92]. For the evaluation of the Kristina coaching application we preferred a ques-
tionnaire above other methods because it was an uncontrolled experiment and not a
lab study.

4.2.1.2 User experience

User experience (UX) is associated with a variety of meanings that range from tra-
ditional usability to beauty, hedonic, affective or experiential aspects of technology
use [Has08b]. User experience evaluation methods can be categorised by two in-
dependent determinants [G1̈2]. The first determinant specifies whether the method
yields quantitative or qualitative data. The second determinant specifies whether the
method collects data subjectively or objectively. Figure 4.1 [G1̈2] shows different
data collection methods for user experience evaluation. The horizontal axis ranges
from qualitative to quantitative methods and the vertical axis ranges from subjective
to objective methods. The size of the words is proportional to the numbers of time
the method was reported to be used in UX studies in work by [BAH11]. Our goal was
to evaluate the coaching application in field trials, so we preferred questionnaires to
measure user experience.

Hassenzahl [Has08b] defines UX as “a momentary, primarily evaluative feeling
(good - bad) while interacting with a product or service”. Many models try to describe
the nature of user experience. All the models are focused on well-being as an outcome
of human-product-interaction, and not on performance of a product. Traditional qual-
ity models lack concepts such as fun, hedonic value or playfulness and the attention
should be shifted from product and materials to humans and feelings. User expe-
rience is subjective and encompasses all aspects of interaction with a product. The
actual experience of a product can differ from the intended experience by the designer
[Has04]. Pragmatic quality (PQ) and hedonic quality (HQ) are two dimensions that
are important to measure UX. Pragmatic quality is connected to the perceived abil-
ity of the product to achieve “do-goals”, like “finding a book in an online-bookstore”,
“making a telephone call”, or “setting-up a webpage”. These are all behavioural goals.
Attributes that can be linked to pragmatic quality are “useful”, “supporting”, “clear”,
and “controllable”. Pragmatic quality focusses on the product, its utility and usability
in relation to potential tasks [Has04, Has08a, Has08b]. Hedonic quality is connected
to the perceived ability of the product to achieve “be-goals”, like “being related to
others”, “being competent”, or “being special”. It has been shown that hedonic quali-
ties play a role in UX. Attributes that can be linked to hedonic quality are “exciting”,
“impressive”, “outstanding”, and “interesting”. Hedonic quality focuses on the self
and why someone would use this product, and not another. More general human
needs, such as a need for personal growth, for novelty and change, and self-expression
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Figure 4.1: Different data collection methods for UX evaluation [G1̈2]

plays a role. The hedonic function can be further subdivided into stimulation (HQ-S)
and identification (HQ-I). Stimulation is the part of hedonic quality that focuses on
personal development, qualities that provide new impressions, opportunities and in-
sights. Identification is the part of hedonic quality that focuses on expressing oneself,
qualities that help with self-expression [Has04, Has08a, Has08b].

AtrakkDiff2 is a semantic differential scale for measuring UX. It consists of 28
word-pairs answered on a 7-point scale. It focuses on attractiveness of interactive
products and evaluates the pragmatic quality (PQ), hedonic quality - stimulation (HQ-
S), hedonic quality - identity (HQ-I), and attractiveness (ATT) dimensions. The At-
trakDiff2 questionnaires can provide insight into how people experience a product,
and which qualities should be improved to enhance this experience. Reliability is
shown for hedonic quality - stimulation (Cronbach’s alpha between 0.79 and 0.90),
hedonic quality - identity (Cronbach’s alpha between 0.73 and 0.83) and pragmatic
quality (Cronbach’s alpha between 0.83 and 0.85) [HBK03b] in other studies as well
[Has08a].
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Figure 4.2: Technology Acceptance Model

4.2.1.3 Technology acceptance

The acceptance of a system or product by users is important. Without accepting a
system the user will not use it, no matter how good or useful the product is. Here
we will first discuss the Technology Acceptance Model (TAM) with two of its most
important constructs. Finally we will discuss the Unified Theory of Acceptance and
Use of Technology (UTAUT).

Technology Acceptance Model

The Technology Acceptance Model (TAM) is used to measure why users accept or
reject information technology and how user acceptance is influenced by system char-
acteristics. The model can explain why a system is unacceptable to some users, but
also improve understanding of how we can gain user acceptance through system de-
sign [Dav93]. The technology acceptance model is based on the Theory of Reasoned
Action (TRA) [AF77]. TAM uses TRA as a theoretical basis for specifying the causal
relationship between perceived usefulness and perceived ease of use, users attitudes,
intentions and actual usage (see Figure 4.2) [Dav93, DBW89]. The model theorizes
that the behavioural intention of a person to use a system is determined by perceived
usefulness and perceived ease of use, and it also says that the effects of external vari-
ables are mediated by those two constructs. The perceived usefulness is influenced
by perceived ease of use. Perceived usefulness and perceived ease of use are hypoth-
esized to be fundamental determinants for user acceptance. Perceived usefulness can
be defined as the degree to which a person believes that using a particular system
would enhance his or her (job) performance. Perceived ease of use can be defined as
the degree to which a person believes that using a particular system would be free of
effort [Dav89].

People tend to use an application (in daily life or in their job) to the extent they
believe they will benefit from it. When a user believes that a system is useful, but he
also believes that the system is too hard to use, then the benefits of using the system
are outweighed by the effort of using the system and the user will not use the system.
Davis [Dav89] used a step-by-step process to develop scales to measure perceived
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Figure 4.3: Technology Acceptance Model 2

usefulness and ease of use with high reliability and validity. For each construct of
TAM 14 candidate items were generated based on literature. From these items the
10 items that fit the definitions of the constructs best were selected for each scale.
This version was tested, and reliability and validity were calculated to be both high.
The 10-item scales were adapted to 6-item scales because it is important to keep
scales as brief as possible in a testing situation. Items are answered on a 7-point
Likert scale. Items that contributed least to the reliability were omitted. The resulting
scales were again tested and reliability was measured (Cronbach’s alpha is 0.98 for
perceived usefulness and 0.94 for perceived ease of use). Both scales exhibited high
convergent, discriminant, and factorial validity [Dav89]. Hendrickson [HMC93] did
a test-retest of the reliability, which confirmed the findings of [Dav89].

TAM was extended to TAM2 in 2000 [VD00] (see Figure 4.3). Original measure-
ments with TAM2 showed high reliabilities (Cronbach alpha exceeding 0.80). TAM2
provides a detailed account of the key forces underlying judgements of perceived
usefulness, explaining up to 60% of the variance in this important driver of usage
intentions.

Unified Theory of Acceptance and Use of Technology

We previously discussed the TRA, TAM and TAM2 models to measure information
technology acceptance. The Unified Theory of Acceptance and Use of Technology
(UTAUT), combines theories based upon conceptual and empirical similarities across
models. It is formulated with four core determinants of intention and usage, and up
to four moderators of key relationships. The questionnaire is answered on a 7-point
Likert scale. As can be seen in Figure 4.4 these four core determinants of intention and
usage are Performance Expectancy, Effort Expectancy, Social Influence and Facilitating
Conditions. In this model performance expectancy is defined as the degree to which
an individual believes that using the systems will help him or her to attain gains in
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Figure 4.4: Unified Theory of Acceptance and Use of Technology

job performance [VMDD03]. The effort expectancy is defined as the degree of ease
associated with the use of the system [VMDD03]. Social influence is defined as the
degree to which an individual perceives that important others believe he or she should
use the new system [VMDD03]. The facilitating conditions are defined in the model
as the degree to which an individual believes that an organizational and technical
infrastructure exists to support use of the system [VMDD03]. The four moderators
of key relationships are; gender, age, experience and voluntariness of use. UTAUT is
tested and cross-validated, these tests provide strong empirical support for the model.
UTAUT was able to account for 70% of the variance in usage intention, which is better
than any of the original models used to compose UTAUT [VMDD03]. It is also shown
that the UTAUT tool is able to withstand translation and to be used cross-culturally,
outside its original country and language of origin [OCT07b].

4.2.1.4 Acceptance

There are many theories and frameworks that try to explain the acceptance of virtual
humans, their personality, and their usage.

An example is the I-PEFiC framework [vVKH+07].Van Vugt et al. developed the I-
PEFiC (Interactive Perceiving and Experiencing Fictional Characters) framework. This
framework tries to integrate several factors that contribute to human engagement
with fictional characters. The I-PEFiC model distinguishes between three phases, the
encode phase, the compare phase and the respond phase. Factors in these three
phases tries to explain the “persona” and realism effects in the user. I-PEFiC is a
modified version of the PEFiC model. The I-PEFiC model incorporates technology
acceptance theory and affordance theory to explain the interactive nature of virtual
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humans and to explain intentions to use these agents.
We will also pay attention to questionnaires related to robot acceptance. Robots

come closest to virtual humans when we look at the acceptance of them, especially
since they have improving social abilities and more functionality. Here we will look
at robot acceptance.

Heerink

Heerink et al. [HKWE06a] developed a questionnaire that focuses on the acceptance
of robots with social abilities. The UTAUT model was used as a basis to start, due to
its extensive validation and the potential applicability of the model to human-robot
interaction [DRSMVB05]. Heerink at al. made adaptations to the UTAUT because of
three reasons. The first reason was the fact that participants had difficulty indicating
the level to which they agreed with statements. Therefore, statements were adapted
to questions. Secondly, these questions were asked by an interviewer instead of read
by the participants since some of the participants had trouble reading. Finally, UTAUT
was adapted to fit the test setting better, since UTAUT was originally developed for
using technology at work. Questions concerning trust, social abilities, computer expe-
rience and one question concerning the extent to which people felt comfortable were
added to the questionnaire. The questions were answered on a 5-point scale. Cron-
bach’s alpha was calculated for all UTAUT constructs to see if they were consistent.
All constructs had a Cronbach’s alpha of 0.86 or higher except for social influence and
anxiety [HKWE06b].

The questionnaire was adjusted because of the low explanatory power, and be-
cause it is insufficiently indicated how social abilities contribute to the acceptance
of a social robot. Several studies were conducted focusing on the possibility to add
constructs. Perceived Enjoyment, Perceived Sociability, Social Presence and Perceived
Adaptability were found and added. Anxiety and Attitude toward using the technol-
ogy were also added, although they are not part of the UTAUT model. The result-
ing questionnaire (Almere model) now measures in 41 questions the constructs of
Anxiety, Attitude, Facilitating conditions, Intention to use, Perceived adaptability, Per-
ceived enjoyment, Perceived ease of use, Perceived sociability, Perceived usefulness,
Social influence, Social presence, Trust and Use/Usage. Reliability was tested and all
constructs were shown to be reliable (Cronbach’s alpha of 0.7 or higher) [HKEW09].
The questionnaire was further tested in other experiments, and constructs are shown
to be reliable in these studies as well [HKEW10].

Godspeed

The Godspeed questionnaires from Bartneck [BKCZ09b] are short questionnaires to
measure human robot interaction. The questionniares are based on relevant litera-
ture on the five concepts of anthropomorphism, animacy, likability, perceived intelli-
gence, and perceived safety of robots. The most important criteria of service robots
lies within the satisfaction of their users. Godspeed measures anthropomorphism,
animacy, likability, perceived intelligence, and perceived safety of robots. Anthropo-
morphism refers to the attribution of human form, human characteristics, or human
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behaviour to non-human things. Bartneck [BCK08] used the questionnaire of Pow-
ers and Kiesler [PK06] to measure anthropomorphism. The six-items of this ques-
tionnaire were adapted into five 5-point semantic differentials scales fake–natural,
machinelike–humanlike, unconscious–conscious, artificial–lifelike, and moving rigidly–
moving elegantly. Studies using this scale report internal consistency reliability of
Cronbach’s alpha of 0.856 or higher [BCK08]. Animacy can be seen as how lifelike the
robot is. This construct [BCK08] is based on the questionnaire of Lee et al. [LPS05].
Also in this case the questionnaire was transformed into semantic differentials scales.
These items are dead–alive, stagnant–lively, mechanical–organic, artificial–lifelike,
inert–interactive, and apathetic–responsive. In one study [BKMAM07] this question-
naire was used and reported a Cronbach’s alpha of 0.702. To measure likeability
Bartneck used five items from Monahan [Mon98], dislike–like, unfriendly–friendly,
unkind–kind, unpleasant–pleasant and awful–nice. In two studies using this question-
naire Bartneck reports internal consistency reliability of Cronbach’s alpha of 0.842 or
higher [BCK08]. Perceived Intelligence is quite straightforward. Warner and Sugar-
mans [WS86] scale for intellectual evaluation was used for this construct. Perceived
Intelligence consists of five items, incompetent–competent, ignorant–knowledgeable,
irresponsible–responsible, unintelligent–intelligent, and foolish–sensible. Multiple
studies [BKMAM07, BKIH09, KSW96] used this questionnaire and all reported Cron-
bach’s alphas of 0.75 or higher. Perceived safety describes the users perception of
the level of danger when interacting with a robot. Perceived safety can also describe
the level of comfort of the user during the interaction. The items of this construct
are based on [KC05, KC06]. The items are anxious–relaxed, agitated–calm, and
quiescent–surprised. No reliability is reported for this specific scale. It should be
noted that there is a certain overlap between anthropomorphism and animacy.

4.2.1.5 Source Credibility

Source credibility is the attitude toward a source of communication held at a given
time by a receiver. Source credibility is an important element in communication pro-
cesses, whether the goal of the communication effort is persuasion or understanding.
People are more likely to be persuaded when the source is perceived as credible and
is presented that way [MY81a, SDL78].

Although source credibility it mostly seen as a human-human interaction, it is also
important in human-computer interaction. Coaching applications are meant to repre-
sent a coach motivating the user. Therefore, we could argue that the system represents
a person and source credibility can be applied although this person is only represented
by technology. A 5-point Likert scale was developed by McCroskey [McC66] in which
two source credibility dimensions were measured, Authoritativeness and Character.
Several years later this scale was revised and extended to an instrument containing
five dimensions each consisting of three bipolar constructs. These include Sociability,
Character, Competence, Composure and Extroversion. Both scales show high internal
reliability (the two times six-item scale had Cronbach’s alpha values of 0.93 (author-
itativeness) and 0.92 (character), while for the 15 item scale different alphas are
reported between 0.68 and 0.96). The twelve item version is used more often than
the fifteen item version [McC66].
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4.2.1.6 Coaching behavior and quality

The Coaching Behaviour Scale for Sport (CBS-S) is a questionnaire to measure coach-
ing behaviour and its quality. The questionnaire is based on qualitative research with
coaches and athletes providing the theoretical base. The objective behind the develop-
ment of the CBS-S was to provide a measurement instrument that closely represented
coaching behaviours in various sports at various levels. The scale is easier to use
than for example the Coaching Behaviour Assessment System (CBAS) because it is a
7-point scale while the CBAS is an observation instrument [CYH+99]. Seventy five
item for the CBS-S were derived from a series of qualitative studies with coaches and
athletes, and input of the Institut National du Sport et de Education Physique. These
items were input to develop the CBS-S. All items were drafted into questionnaire
format and reviewed for readability and face validity by eight academics and three
coaches. This questionnaire was completed by 105 rowers [CYH+99]. Afterwards, all
items underwent an exploratory factor analysis. This resulted in 37 items forming six
factors, Technical Skills (8 items about coaching feedback, demonstrations and cues),
Goal Setting (6 items assessing the coach’s involvement in the identification, devel-
opment, and monitoring of goals), Mental Preparation (5 items assessing the coachs
involvement in helping the athlete be tough, stay focused and be confident), Personal
Rapport (7 items assessing the approachability, availability, and understanding of the
coach), Physical Training (8 items about the coaches’ provision of physical training
and planning for training and competition) and Planning and Negative Personal Rap-
port (3 items describing the coach’s use of fear, yelling when angry, and disregarding
the athlete’s opinions). These 37 items were used for further developing the CBS-
S [CYH+99]. In a second study with a more diverse and larger sample of athletes
(N = 205) the participants were asked to complete the questionnaire now contain-
ing only the 37 items acquired in the first study. The items were again submitted to
the factor analysis, tested on reliability (internal consistency and test-retest reliabil-
ity) and validity (factor validity) [CYH+99]. The same six factors emerged from the
analysis. Each factor had high item loadings, indicating strong factor validity. All con-
structs demonstrate very high internal consistency with Cronbach’s alpha coefficients
of 0.85 or higher.
This section gave an overview of several questionnaires that could be used for evalua-
tion of the Kristina coaching system. These questionnaires were used to measure user
perception of the coaching application and to investigate the effects of the two ways
of presenting feedback messages on the user perception. We stated what the origin
of the questionnaire is, what it measures, how it measures it and how reliable it is.
We used several of these questionnaires or parts of them in the evaluation of differ-
ent versions of the Kristina coaching system. Logging data about the actual use and
performance and (semi structured) interview was used to collect more detailed infor-
mation during the user evaluations. In the next section we will present four different
small user evaluations with different versions of the Kristina coaching system. These
user evaluations will used mixed method approach based on the previous section.
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4.3 User Evaluations with the Kristina Coaching Application

In this section we will present four different user evaluation studies with the coaching
applications. The user evaluations were field trials and made use of different versions
of the Kristina coaching system. We used multimethod approaches and questionnaires
discussed in the previous section. The goal of these user evaluations was to try out
different approaches and methods to evaluate the developed coaching system and to
compare different ways of presenting feedback in the context of the Kristina coaching
system.

Study Description Method N Section
1 Weekly overview message of

activity coaching application:
Email versus virtual human
(VH)

Field trial. Between
subjects. 6 weeks

20 Section 4.3.1

2 Physical activity coaching on
smartphone for office work-
ers; Text versus VH. Evalu-
ation of the presentation of
feedback in the C3PO system.

Field trial. Within
subject. 2 weeks

14 Section 4.3.2

3 Physical activity coaching on
smartphone for office work-
ers; Text versus VH. Eval-
uation of the presentation
of feedback messages in the
Kristina coaching system.

Field trial. Between
subjects. 2 weeks

9 Section 4.3.3

4 Diary study with coaching
system. Evaluation of the
coaching application for dia-
betes type II patients.

Diary study. Be-
tween subjects. 1
week

5 Section 4.3.4

Table 4.2: Overview of the different user evaluation studies in this thesis

4.3.1 E-mail or Virtual Human?

In the first user evaluation we evaluated a predecessor of the Kristina coaching system
where participants received a weekly feedback message about their progress on their
weekly physical activity goal1. These messages were sent by email and could be
presented in text or presented by a pre-recorded movie of a virtual human.

In order to generate feedback the system makes use of the DirectLife program 2.
A script generator receives input from the DirectLife server in XML. This data con-
tains information such as name of the user, date, the number of calories burned, the

1Work based on Master’s thesis Wiekens, Adri (2011) Feedback presentation for physical activity
coaching: by an embodied conversational agent or by a simple e-mail?

2http://www.directlife.philips.com/
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average number of minutes of physical activity, the progress toward the goal. Feed-
back for a specific user can be generated based on the XML input. The output of
the script generator is an e-mail message in text or a script in Behavior Markup Lan-
guage (BML) [VCC+07]. BML is the basis for the message presented by the embodied
conversational agent. The script generator is built on top of a database. A feedback
message consists of different sections and each section consists of different sentences.
The database contains snippets for all of the possible sentences. These snippets were
collected from previous email messages sent by human coaches to users of a phys-
ical activity coaching system. Based on the performance and the characteristics of
the user, the human coach composed an email message. These messages present the
results of the last week, the progress towards the personal goal and tips on how to im-
prove performance. These messages were analysed and divided into snippets based
on factors such as performance, progress towards goals and if the user was using
the system and wearing the activity sensor. The script generator selects the correct
sentences to build a feedback message based on input received from the server. For
every sentence in the database there exist three variations to prevent recurrence of
sentences in the feedback messages over the weeks.

Feedback by a simple e-mail message consists of a personal message from the
coach to the user. In this e-mail the coach summarizes the progress of the last week
by discussing the progress towards the goal of the user and the number of burned
calories. Beside these facts, the coach provides motivation and tips for better perfor-
mance in the next week. Feedback by the virtual human consists of a personal video
message from the coach represented by the virtual human. The message, motivation
and tips are presented in speech by the virtual human. The facts about the progress
towards the goal of the user and the number of burned calories are presented in a text
window below the movie. An example of a video message presented by the virtual
human can be found in Figure 4.5. The generation of the embodied user interface is
done based on the BML. In BML the behavior of an embodied conversational agent
can be specified, for instance gaze behavior, body movement, facial expression and
speech. The BML script is loaded into a BML realizer that couples all different be-
haviors and makes a planning for execution in time. The virtual human displays the
behavior on the screen. In this experiment the Elckerlyck platform was used as a BML
realizer [vRRZ10a]. Feedback was presented on a desktop or laptop computer.

Methodology

The two different ways of presenting feedback about physical activity were compared
in a six week user experiment, which was performed as a between subjects study.
Questionnaires were used to assess the differences in user perception of the two ways
of presenting feedback. For likability, perceived safety and perceived intelligence the
Godspeed measurement tools of Bartneck [BKCZ09a] were used. These question-
naires were filled in by the participants halfway and at the end of the experiment.
The quality-of-coaching questionnaire was used to measure the difference in coaching
quality at the end of the experiment. The quality-of-coaching questionnaire was based
on a coaching behavior scale for sports and tailored for physical activity [CYH+99].
All the questions of the questionnaires were answered on a seven point Likert scale.
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Figure 4.5: Virtual human presenting feedback about weekly progress, below a text window pre-
senting the facts about progress towards the goal, calories and performance.

Subjects

Twenty people participated in the experiment. Five participants were female and ten
were male. The participants were divided into two groups. One group of seven partic-
ipants was asked to use the e-mail system, while the other group of eight participants
was asked to use the virtual human feedback system. Both groups were randomly
chosen with respect to gender, age, Body Mass Index (BMI) and experience with vir-
tual humans and similar systems.

Procedure

The participants of the experiment were not aware what forms of feedback message
exist within the system. During the experiment users were asked to evaluate the
feedback given by the system. Personal information like age, gender and Body Mass
Index (BMI) was gathered and processed. The participants were asked to wear the
activity sensor for six weeks and they received feedback once a week. The participants
had to connect their activity sensor to their PC in order to upload their activity data
to the DirectLife server. In the first week all participants were introduced to the coach
named Brenda. The first week was an assessment week to measure a baseline of
their physical activity level. After this assessment week the participants received their
personal goal, their first feedback message and they were asked to start their activity
program. In weeks two, three, five and six the user received feedback at the end of
the week. The participants were notified by e-mail about the fact that there was a
coaching message waiting for them. The feedback message of the coach informed the
users of their overall weekly performance as well as giving them an extra piece of
advice that was selected for them based on their activity level. Week four included
reflection of the program until that moment. The participants were asked to fill in
questionnaires at the end of week 3 (halfway the experiment) and at the end of the
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Statement Mean e-mail SD e-mail Mean VH SD VH
Likability (halfway) 4.143 0.780 5.275 1.079
Perceived intelligence (halfway) 4.171 0.912 5.000 1.003
Perceived safety (halfway) 4.314 0.855 5.600 0.974
Likability (end) 4.629 1.036 5.625 0.884
Perceived intelligence (end) 4.143 1.220 5.125 0.807
Perceived safety (end) 5.229 0.875 5.500 0.756
Quality of coaching (end) 2.880 0.901 4.238 1.276

Table 4.3: Results of the questionnaires halfway and at the end of the evaluation on a seven point
Likert scale

experiment in a face-to-face session. A consent form was given in combination with
an information sheet. After reading this and making sure there were no questions
left, participants signed the consent form.

Results

Fifteen of the 20 participants completed the evaluation (five participants were ex-
cluded from the experiment due to technical problems with the activity sensors). In
Table 4.3 the results from the Godspeed measurement tools can be found about lik-
ability, perceived intelligence and perceived safety and the results of the quality of
coaching questionnaire. The results of the questionnaires were compared with a t-
test. Feedback presented by the virtual human was perceived as significantly more
likable during the halfway questionnaire (M = 5.275, SD = 1.079, p = 0.039) com-
pared to the feedback presented by text. At the end of the experiment this difference
was marginally significant (M = 5.625, SD = 0.884, p = 0.065). Feedback presented
by the virtual human was perceived to be marginally significant more intelligent at
the end of the experiment (M = 5.125, SD = 0.807, p = 0.085) compared to feedback
messages in text. Looking at the results for perceived safety there is no difference be-
tween both feedback methods at the end of the experiment. At the halfway point there
seemed to be a significant difference in favour of the virtual human (M = 5.600, SD =

0.974, p = 0.018). The results of the quality-of-coaching questionnaire showed that
participants rated the quality of coaching by the virtual human significantly higher
than the feedback messages in text (M = 4.238, SD = 1.276, p = 0.036). Since both
groups received the same information by a different feedback modality, this should be
an indication that users prefer to get a coaching message spoken by a virtual human
rather than by a text message that they need to read.

This experiment showed that presenting feedback about physical activity by a vir-
tual human was perceived as more likable and more intelligent compared to present-
ing the feedback message in text. The quality of coaching of the virtual human coach
was also evaluated higher than the text coach. The results of the effect on perceived
safety were inconclusive. There seemed to be a clear difference halfway through the
experiment when people trusted the virtual human coach more than the text coach.
However, this difference was absent at the end of the experiment. A comparison of
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achieved activity levels between the two groups was not possible because insufficient
activity data was collected. The results of this experiment are in line with the results
found in other studies [HvdBL+09] where feedback presented by a virtual character
had a positive effect on how the feedback was perceived by the user.

4.3.2 Presenting Feedback Messages in a Mobile Health Coaching Application

In a second user evaluation we evaluated two different ways of presenting feedback
messages in the Continuous Care & Coaching Platform (C3PO) system [odATMP+12]3.
The C3PO is a mobile physical activity coaching system developed by Roessingh Re-
search & Development (RRD). A typical setup of the C3PO coaching system consists
of a mobile Android device and the ProMove 3D activity sensor. The system is able to
present the progress of the user by showing a graph, including a reference line and the
actual performance of the user, short feedback messages and questionnaires. Depend-
ing on the progress of the user, location and time, the system will select a feedback
message to present. The system will present one message per hour. The platform
has been used successfully in trials with patients suffering from chronic obstructive
pulmonary disease (COPD), chronic low back pain (CLBP), chronic fatigue syndrome
(CFS), and obesity [odATMP+12], and is constantly under development to increase
its effectiveness in real-time and tailored coaching. While earlier research focussed on
tailoring the delivery of motivational messages to the user in terms of timing and con-
tent, the visual representation of the feedback has been largely ignored. Due to the
modular architecture of the smartphone application, we were able to easily integrate
the PictureEngine (see Section 3.3) in order to enable a more natural communica-
tion to the patient through the use of a virtual human. During the user evaluation
we wanted to investigate the differences between two ways of presenting feedback
messages; feedback presented by plain text messages or feedback presented by a vir-
tual human. The virtual human showed facial expressions (disappointed, neutral and
happy) while speaking out the feedback.

Methodology

The two different ways of presenting feedback about physical activity were compared
in a two week user experiment, which was performed as a within subjects study. Ques-
tionnaires were used to assess the differences in user perception of the two ways of
presenting feedback. Participants were asked to complete a semi structured interview
at the end of the user evaluation. Because users would use both ways of presenting
feedback we asked users to make an explicit comparison between the two conditions.
Log data about physical activity, feedback messages and when the system was turned
on or off was stored. To prevent the order of the conditions from influencing the
results a counterbalanced measures design was used. Half of the participants was
started with the version where feedback was presented by a virtual human, and the
other half was started with the plain text version. These conditions were divided
among the participants at random, with one exception: participants who worked

3Work based on Master’s thesis Hendrix, J.K. (2013) An embodied conversational agent in a mobile
health coaching application.
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closely together are assigned to the same condition in order to avoid premature expo-
sure to the second feedback version. Participants were asked to complete three ques-
tionnaires. The intake questionnaire was simply meant to collect background infor-
mation such as age, weight, height, gender and experiences with smartphones/PDAs,
virtual humans, human coaching in physical activity, non-interactive self-help prod-
ucts, digital coaching systems and activity measurement systems. The second and
third questionnaires (halfway and at the end of the evaluation) were meant to evalu-
ate the participants’ experiences with the two feedback versions. These questionnaires
were focused on user experience (AttrakDiff2), credibility (Source Credibility Scale),
acceptance and quality of coaching (Quality of Coaching). From the acceptance ques-
tionnaire we omitted the constructs of performance expectancy, social influence, facil-
itating conditions, and self-efficacy. For the Quality of Coaching we used an adapted
version of the Coaching Behaviour Scale for Sport. This can be found in Appendix A.

Subjects

Fourteen people participated in the experiment: these could be generally referred to
as office workers (people with a sedentary profession). Participants were aged 22 to
61 (M = 37, SD = 13.3). Of the fourteen participants, eight were male and six were
female. Most but not all participants had a Dutch background, and all were able to
understand written and spoken Dutch. Participants for the experiment were found
through e-mail and by asking people in person, which allowed a better explanation
of the experiment, and was also generally more effective than less personal methods.
Participants had at least some interest in achieving and/or maintaining a healthy level
of physical activity. Participants who had no interest in using the system were ignored
because they would contribute nothing towards the goal of trying to compare two
feedback versions.

Procedure

The participants were asked to evaluate the coaching system for fourteen days. At
the start of the evaluations the system was demonstrated and the daily procedure
was explained in a face-to-face meeting. Participants received a smartphone with the
C3PO coaching system pre-installed, the ProMove 3D activity monitor and a journal
where the participant could make notes about the usage of the system when needed.
Participants were asked to use the system throughout the day. During the day the
user received a feedback message every hour about their physical activity. At the end
of the first and second weeks participants received an email including a reminder
about the end of an evaluation week and a URL to fill out an online questionnaire.
After the evaluation users were invited for the interview. A consent form was given
in combination with an information sheet. After reading this and making sure there
were no questions left, participants signed the consent form.

Results

All of the fourteen participants completed the experiment, meaning they used the
system for the full fourteen days, submitted all questionnaires, and took part in the
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interview. Three people experienced some technical problems with the system, but
these were easily resolved and they were able to continue the user evaluation.

Figure 4.6 presents the results the AttrakDiff2 questionnaire. Most of the con-
structs, as well as the scale as a whole, have strong internal consistency with Cron-
bach’s alpha values well above 0.7 (except for the pragmatic quality (Cronbach’s alpha
= 0.649) and the hedonic quality - stimulation construct (Cronbach’s alpha = 0.676)).
By removing the word pair undemanding - challenging from the hedonic quality - stim-
ulation construct an acceptable internal consistency was obtained (Cronbach’s alpha
values of 0.713 (text version) and 0.855 (VH version)). The pragmatic quality con-
struct was not easily adjusted. When we compared the adjusted and remaining word
pairs using a paired-sample t-test we found one significant difference on the word
pair complicated - simple (t(13) = −2.347, p = 0.035) and three marginally signifi-
cant differences on the word pairs rejecting - inviting (t(13) = −1.847, p = 0.088),
cumbersome - straightforward (t(13) = −1.859, p = 0.086) and cheap - premium
(t(13) = −2.121, p = 0.054) in favour of feedback messages presented in text. Ta-
ble 4.4 present the ratings of these word pairs.

Statement Mean text SD text Mean VH SD VH
complicated - simple 6.29 0.914 5.57 0.852
rejecting - inviting 5.07 1.072 4.50 1.019
cumbersome - straightforward 5.57 1.016 4.86 1.562
cheap - premium 4.79 1.424 4.36 1.277

Table 4.4: Results of the AttrakDiff2 questionnaire on a seven point Likert scale

The results from the acceptance questionnaire are reliable (Cronbach’s alpha val-
ues above 0.7, except for the effort expectancy (Cronbach’s alpha = 0.588) and anxiety
(Cronbach’s alpha = 0.460)). The reliable constructs and the individual statements
were compared using a paired-sample t-test. We found a marginally significant differ-
ence on the statement “Working with the system is fun” (text: M = 5.14, SD = 1.167,
VH: M = 4.14, SD = 1.351, p = 0.063).

The Source Credibility Scale was used to measure possible differences between
the two ways of presenting feedback messages. The reliability of the two constructs
and the scale as a whole were good (Cronbach’s alphas > 0.7). We compared the
individual items from the SCS using a t-test and found significant differences on the
items “unpleasant - pleasant” (text: M = 5.14, SD = 1.292, VH: M = 4.29, SD =

1.541, t(13) = −2.280, p = 0.040) and “awful - nice” (text: M = 5.50, SD = 1.286, VH:
M = 4.50, SD = 1.557, t(13) = −2.188, p = 0.047).

The Quality of Coaching questionnaire was used to measure differences in how
users experience the quality of coaching in the two different ways of presenting feed-
back. The reliability of the scale was good (Cronbach’s alpha > 0.8). We found
one marginally significant difference on the statement “The system helps me recog-
nize and celebrate my activity achievements” (text: M = 2.86, SD = 1.167, VH:
M = 3.43, SD = 1.222, p = 0.055).

Log data about the activity levels did not show a difference between the two differ-
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Figure 4.6: Results of the AttrakDiff2 questionnaires

ent ways of presenting feedback messages. When we compared the number of feed-
back messages with a paired-sample t-test we found a significant difference between
the text condition and the VH condition. 43.5% of the messages in the VH group were
opened compared to 54.4% messages in the text group (t(13) = −2, 713, p < 0, 020).

During the interview at the end of the user evaluation we asked participants to
give their general impression of the system. In general the system was received rela-
tively well. Nine participants indicated that they generally found the system at least
moderately enjoyable to use. One of them expressed very positive feelings towards
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the system, while the other eight were positive but not overly enthusiastic. One of
these eight also indicated that using the system did become slightly annoying after a
few days. There were also some negative opinions. Three participants indicated that
they did not really find the system useful. Two of them viewed this as the system
not being particularly suited for their personal situation, whereas the third was of the
opinion that the system was completely ineffective in general and also noted that it
was not intelligent. Two participants did not directly indicate positive or negative feel-
ings towards the system. They explained that they already had previous knowledge
about the original C3PO system.

On the question if people experienced some practical problems while using the
system almost all participants claimed that they did not experience any significant
hardware or software problems. Hardware problems reported by the participants
were limited to the activity sensor. Three participants reported that the battery of the
activity sensor ran out before the end of the day and two participants experienced
problems with the Bluetooth connection between the activity sensor and smartphone.
Nine participants made comments about wearing the activity monitor becoming an-
noying, impractical or irritating. Five participants did also comment that carrying an
extra smartphone was impractical. Six participants reported no discomfort in wearing
the activity monitor. Three participants noted that they had difficulties using the sys-
tem daily, this included forgetting to charge the system, forgetting to wear the system
right away in the morning or forgetting the smartphone altogether.

The next topic that was discussed during the interview was about their physi-
cal activity levels and the reference line (which represents the daily physical activity
goal). Twelve participants indicated that the reference line was too low for them and
easy to meet. Five participants indicated that their activity level was always above the
reference line. The start and end time of the system to measure physical activity was
the cause of some problems. In our configuration the system had a fixed start time at
07:00 in the morning and a fixed end time at 23:00 in the evening. Two participants
indicated that the start time was too late for them, and two participants indicated
that the end time was too early for them. Three participants mentioned that it was
interesting that they were able to see their own activity levels and patterns. Three
participants stated that they wanted to increase their physical activity level, four par-
ticipants indicated that they felt they were already active enough before the start of
the evaluation. When we asked the participants if they had become more physically
active during the user evaluation, seven participants indicated that they had not, five
participants were unsure or thought they have been slightly more active and two
stated that they had become more active.

When we asked users to give their opinion about the feedback messages (the
content and the timing) nine participants responded positively. Three participants felt
that the suggestions were well chosen and suitable for an office environment, while
three other participants indicated that the suggestions did not appeal to them at all.
Opinions about the compliments from the system were neutral. Compliments became
repetitive to most participants after a while (two participants stated this explicitly).
Three participants stated that they were unable to take the compliments seriously
after a while. One participant indicated that receiving a compliment from the system
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did make it more enjoyable to become more physically active. Nine participants stated
that receiving a feedback message every hour was appropriate, while five participants
felt this was too high. Eleven participant admitted that they had ignored some of the
feedback messages.

At the end of the interview users were asked to compare the two ways of present-
ing feedback. Three participants preferred feedback presented by a virtual human, ten
participants preferred feedback presented by text and one participant did not have a
preference at all. Participants who preferred the virtual human indicated that it was
more personal, it made it easier to establish a connection with the system and it was
a funny way to present feedback. Reasons given by seven of the participants who pre-
ferred the text feedback can be all defined by glanceability. Participants who preferred
text feedback indicated that it was easier and quicker to understand. Glanceability
can be defined by “enabling users to understand information with low cognitive ef-
fort” [MFR05]. Two participants mentioned that they found the speech annoying in
general and one participant experienced the text feedback as more convincing.

When participants were asked what they thought about the virtual human we re-
ceived a wide range of replies about different aspects. Three participants did find that
the virtual human made the system more personal and added a sort of (“flat”) person-
ality to the system. One participant thought that the virtual human had more right
to give the user a compliment than a simple text message and one other participant
actually reported that feedback by the virtual human was more effective at stimulat-
ing physical activity. Five participants indicated that the virtual human did not add
anything significant to the system and that the virtual human was not believable be-
cause it was not a real human. Three participants thought that the virtual human was
a bit of a gimmick and that it lost its appeal quickly. Two participants thought that
the virtual human did not show any emotion or was not enthusiastic enough, while
another participant thought the virtual human was too enthusiastic and therefore not
believable.

4.3.3 Presenting Feedback in a Mobile Coaching Application

In a two-week user evaluation we evaluated the physical activity coaching system for
office workers on smartphones4. For this evaluation we adapted the Kristina coaching
application, to only show details and feedback messages about physical activity. In
this user evaluation we compared two different ways of presenting the feedback to
the user. One version presented the feedback messages as a plain text message. The
other version of the system presented feedback by a virtual human. The virtual human
showed facial expressions (disappointed, neutral and happy) based on the activity
level while speaking out the feedback. To present the feedback messages by a virtual
human we used the Elckerlyc system for Android (see Section 3.3).

4Work based on Master’s thesis Akkersdijk, Saskia M. (2013) User evaluations of a behaviour change
support system.
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Methodology

The two different ways of presenting feedback messages about physical activity were
compared in a two week user experiment, which was performed as a between sub-
jects study. Questionnaires were used to assess the differences in user perception of
the two ways of presenting feedback and participants were asked to complete a semi
structured interview at the end of the user evaluation. Participants were asked to
complete several questionnaires. The intake questionnaire was simply meant to col-
lect background information like age, weight, height, gender and experiences with
smartphones/PDAs, virtual humans and digital coaching systems and activity mea-
surement systems. The second and third questionnaires (halfway through and at the
end of the evaluation) were meant to evaluate the participants’ experiences with the
two feedback versions. These questionnaires were focused on user experience (At-
trakDiff2), credibility (Source Credibility Scale), acceptance and quality of coaching
(Quality of Coaching). From the acceptance questionnaire we omitted the constructs
of performance expectancy, social influence, facilitating conditions, and self-efficacy. For
the Quality of Coaching we used an adapted version of the Coaching Behaviour Scale
for Sport; it can be found in Appendix A.

The coaching application present feedback messages about the the physical ac-
tivity of the user and the progress towards their goals. Two types of events could
trigger a feedback message. A time trigger was used to send reminders to connect the
activity monitor and to send a weekly overview about the progress of last week. A
second trigger was the uploading of physical activity data after the activity monitor
was connected. Feedback messages presented here were about the progress towards
the daily goal of the user at that moment.

Subjects

Nine users participated in the diary study, four males and five females. All participants
used a computer for work or in private life. Eight participants owned a smartphone;
one did not have a smartphone and received a smartphone for the diary evaluation.
On average, participants sat for 7.3 hours on a normal working day.

Procedure

The duration of the user evaluation was two weeks. At the beginning of the eval-
uation, each participant was visited at home. Each participant received the devices
(activity sensor and the application for the smartphone). Participants needed to own
a smartphone with Android version 2.3 or higher. The goal of this study and the pro-
cedure was explained to the participants during the home visit. To measure physical
activity the activity sensor was used. At the beginning of the evaluations users got an
introduction to the evaluation and received the activity monitor. The first week was an
assessment week. During this week the user had to carry the activity sensor during the
day to measure a baseline and received no feedback messages. After the assessment
week every user received his or her unique activity goal for the next week. In the
second week users received feedback messages about their progress and reminders
and tips to be more physically active and to connect the activity sensor daily. Partic-
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ipants were asked to connect their activity sensor regularly during the evaluation. A
consent form was given in combination with an information sheet. After reading this
and making sure there were no questions left, participants signed the consent form.
When necessary help was provided with installing the applications and devices. A
link was given to fill out the first questionnaire. During the test week, feedback was
given by the system, and participants were asked to fill in a questionnaire each day.
Shortly after the second week, an interview took place with each participant.

Results

During the user evaluation the participants were asked to fill in different question-
naires and after the user evaluation users were invited for a small interview. In the
first questionnaire we asked participants about their expectations. This was done in
two ways, by rating statements about expectations and in their own wording. Three
out of nine participants reported not having any specific expectations. Others men-
tioned that they expected that the system would create awareness to be more active,
that it would lead to getting more insight into their activity by the feedback given
by the system and that the system would help them to get a plan to be more active.
Two participants expected that they either would not like it because it would demand
that they be more active at moments that did not suit them, or that they would get
tired of it rather quickly. In general the system did give participants more insight into
their activity, but it did not meet expectations concerning the activity plan and the
reminders provided by the system.

We asked the participants whether they would like to use the system themselves.
Eight out of nine participants answered ”No”. This answer, given by one of the par-
ticipants, illustrates this best: ”I would not use a similar system, but I can imagine that
if it worked differently it would work.” One participant answered that she would only
use the system to monitor her activity, but that she did not like the rest of the system.
Subsequently, we asked participants how the system should be changed in order for
them to want to use the system. Participants wanted more specific and different mes-
sages, tailored to the situation. Five out of nine participants thought such a system
could help people live a more healthy and balanced life, but only if the users want to
change themselves. They thought that if a user did not wanted to change his or her
behavior, the system would not help them. One participant thought that the system
would be mostly useful to help people to become more aware that they should be
more active. Another participant said that she thought the system could help people
live a more healthy and balanced life, but only if the system were smarter. The last
participant thought the system would help people, but only if the system took into
account the specific situation of the user. Who is the user and what motivates the
user? The system should use this information to generate feedback messages. Below
we present a list of possible improvements given by the participants:
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Possible improvements
• The system should present more different types of messages.
• The system should present more different messages.
• The reminder “Please connect your activity monitor” is not a useful message.
• The content of the messages is standard.
• Add a meal plan or recipe suggestions.
• Automatic synchronization of the Activity Monitor.
• Add more (history) information to the application on the phone.
• The activity pattern should also be shown on the smartphone application.
• Timing of the messages at better moments and more context aware.

We asked participants what they thought of the time it takes to use the system.
Seven out of nine participants answered that this time was fine. The participants
considered the user-friendliness of the system as “good”. One participant did not
consider connecting the activity monitor user-friendly. It was not considered user-
friendly to show a percentage (progress towards their goal), without knowing what
his goal was.

When we asked participants about the number of messages they received two
participants thought there were not enough messages, while two participants thought
they got too many. Two participants thought the number of messages was enough,
while the other participants either could not answer the question because they had
not received the messages on their smartphone (two participants), or they did not
give a clear answer. When we asked participants what they thought of the timing of
the messages, one participant thought the timing was good. One participant thought
the timing was OK, while the remaining five participants thought the timing was bad.
Two participants could not answer this question because they did not properly receive
any messages on their smartphone. Participants rated the content of the messages as
“administrative”. Messages were just general messages about the progress. None of
the participants experienced the messages as being motivating. Reasons that were
given included, the intonation of the speech, the content of the messages (mostly
informing), messages were not specific or concrete enough, and messages were too
late to become more active. Participants thought the content of the messages was
correct. Five participants answered “Yes”, one participant answered “No”, and one
participant answered “not when I get a message at 21:00 that I am on my way to reach
my goal, while I will not do anything anymore”.

When we look at the differences between the two versions of the physical activ-
ity coaching system for office workers we barely see any difference in answers and
ratings given to the questionnaires. We used an independent t-test to compare to see
whether there were differences between the answers given in both conditions. We
only found one significant difference in all statements (including the expectations).
This significant difference was found in a statement from the Quality of Coaching
questionnaire “My coach helps me identify strategies to achieve my goals” (VH group:
M = 2.8, SD = 0.96, Text group: M = 1.4, SD = 0.55, t(7) = 2.68, p = 0.032).
On another statement we found a marginally significant difference between the two
groups. The statement “My coach helps me identify target dates for attaining my
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Figure 4.7: Results of the AttrakDiff2 questionnaires

goals”, (VH group: M = 2.8, SD = 0.96, Text group: M = 1.60, SD = 0.55, the dif-
ference was marginally significant t(7) = 2.28, p = 0.056). Finally, we found an almost
significant difference in a statement asked as expectation: “The system would make
my life more interesting” (VH group: M = 3.0, SD = 1.41, Text group: M = 1.4,
SD = 0.55, t(7) = 2.35, p = 0.051). Comparing the two groups in answers of the
AttrakDiff2 (see Figure 4.7) questionnaire we did not find a significant difference.
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4.3.4 Coaching Application for Diabetic type II Patients

In a one-week user evaluation we evaluated the coaching system for diabetic type II
patients5. The diabetic type II coaching system focuses on physical activity and med-
ication intake. The coaching application ran on the smartphone and computer of the
participant. The applications were able to show feedback messages and overviews
of medication intake and physical activity. Feedback messages were sent to remind
participants to take medication or to congratulate them when they took their medica-
tion on time for three days in a row. Feedback messages about physical activity were
sent when participants reached their personal daily goal or when their activity level
was below 30% of the daily goal. Feedback messages in this user evaluation were
presented only in text.

Methodology

The coaching application was evaluated in a one week user evaluation which was
performed as a between subjects study. During this evaluation participants used the
system and were asked to fill in a diary. This diary consisted of short questionnaires
for every day. Each day had its own theme. Themes were about physical activity,
medication intake, using the system, user experiences and usability. The user expe-
rience was measured using the AttrakDiff2 questionnaire, while the usability of the
system was measured using the System Usability Scale. At the end of the user eval-
uation participants were invited for a semi-structured interview where participants
could discuss their experiences during the user evaluation.

Subjects

The participants in this study were five type II diabetics diagnosed 1.5 to 2 years
earlier. Participants were between 30 and 52 years old (M = 41.6 year, SD = 7.9).
We had two male participants and three female participants. Four participants owned
a smartphone and used it daily; the other participant did not have any experience
with a smartphone. Participants indicated that they used a computer for different
activities namely work (4/5), hobby (3/5), Internet (2/5), administration and data
storage (1/5).

Procedure

At the beginning of the evaluation, each participant was visited at home. Each partic-
ipant received the devices (activity sensor, pill dispenser, applications for smartphone
and computer). If necessary a smartphone was provided. During this visit the system
and applications were explained to the participants. Consent forms were given com-
bined with an information letter that included the objectives of the user evaluation
and practical organisation. The informed consent included an agreement on return-
ing the devices in good condition. Consent forms were signed by the participants after
going through them with the researcher. An introduction questionnaire was given to

5Work based on Master’s thesis Akkersdijk, Saskia M. (2013) User evaluations of a behaviour change
support system.
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fill out. These questions were about age, gender, how long ago the diagnosis diabetic
was made, their computer experience and their smartphone experience. Applications
were installed and an explanation of the functionality was given. After verifying that
participants understood the applications, diaries were given with a short explanation.
Finally, we asked the participants about their expectations. Each introductory visit
took about 1.5 hours. Participants used the coaching system for a whole week (7
days). They were asked to connect their activity sensor regularly, so the system could
give feedback on this data. Shortly after the test week, an interview took place with
each participant.

Results

In this section we will present the results of the evaluation. During the user eval-
uation we asked the participants about their experiences with the coaching system.
First we will discuss how the participants used the system, followed by the feedback
messages, privacy issues and the result of the AttrakDiff2 and System Usability Scale
questionnaires.

Using the system. We asked the participants whether they would like to use
the system themselves if it was further developed. One participant (1/5) answered
that he would like to use the system himself. Another participant (1/5) answered
that she personally would not use the system. Other participants answered evasively,
indicating that they were doubtful whether they would use it or use just a specific part
of the system. Below we present the answers from the participants on the question
whether they would like to use the system.

Would you like to use a system like this yourself?
• “I think I would like it to get more insight, since I want to be more ac-
tive.” (this person could not get the activity meter to function, therefore
this is not based on any experience)
• “What I found difficult was the pill dispenser since I don’t take my
medication at a set time, but rather with every meal. Personally I would
not use the system, but I can imagine that it would be very useful for
others.”
• “I think that when I would forget my medication more often, I would
go to search for a system that would help me with that.”
• “Yes, absolutely”
• “I would like to use the activity monitor, I mostly think it is fun. I know
I am physically active enough, but it is fun to see it and to try to be even
more active.”

All participants (5/5) indicated that they thought such a system could help people
live a more healthy and balanced life, and that the time the system took to use was
fine (not too long). Three participants (3/5) indicated that the system was easy to use
and explained itself. The other participants (2/5) did not mention anything about the
user friendliness. Below we present the answers from the participants on the question
whether the coaching system could help people to live a healthier life.
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Do you think that a system like this can help people to get a health-
ier lifestyle?
• “Yes, I do think so. I think you get more insight with the system, if
you don’t take your medication on time or if you are not active enough,
it will get you thinking” (this person could not get the activity meter to
function, therefore this is not based on any experience)
• “Yes, I do think so. Using the system you are more aware of your
physical activity than you would normally be.”
• “Yes, I do think so, receiving feedback is stimulating for people.”
• “Yes, if it was more extensive. With food tips and stuff.”
• “I think it would work for the stereotypical diabetic. I am curious how
they react to motivation. For me it is stimulating to see how active I was
during the day. I want to reach the 100% target, but I don’t know if it
works like that for everyone.”

Feedback messages. We asked participants about their experiences with the feed-
back messages. We asked them when they would like a feedback message or when
not.

We asked our participants when they would like to receive a reminder to take their
medication. Two participants (2/5) indicated that they would like a reminder after
the medication moment, while one participant (1/5) would like to have a reminder
before the medication moment. One participant (1/5) answered that he liked it the
way it was now (30 minutes after the medication moment), but suggested to add a
reminder if the medication still was not taken an hour later. The participants indicated
the following moments as moments that they would like to receive a reminder to take
their medication: any time, at home before going out, and during the meals of the
day. One participant (1/5) indicated that she would rather not receive a reminder,
and that she therefore could not give an indication about a good moment to receive
such a reminder. Moments that participants would not like to receive any medication
reminder were: at work, during grocery shopping, when they are visiting someone,
on Sunday, during a meeting or at night.

Participants would like to receive feedback on their medication intake in the
evening (3/5) or at the end of the day (1/5). We also asked the participants what
they thought of the content of the medication messages. They indicated that they felt
motivated when they received a message containing “well done!”. The messages were
seen as clear, friendly and polite. Others thought the reminders to be useful and not
irritating. When participants compared the way they normally took their medication
(all had their medication in a specific spot, and two participants used a ritual to not
forget to take their medication) three participants (3/5) mentioned the time frame
in which the medication intake is correct. Participants explained that medication is
often taken with every meal, but meal times can vary due to other occupations. Since
the medication time is set at a specific time this sometimes does not correspond. Par-
ticipants told that they took medication out of the pill dispenser to be on time for
the system, but subsequently forgot to take their medication. Others indicated being
more conscious of the time and getting out of bed early during the weekend to be
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on time to take their medication and to avoid getting a reminder. When we asked
the participants about the time frame around the medication moment, four partici-
pants (4/5) answered that it was fine this way, while one participant (1/5) have liked
to have a connection with meal times. When we asked them to indicate a good time
frame for themselves, three participants (3/5) answered the same time frame as used,
one participant (1/5) have liked to receive a reminder before the medication moment,
and one participant (1/5) have liked to have a reminder 20 minutes after each meal.

Participants indicated that they have liked to receive a reminder to be more active
in the morning (2/5), around lunch time (2/5), when they were at home (2/5), or if
they were sitting still for too long (1/5). Moments when they would not like it to get a
reminder to be more active were: at work, during grocery shopping, after 20:00, after
23:00, and during a meeting. A feedback message about the physical activity done
that day, participants have liked to receive this during dinner time (3/5) or in the
evening (1/5). An overview of the physical activity participants would like to receive
at home (2/5), at the end of the afternoon (1/5), during lunch or dinner time (1/5),
and one participant (1/5) indicated always. They said that they would not have liked
to receive an overview of their activity when they were asleep, on Sundays, after
23:00; one participant said it did not matter when, while the last participant said the
same, but added as long as it was not a full screen message and you could read it later.
Two participants (2/5) mention that they would have found it a huge improvement if
the activity monitor would synchronize automatically.

Privacy. Participants were asked whether they had any objection to the informa-
tion that was gathered by the system. All participants indicated that they did not have
any objection to this. We asked participants whether they would have had any objec-
tion if location were added to the gathered information (to be used to time messages
better). Three participants (3/5) answered they still would not have any objection.
While two participants (2/5) said they would not have any objection if location was
not used as a default and you could turn it off yourself.

User experience. Results of the AttrakDiff2 questionnaire can be found in Figure
4.8. One participant did not answer all items of this questionnaire; therefore results
of this questionnaire are based on four participants. When we look at Figure 4.8 we
see that in general, word pairs score above average (average being between 3 and 5)
or at least at the high end of the average. Word pairs that stand out negatively are:
technical-human, separates me from people-brings me closer to people, cautious-bold,
and undermining-challenging.

Usability. We asked our participants to fill out the System Usability Scale. System
usability scores can range from 0 till 100. When we look at the scores given to the
system we see that the lowest score is 55 while the highest score is 92.5. The mean
score is 76. A system usability score of 50 or higher can be seen as marginal, while a
system usability score of 70 or higher can be seen as acceptable.

4.4 Conclusion

The evaluation of (H)BCSS in the traditional clinical sense is not the best approach
of evaluating early stage technology. Evaluation methods from the field of human
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Figure 4.8: Results of the AttrakDiff2 questionnaires

computer interaction can focus on the outcome of intervention strategies and whether
the system is doing what it should do without focussing on the behavior change as
a result of the intervention. Results of these evaluations can improve the chance of
successful clinical trials. We discussed different multimethod designs and evaluations
of health behavior change support systems, with or without personalisation of the
user interface by means of a virtual human. Differences in the number of participants,
methods, duration of the studies and type of evaluation (field or lab studies) can be
partially explained by the different research fields involved in these studies.

Based on the examples of evaluation studies we designed four user evaluations
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(field trials) with different versions of the Kristina coaching system. In these user
evaluations we applied different and multimethod approaches. We discussed different
questionnaires that will measure the user perception of the coaching system and can
be used to investigate the differences between the two ways of presenting feedback
messages. Results of the user evaluation studies were different.

In the first user evaluation study we presented weekly feedback messages about
a physical activity program. These feedback messages were sent by email as a text
message or as a video message presented by a virtual human. Indications were found
that the feedback messages presented by the virtual human were perceived as more
likeable and intelligent and the quality of coaching was rated higher compared to the
feedback messages presented in text.

In the second user evaluation we evaluated two ways of presenting feedback mes-
sages in the C3PO coaching system. Results of the questionnaire showed that feed-
back messages presented in text were experienced as more simple, inviting, straight-
forward, and premium. Results also showed that working with the system was more
fun and seen as more pleasant and nice when feedback messages were presented in
text. Feedback messages presented by the virtual human help users to better recog-
nise and celebrate activity achievements. Log data showed that feedback messages
presented in text were more often opened compared to feedback presented by the
virtual human. Results of the interviews showed that the coaching system was seen
as positive. Negative opinions were about the usefulness of the coaching system in
general or in a personal situation. Most participants preferred feedback messages
presented in text over feedback messages presented by the virtual human. Feedback
messages presented in text were more glanceable (quicker and easier to understand).
Feedback presented by the virtual human was seen as more personal or more fun.

The third user evaluation of the Kristina coaching application compared two ways
of presenting feedback messages on a smartphone application. Results of the ques-
tionnaires showed that feedback messages presented by the virtual human helped
users to identify strategies to achieve their goals and to identify target dates. Partic-
ipants from the virtual human group thought that the coaching system would make
their life more interesting. From the interviews it became clear that most of the par-
ticipants would not use the system themselves. Improvements to the coaching system
are needed or participants will use the system only for physical activity tracking. Feed-
back messages should be more specifically tailored and personalised to the context of
the user.

During the last user study presented in this thesis diabetes type II patients eval-
uated the Kristina coaching system in a diary study. Results of the user evaluation
showed that participants reacted neutrally about the usage of the coaching system.
Participants thought that the system was able to help people to live a more healthy
and balanced life. Results of the AttrakDiff2 questionnaire showed that the system
scored above average or at least at the high end of average. The System Usability
Score was 76 which can be seen as acceptable.

The results of the different user evaluations showed that frequent short feedback
messages presented in text were evaluated better when the coaching system was used
on a smartphone. Weekly feedback messages presented by a virtual human were
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better evaluated when feedback was presented on a personal computer. Participants
rated feedback messages presented by the virtual human better on items related to
the quality of coaching and indicated that it would add something extra to the system,
like more fun or more interesting to use. This indicates that the virtual human can
increase the user experience of a coaching system. Glanceability is a more important
issue when feedback is presented on a smartphone. Smartphones are used during the
day and require more and more attention from the user. Presenting feedback that is
quick and easy to understand is important in these cases.

The Kristina coaching application for office workers on smartphones was the sub-
ject of a large and longer user evaluation study. This will be presented in the next
chapter.
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5
Long-term user evaluation

This chapter presents a six week user evaluation of the Kristina coaching system. In
this evaluation we used the Kristina coaching application for physical activity as dis-
cussed in Chapter 3. During this user evaluation we compared two different ways of
presenting feedback messages to the user. One version presented feedback messages
as a plain text message, while the other version presented feedback messages by a vir-
tual human. The virtual human used verbal and non verbal behavior (disappointed,
neutral and happy) to present the message. To present feedback via a virtual human
we used the Elckerlyc system for Android (see Section 3.3). The results of the two
groups were compared with a result of a control group.

The goal of this user evaluation study was the same as the goals of the shorter
user evaluation studies presented in Chapter 4. In this study differences between the
groups on user perception were evaluated over a longer period of time. We investi-
gated the effects on user perception over time and we tried to find effects on trends
in usage of the system and behavior of the users.

The three different groups are listed below. The user evaluation was held in the
period of January to August 2013.

• Text group - A group that used the coaching application on their smartphone
and computer and received feedback messages in text.

• Virtual Human group - A group that used the coaching application on their
smartphone and computer and received feedback presented by a virtual human.

• Control group - A group that used the coaching application on their computer
and received feedback in text on the website.

5.1 Methodology

We used a between subjects design to evaluate the coaching system. The goal of the
user evaluation was to investigate differences between the groups on user perception
and usage of the system. The independent variables are the way in which feedback
messages were presented to the users. Feedback messages could be presented in text
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or via a virtual human. Participants of the control group did not receive feedback
messages actively and they did not receive notifications about new feedback mes-
sages. The dependent variables of this evaluation were the physical activity levels
(PAL, the person’s total energy expenditure (TEE) in a 24-hour period, divided by his
or her basal metabolic rate [Wes99]), the number of uploads of physical activity data
and the user perception. User perception of the system was defined by the user ex-
perience, the quality of coaching and the usability and acceptance of the system. The
dependent variables were measured by log data, questionnaires, and interviews.

Participants were asked to complete three questionnaires. The intake question-
naire was meant to collect background information like age, weight, height, gen-
der and experiences with smartphones/PDAs, virtual humans and digital coaching
systems and activity measurement systems. The second and third questionnaires
(halfway through and at the end of the evaluation) were meant to evaluate the partic-
ipants’ experiences with the different feedback versions. We used the same question-
naires as described in Section 4.2.1 to measure the usability (System Usability Scale),
user experience (AttrakDiff2), quality of coaching of the coaching system (adapted
version of the Coaching Behaviour Scale for Sport (CBS-S)) and acceptance.

In Section 4.2.1 we discussed three different acceptance models (TAM, TAM2 and
UTAUT), and different robot acceptance questionnaires (Heerink, the Almere model
and GODSPEED). The Heerink questionnaire [HKEW09] is based on the UTAUT ques-
tionnaire. Keeping this in mind it was a logical step to use UTAUT as guide to measure
acceptance, because we could measure acceptance by one questionnaire. A list was
made of all measured constructs in all previously mentioned questionnaires. We did
not use all the constructs because we felt that this would become too much for the
participants. We will now shortly discuss each construct we measured.

• Anxiety is measured in multiple questionnaires: UTAUT was used in this case.
Item 26 was omitted because it is impossible to lose information by hitting the
wrong button in this system.

• Trust is only measured in the Almere model. We only used the item about
trusting the advice given by the system.

• Attitude towards the system is measured in multiple questionnaires: UTAUT
was used in this case. We rephrased the first item of the construct to good (item
9) because having bad/good in a statement is confusing.

• Intention to use is measured in multiple questionnaires: UTAUT was used in
this case. All three items were summarized into one statement, because three
items take more time to answer while the essence is the same. We also had the
possibility to elaborate on this subject during the end interview.

• Facilitating conditions is measured in multiple questionnaires: UTAUT was
used in this case. We omitted items 19 and 20 because these were a first user
evaluation and this was not part of our interests (“compatibility with other sys-
tems I use”, and “a specific person is available for assistance with system diffi-
culties”)
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• Perceived ease of use is measured in TAM, TAM2 and the Almere model. In
this case we used TAM as a guide for this construct, but also paid attention to
formulations in the other questionnaires. We omitted the item “It would be easy
for me to become skilful at using the system”, because the system does not need
the user to become skilful in order for the user to use it.

• Performance expectancy is measured in multiple questionnaires: UTAUT was
used in this case. We omitted the last item of the construct (item 4), because
this was not applicable for the system (using the system is unlikely to get you a
raise).

• Usefulness is measured in multiple questionnaires; we merged all items in the
questionnaires to three items. We used the Almere model as guide for formula-
tion.

• Adaptability is only measured in the Almere model, therefore we used this.

At the end of the user evaluation participants were invited to discuss their expe-
riences in a semi-structured interview. Observations about the usage of the system
and problems will be reported. The results of the questionnaires between the groups
will be compared using a independent sampled t-test. Results of the halfway and end
questionnaire per group will be compared using a paired-sample t-test.

5.1.1 Subjects

Participants were asked to join the user evaluation by email, social media and face-
to-face communication. Participants had to be office workers (sedentary profession)
and should own their own Android smartphone with Android version 2.3 or higher.
Sixty office workers indicated they were willing to join the experiment and were di-
vided into the three groups. The distribution over the three groups was random, but
participants needed to meet some requirements to be selected for the virtual human
group. Participants in the virtual human group needed to have or be able to buy a
Dutch text-to-speech engine from the Google Play store.

5.1.2 Procedure

The duration of the complete evaluation was seven weeks. This included one assess-
ment week at the start of the user evaluation. Before the start of the evaluation each
participant was visited at home or at the office. The participants were required to
own a smartphone with Android 2.3 or higher. Each participant received the activity
sensor and an information sheet with details about the user evaluation. The goal of
the study and the procedure was discussed. After reading all the information material
and making sure no questions were left, participants had to sign two copies of the
consent form (one for the participant and one for the researcher). Software, appli-
cations for the smartphone, user manuals about the installation of software and links
to questionnaires were provided via email. Participants in the virtual human group
needed to buy a Dutch text-to-speech engine (SVOX Classic and SVOX Lena Dutch
voice) from the Google Play store. The costs (e2,99) were reimbursed.
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It was explained that the first week was an assessment week in order to establish
their normal activity level to tailor the system and generate a personal goal. Dur-
ing the assessment week no feedback messages were given by the system. After the
assessment week participants received their personal goals and used the system for
six weeks. In these six weeks feedback (updates, requests, reminders and overviews)
about their progress was provided. Participants were asked to upload their activity
data at least one time per day by connecting their activity monitor to their computer.
Participants who over or under performed in the first three weeks were offered a new
(higher or lower) goal by the system. Participants were free to accept this new goal
or not.

Participants were asked to fill in three questionnaires during the evaluation. One
in the first week (assessment week), one after the third week and one after the sixth
week. Questionnaires were available online and participants received an email when
it was time to fill in a questionnaire including a link to access the questionnaire.
Shortly after the evaluation the participant was visited again to collect the materials.
During this visit the participant was invited for a short end interview to discuss his or
her experiences. This interview was voluntary.

5.2 Results

In this section we will present the results of the user evaluation. The results of the
questionnaires, log data and interviews will be presented and discussed in the next
sections.

5.2.1 Participants

Forty three participants completed the user evaluation by finishing the assessment
week, using the system for at least six weeks and completing all the questionnaires.
Participants were between 21 and 57 years old, and worked 36.1 hours per week on
average. Table 5.1 presents more details about the characteristics of the different user
groups. All participants except two owned an Android smartphone. Those two par-
ticipants were included in the control group. All the participants were familiar with
mobile Internet, 26 subjects indicated having a lot of experience with mobile internet,
eleven participants indicated having quite a lot of experience and four participants
indicated having less experience with mobile internet. Most of the participants did
sports, 35 indicated doing sports every week for more than one hour, five indicated
doing sports every week for less than one hour and four participants indicated not
doing sport. All participants, except one, were not familiar with behavior change sup-
port systems at all. One participant (from the control group) indicated to have much
experience with behavior change support systems.

Seventeen participants did not finish the user evaluation due to several reasons.
Five participants did not respond after they indicated they would participate in the
evaluation. Two reminders were sent to these users by email. Four other participants
did not install the coaching application after the assessment week. Also here we sent
two reminders by email. Three participants stopped using the coaching system during
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Group Text VH Control All
Number of subjects 19 (5M/14F) 15 (9M/6F) 9 (5M/4F) 39 (18M/21F)
Age 40.8 ±11.7 33.9 ± 8.8 33.0 ±7.4 36.5±10.4
Workweek (hours) 34.5±6.6 35.6±6.6 39.4±1.3 36.1±6.1

Table 5.1: Characteristics of the participants

the evaluation due to personal circumstances. One of these participants was hospital-
ized, one was too busy in private and professional life and one did not provide any
reason. One participant stopped with the user evaluation after receiving a reminder
to fill in the halfway questionnaire, two participants were excluded because there was
a lack in questionnaire or log data, one participant was excluded because the activ-
ity sensor registered strange data (PAL level > 30), and one participant changed his
Android phone to an iPhone during the evaluation.

When we analysed the results of the questionnaires two participants (from the
text group) indicated having difficulties in answering some of the questions from the
questionnaires. These participants were excluded from the results of the question-
naires.

5.2.2 Log data

During the user evaluation data about the physical activity levels (PAL), the number
of uploads of activity data and the number of feedback message sent by the coach
were collected.

Activity data

Figure 5.1 presents the physical activity level of all the participants. From top to
bottom the results of the text group, the virtual human group and the control group
are presented in a graph. We analysed the physical activity levels of each participant
and used a Mixed Models approach to investigate whether time (in weeks) or group
(condition) was a predictor for the level of physical activity. From this test we can
conclude that there was no relationship between time or condition and the physical
activity level. We will used a Mann-Whitney test to compare the average values of
all participants of the groups to investigate whether there is a difference between the
groups. Table 5.2 presents an average of the physical activity levels logged during the
user evaluation. Average PAL value and standard deviation are calculated per group
and per week. Figure 5.2 presents the physical activity levels in a graph. At the end
of week 6 the PAL level of the control group was significantly less than the text group
(Mdn = 1.61, U = 36.00, r = 0.460, p = 0.014).

Number of uploads and feedback messages

Participants were asked to upload their physical activity data on a regular basis,
preferable once a day. During the six weeks (42 days) user evaluation participants
uploaded their activity data 32 times on average. Figure 5.3 presents the number of

two participants were excluded because there was
a lack in questionnaire or log data, one participant was excluded because the activ-
ity sensor registered strange data (PAL level > 30),
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(a) PAL text group (b) PAL virtual human group

(c) PAL control group

Figure 5.1: Physical activity levels of each participant per group

uploads of physical activity per week during the user evaluation. We used a Mann-
Whitney test to compare the results between the different groups. The number of
uploads of physical activity data in the control group was significantly less than in the
Text group during all six weeks (Mdn = 3.00, U = 51.00, p = 0.045, r = 0.378). Dur-
ing the user evaluation participants received feedback messages about their progress.
On average 74 feedback messages were sent per participant. The number of feedback
messages per group can be found in Table 5.3. Feedback messages generated by the
coaching rules are discussed in Section 3.3.

Change of goal

Halfway through the evaluation the coaching system offered users who over or under
performed in the first three weeks a new (higher or lower) goal or not. Participants
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Week Group N Mean SD Week Group N Mean SD
Text 19 1.646 0.118 Text 19 1.639 0.146

1 VH 15 1.642 0.229 4 VH 15 1.620 0.368
Control 9 1.549 0.149 Control 9 1.657 0.368

Total 44 1.625 0.169 Total 43 1.636 0.232
Text 19 1.719 0.224 Text 19 1.648 0.153

2 VH 15 1.585 0.236 5 VH 15 1.591 0.254
Control 9 1.642 0.148 Control 9 1.600 0.165

Total 44 1.656 0.216 Total 43 1.618 0.194
Text 19 1.651 0.145 Text 19 1.675 0.182

3 VH 15 1.621 0.215 6 VH 15 1.572 0.263
Control 9 1.645 0.183 Control 9 1.495 0.164

Total 44 1.637 0.175 Total 43 1.602 0.218

Table 5.2: Average PAL values per week per condition.

Figure 5.2: Physical activity levels per week. The lines represents the average PAL per group.

Condition Mean Std
Text 77.8 30.1
VH 75.0 32.2

Control 60.2 17.4
Total 74.5 28.5

Table 5.3: Number of feedback messages over six weeks

were free to accept this new goal. Thirteen out of the 43 participants changed their
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Figure 5.3: Number of uploads of physical activity data by the participants per week

Condition No Yes, lower Yes, higher
Text 14 3 2
VH 11 2 2

Control 5 3 1
Total 30 8 5

Table 5.4: Number of times users changed their goal halfway through the user evaluation.

daily goal. Table 5.4 provides an overview of the number of participants that changed
their goal during the evaluation.

Downtime and Maintenance

During the user evaluation the server was down for maintenance during four days
and two days due to security issues. During these days it was not possible to upload
physical activity data and notifications of new feedback messages were not sent. Ac-
tivity data was stored on the activity sensor and feedback messages were available
when the server was back online. Participants who experienced any problems were
able to contact the experimenter.

5.2.3 Questionnaires

We will now present the results from the questionnaires halfway through the evalua-
tion and at the end of the evaluation. We will compare the results of the text group
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Statement Halfway
(M(SD))

End
(M(SD))

Paired Sample t-test

• “My coach gives me advice on
how to stay confident about my-
self”

2.88(1.41) 3.52(1.37) t(16) = −1.952, p = 0.069

• “My coach gives me advice on
how to stay focused (on my ac-
tivity goals)”

3.11(1.54) 3.94(1.64) t(16) = −1.765, p = 0.097

• “My coach helps me set short-
term goals”

3.29(1.31) 4.00(1.46) t(16) = −1.900, p = 0.076

• “My coach helps me to be mo-
tivated and inspired by others”

2.59(1.46) 3.35(1.17) t(16) = −2.018, p = 0.061

• “My coach helps me to dis-
cover which things help me to
become more active”

2.94(1.48) 3.76(1.48) t(16) = −2.249, p = 0.034

Table 5.5: Differences between the halfway and end questionnaire from the text group on state-
ments of the Quality of Coaching questionnaire. 7 point Likert scale, 1 is ”never” 7 is
”always”

with the results of the virtual human group and the results of the halfway and end
questionnaires per group. First we will discuss the questionnaires that are related to
the coaching followed by the results of the questionnaire related to user experience.
The last questionnaires discussed here are related to acceptance.

5.2.3.1 Coaching

Results of the questionnaires related to the coaching of the system will be presented
here. We will discuss the results of the adapted version of the Coaching Behavior
Scale for Sport (CBS-S) and the Source Credibility Scale.

Quality of Coaching

We used an adapted version of the CBS-S to measure the quality of coaching by the
system in the different conditions. The reliability is good (Cronbach’s alpha > 0.958).
Results of the halfway and end questionnaires can be found in Table B.1 and B.2.
We analysed the results of the questionnaires to investigate differences between the
text group and the virtual human group by using independent samples t-test. To
investigate differences between the halfway and end questionnaire we used a paired
samples t-test. We found five marginally significant differences and one significant
difference when we compared the results from the halfway and end questionnaires
from the text group. These results can be found in Table 5.5.
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Source Credibility Scale

The credibility of the feedback messages and the coaching system was measured using
the Source Credibility Scale of McCroskey [MY81b]. The reliability was good (Cron-
bach’s alpha > 0.88). Results of the halfway and end questionnaires can be found in
Table B.3 and B.4. We analysed the results of the questionnaires to investigate dif-
ferences between the text group and the virtual human group by using independent
samples t-test. To investigate differences between the halfway and end questionnaires
we used a paired samples t-test.

From the results of the halfway questionnaire we found a marginally significant
difference between the text group and the virtual human group on word pair “un-
intelligent - intelligent” (Group Text: M = 4.35, SD = 1.11, Group VH: M = 3.60,
SD = 1.12, t(30) = −1.902, p = 0.084). From the results of the end questionnaire
we found two marginally significant results on the word pairs “dishonest - honest”
(Group Text: M = 4.53, SD = 1.23, Group VH: M = 5.33, SD = 1.11, t(30) = 1.928,
p = 0.063) and “unselfish - selfish” (Group Text: M = 4.47, SD = 0.87, Group VH:
M = 5.07, SD = 1.10, t(30) = 1.702, p = 0.098), and one significant result on the
word pair “sinful - virtuous” (Group Text: M = 4.06, SD = 0.43, Group VH: M = 4.60,
SD = 0.99, t(30) = 2.057, p = 0.048)

5.2.3.2 User Experience

User experience of the coaching system was measured using the AttrakDiff2 ques-
tionnaires. The reliability of all four dimensions was good (Cronbach’s alpha > 0.6).
The results of the AttrakDiff2 questionnaires can be found in Table B.11. Figure 5.4
presents the results of the AttrakDiff2 questionnaire of each word pair in a graph. The
blue lines show the results of the text group, while the red lines show the results of
the virtual human group.

We analysed the results of the AttrakDiff2 questionnaires to investigate differences
between the text group and the virtual human group by using independent samples
t-test. To investigate differences between the halfway and end questionnaires we used
a paired samples t-test.

From the results from the halfway questionnaire we found one significant differ-
ence on the “unprofessional - professional” word pair between the text group and the
virtual human group (Group Text: M = 4.94, SD = 1.09, Group VH: M = 3.93,
SD = 1.22, t(30) = 2.468, p = 0.020) and one marginal difference in the ’“cautious -
bold” word pair (Group Text: M = 4.13, SD = 0.49, Group VH: M = 3.67, SD = 0.90,
t(30) = 1.795, p = 0.083).

From the results from the end questionnaire we found one significance difference
on the “unruly - manageable” (Group Text: M = 5.36, SD = 1.17, Group VH: M =

4.40, SD = 1.35, t(30) = −2.138, p = 0.041) and three marginal differences on
the word pairs “cautious - bold” (Group Text: M = 4.18, SD = 0.64, Group VH:
M = 4.73, SD = 1.10, t(30) = 1.780, p = 0.085), “conservative - innovative” (Group
Text: M = 4.76, SD = 0.90, Group VH: M = 4.07, SD = 1.16, t(30) = −1.908,
p = 0.066), and “ordinary - novel” (Group Text: M = 5.09, SD = 1.06, Group VH:
M = 4.40, SD = 0.97, t(30) = −1.843, p = 0.075).
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When we compared the results from the halfway and end questionnaires of the
virtual human group we found two significant differences on the “unpresentable -
presentable” (halfway: M = 5.33, SD = 0.90, end: M = 4.40, SD = 1.35, t(14) =

2.467, p = 0.027) and “cautious - bold” (halfway: M = 3.67, SD = 0.90, end: M =

4.73, SD = 1.10, t(14) = −2.779, p = 0.015) word pairs. We also found three
marginally significant results on the “unruly - manageable” (halfway: M = 5.33, SD =

0.90, end: M = 4.40, SD = 1.35, t(14) = 1.933, p = 0.074), “conservative - innovative”
(halfway: M = 4.93, SD = 1.03, end: M = 4.07, SD = 1.16, t(14) = 2.229, p =

0.043) and “unpleasant - pleasant” (halfway: M = 5.00, SD = 0.93, end: M = 4.27,
SD = 1.03, t(14) = 2.128, p = 0.052).

5.2.3.3 Technology Acceptance

The acceptance of the coaching application was measured using the questionnaire
discussed in Section 5.1 and was based on the UTAUT questionnaire.

All constructs were reliable (Cronbach’s alpha > 0.6) except for the anxiety (Anx)
construct. Table B.5 and B.6 presents the results of the questionnaires. We analysed
the results of the questionnaires to investigate differences between the text group
and the virtual human group by using an independent samples t-test. To investigate
differences between the halfway and end questionnaires we used a paired samples
t-test.

From the results of the halfway questionnaire we found one marginally significant
difference between the text group and the virtual human group on the statement
“The system would make my life more interesting” (Group Text: M = 1.71, SD = 1.10,
Group VH: M = 2.47, SD = 0.52, t(30) = −1.927, p = 0.063). This difference could
not be found at the end of the user evaluation.

5.2.3.4 System Usability Scale

The System Usability Scale [Bro96] was used to measure the usability of the system.
The System Usability Scale was reliable (Cronbach’s alpha = 0.716). The results
of the halfway and end questionnaires can be found in Tables B.7 and B.8. The
system usability score can range from 0 to 100. The scores of the two different groups
from the halfway and end questionnaires can be found in Table 5.6. We analysed
the results of the questionnaires to investigate differences between the text group
and the virtual human group by using an independent samples t-test. To investigate
differences between the halfway and end questionnaires we used a paired samples
t-test.

From the results of the halfway questionnaire we found one significant difference
on the statement “I thought there was too much inconsistency in this system” between
the text group and the virtual human group (Group Text: M = 3.65, SD = 0.70,
Group VH: M = 2.93, SD = 1.16, t(30) = −2.131, p = 0.041). From the results of the
end questionnaire we found two marginally significant differences on the statement
”I thought there was too much inconsistency in this system” (Group Text: M = 3.41,
SD = 0.71, Group VH: M = 2.87, SD = 0.92, t(30) = −1.892, p = 0.068) and ”I
felt very confident using the system” (Group Text: M = 3.12, SD = 0.99, Group VH:
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Figure 5.4: Results of the AttrakDiff2 questionnaires halfway through and at the end of the user
evaluation.

M = 2.53, SD = 0.64, t(30) = −1.949, p = 0.061).

5.2.3.5 Godspeed

The Godspeed questionnaire [BCK08] was used to measure the acceptance of the
virtual coach Kristina. All constructs were reliable (Cronbach’s alpha > 0.6) except
for the perceived safety construct. The results of the halfway and end questionnaires
can be found in Table B.9 and B.10. We analysed the results of the questionnaires to
investigate differences between the text group and the virtual human group by using
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Group Time SUS score
Text halfway 64.1
Text end 62.2
VH halfway 63.0
VH end 66.6

Table 5.6: System Usability Scale scores of the text and virtual human group halfway through and
at the end of the user evaluation.

Word pair Text
(M(SD))

VH
(M(SD))

Independent Samples Test

“fake - natural” 2.34(0.86) 1.87(0.64) t(30) = 1.791, p = 0.083

“dead - alive” 2.71(0.69) 2.20(0.94) t(30) = 1.752, p = 0.090

“anxious - relaxed” 3.12(0.33) 3.47(0.74) t(30) = −1.751, p = 0.090

“still - surprised” 2, 53(0.72) 2.07(0.80) t(30) = 1.727, p = 0.094)

Table 5.7: Differences between the text and virtual human group on word pairs of the Godspeed
halfway through the user evaluation on a 5 point Likert scale.

an independent samples t-test. To investigate differences between the halfway and
end questionnaires we used a paired samples t-test.

Differences between the text group and the virtual human group halfway the user
evaluation can be found in Table 5.7. Differences between these groups at the end of
the user evaluation can be found in Table 5.8.

5.2.4 Interviews

All the participants of the user evaluation were invited for a (semi-structured) inter-
view to discuss the system and their experiences during the user evaluation. Twenty-
one participants accepted the invitation (text group: ten participants, virtual human
group: ten participants, control group: one participant). During the interviews we

Word pair Text
(M(SD))

VH
(M(SD))

Independent Samples Test

“unconscious” - conscious” 2.71(0.69) 1.87(0.64) t(30) = 3.563, p = 0.001

“artificial - lifelike” 2.59(0.71) 1.80(0.68) t(30) = 3.199, p = 0.003

“dead - alive” 3.00(0.71) 2.33(0.82) t(30) = 2.476, p = 0.019

“unintelligent - intelligent” 3.012(0.49) 2.40(1.12) t(30) = 2.401, p = 0.023

“fake - natural” 2.65(0.79) 2.13(0.83) t(30) = 1.793, p = 0.083

“machinelike - humanlike” 2, 59(0.94) 2.00(0.93) t(30) = 1.789, p = 0.085

“still - surprised” 2.59(0.62) 2.13(0.74) t(30) = 1.890, p = 0.068

Table 5.8: Differences between the text and virtual human group on word pairs of the Godspeed
at the end of the user evaluation on a 5 point Likert scale.
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General impression
• “The system helps me to be more active, I want to reach the 100% of my
goal, otherwise I will go for an extra walk.”
• “It is a good system. In the beginning I was really enthusiastic, but later
I got used to the system.”
• “It is nice to see your daily score of physical activity and week overviews.
The system is easy to use.”
• “It is a good idea to have such a system. I think I became more physically
active. It is easy to use and easy to take with you.”
• “The system was not annoying, realistic, and easy to take with you.”
• “The system was fun to use, I carried the activity sensor all days.”
• “System was funny to use.”
• “It is fun to use the system, psychological effect to achieve your goal. I
introduced a lunch walk in our department.”
• “In the beginning I was focused to reach the 100% of my goal.”

Table 5.9: Quotes from interviews with participants from the text group about their general impres-
sion.

asked the participants about their general impression (good and bad experiences),
problems they had experienced during the evaluation, if they thought that such a
coaching system could help people to be more physically active, if they would recom-
mend the system to others and the two different ways of presenting feedback were
discussed. At the end there was some time left to discuss other remarks from the
participants.

General Impression

We asked the participants about their general impression of the coaching system.
Participants came up with remarks about their experiences while using the system.

Table 5.9 (text group) and Table 5.10 (virtual human group) present quotes from
participants about their general impressions, such as the usage of the system, their
daily goal and the differences in using the system over time. Obtaining awareness
about the amount of physical activity was mentioned explicitly by four participants.

Feedback and overviews

We asked the participants about their experiences related to the feedback and overviews
presented by the system. Table 5.13 presents quotes from the interviews with partici-
pants from the text group. Remarks from the participants were about the timing and
the content of the feedback messages. Feedback messages were seen as a kind of stan-
dard. Participants wanted to receive more detailed feedback. Participants stated that
the system should become more intelligent or more exciting. Participants came with
suggestions to use history data in feedback messages and one participant wanted to
know how many minutes he should walk to reach his daily goal. Participants stated
that there was repetition in the feedback messages and that the timing and content
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General impression
• “Monitoring your own physical activity is good, but active coaching is too
much.”
• “Feedback messages arrived late.”
• “The system is like an external motivation to be more physically active.”
• “It was a nice application to use, especially in the first couple of weeks,
but I will not use such a system.”
• “The system is sympathetic.”
• “The idea behind the system is interesting. Because of the fact that your
behavior will be monitored, you will be more physically active.”
• “I used the application a lot in the first 4 weeks, but the last 2 weeks
it became less. You should be motivated to use such a system and become
more active.”
• “Installation was difficult.”
• “Voice of the virtual human was not nice.”
• “Voice of the virtual human was nice.”
• “The system and the application are fun to use.”
• “It was fun to use the system.”

Table 5.10: Quotes from interviews with participants from the virtual human group about their
general impression.

Awareness
• “It provides insight into how much and when you are physically active.
It creates awareness.”
• “The system helps me to remember to be more physically active. I took
the stairs more often and walked to my appointments at the campus. I
think this effect will stay.”
• “Nice to have an overview of your daily amount of physical activity. Hav-
ing this overview helps you to be more active and plan activities like taking
the bike instead of the car. You are aware of your physical activity.”
• “The system creates awareness of your physical activity.”

Table 5.11: Quotes from interviews with participants from the text group about awareness about
physical activity.

Awareness
• “The system created awareness.”
• “The system created awareness of what you are doing (or not).”
• “Fun to create awareness of own physical activity level.”

Table 5.12: Quotes from interviews with participants from the virtual human group about aware-
ness about physical activity.
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Overviews and feedback
• “Information about the progress in the morning was not realistic.”
• “Content of the feedback should be more positive.”
• “Feedback about your progress is standard”
• “Predictable behavior of the system.”
• “Tips were nice to have, but you should be able to follow them at that
moment.”
• “It is nice to see your own history in the applications. Feedback messages
are nice to have. The tone of the messages was pleasant.”
• “Behavior of the system is predictable. In the beginning I responded
on all the messages, but after a while I ignored them because they were
monotonous (timing and content). The system should be much more excit-
ing.”
• “Feedback messages from the system were not really informative. It would
be nice to be more specific and use your own history in feedback messages.”
• “It was nice to receive feedback about your own behavior, also on the
sensor itself.”
• “Feedback messages were repetitions.”
• “Feedback from the system was not useful, it should be more intelligent.
My goal was not to be more active, but I wanted to receive tips to be more
physically active.”
• “The content of the feedback messages was too general. I think that
presenting numbers and facts is a better way. I ignored most of the feedback
messages. Reminders to connect the activity sensor were useful.”
• “Feedback was not always motivating and there was a lot of repetition.
It depended on the mood or moment of receiving feedback.”
• “The system is too predictable.”

Table 5.13: Quotes from interviews with participants from the text group about the feedback and
overviews presented by the system.

of the feedback messages was predictable. Two participants mentioned that receiv-
ing feedback and/or tips was not always useful, because users do not always have
the ability to follow the tips or reminders from the system. This is dependent on the
context and mood of the user. Three participants stated that feedback about physical
activity was nice to have.

Table 5.14 presents quotes from the interviews with participants from the virtual
human group. The participants from the virtual human group also stated that the
feedback presented by the coaching system was standard and predictable. One par-
ticipant wanted to see more detailed feedback including tips, activities and minutes
to meet a goal. Participants also gave their opinion about the virtual human, two par-
ticipants stated that the virtual human did not add anything extra to the system. One
participant stated that the virtual human added an extra dimension to the coaching
system.

Other comments from participants of the text group were about the activity sen-
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Overviews and feedback
• “A virtual human will not add anything for me, I am more interested in
numbers and graphs. ”
• “Virtual human will not add anything, numbers and graphs will do bet-
ter.”
• “Virtual human will add an extra dimension to present feedback, but
the content and timing of the feedback should be improved. Messages are
standard. Use more detailed feedback and tips, make use of the context of
the user.”
• “Feedback (timing and content) is predictable. Feedback should be more
targeted and timing is important.”
• “Feedback in the morning was not realistic.”
• “Feedback needs to present more details, how many minutes should I do
what kind of activity to reach my goal.”

Table 5.14: Quotes from interviews with participants from the VH group about the overviews and
feedback presented by the system.

sor, the website that was part of the coaching system, and problems users experienced
during the evaluation. Three participants stated that it was a disadvantage that the
activity sensor needed to be connected to a computer to upload activity data. They
also stated that it was a pity that the sensor did not provide real-time data to the
coaching system. All ten participants from the text group complained about the fact
that the website was slow. Participants stated that this was not stimulating them to
use the website. Two participants stated that they were not motivated to be more
physically active at all. One of them thought that office workers were not the right
target group for such a system. The other participant had difficulty becoming more
physically active because he was not able to make changes in his daily life to be more
physically active. Two participants had complaints about the accuracy of the activity
sensor while biking or horse riding. Other problems reported here were broken ac-
tivity sensors that needed to be replaced (two times), the fact that you should always
take the activity sensor with you (one time), the installation of the software (one
time) and problems with personal health and the ability to be physically active (one
time).

Other comments from participants of the virtual human group were about the ac-
tivity sensor, the website that was part of the coaching system and other problems.
Three participants stated that it was a disadvantage that the activity sensor needed
to be connected to a computer to upload activity data. They stated that it was a pity
that the sensor did not provide real-time data to the coaching system. One participant
complained about the accuracy of the activity sensor while biking. Participants stated
that the website was slow. Other problems reported here were about the possibility
of wearing the activity sensor which was not always possible during some sport activ-
ities. The installation of the software that was needed to use the system caused some
problems. Three participants had difficulties with installing the software. In one case
the activity sensor needed to be replaced, one participant had problems to mute the
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voice of the virtual human, in one case the participant had performance problems
while running the virtual human on his smartphone (caused by hardware problems
of the smartphone).

Is the system useful to lead a healthier life?

Participants were asked to give their opinion about the question whether such a sys-
tem is useful to live a healthier life. Results of this question can be found in Table
5.15 (text group) and Table 5.16 (virtual human group). From the text group eight
participants answered this question with “Yes” and two participants answered with
“No”. Participants who answered “Yes” stated that the system created awareness, but
feedback messages needed to be further developed to become more concrete. Partic-
ipants who answered “No” stated that the system was only useful to live a healthier
life for people who were already motivated to use such a system or the system should
be advised by a doctor or health provider.

Eight participants from the virtual human group also answered this question with
“Yes” and two participants answered with “No”. Participants who answered “Yes”
stated that the system created awareness about physical activity, but it was important
that the user was motivated to use the system and change their behavior. Participants
who answered “No” stated that the timing and content of the feedback should be
improved and the fact that the system will only help to lead a healthier lifestyle in the
short terms.

Virtual coach: VH or text?

Participants were asked for their opinion about how the virtual coach was represented
in the coaching system. We will give a short explanation and demonstration of the
virtual human coach and text coach on the researcher’s smartphone of the researcher.
Results of these questions can be found in Table 5.17 and 5.14. Three participants
from the text group stated that a virtual coach represented by text was fine for them
because they were afraid that a virtual human would become annoying or they did
not like the idea of having a virtual human as an user interface telling them what to
do. Four participants from the text group stated that it would not make any difference
in this coaching system. Participants stated that system would stay mechanical and
predictable because it would not change the behavior of the complete system or stated
they that the motivation to use such a system was more important than the way that
a coach is represented. Three participants from the text group had the impression
that a coach represented by a virtual human was more fun to use, more human-like
or closer to the way a normal coach would provide feedback.

Eight of the participants from the virtual human group stated that they preferred
feedback messages in text. These participants had the impression that the virtual hu-
man did not add anything extra compared to a text message for the kind of feedback
messages presented in this coaching system. Five of these participants stated that the
virtual human can be useful when more detailed feedback will be presented, when it
is possible to have interaction with the coach or when users need extra motivation.
Two participants preferred feedback presented by the virtual human. In their opinion



Long-term user evaluation | 109

Is the system useful to live a healthier life?
• “Yes, but messages should be more concrete about what you are doing
and when.”
• “Yes, but people need to be already motivated to be more physically active,
otherwise you need a one-to-one approach. In this case the system can be
a useful tool. Subconsciously people will always reach their goals.”
• “Yes, there are no negative effects of using the system. People will not
be less physically active. People who will use the system voluntarily are
already interested in physical activity. If you force people to use such a
system this will be different. ”
• “Yes, maybe on medical advice.”
• “Yes, it creates awareness about your own physical activity, and provides
tips to be more active.”
• “Yes, it is interesting to see your own physical activity, but it needs to
have a purpose (sports, patients, or daily use).”
• “No, it creates awareness, but personally I will not be more physically
active. If you really need to be more physically active, for any reason
whatsoever, it is really handy and useful.”
• “Yes, it creates awareness about your own behavior. Motivation and tips
from the system can be useful.”
• “No, not for me personally, but it creates awareness of your own behavior
and activity. It is good to monitor behavior by patients or athletes. System
should be extended with (food) intake.”
• “Yes, I think so. You want to reach your goal. I exercised more during the
evaluation, but I am afraid that now, after the evaluation, I will lapse into
my old pattern.”

Table 5.15: Answers from interviews with participants from the text group on the question if the
system is useful to live a healthier life.

the virtual human added some extra dimension to the coaching system, it was fun to
get feedback presented by a virtual human and it added some social pressure to the
feedback message.

Will you recommend the system to someone else?

We asked participants if they would recommend the coaching system to someone
else. Results for this question can be found in Table 5.19 (text group) and 5.20
(virtual human group). From the text group eight participants would recommend the
system to someone else, while two participants would not recommend the coaching
system. Participants who would recommend the system stated that the system created
awareness, but it is important that the user is motivated to be more physically active
and use the system. Participants who would not recommend the system stated that the
system needed technical improvements on the timing and content of the messages.
From the virtual human group eight participants would also recommend the system to
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Is the system useful to live a healthier life?
• “Yes, but you should be motivated to change your behavior.”
• “Yes, but you should be motivated to change your behavior. It is nice
to receive feedback messages and to be able to see your own history in
numbers and graphs.”
• “Yes, but people need to be motivated to use such a system. It creates
awareness about your own physical activity. It will keep an eye on your
behavior.”
• “Yes, but only if you want to change something. You should be motivated
to use such a system.”
• “Yes, it is good to receive feedback about your behavior and it creates
awareness.”
• “No, the timing of the feedback is wrong. You should be able to have
more control over the system and your data.”
• “Yes, it creates more awareness.”
• “Yes, monitoring of activities creates awareness.”
• “Yes, you will be motivated to reach your personal goal.”
• “No, in the short term it will help, but over longer time you will return
to your old habits. The same as with losing weight.”

Table 5.16: Answers from interviews with participants from the VH group on the question if the
system is useful to live a healthier life.

someone else. Participants that would recommend the system stated that the system
created awareness, but it is important that the user is motivated to be more physically
active and use the system. Participants who would not recommend had the impression
that the system was not finished yet and therefore they would not recommend the
system in its current state.

Other remarks from the participants of the text group can be found in Table 5.21.
Two participants made remarks on privacy issues of the system. They wanted to
know where their data is stored and who has access to this data. Other remarks
were related to the functionality of the system. Other remarks from the participants
of the virtual human group can be found in Table 5.22. Four remarks were about
the installation procedure of the system. Users wanted a more simplified installation
procedure. Other remarks were about the functionality of the system, like the timing
of the system, control over the daily goal and the activity sensor itself.
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Virtual coach: virtual human or text?
• “I think it makes no difference for me.”
• “I think a virtual human will not have an added value. A virtual human can
become annoying.”
• “I think a virtual human will stay mechanical, the fact that it is a virtual human
will not change the behavior of the system for me.”
• “I think a message from a virtual human is closer to a message from a human
coach and that is positive. I think a virtual human is a sort of in-between form
between a text message from a computer system and a personal coach. A virtual
human that will provide feedback once in a while is a good approach I think.”
• “I do not know. Text is fine for me.”
• “I think it is more human-like to receive a feedback message from a virtual human,
but these messages need to be less predictable. Messages should be a kind of surprise
(change the appearance of the virtual human every now and then).”
• “Difficult to tell, the text messages were not ’alive’, because they were generated by
a computer.”
• “I think a virtual human would be more fun. Text is static and open for multiple
interpretations. A virtual human can help to present the right interpretation by
showing some empathy.”
• “Definitely text. I do not like to have a virtual human as a computer interface
telling me what to do.”
• “I do not know, I think it will not make any difference for me to have a text
message or a message from a virtual human. I think your own motivation is more
important.”

Table 5.17: Answers from interviews with participants from the text group about the personification
of the virtual coach.

Will you recommend the system to someone else?
• “Yes, it creates awareness about your physical activity and about sedentary behav-
ior.”
• “Yes, it is an extra stimulus to be more physically active. It is nice to reach your
goal, it is a confirmation that you are doing well.”
• “Yes, it is a nice tool for someone who wants to be more physically active. Other
people should be motivated in another way to be more physically active.”
• “Yes, it is easy to use and provides awareness about your physical activity.”
• “No, not yet, I have the impression that the system is not finished yet.”
• “Yes, I will recommend it to people who will need it to get more insight into their
physical activity, but not for athletes.”
• “Yes, but only for people who will need such a system. The system is easy to use
and creates awareness about your physical activity.”
• “Yes, especially for people who need to be more physically active, like people who
need to lose weight, or people who need to recover from an injury.”
• “Yes, only as a temporary tool and not as a permanent tool.”
• “No, I think the system needs to be further developed.”

Table 5.20: Answers from interviews with participants from the VH group on the question if they
will recommend the system to someone else.
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Virtual coach: virtual human or text?
• “Virtual human will not add much to the system.”
• “You do not need a virtual human, text is enough and even better because
it is less artificial.”
• “Feedback from a virtual human will not add something extra and the
voice is bad. It reminds me of some annoying commercials on the radio.”
• “A virtual human will not add something extra compared to text feedback
for presenting the same sort of feedback messages.”
• “An sms will be enough to present feedback. I think that a virtual human
has more potential in presenting feedback in this system, but not all of this
potential is used right now.”
• “Virtual human adds something to the system, it is fun and I like it. I
prefer the virtual human over text.”
• “The virtual human will not add anything extra to the system. Voice of
the virtual human was bad. For this application feedback presented as text
was enough. When more detailed feedback should be presented a virtual
human can add something extra to the system.”
• “I prefer text feedback. When you can ask questions about your progress
or goals a virtual human can add something extra.”
• “For myself the virtual human did not add something extra. Maybe it is
useful for people who should be motivated to start using the system because
there is a voice or character looking at you.”
• “The virtual human will add some social pressure to the feedback.”

Table 5.18: Answers from interviews with participants from the VH group about the personification
of the virtual coach.

Other remarks
• “I want to have a real-time system.”
• “I was not able to mute the speech of the virtual human.”
• “The application caused some troubles on my phone and I had to reinstall
the application.”
• “Installation procedure needs to be simplified.”
• “System should be more user friendly, installation procedure and user
manual should be simpler.”
• “Nice tool to use! I work on the fifth floor and now I take the stairs
(instead of the elevator). As a group of colleagues we now take the bike
instead of the car.”

Table 5.22: Other remarks from interviews with participants from the virtual human group.



Long-term user evaluation | 113

Will you recommend the system to someone else?
• “No, not in the current state. There is too little variation in messages.”
• “Yes, but motivation and interest of the person is important. A coaching
application like this is good.”
• “Yes, but you the intention to use such a system is important. Technical
issues (installation of the application) should be solved.”
• “Yes, but not for everybody. For myself it was fun to use and I would buy
the system. It is good to motivate people to be more physically active.”
• “Yes, it will stimulate people who want to be more healthy.”
• “Yes, but only for people who really need such a system (athletes or pa-
tients for example).”
• “Yes, it is a good tool to get insight into your own physical activity, but
small technical improvements are necessary.”
• “Yes of course, it creates awareness and motivation to be more physically
active.”
• “No, not in this state. The system is too much a prototype. You need
real-time feedback and more details for better feedback.”
• “Yes, but people should be motivated to use such a system. It creates
awareness in your own physical activity. I became more physically active.”

Table 5.19: Answers from interviews with participants from the text group on the question if they
will recommend the system to someone else.

Other remarks
• “The system needs to become more intelligent. I will not reach my goal
after nine o’clock in the evening.”
• “I want to have more control over my goals. It is my goal and not the
goal of the system. Goals can change day by day.”
• “What about privacy and the monitoring of behavior. ”
• “Where can I buy it?”
• “It does not recognise horse riding.”
• “What about my privacy?”
• “Activity sensor should be integrated into smartphone.”
• “What about privacy.”
• “Integration of social media.”
• “At the end of the evaluation I was done with it. Consciously and un-
consciously you will be busy with the system. Should I take the stairs or
not?”
• “The idea of the system is good.”

Table 5.21: Other remarks from interviews with participants from the text group.
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5.3 Conclusion and Discussion

In this chapter we discussed a six week user evaluation of the Kristina coaching sys-
tem. Forty three participants completed the user evaluation. Participants were divided
into three groups. The goal of the user evaluation was to investigate differences in
user perception and actual usage of the coaching system between the different ways
of presenting feedback messages. We used a mixed methods approach. Question-
naires, log data and interviews were used to measure user perception and usage of the
coaching system. User perception of the coaching system was measured by different
questionnaires which were divided into three categories: coaching, user experience
and technology acceptance.

5.3.1 Questionnaires

Questionnaires related to the coaching of the system are the Quality of Coaching and
Source Credibility Scale. Results of the Quality of Coaching questionnaire showed no
differences between the text group and the virtual human group. From the results of
the questionnaires halfway through and at the end of the user evaluation we can con-
clude that the participants of the text group rated the coaching system as more helpful
in discovering which things help them to become more active at the end of the user
evaluation. Other results showed a tendency that the participants from the text group
rated the coaching system as giving better advice to stay confident about themselves,
helping them more to set (short term) goals and to become more motivated and in-
spired by others. The results of the Source Credibility Scale showed a tendency that
the participants of the text group rated the virtual coach as more intelligent than did
the participants of the virtual human group halfway through the evaluation. At the
end of the user evaluation the virtual human coach was seen as more virtuous and
there was a tendency that participants from the virtual human group rated the virtual
human coach as more honest than did to the text group.

The AttrakDiff2 questionnaire was used to measure the user experience of the
coaching system. From results of the halfway questionnaire we can conclude that
the participants from the text group rated the coaching system more professional
than did the participants from the virtual human group. The results also showed
a tendency that the participants from the text group rated the coaching system as
more bold than the participants from the virtual human group did. From the results
of the end questionnaire we can conclude that the participants from the text group
rated the coaching system as more manageable. There was also a tendency that
participants rated the system text coach as less bold and more innovative and novel
than the virtual human group did. Differences between the results of the halfway and
end questionnaires of the virtual human group showed a novelty effect. Feedback
messages presented by the virtual human were rated less positive at the end of the
user evaluation compared to the halfway through.

From the questionnaires related to technology acceptance, usability and accep-
tance of the virtual coach, we can conclude that halfway through the evaluation par-
ticipants of the virtual human group had the impression that the coaching system
“would make their life more interesting”. This was not so with the participants from
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the text group, but this difference was not found at the end of the user evaluation. The
coaching system scored a marginally high acceptability score on the System Usabil-
ity Scale (text group between 62.2 and 64.1; virtual human group between 63.0 and
66.6, higher is better). From the results of the halfway the evaluation we can conclude
that there was a tendency that the participants from the virtual human group would
rate the system as more inconsistent. From the results of the end questionnaire we
can conclude that there was a tendency that the participants from the text group felt
more confident using the system. The Godspeed questionnaires were used to evaluate
the representation of the virtual coach in the coaching application. Halfway through
the evaluation there was a tendency that the coach represented by text was rated as
more natural, alive and surprised. The coach represented by the virtual human was
seen as marginally more relaxed. From the result of the questionnaires at the end of
the evaluation we can conclude that the participants from the text group rated the
coach as more conscious, lifelike, alive and intelligent. We also found a tendency that
the text coach was rated as more natural, human-like and less quiescent.

5.3.2 Interviews

From the interviews we can conclude that the participants liked the idea of the coach-
ing system and the awareness it created about physical activity. The timing and con-
tent of the feedback messages were seen as standard and too general. Feedback
messages were predictable and participants noted a lot of repetition of feedback mes-
sages. Participants wanted to receive feedback messages at moments when they were
able to change their behavior and the content of the messages needed to be improved
to present more details about duration and amount of physical activity to stay moti-
vated and reach the daily goal. In the opinion of the participants the coaching system
was useful to live a healthier life because it created awareness about physical activity,
but participants stated that it was important that users were motivated to use the
system. It was also important that the system needed to be improved to provide bet-
ter and more accurate feedback. Most participants preferred the text coach for the
kind of feedback messages presented in this evaluation. The virtual human would not
add much extra to the system for presenting these kinds of (standard) feedback mes-
sages. If feedback messages were to be more detailed, if interaction with the virtual
coach will be possible, or if people needed to be extra motivated to use the system,
participants thought a virtual human could be useful. Participants who preferred the
virtual human coach thought it was more fun to get feedback messages from a virtual
human, or closer to the way in which a human coach would present feedback. Most
participants in both groups would recommend the system to someone. Participants
from the text group would not recommend the system because of the timing and
content of the feedback messages. Participants from the virtual human group would
not recommend the system because they had the impression that the system was too
much a prototype and was not completely finished. Participants in both group stated
that motivation to use a coaching system like this is important. They would not rec-
ommend the system to people who are not motivated to use such a system, or change
their level of physical activity. Other important remarks were about the privacy of the
physical activity data and the installation procedure of the coaching system with the
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virtual human coach.

5.3.3 Log data

From the log data we can conclude that having a (text) coach increased the adher-
ence of the coaching program. We found a difference between the text group and
the control group at the end of the evaluation on the physical activity level. Trends
showed that the physical activity level of the text group was increasing in week 6 of
the user evaluation, while the physical activity levels of the virtual human and con-
trol group were decreasing. From the log data we did not find a difference in physical
activity levels and the number of uploads of physical activity data between the text
coach and the virtual human coach. Sending feedback messages increased the num-
ber of uploads of physical activity data. The number of uploads of physical activity by
the participants of the text group was higher during the evaluation compared to the
control group.

5.3.4 Conclusion

From the results of the user evaluation we can conclude that presenting feedback
messages in text was a better approach compared to presenting feedback messages
by a virtual human in this coaching system. The feedback messages presented in this
user evaluation were short reminders, tips, overviews or updates about the progress
of a physical activity coaching program and were sent to the smartphone of the user.
In general the feedback messages were seen as a kind of standard and participants
stated that there was too much repetition. Participants stated that the motivation to
be (more) physically active, to change behavior and use the system was important.
The coaching system targeted users that were willing to be more physically active.
Log data showed no differences between the text coach and the virtual human coach,
but the physical activity level of the text group was increasing in week 6 of the user
evaluation, while the physical activity levels of the virtual human and control group
were decreasing. We found a difference on the physical activity level and the number
of uploads of physical activity data between the text group and the control group at
the end of the user evaluation.

Results of the questionnaires to measure the user perspective were in the favour
of the text coach. The results from the questionnaires can be supported by the results
of the interviews. The higher quality of coaching of the system at the end of the
evaluation may have been a result of the awareness about physical activity created by
the system. From the interviews we can also conclude that most participants preferred
the text coach over the virtual human coach, which is in line with the results of the
questionnaires where the text coach received better ratings or trends towards better
ratings. From the interviews we have indications that the virtual human coach could
improve users’ perception of the coaching system if the feedback messages become
more intelligent, if interaction with the virtual coach were possible or when users
need to be more motivated to use a physical activity coaching system. From the
interviews we know that users of the virtual human group saw the coaching system
more as a prototype and had the impression that it was not completely finished yet.
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This feeling can be supported with the result of the questionnaire where the system
was seen as more inconsistent.

The type of feedback messages presented in this user evaluation are better suitable
to be presented as text messages. The task, domain and context in which feedback
messages are presented will influence the results of the user study. We will discuss
two causes that possibly influenced the results of the user perception during this study,
glanceability and the nature of the presentation formats in which the feedback mes-
sages could be presented.

The first cause is glanceability. The type of feedback messages, the context in
which these messages were presented, and the device on which messages were deliv-
ered in this user study influenced the users’ perception. Glanceability, enabling users
to understand information with low cognitive effort, played an important role. The
feedback messages presented in this study were presented on a smartphone in daily
life situations. In this context, many other tasks and other applications on smart-
phones need the users’ attention. In this case text messages are easier and quicker to
read and understand compared to a message presented by a virtual human.

A second cause that can explain the results of this study can be found in the
nature of the two different presentation formats. First of all, participants will look
differently at text messages and messages presented by virtual humans. Participants
from the different groups that received feedback messages had different reference
points to which they compared the messages from coaching system. Participants from
the text group have compared the feedback messages to text messages, while partic-
ipants from the virtual human group have compared the feedback messages to what
a message presented by a virtual human ideally could be. Text messages presented
by the system were more in line with text messages people are used to receiving on
their smartphone. Using a virtual human in a coaching application that makes use
of verbal and non-verbal communication creates high expectations by the users. For
example, using speech output will create the expectation that the virtual human is
able to recognise verbal input. These expectations are hard to meet and were not
implemented in the version of the virtual human used in this study. Text messages
will create lower expectations compared to virtual humans. People are used to text
messages and they will not create high expectations, except from the lack of variety
or presenting messages that are not useful in the current context of the user. Virtual
humans in general, and also the virtual human in the Kristina coaching system, still
function imperfectly. Combined with the higher expectations of the users it will result
in lower user perception. The current virtual human in the Kristina coaching system
is not satisfying and in this sense it can be seen more as a prototype that needs further
development.
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Part III

Reflection





6
Discussion

This chapter provides a general discussion on the findings of this thesis. It will reflect
on the human computer interaction aspects of behavior change support systems, the
lessons learned during the development and the user evaluations with the coaching
systems. In the last section of this chapter we will pay special attention to the ethical
issues raised by persuasive technology and behavior change support systems from
different points of view.

6.1 Findings of this Thesis

Techniques from the field of human computer interaction were used to design, imple-
ment and evaluate the Kristina coaching system. In this thesis we described the user
perception of a health behavior change support system and how the way in which
feedback messages are presented can influence the user perception of the system.
User perception is influenced by the quality of coaching, user experience, acceptance
and usability of the coaching system. In various user evaluations we tried to inves-
tigate the differences in user perception between a coaching system that presented
feedback messages in plain text messages or feedback messages presented by a vir-
tual human using verbal and non-verbal communication. Below we will summarize
the most important findings described in this thesis.

• Results showed that feedback messages (weekly overviews) presented by a vir-
tual human were better evaluated in terms of user perception compared to the
same feedback messages presented in text on a personal computer or laptop. Re-
sults showed that feedback messages (frequent updates, tips, weekly overviews,
and reminders) presented in text were better evaluated in terms of user per-
ception compared to the same feedback messages presented by a virtual human
when feedback messages were received on a smartphone. The context in which
the coaching system was used and the type of device on which the feedback
message was received influenced the perception of the presentation format of
feedback messages.
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• Results of the studies showed that frequent feedback messages received on a
smartphone should be presented in a glanceable way. The context in which
users use their smartphones requires that feedback messages should be pre-
sented in a way that it can be read quickly and be understood with a low cogni-
tive effort.

• Indications were found that feedback messages presented by a virtual human
can have a positive effect on the perceived quality of coaching (see Section 4.3.1,
4.3.2, and 4.3.3), and that they make using the system more interesting (see
Section 4.3.3 and 5.2.3) or personal (see Section 4.3.2 and 5.2.4). Feedback
presented by the virtual human helped users to better recognise and celebrate
physical activity achievements, to better identify strategies to achieve physical
activity goals and target dates.

• The virtual human in the current state, presenting one-way feedback messages,
did not increase the user experience of the coaching system. When feedback
messages become more personal and more tailored to the context of the user, or
feedback messages become interactive and reflective by adding question/answer
feedback and dialogue support to the coaching system, feedback messages pre-
sented by a virtual human could increase the user perception of the coaching
system.

• The group of participants that received frequent feedback messages in plain text
had a higher physical activity level (PAL) at the end of a six week user evaluation
compared to the participants of the control group that did not receive feedback
messages on a smartphone. No differences in PAL and frequency of uploading
physical activity data were found between the group that received feedback
messages in plain text and the group that received feedback messages presented
by the virtual human.

• Participants who received frequent feedback messages in plain text uploaded
their physical activity data more often compared to the control group that did
not receive feedback messages on a smartphone.

6.2 Limitations of this Thesis

In this section we will discuss limitations and other issues concerning observations
made during the research presented in this thesis in a broader field of human com-
puter interaction aspects of behavior change support systems. We will discuss the end
users of behavior change support systems and the participants that participated in the
user evaluations, the design and development and evaluation of the Kristina coaching
system and behavior change support systems in general.

• Users of the coaching system – The users of the coaching system and the par-
ticipants of the user evaluation studies of the Kristina coaching system were
healthy office workers. They used the coaching system because they accepted
the invitation to participate in one of the experiments. The coaching system was
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not evaluated with real end users or patients that should use the system, except
in the user evaluation study with diabetes type II patients.

Evaluating a coaching system or a behavior change support system with “real
patients” whether or not in a clinical setting will make a difference. Randomly
chosen participants are able to evaluate the design and the working of the sys-
tem, but will not completely understand the context and the usefulness of the
system. “Real patients” will use a behavior change support system while cop-
ing with their disease, or as part of their treatment for their disease or illness,
usually on doctor’s advice. For healthy office workers it is much harder to see
the advantages of a behavior change support system. There is no doctor who
will advice them to use such a system and the consequences of bad or wrong
behavior will show up much later in time.

The motivation to participate in the user evaluations or to change their phys-
ical activity behavior of the participants in the user evaluation study was not
clear. Participants had at least some interest in physical activity and technology
support for changing their behavior. The actual state of change was unknown.
From the results of the user evaluations with office workers it became clear that
participants thought they would not need a coaching system to be more physical
active or participants thought that a coaching system was not useful for them.
From the interviews with the participants in the user studies we conclude that
people should be really motivated to use a coaching system. Evaluating a be-
havior change support system with “real patients” or “real end users” (who are
in the action state of the transtheoretical model) will show different results.

• Field trials with prototype systems – Measuring differences in user perceptions
of presenting feedback messages in a coaching system without influences of
other functionalities and limitations of the system is hard. Unintended and
other functionalities of the coaching system will influence the perception of the
users and so the perception of the ways feedback messages were presented.
User evaluations in this thesis are all uncontrolled field trials. Other method-
ologies, like controlled lab studies, make it possible to measure user perception
in different objective and qualitative ways without possible influences of other
functionalities of the coaching system, but lack the real user context of the sys-
tem.

• The personification of Kristina – The appearance of the virtual human was not
designed following a user centered design process. Only one design of a female
virtual coach was available. The voice used in the different user evaluations was
one of the few available Dutch text-to-speech engines available in the Android
Play store. From other studies it is known that the realism of the behavior and
appearance, aesthetics and the intentions [vVKH+07] and the gender [BAM05]
of the virtual human can influence the perception of the users.

The focus here was to develop a BML realizer that was able to render a real time
virtual agent on a smartphone based on a BML specification. The BML realizer
for Android should be seen as a proof of concept. We showed that we were able
to adapt the Elckerlyc system and let it run on an Android device.
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The capabilities of the virtual human were limited and the performance was
deficient. The only interaction that was supported by the virtual human was
presenting the feedback messages. Later versions of the virtual human sup-
ported speech recognition and was able to support a small dialogue about the
performance on physical activity level related to food intake. These later ver-
sions were not evaluated in a user evaluation study.

• Technology push – The coaching developed and evaluated in this thesis was
a result of a technology push. The project in which the coaching system was
developed was a European Artemis project. The overall goal was to focus on
inter-usability and multi-device and embedded system design. The coaching
system was not a result of a request from end users (market-pull or demand
pull). Besides the fact that the coaching system was designed and developed
following a user centered design process, the need and request for a coaching
system like the Kristina coaching system was not from the potential end users of
the system. The lack of potential need of a coaching system from the end users
can influence the results of user evaluations.

The development of a virtual human was also a result of a technology push.
Developing a virtual human that is able to run on mobile devices is technically
possible and interesting to integrate into a behavior change support system, but
did not reflect the users’ need.

• Quanitfied Self – In the last 4 years the Quanitied Self movement has gained
popularity and the development of mobile devices, smartphones and health and
fitness related coaching systems has evolved rapidly. This raised the expecta-
tions of the participants and influenced the results of the user evaluations. An
example is the fact that most of the participants complained about the extra
sensor that was needed to measure physical activity levels and that this sensor
needed to be connected via an USB connector to manually upload the physical
activity data, while their own smartphone was able to track the same physical
activity without using an extra sensor. The activity sensor used in this coach-
ing systems was part of the physical activity monitoring component used in the
Kristina coaching system.

Nevertheless, results of this thesis on how to present feedback messages in a
(multi-device) behavior change support system, how to design and implement
such a system and how we can evaluate these early stage systems, without fo-
cussing on the actual change of behavior and without setting up a trial in the tra-
ditional clinical sense can be used for further development of behavior change
support systems.

6.3 Ethics in Behavior Change Support Systems

The Kristina coaching system is an example of a behavior change support system that
was able to monitor physical activity and medication intake. State-of-the-art persua-
sive technology is able to track users 24 hours per day and the latest sensors are
able to measure and process real-time GPS data, accelerometer data, weight, EEG
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signals, blood values and more [Swa12]. These sensors are available on the con-
sumer electronic market nowadays and applications on smartphones and webservices
make it possible to use these sensors for self-tracking. The latest development of
Apple’s iOS, Google’s Android, Google’s Wear, and smartwatches will target and fo-
cus on health and fitness applications. The self-tracking of personal (health) data
is defined by the Quantified Self movement1, which is made possible by ubiquitous,
low-cost, and always-on connected sensors. Trends in the Quantified Self movement
range from active tracking of for example physical activity with a special (wearable)
device like the FitBit or Nike FuelBand that are able to track and analyse activity data
pro-actively to combining ODLs (Observations of Daily Living) into EHRs (Electronic
Health Records). Other trends are data fusion, where data from different sources and
sensors are combined into one application, and gamification of self-tracking applica-
tions, like competition, rewards and augmented reality.

The possibilities of the Quantified Self movement has effects on the capabilities
of persuasive applications. More and more data is available 24 hours per day and
persuasive applications can use these data to influence people and change behavior.
Beside all good intentions and possible positive effects of persuasive application and
(health) behavior change support systems there is a discussion going on about the
conceptual and ethical limits of persuasive computing. In the next subsection we will
give an overview on ethics and behavior change support systems from the point of
view of persuasive technology, human computer interaction and philosophy of tech-
nology.

Ethics from the Point of View of Persuasive Technology

Persuasive Technology raises a number of ethical concerns. Some of these concerns
involve the act of persuasion, but the use of technology for persuasion raises moral
issues as well. From the field of Persuasive Technology and behavior change support
systems we see developments on ethics from different directions.

In Fogg’s “Persuasive Technology: Using Computers to Change What We Think and
Do” [Fog02] a summary can be found of all of the principles of persuasive technology
that are discussed in the chapters 3-8 of the book. In chapter 9 titled “The ethics of
persuasive technology” Fogg remarks that “For the most part, the ethical issues relating
to persuasive technology are similar to those for persuasion in general.” On the other
hand “interactive technology raises a handful of ethical issues that are unique”. Fogg
presents six key issues which have implications for assessing the ethics of persuasive
technology. These issues are: (1) The convincing capacity of realistic simulations in
virtual reality (representation of a virtual coach in a coaching by a virtual character
or text), (2) the positive reputation of computers, (3) the persistence and pro-activity
of computer systems, (4) the fact that computers in the end control the interactive
possibilities through the way it is programmed. (5) Computers do not have emotions
but they offer emotional cues to their users. And finally, (6) computers cannot take
responsibility, where it is unethical as a person not to take your responsibility when
you persuade someone to do or believe something.

1http://blogs.perficient.com/healthcare/blog/2013/04/15/the-quantified-self-6-trends-to-watch-
for/
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Oinas-Kukkonen also considers ethical aspects of behavior change support sys-
tems. In [TOK09], Tørning et al. provide an overview of the current state of the art
in persuasive system design. In this article all peer-reviewed full papers published
at the first three International Conferences on Persuasive Technology were analysed
employing a literature framework. A surprising observation was the fact that ethical
considerations were largely unaddressed in these papers. Only three out of the 51
reviewed papers discussed the topic at length and none of the experimental papers
explicitly addressed ethical considerations. This is seen as “a severe shortcoming in
the current state of the art in the field” and can be considered as unethical. According
to Tørning et al. persuasive system designers can never assume that they are just
building software tools, but they are deliberately conveying messages with the aim of
planned behavior change in the end-users. Designers must assume responsibility for
the ethical aspects of such designs as they try to persuade people to behave or change
into a certain behavior or attitude.

The observation of Tørning et al. about ethical concerns of behavior change sup-
port systems dates from the year 2009. We performed a small survey to investigate the
development of ethical aspects of behavior change support systems. Google Scholar
was used with the following search keywords: “ethics ethical moral persuasion”. We
looked for articles published at the International Conferences on Persuasive Technol-
ogy in the period 2009–2014. The survey resulted in 7 articles (out of 258 published
in the period 2009–2014). Table 6.1 gives an overview of the articles. The exis-
tence of these articles indicates that there is attention for ethical issues of design and
implementation of persuasive technology, but this attention is still limited.

Ethics from the Point of View of Human Computer Interaction

Traditional Human Computer Interaction (HCI) typically focusses on the five E’s of
usability. Computer systems should be designed to be effective, efficient, engaging,
error tolerant and easy to learn. HCI has a tradition of lab-based quantitative ex-
periments to gain empirical insight into aspects of a particular design’s usability and
HCI has the tradition to be morally ignorant of its consequences [Fal07]. According
to Fallman, the current trends in the field of Human Computer Interaction towards
increased interest in issues like user experience, affective qualities and meaning de-
mands HCI to become more aware in terms of its human, social, cultural, ethical and
political implications [Fal07]. Fallman presents persuasive technology applications
as examples where these ethical, social and political dimensions are clearly shown.
The question is who is responsible for designing and implementing computer systems
that aim to change or influence attitudes and behaviors. Can the field of HCI and
HCI designers be purely focussed on the usability and experiences while developing
persuasive interfaces without considering into what these interfaces tries to persuade
their users. In [Fal11], Fallman stated that “as HCI is involved in designing artifacts
that will come to play mediating roles in the actions and experiences of future users of
these artifacts, we as designers are helping to shape ethical and moral decisions and prac-
tices”. Remaining questions will be who is responsible for the persuasion performed
by the system and who decides what is good?

Purpura et al. [PSW+11] presented Fit4Life, an example of a persuasive technol-
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Study Summary
Design Methods for Eth-
ical Persuasive Comput-
ing [Dav09]

Davis [Dav09] discusses Value Sensitive Design and Par-
ticipatory Design, two methodological frameworks that ac-
count for ethical issues throughout the process of technol-
ogy design. Through analysis and case studies, she argues
that such methods should be applied to persuasive technol-
ogy computer systems that are intended to change behaviors
and attitudes

Generating Directions
for Persuasive Tech-
nology Design with
the Inspiration Card
Workshop [Dav10]

Davis [Dav10] argues that participatory design methods
may help account for the ethical implications of persuasive
technology. “But how can participatory design methods both
address ethical issues and lead to effective persuasive tech-
nologies?”

Three Approaches to
Ethical Considerations
in the Design of Behav-
ior Change Support Sys-
tems [KOK13]

Karppinen et al. [KOK13] analyze and define potential ways
to address ethical considerations in persuasive systems de-
sign. They suggest that there are three main approaches:
(1) a guideline-based approach, (2) stakeholder analysis,
and (3) involving users. They discuss the strengths and
weaknesses of these approaches when developing behavior
change support systems.

Selecting Effective
Means to Any End:
Futures and Ethics of
Persuasion Profiling
[KE10]

Kaptein [KE10] is concerned with adaptive persuasive sys-
tems that adapt to individual differences in the effectiveness
of particular means, rather than selecting different ends.
The authors pay special attention to systems that imple-
ment persuasion profiling by adapting to individual differ-
ences in the effects of influence strategies. The authors ar-
gue that these systems are worth separate consideration and
raise unique ethical issues for two reasons: (1) their end-
independence implies that systems trained in one context
can be used in other, unexpected contexts and (2) they do
not rely on, and are generally disadvantaged by, disclosing
that they are adapting to individual differences. Example
systems illustrate some ethically and practically challenging
futures that these characteristics make possible.

Trust, Discourse Ethics,
and Persuasive Technol-
ogy [SN12]

Spahn and Nickel [SN12] consider ethical issues related to
trust in persuasive technology. “Persuasive technology raises
important issues about trust, because “trusting” a persua-
sive technology seems to go further than “trusting” a non-
persuasive technology. Users are required to put a more
richly normative or even anthropomorphic trust in persua-
sive technologies: one trusts that the technology “knows’
which behavior is, for moral reasons, more adequate and
what might help one to adopt that behavior. Such technol-
ogy invites us, to some extent, to trust it in moral matters.”
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Study Summary
They discuss trust within the framework of Discourse Ethics
(DE). “DE distinguishes two types of rationality linked to
two types of inter subjective relations. Communicative ratio-
nality is a symmetrical relation between humans; strategic
rationality presupposes (or establishes) an asymmetrical re-
lation. Both types of relations may result in a change of be-
havior but whereas communicative rationality aims to con-
vince the other that a certain behavior is desirable; strategic
rationality aims to manipulate him.” The authors argue that
“most persuasive technologies nowadays are designed closer
to the concept of asymmetrical communication and do not
meet the requirements of symmetrical communication. Very
often the sincerity condition is not taken into consideration,
as it is simply assumed that the user will be sharing the
values that the persuasive technology is designed to pro-
mote. For the perspective of the designer it means that he
has to anticipate the values the users will be willing to ac-
cept, while the user has to trust (as it were blindly) that the
persuasive technology is promoting morally sound values.”

The Voluntariness of
Persuasive Technology
[Smi12]

Smids [Smi12] argues that the most important ethical ques-
tion regarding persuasive technologies is the voluntariness
of changes they bring about. “Coercive technologies control
their users by application of direct force or credible threat.
Manipulative technologies control their users by influencing
them in ways of which the users are not aware and cannot
control. As a result, both violate the voluntariness condition
of the standard definition of persuasive technologies.”

Reinforcing Preliminary
Design Strategy Selec-
tion Guidelines with In-
sight from Fogg’s Be-
haviour Grid [DB11]

Daae et al. [DB11] extends a practical design strategy
[ZSB12] for persuasive technology. A number of strategies
for how products may be designed to affect the behaviour of
the user have been identified. However, there is a need for
a guide that may help designers make informed decisions
about which strategies to apply.

Table 6.1: Overview of articles published at the International Conferences on Persuasive Technol-
ogy in the period 2009–2014

ogy application. Fit4Life promotes healthy behavior and ideal weight. The application
uses different sensors and an iPhone application. Food and calorie intake is measured
by using image processing techniques and a camera, an Earpiece with Bluetooth re-
ceiver is used for audio communication with the user and to measure jaw movements
to track eating behavior. A heart rate monitor is used to determine exercise behavior
and an in-shoe weighing scale is use to measure the weight of the user. The Metabolic
Lancet is used to analyse blood and metabolic rates. All data is collected and anal-
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ysed on the iPhone and can be shared on social media like Facebook and Twitter. The
effectiveness of the Fit4Life application is measured in a nine week user evaluation
where users should meet their ideal Body Mass Index (BMI). The design and imple-
mentation of the Fit4Life application is based on persuasive technology and obesity
research literature and their implementations and recommendations. Fit4Life is pre-
sented as a fictional and critical design of a persuasive application. The goal of the
authors was to explore the ethical and conceptual limits of persuasive computing.
The authors see persuasive computing as conceptualising itself in terms of structured,
rational approaches to optimising individual behavior, frequently for goals not chosen by
the individual [PSW+11]. Three critical issues are made by the authors. The first one
is the fact that persuasive computing raises issues around the borderlines between en-
couragement, persuasion, and coercion and especially with who should be in control
of individual behavior and goals. The second issue is the fact that persuasive comput-
ing is seen as participating and reinforcing cultural trends (like the McDonaldisation
[Rit10] and Medicalisation [Dev13] of society) to control, rationalise and optimise
human behavior and health. The third and last issue is around control and surveil-
lance, and what kind of information is lost through the process of quantification (like
personal experiences and emotions).

Ethics from the Point of View of Philosophy

The field of philosophy of technology studies the nature of technology and its im-
plications. One of the strands of philosophy of technology is the instrumental view.
The instrumental view in the philosophy of technology sees technology as ethical and
morally neutral. Critics of the instrumental view object against it because any con-
crete application of technical means always have side effects. In the book “Technology
and the Lifeworld: From Garden to Earth [Ihd90] Ihde stated that all technology is non-
neutral. Even seemingly unobtrusive and ubiquitous technology have a non-neutral
mediating character because technology transforms experience. As an example Ihde
presents the example of wearing eyeglasses. Wearing eyeglasses transforms blurry ob-
jects into clear and sharp ones, which is appreciated by their users. This change does
not come without a price. First of all the user needs to take care of the eyeglasses
itself. Secondly wearing eyeglasses may effect how people behave in certain situa-
tions and glares, dust and water spots that appear on the glasses will make their users
aware of wearing eyeglasses. According to Ihde, “technologies transform experiences,
and that is one root of their non-neutrality”.

According to Oinas-Kukkonen “computer or software systems do not have intentions
on their own. Designers and developers of these systems and the people and organisations
that distribute the technology are the ones who have the intention to affect attitudes or
behavior” [OK10b]. In other words, computers and software systems can be seen as
neutral technology. The designers and developers of these system are the ones that
transform these technologies into non-neutral machines. This means that designers
and programmers of these modern technology are responsible for persuasion by using
the technologies and the (un)intended consequences of the use of these technologies.

The ethical aspects of the development and use of these modern technologies in
daily life are also discussed by Verbeek [Ver11, Ver09] in his book Moralizing Technol-
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ogy. He discusses the ethical aspects of designing and using ambient intelligence and
persuasive technology. Besides the usual discussions about privacy, reliability, and
safety risks, Verbeek discusses issues about agency, responsibility and freedom that
are relevant to persuasive technology. When technology tries to influence people’s
behavior, who and how do we decide if this is being done in an acceptable way, how
can we keep people responsible for their actions if they are a result of persuasive tech-
nology and are people free to opt out and stop using these technologies? Designers of
persuasive technology make decisions about the right or desired behavior, but users of
the technology are still responsible for their own decisions and behavior. Users of per-
suasive technology are guided to behave in the way the designers of the system had
decided which removes agency from the individual users [PSW+11]. Other issues are
regarding to the different stakeholders and consequences of persuasive technologies.
Different stakeholders are involved in the design and usage of persuasive technolo-
gies. From different perspectives of the stakeholders the persuasive technology can
have intended consequences, like a lower body mass index or an increase of the level
of physical activity, and unintended consequences, like stress or problems with peo-
ple’s self-image.

We have discussed ethical issues of persuasive technology from different points
of view. From the three different points of view it became clear that the designers
and developers of persuasive technology, moralizing technology and behavior change
support systems must assume responsibility for the ethical aspects of their designs.
Designers should help to shape ethical and moral decisions and practices. Designers
of persuasive systems make decisions about the right and desired behavior, but users
of the technology are still responsible for their own decisions and behavior.

When we look back to the Kristina coaching system with these ethical issues in
mind we can make some comments. First of all, when we look at the six issues pro-
posed by Fogg, the Kristina coaching system is a system that uses a virtual coach to
simulate the “golden standard” of face-to-face communication in behavior change.
The virtual coach was persistent in sending pro-active feedback messages which re-
sulted in participants that ignored these messages. We tried to use emotional cue
while presenting feedback messages by using a virtual human as part of the user
interface of the system. Results from the user evaluation studies showed these emo-
tional cues did not affect the user perception of the system. The positive reputation
of technology and computer systems could result in a belief that technology and com-
puter systems are always right and users just follow the commands of these systems.
During the interview users noted that the measurements and the feedback messages
were not always correct and that they ignored the feedback from the system.

From the results of the different user evaluations in this thesis we see a differ-
ence in user perception between the diabetes type II patients and the (healthy) office
workers. This difference in user perception between the two target groups will also
influence how the users experience the ethical and moral issues discussed in this sec-
tion. We will discuss some examples which will show these differences. Diabetes type
II patients used the coaching application as a kind of support system to deal with and
control their disease. They were aware of their problems related to medication intake
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and physical activity and accepted the coaching system (the feedback messages and
sensors) more easily. Healthy office workers are much more critical about the coach-
ing system. Most of them stated that they would not want to use a coaching system
to increase the level of physical activity because they did not have any problem with
their current level of physical activity and saw the coaching system as a nice gadget.
This difference in use of the system also influenced the way in which the users would
deal with potential privacy issues. The difference in use also makes it likely that dia-
betic patients are more conscious that they need to have a healthy lifestyle, and take
their medication on time. Therefore, they probably had a bigger interest or at least
were more conscious of their interest in such behaviour change support system. It
is therefore likely that they are more willing to give up privacy, because they gained
more advantages from giving up privacy compared to the non-patient office workers.

Two other observations made during the user evaluations have to deal with the
responsibility for decisions and behavior. We saw several examples where participants
used the system in their own way because of several reasons. Participants deliberately
used the system in a different way when they realised that they were not able to
reach their daily goal because of other activities or appointments. In these cases the
participants used the system more as a monitoring system and tried to perform the as
well as possible without reaching their goal. The same observation was made when
participants had the impression that their goal was set too high (goals were set after
the assessment week and could be reset in the third week when participants over
or under performed). Participants indicated that in these cases they set their own
goals, outside of the coaching system. Participants used the system to monitor their
progress and whether they meet their own goals. A remarkable example was one
participant (office worker) who used the system in her own way because of health
problems. The participant needed to increase the level of physical activity, which
was the motivation to join the experiment. During the interview she indicated that
she had tried to use the coaching system in the way it was intended. She changed
daily routines by introducing lunch walks and taking the stairs. On days when health
problems forced her to take it easy, she ignored the feedback messages presented by
the system but kept using the activity monitor to see her progress of that day. At the
end of the evaluation the daily goals were too high. Trying to meet that goal resulted
in health problems which made her decide to ignore the feedback and use the system
to monitor her own set goals. The examples presented above seem to support the
remark by Verbeek that designers of persuasive systems make decisions about the
right and desired behavior, but users of the technology are still responsible for their
own decisions and behavior.
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7
Conclusion and Future Work

This thesis has explored the human computer interaction aspects of designing and
evaluating early stage health behavior change support systems. Different ways of
presenting feedback messages were compared to investigate the differences in terms
of user perception of the coaching system. In this chapter we will summarize the
contributions of this thesis and discuss directions for further research.

7.1 Contributions of this Thesis

In this thesis we focused on the techniques and principles from the field of human
computer interaction to design, implement and evaluate the Kristina coaching sys-
tem. We paid special attention to the effects on user perception when feedback was
presented in different formats.

Kristina is a multi-device coaching system. It uses data from different input de-
vices to measure physical activity and medication intake, overviews are available in
different output devices and feedback messages can be received on different devices.
Principles from the field of human computer interaction can contribute to the design
and the evaluation of early stage health behavior change support systems. Without
evaluation studies in the traditional clinical sense we were able to investigate the user
perception of the system and whether the system was supporting the users as it was
supposed to do. We presented the results of a context mapping study and two on-line
questionnaires. These results were input for a requirement analysis for the first pro-
totype of the Kristina system. We presented five user evaluation studies to investigate
differences in user perception between feedback messages presented in plain text or
by a virtual human.

Results from the different user evaluation studies showed that feedback messages
presented by a virtual human did not increase the user perception of the coaching
application when short and frequent messages were received on a smartphone. Feed-
back messages presented by a virtual human did increase the user perception of the
coaching application when weekly feedback messages were sent to a personal com-
puter or laptop. Results from the log data of the six week user evaluation study
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showed trends on the effects on performance and adherence. We found differences
between the control group and the text group on the number of uploads of physical
activity data and the level of physical activity. Participants from the text group showed
a higher number of physical activity data uploads compared to participants from the
control group. The level of physical activity of the participants of the text was higher
compared to the control group. Glanceablilty, enabling users to understand infor-
mation with low cognitive effort, is important when feedback messages are received
on a smartphone. The use of a virtual human does not satisfy the requirements of
glanceability.

7.2 Future work

The Kristina coaching system as described in this thesis is a prototype system. From
the results of the different user evaluation studies we can conclude that the system
is limited and its functioning far from perfect. In [odAKodA+13] we identified six
areas where coaching systems in general and the Kristina system in particular can be
improved. In this section we will discuss how to improve the working of the Kristina
coaching system, the content and presentation of feedback messages and the user
evaluation studies.

The Coaching System

To support better coaching a coaching system should be a real-time coaching system
that uses real-time sensors. The activity sensor used in the Kristina system did not
provide real-time activity data to the virtual coach, which resulted in inappropriate
feedback messages, mostly at the end of the day. The availability of real-time sensor
data increases the opportunities for smart coaching. When real-time sensor data is
combined with data from other sensors and context information of the user, the tim-
ing and content of the feedback messages can be improved. Data fusion, advanced
machine learning algorithms and state-of-the-art context analysers, such as LifeLiner1,
would make it possible to collect information from daily routines of the users and pro-
vides a quick and easy way to examine the life patterns. These patterns and results
from data fusion could be used to present feedback messages at the right moment in
time and to adapt the way in which the feedback is presented.

The support of multiple output devices to interact with the system and to present
feedback messages were not fully exploited in the user studies. As a proof of concept
we implemented a multi-device prototype system of the Continuous Care & Coaching
Platform [Wie12]. This coaching system supported a smartphone, PC and a public
screen at a coffee machine. Feedback messages can be presented on all three de-
vices and users could complete questionnaires on these devices. The system selected
the most appropriate device based on the location of the user. The content and pre-
sentation format were adapted based on the capabilities of the selected device. The
interaction with the system could switch seamlessly between the devices. This proof
of concept was evaluated in a small technical and usability study with six participants.

1http://cauit.erve.vtt.fi/lifeliner/
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A larger user evaluation study is needed to investigate the effects on user perception
of a coaching system that can support multiple output devices.

Feedback Messages

The feedback messages in the Kristina coaching system were general and short mes-
sages reflecting the progress of the activity program, reminders and small tips. These
feedback messages were presented in plain text or by the virtual human. The content
of the messages were based on weekly email conversations between human coaches
and users of an activity coaching program. Both the presentation and the content of
the messages could be improved in future work. The content of the feedback mes-
sages could be personalised to prevent less general feedback. Applying techniques
from the field of psychology and natural language processing could be used to gen-
erate varying and relevant content of feedback messages. The integration of context
information, such as time, location, sensor data, weather, and user preferences will
result in more specific and suitable feedback messages [odA14].

The virtual human who presented the feedback messages was limited in its realism
in terms of behavior and appearance. The design and appearance of the embodiment
of the PictureEngine should be improved. The appearance and design should suit
its task. The virtual humans can represent different roles, such as a doctor, buddy
or coach which will influence the design and appearance of the virtual human. The
supported interaction and behavior of the virtual human should be further devel-
oped. The type of interaction supported by the virtual human in the user evaluation
studies does not fit the type of feedback messages presented by the coaching sys-
tem. Text messages were preferred by the users mainly because of reasons related
to glanceability. Indications were found that weekly overviews presented by a virtual
human on a PC were preferred by the users compared to textual email overviews.
Other typical interactions supported by virtual humans, such as dialogue and ques-
tion/answering systems should be further developed on different output devices. As a
proof of concept, Google’s voice recognition was integrated into the PictureEngine to
support simple question/answering dialogues between the virtual coach and the user
of the coaching system.

User Studies

The participants of the different user evaluation studies presented in the thesis were,
except from the diary study with five diabetes type II patients, office workers who
were invited to participate in one of the experiments. Motivation to participate in the
experiment can differ from the motivation to use a coaching system. The diabetes type
II patients used and evaluated the system in a different way compared to the office
workers. From interviews it became clear that, according to the participants, the need
and intrinsic motivation to use a coaching system is important and will influence
the user perception of the coaching system. An improved version of the Kristina
coaching system should be evaluated with participants who are in the action stage of
the transtheoretical model or are motivated to use a coaching system. An example
of a next user evaluation study is a larger and longer user evaluation with recently
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diagnosed diabetes patients in cooperation with the hospital Gelderse Vallei. The
goal is to investigate the user perception of the coaching system, the possible positive
effects of adding a virtual human to the user interface of a coaching application, and
to investigate how a coaching system could fit into an existing management program
for diabetes patients.



Part IV

Appendix
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A
Quality of Coaching Questionnaire

nooit altijd
1) Mijn coach geeft advies over hoe ik onder
druk of in moeilijke situaties kan presteren.

◦ ◦ ◦ ◦ ◦ ◦ ◦

2) Mijn coach geeft advies over hoe ik kan
doorzetten.

◦ ◦ ◦ ◦ ◦ ◦ ◦

3) Mijn coach geeft advies over hoe ik
vertrouwen kan blijven houden in mijn
vaardigheden.

◦ ◦ ◦ ◦ ◦ ◦ ◦

4) Mijn coach geeft advies over hoe ik positief
over mezelf kan blijven.

◦ ◦ ◦ ◦ ◦ ◦ ◦

5) Mijn coach geeft advies over hoe ik gericht
kan blijven (op mijn activiteitsdoelen).

◦ ◦ ◦ ◦ ◦ ◦ ◦

6) Mijn coach reikt me strategieen aan om mijn
doelen te halen.

◦ ◦ ◦ ◦ ◦ ◦ ◦

7) Mijn coach houdt mijn voortgang richting
mijn doel in de gaten.

◦ ◦ ◦ ◦ ◦ ◦ ◦

8) Mijn coach helpt me om kortetermijn-doelen
te stellen en actieplannen te maken.

◦ ◦ ◦ ◦ ◦ ◦ ◦

9) Mijn coach helpt me om richtdatums te
kiezen om (tussen)doelen te behalen

◦ ◦ ◦ ◦ ◦ ◦ ◦

10) Mijn coach geeft me ondersteuning om mijn
doelen te behalen.

◦ ◦ ◦ ◦ ◦ ◦ ◦

11) Mijn coach laat zien dat hij/zij me begrijpt. ◦ ◦ ◦ ◦ ◦ ◦ ◦
12) Mijn coach kan goed luisteren. ◦ ◦ ◦ ◦ ◦ ◦ ◦
13) Mijn coach is gemakkelijk benaderbaar
over eventuele persoonlijke die ik zou kunnen
hebben.

◦ ◦ ◦ ◦ ◦ ◦ ◦

14) Mijn coach laat zien dat hij/zij om me geeft
(dus ook andere aspecten van mijn leven en niet
alleen lichamelijke activiteit).

◦ ◦ ◦ ◦ ◦ ◦ ◦

15) Mijn coach kan ik mijn persoonlijke proble-
men toevertrouwen.

◦ ◦ ◦ ◦ ◦ ◦ ◦
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nooit altijd
16) Mijn coach gaat vertrouwelijk om met mijn
persoonlijke problemen.

◦ ◦ ◦ ◦ ◦ ◦ ◦

17) Mijn coach helpt me om mijn activiteit-
sprestaties te herkennen en te vieren.

◦ ◦ ◦ ◦ ◦ ◦ ◦

18) Mijn coach helpt me om motivatie en inspi-
ratie uit anderen te halen.

◦ ◦ ◦ ◦ ◦ ◦ ◦

19) Mijn coach helpt me te ontdekken welke
dingen het best voor mij werken om actiever te
worden.

◦ ◦ ◦ ◦ ◦ ◦ ◦

20) Mijn coach heeft de juiste kennis en
vaardigheden om goede coaching te geven.

◦ ◦ ◦ ◦ ◦ ◦ ◦

21) Mijn coach geeft coaching van goede
kwaliteit.

◦ ◦ ◦ ◦ ◦ ◦ ◦
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B
Results of Questionnaires

B.1 Quality of Coaching

Statement Mean text SD text Mean VH SD VH
- My coach gives me advice on how to
be mentally tough

2.94 1.43 3.33 1.76

- My coach gives me advice on how to
stay confident about myself

2.88 1.41 3.20 1.47

- My coach gives me advice on how to
stay positive about myself

3.00 1.50 3.20 1.74

- My coach gives me advice on how to
stay focused on my activity goals

3.18 1.38 3.60 1.50

- My coach helps me identify strategies
to achieve my goals

3.11 1.54 3.60 1.59

- My coach monitors my progress to-
wards my goals

4.41 1.70 4.93 1.22

- My coach helps me set short-term
goals

3.29 1.31 3.60 1.72

- My coach helps me identify target
dates for attaining my goals

3.11 1.36 3.33 1.54

- My coach provides support to attain
my goals

3.71 1.72 4.00 1.69

- My coach helps me to recognize and
celebrate my activity achievements

3.24 1.68 4.00 1.31

- My coach helps me to be motivated
and inspired by others

2.59 1.46 3.13 1.64

- My coach helps me to discover which
things help me to become more active

2.94 1.48 3.36 1.59

- My coach had the right knowledge
and abilities to give good coaching

3.29 1.21 3.33 1.48

- My coach gives coaching of good
quality

3.24 1.48 3.40 1.50

Table B.1: Results of the Quality of Coaching questionnaire halfway through the user evaluation
on a 5 point Likert scale.
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Statement Mean text SD text Mean VH SD VH
- My coach gives me advice on how to
be mentally tough

3.76 1.56 3.53 1.88

- My coach gives me advice on how to
stay confident about myself

3.52 1.37 3.60 1.59

- My coach gives me advice on how to
stay positive about myself

3.53 1.12 3.40 1.64

- My coach gives me advice on how to
stay focused on my activity goals

3.88 1.36 3.73 1.71

- My coach helps me identify strategies
to achieve my goals

3.94 1.64 3.80 1.82

- My coach monitors my progress to-
wards my goals

4.88 1.32 4.80 1.74

- My coach helps me set short-term
goals

4.00 1.46 3.80 1.82

- My coach helps me identify target
dates for attaining my goals

3.82 1.67 4.27 1.79

- My coach provides support to attain
my goals

4.17 1.55 4.00 1.77

- My coach helps me to recognize and
celebrate my activity achievements

3.88 1.22 4.40 1.72

- My coach helps me to be motivated
and inspired by others

3.35 1.17 2.87 1.68

- My coach helps me to discover which
things help me to become more active

3.76 1.48 3.67 1.68

- My coach had the right knowledge
and abilities to give good coaching

3.65 1.32 3.20 1.57

- My coach gives coaching of good
quality

3.94 1.34 4.07 1.33

Table B.2: Results of the Quality of Coaching questionnaire at the end the user evaluation on a 5
point Likert scale.
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B.2 Source Credibility Scale

Statement Mean text SD text Mean VH SD VH
- unreliable - reliable 4.12 1.58 4.67 1.29
- uninformed - informed 4.35 1.41 4.33 1.23
- unqualified - qualified 4.65 1.50 4.13 1.25
- unintelligent - intelligent 4.35 1.11 3.60 1.12
- worthless - valuable 4.29 1.57 4.27 1.10
- inexpert - expert 3.94 0.83 3.80 1.15
- dishonest - honest 4.35 1.41 5.07 1.10
- unfriendly - friendly 4.65 1.58 4.53 0.74
- unpleasant - pleasant 4.06 1.48 4.20 0.94
- unselfish - selfish 4.67 0.97 4.87 1.06
- awful - nice 4.29 1.40 4.00 0.85
- sinful virtuous 4.59 0.94 5.07 1.16

Table B.3: Results of the Source Credibility Scale halfway through the user evaluationon a 7 point
Likert scale.

Statement Mean text SD text Mean VH SD VH
- unreliable - reliable 4.64 1.27 4.67 1.11
- uninformed - informed 4.17 1.29 4.33 1.23
- unqualified - qualified 4.65 1.27 4.13 1.19
- unintelligent - intelligent 4.29 0.92 4.00 1.20
- worthless - valuable 4.29 1.21 4.13 1.36
- inexpert - expert 4.59 1.06 4.47 0.99
- dishonest - honest 4.53 1.23 5.33 1.11
- unfriendly - friendly 4.47 1.66 4.80 1.08
- unpleasant - pleasant 4.29 1.16 4.07 0.96
- unselfish - selfish 4.47 0.87 5.07 1.10
- awful - nice 4.00 1.46 4.53 1.18
- sinful virtuous 4.06 0.43 4.60 0.99

Table B.4: Results of the Source Credibility Scale at the end of the user evaluation on a 7 point
Likert scale.
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B.3 Technology Acceptance

Statement Mean text SD text Mean VH SD VH

PE - I find the system useful to be more active 4.12 2.03 4.27 1.67
- Using the system enables me to accom-
plish my goal to be more active

4.24 1.99 4.60 1.18

- Using the system I am more active 4.18 1.78 4.00 1.60

U
N

- Using the system would make it easier
for me to be more active

3.88 1.83 3.93 1.44

- I think the system is useful for me 3.65 2.00 4.47 1.73
- I would find it useful to have the system 3.59 1.97 4.13 1.68

FC - I have the resources necessary to use the
system

5.82 1.01 5.80 1.21

- I have the knowledge necessary to use
the system

5.35 1.27 5.40 1.35

PE
oU

- Learning to operate the system would be
easy for me

5.29 1.26 5.53 1.06

- I would find it easy to get the system to
do what I want it to do

4.00 1.70 4.20 1.57

- My interaction with the system would be
clear and understandable

4.47 1.74 4.73 1.71

- I would find the system to be flexible to
interact with

3.88 1.65 3.47 1.68

- I would find the system easy to use 5.06 1.20 5.07 1.62

IU - Would you like to continue to use the
system

3.47 2.03 3.93 1.79

T - I would trust the advice the system gives
me

3.06 1.20 3.20 1.01

A
da

- I think the system will help me when I
consider it to be necessary

2.59 0.87 2.93 0.80

A
nx

- I am scared to use the system 1.59 1.33 1.13 0.35
- I find the system intimidating 1.53 1.07 1.47 0.52
- If I should use the system. I would be
afraid to make mistakes of break some-
thing

1.59 0.87 1.53 0.92
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A
tt

- I think it is a good idea to use the system 3.00 1.54 3.40 1.06
- The system would make my life more in-
teresting

1.71 1.10 2.47 1.13

- Working with the system us fun 3.18 1.24 3.33 0.90
- I like working with the system 3.18 1.07 3.00 0.85

Table B.5: Results of the Technology Acceptance questionnaire halfway through the user evalua-
tion on a 5 point Likert scale.
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Statement Mean text SD text Mean VH SD VH

PE - I find the system useful to be more active 3.94 1.71 3.93 1.39
- Using the system enables me to accom-
plish my goal to be more active

4.29 1.79 4.27 1.58

- Using the system I am more active 4.00 1.70 3.93 1.44

U
N

- Using the system would make it easier
for me to be more active

4.00 1.41 3.73 1.44

- I think the system is useful for me 3.24 1.86 3.53 1.51
- I would find it useful to have the system 3.65 1.77 3.80 1.57

FC - I have the resources necessary to use the
system

5.59 1.06 5.33 1.50

- I have the knowledge necessary to use
the system

5.29 1.49 5.40 1.55

PE
oU

- Learning to operate the system would be
easy for me

5.41 1.54 5.73 1.03

- I would find it easy to get the system to
do what I want it to do

3.94 1.82 3.80 1.57

- My interaction with the system would be
clear and understandable

4.94 1.48 5.20 1.01

- I would find the system to be flexible to
interact with

3.47 1.46 3.47 1.46

- I would find the system easy to use 5.18 1.63 4.80 1.47

IU - Would you like to continue to use the
system

3.35 2.03 3.67 1.72

T - I would trust the advice the system gives
me

3.41 1.18 3.67 0.90

A
da

- I think the system will help me when I
consider it to be necessary

2.71 0.59 2.73 0.70

A
nx

- I am scared to use the system 1.35 0.61 1.33 0.62
- I find the system intimidating 1.65 0.93 1.53 0.74
- If I should use the system. I would be
afraid to make mistakes of break some-
thing

1.29 0.47 1.40 1.06

A
tt

- I think it is a good idea to use the system 3.18 1.33 3.13 1.13
- The system would make my life more in-
teresting

1.71 0.92 2.13 0.83

- Working with the system us fun 3.18 0.95 3.40 0.91
- I like working with the system 2.94 1.14 3.13 0.83

Table B.6: Results of the Technology Acceptance questionnaire at the end of the user evaluation
on a 5 point Likert scale.



150 | Chapter B

B.4 System Usability Scale

Statement Mean text SD text Mean VH SD VH
- I think that I would like to use this system
frequently

2.47 1.42 3.00 1.36

- I found the system unnecessarily complex 3.88 0.99 3.67 1.23
- I thought the system was easy to use 3.71 1.05 4.00 0.85
- I think that I would need the support of a
technical person to be able to use this system

4.06 1.09 4.33 0.98

- I found the various functions in this system
were well integrated

3.06 0.90 2.80 1.08

- I thought there was too much inconsistency
in this system

3.65 0.70 2.93 1.16

- I would imagine that most people would
learn to use this system very quickly

4.00 0.87 3.67 0.90

- I found the system very cumbersome to use 3.94 1.09 3.47 1.19
- I felt very confident using the system 3.25 1.03 2.73 1.03
- I needed to learn a lot of things before I
could get going with this system

4.12 0.93 4.07 1.03

Table B.7: Results of the System Usability Scale halfway the user evaluation on a 5 point Likert
scale.

Statement Mean text SD text Mean VH SD VH
- I think that I would like to use this system
frequently

2.82 1.38 2.67 1.29

- I found the system unnecessarily complex 4.00 0.94 3.67 1.29
- I thought the system was easy to use 3.71 0.92 3.87 1.13
- I think that I would need the support of a
technical person to be able to use this system

4.18 1.07 4.20 1.15

- I found the various functions in this system
were well integrated

2.82 0.73 2.53 0.83

- I thought there was too much inconsistency
in this system

3.41 0.71 2.87 0.92

- I would imagine that most people would
learn to use this system very quickly

3.76 0.83 3.87 1.13

- I found the system very cumbersome to use 3.24 1.15 3.60 1.45
- I felt very confident using the system 3.12 0.99 2.53 0.64
- I needed to learn a lot of things before I
could get going with this system

4.06 0.90 3.87 1.36

Table B.8: Results of the System Usability Scale at the end of the user evaluation on a 5 point
Likert scale.
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B.5 Godspeed

Statement Mean Text Mean VH

- fake - natural 2.65 (0.79) 2.13 (0.83)
- machinelike - humanlike 2.59 ((0.94) 2.00 (0.93)
- unconscious - conscious 2.71 (0.69) 1.87 (0.64)
- artificial - lifelike 2.59 (0.71) 1.80 (0.68)
- moving rigidly - moving elegant - 2.07 (0.70)
- dead - alive 3.00 (0.71) 2.33 (0.82)
- stagnant - lively - 2.27 (0.80)
- mechanical - organic 2.53 (0.72) 1.80 (0.86)
- artificial - lifelike 2.53 (0.72) 1.80 (0.68)
- inert - interactive 2.71 (0.85) 2.27 (0.88)
- apathetic - responsive 2.88 (0.93) 2.33 (0.90)
- dislike - like 3.12 (0.33) 2.93 (0.46)
- unfriendly - friendly 3.29 (0.92) 3.47 (0.74)
- unkind - kind 2.82 (0.53) 2.93 (0.46)
- unpleasant - pleasant 3.00 (0.79) 2.87 (0.99)
- awful - nice - 2.93 (0.59)
- incompetent - competent 3.18 (0.53) 2.80 (0.86)
- irresponsable - responsable 3.29 (0.69) 3.00 (0.38)
- unintelligent - intelligent 3.12 (0.49) 2.40 (1.12)
- foolish - sensible 2.94 (0.24) 3.07 (0.26)
- anxious - relaxed 3.24 (0.56) 3.47 (0.64)
- calm - agitated 3.35 (0.61) 3.73 (0.80)
- still - surprised 2.59 (0.62) 2.13 (0.74)

Table B.10: Results of the Godspeed questionnaire at the end of the user evaluation on a 5 point
Likert scale.

B.6 AttrakDiff2

Text halfway VH halfway Text end VH end
PQ 4.40 (1.15) 4.81 (1.15) 4.76 (1.23) 4.71 (1.29)
HQ-I 4.61 (1.14) 4.41 (0.98) 4.39 (0.92) 4.30 (0.89)
HQ-S 4.96 (1.31) 4.36(1.12) 4.49 (1.01) 4.30 (1.15)
ATT 4.45 (1.38) 4.68 (1.08) 4.56 (1.33) 4.50 (1.09)

Table B.11: Results of the four different constructs of the AttrakDiff2 questionnaire halfway
through and at the end of the user evaluation.
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Statement Mean text Mean VH
- fake - natural 2.34 (0.86) 1.87 (0.64)
- machinelike - human like 2.24 (0.90) 2.13 (1.19)
- unconscious - conscious 2.35 (0.79) 2.07 (1.10)
- artificial - lifelike 2.18 (0.95) 2.07 (0.88)
- moving rigidly moving elegant - 2.20 (0.68)
- dead - alive 2.71 (0.69) 2.20 (0.94)
- stagnant - lively - 2.13 (0.99)
- mechanical - organic 2.29 (0.85) 2.00 (0.65)
- artificial - lifelike 2.18 (0.81) 1.87 (0.74)
- inert - interactive 2.47 (0.87) 2.13 (0.83)
- apathetic - responsive 2.76 (1.03) 2.40 (0.83)
- dislike - like 3.00 (0.71) 2.87 (0.64)
- unfriendly - friendly 3.18 (1.01) 3.20 (0.86)
- unkind - kind 3.06 (0.75) 2.93 (0.59)
- unpleasant - pleasant 3.06 (0.90) 2.53 (0.92)
- awful nice - 2.60 (0.74)
- incompetent - competent 3.00 (0.50) 2.80 (0.68)
- irresponsable - responsable 3.24 (0.56) 3.07 (0.70)
- unintelligent - intelligent 2.82 (0.88) 2.47 (0.92)
- foolish - sensible 3.06 (0.24) 2.93 (0.59)
- anxious - relaxed 3.12 (0.33) 3.47 (0.74)
- calm - agitated 3.47 (0.72) 3.73 (0.88)
- still - surprised 2.53 (0.72) 2.07 (0.80)

Table B.9: Results of the Godspeed questionnaire halfway through the user evaluation on a 5
point Likert scale.
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[HKWE06a] M Heerink, BJA Kröse, BJ Wielinga, and V Evers. Studying the acceptance
of a robotic agent by elderly users. International Journal of Assistive Robotics



162 | Bibliography

and Mechatronics, 7(3):33–43, 2006.
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Abstract

In this thesis we have focused on the techniques and principles from the field of human com-
puter interaction to design, implement and evaluate the Kristina coaching system. We paid
special attention to the effects on user perception when feedback was presented in different
formats.

Kristina is a multi-device coaching system. It uses data from different input devices to
measure physical activity and medication intake. Overviews and feedback messages can be
received on different output. Principles from the field of human computer interaction can
contribute to the design and the evaluation of early stage health behavior change support sys-
tems. Without evaluation studies in the traditional clinical sense we were able to investigate
the user perception of the system and whether the system was supporting the users as it was
supposed to do. We have presented the results of a context mapping study and two online
questionnaires. These results were input for a requirement analysis for the first prototype of
the Kristina system. We have presented five user evaluation studies to investigate differences
in user perception between feedback messages presented in plain text or by a virtual human.

Results from the different user evaluation studies showed that feedback messages pre-
sented by a virtual human did not improve the user perception of the coaching application
when short and frequent messages were received on a smartphone. Feedback messages pre-
sented by a virtual human did improve the user perception of the coaching application when
weekly feedback messages were sent to a personal computer or laptop. Results from the log
data of the six week user evaluation study showed trends in the effects on performance and
adherence. We found differences between the control group and the text group on the num-
ber of uploads of physical activity data and the level of physical activity. Participants from
the text group showed a higher number of physical activity data uploads compared to par-
ticipants from the control group. The level of physical activity of the participants of the text
group was higher compared to the control group. Glanceablilty, enabling users to understand
information with low cognitive effort, is important when feedback messages are received on
a smartphone. The use of a virtual human does not satisfy the requirements of glanceability.

Samenvatting

In dit proefschrift hebben we gekeken naar aspecten binnen de mens machine interactie op
het gebied van gedragsveranderingssystemen. Gedragsveranderingssystemen zijn informatie
systemen die zijn ontworpen voor het veranderen, het vormen of het versterken van gedrag
of een houding zonder gebruik te maken van misleiding of dwang.

Theorieën en methodes vanuit het veld van de mens machine interactie zijn gebruikt bij
het ontwerpen, ontwikkelen en het evalueren van het Kristina coaching systeem. Het Kristina
coaching systeem heeft als doel mensen te helpen en te motiveren een gezonde en gebal-
anceerd leven te leiden. Het systeem ondersteunt de gebruiker in zijn of haar dagelijks leven
door het continu monitoren en verwerken van data en het geven van feedback berichten op
momenten wanneer dat nodig is. In hoofdstuk 2 bespreken we gedragsveranderingssystemen.
We kijken naar de verschillende theorieën, modellen en richtlijnen die een rol spelen bij het
ontwerpen en ontwikkelen van gedragsveranderingssystemen en besteden speciale aandacht
aan de interactie tussen het systeem en de gebruiker. We introduceren virtuele karakters
waarmee gebruikers kunnen interacteren met computer systemen.

In hoofdstuk 3 bespreken we het ontwerp en de ontwikkeling van het Kristina coaching
systeem. Voor de ontwikkeling van het systeem hebben we een user centered design pro-
cess gevolgd. Potentiële eindgebruikers van het systeem zijn betrokken in verschillende fases
van het design proces. Het Kristina systeem richt zich op gezonde kantoormedewerkers en
diabetes type II patiënten. Kantoormedewerkers werden gemotiveerd en ondersteund om
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meer te bewegen (en minder te zitten) en diabetes type II patiënten werden gemotiveerd
en geholpen met het op tijd innemen van medicatie en meer te bewegen. Het systeem ge-
bruikt een 3D accelerometer om bewegingsactiviteit te meten een slimme pillendoos om med-
icatiegebruik te monitoren. Op basis van de input van de sensoren en de persoonlijke doelen
van de gebruiker presenteert het systeem feedback berichten. Deze feedback berichten bevat-
ten overzichten van de prestaties van de afgelopen week, herinneringen voor medicatie en het
doorsturen van activiteit data, berichten wanneer persoonlijke doelen behaald zijn en tips om
verder te gaan met het programma. De coaching applicatie is beschikbaar op PC, smartphone
en smartTV. De feedback berichten kunnen gepresenteerd worden in tekst of door een virtueel
karakter. Dit virtuele karakter maakt gebruik van verbale en non-verbale communicatie.

In hoofdstuk 4 en 5 bekijken we hoe we gedragsveranderingssystemen kunnen evalueren.
We bespreken relevante questionnaires en presenteren vijf verschillende gebruikersonder-
zoeken. In deze gebruikersonderzoeken vergelijken we de twee manieren waarop feedback
berichten kunnen worden gepresenteerd binnen het Kristina systeem. Binnen deze gebruik-
ersonderzoeken kijken we wat de effecten zijn op de perceptie van de gebruiker van het
systeem. Gebruikers hebben met verschillende versies ervan gewerkt in hun dagelijks leven.
De opzet (between/within subject design), de duur (een tot zes weken) en het aantal deel-
nemers (5 tot 43 deelnemers) verschilden tussen de verschillende gebruikersonderzoeken.
In de verschillende gebruikersonderzoeken is gekeken naar de effecten op user experience
(UX), credibility, usability en de kwaliteit van coaching wanneer berichten werden gepresen-
teerd in tekst of door een virtueel karakter. Vragenlijsten, interviews en het verzamelen van
log data zijn gebruikt om de verschillen in perceptie en gebruik van het systeem te meten.
Uit de verschillende gebruikersonderzoeken kunnen we concluderen dat het presenteren van
weekoverzichten op een PC door een virtueel karakter de kwaliteit van coaching positief kan
benvloeden in vergelijking met een weekoverzicht in tekst. Verder zijn er indicaties gevon-
den dat feedback berichten gepresenteerd door een virtueel karakter het coaching systeem
meer persoonlijk en interessanter kunnen maken. Frequente feedback berichten die gep-
resenteerd worden op mobiele apparaten moeten gepresenteerd worden op een glanceable
manier. Berichten moeten snel gelezen en begrepen kunnen worden. Het presenteren van
feedback berichten door een virtueel karakter is in strijd met het principe glanceability.

In hoofdstuk 6 bespreken we onze bevindingen en de tekortkomingen van het onderzoek.
We gaan in op ethische aspecten van gedragsveranderingssystemen vanuit de persuasieve
technologie, mens machine interactie en de filosofie van technologie. In hoofdstuk 7 presen-
teren we mogelijkheden voor verder onderzoek op het gebied van mens machine interactie
en gedragsveranderingssystemen.
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