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Chapter 1 

Introduction 

In order to develop an effective virtual coaching system for a healthy lifestyle, 
the person’s mind is an important factor: it is needed to understand his/her mental 
states and processes. In this context, making sense of mental processes is one im-
portant part of the story, but there are two additional dimensions which need to be 
explored and exploited to take optimal advantage of such systems, especially when 
the aim is to stimulate physical activity. One of them is understanding a person’s 
physical environment in which he/she performs his/her routine activities; this will 
help to understand the context of a person better, so that opportunities can be found 
to help the person to achieve a healthy lifestyle. Modern technology such as 
smartphone and wearables provides an opportunity to continuously monitor and 
capture the context of a person meaningfully and use this information in providing 
help and support. Another important dimension concerns the social context.  Over 
the years it has been realized that persons with a strong social network are more 
successful in developing and maintaining a healthy lifestyle (Wing & Jeffery, 
1999). An individual’s social environment also contributes to the development of a 
healthy lifestyle and behavioral choices affecting health. It has been found that a 
human unintentionally affects the emotions and intentions of other humans, hence a 
positive emotion or behavior of a person can be strengthened by identifying other 
people who are already positive towards a certain behavior, and displaying them to 
the person, for example, via social media.  

In this thesis, we investigate computational models of various mental process re-
lated to healthy lifestyle in the second part. In Part III, we focus on the modelling of 
social aspects. Based on this, the fourth part presents a prototype of the system that 
employs a computational model to predict the physical activity behavior. The work 
presented in this thesis is applied in two domains: one is in stimulating physical 
activity behavior and the other is mental health. Specifically, we investigate how the 
combination of computational models and other artificial intelligence techniques 
can contribute to mental support systems.  

The remainder of this first Chapter is organized as follows. Section 1.1 provides 
the context, relevance and the elements on which the work in thesis is built. Section 
1.2 describes the main research question and the various subquestions. The method-
ology used in thesis is elucidated in Section 1.3. A detailed outline of the thesis is 
given in Section 1.4 and overview of different parts of thesis are provided in Sec-
tion 1.5. 
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1.1 Motivation 

Healthy lifestyle is a goal of many people these days; For example, the lack of 
physical activity can lead to many kinds of mental and physical health issues. 
Avoiding stress or consequences of stress is another example, this can also be con-
sidered as part of maintaining a healthy lifestyle. Such risks can be reduced, for 
example, if an adult fulfills the requirement (according to recommendations of the 
WHO and other public health organizations) of at least 150 minutes of moderate or 
75 minutes of vigorous intensity physical activity per week, or a combination of 
both (Garber et al., 2011; “WHO | Global recommendations on physical activity for 
health,” 2010). One specific aspect of healthy well-being is avoiding depression. 
Daily life stress, for example work-related or related to family issues could lead to 
different kinds of depression. This is often ignored and can have serious conse-
quences as it is famously quoted that “Depression is a silent killer!”. It can lead to 
various kinds of psychological and social issues. According to one of the latest 
WHO’s fact sheet (“WHO | Depression,” 2017), around 300 million people are 
affected by depression and in several cases people may even commit suicide. One 
of the cost effective ways to prevent depression is to indulge in physical activity 
behavior. It is suggested that regular exercise can be an option to improve mood and 
cognitive function and can be considered for the treatment of anxiety and depres-
sion (Fox, 1999). Research shows that the baseline physical activity can help pre-
vent mild depression (Mammen & Faulkner, 2013) but on the other hand stress can 
also have a negative effect on physical activity behavior (Stults-Kolehmainen & 
Sinha, 2014). Another element could be to seek help in a person’s social network in 
order to reduce the negative effects of stressful situations. To strengthen such sup-
portive processes, innovative solutions based on modern technology can play an 
important role. 

A solution based on state of the art technology can be a cost-efficient way to ad-
dress the problems as described, for instance as compared to traditional ways (Bass, 
2011; Bosse, Gerritsen, & de Man, 2015). In today’s technological arena, for 
providing support, a deeper understanding of the mind and the cognitive, affective 
and social processes it addresses is required. For example, cognitive processes such 
as self-efficacy, goals, and outcome expectations play an important role in shaping 
one’s behavior toward a healthy lifestyle. Affective and social processes are also a 
crucial part of our mental activities and can play an important role in how we func-
tion mentally and how we behave. 

In this thesis, we develop an understating of mental processes by means of com-
putational models that could provide support and used to influence behavior in or-
der to achieve healthy lifestyle endeavors.  
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In the following sections, we discuss the background of several aspects that play 
a role in developing technological solutions for a healthy lifestyle. We start with a 
discussion of the role of mental processes, than we discuss the social aspects, and 
finally we describe trends related to wearable technology and self-monitoring. 

1.1.1 Mental process 

Emotions play an important role in an individual’s mental health, problems in 
emotion regulation are related with many kinds of clinical conditions (Berking & 
Wupperman, 2012; Sheppes, Suri, & Gross, 2015). Difficulties in emotion regula-
tion strategies are associated with many kinds of mental health problems, such as 
depression (Joormann, Siemer, & Gotlib, 2007), anxiety disorder (Cisler, Olatunji, 
Feldner, & Forsyth, 2010), substance related disorders (Kober & Bolling, 2014). 
For example, it has been found that recurring events triggering stressful emotions 
have a bad influence over time on mood and can easily lead to depression when 
subjects are vulnerable to that (Kessler, 1997; Monroe & Harkness, 2005). Proper 
handling of negative emotions, for example relating to stress and anxiety help us to 
perform our daily life activities in an efficient manner, and take care of not becom-
ing vulnerable to stress-related disorders such as depression or PTSD (Brewin, An-
drews, & Valentine, 2000). Besides that, emotions also have a social function 
(Gross, 1998) and play an important role in decision making processes (Loewen-
stein & Lerner, 2003). It has been found that social phenomena such as social sup-
port and perception of it can help people in a social network to overcome 
stress(Cohen & Wills, 1985) and depression(Frasure-Smith et al., 2000). Because 
emotions are an important building blocks of a computational model that could 
capture the understanding of human functioning, two of the emotion phenomena, 
i.e. emotion regulation and emotion contagion are explored and studied in this the-
sis in detail. However, also other mental aspects such as self-efficacy are considered 
very important for a healthy lifestyle such as physical activity behavior. 

1.1.2 The	Role	of	Social	Networks	and	Social	Media	

Social processes play a key role in health behavior. Several aspects of it are rel-
evant for achieving a healthy lifestyle. It has been shown that people become more 
successful in maintaining a healthy lifestyle when they are integrated to their social 
context (Wing & Jeffery, 1999; Zimmerman & Connor, 1989). Moreover, the num-
ber and strengths of social ties can have positive effects on mental and physical 
health of a person (Umberson & Karas Montez, 2010). Social networks can be uti-
lized in a number of ways to influence the behavior of individuals   e.g. social sup-
port, comparison, social control (Thoits, 2011; Umberson & Karas Montez, 2010) 
.As observed in (Kendall, Hartzler, Klasnja, & Pratt, 2011) people have already 
adopted social media to share health related information; this shows that social net-
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works possess a potential in providing support and help in achieving and maintain-
ing a healthy lifestyle; see also (McNeill, Kreuter, & Subramanian, 2006). Further-
more, interventions can be designed to target specific persons in the network. In 
addition, the social environment enables people to compare their physical activity 
achievements with their peers or to seek social support from them. Within online 
social networks based on social media, this is commonly implemented via leader 
boards with achievements, building on the theory of social comparison (Suls & 
Wills, 1991). 

 Social phenomena  1.1.2.1

One of the important aspects of a social network is that it forms a basis for dif-
fusion or contagion processes, for example, for diseases, information, innovations, 
opinions, emotions, behavior and lifestyle (Coviello et al., 2014). As discussed 
earlier, a person’s social context plays an essential role in helping the person to 
develop and maintain a healthy lifestyle. Adopting a healthy lifestyle, for example, 
includes achieving a fitness level, to have a better mood, avoid social isolation (e.g., 
among elderly people) or for general well-being. The diffusion of these phenomena 
does not only occur in a face to face contact but it is also possible in case of an 
online social network based on social media (Coviello et al., 2014; Kramer, Guillo-
ry, & Hancock, 2014). There are a number of mechanisms by which a social net-
work helps to achieve the goal of a healthy lifestyle. Understanding these mecha-
nisms could provide an opportunity to exploit the power of social media and 
achieve the desired goal of a healthy lifestyle. 

 One of the ways in which a goal can be achieved is by social comparison.  In 
today’s world of ubiquitous social media it is common for people to compare their 
abilities, opinions (or other traits) with their friends, colleagues and relatives. Social 
comparison is an important tool that people often use to perform self-evaluation. 
For example, in the context of achieving a desired fitness level social comparison 
provides a sense of competition which some people like to have. 

 Social support which is also sometimes addressed as peer support is not a new 
phenomenon, it has been studied extensively how social support can help people in 
stress and depression (Cobb, 1976). Social media such as Facebook, also are ex-
plored to see whether they could be helpful as support systems and whether per-
ceived social support can be related with decreased stress; it turns out that social 
media indeed help in this regard (Frison & Eggermont, 2015; Nabi, Prestin, & So, 
2013). 
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 Social Network Interventions  1.1.2.2

There are many properties of real world social networks that can be exploited to 
design the interventions that targets the structure of the social network of a person 
rather than directly influencing the person for behavior change. Valente  describes 
network intervention as “the process of using social network data to accelerate 
behavior change or improve organizational performance” (Valente, 2012).  He 
describes four categories of network interventions. Individuals are identified in a 
network to act as leaders of change, based on a voting system or some algorithm 
(e.g., using centrality); those nodes are identified which can promote behavior 
change. Segmentation focuses on a group of people to deliver the intervention rather 
than focusing on an individual. Induction is another type of intervention in which 
the focus is peer-to-peer interaction: the initial set of people who are identified as 
being influential are called seeds and then these individuals ask their family and 
friends to adopt the new behavior. The last category is referred to as alteration; 
unlike the other three strategies this strategy exploits the network dynamics by uti-
lizing different techniques for example updating vertices and edges of a network or 
modifying the strengths of connections in a network. Moreover, in (Valente & 
Pumpuang, 2007) various kinds of strategies are suggested to find the nodes in a 
network that are important to achieve a behavior change in the group. These strate-
gies focus on persons in the network with larger numbers of connections, as they 
may affect many others. These kinds of people are usually famous in their respec-
tive fields, such as celebrities, opinion leaders or experts in a certain field. In anoth-
er work (Borgatti, 2006), the network structure is used to find the important players 
that can help in propagating an innovation  throughout the network . In (Valente, 
2010, 2012) more can be found about network interventions.   

1.1.3 Self-monitoring 

Self-monitoring is not a new phenomenon, it is a very important concept in the 
field of behavioral psychology and is considered a positive determinant of health 
behavior. People can monitor their health behavior, for example, blood pressure, 
blood glucose, weight, or sleep patterns by keeping a diary. These days such aspects 
are often monitored digitally and referred to in the literature as self-tracking. Wear-
able devices have become an integral part of health intervention programs. The 
current paradigm for digital health interventions encompasses using one or more 
wearable sensors, a smart phone, and a solid theoretical foundation which can make 
sense of the data collected through sensors; based on the data personalized feedback 
is provided to the person. 
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 Wearables 1.1.3.1

The history of pedometers may be traced back to Leonardo da Vinci who put 
forward the vision of a pedometer for military purposes (Bassett, Mahar, Rowe, & 
Morrow, 2008). However, the first pedometer that gained popularity dates back to 
1965 when the Manpo-kei was created, and a daily amount of 10,000 steps was 
recommended. The name “Manpo-kei” of that pedometer translates into 10,000 
steps meter (Hatano, 1993). Since then the sensor technology has evolved  much 
more and these days we have very modern sensors available which record a number 
of physiological aspects. Nowadays a variety of wearable devices is available, 
which results in tremendous amount of data. Perhaps, this surging of devices, wear-
ables and smart home appliances, would touch a figure between 19 billion and 40 
billion by 2019 (Castillo & Thierer, 2015). As a result new applications, paradigms 
and techniques are becoming possible which show a great potential for personalized 
health. For the huge amounts of data generated by these devices, big data analytics 
can be used to detect early signs of diseases and therefore prove to be an important 
step towards preventive and personal health systems. This strengthens the idea to 
empower individuals and to understand their health by reflecting on systems which 
measure almost every physiological aspect one can think of. It is considered that 
wearables will play a crucial role, especially in the context of preventive medicine 
(Swan, 2009).  

Initially trackers were simple for one dedicated activity like step count but with 
growing advancements in the sensor technology more and more sensors are inter-
woven into a single tracker and hence a single tracker can track a number of body 
measurements; this trend could still grow with the advent of smart watches and 
smart glasses. Perhaps smart watches and glasses provides opportunity to develop 
less obtrusive apps as compared to the apps on smartphones. One of the visions of 
ambient intelligent systems is to make objects in a person’s environment respon-
sive. Furthermore, the Internet of Things provides a paradigm offering the oppor-
tunity to extend the ambient intelligence vision in the sense that these objects in the 
environment can also communicate through Internet and share information and 
knowledge (Dohr, Modre-Opsrian, Drobics, Hayn, & Schreier, 2010; Jara, Zamora, 
& Skarmeta, 2011).  

 The practice of self-tracking 1.1.3.2

These sensors are changing our sense of self which leads to new ideas and terms 
such as quantified-self, self-tracking, personal effects, personal informatics which 
are becoming increasingly popular lately. The quantified-self is essentially a prac-
tice of tracking one’s own data regarding different aspects of one’s physiological 
and psychological states. People who are engaged in a quantified-self are interested 
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to know their diseases or abnormalities better by continuously tracking themselves, 
others may be interested to self-manage and organize their daily life, monitoring 
some chronic condition, or exploring new tools or natural curiosity (Swan, 2012). 
The vision of quantified-self is extended to collect both qualitative and quantitative 
measures such as data about moods, emotions and other psychological states (Swan, 
2012, 2013). The quantified self does not only help to accomplish a certain goal 
such as physically be more active or being in a good mood, but it also empowers an 
individual to be more self-aware and conscious about oneself and to know oneself 
better. Different kinds of hardware (wearables) and software (apps) tools can be 
employed in the self-tracking process (Choe, Lee, Lee, Pratt, & Kientz, 2014). Fur-
thermore,  the self-experimentation is not very sound in terms of scientific methods 
(Choe et al., 2014).  

As described above, people that indulge are interested in self-recording of their 
personal information encounter many kinds of problems and with the passage of 
time, if these problems are not addressed the self-motivation could decrease and as 
a result people stop using the system or device. In order to address some of the 
problems and to design better personal informatics systems a model was proposed 
which consists of five stages (Li, Dey, & Forlizzi, 2010). Furthermore, in their next 
article they emphasize the importance of ubiquitous technology in the self-
discovery and whether an individual is required to get motivation in terms of timely 
feedback by providing them alerts so that he/she can reach their desired goal (Li, 
Dey, & Forlizzi, 2011).   

Generally these systems and ideas may help people to become more aware about 
their health and lifestyle but the real question arises to what extent they would help 
people to achieve their goals (if there is a one!), adapt a more healthy lifestyle. As 
pointed out, some of the drawbacks of these kinds systems include, lack of evidence 
based scientific theories and required feedback. Maintaining a healthy lifestyle is a 
difficult task, even in this technological era in which we are surrounded by many 
types of gadgets that aim at supporting this. If used in innovative ways, phenomena 
such as the quantified-self hold great potential to steer an objective (concerning 
healthy lifestyle) in the right direction and let a greater number of people benefit 
from it. However, this requires the right choices about a way in which technology is 
embedded in these programs. For example, simply using a wearable device alone 
will not suffice to achieve behavior change (Patel, Asch, & Volpp, 2015). Sustain-
ing a new behavior for a longer period of time, other important elements are re-
quired e.g. evidence-based techniques such as goal setting and timely feedback, a 
supportive social environment and/or enabling people in a social network to com-
pare their goals/objectives. Therefore, in this thesis we investigate these elements; 
based on these ingredients the presented system prototype was built. 



10  Chapter 1 

 

1.2 Research Questions  

In this section the research questions addressed in this thesis are discussed. In 
order to understand the relationship among the different research questions, and in 
particular how the main research question relates to other, more refined questions, 
they are organized in an hierarchical form. This structure also helps the reader who 
wants to focus on some specific parts of thesis. The following table gives the over-
view of different research questions addressed by various Chapters and Parts of the 
thesis.  

 

Research question(s) Part(s) Chapter(s) 
1 II 2, 3, 4, 5 

1.1 II 2 
1.2 II 3,4 
1.3 II 5 

2 III, IV 6, 7, 8, 9 
2.1 III 6 
2.2 III 7 
2.3 III 8, 9 
2.4 IV 10, 11, 12, 13 

 
The research reported in this thesis addresses how knowing more about process-

es in the mind and modern ICT-technology together can be exploited to achieve a 
healthy lifestyle; it can be formulated as the following general research question:  

1.2.1 Main Research Question 

How can knowledge and theories from the fields of cognitive, affective, social and 
neuro sciences, and state of the art technology based on smartphones, social me-
dia and wearables technology be combined to support a healthy lifestyle?  

Here a healthy lifestyle can concern both physical and mental health. This gen-
eral research question poses a global challenge which has many facets. The first part 
of the question concerns investigation of knowledge and theories from the fields of 
Cognitive, Affective and Social Sciences, and Cognitive, Affective and Social Neu-
rosciences. In this respect theories related to emotion regulation, generation, conta-
gion and other theories that can be related to health are studied. Based on these 
theories computational models are developed and evaluated by simulation and/or 
verification (by mathematical analysis). The evaluation process helps to recognize 
the vulnerabilities and potential bugs which can lead to erroneous model behavior. 
These models are developed by keeping in mind the healthy lifestyle domain. How-
ever, they are not strictly domain specific and could be applicable to other domains 
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as well. The first part of the question is also answered by further exploration of 
theories of social contagion and validation of those models in the empirical sense. 
The second part of this research question addresses the more technical aspect which 
include the implementation of a virtual coaching system. The implementation part 
addresses how such kind of system can be developed based on modern technologies 
such as wearable sensors, social sensors, and smartphones, and combining those 
technical aspects with evidence-based research.  

The main research question was broken down into the following more specific 
questions that will be discussed one by one. 

Research Question 1	
What domain knowledge and domain theories describe processes that can con-
tribute to adopting a healthy lifestyle and can be used in a computational context?  

Healthy lifestyle is a broad term which involves choices about a more active 
lifestyle, healthy eating habits, better sleep quality, or overcoming stress and stress-
related behavior. These involve various mental and cognitive processes. To under-
stand their role, conceptual and computational models are developed. Different 
theories are addressed computationally: theories about emotion generation, emotion 
regulation and mood dynamics are addressed in Research Questions 1.1 and 1.2, 
and  the social cognitive theory and the theory of self-regulation in Research Ques-
tion 1.3.  

Research Question 1.1  
How can we computationally model emotion regulation and its interaction with 
depression? For example, how can emotion regulation help an unstable person to 
avoid depression and help postpone it for a very unstable person? 

This question is addressed in Part II. In Chapter 2 the presented computational 
model integrates and captures  three affective phenomena: mood dynamics, emotion 
generation and emotion regulation dynamics. A brief account is provided here dis-
cussing how a computational model can be developed that models these processes. 
Emotion regulation is a process based on a set of regulatory strategies used by per-
sons to down-regulate their negative emotions or to up-regulate their positive emo-
tions (Gross, 1998, 2001). The focus in Chapter 2 is on a cognitive reappraisal (re-
interpretation) strategy, that involves changing the way one interprets a stimulus or 
situation by altering the semantic representation of an emotional stimulus in order to 
reduce the influence of such a stimulus.  

Usually more than one regulation strategy can be applied. For a given situation, 
the selection of specific regulation strategies may partly depend on personal charac-
teristics but also on the particular situation. Chapter 3 and 4 explore in more detail 
how selection of different emotion regulation strategies is dependent not only on a 
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particular situation but also on other aspects of a personality, such as specific per-
sonality characteristics and the sensitivity of the emotion and feeling generation for 
a certain negative event. It is further analyzed how a process of emotion regulation 
can help persons maintain a healthy mood in case of the occurrence of stressful 
events that recur from time to time or even continuously. The model incorporates an 
earlier model of mood dynamics and a model for the dynamics of emotion genera-
tion and regulation incorporating different regulation strategies. Example model 
simulations are described that illustrate how adequate emotion regulation skills can 
avoid or delay development of a depression. The presented computational analysis 
shows how regulation of stressful emotions helps unstable persons to avoid a de-
pression, and to postpone it in very unstable persons. 

Research Question 1.2  
How can emotion regulation strategies be combined and what is the role of deci-
sion making in the context of the choice for specific emotion regulation strate-
gies?  

Usually more regulation strategies can be applied. For a given situation, the se-
lection of specific regulation strategies may partly depend on personal characteris-
tics but also on the particular situation. Chapter 3 and 4 explore in more detail how 
the selection of different emotion regulation strategies is dependent not only on a 
particular situation but also on other aspects of a personality, such as specific per-
sonality characteristics and the sensitivity of the emotion and feeling generation for 
a certain negative event. Given a stressful situation, humans often apply multiple 
emotion regulation strategies. One of the motivations behind proposing this type of 
model is that some of the empirical work, such as (Heiy & Cheavens, 2014), sug-
gests that implementing one strategy may not be enough to get the negative emotion 
experience lower. For example, in the occurrence of a high intensity emotion a 
strategy like reappraisal may not immediately help a person to decrease emotion 
intensity, but a strategy based on situation modification or attentional deployment 
would help on the spur of the moment, and later on a strategy based on reappraisal 
could be used to further lower the intensity. An important but often neglected part 
of the emotion regulation process is a decision making process determining under 
which circumstances different strategies are selected (Gross, 2015). In chapter 4 we 
explore the possibility that which strategy is applied depends on a number of fac-
tors, such as a person’s context, an internal monitoring and assessment concerning 
the person’s feeling intensity, and the individual characteristics or preferences. The 
role of monitoring and assessment, and control mechanisms to recognize a type of 
negative emotion and to choose for one or more strategies have been explored com-
putationally. 
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Research Question 1.3 
What domain knowledge and domain theories related to behavior change can be 
used in a computational context?	 

Humans often live according to habitual behavior. Changing an existing behav-
ior or adapting to a new healthy behavior is not an easy task. There are number of 
things which are important when considering adapting  physical activity behavior, 
for example. A behavior is affected by various cognitive processes, for example 
involving beliefs, intentions,  goals, impediments. In Chapter 5 health behavior 
interventions are discussed that may be used in a coaching system. The model and 
the health behavior interventions are adopted here from previous work (Middel-
weerd A et al., 2017; Mollee & van der Wal, 2013). 

Research Question 2 
How to design, develop, and implement a health support system or coaching sys-
tem that combines strong evidence based on modern technology and theories and 
findings from social science and social neuroscience? Can social processes help 
in steering  a physical activity program? If so, how can a social network compo-
nent be part of such a kind of support system?  

The above research question is further detailed into the following sub-questions.  

Research Question 2.1 
What is the role of emotion regulation and contagion in socially affected decision 
making? 

A computational model was developed which integrates emotion-related valu-
ing, in order to analyze the role of emotions in socially affected decision making. 
The question addresses how decisions can be affected by regulating the emotions 
involved, and how these emotions are affected by emotion regulation and conta-
gion. The research question is addressed in Chapter 6. 

Research Question 2.2	
To which extent do different nodes in a network influence an individual in a sim-
ulated social network depending on the paths from one node to the other? Is it 
possible to identify and change specific connections in such a social network in 
such a manner that it has a positive effect on a targeted individual? 

This question is addressed in Chapter 6. An individual’s friends or family net-
work can play an essential role in helping that person to support and maintain a 
healthy lifestyle. This question addresses how network interventions can be de-
signed based on the knowledge of the social network structure and by embedding 
this knowledge in an application exploiting this knowledge and recommend people 
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in a network to have stronger or weaker connections with certain individuals. In this 
paper, a method for finding effective network interventions to influence specific 
individuals is proposed. The effect of these interventions was analyzed by simulat-
ing the diffusion of emotional values about intentions and goals in a social network. 
Experiments showed that changing connections closer to the target have a stronger 
influence than changing connections further from the target node. A comparison of 
the effect of the proposed network interventions with all possible network interven-
tions under consideration showed that they are among the most optimal possible 
interventions. Finally, it was shown that nodes with fewer connections are easier to 
influence. The proposed interventions could form the basis for a support system that 
focuses on affecting the social interaction between people in an online social net-
work. 

Research Question 2.3 
	Can a social network contribute to a behavior change towards a healthy lifestyle, 
and if so what kind of social phenomena play a role? 

This question was addressed in two steps: first by analyzing a large data set col-
lected in a health behavior intervention program. A detailed analysis of a data set of 
participants in an online physical activity promotion program was conducted.  It is 
important to understand which elements of these physical activity program are ef-
fective or could potentially accelerate the impact of these health promotion pro-
grams. Research has already revealed that being part of an online social network in 
a health promotion program is correlated with a higher level of physical activity 
(Groenewegen, Stoyanov, Deichmann, & Halteren, 2012). The first part of the work 
tests the hypothesis that whether participants in the community have higher levels 
of physical activity as compared to not being part of a community. The second part 
focuses on what kind of social phenomena could have caused it for example it could 
be social comparison, social support and social contagion. Social processes play a 
key role in health behavior. Several aspects of it are relevant for achieving a healthy 
lifestyle. It has been shown that people become more successful in maintaining a 
healthy lifestyle when they function within their social context (Wing & Jeffery, 
1999; Zimmerman & Connor, 1989). For example, if a person is vulnerable to adapt 
a certain kind of negative behavior, more positive people in that person's friendship 
network could be shown more prominently. Here we focus on social contagion and 
try to answer this question whether the increase in physical activity can be ex-
plained by social contagion. Social contagion can play a large role in shaping a 
certain kind of behavior in a social network (Christakis & Fowler, 2013). Our main 
hypothesis is that higher activity levels for the community can be partially ex-
plained by social contagion and partially by the effect of the health promotion pro-
gram.  
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Research Question 2.4	
How to design, develop, and implement a support system with the aim to encour-
age young adults to adapt a healthy behavior towards physical activity? 

a. How can we monitor travel behavior? 
b. What kind of functionality is required in such a system? 
c. What is the role of a computational model in such a system? 

This question and its sub-questions are addressed in Chapter 10 and Chapter 11. 
Choosing for active transport, such as cycling and walking, can contribute to an 
increase in activity. Fostering a change in behavior that prefers active transport 
could start with self-monitoring of travel choices. In chapter 10 it is discussed how 
we can derive from GPS data the actual travel behavior, as actual behavior is essen-
tial to give appropriate feedback (for example to use an active transport mode). 
Moreover, it is also discussed how to locate people's important places. The biggest 
challenge is to determine transition periods because of missing or inaccurate GPS 
readings that occur in real life settings. Virtual coaching is not a new phenomenon. 
It is referred by different names such as virtual training or smart coaching in the 
literature. Last two sub-question (b and c) are answered in Chapter 11. In Chapter 
11, the lessons learnt during the design, implementation and evaluation of the sys-
tem are discussed, as well as recommendations for further development and im-
provement. Monitoring travelling behavior could be one ingredient of such a sys-
tem. Furthermore, it is also discussed  how a computational model can be used in an 
intelligent coaching system. We believe that these insights will prove helpful to 
designers and developers of healthy lifestyle interventions, in order to produce ef-
fective and appealing coaching systems.  

1.3  Research Methods 

The methodology used includes mainly three methods. First, exploring the rele-
vant literature regarding different domain theories about various mental and social 
processes which can help to provide support in the context of a healthy lifestyle. 
The second method involves designing computational models based on these theo-
ries which can be simulated and predict relevant behavior. Thirdly, experimental 
work was done to validate the approaches.  

With respect to the second method, modeling mental processes has been done 
using a Network-Oriented Modeling approach based on networks of temporal-
causal relations (Treur, 2016). This network oriented modeling approach has been 
successfully applied in a wide variety of problem domains.  

This approach was used to address computational modeling of cognitive, affec-
tive and social phenomena. This is essentially a two-step process: first a conceptual 
representation is obtained for which the relevant states and the relationship among 
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them are identified depending on the problem domain, and next this is transformed 
into a numerical representation. For example, modeling an emotion generation pro-
cess would require to identify the concepts such as world state, sensor state, sensory 
representation state, emotional response preparation state and feeling state. This is 
called conceptual modeling, the resulting conceptual representation is usually dis-
played in a graphical form of a temporal-causal network where each state is repre-
sented as a vertex and the relationship between two states is formed by an edge. To 
this basic structure three types of labels are added, resulting in a labeled graph: 

 for each connection from state X to state Y  a weight X.,Y (a number between -1 
and 1), for the strength of the impact through this connection; a negative weight 
is used for suppression  

 For each state Y a speed factor Y (a positive value) and  
 For each state Y (a reference to) a combination function cY(…) used to aggregate 

multiple impacts from different states on one state Y 
 
A graphical conceptual representation can be converted into a matrix form, as 
shown in (Treur, 2016, Chapter 2).  

The conceptual representation is the basis for a numerical representation of the 
model. For a numerical representation of the model the states Y get activation values 
indicated by Y(t): real numbers between 0 and 1 over time points t, where the time 
variable t ranges over the real numbers. More specifically, the conceptual 
representation of the model can be transformed in a systematic or even automated 
manner into a numerical representation as follows [20]: 

 At each time point t each state X connected to state Y has an impact on Y defined 
as impactX,Y(t) = X,Y X(t) where X,Y is the weight of the connection from X to Y  

 The aggregated impact of multiple states Xi on Y at t is determined using a com-
bination function cY(..): 

 aggimpactY(t) = cY(impactX1,Y(t), …, impactXk,Y(t)) (1) 

 = cY(X1,YX1(t), …, Xk,YXk(t)) 

     where Xi are the states with connections to state Y 

 The effect of aggimpactY(t) on Y is exerted over time gradually, depending on 
speed factor Y:  

 Y(t + t) = Y(t) + Y [aggimpactY(t) - Y(t)] t (2) 

    or dY(t)/dt = Y [aggimpactY(t) - Y(t)]  

 Thus the following difference and differential equation for Y are obtained: 

 Y(t + t) = Y(t) + Y [cY(X1,YX1(t), …, Xk,YXk(t)) - Y(t)] t (3) 
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     or dY(t)/dt = Y [cY(X1,YX1(t), …, Xk,YXk(t)) - Y(t)]  

 
Often for all states for the combination function either the identity function id(..) or 
the advanced logistic sum combination function alogistic,(…) is used [20]: 

 cY(V) = id(V) = V    

 cY(V1, …Vk) = alogistic,(V1, …, Vk) =  (
	  	 	… 	

	
	   -  

	  ) (1 	e )   (4) 

Here  is a steepness parameter and  a threshold parameter. The advanced logistic 
sum combination function has the property that activation levels 0 are mapped to 0 
and it keeps values below 1. The identity function id(..) is often used for the states 
with a single impact. For all other states the advanced logistic sum combination 
function is often used.  

Simulations are performed by applying a computational simulation method to 
this numerical model representation, in a dedicated software environment. All the 
simulations  were performed within the MATLAB™ environment. 
 

1.4 Thesis outline 

The thesis consists of a combination of journal and conference papers. The fol-
lowing two subsections provide the list of different journal and conference papers. 
Most of the chapters in this thesis are directly derived from these papers, with the 
exception of Chapter 6 about exploring various theories regarding behavior change, 
which hasn’t been published before. For Chapters 2, 3, and 4 the extended journal 
versions are used.  

1.4.1 Journal papers 

Following is the list of journal articles listed from most recent to oldest: 

1. Klein, M. C. A., Manzoor, A., Middelweerd, A., Mollee, J. S., & te Vel-
de, S. J. (2015). Encouraging physical activity via a personalized mobile 
system. IEEE Internet Computing, 19(4), 20-27.  

2. Abro, A. H., Klein, M. C. A., Manzoor, A. R., Tabatabaei, S. A., & Treur, 
J. (2015). Modeling the effect of regulation of negative emotions on mood. 
Biologically Inspired Cognitive Architectures, 13, 35-47. 

                                                            

 For papers marked with an ‘*’ the following holds: all authors are in alphabetical 
order and all are regarded as having made an equal contribution to the work 
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3. Manzoor, A., & Treur, J. (2015). An agent-based model for integrated 
emotion regulation and contagion in socially affected decision making. Bi-
ologically Inspired Cognitive Architectures, 12, 105-120. 

4. Michel C. A. Klein, Adnan Manzoor, & Julia S. Mollee. (2017). Ac-
tive2Gether: A Personalized m-Health Intervention to Encourage Physical 
Activity. Sensors, (Smart Sensing Technologies for Personalised Coach-
ing). (a patent is filed for this work) 

1.4.2 Conference papers 

1. Manzoor, A., Mollee, J. S., Halteren, A. T. van, & Klein, M. C. A. (2017). 
Real-life validation of methods for detecting locations, transition periods 
and travel modes using phone-based GPS and activity tracker data. In N. 
T. Nguyen, G. A. Papadopoulos, P. Jędrzejowicz, B. Trawiński, & G. 
Vossen (Eds.), 9th International Conference on Computational Collective 
Intelligence, Transactions on Computational Collective Intelligence (Vol. 
10448, pp. 473–482). Springer. 

2. Manzoor, A., Abro, A. H., & Treur, J. (2016). Monitoring the Impact of 
Negative Events and Deciding About Emotion Regulation Strategies. In N. 
Criado Pacheco, C. Carrascosa, N. Osman, & V. Julián Inglada (Eds.), 
Proceedings of the 14th European Conference on Multi-Agent Systems, 
EUMAS’16 (Lecture Notes in Computer Science)  (Vol. 10207, pp. 350–
363). Springer. (received best paper award at the conference) 

3. Mollee, J. S., Araújo, E. F. M., Manzoor, A., van Halteren, A. T., & 
Klein, M. C. A. (2017). Explaining Changes in Physical Activity Through 
a Computational Model of Social Contagion. In B. Gonçalves, R. 
Menezes, R. Sinatra, & V. Zlatic (Eds.), Workshop on Complex Networks 
CompleNet, Complex Networks VIII (pp. 213–223). Cham: Springer In-
ternational Publishing. https://doi.org/10.1007/978-3-319-54241-6_19. 

4. Manzoor, A., Mollee, J. S., Aráujo, E. F. M., Halteren, A. T. V., & Klein, 
M. C. A. (2016). Online Sharing of Physical Activity: Does It Accelerate 
the Impact of a Health Promotion Program? In In Z. Cai, R. Angryk, W. 
Song, Y. Li, X. Cao, A. Bourgeois, G. Luo, L. Cheng, B. Krishnamachari 
(Eds.) 2016 IEEE International Conferences on  Social Computing and 
Networking (SocialCom) (pp. 201–208). https://doi.org/10.1109/BDCloud-
SocialCom-SustainCom.2016.40. 

5. Abro, A.H., Manzoor, A.R., Tabatabaei, S.A., and Treur, J., A Computa-
tional Cognitive Model Integrating Different Emotion Regulation Strate-
gies. In Olivier L. Georgeon (Ed.), Proceedings of the Sixth International 
Conference on Biologically Inspired Cognitive Architectures, BICA'15. 
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Procedia Computer Science, vol. 71, pp. 157-168. Elsevier Publishers, 
2015.  

6. Abro, A.H., Klein, M.C.A., Manzoor, A.R., Tabatabaei, S.A., and Treur, 
J., A Computational Model of the Relation Between Regulation of Nega-
tive Emotions and Mood. In: Loo, C.K., Keem Siah, Y., Wong, K.K.W., 
Beng Jin, A.T., Huang, K. (eds.), Proceedings of the 21th International 
Conference on Neural Information Processing ICONIP'14,. Lecture Notes 
in Artificial Intelligence, Springer Verlag, Lecture Notes in Computer Sci-
ence, vol. 8834, 2014, pp. 59-68. 

7. Klein, M., Manzoor, A., Mollee, J., & Treur, J. (2014, August). Effect of 
changes in the structure of a social network on emotion contagion. In Pro-
ceedings of the 2014 IEEE/WIC/ACM International Joint Conferences on 
Web Intelligence (WI) and Intelligent Agent Technologies (IAT)-Volume 
03 (pp. 270-277). IEEE Computer Society.  

8. Manzoor, A.R., and Treur, J., Modelling the Role of Emotion Regulation 
and Contagion in Socially Affected Decision Making. In: C.S. Teh, H.R. 
Chae, S.A.Z. Adruce, P.N. Anding, C.J. Chen, N.A. Aziz and K.W. Tan 
(eds.), Proceedings of the 9th International Conference on Cognitive Sci-
ence, ICCS'13. Procedia Social and Behavioral Sciences, vol. 97. Elsevier, 
2013, pp. 73-82.  

1.4.3  Personal contribution to each chapter 

The table below provides information about the personal contribution of the au-
thor for each of the chapters. This first column mentions chapter number and the 
second column provides a small description regarding the contribution of the author 
to each chapter. 

Chapter Contributions 
2 This work is an extension of a conference paper. The extension 

resulted in a journal paper. It includes a large number of 
simulations compared to the conference submission. I was 
involved in the modelling and simulation experiments. Besides, 
I also performed strcuturing the paper and take part in the 
writing. Although I was not the first author I contributed 
substantially; to present the whole picture I have included it in 
the thesis. 

3 This chapter is also an extension of a conference paper. My 
contribution for this paper includes the design of the model and 

                                                            

 For papers marked with an ‘*’ the following holds: all authors are in alphabetical 
order and all are regarded as having made an equal contribution to the work 
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executed a number of simulations in order to obtain the 
parameters values for different example scenarios. I also wrote 
most parts of this chapter. 

4 I did most of the work for this chapter which includes 
modeling and simulation. I also wrote a substantial  part of the 
chapter. 

5 I contributed most of the work in this Chapter. 
6 This is published as a Journal paper, it is an extension of a 

conference paper. For this paper I was involved in the 
modelling process. I implemented the model and obtained the 
parameter values for various scenarios, performed the literature 
review. In order to explore the different dynamics of the model 
the extended version of the paper includes more scenarios. 

7 My contribution to this chapter includes implementation of the 
computational model and performing simulations. I was 
involved in reviewing the literature for the paper, structuring 
the paper and wrote different parts of the paper. 

8 I am the main contributor in this conference paper. I carried out 
most of the experimental work which included data cleaning, 
filtering and analysis. Besides, I was also involved in the 
design of the experimental work. I wrote most part of the 
paper. 

9 This chapter is published as a conference paper, my 
contribution includes writing different parts and structuring the 
paper. Although I did not contribute as the first author, to 
present the whole picture I have included it. Also it 
complements Chapter 7. 

10 I performed most of the experimentation work which involve 
cleaning data, applying algorithms and generating and 
processing of results. I also wrote most of the chapter. 

11 I was mainly involed in the designing and implementing the 
technical infrastucture of the system. My contribution also 
includes substantial writing efforts for various parts of the 
chapter. 

 

1.5 Thesis Overview (different parts of thesis) 

The work in this thesis is presented in five parts. The second part includes the 
study of cognitive and emotion processes. In this part we try to develop a better 
understanding of the empirical theories about emotion regulation and generation 
processes by means of computational modelling and simulation. Various computa-
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tional models designed and developed that help to study different aspects of emo-
tion regulation process e.g. integration of emotion regulation strategies, the role of 
decision making in deciding about emotion regulation strategies. The third part 
consists of studying the role of contagion process and emotion regulation in a social 
context. The fourth part presents the prototype of the system. Part I consists the 
introduction chapter and Part V addresses the discussion.  
The content of the three main parts is described below in more detail.  

Part II: Modeling Different Aspects of Affective and Cognitive Process-
es for a Healthy Lifestyle  

In this part various models are designed to study different aspects of emotion 
regulation, for example how emotion regulation strategies can be combined. It is 
known from various empirical studies that people often use multiple emotion regu-
lation strategies when downregulating a certain negative feeling. This could help in 
designing of virtual training systems that could train people to use multiple emotion 
regulation strategies e.g. to downregulate a high intensity emotion through two or 
more regulation strategies such as situation modification and reappraisal. In addi-
tion, this part also explores how recurring negative events could lead to a negative 
mood and how can emotion regulation strategies be used to lower the negative ef-
fect of those feelings on mood. Other important traits of emotion regulation are 
monitoring, assessment and  decision making. With the help of simulation experi-
ments the role of the monitoring, assessment and decision making are demonstrated, 
which is used as a basis to select one or more of the three available regulation strat-
egies. One of the important aspect of healthy lifestyle changes includes adapting a 
healthy behavior or changing an unhealthy behavior. In this respect various theories 
are studied to observe what kind of cognitive determinants are essential in order to 
approach a behavior change.  

Part III: Social Contagion and its Role in Health Behavior 
The third part of the thesis deals with the study and exploration of social pro-

cesses which can contribute in shaping a certain kind of behavior in a social con-
text. Chapter 6 proposes a computational social agent model for the integration of 
emotion regulation, emotion contagion and decision making in a social context. The 
model integrates emotion-related valuing, in order to analyze the role of emotions in 
socially affected decision making. This kind of model could be beneficial in design-
ing ambient applications which involve some kind of support based on a an individ-
ual’s social network. The second chapter in this part discusses the role of network 
interventions in achieving a positive behavior with the help of positive people 
around a person. This is a simulation study which observes the role of contagion 
(spread of a certain behavior) of nodes in a network. The next two chapters in this 
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part presents a proof of concept. It is first shown that people in a social network are 
more inclined towards a positive behavior and second that the positive behavior can 
be explained by social contagion. An analysis was carried out based on a large data 
set of participants in an online physical activity promotion program to see whether 
some social aspect play a role in improving the physical activity level of people 
who opted to join a network. Different hypothesis were suggested that could have 
led to increase in physical activity of people who are part of a community. The final 
chapter in this part is a follow-up work in which we test the hypothesis that higher 
activity levels for people that participate in an online community can be partially 
explained by social contagion and partially by the effect of the health promotion 
program. 

Part IV: A Prototype Integrating Modern Technology with Evidence-
Based Research. 

In the last part of the thesis a prototype of a personalized mHealth Intervention 
system is presented (Active2Gether) to encourage young adults to increase their 
physical activity levels. The design and architecture of this paper is presented in 
detail.  

One of the characteristics of such type of systems is to provide personalized and 
context specific feedback e.g. to use active travelling options. Therefore, a study 
was conducted to see what are the necessary ingredients to provide this kind of 
feedback. For example, it is shown how it can be deduced whether people travelled 
actively or inactively based on individual’s location data (which can be captured 
through a smartphone) and/or an activity tracker. Hence, this information can be 
used to record individual’s history and provide necessary feedback.  

 The prototype of the system has been evaluated in a 12-week study to see the 
effect of using it in real life. The participants of the study were randomized into 
three different conditions, namely the A2G-Full condition (tailored coaching mes-
sages, self-monitoring, social comparison), A2G-Light condition (self-monitoring, 
social comparison) and the Fitbit condition (control, self-monitoring). All partici-
pants received a Fitbit One activity tracker - that synchronized with all three inter-
vention apps - to monitor their behavior. The result of this evaluation will be report-
ed in a separate paper (Middelweerd A et al., 2017), but is out of the scope of this 
thesis. 
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