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Abstract 

The evolution of computational technologies for the development of smart 

applications capable of providing help and support to vulnerable persons has 

strengthened the need to study and incorporate the underlying mechanisms of 

human mental and social processes. These mechanisms are a basis for robust 

intelligent systems that are able to help and support behaviour and lifestyle change. 

In the field of Artificial Intelligence knowledge and understanding about human 

mental processes and behaviours play a crucial role in the design and development 

of human-aware or socially-aware applications. Therefore it is essential to 

understand the important elements of human mental processes and behaviours in 

relation with environmental and societal aspects of human routine and lifestyle. 

Although gaining knowledge and understanding of human mental processes may be 

complex, getting insight about how these processes relate with human behaviour 

contributes to better design and development of intelligent application in various 

domains. Persons who have lack of control or have dysregulation are more sensitive 

for and dependent on stimuli, as well as more vulnerable to the varying 

environmental situations. This may lead to various health issues, including 

emotional instability, depression, overweight and obesity, to mention a few. 

Conversely, having good control helps the person to cope with stressful situations 

and to regulate the environmentally related affects. In this research the role of 

regulation has been explored computationally for a number of aspects of human 

behaviour. To study the important aspects of human regulation of mental processes, 

dynamic computational models have been proposed and explored as a tool to 

simulate mental processes in relation to human behaviour. These computational 

models have been developed by incorporating the most relevant aspects of the 

human mental and social processes considered, based on literature and theories 

from the relevant domains of cognitive, affective and social (neuro) science. In this 

way, insight in these aspects is obtained which is represented in computational 

models which are then used to simulate different scenarios. In line with the main 

theme of the thesis, different domains have been explored computationally, in 

particular mechanisms involving emotion, desire and mood regulation, as well as 

the influence of social relations on an individual’s life. The proposed computational 

models are based on the knowledge of various aspects of human mental processes 

and behaviour and provide a basis for the development of intelligent support 

systems to help and support people in their daily lives.  

 

 

 

 



 

 

 

 

 



Abstract 

De evolutie van computationele technologieën voor de ontwikkeling van slimme 

toepassingen die in staat zijn hulp en ondersteuning te bieden aan kwetsbare 

personen, heeft de noodzaak versterkt om de onderliggende mechanismen van 

menselijke mentale en sociale processen te bestuderen en te gebruiken. Deze 

mechanismen vormen een basis voor robuuste intelligente systemen die het gedrag 

en de verandering van lifestyle kunnen ondersteunen. Op het gebied van 

kunstmatige intelligentie spelen kennis en begrip van menselijke mentale processen 

en gedrag een cruciale rol bij het ontwerpen en ontwikkelen van ‘human-aware’  of 

‘socially aware’ applicaties. Daarom is het essentieel om de belangrijke elementen 

van menselijke mentale processen en gedrag in verband met omgevings- en 

maatschappelijke aspecten van menselijke routine en lifestyle te begrijpen. Hoewel 

het verwerven van kennis en inzicht in menselijke mentale processen complex kan 

zijn, draagt inzicht krijgen in hoe deze processen ten grondslag liggen aan menselijk 

gedrag bij tot een beter ontwerp en ontwikkeling van intelligente applicaties in 

verschillende domeinen. Personen die gebrek aan controle of dysregulatie hebben, 

zijn gevoeliger voor en meer afhankelijk van stimuli, maar ook kwetsbaarder voor 

de wisselende omgevingssituaties. Dit kan leiden tot diverse 

gezondheidsproblemen, waaronder emotionele instabiliteit, depressie, overgewicht 

en obesitas, om er maar een paar te noemen. Omgekeerd, het hebben van goede 

controle helpt de persoon om te gaan met stressvolle situaties en om de omgevings-

gerelateerde effecten te reguleren. In dit onderzoek is de rol van regulering 

computationally verkend voor een aantal aspecten van menselijk gedrag. Om de 

belangrijke aspecten van menselijke regulering van mentale processen te 

bestuderen, zijn dynamische modellen voorgesteld en verkend als een instrument 

om mentale processen te simuleren in relatie tot menselijk gedrag. Deze modellen 

zijn ontwikkeld door de meest relevante aspecten van de menselijke mentale en 

sociale processen in aanmerking te nemen, gebaseerd op literatuur en theorieën uit 

de relevante domeinen van cognitieve, affectieve en sociale (neuro) wetenschap. Op 

deze manier wordt inzicht verkregen in deze aspecten die in computermodellen kan 

worden gebruikt, die vervolgens gebruikt worden om verschillende scenario's te 

simuleren. In lijn met het hoofdthema van het proefschrift zijn verschillende 

domeinen verkend, met name mechanismen die emotie, desire- en 

stemmingsregulering betreffen, evenals de invloed van sociale relaties op iemands 

leven. De voorgestelde modellen zijn gebaseerd op de kennis van verschillende 

aspecten van menselijke mentale processen en gedrag en vormen een basis voor de 

ontwikkeling van intelligente ondersteuningssystemen om mensen in hun dagelijks 

leven te helpen en te ondersteunen. 
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 Part I  1 

 

Part I 

Introduction 

 

 

This introductory part comprises one chapter that gives a preview of what the thesis 

is about. In this preliminary part, the motivation behind the development of 

computational cognitive models in relation to certain aspects of the human 

behaviour is discussed. It provides some insights into the problem domain and 

explains the importance of computational modelling for the development of human-

aware systems. This part also presents the basic research goal of the thesis, 

computational modelling approach and the research methodology that has been 

followed in this thesis. 
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Chapter 1 

Introduction 

1 Introduction 

The increasing interest in intelligent support technologies for behaviour and 

lifestyle change has strengthened the need to understand human mental and  social 

processes. In the field of Artificial Intelligence knowledge and understanding about 

human processes plays an important role in the development of intelligent 

applications [1]–[3]. For principled development of so-called human-aware or 

socially aware intelligent support systems capable of supporting actions according 

to anticipated  situational and environmental factors, the design of them should be 

robust and scientifically justifiable. The aspiration behind these intelligent systems 

is to support persons in their day-to-day activities and help to improve wellbeing 

and quality of life. To bring more perfection in the development of these systems 

and make them more accurate so that they can deliver such services in a context-

sensitive manner, it is essential for them to be designed taking into account 

scientific knowledge about humans and their mental and social functioning, so that 

the system can better understand the humans and act in a sense human-like by using 

that knowledge [4]. 

So here the important question arises on how to design such intelligent systems 

that are able to support persons in their routine life. For that purpose, in this thesis 

we explore computational modelling approaches to model human mental and social 

processes and to simulate human behaviour in such a way that these models provide 

a basis for the design of human-aware or socially aware intelligent support systems. 

To understand mental processes underlying human behaviour is a quite challenging 

task.  Computational modelling helps to understand such complex processes and 

provides a way for simulation of such processes in a variety of situations. 

In this thesis, the main focus is on the dynamics of internal mental processes and 

their interaction, and in particular those processes concerning some form of (self-) 

regulation. Regulation in the context of various cognitive and affective processes 

has been addressed particularly concerning regulation of negative emotions, mood 

regulation, desire regulation and monitoring and decision mechanisms for making 

use of various regulation strategies. In addition the role of the social context to 

address the social or environmental influence in mood regulation has been 

considered.  
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In the design and development of human-aware intelligent systems the 

computational modelling perspective provides more insight and awareness about 

human mental processes and behaviour through the use of computational dynamic 

models and their simulated behaviours. The development of human-aware or 

socially aware intelligent applications can be achieved in better ways by 

incorporating the underlying mechanisms and appropriate understanding of the 

mental processes behind behaviour [5], [6].   

The remainder of this chapter is organized in the following way. In Section II 

the research motivation is discussed. Next, Section III gives a preview of the 

description of the domains considered. It is followed by the research objectives for 

this thesis in Section IV. The essence of the computational modelling approach used 

is described in Section V, Section VI explains the overall research methodology and 

in Section VII formalization process have been discussed., Section VII provides 

overview of the thesis and details of the embedded collection of research articles 

used. Finally, Section IX includes the personal contribution in each chapter of the 

thesis. 

2 Motivation 

There are currently a number of challenges for society that concern people’s 

mental and social wellbeing; these challenges range from day-to-day activities to 

psychological and socioeconomic levels. Good mental health is often related to 

psychological and social wellbeing, and gives the ability to persons to deal with the 

sometimes stressful demands of everyday life and maintain emotional wellbeing. 

Social or environmental factors often contribute to unhealthy behaviours that may 

lead to various diseases. The World Health Organization (WHO) has identified 

various health problems and diseases as global level epidemics including depression 

and obesity [7]–[9] in relation to social environmental factors. Persons having a 

good mental health often have an adequate extent of control to manage and regulate 

the effect of demanding emotional and environmental situations. On the other hand 

persons having a lack of such control are at more risk and vulnerable to 

environmental effects.   

The motivation behind this work is to study the development of computational 

models for human (self-)regulation in different but interrelated domains that can 

provide more insight and a basis for the development of human-aware or socially 

aware intelligent support systems. In this thesis in particular possibilities were 

studied  concerning emotion and mood regulation and how these can be generalised 

by shifting their scope from emotions to desire and by also including social support. 

This section gives an overview of the motivational factors behind this thesis. 
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2.1 Emotional instability and depression 

Emotional instability is one of the mental problems caused by emotional 

dysregulation [10], which can be described as the inability of a person to control or 

regulate his/her emotional responses in stressful situations. Poorly modulated 

emotional responses can have effects not only on the affective aspects but also on 

the cognitive and behavioural aspects of a human being; for example, it can cause 

sudden strong feelings or emotions and rapid changes in the mood and these can in 

turn affect cognitive functioning. Emotionally unstable persons are more vulnerable 

to stressful situations, and that can lead to long term stress and depression[11]. On 

the other hand emotionally stable people recognize stressful situations and cope 

with them in better ways to uphold a stable emotional level; in contrast, the 

inadequacy of emotional stability indicates that persons who lack self-control or 

self-regulation feel more and stronger emotional ups and downs.  

Depression became one of the most prevalent mental disorders; estimates show 

that the number of people living with depression are becoming higher and higher, 

for example, by more than 18% between 2005 and 2015 [7]. Although there are 

various other causes of depression, emotional instability or lack of emotional 

control [11] is at least one of them. For example, literature suggests that recurring 

events triggering stressful emotions have a bad influence over time on mood and 

can easily lead to depression when subjects are vulnerable for that [12], [13]. 

Emotions play a crucial role in our daily lives; this concerns both the positive 

reactions of having feelings of happiness and pleasure and feelings for negative 

emotions including sadness, anger, frustration. Emotions are considered as specific 

reactions to a particular event, usually for a short period of time. They are 

instantaneous in nature and considered as relating to subjective internal feelings that 

involve both the internal mental and physiological states.  

Emotions  have different functions; for example, they are considered as driving 

forces behind motivation [14], depending on one’s situations, mood or relationships 

with others. Also other studies suggest that emotions have various functions [15], 

[16]. For example, they facilitate decision making, preparing behavioural responses, 

dealing with the environment, and script our social behaviour [17], [18]. 

Concludingly, emotional control can help and support individuals to function 

properly in society. Appropriate handling of negative emotions during stress and 

anxiety can help persons to keep their mood stable and perform daily life activities 

in an effective manner 
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2.2 Overweight and obesity 

Overweight and obesity have become a major global health challenge that 

affects health in many ways, for example, by causing cardiovascular issues, 

diabetes, and high blood pressure. Obesity was identified in the WHO report as 

global level epidemic [19]. Studies on overweight and obesity show that there has 

been a strongly increasing trend in the occurrence of obesity globally and in western 

societies in particular [20]. 

There are various causes of obesity, including unhealthy eating, over-eating, 

eating [21] without being hungry; often individuals become habitual of eating 

certain types of foods [22], and changing such habits is a difficult process. On the 

other hand, the role of environmental factors is also crucial, such as a palatable food  

environment [23]. Obesity also became a cause of mental problems including 

depression, eating disorder, and low self-esteem. It also works other way around, as 

these mental disorders also can cause obesity[24], so both have effect on each other.   

A desire for eating can be triggered by a need for food such as hungriness or it 

can be triggered by seeing tempting food. Persons with poor desire regulation may 

suffer regarding their health, e.g., from overweight and obesity. From a neurological 

perspective a large number of studies have been conducted on food-related 

behaviour, and how food addiction is formed, for example, discussing how highly 

palatable food activates reward pathways leading to obesity [25], [22]. The neural 

mechanism for the role of palatable foods is similar to other addiction processes 

such as drug addiction.  Furthermore, studies suggest that mechanisms of the reward 

system may potentially lead to highly palatable diets [26]. Furthermore, studies in 

relation to eating behaviour show that the reward mechanism in the brain influences 

choices on what to eat, when and how much. They also suggest that the 

consequences of dysfunction in the reward mechanism might also contribute to 

obesity and eating disorders [27]. 

Having inadequate control or having poor desire regulation is also associated to 

the dysregulation of brain reward pathways. Neurological evidence suggests that  

there are several brain regions involved in the food rewarding mechanisms and the 

desire for unhealthy food [27], [28]. Dysregulation of brain pathways may 

contribute to an increasing  consumption of highly palatable foods,  and can 

ultimately lead to weight gain and obesity [29]. Another reason for addictive 

behaviour formation is excessive eating over long periods, which also involves 

reward circuitry, and persons become habitual in that behaviour [22]. Different 

brain regions are involved  in this food  reward circuitry leading to addictive 

behaviour: a prefrontal region, the amygdala, and also the limbic system integrating 

the amygdala with hypothalamus and septal nuclei [30]–[32]. 

Changing eating behaviour is a quite challenging task, as persons often become 

habitual of that behaviour. Decision making about food choices usually involves 
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considering various options and comparing them in order to make a reasonable 

choice out of them that can satisfy hunger or taste. Every available food option is 

coupled with an associated feeling related to a prediction whether that option will 

provide satisfaction or not. It depends on reward mechanisms, as a form of valuing 

of the options. In making a choice for an option such valuing processes play a 

significant role. Nowadays the cognitive therapy and cognitive behavioural therapy 

(CBT) also have been introduced for the treatment of obesity, as cognitions have 

influence on both feelings and behaviours, and they cannot be ignored when treating 

obesity. CBT has been adopted to help and support individuals to change their 

eating behaviour by adopting a more healthy lifestyle [33], [34]. 

To change the eating behaviour or lifestyle of persons there is a need to develop 

intelligent systems which can help persons to adopt healthy eating behaviour or 

change their lifestyle. The computational models studied here may provide a basis 

to develop intelligent systems that support persons to avoid overweight and obesity.  

2.3 Social networks and social isolation; loneliness  

Human beings are social animals and their social networks or social circles give 

them a sense of social integration and can provide social support during difficult 

situations. Individuals being disconnected from social networks may develop 

feelings of loneliness and isolation that can affect their mental and physical health 

negatively. Loneliness may give birth to negative feelings including hopelessness 

and helplessness and increased risk of low mood or even depression.  

Socially isolated individuals or persons with limited contacts have a higher 

chance of suffering from health issues [35], [36]. Researchers in the field of social 

psychology and social science have put forward several theories about the 

association between loneliness (or the comparable concept of isolation) and the 

integration within in social networks [37], [38], and their impact on a person’s 

mental health and social environment. Other studies suggest that the structural 

characteristics of social networks such as quality and quantity of relationships have 

much influence on an individual’s life. Relationships give a perception of social 

integration and have a positive influence on mental as well as physical health [39], 

[40]. Conversely, people having feelings of loneliness and isolation are becoming 

less integrated [41].  

Social support comes through a person’s social networks and it can either refer 

to the social resources that individuals perceive to be available or to the support that 

is actually provided in problematic situations. 

Social support is one of the major factors that can help people in their life, 

especially during stressful events that could ultimately lead to low mood and 

depression. Effective social support provided through adequate social networks can 
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alleviate the effect of stress on an individual’s psychological situation [42], 

including emotions, cognitions and behaviours [43]. According to Gray et al [44], 

subjective perception that support would be available if needed may reduce and 

prevent depression and unnecessary suffering. In [45], [46] the differentiation 

between structural and functional support measures is explained. Structural support 

refers to measures describing the existence and types of relationships (e.g., marital 

status, number of relationships). Functional support assesses whether interpersonal 

relationships serve particular functions (e.g., provide affection, feeling of 

belongings). According to Glanz et al [47], social support is one of the important 

functions of the web of social relationships around an individual (the person’s social 

network).  

Online social networks or social media are sometimes also used to exchange 

information as well as to provide a platform where people may seek and provide 

social support. Therefore, these social networks may also help to alleviate feelings 

of loneliness, or to improve one's perception of social support. Facebook in 

particular provides many opportunities to facilitate supportive social interaction; 

social support seeking [48], companionship support [49] and socializing are all 

primary reasons for using such social media. Other studies have described a positive 

relationship between the number of Facebook friends and college students' 

perceptions of social support [50], social support on Facebook [51] and 

companionship support [52]. This suggests that social media offer an additional 

platform for adolescent social support seekers. 

3 Domains Addressed 

This section describes the research domains that have been considered for this 

research. These domains includes regulation of emotions and mood, regulation of 

desire (and in particular food desire) and socially supported regulation of mood in 

relation to the social embedding of an individual’s life. A computational modelling 

approach has been adopted to explore the design of computational models by 

considering cognitive, affective and social processes of these domains. The 

following is the brief description of these domains. 

3.1 Regulation of emotion and mood  

Regulation of emotions or controlling emotions is the ability by which a subject 

can use specific regulation strategies to affect the emotional response levels, or 

modulating emotional responses in relation to the particular situation or 

environment; for example, modulating or regulating emotional responses during 

stressful situations. Regulating the effect of stressful events to increase positive 
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feelings by decreasing or downregulating the negative feelings helps to minimize 

the stress level and to produce a suitable emotional response to the specific 

situations. Besides this regulation of emotions has a positive impact on mood, as it 

reduces the negative effects of negative emotions on mood. Various theories in the 

fields of cognitive and affective science [15], [18], [53] suggest a relation between 

emotion and its regulation, and brain functioning. For instance, emotional responses 

relate to activations in the brain within the limbic centres (generating emotions), and 

cortical centres (regulating emotions) [54], [55]. Psychological research on 

emotions has started to focus more on emotion regulation [17], [56], [57] 

Emotion regulation can take place at different levels or stages of the emotion 

generation process. Persons often attempt to apply a number of strategies to control 

their emotional responses during the generation, experience and expression of the 

emotions [58]. Gross [59] put forward an  emotion regulation framework or process 

model that describes the emotion generation process as well as  how emotions can 

be regulated or controlled in different phases of this process. According to this 

perspective, emotion regulation strategies  are classified into two major categories.  

The first category covers what are also called antecedent-focused strategies that 

can be used before an emotional response has an effect on the behaviour. In this 

category of emotion regulation, emotions may be regulated at four different points 

in the emotion generation process (a) selection of the situation, (b) modification of 

the situation, (c) deployment of attention, (d) change of cognition. For example, 

closing or covering your eyes when a movie is felt as too scary, or avoiding an 

aggressive person are such forms of emotion regulation mechanisms, in particular 

attention deployment and situation selection, respectively  [60], [61]. 

The second category is formed by the response-focused strategies, which can be 

used in situations where the emotion response already is coming into effect; this is 

also called modulation of emotional responses [59].  

Robust control based on emotion regulation can help persons to regulate the 

effect of negative emotions and to reduce the stress level and maintain a healthy 

mood in case of the occurrence stressful events. In this thesis the computational 

models related to emotion regulation and mood regulation have a biological 

inspiration and use neurologically plausible mechanisms based on that inspiration.  

Research work of this part is also related to the project named European 

Comparative Effectiveness Research on Internet-based Depression Treatment (E-

COMPARED) [62].  In this perspective various dynamic models were proposed that 

predict individual depression trajectories and effectiveness of emotion regulation.  
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3.2 Desire generation and regulation; food desires 

Self-control of desires is based on desire regulation mechanisms that can help 

people to control and manage unhealthy behaviours, and in particular food desires 

or eating behaviour can help and support people to have a healthy diet and avoid 

overweight and obesity. Food desires and their regulation have received much 

attention in recent years from various fields, including psychology, social science, 

cognitive science and neuroscience; e.g., [27]. Quite a lot of literature is available 

on  the human’s  neurological basis of the regulatory mechanism [63], for example, 

dealing with certain desires including food, drugs, or alcohol. In general the 

regulation mechanism for such aspects has some common neurological 

underpinning; evidence is provided that the neural basis of desire regulation has 

some characteristics that are similar to those underlying the regulation of negative 

emotion. This includes the involvement of areas such as the dorsolateral prefrontal 

cortex, inferior frontal gyrus, and dorsal anterior cingulate cortex [64]–[66]. This 

suggest that regulatory mechanisms known for emotions can be generalised for any 

mental state. 

As desire is a mental state that can lead to certain actions for its fulfilment. A 

desire state has forward causal connections to action (preparation) states. 

Regulatory mechanisms that can be used to regulate a desire (and a food desire in 

particular)  will indirectly affect these action states. There is a body of research 

available that provide evidence and suggest that desires can be down-regulated 

using different strategies; e.g., [63], [67], [68]. For the case of emotion regulation 

[57], [58] a process model describes how emotion regulation takes place in different 

stages. Some of the elements of this process model provide a useful inspiration to 

develop a more generalised  process model for regulation of mental states and apply 

this to desire regulation. 

Desires can be triggered both by physiological conditions and by environmental 

factors, or a combination of these. For example, a desire for eating can be triggered 

by a need for food such as hungriness or it can be triggered by seeing tempting 

food, or both. People often make use of various regulation strategies to regulate 

their desire for food and this helps them to make food choices [69]. In the process 

of desire generation the causal chain leading to a desire is considered, and 

regulation strategies addressing one of the steps in this chain are considered as 

antecedent-focused strategies. These strategies can be distinguished from response-

focussed strategies that address the desire themselves and states affected by them: 

the outgoing causal chain leading from the desire. These notions generalise the 

similar notion for emotions. Just following this, the possibilities for regulation can 

be identified including modifying beliefs that interpret the world (also called 

reinterpretation), desire suppression (inhibiting),  modifying the own focus on the 

world, for example by changing the gaze direction (also called attention 
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deployment) and modifying the world itself (situation modification). The selection 

of desire regulation strategies implies an underlying decision making process, 

which makes use of some form of self-monitoring.  

In this thesis our focus is to explore a neurologically inspired computational 

models of desire generation and regulation with the underlying self-monitoring and 

decision making processes used in selection of one or multiple strategies, depending 

on personality characteristics. This model is applied to desires used in making of 

food choices and the desire regulatory mechanism for them. 

3.3 Socially supported mood regulation and social aspects 

Mood regulation is considered as the ability to maintain or increase positive 

mood and wellbeing states by minimizing or regulating induced stress posed by the 

environmental hazardous situations. For that purpose people often need cognitive or 

social resources and sometimes both, depending on the type of situations and the 

way stressful effects are to be regulated. For example, dealing with a stressful 

emotional situation (e.g., a broken relationship) may require more self-regulation of 

emotional responses and may need more cognitive resources. In other situations like 

someone requiring companionship or financial support, more social resources may 

be needed (e.g., family, friends) to handle that situation in order to alleviate the 

feeling of stress and maintain a certain mood level, which helps to avoid low mood 

or depression. 

Computational models have been developed by taking various aspects of social 

networks and social support in relation to mood. The role of an individual’s social 

networks and social support have been considered in relation with mood regulation.  

Often people may provide social support either in the form of emotional or 

tangible support. In [70], social support is associated with how networking helps 

people to cope with stressful events; moreover, it can enhance psychological 

wellbeing. Social isolation and a low level of social support are associated with 

medical illness (e.g., depression).  

Social support is a coping resource to handle stressful events. The protective 

mechanism of social support in the face of psychosocial stress is called a buffering 

mechanism. Social support may play a role at different points in the process of 

relating the occurrence of stressful events to illness [46], [70], [71]. Support may 

intervene between stressful events (or expectation of it) and a stress response by 

attenuating or preventing a stressful appraisal. The perception of support by others 

through a network will provide necessary resources and may redefine the potential 

for harm posed by a stressful situation and strengthen one’s capability to cope with 

imposed stressful demands. Support may alleviate stress appraisal by providing a 

solution to the problem, by reducing the perceived importance of the problem. Thus 
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social support may prevent a particular situation from being appraised as highly 

stressful. Moreover, sufficient support could intervene between experience of stress 

and the beginning of the pathological outcome of illness by reducing the stress 

reaction or by directly influencing accompanying psychological and physiological 

processes; so people are less reactive to perceived stress or by facilitating healthful 

behaviours [71]. 

Besides social support, also other social factors of an individual’s social network 

can have major impact on the social aspects of the individual’s life in general and 

mood in particular; these may include, for example, the social integration level, 

frequency of interaction with acquaintances, participation in social activities. Social 

networks of people consist of relationships with other people, and relations can be 

classified as either strong ties or weak ties. In other words, both the quality and 

quantity of relationships in a social network matter. People with a higher level of 

quality and a larger number of relationships are considered to be better integrated 

within the network [72]. 

The social network of an individual can help him out of feelings of loneliness 

and isolation, as having good friends around gives a sense of social integration 

within a social network and provides a reason for happiness as well. These social 

networks can encourage individuals to engage themselves more in social activities 

as well as social interaction, which ultimately leads both to better mental and 

physical health. Socially isolated individuals or people with limited contacts have a 

higher chance of suffering from health issues [35], [36]. Socially well-integrated 

people have more social contacts, they are mentally happier and healthier than those 

with limited social contacts [46]. 

In continuation of the social networks perspective, besides the exploration of 

computational models, a small study has been conducted to collect and analyse data 

about social media (in this case Facebook and WhatsApp) in relation with the 

individual’s usage of these networks and their structural and functional 

characteristics to see whether is there any relation or link between the basic 

structural characteristics of any individual’s social networks with his/her perception 

of social aspects of life. For this purpose an approach was adopted that considers 

some of the basic structural characteristics such as number of friends (network size), 

frequency of interaction (e.g., chat activity through Facebook and WhatsApp), and 

the strength of social ties or relationships (strong or weak tie/relations) of the social 

network as independent variables. Aspects like social integration, perception of 

social support, participation in social activities and social integration were used as 

dependent variables. Also in this part some of the research work is related with the 

E-COMPARED project.  
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4 Research Objective 

The main research objective of this thesis is to explore the possible ways in 

which computational models can be designed and developed for the regulation of 

mental processes based on existing theories in the domain of cognitive, affective 

and social (neuro)science, with the applications in the field of emotion regulation, 

desire regulation and socially supported mood regulation. On the basis of such 

computational models, human-aware or socially aware intelligent support systems 

can be developed to provide help and support to the vulnerable persons. The current 

section discusses the research questions for this thesis. 

4.1 Research questions 

In relation to the main research objective, the main research question considered 

within this thesis is:  

 

Main Research Question 

How can theories from the domains of cognitive, affective and social 

(neuro)science about the regulation of mental processes be used to obtain 

computational models for applications in human or socially aware  support 

systems? 

This main research question takes a broad perspective on the domain and 

sketches the scope of this research. Humans engage mental processes or actions to 

obtain knowledge and understanding by thoughts, experiences and senses. To study 

the important aspects of human regulation of mental processes dynamic 

computational models have been proposed and explored as a tool to simulate mental 

processes in relation to human behaviour. To obtain or develop these dynamic 

computational models one needs to have an overview of the relevant aspects of the 

mental processes addressed by considering appropriate literature and theories from 

the relevant domains of cognitive, affective and social (neuro)science in order to get 

more insight and to represent those elements in these computational models. In this 

thesis different domains are explored in particular in relation to mechanism of 

emotions, desire and mood regulation as well as the social aspects of an individual’s 

life. In this main research question a general approach towards computational 

modelling of human mental processes and behaviour is the focus. First to have a 

thorough understanding of the interaction between internal cognitive, affective and 

social processes and the way to design a conceptual level model, then make the 

formalization and further development into a numerical computational model, tune 

the parameters of the model according to specific scenarios and perform evaluation 
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on it by simulation experiments. These computational models can simulate real 

world scenarios in specific domains thereby taking into account a limited number of 

relevant real-world aspects. Developing these kinds of models scientifically 

justified by the grounding theories and findings from cognitive, affective and social 

(neuro)science, helps to understand the underlying mechanisms of the interlinked 

human mental processes and behaviours, and can provide a basis for intelligent 

support systems. By differentiating the scope of this main research question it is 

further refined into the following sub-questions according to specific domains: 

 

Research Question 1  

How can computational models for regulation of an individual’s emotions 

and their impact on mood be designed? 

This research question is covered by part II of this thesis that focuses on the 

mental processes associated with generation of negative emotions and emotion 

regulation as well as their  impact on mood regulation. This part is composed of 

three chapters and each of these chapters explores a neurologically inspired 

computational model of emotion regulation and/or mood regulation. These models 

are justified by grounding theories from various fields including cognitive, affective 

and neuroscience in relation with emotion regulation. Emotions are playing an 

essential role in a human’s life; people often express their emotions in different 

ways depending on their control and environmental situations, and also depending 

on one’s social interaction. A person can have a variety of emotions such as being 

happy, angry, bored or frustrated. Emotions are considered as instant reactions to 

specific events for a short period of time. On the other hand mood is a more general 

feeling such as happiness, sadness, frustration, or anxiety that exists for a longer 

period of time. As emotion and mood are different from each other, in the same way 

regulation of emotions is different from mood regulation [59], [56]. In this regard a 

low mood level is considered as sign of depression if it continues for a few weeks. 

Emotion regulation can be used to maintain emotional stability and it also helps to 

regulate or keep healthy mood in occurrence of stressful events. So human 

processes in relation to emotion and mood and their regulation are addressed in this 

part II. Research Question 1 has been refined further into the following research 

questions.  
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Research Question 1a 

How can the role of regulation of negative emotions in the regulation 

of mood be modelled and how is an individual’s mood affected by that 

regulation?  

This research question is addressed in Part II, Chapter 2. The cognitive and 

affective processes associated with emotion generation and regulation in relation to 

mood regulation are modelled. This chapter illustrates and integrates a model of 

emotion regulation with a model of mood dynamics. Furthermore, this chapter 

explores the computational modelling approach that involves various states starting 

from sensing the outside world situation to the generation of an emotional response 

and related feelings through negative beliefs. For the regulation of negative 

emotions an antecedent focused strategy known as re-interpretation (cognitive 

change) of world information by belief change is introduced. Next, the effect of that 

emotion regulation on the individual’s mood is modelled.  

A further extension of the scope of the emotion regulation model is covered by 

another research question: 

 

Research Question 1b 

How to model emotion regulation strategies that can regulate the 

effect of negative emotions and maintain emotional stability?   

This research question is addressed in Part II, Chapter 3. In continuation of the 

modelling of cognitive and affective processes related to emotion regulation by a re-

interpretation strategy, other cognitive regulatory processes by incorporating more 

regulation strategies are addressed. This extension of  adding further regulation 

strategies provides more flexibility and variability to regulate the effect of negative 

emotions to maintain emotional stability in occurrence of negative events or 

stressful situations. In this chapter three regulation strategies are addressed 

including re-interpretation (cognitive change), expressive suppression and situation 

modification. For making regulation a more autonomous process it is explored how 

this model can be further extended by self-monitoring and decision making 

mechanisms; this covers another research question:  

 

Research Question 1c 

How can the use of a self-monitoring mechanism and decision making 

mechanism be modelled, in which one or multiple regulation 

strategies are selected in relation to environmental stimuli? 
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This research question is addressed in Part II, Chapter 4. The roles of an explicit 

self-monitoring mechanism and decision making mechanism have been modelled in 

way to make the model more autonomous in the decision making and selection of 

any or multiple regulation strategies to downregulate the effect of negative 

emotions. Often when the environmental factors such as stressful events lead to the 

generation of negative emotion, people make use of various strategies to maintain 

emotional stability. To model such processes a self-monitoring mechanism monitors 

the level of the negative feelings generated by the environmental stimuli, and a 

mechanism for decision making takes care of the selection of one or more suitable 

strategies from the available pool of regulation strategies to deal with the 

environmental  stimuli.   

After insights had been obtained in mechanisms underlying emotion regulation 

it has been explored in how far these insights can be generalised to other mental 

states than emotions, in particular to desire states. This part of the research covers 

the following research question: 

 

Research Question 2 

How can computational models for a human’s desire generation and 

regulation processes be designed? 

This research question is addressed in part III of this thesis. In this part the 

cognitive and affective processes related to desire generation and desire regulation 

have been modelled, thereby applied to food desires. All the models in this part of 

the thesis were inspired from the neurological literature in connection with 

cognitive and affective aspects of desire generation and regulation; the models are 

based on the underlying theories from various fields including cognitive, affective 

and neuroscience. In particular the processes related to food desire generation and 

regulation by considering various environmental factors have been addressed. 

Controlling or regulating desire is a quite challenging task, as some people become 

habitual of certain types of food. If someone wants to change such habitual 

behaviour he/she may use various ways including keeping certain goals in mind that 

can change or alter food choices. Also based on past experiences a person can learn 

to make more healthy choices and a person may apply various regulation strategies 

to control diet patterns or food choices. In this part all of these aspects of human 

behaviour have been addressed computationally. So human processes in relation to 

desire generation, making of food choices and desire regulation strategies are 

covered in this Part III. Research Question 2 has been refined further into the 

following research questions.  
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Research Question 2a 

How to model the process of desire (e.g., for food) generation in 

relation to a bodily unbalance (e.g., being hungry) and/or a sensed 

external stimulus (e.g., presence of food) and the process of learning 

to adopt rational behaviour on the basis of past experiences? 

This research question is addressed in Part III, Chapter 5. This chapter presents a 

computational model of the processes associated with desire (e.g., for food) 

generation. Often a desire for food is either triggered by a bodily unbalance 

(interpreted as being hungry) through the metabolic activity or it can be triggered by 

environmental factors, such as a palatable food environment considered as an 

external stimulus (presence of food); the desire generation process is modelled 

using both causal pathways. By having  a desire for food, a person may look for 

different options to fulfil his/her desire; for this three different options (types of 

food) have been modelled. Another aspect of human behaviour is learning from past 

experiences to adopt rational eating behaviour; this also has been incorporated in 

this model, modelled through a Hebbian learning mechanism. It helps persons to 

learn how to adopt healthy eating by changing their habitual behaviour regarding 

food choices.    

 

Research Question 2b 

How to model the influence of the role of (short term or long term) 

goals and experienced goal satisfaction on the decision concerning 

food choices?   

This research question is also addressed in Part III, Chapter 5. In this chapter 

some other aspects are addressed, in particular concerning the role of goals (either 

short term or long term goals) and the experienced satisfaction about the food 

options w.r.t. these goals. Examples of such goals are that if a person wants to lose 

weight then it could be his/her long term goal and s/he wants to achieve that by 

making or setting short term goals such as start eating healthy instead of high 

calories food. Such goals can help to alter food choices. Also having the 

experienced satisfaction about various food choices may have influence on making 

food choices. Both aspects are modelled in a way that it is shown how they can 

have impact on making or altering food choices.   
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Research Question 2c 

How to model the regulation of the desire for food by applying 

different desire regulation strategies? 

This research question is addressed in Part III, Chapter 6 and 7. This work is a 

continuation of the modelling of processes of desire generation and making of food 

choices. The model has been extended further by adding desire regulation strategies 

such as: re-interpretation, desire suppression, attention deployment and situation 

modification. This extension of adding regulation strategies provides more 

flexibility and variation of strategies to regulate a desire. To make the selection of 

desire regulation strategies more autonomous and self-monitored, this model has 

been further extended; to explore this is covering the following research question:  

 

Research Question 2d 

How to model the process of self-monitoring and decision making for 

selection of an appropriate desire regulation strategy?  

This research question is addressed in Part III, Chapter 7. The role of a self-

monitoring mechanism is modelled to make the model more autonomous in the 

decision making and selection of any or multiple regulation strategies to regulate 

the desire. The self-monitoring mechanism is modelled in a way so that the desire 

can be monitored continuously and based on the level of desire, a decision about the 

selection of any one or multiple strategies can be made to overcome the desire, so 

this mechanism helps to select more appropriate or suitable strategies from the 

available pool of regulation strategies to regulate the desire. 

After insights had been obtained in mechanisms underlying emotion and desire 

regulation it has been explored in how far the social context can play a role in 

regulation, in particular for mood. This part of the research covers the following 

research question: 

 

Research Question 3 

How can the effects of social or environmental processes on mood 

regulation be computationally modelled? 

This research question is addressed in part IV of this thesis. This question 

addresses the role of a social network of an individual and in particular of  social 

support in mood regulation, as well as the effects of social networks on certain 

aspects of the individual’s social life. The first two chapters (Chapter 8 and 9) are 
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more focused on the modelling approach of the social network aspect and social 

support in relation to mood regulation. In Chapter 9 a small study about social 

networks has been presented with structural characteristics of social networks and 

their effects on certain social aspects of an individual’s life. It is about the analysis 

of online social networks and their role in different aspects such as social support, 

participation in social activities, social integration.   

 

Research Question 3a 

How to model the effect of perception and reception of social support 

on the regulation of mood in occurrence of  stressful events?  

This research question is addressed in Part IV, Chapter 8. Here the role of social 

support in mood regulation is modelled. In general people often need or look for 

support from their family member and acquaintances to cope with difficult or 

stressful situations. In this case the mood model is composed of various mental 

states including thoughts, sensitivity, vulnerability as well as coping states. Social 

support can either refer to the social resources (tangible or intangible ) that 

individuals perceive to be available or to the support that is actually provided in 

problematic situations. The proposed model distinguishes between both roles of 

social support. For this two abstract concepts are introduced, namely perceived 

social support and received social  support. This is modelled in a way to regulate the 

individual’s mood in presence or in absence of social support by using initial 

appraisal and later reappraisal of the stressful situation or in any negative event. It 

can reduce the induced stress and thus can contribute to healthy mood regulation 

and prevention of depression.  

 

Research Question 3b 

How to model the influence or regulation of an individual’s mood by 

social network’s aspects such as social integration, social interaction, 

social activities?   

This research question is addressed in Part IV, Chapter 9. Here in the 

computational model for the mood and social integration presented earlier other 

social network  aspects have been incorporated, including social interaction, social 

activities as well as  enjoyableness of activities. Generally it is believed that an 

individual’s social environment can help a person to reduce the feelings of 

loneliness and has a positive impact on mood in particular. Participation in social 

activities and maintaining social interaction with friends and relatives are frequently 

seen as indicators of a happy and healthy life. It is also commonly accepted that 
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being integrated in a social network has a strong protective effect on health and 

helps to avoid feelings of loneliness. So in this chapter the exploration of such 

social factors in relation with an individual’s mood have been done 

computationally; behaviour of the model is analysed by simulation experiments. In 

this proposed computational model the major goal was to see and analyze how these 

social aspects can have effect on individual’s mood level. Furthermore, to do 

evaluation and validation, we have used real EMA data that were collected in the E-

COMPARED project.  

 

Research Question 3c 

Is it possible to use metrics about the usage of online social networks 

to draw conclusions about people’s social life? 

This research question is addressed in Part IV, Chapter 10. Here a small scale 

user study is conducted and various statistical measures are used on the resulting 

data set to analyse whether there is a relation between the usage and structural 

characteristics of online social networks and aspects of people’s social life. The 

respondents for this study are from the Netherlands and the data is collected through 

a questionnaire-based survey about the individual's usage of both the Facebook and 

WhatsApp networks, including; a) number of friends (network size), b) strength of 

ties/ relationships and c) frequency of contact or frequency of interaction with 

acquaintances. In addition, data about people’s perception of social support, 

participation in social activities as well as social integration is collected. The data 

collected through the survey is then used to assess these structural characteristics of 

online social networks, and the way these characteristics may have an influence on 

certain aspects of one's social life.   

 

Research Question 3d 

How to evaluate and validate the appropriateness of computational 

models in general and socially supported models in particular. 

This research question is addressed thorough the thesis. The evaluation of the 

computational models is usually done by means of simulations experiments by 

verifying the patterns of simulation results with the expected patterns from the 

literature. This evaluation approach is followed for all computational models and in 

almost all chapters except Chapter 10, which is not about a computational model. In 

Chapter 9 a partial validation of one of the computational models based on 

empirical data is presented. For the validation of this model, Ecological Momentary 
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Assessment (EMA) data about mood and social activities,  which is collected in the 

E-COMPARED project, was used.  

Table 1. Answered research questions according to chapter and part 

Part Chapter Answered Research Question(s) 

II  1, 1a, 1b, 1c 

 2 1, 1a 

 3 1, 1b,  

 4 1, 1b, 1c 

III  2, 2a, 2b, 2c, 2d 

 5 2, 2a, 2b 

 6 2, 2c 

 7 2, 2c, 2d 

IV  3, 3a, 3b, 3c, 3d 

 8 3, 3a 

 9 3, 3b, 3d 

 10 3c, 3d 

 

5 Computational Cognitive modelling 

Computational modelling can be an effective to way to understand and simulate 

the complexity of the various real world processes. It requires selecting and 

identifying relevant aspects of real world scenarios and then applying modelling 

techniques to simulate the behaviour of such developed models in relation with the 

real world scenarios. As the complexity of the real world processes varies according 

to their specific domains, to deal with different level of complexities computational 

modelling can be an efficient approach. It provides a better understanding of these 

processes by means of simulations of these processes and can predict the outcome 

of real world scenarios in given conditions and a specific set of input parameters 

[73].  

Computational models are very useful for the researchers because they allow 

them to explore and analyze the comprehensive relationships among various 

interrelated processes or components that could not be sorted out by solely 

experimental methods, and to make approximations and predictions that cannot be 

made simply by using available data [74]. In general the computational models are 

intended to mimic some essential features of the studied real world processes or 

scenarios by including those elements that have a large effect and leaving out less 

important elements that are unrelated to the given level of abstraction. 
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The fundamental reason behind the development of such models is to better 

understand the systems that are so complex in nature. Computational models are 

used by researchers to design and understand the complex processes of the real 

world  by means of simulations [75]. Also there are numerous examples that are a 

motivation for the use of computational models  For example, people often behave 

differently or modify their behaviours when they know that they are under 

observation [76] and that makes it difficult to conduct real world experiments..   

A modelling approach can help to visualize a system and its components and to 

identify the structure or behaviour of the system. There are limits to the human 

ability to understand complexity so we develop models of such complex systems 

because we cannot comprehend such a system in its entirety. 

The computational dynamic cognitive models about human behaviour change 

that were developed are based on evidence from cognitive neuroscience. As the 

human brain is a very complex part of the human body, computer based models can 

provide conceptual understanding in a more clear and precise way. The 

development of these computational models for the human cognition has become 

feasible by understanding cognitive and behavioural processes and relevant aspect 

of the human being.   

Cognition is known as the mental process that gives humans ability to recognize, 

distinguish and understand the real world’s processes and scenarios. Cognitive 

science is the scientific study of the human mind and the dynamic process that take 

place. It is about the way in which cognition works and what it does[77]. 

Computational modelling is used to understand cognitive processes, as it makes it 

possible to explore the cognitive, psychological and social processes of different 

human behaviours.    

Cognitive modelling is an approach to understanding complex processes of 

human cognition by means of modelling and simulations. It has been used for the 

simulating human mental processes in computerized computational models. These 

are primarily mathematical models in cognitive science that require computational 

resources to study the behaviour of the complex human cognition by computer 

simulations. Such models are the representation and simplification of a reality or a 

real world processes and can be used to simulate or predict human behaviour or 

performance on tasks similar to the ones modelled. The developed computational 

cognitive models incorporate various cognitions and other environmental aspects 

and can be used to let computer systems react more human-like in scenarios that 

have been taken into account at the time of its designing.  

These computational cognitive models can includes learning mechanism as 

human do. For example: humans can learn through past experiences and can make 

decisions about their actions based on those experiences also may behave in a 

different way over time in a particular situations. Computational models can also 
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include such learning mechanism and behave well in a changing environments over 

time, for example by adopting the Hebbian learning mechanism[78], [79].  

6 Research Methodology 

To conduct research on complex systems it is essential to have a well-defined 

research methodology to address their complexity as it varies depending on the 

nature of the system and its domain. In this thesis a dynamical systems approach 

has been adopted to explore and analyse human cognitive and affective processes 

and their dynamics [80] by focusing on the mental and social processes for the 

design and development of computational models by using temporal-causal 

relations [81], [82].The research presented in this thesis is based on various 

grounding theories in the domain of psychology, cognitive, affective, and social 

(neuro)science. The research methodology that has been used to explore human 

mental processes and to develop the computational models comprise of a set of 

fundamental elements that includes:   

i. Identification of relevant dynamic properties 

In this phase, a very first important step is to find the underlying mechanisms of 

the processes which have been chosen for the study. The aim is to understand and 

identify the relevant causal relations or local dynamic properties of that process (in 

informal representation) and to determine the major aspects and their relations with 

each other. It can be done on the basis of literature review or on the basis of 

empirical studies or even by having expert discussions in order to get insight in the 

basic mechanism of the process.  

ii. Conceptual modelling based on causal relations  

In this second phase, the conceptual representation of such models are made by 

utilizing all the relevant causal relations or local dynamic properties which have 

been identified in very first phase. This conceptual level model shows at an abstract 

level all the concepts or states of the model (represented by circles and unique 

relevant identification names) and their influence on each other (represented in 

model by incoming and outgoing arrows), so in this phase the overall conceptual 

graphical model has been designed.   
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iii. Formalization of these properties 

In the third phase, all the relevant concepts or local dynamic properties which 

have been identified in first phase are formalized in terms of computational 

executable dynamic properties to specify numerical details of the model. Such 

executable dynamic properties that can have the form of difference or differential 

equations are used to generate executable models for the dynamics of the processes. 

In this thesis, we mainly used temporal-causal network models to represent the 

dynamics of the models. 

iv. Simulation experiments 

In this phase, the formal models are used for simulation experiments. These 

experiments are performed on the basis of executable properties of dynamics of the 

processes. The simulation experiments are performed in order to see and analyze the 

behaviour of the computational model. During this phase we have used the Matlab 

environment for performing experiments with the model 

v. Evaluation/ validation 

The aim of the phase addressing evaluation of the models, is to verify whether 

the model behaves as expected. If the evaluation reveals that the model has some 

shortcomings, the process starts again with another conceptualization phase. The 

behaviour of cognitive and psychological and social processes was studied by 

conducting a number of simulation experiments under various situations and by 

evaluating the results against patterns and properties expected from the theories and 

literature the models are based on. 

Validation or evaluation of these computational models can be done by either 

looking at the expected pattern from the literature in comparison with the patterns or 

simulations generated through the models or comparing the behaviour of the models 

with empirical data received or collected on the humans behaviour. 

7 Formalization approach 

In the formalization process mathematical (difference or differential) equations 

have been used that describe the way how variables in a dynamical systems change 

over time; for each given state of a system defined by values of all of the variables, 

they indicate how the values of these variables in a next state can be obtained. This 

format allows to design numerical dynamic system models. 
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More specifically, this formalization process used to transform from a conceptual 

into a numerical representation as follows [81]. The starting point is as follows: 

 For each connection from state X to state Y  a weight X.,Y (a number between 

0 and 1), for the strength of the impact through this connection. 

 For each state Y a speed factor Y (a positive value) is used that determines the 

speed with which the value of state changes, and  

 For each state Y (a reference to) a combination function cY(…) used to 

aggregate multiple impacts from different states on one state Y 

 

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 [81] : 

 

 At each time point t each state X connected to state Y has an impact on Y, 

which is 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 state Y at t is determined using 

a combination function cY(..): 

 

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

= 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 

 

or, in differential equation format: 

 

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

 

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

 

In the models considered here for all states for the standard combination function 

the advanced logistic sum combination function alogistic,(…) was used [81]: 

 

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

                
 
     -  

 

    
 ) (     ) 

 

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 steepness  and threshold  

parameters have been chosen after applying various scenarios on the model.   

In this way the conceptual model presented above is transformed into a 

numerical model in terms of difference and differential equations. The simulations 

are performed by applying a computational simulation method to this numerical 

model representation. All states and differential equations for them have been 

converted in a form that can be computed in a programming environment, i.e. 

MATLAB™. 

8 Thesis Overview/ outline 

The structure of this thesis is based on a collection of research articles. Most of 

them were already published (except two papers, which are under submission). In 

this organization of the thesis each paper is used as a chapter and in most cases 

these papers are reprinted here as they were already published elsewhere. This 

means that only the format and layout of these papers have been changed,  but that 

the content is unchanged. As a consequence, there is some overlap between the 

chapters, especially in the sections that describe the introduction, the background 

and the modelling approach used. However each paper has its own scope and each 

chapter of the thesis can be read separately.     
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Fig. 1. Overview of thesis outline and relation between chapters (models) 

 

8.1 Chapters Overview 

All the chapters of this thesis are organized in five parts,  each focusing on 

computational models for a specific domain. Part II and Part III of this thesis mostly 

contain neurologically inspired cognitive models and Part IV also covers social 

aspects. Following is the outline of this thesis.  

I. Introduction 

This introductory part comprises one chapter that gives a preview of what the 

thesis is about. In this preliminary part, the motivation behind the development of 

computational cognitive models in relation to certain aspects of the human 

behaviour is discussed. It provides some insights into the problem domain and 

explains the importance of computational modelling for the development of human 

aware systems. This part also presents the basic research goal of the thesis, 

computational modelling approach and the research methodology that has been 

followed in this thesis. 
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II. Modelling emotions and mood regulation 

Part II comprises three chapters. All the models that are presented in this part are 

neurologically inspired models. This part explores the dynamics of the cognitive 

processes related to emotion generation and the regulation of negative emotions, 

and also the influence of the negative emotions (generated by negative events) on 

the mood. This part focuses on how environmental factors (negative events) leads to 

emotional instability and on the other hand how emotion regulation can play a role 

in the regulation of such negative influences.   

In Chapter 2 the role of emotion regulation to reduce the influences of negative 

events on long term mood is modelled. The model incorporates an existing model of 

mood dynamics [83] by extending it with the dynamics of emotion generation and 

regulation processes. It includes a regulation strategy called reinterpretation. This 

model was used to analyze (in terms of  simulation experiments) the effect of 

emotion regulation on the mood level of people with different characteristics. The 

model shows how emotion regulation can prevent the onset of depression in 

unstable persons, and postpone it in very unstable persons.  

Chapter 3 provides an extension of emotion regulation (excluding the mood 

regulation) of the previous model. This model incorporates three regulation 

strategies, namely reappraisal (reinterpretation), expressive suppression and 

situation modification. The cognitive processes in relation with these three 

regulation strategies  have been modelled, so the model was designed as a 

dynamical system. As in any stressful situation, humans often make use of multiple 

emotion regulation strategies to handle or regulate the negative influence of such 

stressful situations. The model shows how a potential stressful situation in principle 

could lead to an emotional strain and how this can be avoided by applying emotion 

regulation strategies that decrease the stressful effects. 

Chapter 4 further extends the previous model (mentioned in Chapter 3) by 

incorporating monitoring mechanism responsible for selection of any or multiple 

regulation strategies. For this case we have again modelled three regulation 

strategies, namely reinterpretation, expressive suppression and situation 

modification. The monitoring mechanism works by making the decision about 

regulation strategies based on the level of negative feeling that is generated by any 

stressful situation. In this chapter the cognitive processes of monitoring mechanism 

has been modelled by considering that humans have a number of emotion regulation 

strategies at their disposal, from which in a particular situation one or more can be 

chosen. The focus of this paper is on the processes behind the choice of these 

regulation strategies. 
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III. Modelling desire generation and regulation mechanism 

Part III contains three chapters, the focus of this part is on the computational 

cognitive modelling of desire (food desire) generation and its regulation. In this part 

we present a number of dynamic models about desire generation and the regulation 

of a desire. Also these models are neurologically inspired models and been 

developed computationally to simulate the human behaviour. The computational 

models demonstrate simulation processes similar to human mental processes in 

which environmental stimuli or physiological needs are interpreted  and lead to a 

motivation in terms of needs and desires to be fulfilled.   

Chapter 5 presents a computational cognitive model of desire generation and 

choosing food by taking various internal and external factors into account. This 

chapter shows how to formalise the dynamics and interaction of internal states 

which are involved in decision making about food choices. The model facilitates the 

understanding of complex process of human cognition by providing more insight in 

the process between food desire generation and the making of food choices, which 

evolves based on internal prediction in combination with associated feelings for 

valuation of the available food options. The model also incorporates the role of 

goals and their influence on decision making on food choices, and finally the model 

also includes the function of learning process over time in making food choices. 

In Chapter 6 the cognitive regulatory mechanism for desire regulation is 

modelled. This chapter is an extension of the previous chapter (Chapter 5).  The 

computational model shows how the cognitive processes in relation to desire 

regulation work to downregulate the food desire. This chapter addresses the desire 

generation process and the antecedent-focused desire regulation strategies including 

cognitive reinterpretation (reinterpreting a stimulus by changing beliefs about that 

stimulus), attention deployment (modifying own sensing world by e.g., move 

attention away from palatable food) and situation modification (modifying the 

world itself).  

Chapter 7 further extends the food desire regulation model (Chapter 6) with an 

exclusive monitoring mechanism that is used to monitor the desire level and to 

select appropriate regulation strategies. In this chapter a computational cognitive 

model of self-monitoring and decision making for desire regulation is presented that 

illustrates how humans apply various desire regulation strategies to control their 

desires. In this chapter more focus has been put on modeling the cognitive processes 

of the monitoring mechanism. In addition to this, four regulation strategies were 

incorporated, i.e. cognitive reinterpretation, desire suppression, attention 

deployment and situation modification.  The model shows how the self-monitoring 

mechanism continuously monitors and assesses the desire level and based on this 

how a decision mechanism performs the selection of one or multiple strategies. 
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IV. Modelling Socially supported mood regulation 

Part IV explores computational models of social support and its effects on health 

and psychological wellbeing, in particular on stress and depression. The social 

environment of people plays a significant role for their mental health and 

individuals within their social networks or social circles can provide support during 

stress or depression. This part comprises three chapters where each chapter 

proposes a different approach in terms of social aspects. In addition, some 

validation has been performed with real data in last two chapters of this part.   

Chapter 8 demonstrates the role of social support in mood regulation, This 

computational model extends the existing model of mood dynamics [83] by taking 

social support into account. It distinguishes between actual support and perceived 

support. This model is about the influence of social support on the cognitive states 

of a human, but most focus is on predicting how the mood of a person varies or 

changes in presence or in absence of either type of support during stressful 

situations. 

In Chapter 9 a computational model of social integration in relation with mood 

is presented. For the validation, we have used EMA data that was collected in the 

context of the E-COMPARED project. The main questions was how to make a 

model that allows to make more precise predictions of the effect of social 

integration (including social network factors) on mood. The computational model 

presented in this chapter has been used for analyzing and predicating the mood level 

of individuals by taking into account the social integration, the participation in 

social activities and the enjoyableness of those activities.  

Chapter 10 presents a study about the relation between the usage of online social 

networks and the perception of social support, participation in social activities, 

loneliness and social integration. It has been investigated whether there is a relation 

of these social aspects with the structural characteristics of the social network that 

includes, number of friends (network size), social interaction (frequency of contact) 

and the strength of ties/ relationships (strong or weak ties). Various statistical 

measures have been used to investigate the possible relationships between social 

network sites (in this case: facebook and WhatsApp) usage and their effects on the 

social aspects of users. 

 

V. Discussion and future work 

Finally this part summarizes the research presented in this thesis, answers the 

research questions and discusses its relevance to the main research goal. 

Furthermore, this part discusses an outline for some future work. 
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8.2 Embedded papers 

The following paper have been embedded in this thesis  

 Altaf H. Abro, Michel C.A. Klein, Adnan R. Manzoor, S. Amin Tabatabaei, 

Jan Treur: Modelling the effect of regulation of negative emotions on mood. 

Biologically Inspired Cognitive Architectures 07/2015; 13.,  

DOI:10.1016/j.bica.2015.06.003 

 

 Altaf H. Abro, Adnan Manzoor, Seyed Amin Tabatabaei, Jan Treur: A 

Computational Cognitive Model Integrating Different Emotion Regulation 

Strategies. BICA-15, Lyon; 11/2015,  

DOI:10.1016/j.procs.2015.12.187 

 

 A Manzoor, A H Abro, J. Treur: Monitoring the Impact of Negative Events 

and Deciding about Emotion Regulation Strategies. 14
th

 European 

Conference on Multi-Agent Systems, EUMAS'16; 12/2016 

(Received the Best Paper Award at the conference) 

 

 Altaf H Abro, Jan Treur: Doubting What to Eat: A Computational Model for 

Food Choice Using Different Valuing Perspectives. 23
rd

 International 

Conference on Neural Information Processing, ICONIP'16, Kyoto; 10/2016 

 

 Altaf H. Abro, Jan Treur: A Cognitive Agent Model for Desire Regulation 

Applied to Food Desires. 14
th

 European Conference on Multi-Agent Systems, 

EUMAS'16, Valencia; 12/2016  

 

 Altaf H. Abro, Jan Treur: A Computational Cognitive Model of Self-

Monitoring and Descision Making for Desire Regulation. 10
th

 International 

Conference on Brain Informatics, BI'17, Beijing; 11/2017 

 

 A.H. Abro, M. C. A. Klein, S.A. Tabatabaei: An Agent-Based Model for the 

Role of Social Support in Mood Regulation. Communications in Computer 

and Information Science 06/2015; 524:15-27.,  

DOI:10.1007/978-3-319-19033-4_2 

 

 Altaf Hussain Abro, Michel C. A. Klein: Validation of a Computational 

Model for Mood and Social Integration. Social Informatics, 11/2016: pages 

385-399; , ISBN: 978-3-319-47873-9,  

DOI:10.1007/978-3-319-47874-6_27 

 

 Altaf H. Abro, Michel C. A. Klein, Aram van Meurs: The Effects of Online 

Social Networks on the Social Aspects of an Indvidual’s Life. IEEE 3
rd

 

International Conference on Engineering, Technologies and Social Sciences, 

ICETSS’17, Bangkok; 08/2017 
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9 Personal contribution to each chapter 

This thesis is organized in a way that each chapter represents a research paper, 

most of them are published (except chapter 7 and 10). Initially following the 

longstanding policy of our research group that to have an authorship in a research 

paper each individual should have a comparable contribution (both in doing the 

research and writing the paper), in some of the papers this policy was followed in 

particular in this thesis, papers with more than two authors are based on comparable 

contribution, and author names were placed in alphabetical order with their 

surnames. Later this policy was changed and the author who had major contribution 

was placed as first author.    

 

The following table summarises my personal contribution to each chapter: 

Chapter Contribution 

Chapter 2 This chapter is a published journal paper which is an extended 

version of a conference paper. In this paper I mainly 

contributed to literature review from cognitive, psychological 

and neurological perspectives of emotion and mood regulation, 

developing the conceptual model introducing negative emotion 

generation and regulation in relation with mood, 

implementation and running simulation experiments for the 

initial scenarios. I also contributed in writing the related parts of 

the paper.  

 

Chapter 3 This chapter is a published conference paper. My contribution 

includes exploring cognitive and affective neuroscience 

literature in relation to regulatory processes for emotions and 

incorporating these concepts into the cognitive model. 

Furthermore, I was involved in setting up scenarios and writing 

the related parts of the paper. 

 

Chapter 4 This chapter is a published conference paper. My contribution 

in this paper, besides the literature review, is in the 

methodology and mathematical formalization along with 

implementation in the Matlab environment. Furthermore, I 

worked on generating simulation experiments with various 

scenarios and I also I contributed fine tuning of the parameters. 

I also contributed in writing the related parts of the paper.  

 

Chapter 5 This chapter is a published conference paper. I have contributed 

to all aspects of this paper. 
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Chapter 6 This chapter is a published conference paper. I have contributed 

to all aspects of this paper. 

 

Chapter 7 This chapter was not published yet but has been submitted to a 

conference. I have contributed to all aspects of this paper. 

 

Chapter 8 This chapter is a published conference paper. In this paper my 

contribution was the  literature review from the perspective of 

social support and psychological wellbeing related to mood 

regulation and depression. Based on the literature I extended  

the cognitive model of mood dynamics by adding social support 

aspects and did the formalization of the model. I also 

contributed in writing the related parts of the paper.  

 

Chapter 9 This chapter is a published conference paper. I have contributed 

to all aspects of this paper. 

 

Chapter 10 This chapter was not published yet but has been submitted to a 

conference and includes material from a master thesis. My 

contribution in this paper includes the literature review in 

regard with online social networks and social aspects of 

people’s behaviour and to design a survey questionnaire for 

collecting data. Moreover, I have contributed in writing the 

related parts of the paper. 
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Part II 

Modelling Emotion and Mood Regulation 

 

 

This part explores the dynamics of the mental processes related to emotion 

generation and the regulation of negative emotions, and also the influence of the 

negative emotions (generated by negative events) on mood. This part focuses on 

how environmental factors (negative events) lead to emotional instability and on the 

other hand how emotion regulation can play a role in the regulation of such negative 

influences. The proposed models incorporate various regulation strategies by 

modelling mental processes in relation with these regulation strategies. As in any 

stressful situation, humans often make use of multiple emotion regulation strategies 

to handle or regulate the negative influence of such stressful situations. Another 

feature for self-monitoring and selection of any or multiple regulation strategies has 

been incorporated. This feature works by making the decision about regulation 

strategies based on the level of negative feeling that is generated by any stressful 

situation.  
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Chapter 2 

Modeling the Effect of  

Regulation of Negative Emotions on Mood 

Altaf H. Abro, Michel C.A. Klein, Adnan Manzoor, S. Amin Tabatabaei, Jan Treur  

Vrije Universiteit Amsterdam, Agent Systems Research Group 

De Boelelaan 1081, 1081 HV Amsterdam, the Netherlands  

Email: a.h.abro@vu.nl, michel.klein@vu.nl, a.manzoorrajper@vu.nl, 

s.tabatabaei@vu.nl, j.treur@vu.nl 

Abstract: In this paper a computational model is presented that describes the 

role of emotion regulation to reduce the influences of negative events on mood. 

Emotion regulation is a process based on a set of regulatory strategies used by 

persons to down-regulate their negative emotions or to up-regulate their positive 

emotions. For a given situation the selection of  specific regulation strategies is 

dependent on that particular situation. The current paper presents work focusing 

on a cognitive reappraisal (re-interpretation) strategy, that involves changing the 

way one interprets a stimulus or situation, or alter the semantic representation of 

an emotional stimulus in order to reduce the influence of such stimuli. The model 

incorporates an earlier model of mood dynamics and a model for the dynamics of 

emotion generation and regulation. Example model simulations are described 

that illustrate how adequately 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 depression and 

to postpone it in very unstable persons. Furthermore, the analysis shows that if a 

stressful event persists for a longer time period, then emotion regulation can also 

help an unstable person to prevent the mood level from becoming too low, for a 

certain time. 

 

Keywords: depression, emotion regulation, mood regulation. 
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1 Introduction 

Emotions were traditionally seen as neural activation states without function 

[Hebb 2002]. However, relevant research provides evidence that emotions are 

functional (Damasio, 2000; Oatley & Johnson-Laird, 1987) and provide information 

about the ongoing mutual interaction between a human being and his or her 

environment [Schwarz and Clore 1983]. Moreover, emotions have a strong impact 

on the way we interact with the social world (Gross, 2015). In addition to the 

theories that exist in social psychology, in recent neurological literature many 

contributions (e.g., [Damasio 2000; Schwarz and Clore 1983] can be found about 

the relation between emotion and brain functioning. For example, emotional 

responses relate to activations in the brain within the limbic centers (generating 

emotions), and cortical centers (regulating emotions); e.g., [Papez 1937; Dalgleish 

2004]. Previously, emotions were often left out of cognitive models; however since 

awareness is increasing that emotions play a vital role in human life, nowadays 

cognitive models are developed that include the generation and regulation of 

emotions as well. A useful basic theory for the latter is the one of Gross: on how 

individuals regulate the emotions they have, when they have them and how they 

experience and express them (Gross, 1998). 

Emotions are different from mood, and emotion regulation is different from 

mood regulation (Gross, 2001, 1998). Emotions are instantaneous in nature and are 

specific reactions to a particular event, usually for a short period of time. Emotions 

help us to set priorities in our lives, taking initiatives in changing situations or 

making decisions based on how we feel, whether we are happy, angry, frustrated, 

bored or sad. In the field of psychology emotion regulation is considered a quite 

important aspect in the context of generation of human behavior (Gross, 2015). 

Recent literature shows that emotion regulation is gaining attention from a variety 

of biological and cognitive disciplines (Hartley & Phelps, 2010; Miller, Rodriguez, 

Kim, & McClure, 2014), as well as from social and health related areas (DeSteno, 

Gross, & Kubzansky, 2013; Shaver, Mikulincer, 2014). Emotion regulation 

describes how a subject can use specific strategies to affect the emotional response 

levels.  

Mood, on the other hand, is a more general feeling such as happiness, sadness, 

frustration, or anxiety that exists for a longer period of time (Gross, 2015; Larsen, 

2000). Mood regulation usually involves the deliberate choice of mood-affecting 

activities, such as pleasant activities [Cuijpers, van Straten, and Warmerdam 2007]. 

Moods tend to have less definite behavioral response tendencies than emotions, and 

for this reason, mood regulation may be distinguished from emotion regulation by 

its predominant focus on changing subjective feeling states (Larsen, 2000). It has 

been found that recurring events triggering stressful emotions have a bad influence 
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over time on mood and can easily lead to depression when subjects are vulnerable 

to that [Kessler 1997; Monroe and Harkness 2005]. 

The current paper is based on an extension of material presented earlier in 

(Abro, Klein, Manzoor, Tabatabaei & Treur, 2014). In this paper a computational 

model is introduced that combines the short-term emotional reaction on stressful 

events with the long-term dynamics of mood. The model is based (1) on an existing 

model for mood dynamics (Both, Hoogendoorn, Klein, & Treur, 2008, 2015) and 

(2) on the theory of emotion regulation introduced by (Gross, 2002, 1998, 2001). 

Various simulation experiments have been performed to analyse  how the 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 paper is organized as follows. First, in Section 2 some background 

information about the mood model and the process of emotion regulation presented. 

In Section 3 the integrated model is explained in detail. In Section 4 simulation 

results are provided to show the influence of stressful events in different scenarios, 

thereby providing evidence for the feasibility of the model. Section 5 is a 

discussion. Finally, Section 6 concludes the paper. 

2 Background on emotion regulation and mood dynamics 

The model presented in this paper adopts Gross’ theory of emotion regulation 

and an existing model of mood dynamics (Both et al., 2008, 2015). Both elements 

are introduced here briefly. 

2.1 Emotion regulation 

Controlling emotions or regulating them is often related with the suppression of 

an emotional response, for example, expressing a neutral poker face. This kind of 

regulating emotions is sometimes considered not very healthy, and a risk for 

developing serious kinds of health problems. However, it has been found that the 

strategies to regulate emotions are much more varied. For example, closing or 

covering your eyes when a movie is felt as too scary, or avoiding an aggressive 

person are other forms of emotion regulation mechanisms (Goldin, McRae, Ramel, 

& Gross, 2008; Gross, 2002). In daily life decreasing negative emotions seems a 

most common form of emotion regulation. Also in the literature, emotion regulation 

is often described as the process to down-regulate negative emotions, and 

particularly much attention has been paid towards reduction of the experiential and 

behavioral aspects of sadness, anger and anxiety [Richards and Gross 2006]. On 

other hand, there has also been a particular focus on the feelings of love, interest, 

and joy to up-regulate positive emotions [Quoidbach et al. 2010]. 
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In recent literature on emotion regulation another distinction has been made by 

Gross (2014). Emotion regulation is further classified according to two broad 

categories, one of which is called internal emotion regulation (intrinsic emotion 

regulation):  when such people who have the objective to regulate their own 

emotions.  The other category is named external emotion regulation (extrinsic 

emotion regulation): when a person has the objective to regulate another person’s 

emotions (Bloch, Haase, & Levenson, 2014; Levenson, Haase, Bloch, Holley, 

Seider, 2014; Zaki & Williams, 2013). The current paper focuses on the first 

category. 

The framework originally introduced by Gross describes how emotions can be 

regulated or controlled in different phases of the process during which emotions are 

generated (Gross, 1998). Gross distinguishes cognitive regulation of emotions, 

which occurs relatively early in the emotion generation process (e.g., re-

interpretation) and behavioral regulation of emotions, that happens relatively late in 

the emotion generation process (e.g., suppression). 

Over a longer period of time several strategies for emotion regulation have been 

described in the literature. In general they are classified into two major categories. 

The first category covers the antecedent-focused strategies that can be used before 

an emotional response has an effect on the behavior. In this category of emotion 

regulation, emotions may be regulated at four different points in the emotion 

generation process (a) selection of the situation, (b) modification of the situation, (c) 

deployment of attention, (d) change of cognition. The second category is formed by 

the response-focused strategies, which can be used in situations where the emotion 

response already is coming into effect; this is also called modulation of 

responses(Gross, 1998).  

Cognitive reappraisal (re-interpretation) is an emotion regulation strategy that 

involves changing the way one interprets a stimulus or situation in order to change 

its affective impact. Reappraisal involves the use of cognitive control to modulate 

semantic representations of an emotional stimulus, and these altered representations 

in turn attenuate activity in the amygdale [Buhle et al. 2013]. 

In the current paper the focus is on antecedent focused strategies, in particular 

re-interpretation of world information by belief change. 
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2.2 Modelling emotion regulation 

Based on the theory of emotion generation and regulation described above, a 

computational model of emotion regulation has been introduced before [Manzoor 

and Treur 2013] and applied in the context of social contagion and decision making. 

More details about this model can be found in (Manzoor & Treur, 2015). However, 

here a brief summary is given of these concepts and their dynamics. As illustrated 

in the dashed box in the upper part of Fig.1 the following concepts play their part in 

the model: control state cs, beliefs bel, feeling feel, preparation prep, and sensory 

representation state srs. The aim of the model is to describe how negative beliefs 

and feelings are generated and how alternative, more positive beliefs can be 

generated to regulate the negative feelings. The model is inspired by a number of 

neuro-scientific theories such as [Kim et al. 2011; Phelps et al. 2004; Sotres-Bayon, 

Bush, and LeDoux 2004; Yoo et al. 2007]. From fMRI experiments it has been 

found that emotion regulation occurs through the interaction between prefrontal 

cortex and amygdala. Here less interaction or weak connections between amygdala 

and prefrontal cortex lead to less adequate emotion regulation; e.g., [Kim et al. 

2011].  

In the considered scenario the sensory representation srs(w) of a world state w is 

associated both with a negative and a positive belief, as a basis for two different 

interpretations of the same world information. They suppress each other by a form 

of inhibition. Only the negative belief has a connection with the preparation for a 

negative emotional response prep(b) with b a type of (negative) emotion. The 

feeling state feel(b) has an impact on this preparation state prep(b), which in turn 

has an impact on feeling state feel(b) through the sensory representation state srs(b) 

for bodily expression of emotion b, which makes it recursive; this is called an as-if 

body loop in the literature (e.g., Damasio, 2000). 

Often people respond to stressful events in different ways, depending on the 

type of event and on the emotion regulation strategies they choose. Much literature 

regarding emotion regulation can be found and a number of dynamic models have 

been proposed, which focus on the person and the situation in which they interact 

over time to make alteration or adapt change [Bonanno and Burton 2013]. In the 

model presented here, antecedent focused emotion regulation addressing reappraisal 

in particular is achieved by the interplay of three states cs(b, c), bel(c), feel(b), 

where c is a specific belief and b a specific type of emotion. Negative weights are 

assigned to the connections from the control state cs to negative beliefs bel(c) and 

negative feelings feel(b). Positive weights are assigned to connections in the 

opposite direction which take care of monitoring of the feelings.   

In the example scenario only two beliefs are taken into account: a positive belief 

which may associate to good feeling and a negative belief which is related to a 

negative (or stressful) feeling; for the sake of simplicity there is only one negative 
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feeling state in the scenario. A control state is used to determine whether an 

unwanted emotion through a negative belief has occurred (as a form of monitoring, 

happening in the prefrontal cortex). If so, by becoming activated the control state 

suppresses these negative effects. Furthermore, as they concern opposite 

interpretations of the world information, both beliefs inhibit each other, which is 

modeled by assigning negative weights to their mutual connections.  

In the literature (Gross & Barrett, 2011) emotion generation and emotion 

regulation are sometimes considered as overlapping in one process. In the model 

introduced here on the one hand both sub processes (emotion generation and 

regulation) are clearly distinguished but on the other hand by the cyclic connections 

between them and the dynamics created by these cycles, the processes are fully 

integrated into one process.  

2.3 Modelling mood dynamics and depression 

The model of mood dynamics is depicted in the lower part of Fig.1. The main 

concepts include the mood level, appraisal and coping skills of a person, and how 

the levels for these states affect the external behavior in the form of selection of 

situations over time (objective emotional value of situation). The model is based 

upon a number of psychological theories; see (Both et al., 2008, 2015) for a 

mapping between the literature and the model itself. 

In the model, a number of states are defined, whereby to each state at each point 

in time a number (activation level) on the interval [0,1] is assigned. First, the state 

objective emotional value of situation represents the value of the situation a human 

is in (without any influence of the current state of mind of the human). The state 

appraisal represents the current judgment of the situation given the current state of 

mind (e.g., when you are feeling down, a pleasant situation might no longer be 

considered pleasant). The mood level represents the current mood of the person, 

whereas thought indicates the current level of thoughts (i.e., the positivism of the 

thoughts). The long term prospected mood indicates what mood level the human is 

striving for in the long term, whereas the short term prospected mood level 

represents the goal for mood on the shorter term (in case you are feeling very bad, 

your short term goal will not be to feel excellent immediately, but to feel somewhat 

better). The sensitivity indicates the ability to select situations in order to bring the 

mood level closer to the short term prospected mood level. Coping expresses the 

ability of a human to deal with negative moods and situations, whereas vulnerability 

is the opposite: it expresses how vulnerable the human is for negative events and 

how much impact that structurally has on the mood level. Coping and vulnerability 

have an influence on all internal states except the prospected mood levels, but in 

Figure 1, those arrows are left out for clarity reasons. Finally, world event indicates 
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an external situation which is imposed on the human (e.g., losing your job). A short 

definition of each state and its role is explained in Table 1. In Section 2.1 of (Both 

et al., 2015) more technical details of this model for mood dynamics can be found. 

3 Integrated Model 

The integrated model describes how the emotion generation and regulation 

mechanisms influence the mood dynamics. It describes how specific stressful 

events generate specific instantaneous negative feelings, which have a negative 

effect on the (subjective) appraisal (also called sevs – subjective emotional value of 

the situations of the person) of the more general situations of the person and thus on 

the mood. When emotion regulation is taking place, the instantaneous feelings will 

be less negative and thus reduce the influence of the stressful events on the mood. 

To implement this principle in the model, a connection from the negative feeling in 

the regulation model to appraisal state in the mood model is introduced. The 

purpose of this connection is to model the effect of negative but short term feelings 

on the (longer term) mood. In the model, only negative feelings are considered. For 

beliefs, there is both a positive and a negative variant. The world(w), sensor(w), 

srs(w) states may lead to either the negative or the positive belief (represented as 

bel(c1) and bel(c2) here), as alternative interpretations of the same world 

information. These belief states may have different activation values over time. 

Initially one can have a high value and the other one a low value. But over time the 

high value can become lower (due to the emotion regulation mechanism), whereas 

the low value becomes higher and eventually becomes dominant over the other 

value. This is how a belief change process is shown in the simulations. Recall that a 

short definition of each state and its role is explained in Table 1.  
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Fig. 1.  The integrated model: emotions about stressful events and their influence on 

mood. Here the dotted box indicates the integrated emotion generation and regulation 

process, and the part below that box the model for mood dynamics. Furthermore, srs = 

sensory representation state, cs = control state, bel = belief, prep = preparation, feel = feeling, 

oevs =objective emotion value of situation (for more details, see Table 1) 
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Table 1. Definition of the states of the model 

Domain Formal name Description 

E
n

v
ir

o
n

m
en

t 

world(w) 

world state w: This characterizes the current world situation 

which the person is facing. A situation can be an event or series 

of events one has no control over, or that are chosen or 

influenced by the person. 

 

M
o

o
d

 M
o
d

el
 

oevs 

objective emotional value of situation: The objective 

emotional value of situation (oevs) represents how an average 

person would perceive the situation 

appraisal 

The current judgment of the situation given the current state of 

mind (e.g., when you are feeling down, a pleasant situation 

might no longer be considered pleasant). 

mood level 

The complex notion of mood is represented by the simplified 

concept mood level, ranging from low, corresponding to a bad 

mood, to high, corresponding to a good mood 

thought 

The mood level influences and is influenced by thoughts. 

Positive thinking has a positive effect on the mood and vice 

versa 

sensitivity 

This concerns the ability to change or choose situations in 

order to bring the mood level closer to prospected mood level. 

A high sensitivity means that someone‟s behavior is very much 

affected by thoughts and mood, while a low sensitivity means 

that someone is very unresponsive. 

ST Prospected 

mood 

Short-term and long-term ST Prospected mood: The mood 

level someone strives for, whether conscious or unconscious is 

represented by prospected mood level. This notion is split into 

a long term (LT) prospected mood level, an evolutionary drive 

to be in a good mood, and a short term (ST) prospected mood 

level, representing a temporary prospect when mood level is far 

from the prospected mood level. 

LT Prospected 

mood 

coping 

This concerns constantly changing cognitive and behavioral 

efforts to manage specific external and/or internal demands 

that are appraised as taxing or exceeding the resources of the 

person. The term coping represents the skills one has to deal 

with negative moods and situations. 

vulnerability 

Having a predisposition for developing a disorder. Persons 

with high vulnerability for depression will use thoughts mostly 

to downregulate their appraisal, whereas balanced persons will 

consider their appraisal as similar to the OEVS and their 

thoughts 
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4 Simulation Results 

In this section, example simulation results are presented that show how emotion 

regulation can help to change bad beliefs and feelings into more positive beliefs and 

feelings, and thus protects the mood against stressful events. First, some details of 

the model design and its implementation and the parameter values used are 

described. 

As mentioned, for the model of mood dynamics (the lower part of Fig. 1) an 

existing model described in [Both et al. 2008] is used. The numerical details of this 

part of model are given in Section 2.1 of  (Both et al., 2015). 

In the emotion regulation model, the activation level of a state is determined by 

the impact of all the incoming connections from other states thereby being 

multiplied by their corresponding connection weights. In the simulations, the 

connection weights were set at the following values:  

 

 

 

E
m

o
ti

o
n

  

G
en

er
a

ti
o

n
 

sensor(w) 
Sensor state for w: The person observes the world state 

through the sensor state, which provides sensory input 

srs(w) 
Sensory representation of world state w: Internal 

representation of sensory input 

srs(b) 

Sensory representation of body state b, and Feeling 

associated to body state b: Before performing an action, a 

feeling state feel(b) for the action is affected by a predictive as-

if body loop, via the sensory representation state srs(b). This 

gives a sense of valuing of a prediction about the action before 

executing an action to perform it. Here b is embodying the 

associated emotion. In the considered scenarios b is a negative 

emotion 

feel(b) 

bel(c) 

Belief: Interpretation of the world information; in the case of 

different interpretations for the same world information, they 

may suppress each other 

prep(b) 
Preparation for an action involving b: Preparation for a 

response involving body state b 

E
m

o
ti

o
n

  

R
eg
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la
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n
 

cs(b,c) 

Control state of reappraisal of belief c to avoid feeling b: 

This control state is monitoring beliefs and associated feelings, 

to determine whether an unwanted, negative emotion through a 

belief has occurred. If so, by becoming activated the control 

state suppresses this belief, which gives the opportunity for 

alternative beliefs to become dominant. 
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Table 1: Values for the connection weight parameters 

 

When no emotion regulation takes place wfeel_cs and wnegBel_cs are taken 0. For 

scenarios in which emotion regulation takes place, the value of wfeel_cs changes from 

0 to 3; and wnegBel_cs change from 0 to 0.05. 

In particular, for a state causally affected by multiple other states, to obtain their 

combined impact, first the activation levels Vi for these incoming state are weighted 

by the respective connection strengths wi thus obtaining Xi=wivi and then, these 

values Xi are combined, using a combination function f(X1,.., Xn). In the context of 

emotion regulation model, the combination function is based on the following 

function: 

 

                                        (1)  

 

where adaptER is an adaptation factor, determines the speed with which the value 

of state changes (is updated). The adaptER for all states of the emotion regulation 

model is equal to 6. This value is taken as a relatively fast speed factor, in contrast 

to the changes of the mood model. It is assumed that emotions concern fast, short 

term processes, whereas mood concerns a more long term process which is much 

slower. Moreover,  

           
 

            
 

     
           (2)  

 

Table 3 shows the value of   and  for each state. 

Table 3. Parameter values used in the simulation of emotion regulation model 

 NegBel PosBel prep srs feel cs 

 9 9 4 3 5 4 

 0.1 0.1 0.4 0.2 0.10 0.5 

 

 

 

 (weight) value 

 

 (weight) value 

worldstate),sensor 1.0 srsb,feel 0.9 

sensor,srs 1.0 feel,prep 0.4 

srs,posbel 0.4 cs,feel -0.2 

srs,negbel 0.9 cs,negbel -0.35 

negbel,prep 0.9 negbel,posbel -0.3 

prep,srsb 0.9 posbe, negbel -0.1 
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4.1 Simulation of the emotion regulation mechanism 

The aim of this first simulation is to show the effects of emotion regulation on 

beliefs and negative feelings. Input for the model is formed by bad events. Bad 

events can come in all kinds of durations and intensities (per second). The presented 

approach is able to cover all these possibilities, using the two variables duration and 

(activation) level for intensity. In the experiment described here, it was chosen that 

a bad event happened for 3.3 hours with intensity 1, which is an arbitrary choice. In 

this case, there are two different beliefs corresponding to this event, a negative and 

one positive one as alternative interpretations of the world information For example, 

after losing a tennis match, negative belief is that you played awfully and blame 

yourself, and positive belief is that your rival was much more powerful and the 

stadium was full of his fans. 

Fig. 2 shows the results of this simulation. In the simulation experiments always 

two variants are shown: one where emotion regulation is active (emotion regulation 

is ON) , which is the natural case, and another one in which emotion regulation has 

been made inactive (emotion regulation is OFF). This has been done to be able to 

see to which extent emotion regulation makes a difference. The variant without 

emotion regulation can be seen as an extreme case of a person with very poor 

emotion regulation capabilities. For this case, as can be seen, when no emotion 

regulation takes place (Fig. 2a), the negative event dominates and it leads to a high 

value of negative feeling. However, when the emotion regulation does take place 

(Fig. 2.b), the generated negative belief and negative feelings lead to the activation 

of the control state, and consequently it causes weakening of the negative belief and 

due to this the positive belief can become dominant. Eventually, activation of the 

control state also decreases the value of negative feeling (purple line). This 

substantially reduces the effect of the negative feeling: it can be seen that the 

integral of the area below the feeling is 2.3 times smaller than in the upper graph. 

 

 
Fig. 2. Simulation results of the emotion regulation model for a case when a bad event 

happens. a) without emotion regulation b) with emotion regulation.  
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4.2 Simulation of mood dynamics 

The integrated model was used to simulate three types of persons in different 

situations. The different types are characterized by different values for the 

parameters coping, vulnerability and LT prospected mood level. These values are 

presented in Table 4. The coping values were chosen from average (0.5) to low 

(0.1) to very low (0.01) to get a distinction in different types of coping skills. The 

vulnerability is taken as 1 – coping value in the model. 

The first type of person is an emotionally stable person, defined by having good 

coping skills that balance out any vulnerability and by having the desire to have a 

good mood. An emotionally slightly unstable person is defined by having some 

vulnerability and bad coping skills and the desire to have a medium mood. The third 

type is an emotionally very unstable person defined by having poor coping skills.  

 

Table 4. The values of the parameters for different types of persons 

 Person 1 Person 2 Person 3 

Characteristic Stable 
Slightly 

unstable 

Very 

unstable 

Coping 0.5 0.1 0.01 

Vulnerability 0.5 0.9 0.99 

LT prospected 

mood 
0.8 0.6 0.6 

 

Please note that as start value for OEVS the equilibrium state is used; this needs 

to be calculated for each type so that when no events occur, the person stays 

balanced with all variables equal to LT prospected mood level. For stable person the 

OEVS is 0.8, for slightly unstable one  it is 0.94 and for very unstable person the 

stable OEVS is 0.999. 

The six weights between mood, thoughts and appraisal can also be varied to 

simulate different personal characteristics. However, in these simulations they have 

been set at the following values: wappraisal_mood 0.7, wthoughts_mood 0.3, wappraisal_thoughts 

0.6, wmood_thoughts 0.4, wmood_appraisal 0.5, wthoughts_appraisal 0.5. In each iteration, the value 

of each state(Vnew) in the mood model is defined according the weighted sum of its 

inputs and its old value(Vold): 

                                   (3)  

Since the speed of mood model is much slower than emotion model, the 

adaptation factor for all states in the mood model is 0.1. By comparing the 

adaptation factors of the mood model and the emotion regulation model, we see that 

the states of the emotion regulation model are updated 60 times faster than the states 
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of the mood model. This is in line with the background provided in the introduction, 

which says that the emotions are much more short-time events than mood. 

 

4.2.1  First Scenario 

In the first scenario, three short (3.3 hours) bad events occur with the time 

interval of 12 hours. The length of the scenario is three weeks (504 hours).  Table 5 

shows the value of mood after one, two and three weeks, and the minimum value of 

mood, for each person when the emotion regulation is ON or OFF. 

Table 5. Simulation results for a case that three bad events happen. 

 

Person 1  Person 2 

 

Person3 

Without  

emotion  

regulation 

With  

emotion 

regulation 
 

Without 

emotion 

regulation 

With  

emotion 

regulation 

Without  

emotion  

regulation 

With  

emotion 

regulation 

Week 1 0.7900 0.7809 0.4362 0.5002 0.3247 0.3985 

Week 2 0.8035 0.7982 0.4507 0.5016 0.2791 0.3296 

Week 3 0.7982 0.8005 0.4655 0.5053 0.2484 0.2835 

 

 

As Table 5 shows, a stable person does not require emotion regulation to handle 

these bad events (the value of mood does not change significantly when emotion 

regulation is on or off). However, emotion regulation is critical for person 2 

(unstable). In fact, if emotion regulation does not take place, he/she will become 

depressed after these bad events (a depression is defined as a mood level below 0.5 

during at least 336 hours (two weeks); cf. (American Psychiatric Association, 

1994)); while if emotion regulation does take place, the value of the mood will not 

go below 0.5 during this simulation. In contrast, the emotion regulation does not 

save a very unstable person from depression. However, even in this case, the 

emotion regulation enables the person to avoid the depression for the time being 

(time at which the value of mood becomes less than 0.5) for almost one day (22.8 

hours). 
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Fig. 3. Simulation results of the first scenario for person 1 (stable)  

a) without emotion regulation   b) with emotion regulation 

 

Fig. 4. Simulation results of the first scenario for person 2 (unstable)  

a) without emotion regulation  b) with emotion regulation 

 

Fig. 5. Simulation results of the first scenario for person 3 (very unstable) 

a) without emotion regulation  b) with emotion regulation 

Figures 3, 4 and 5 show the results of the simulation of the first scenario for 

stable (Fig. 3), unstable (Fig. 4), and a very unstable person (Fig. 5). In the case of 

unstable person, when emotion regulation is OFF (Person=2, Regulation=0) events 
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lead to a depression. While emotion regulation is ON (Person=2, Regulation=1), it 

decreases the effect of negative events and saves the person from depression.  

4.2.2 Second Scenario 

In the second scenario, bad events occur every 3 weeks in one year. Table 6 

shows the minimum, average and maximum value of mood in last 3 weeks of this 

simulation for each person. 

Table 6. Simulation results for a case when bad events happen every 3 weeks during one 

year 

 Person 1  Person 2  Person3 

Without 

emotion 

regulation 

With  

emotion 

regulation 

Without 

emotion 

regulation 

With  

emotion 

regulation 

Without 

emotion 

regulation 

With 

emotion 

regulation 

Minimum 0.7608 0.7818 0.4465 0.4829 0.0027 0.0041 

Average 0.7929 0.7942 0.4706 0.4925 0.0038 0.0052 

Maximum 0.8018 0.8002 0.4947 0.5042 0.0049 0.0063 

 

Fig. 6 shows the results of this simulation for a stable (graphs in the first row), 

unstable (graphs in the middle row), and a very unstable person (graphs in the last 

row). As it can be seen, after each bad event the person tries to recover his situation. 

However, in case of person 2, if emotion regulation is OFF, the mood will not raise 

to 0.5. In contrast, when emotion regulation is ON, after each bad event, moods fall 

to below 0.5 and again recovers to a value higher than 0.5. 
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Fig. 6. Simulation results of the second scenario for the three different persons characteristics 

a,b)stable person  c,d) unstable person   e,f) very unstable person 

 Without emotion regulation (left hand side)   With emotion regulation (right hand side) 

4.2.3 Third Scenario 

In the third scenario, the effect of the size (duration) of the event is displayed. 

To do that, the average of value of mood level, in 2 weeks (336 hours) after the 

event (with different length) is calculated. Fig. 7 shows the results for three different 

personalities. Please note that, the horizontal axes show time, including the duration 

of the bad event, while the vertical axes show the mood level, 2 weeks after 

occurrence of event. 
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Fig. 7. Simulation results of the third scenario showing the value of the mood level, 2 weeks 

after occurrence of an event (with different size) for three different personalities 

a) stable person  b) unstable person   c) very unstable person 

 

For instance, in the middle graph (unstable person), green dashed lines show 

that if a bad event (with the strength of 1) lasts for one day (24 hours), the value of 

mood level, 2 weeks after occurrence of event will be: 

- 0.2978, if emotion regulation is inactive 

- 0.3854, if emotion regulation is active 

However, if the event lasts for 5 days (120 hours), the value of mood level, 2 weeks 

after occurrence of event will be: 

- 0.04529, if emotion regulation is inactive 

- 0.05109, if emotion regulation is active 

The simulations show that for a range of separate events, emotion regulation can 

be helpful to considerably prevent decreasing the mood level. As it is clear in the 

aforementioned example, emotion regulation does not have a considerable effect for 

the long term when the duration of an event is too long. 
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Another observation that can be made is that the range of event durations for 

which emotion regulation has a considerable effect, is different for different 

personalities. As it can be seen in the Fig.7, this range is smaller for more unstable 

person, in comparison to more stable persons. On the other hand, this range starts 

from a longer duration of events for a more stable person. This means that for a very 

stable person, with high coping skills, emotion regulation does not make much 

difference to handle events with a short or medium duration, whereas for a very 

unstable person, emotion regulation makes a real difference just in case of short bad 

events. 

 

Fig. 8. Simulation results of the third scenario 

Minimum (left column), average (middle column) and maximum (right column) 

value of the mood level, at 2 weeks after the occurrence of an event (with different size) for 

three different personalities 

a,b,c) stable person    d,e,f) unstable person   g,h,i) very unstable person 

 

Figure. 8 explains the results of the third scenario in more detail. To understand 

the changes of mood in 2 weeks after the occurrence of event, minimum, average 

and maximum of mood level are shown in Fig. 8. 
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5 Discussion 

In this paper, a computational model has been presented for the effect of 

emotion regulation (Gross, 1998) on the more long term dynamics of mood. This 

model was used to analyze (by performing simulation experiments) the effect of 

emotion regulation on the mood level of persons with different characteristics. The 

simulation results show how in certain circumstances emotion regulation can help 

unstable persons to avoid a depression and to postpone it in very unstable persons. 

Moreover, for a stable person model simulations show that emotion regulation is 

not required. Another experiment shows that if the unwanted events are prolonged 

for longer periods then emotion regulation can also help an unstable person to 

prevent the mood level from becoming too low, for a certain time. This is in line 

with literature addressing the effect of stressful events on depression, such as 

[Kessler 1997] and [Monroe and Harkness 2005]. In this way creating the model 

helped think through the dynamics more clearly. 

These kinds of agent based models have a potential as a basis to build systems 

that could help individuals to learn to appropriately regulate their behavior in a 

catastrophic situations, or stress management systems where an avatar can help a 

person to overcome stressful or negative feelings. It has been seen that in many 

fields in the public domain, for instance involving police officers or transportation 

employees, it is required to control the negative feelings. Virtual reality based 

training applications can be designed where an avatar equipped with the kind of 

agent based model presented in this paper could help people to overcome or to deal 

gracefully with negative situations in their professional life. 

In future work, a focus will be on modeling the effect of learning emotion 

regulation, i.e., to learn to generate positive beliefs about different events. Such 

learning can be supported, for example, by training in real or virtual training 

environments.  

6 Conclusion  

The computational analysis presented in this paper shows how regulation of 

stressful emotions helps unstable persons to avoid a depression and to postpone it in 

very unstable persons. Furthermore the analysis shows that if a stressful event 

persists for a longer time period, then emotion regulation can also help an unstable 

person to prevent the mood level from becoming too low, for a certain time. 
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Abstract: In this paper a cognitive model is introduced which integrates a 

model for emotion generation with models for three different emotion 

regulation strategies. Given a stressful situation, humans often apply multiple 

emotion regulation strategies. The presented computational model has been 

designed based on principles from recent neurological theories based on 

brain imaging, and psychological and emotion regulation theories. More 

specifically, the model involves emotion generation and integrates models for 

the emotion regulation strategies reappraisal, expressive suppression, and 

situation modification. The model was designed as a dynamical system. 

Simulation experiments are reported showing the role of the emotion 

regulation strategies. The simulation results show how a potential stressful 

situation in principle could lead to emotional strain and how this can be 

avoided by applying the emotion regulation strategies decreasing the 

stressful effects. 
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1 Introduction 

Emotions are a crucial part of our mental activities and can play an important 

role in how we think and behave. Emotions provide the strong feelings and driving 

forces behind motivation (Gaulin and McBurney, 2004) depending on one’s 

circumstances, mood or relationships with others. Emotions seem to rule our daily 

lives, we make decisions based on whether we feel happy, angry, sad, bored or 

frustrated, and emotions themselves have an adaptive potential that if activated can 

help a person change or avoid problematic states or unwanted experiences. Early 

research describes emotions as a neural activation states without a function (Hebb, 

2005); later literature describes how emotions have various functions (Damasio, 

2000; Oatley and Johnson-Laird, 1987). For instance,  they facilitate decision 

making, prepare motor responses, provide information regarding the ongoing match 

between organism and environment, and script our social behavior (Gross, 1998; 

Schwarz and Clore, 1983). From the negative side, it has been found that recurring 

events triggering stressful emotions have a bad influence over time on 

psychological and physiological health and can easily lead to depression when 

subjects are vulnerable for that (Kessler, 1997). 

Earlier, in the field of computational cognitive modeling, emotions were not 

considered for cognitive models, as they were assumed irrelevant for idealized 

cognitive functioning. However, in view of the increased awareness that emotions 

play a vital role in human life, nowadays cognitive models are being developed that 

include the generation (and sometimes regulation) of emotions as well. Over past 

two decades the research on emotions has increased significantly in various fields 

such as psychology and neuroscience, but also in the AI-related areas of virtual 

agents and ambient intelligence. In addition to the theories that exist in Psychology, 

also in Cognitive and Affective Neuroscience many contributions (Damasio, 2000; 

Dörfel et al., 2014; Schwarz and Clore, 1983) can be found about the relation 

between emotion and brain functioning. For example, emotional responses relate to 

activations in the brain within the limbic centers (generating emotions), and cortical 

centers (regulating emotions) (Dalgleish, 2004; Papez, 1937). Psychological 

research on emotions has started to focus more on emotion regulation (Gross, 2001, 

1998; Gross and Thompson, 2007) i.e., the processes humans undertake to increase, 

maintain or decrease their emotional response.  

In this paper, a computational cognitive model is presented that involves 

different emotion regulation strategies to gradually regulate the effect of negative 

events. It integrates the emotional responses on stressful events and the strategies 

that humans use to regulate them. The model integrates an existing model for 

emotion generation and regulation by reappraisal (Abro et al., 2014), with models 

for three different emotion regulation strategies as put forward by Gross (Gross, 
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2001; Gross and Barrett, 2011; Gross and Thompson, 2007). The model adopts part 

of previous work presented in (Abro et al., 2014), where only the reappraisal 

strategy was addressed. In the current paper this strategy is integrated with other 

strategies, namely expressive suppression and situation modification. Another 

approach to such integration of emotion regulation strategies can be found in 

(Bosse, Pontier and Treur, 2007, 2010); see also (Bosse, Gratch, Hoorn, Portier, and 

Siddiqui, 2010) for a comparative perspective. The model described in (Bosse, 

Pontier and Treur, 2007, 2010) is based on a cybernetical view, taking a notion of 

homeostasis as a point of departure, where every deviation from an assumed norm 

value for the emotion level triggers an adjustment, thereby using all strategies. In 

this sense the latter model is a kind of abstract black box model, as it does not use 

more specific inspiration from the biological and neurological area. The integrated 

model proposed in the current paper focuses on this biological inspiration and uses 

different and more neurologically plausible mechanisms based on that inspiration. 

An explanation about the different processes involved in emotion generation and 

regulation are discussed from such a perspective in Section 3. In the current model 

the three emotion regulation strategies are the antecedent-focused strategies 

reappraisal and situation modification, and the response-focused strategy expressive 

suppression. It is shown how these multiple processes of emotion regulation 

together can help people to maintain a healthy lifestyle in case the occurrence of 

stressful events.  

The paper is organized as follows. First, in Section II some background 

information about the different processes of emotion regulation is presented. In 

Section III the integrated computational model is explained in detail. In Section IV 

simulation results are provided to show the influence of stressful events in a specific 

scenario, thereby providing evidence for the validity of the model. Finally, Section 

V concludes the paper. 

2 Background 

Emotions are instantaneous and specific reactions to a particular event that are 

usually of fairly short duration. Emotion regulation describes how a subject can use 

specific strategies to affect the emotion response levels (Cuijpers et al., 2007). 

Emotion regulation becomes more important when emotional responses interfere 

with important goals, or when they compete with other, socially more adequate 

responses (Côté et al., 2010; Koole, 2009). There is a variety of strategies to 

regulate emotions efficiently, which are used in daily life and that have been 

investigated within the areas of Cognitive, Affective, and Social Neuroscience. The 

term emotion regulation refers to those processes that affect the generation, the 

experience and expression of emotions. Emotion regulation depends on efficient 
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cognitive control functions that are able to generate, maintain and adjust emotional 

responses (Egner, 2008), and realize different strategies.  

Emotion regulation within individuals plays an important role in their life 

(Oatley and Johnson-Laird, 1987). Through their emotion regulation processes 

individuals can balance their emotions by exerting forms of control on how they 

feel (Gross, 2001). For instance, by avoiding situations or persons who trigger 

negative emotions, or suppressing anger when receiving bad comments from 

interviewers. By such emotion regulation mechanisms, persons have the ability to 

suppress negative influences from interaction with others and maintain a form of 

emotional homeostasis (Gross, 2001, 1998).  

Humans use a number of strategies to affect their level of emotion response for a 

given type of emotion, for example, to avoid a too high or too low emotion response 

level. Emotions can be regulated or controlled in the different stages of the emotion 

generation process. Some strategies occur relatively early on in the emotion 

generation process and other, behavior regulated strategies happen relatively late in 

the emotion generation process (Gross, 2001; Gross and Thompson, 2007).  

Gross (Gross, 1998) proposed an important theoretical framework that describes 

how individuals regulate emotions they have, when they have them and how they 

experience and express them. According to this emotion regulation framework there 

are two major categories of emotion regulation strategies: the first category 

concerns strategies that are used before an emotion has an effect on the behavior 

(antecedent-focused strategies) and the second category concerns strategies that are 

used when the emotional response is already coming into effect in the sense of 

expression or behavior after an emotion is generated (response-focused strategy) 

(Gross, 2002; Gross and Barrett, 2011; Gross and Thompson, 2007).  

The proposed model integrates three different emotion regulation strategies: (1) 

reinterpretation. (2) expressive suppression and (3) situation modification (Gross, 

2002, 1998). 

Reinterpretation is a cognitive reappraisal mechanism, which works by changing 

the assigned meaning or interpretation of an emotional stimulus. Cognitive 

reappraisal is a form of cognitive change that involves construing a potentially 

emotion-eliciting situation in a way that changes its emotional impact (Lazarus and 

Alfert, 1964).  Reappraisal is a specific type of cognitive change, which is aimed at 

down-regulating emotion, in the sense that the individual reappraises or cognitively 

re-evaluates a potentially emotion-eliciting situation in terms that decreases its 

emotional impact. An example of reappraisal is a case when a person loses a tennis 

match and blames the weather circumstances, instead of his own capacities.  

Expressive suppression modifies the behavioral or physiological response to an 

emotional stimulus. Expressive suppression is a form of response modulation that 

involves inhibiting ongoing emotion-expressive behavior (Gross, 1998). For 
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example, one might keep a poker face while holding a great hand during a card 

game. Response modulation, is a response-focused strategy, that is applied after the 

emotion response tendencies have been generated: a person tries to affect the 

process of response tendencies becoming a behavioral response. Expressive 

suppression is a specific type of response modulation, aimed at down-regulating 

emotion, that an individual inhibits ongoing expressive behavior (Gross, 2001). An 

example of suppression is a person that hides being nervous when giving a 

presentation.  

Finally, situation modification (Gross, 1998) is an antecedent-focused regulation 

strategy that addresses the very first part of the causal chain from trigger to emotion, 

namely the external trigger itself. This is performed by preparing and performing an 

action that changes the external situation in such a way that the trigger disappears or 

becomes more harmless. A possible example of a situation modification is to run 

away from a potential unwanted situation. 

In recent years more neurological mechanism have been discovered that 

describe the common and differential neural networks of emotion. According to the 

recent neurological fMRI study by (Dörfel et al., 2014)  describes that what they 

call expressive suppression relates to an increase of brain activation in a right 

prefronto-parietal regulation network, and reinterpretation (reappraisal) engages a 

different control network comprising left ventrolateral prefrontal cortex and 

orbitofrontal. 

The model presented here is inspired by a number of neurological theories 

(Dörfel et al., 2014; Kim et al., 2011; Phelps et al., 2004), relating to fMRI 

experiments in which it has been found that roughly spoken emotion regulation 

occurs through the interaction between prefrontal cortex and amygdala. For 

example, it has been found that less interaction or weak connections between 

amygdala and prefrontal cortex lead to less adequate emotion regulation (Koole, 

2009).  

The general idea is that upward interaction from amygdala to PFC can have the 

function of monitoring and assessing the level of emotion, whereas the downward 

interaction from PFC to amygdala makes it possible to control and modify 

amygdala activation. In the process of monitoring and assessing the level of 

emotion, leading to PFC activity, interaction with amygdala will occur and possibly 

with some other areas that also play a role in developing emotions and feelings. In 

relation to the control at the level of the PFC and connections from there to other 

areas some differentiation is needed. For different regulation strategies different 

areas need to be affected. For a response-focused strategy such as expressive 

suppression, a main effect can be to suppress amygdala activation in a more direct 

manner, but also other areas involved in actual expression of the emotion have to be 

suppressed, for example, keeping the poker face unmoved. Furthermore, for an 
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antecedent-focused strategy such as reinterpretation it is quite plausible that in this 

case the control from the PFC has to affect the interpretation, and not the amygdala 

in a more direct manner. For example, in this case the PFC may affect (working) 

memory in order to achieve the reinterpretation. After this reinterpretation has been 

accomplished, in turn the renewed emotion generation process (based on the new 

interpretation) will affect the emotion level, including amygdala activity. In such a 

case a more direct suppression of amygdala activation might still take place as well, 

but then that effect may have to be attributed to a different regulation strategy which 

occurs in parallel, for example, expressive suppression. So, for a reinterpretation 

strategy the more important control effect should address the interpretation; in order 

to qualify the strategy as reinterpretation, the interpretation has to change, which 

requires some specific effort. Without an important contribution of the latter control 

effect the type of regulation would probably have to be classified as response-

focused and not as reinterpretation. Similarly, for an antecedent-focused strategy 

such as situation modification, the control has to address primarily not the 

amygdala, but, for example, different areas involved in executive planning of 

actions to get the situation modified, which also may require quite some effort. Also 

here it is plausible that the control effect from the PFC addresses mainly areas 

different from the amygdala in order to achieve a modified situation, and in turn the 

amygdala activation gets affected due to the renewed emotion generation process 

based on the modified situation. Again, without this modified situation the strategy 

would not be classified as situation modification.  

To control different pathways in order to achieve emotion regulation according 

to different strategies the PFC has to involve different areas within the brain. In 

some recent studies such as (Ochsner and Gross, 2014; Dörfel et al., 2014) some 

first attempts are made to relate different regulation strategies to activity in different 

brain areas. See, for example, (Ochsner and Gross, 2014, pp. 30-33). As another 

example, see (Dörfel et al., 2014) which describes that what they call expressive 

suppression relates to an increase of brain activation in a right prefronto-parietal 

regulation network, and reinterpretation engages a different control network 

comprising left ventrolateral cortex and orbitofrontal prefrontal. More studies are 

needed in this area to obtain more solid conclusions on the differences between 

different strategies. 
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3 Cognitive Model 

In this section, the focus is on different parts and states of the proposed model, 

and it is explained how the different states affect each other. An overview of the 

proposed model is depicted in Fig. 1, with an explanation of the terms used in Table 

1. A short description of each state is available in Table 1. All states of this model 

can be classified in five groups: the outside environment, emotion generation, and 

emotion regulation strategy 1, 2 and 3. 

3.1 Environment 

The main states representing the outside environment are world event and 

world. Here world(w) shows the situation of the person’s environment (how 

suitable, annoying is it). Moreover, world(e) covers the events (external to the 

person) which may affect the environment for the person. 

 

 
 

Figure 1: Proposed Model. States belonging to the same group are coloured in the same 

colour 
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3.2 Emotion Generation 

The state of the world is sensed by the person via sensor(w)) and represented as 

srs(w). This is associated both to a positive belief bel(c1) and a negative belief 

bel(c2), which form a basis of two different interpretations of the same world 

condition. As discussed earlier, these conflicting beliefs compete with each other by 

a form of mutual inhibition. In the considered scenario, the negative belief bel(c1) 

has an effect on the state of preparation for negative emotional response prep(b) 

which leads to sensory representation srs(b) and to the negative feeling feel(b). 

Subsequently, feel(b) has an impact on the preparation state, prep(b), which in turn 

has an impact on feeling state, feel(b), through srs(b) which makes the process 

recursive; this is often called an as-if body loop in the literature (e.g. (Damasio, 

2000)).  

 

Table 1: Overview of the states of the proposed model (see also Figure 1) 

 

Domain 
Formal 

name 

Informal name Description 

E
n

v
ir

o
n

m
en

t world(w) World state w This characterizes the current world 

situation which the person is facing 

world(e) World event e Circumstances in the world that affect the 

world situation in a stressful manner (e.g., 

loosing your job, or a noisy place) 

E
m

o
ti

o
n

 G
en

er
a

ti
o
n

 

sensor(w) Sensor state for w The person observes the world state 

through the sensor state, which provides 

sensory input 

srs(w) Sensory representation of 

world state w 

Internal representation of sensory input 

srs(b) Sensory representation of 

body state b 

Before performing an action, a feeling 

state feel(b) for the action is affected by a 

predictive as-if body loop, via the sensory 

representation state srs(b). This gives a 

sense of valuing of a prediction about the 

action before executing an action to 

perform it. Here b is embodying the 

associated emotion. In the considered 

scenarios b is a negative emotion 

feel(b) Feeling associated to 

body state b 

bel(c) Belief c Interpretation of the world information; in 

the case of different interpretations for the 

same world information, they may 

suppress each other 

prep(b) Preparation for an action 

involving b 

Preparation for a response involving body 

state b 
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E
m

o
ti

o
n

 R
eg

u
la

ti
o

n
 

S
tr

a
te

g
y

 1
 

Reappraisal  Re-interpretation of world information by belief change; this works 

by changing the assigned meaning to a stimulus with negative emotional effects. 

For example, after losing a match, a person can reinterpret the situation, by 

believing that the rival was exceptionally powerful. 

cs1(b,c) Control state of 

reappraisal of belief c to 

avoid feeling b (first 

regulation strategy) 

This control state is monitoring beliefs 

and associated feelings, to determine 

whether an unwanted, negative emotion 

through a belief has occurred. If so, by 

becoming activated the control state 

suppresses this belief, which gives the 

opportunity for alternative beliefs to 

become dominant. 

E
m

o
ti

o
n

 R
eg

u
la

ti
o

n
 

S
tr

a
te

g
y

 2
 

Suppression of emotion-expressive behavior  For example, hide one’s true 

feelings from another person, like hiding one’s fear when standing up to a bully 

cs2(b, b) Control state of 

expressive suppression of 

b to avoid feeling b 

(second regulation 

strategy) 

This control state monitors feelings and 

preparation for b, to determine whether an 

unwanted, negative emotion has occurred. 

If so, by becoming activated the control 

state suppresses the effector state for b. 

sensor(b) Sensing body state b The person keeps track of his or her body 

states (maintaining body representation in 

the brain). 

eff(b) Effector state for body 

state b 

Body expression of b, for example a fear 

expression (e.g., by putting the face in a 

certain expression) 

E
m

o
ti

o
n

 R
eg

u
la

ti
o

n
 

S
tr

a
te

g
y

 3
 

Situation modification  For this strategy the person performs an action in the 

external world to change a situation which triggers negative emotions into a 

better one. For example, walking away from a noisy place and enter a quiet place. 

cs3(b, a) Control state of situation 

modification action a to 

avoid feeling b (third 

regulation strategy) 

This control state monitors feelings and 

sensor representation of the world 

situation, to determine whether a situation 

is unwanted. If so, by becoming activated 

the control state activates the preparation 

and execution of action a to change this 

situation. 

prep(a) Preparation for action a Preparation to modify the situation by 

action a 

eff(a) Effector state for action a In the considered scenarios the action a is 

changing the situation by decreasing the 

level of world state w 
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Other states, depicted in Fig. 1, are control states related to three emotion 

regulation strategies, which are described below. These control states monitor and 

control a number of states in order to regulate bad emotions in different ways. 

3.3 First Emotion Regulation Strategy: Reappraisal  

As described in Section 2, emotions can be controlled in different phases of the 

process during which emotions are generated. The first strategy discussed is focused 

on changing the bad beliefs about the situation into more positive ones. This 

provides reinterpretation of the world information. Therefore, when the person has 

generated a specific dominant belief bel(c2) which associates to bad feelings 

feel(b), this belief and the negative feelings lead to the activation of the control state 

cs1(b, c), and consequently this control state weakens the belief bel(c2) and due to 

this the positive belief bel(c1) can become dominant, which provides an alternative 

interpretation of the world.  

3.4 Second Regulation Strategy: 

This strategy concerns a response-focused emotion regulation mechanism, 

which suppresses the emotion response (suppressing means that an individual 

inhibits ongoing expressive behaviours (Gross, 2001)) without taking away or 

modulating the triggers for this response. In this strategy, the person tries to control 

his or her feeling by not expressing it. Expressing a poker face or fighting against 

tears are examples of this mechanism.  In contrast to the other emotion regulation 

strategies, this strategy (also called response modulation) occurs late in the emotion 

generation process, after re-sponse tendencies have been initiated (Gross and 

Thompson, 2007). Response modulation refers to influencing physiological, 

experiential, or behavioral responding as directly as possible. Attempts at regulating 

the physiological and experiential aspects of emotion are common. Drugs may be 

used to target physiological responses such as muscle tension (anxiolytics) or 

sympathetic hyper-reactivity (beta blockers). 

Exercise and relaxation also can be used to decrease physiological and 

experiential aspects of negative emotions. In the model the control state cs2(b, b) of 

this strategy is activated when an unwanted emotion is monitored in feel(b) and 

prep(b), and suppresses the expression of the emotional response eff(b). This eff(b) 

is sensed by the person him or herself through the body loop, and through that it 

strengthens the emotion level; getting rid of it or weakening it will have a 

decreasing effect on the emotion level. 
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3.5 Third Regulation Strategy: 

The third emotion regulation strategy considered is situation modification. 

Leaving an annoying place or person is an example of this strategy. In the model the 

control state for this kind of emotion regulation cs3(b, a) is affected by sensing a 

situation or stimulus via srs(w) and a bad feeling feel(b) associated to it. Its 

activation leads to preparing and performing an action a (i.e., prep(a) and eff(a)) 

which can change the situation (characterized by world(w)), for example walking 

away from a noisy place to a quite place.  

The model is conceptually represented as a collection of states and the 

connections among those, as described above. Numerically the states have 

activation values (real numbers between 0 and 1) over time where also the time 

variable is assigned real numbers. A state has different values at various time 

points, any new updated particular value is generated at each point in time. The 

update mechanism of a state from time point t to time point t + Δt depends on all the 

incoming connections to that state. There are few things which are worth noting 

here. It makes use of a combination function based on the logistic threshold 

function: 

th(σ, τ, X) =(1/(1+ e
-σ( X - τ)

)  -  1/(1+ e
στ

 )  )  (1+ e
-στ

)      (1) 

The role of threshold function is in the process of aggregating all the incoming 

impact from other states to the considered state into one impact which is in the 

interval [0, 1].  For example, for the state feel the model is numerically represented 

as: 

agg_imp_feel(t)  = ωsrs,feel  srs_b(t) + ωcs1,feel cs1(t) + ωcs2,feel cs2(t)  

+ ωcs3,feel cs3(t)       (2) 

imp_feel(t) = th(σ, τ, agg_imp_feel(t))   

feel(t + Δt)  = feel(t) + η1 (imp_feel(t) - feel(t))  Δt     (3) 

Note that agg_imp_feel(t)  does not need to stay in the interval [0, 1]. However, the 

threshold function th(σ, τ, X) maps it to imp_feel(t) which is in the interval [0, 1]. 

In this way the model illustrated conceptually in Figure. 1 is becoming a 

computational numerical model in terms of difference or differential equations. The 

simulations are performed with this numerical model. All states and differential 

equations for them have been converted in a form which can be computed in a 

programming environment. All the simulations are performed within the 

MATLAB™ environment. 
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4 Simulation Experiments and Results 

A number of simulation experiments have been conducted according to different 

scenarios. The simulation was executed for 130 time steps with Δt = 0.1. Parameter 

values of weights for connections between all states are provided in Table 2. Values 

for parameters threshold τ, steepness σ, and update speed η are given in Table 3. 

These values have been obtained by considering the patterns that are known from 

literature and searching for the ranges of parameter values that provide such 

patterns. The initial values for all states were set to zero. 

 

Table 2: Values for the connection weight parameters 

 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (weight) value 

 

 (weight) value 

eff(a),world(w) -1 cs1,feel -0.1 

world(w),ss(w) 1 cs2,feel -0.2 

ss(w),srs(w) 1 cs3,feel -0.3 

srs(w),bel1 0.4 bel2,prep(b) 0.9 

cs1,bel1 0.0 feel,prep(b) 0.4 

bel2,bel1 -0.3 cs2,prep(b) -0.2 

srs(w),bel2 0.9 prep(b),srs(b) 0.9 

cs1,bel2 -0.25 ss(b),srs(b) 0.5 

bel1,bel2 -0.3 prep(b),eff(b) 1 

feel,cs1 3 cs2,eff(b) -0.1 

bel2,cs1 1 eff(b),ss(b) 1 

bel1,cs1 0.0 feel,cs2 0.1 

srs(b),feel 0.9 prep(b),cs2 0.8 

eff(b),cs2 0.8  cs3,eff(a) 0.8 

srs(w),prep(a) 0.1  prep(a),eff(a) 0.7 

cs3,prep(a) 1  srs(w),cs3 0.8 

feel,cs3 0.3    
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Table 3: Values for parameters ,  and  

 

All processes run in parallel, so each regulation strategy can become activated 

right from the start. However, some strategies use mechanisms that are faster than 

other strategies, which leads to some emergent order of showing up: the faster 

strategies will occur earlier than the slower ones. For example, expressive 

suppression uses more direct mechanisms than strategies such as reinterpretation or 

situation modification. In the latter two cases first some work has to be done (on the 

interpretation or body movement to change a situation, respectively) before an 

effect on emotion level occurs. Moreover, if a fast strategy is already totally 

effective so that the emotion level is already reduced, then there may be no need 

anymore for the other strategies to become active. So, both the occurrence of 

strategies and their timing are emergent processes. Given this, typically a simulation 

experiment will show how some of the three regulation strategies occur over time, 

in some emerging order, depending on the time the respective processes take. Given 

the timing of the processes, in the experiments described below the first control 

state that activates is cs2(b, b) which suppresses the negative feelings. Next control 

state cs1(b, c) activates and further decreases the feeling by reinterpretation. The 

reason for control state cs1(b, c) to be slower is that a person tends to sticks to 

his/her belief for some time: it takes some time to change beliefs, which is longer 

compared to a direct suppression of feelings. Still later, control state cs3(b, a) 

activates which performs the situation modification by executing the action a. This 

is still slower as it involves physical movement, which usually takes more time than 

mental processes. The model makes it easy to create experiments in which different 

strategies occur with different timing by varying the timing of the different control 

states and other states involved. For instance it may be modelled that a specific 

person immediately runs away from a situation first and then still may or may not 

apply cognitive reappraisal and suppression to reduce the effects of a negative 

circumstance.  

 

States     States    

prep(b) 0.4 4 6 ss(b) 0.5 4 6 

feel 0.1 5 6 ws 0.1 5 0.4 

bel1 0.1 9 6 ss(w) 0.4 5 6 

bel2 0.43 9 6 srs(w) 0.4 5 6 

cs1 0.9 15 0.5 prep(a) 0.4 5 6 

srs(b) 0.2 3 6 eff(a) 0.5 100 6 

eff(b) 0.5 4 6 cs3 0.4 5 0.1 

cs2 0.05 5 6     
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To describe the results in this section a hypothetical scenario is used:  

John Doe has few options to reward himself during the weekend break, and 

one of them is to watch a cricket match; his favorite team is performing very 

well in the championship. He joins friends to watch the match. The match is 

against a comparatively weak team. When the match has started his favourite 

team shows a fluctuating performance with sometimes good and sometimes 

bad actions. He starts to believe that the match may end up in a bad result, 

which triggers negative feelings. He suppresses these negative feelings. 

Moreover, he tries to lower his negative belief and feeling to give space for a 

positive belief and feeling (his team also has some good actions). However 

still some negative feeling remains. Therefore he decides to walk out of the 

stadium and watch a movie in a cinema instead. 

 

The results are illustrated in Figure 2 and are as follows. Three different types of 

regulations are applied in the above scenario. 

 

 

 

Figure 2: Simulation for the example scenario. All three types of emotion regulation make 

their contribution. 
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Emotion regulation is modelled as a continuous process showing how three 

different emotion regulation strategies could take place simultaneously in a real life 

scenario. The simulations show they take place in a specific order, first emotion 

suppression (down-regulating negative feelings without altering the beliefs), 

emotion regulation by altering the beliefs, and situation modification if an 

individual is not satisfied with the current situation. As the simulation starts, in the 

beginning control state cs2(b, b) (depicted in aqua marine) activates, which acts as a 

suppressor to the negative feeling (showed in magenta in graph (b)), as it can be 

seen in graph (b) the feeling reaches its maximum activation level 0.79 but then 

gradually goes downward because of the effect exerted by cs2(b, b).  

The effect of cs2(b, b) on feeling is not yet strong enough, so here comes the 

role of control state cs1(b, c) (depicted in green colour, in graph (a)) which helps by 

altering the beliefs and lowering the negative feeling further. Positive and negative 

beliefs are illustrated in graph (a) in red and light green colour, respectively. 

Between time point 5 and 6 this switching of beliefs takes place and also the 

negative feeling is further decreased.  

At the end control state cs3(b, a) (in gray colour, graph (c)) activates which 

performs the type of regulation known as situation modification. In graph (c) it is 

illustrated that an effect where an individual thinks that the situation is not very 

happy with the situation and therefore the only solution is to run away, for instance 

as portrayed in the example scenario above. The pattern of eff(a) is almost binary. 

When eff(a) fully activates at time point 6, almost at the same time eff(b) 

deactivates. 

Table 4 provides a summary of a large number of simulation experiments that 

have been performed. The first column includes the regulation strategies, which are 

involved in different cases for example in case 5 only situation modification is used. 

Parameters values for different connection weights used during regulation processes 

are mentioned in rows coloured in blue, orange, and green for example parameters 

from belief 2 and feel to CS1 bel2,cs1 and feel,cs1 are used for reappraisal. Rows with 

red color show the feeling intensity and maximum feeling values. Feeling Intensity 

is computed as the area under the feeling curve for instance when all regulation 

strategies are active it is “2.8646”. Last three rows contains the information about 

whether a feeling decreases, a belief changes or situation is changed with regard to 

three different emotion regulation strategies for instance in “case 4” two regulation 

strategies are used reappraisal and emotion suppression.  
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Table 3: Summary of results with respect to different scenarios 

 

 

It is observed that in relation to these two strategies whether feelings and beliefs 

are effected which in this case shows (last three rows) that beliefs are changed and 

feelings have oscillation effect. Although feelings do not decrease completely but 

even oscillation is at lower level as compare to initial maximum level. 

5 Conclusion  

In this paper a model was presented to simulate the integration of different 

emotion regulation strategies. As emotions play an important role in daily life, 

regulating them is an integral part of dealing with emotions. To maintain a healthy 

and, for example, depression free lifestyle, understanding the basis of emotion 

generation and regulation processes is essential.  In this paper a dynamical model 

   

Regulation        

           

Scenario          

 

 

States 

Case

1 

Case 

2 

Case 

3 

Case 

 4 

Case  

5 

Case 

6 

Case 

7 

Case 

8 

Reappraisal No Yes No Yes No Yes No Yes 

Suppression No No Yes Yes No No Yes Yes 

Situation 

Modificatio

n 

No No No No Yes Yes Yes Yes 

bel2,cs1 0.0 1 0.0 1 0.0 1 0.0 1 

feel,cs1 0.0 3 0.0 3 0.0 3 0.0 3 

feel, cs2 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.1 

prep(b), cs2 0.0 0.0 0.8 0.8 0.0 0.0 0.8 0.8 

eff(b),cs2 0.0 0.0 0.8 0.8 0.0 0.0 0.8 0.8 

feel,cs3 0.0 0.0 0.0 0.0 0.3 0.3 0.3 0.3 

srs(w),cs3 0.0 0.0 0.0 0.0 0.8 0.8 0.8 0.8 

Feeling 

Intensity 

10.34

52 

9.938

4 

9.281

2 
5.3516 7.2597 

5.26

99 

5.27

32 

2.86

46 

Feeling 

(max value) 

0.961

73 

0.947

79 

0.891

85 

0.83758 0.9516 0.93

669 

0.85

8 

0.79

847 

Feeling 

decreasing? 

No No No Oscillation 

(lower level) 

Yes Yes Yes Yes 

Beliefs 

switch? 

No Yes No Yes No Yes No Yes 

Situation 

change? 

No No No No Yes Yes Yes Yes 
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for the integration of three types of emotion regulation strategies is discussed, 

namely (a) Reappraisal, (b) Suppression (d) Situation Modification. The model was 

analysed through simulations experiments for a variety of specific scenarios. 

The model reflects that emotion regulation is a continuous process, an 

individual/agent capable of using emotion regulation effectively can use different 

strategies over a course of time in a given situation. The results show that indeed 

this process of continuous emotion regulation by applying different strategies 

suitable to a particular circumstance in a stressful situation can be achieved 

computationally.  

The kind of computational model proposed in the paper can be embedded in a 

virtual agent or avatar and used to train a human to deal with potential stressful 

events. One of the possible extensions to the model is to incorporate contagion 

effects of stress in a social network environment. Another extension is possible 

learning of emotion regulation behavior. Future work would also include some 

psychophysics experiments and empirical validation of the model. 

References 

Abro, A.H., Klein, M.C., Manzoor, A.R., Tabatabaei, S.A., Treur, J., 2014. A Computational 

Model of the Relation between Regulation of Negative Emotions and Mood, in: 

Neural Information Processing. Springer, pp. 59–68. 

Côté, S., Gyurak, A., Levenson, R.W., 2010. The ability to regulate emotion is associated 

with greater well-being, income, and socioeconomic status. Emotion 10, 923. 

Cuijpers, P., Van Straten, A., Warmerdam, L., 2007. Behavioral activation treatments of 

depression: A meta-analysis. Clin. Psychol. Rev. 27, 318–326. 

Dalgleish, T., 2004. The emotional brain. Nat. Rev. Neurosci. 5, 583–589. 

Damasio, A.R., 2000. The feeling of what happens: Body, emotion and the making of 

consciousness. Random House. 

Dörfel, D., Lamke, J.-P., Hummel, F., Wagner, U., Erk, S., Walter, H., 2014. Common and 

differential neural networks of emotion regulation by detachment, reinterpretation, 

distraction, and expressive suppression: a comparative fMRI investigation. 

Neuroimage 101, 298–309. 

Egner, T., 2008. Multiple conflict-driven control mechanisms in the human brain. Trends 

Cogn. Sci. 12, 374–380. 

Gaulin, S.J.C., McBurney, D., 2004. Evolutionary Psychology. Pearson/Prentice Hall. 

Gross, J.J., 2002. Emotion regulation: Affective, cognitive, and social consequences. 

Psychophysiology 39, 281–291. 

Gross, J.J., 2001. Emotion regulation in adulthood: Timing is everything. Curr. Dir. Psychol. 

Sci. 10, 214–219. 

Gross, J.J., 1998. The emerging field of emotion regulation: an integrative review. Rev. Gen. 

Psychol. 2, 271. 



84  Chapter 3 

Gross, J.J., Barrett, L.F., 2011. Emotion generation and emotion regulation: One or two 

depends on your point of view. Emot. Rev. 3, 8–16. 

Gross, J.J., Thompson, R.A., 2007. Emotion regulation: Conceptual foundations. 

Hebb, D.O., 2005. The organization of behavior: A neuropsychological theory. Psychology 

Press. 

Kessler, R.C., 1997. The effects of stressful life events on depression. 

Kim, M.J., Loucks, R.A., Palmer, A.L., Brown, A.C., Solomon, K.M., Marchante, A.N., 

Whalen, P.J., 2011. The structural and functional connectivity of the amygdala: 

from normal emotion to pathological anxiety. Behav. Brain Res. 223, 403–410. 

Koole, S.L., 2009. The psychology of emotion regulation: An integrative review. Cogn. 

Emot. 23, 4–41. 

Lazarus, R.S., Alfert, E., 1964. Short-circuiting of threat by experimentally altering cognitive 

appraisal. J. Abnorm. Soc. Psychol. 69, 195. 

Oatley, K., Johnson-Laird, P.N., 1987. Towards a cognitive theory of emotions. Cogn. Emot. 

1, 29–50. 

Papez, J.W., 1937. A proposed mechanism of emotion. Arch. Neurol. Psychiatry 38, 725–

743. 

Phelps, E.A., Delgado, M.R., Nearing, K.I., LeDoux, J.E., 2004. Extinction learning in 

humans: role of the amygdala and vmPFC. Neuron 43, 897–905. 

Schwarz, N., Clore, G.L., 1983. Mood, misattribution, and judgments of well-being: 

informative and directive functions of affective states. J. Pers. Soc. Psychol. 45, 

513. 

Bosse, T., Pontier, M., & Treur, J. (2007). A Dynamical System Modelling Approach to 

Gross Model of Emotion Regulation. In Proceedings of the 8th international 

conference on cognitive modeling, ICCM (Vol. 7, pp. 187-192). Taylor and 

Francis/Psychology Press, Oxford, UK. 

Bosse, T., Pontier, M., and Treur, J., (2010). A Computational Model based on Gross’ 

Emotion Regulation Theory. Cognitive Systems Research Journal, vol. 11, 2010, 

pp. 211-230.  

Bosse, T., Gratch, J., Hoorn, J. F., Portier, M., & Siddiqui, G. F. (2010). Comparing three 

computational models of affect. In Advances in practical applications of agents and 

multiagent systems (pp. 175-184). Springer Berlin Heidelberg. 

Ochsner, K.N., and J. J. Gross, J.J. (2014). The neural bases of emotion and emotion 

regulation: A valuation perspective, Handbook of emotional regulation, 2nd ed. 

New York: Guilford, pp. 23–41, 2014. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



Chapter 4  87 

Chapter 4 

Monitoring the Impact of Negative Events  and Deciding 
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Abstract. Humans have a number of emotion regulation strategies at their 

disposal, from which in a particular situation one or more can be chosen. The 

focus of this paper is on the processes behind the choice of these regulation 

strategies. The paper presents a neurologically inspired cognitive 

computational model of a monitoring and decision mechanism for emotion 

regulation incorporating different strategies (expressive suppression, 

reappraisal or reinterpretation, and situation modification). It can be tuned 

to specific characteristics of persons and events.  
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1 Introduction 

Emotions play a vital role for a person to function responsibly in society. Proper 

handling of negative emotions such as stress and anxiety help us to perform our 

daily life activities in an efficient manner, and not become vulnerable to stress-

related disorders such as depression or PTDS. It has been found that individuals can 

apply different emotion regulation strategies [1]. Several types of emotion 

regulation strategies exist which can be effective in particular circumstances. Two 

of them which have received much interest of researchers over the years are 

reappraisal and emotion suppression [2]. An important but often neglected part of 

the emotion regulation process is a decision making process determining under 

which circumstances different strategies are selected [3]. Which strategy is applied 

depends on a number of factors, such as a person’s context, an internal monitoring 

and assessment concerning her feeling intensity, and her individual characteristics 

or preferences. Empirical studies such as [4] show that individual differences exist 

when it comes to prefer one strategy over another and also these differences exist 

when some individual applies a combination of emotion regulation strategies.  

In this paper the role of monitoring and assessment, and control mechanisms to 

recognize a type of negative emotion and to choose for one or more strategies are 

explored computationally. The first process acts as an identification stage as 

described in [3, 5, 6] which recognizes and assesses the negative feelings and their 

intensity. Based on this assessment one or more control states are activated for 

specific emotion regulation strategies. For example, if the intensity of an emotion is 

very high, then multiple regulation strategies might be employed at the same time 

(which also depends on the personality traits). On the other hand if the intensity is 

very low, then only emotion suppression could be enough to be applied or if it is of 

a moderate level, then it could be the case that only appraisal and emotion 

suppression are chosen. Several simulation experiments that have been realized 

show how the model can take into account different kinds of personalities and 

varying levels of negative stimuli and feelings. 

2 Neurological Background 

When emotional responses compete with important goals or with socially more 

appropriate responses, often regulation of them takes place [7, 8]. Emotion 

regulation can make use of a variety of specific strategies to affect the emotion 

response levels [10]. Emotion regulation uses control functions in order to activate 

one or more of the different strategies to generate, maintain and adjust the 

emotional responses [10]. By such emotion regulation mechanisms, persons have 

the ability to suppress negative influences from the environment and maintain a 
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form of emotional homeostasis [11, 12]. Emotions can be regulated in different 

stages of the emotion generation process[11-13] distinguish antecedent-focused 

strategies (those that address processes before an emotion has an effect on the 

behaviour) from response-focused strategies (those that are used when the 

emotional response is already coming as expression or behaviour). Note that the 

different types of emotion regulation share a common effect on the level of 

emotion, but may differ much in the path followed to achieve this effect. Moreover, 

multiple strategies can be used at the same time, so that multiple paths are followed 

in parallel with a combined effect on the emotion level. 

The current paper focuses on the monitoring and control for three different 

emotion regulation strategies: (1) situation modification (2) reinterpretation, and (3) 

expressive suppression[12, 14]. Here the first two are antecedent-focused strategies 

and the third is a response-focused strategy. Situation modification [12] addresses 

the very first part of the causal chain from trigger to emotion, namely the external 

trigger itself by performing actions that change the external situation in such so that 

the trigger becomes more harmless. Reinterpretation works by changing the 

assigned meaning or interpretation of an emotional stimulus in a way that changes 

its emotional impact [15]. Expressive suppression is a form of response modulation 

that involves inhibiting ongoing emotion-expressive behaviour [12]. 

The model presented here was inspired by a number of neurological theories 

relating to fMRI experiments. Much emphasis has been put in the literature on the 

role that is played by a bidirectional interaction between the amygdala and the 

prefrontal cortex (PFC). In experiments often fMRI measurements have been made 

focusing on activity in these brain areas, and anatomically their connections have 

been analysed. For both, correlations have been found with (the extent of success 

in) actual  emotion regulation; e.g., [16-18]. For example, it has been found that less 

interaction or weak connections between amygdala and prefrontal cortex lead to less 

adequate emotion regulation [8]. The general idea is that upward interaction from 

amygdala to PFC can have the function of monitoring, in order to get an internal 

representation of the level of emotion within the prefrontal cortex, which is used to 

achieve a form of assessment of this level of emotion within the prefrontal cortex, 

whereas the downward interaction from PFC to amygdala makes it possible to 

control and modify amygdala activation. In the process of monitoring and assessing 

the level of emotion, leading to PFC activity, interaction with some areas other than 

the amygdala may occur as well, as these areas can also play an important role in 

developing emotions and feelings. 

So, upward interactions can be considered from multiple areas. Also in relation 

to the control function of the PFC and connections from there to other areas some 

differentiation is needed. For different regulation strategies different brain areas 

need to be affected. For a response-focused strategy such as expressive suppression, 



90  Chapter 4 

maybe a main effect can be to suppress amygdala activation in a more direct 

manner, but maybe also other areas involved in actual expression of the emotion 

have to be suppressed. Furthermore, for an antecedent-focused strategy such as 

reinterpretation it is quite plausible that the control from the PFC has to affect the 

interpretation, and not the amygdala in a more direct manner. For example, in this 

case the PFC may affect (working) memory in order to achieve the reinterpretation. 

After this reinterpretation has been accomplished, in turn the renewed emotion 

generation process (based on the new interpretation) will affect the emotion level, 

including amygdala activity. In such a case a more direct suppression of amygdala 

activation might still take place as well, but then that effect may have to be 

attributed to a different regulation strategy which occurs in parallel, for example, 

expressive suppression. 

After all, it is also a matter of clear definition to distinguish the different 

strategies. For example, it may be tempting to define the reinterpretation strategy in 

such a manner that it also includes the expressive suppression strategy, given 

empirical data that may have difficulty to distinguish the two. However, from a 

conceptual perspective it is more useful to define the two strategies as exclusive so 

that different paths can be attributed to different strategies, even if they occur in the 

same experiment. The latter choice is made in this paper. To control different 

pathways in order to achieve emotion regulation according to different strategies the 

PFC has to involve different areas within the brain. In some recent studies such as 

[16, 19] attempts are made to relate different regulation strategies to activity in 

different brain areas. See, for example, [16] which describes that expressive 

suppression relates to an increase of brain activation in a right prefronto-parietal 

regulation network, and reinterpretation engages a different control network 

comprising left ventrolateral prefrontal cortex and orbitofrontal cortex. 

3 The Cognitive Model 

The computational model was designed as a temporal-causal network model; 

see [20]. An overview of the states and causal relations of the proposed model is 

depicted in Fig. 1. A description of each state is available in Table 1. The states of 

this model can be classified in six groups: the environment, emotion generation, 

emotion regulation selection strategy 1, 2 and 3, and, last but not least, an internal 

monitoring and selection mechanism for the decision making. The monitoring 

process is modelled by the connections from the feeling state fsb to a number of 

monitoring states msi (which can be any number but in the simulations has been 

chosen as 3), and the selection process is modelled by the connections of the 

monitoring states to the control states. The upward connections model the 

connections from amygdala to PFC that are used for monitoring the lower level 
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processes in the brain (see Section 2). If the feeling intensity reaches at a certain 

threshold (which may differ for different kinds of persons), the monitoring system 

reflects this by activating some of the monitoring states. In addition, by some 

inhibiting connections between them the monitoring states are made mutually 

exclusive and recognize specific types of stressful situations: monitoring state ms1 

recognizes low intensity feeling, ms2 recognizes moderate level feeling and ms3 

high intensity negative feeling. This inhibition-based process between the 

monitoring states can be considered as a form of assessment, leading to one unique 

indication of the situation concerning the stress level. 

 

 
 

Fig. 1. Conceptual representation of the computational model 

This single monitoring state obtained is the basis for a form of decision, by 

activating one or more control states for specific regulation strategies. A person’s 

characteristics for these monitoring and decision processes are represented by the 

weights of the connections to the monitoring states and from the monitoring states 

to the control states, respectively. The selection process involves the three emotion 

regulation strategies covered here. Depending on the situation and personality of an 

individual, one, two or all of these regulation strategies are selected. For example, if 

the feeling is intense then situation modification may be chosen by the person, 

depending on her characteristics. 

The main states representing the environment are wsw and wse. Here wsw 

indicates the person’s environment state and wse covers external events which may 

affect the environment of the person. The state of the world is sensed by the person 

via sensor state ssw and represented by state srsw. 
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Table 1. Overview of the states of the proposed model (see also Fig. 1) 

 

 

 

Domain Formal  Informal name Description 

E
n

v
ir

o
n

- 

m
en

t 

wsw World state w This characterizes the current world situation 

which the person is facing 

wse World event e Circumstances in the world affecting the world 

situation in a stress-inducing way  

E
m

o
ti

o
n

  

G
en

er
at

io
n
 

ssw Sensor state for w The person senses the world through the sensor 

state, providing sensory input 

srsw Sensory 

representation of w 

Internal representation of sensory world 

information on w 

srsb Sensory 

representation of b 

The person maintains a body representation srsb  

for b in the brain.  Here b is embodying the 

associated emotion, in the considered scenarios a 

negative emotion. Before performing an action, a 

feeling state fsb for the action is generated by a 

predictive as-if body loop, via the sensory 

representation state srsb.  

fsb Feeling associated 

to body state b 

bsc Belief state for c Interpretation of the world information; in the 

case of different, exclusive interpretations for the 

same world information, they may suppress each 

other 

psb Preparation for b Preparation for a response involving body state b 

E
m

o
ti

o
n

 R
eg

u
la

ti
o
n

 

S
tr

at
eg

y
 1

 

Reappraisal  Re-interpretation of world information by belief change: changing 

the assigned meaning to a stimulus with negative emotional effects (e.g., by 

believing that a noisy restaurant will become more quiet soon). 

cs1b,c Control state for 

reappraisal of belief c 

to avoid feeling b  

By becoming activated this control state 

suppresses the belief for c, which gives the 

opportunity for alternative beliefs to become 

dominant. 

E
m

o
ti

o
n

  
R

eg
u

la
ti

o
n
 

S
tr

at
eg

y
 2

 

Suppression of emotion-expressive behaviour  Inhibition of the expression, for 

example, hide one’s true feelings from another person (e.g., hiding one’s fear 

when standing up to a bully). 

cs2b Control state for 

expressive suppression 

to avoid feeling b  

By becoming activated this control state 

suppresses the execution state for b. 

ssb Sensing body state b To maintain the body representation srsb for b, 

the person senses the body state b. 

esb Execution  state for b Body expression of b, for example a fear 

expression  
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This sensory information can be interpreted by both a positive belief bsc1 and a 

negative belief bsc2, which represent two different interpretations of the same world 

condition. These conflicting beliefs compete with each other by mutual inhibiting 

connections. In the considered scenario, the negative belief bsc1 has an effect on the 

state of preparation for negative emotional response psb which leads to sensory 

body representation srsb and to the negative feeling fsb. Subsequently, fsb has an 

impact on the preparation state psb, which in turn has an impact on feeling state, fsb, 

through srsb which makes the process recursive; this is often called an as-if body 

loop in the literature (e.g. [21]). Other states, depicted in Fig. 1, are control states 

related to three emotion regulation strategies described below. 

As described in Section 2, emotions can be controlled in different phases of the 

process during which emotions are generated [12]. The first strategy discussed 

focuses on reinterpretation of the world information by  changing bad beliefs about 

the situation into more positive ones; this is done as follows. Suppose two beliefs 

bsc1 and bsc2 are two different, exclusive interpretations of the world state, where 

bsc2 associates to bad feelings fsb. The exclusiveness is modelled by mutual 

inhibiting connections. Suppose the person has generated  belief state bsc2 as 

dominant, and by her monitoring and decision mechanism she decides for activation 

of control state cs1b,c. Consequently this control state weakens the belief bsc2 and 

due to this, the positive belief bsc1 can become dominant, which provides an 

alternative, more positive interpretation of the world. Also expressive suppression 

E
m

o
ti

o
n

  
R

eg
u

la
ti

o
n
 

S
tr

at
eg

y
 3

 
Situation modification  For this strategy the person performs an action in the 

external world to change a situation which triggers negative emotions into a 

better one (e.g., leaving a noisy restaurant and enter a quiet place). 

cs3b,a Control state for 

situation modification a 

to avoid feeling b  

By becoming activated this control state 

activates the preparation and execution of 

action a to change the situation. 

psa Preparation for action a Preparation to modify the situation by action 

a 

esa Execution state for 

action a 

The action a is changing the situation 

(decreasing the level of world state w) 

M
o

n
it

o
ri

n
g
 

an
d

 S
el

ec
ti

o
n

 p
ro

ce
ss

es
 

ms1 Recognizes low feeling 

level 

The monitoring states are  involved in two 

processes, one which is responsible for 

monitoring of the feeling (connections to the 

monitoring states) and reaching a form of 

assessment (by some inhibiting links 

between them), and the second process is 

concerned with the selection of the 

appropriate regulation strategies 

(connections from the monitoring states to 

the control states). 

ms2 Recognizes moderate 

feeling level 

ms3 Recognizes high 

feeling level 
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can be used to decrease negative emotions. In the model, when it is decided to 

activate control state cs2b for this second strategy, this suppresses the expression of 

the emotional response esb. This esb is sensed by the person him or herself through 

the body loop, and through that it has a decreasing effect on the emotion level. The 

third emotion regulation strategy considered is situation modification. Leaving an 

annoying place or person is an example of this strategy. In the model the control 

state for this kind of emotion regulation is cs3b,a. A decision to activate this control 

state leads to preparing and performing an action a (i.e., states psa and esa) which 

can change the situation (characterized by wsw), for example walking away from a 

noisy place to a quiet place. 

The conceptual representation of the model is represented as a number of states 

and connections between them, shown in Fig. 1 and verbally in Table 1, with in 

addition: 

 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 (a reference to) a 

standard combination function cY(…) used to aggregate multiple impacts from 

different states on one state Y 

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 (as shown graphically in Fig. 1 and verbally in Table 1) 

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 

combination 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:  

 



Chapter 4  95 

 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) 

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

 

For all states for the standard 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) =  (
 

                
 
     -  

 

    
 ) (     ) (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 used for the 

states with a single impact: ssw, ssb. For all other states the advanced logistic sum 

combination function is used. For example, for the feeling state fsb the model is 

numerically represented in difference equation form as  

aggimpactfsb(t) = alogistic,(srsb,fsb srsb(t), cs1b,c,fsb cs1b,c(t), cs2b,fsb cs2b(t) 

cs3b,a,fsb cs3b,a(t)) 

 fsb(t+t) = fsb(t) + fsb [aggimpactfsb(t) - fsb(t)]  t (5) 

In this way the model represented conceptually in Fig. 1 is transformed into a 

numerical representation of the model in terms of difference or differential 

equations. The 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. 

4 Scenarios and Simulation results 

The computational model presented above has been used to perform number of 

simulation experiments addressing the selection of emotion regulation strategies. 

This has been done for different scenarios describing different cases with different 

levels of stimulus and negative feeling, and varying from selection of just one of the 

regulation strategies to selecting multiple regulation strategies at the same time. 
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Scenarios also vary on certain characteristics of the person, such as: sensitivity of a 

person for negative stimuli, and a person’s preferences for regulation strategies  

For example, some persons may have a higher preference for the situation 

modification strategy (e.g., they tend to try to escape from a disturbing situation), 

maybe in combination with a high sensitivity for disturbing stimuli, whereas other 

types of persons may prefer the other regulation strategies while staying in the same 

situation. More specifically, some persons are good in suppression of their negative 

feelings related to a stimulus and keep the same interpretation and stay in the same 

situation, whereas other persons may prefer to try to reinterpret (reappraise) the 

situation in a more positive way by changing the negative beliefs about the situation 

into positive beliefs, in oreder to reduce the level of negative feelings. Another 

category of persons may be quite sensitive to the stimulus and initially try to reduce 

their level of negative feelings by suppression and may use the reinterpretation 

strategy to make their positive beliefs more stronger against the negative beliefs, 

and if they fail to do so they still may try to escape from the bad situation or try to 

modify the situation in another way. 

The simulation experiments demonstrate the role of the monitoring, assesment 

and decision making with an important role for the  monitoring states, which are 

used as a basis to select one or more of the three available regulation strategies. The 

selection process starts when a monitoring state reflects that a certain type (level) of 

negative feeling arises. In a very first stage just a low level of negative feeling fsb 

triggers monitoring state ms1 (indicating a low level of feeling), which in turn may 

lead to a decision to activate one or more regulation strategies preferred by the 

person for such a low level of negative feeling (recall that these preferences are 

represented by the weights of the connections from the monitoring state to the three 

control states). Then there are two possibilities: these strategies are adequate and 

limit the feeling level, or the feeling level still increases so that monitoring state ms2 

(indicating a mediate level of feeling) is triggered. In the latter case this monitoring 

state ms2 in turn may lead to a decision to activate another selection of regulation 

strategies. Again there are two possibilities: these strategies may limit the feeling 

level, or the feeling level still increases to the situation that monitoring state ms3 

(indicating a high level of feeling) is triggered. In the latter case again another 

selection of regulation strategies can be decided for. A specific case of such a 

scenario is shown in Table 2. In the scenario indicated in this table the first 

regulation strategy used (after ms1 is triggered) is suppression of  the negative 

feeling.  
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Table 2. Regulation selection choices for an example scenario 

 

 

 

 

This means that based on ms1 it is decided to activate control state cs2b in order 

to suppress the negative feeling. In a second stage, when the level of negative 

feeling increases further, due to the development of negative beliefs about the 

situation, this triggers the next monitoring state ms2, and based on that it is decided 

to activate control state cs1b,c for the second regulation strategy: reappraisal 

(reinterpretation). This starts to down-regulate the negative feelings in a different 

way by changing (reinterpreting) the meaning of the stimulus (switching of a 

negative belief to a positive belief). The control state cs1b,c is usually slower 

compared to cs2b, because humans often take much time to change their beliefs 

about the environment (stimulus), so it takes some more time to change beliefs. The 

third and last monitoring state ms3 triggers when the level of feeling becomes high; 

then based on this it is decided to activate the third control state cs3b,a which 

initiates situation modification by performing the (physical) action needed to 

achieve that. As this situation modification strategy involves movement, it is slower 

and takes some more time compared to two other regulation strategies mentioned 

above which involve mental processes instead of physical action. 

Note that in Table 2 for each monitoring state exactly one regulation strategy is 

selected. However, it is also possible that the strategies selected for a lower level of 

the feeling are still selected as well for higher levels of the feeling. The more 

specific simulation results discussed here are based on the following scenario. The 

person is in a restaurant which has become rather noisy, and this triggers negative 

feelings. First she suppresses these negative feelings. Moreover, she tries to 

suppress her negative belief about being in a noisy restaurant the whole evening to 

give space for a positive belief (it will soon become more quiet). However still 

some negative feeling remains. Therefore she decides to leave the restaurant. The 

simulation executes for 120 time points with t = 0.1. Details of the values for 

parameters used in the simulation are given in Table 3 (threshold , steepness , and 

update speed ) and in Table 4 (connection weights between all states). 

 

 

 

Feeling 

level 

Triggered 

monitoring state 

Selected regulation 

strategies 

low ms1 suppression 

median ms2 reappraisal 

high ms3 situation modification 
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Table 3. Values of threshhold, steepness and update speed 

Table 4. Values of parameters used: connection weights 

 

The personality type concerning sensitivity to a stimulus has been taken into 

account by varying the connection strength of the weights srsb,fsb between the 

sensory representation of the b and the feeling state fsb. Table 5 shows the variation 

in personality type from less sensitive to most sensitive. The model has been 

executed a large number of times with such scenarios; in Fig. 2 one of them is 

depicted, the person has high sensitivity to the stimulus. 

 

 

 

state    state    

ms1 0.08 50 6 esb 0.5 4 6 

ms2 0.32 50 6 cs2b 2 5 6 

ms3 0.6 50 6 ssb 0.5 4 6 

psb 0.4 4 6 wsw 0.1 5 0.4 

fsb 0.1 4 6 ssw 0.2 4 6 

bsc1 0.1 8 6 srsw 0.2 4 6 

bsc2 0.36 15 6 psa 0.4 5 6 

cs1b,c 1.5 15 0.5 esa 0.5 100 6 

srsb 0.2 3 6 cs3b,a 1.2 5 0.1 

weight  weight  weight  weight  

esa,wsw -1 srsb,fsb 0.9 cs1b,c,fsb -0.1 psb,cs2b 0.8 

wsw,ssw 0.5 esb,cs2b 0.8 cs2b,fsb -0.2 cs3b,a,esa 0.8 

ssw,srsw 0.9 srsw,psa 0.1 cs3b,a,fsb -0.3 psa,esa 0.7 

srsw,bsc1 0.3 cs3b,a,psa 1 bsc2,psb 0.7 srsw,cs3b,a 0.8 

cs1b,c,bsc1 0.0 fsb,cs3b,a 0.3 fsb,psb 0.7 ms1,cs1b,c 1 

bsc1,bsc2 -0.2 fsb,ms1 0.9 cs2b,psb -0.2 ms1,cs2b 1 

srsw,bsc2 0.9 fsb,ms2 0.9 psb,srsb 0.6 ms1,cs3b,a 1 

cs1b,c,bsc2 -0.25 fsb,ms2 0.9 ssb,srsb 0.8 ms2,cs1b,c 1 

bsc1,bsc2 -0.2 ms2,ms1 -1 psb,esb 0.7 ms2,cs2b 1 

fsb,cs1b,c 3 ms3,ms1 -1 cs2b,esb -0.1 ms2,cs3b,a 1 

bsc2,cs1b,c 1 ms3,ms2 -1 esb,ssb 0.7 ms3,cs1b,c 1 

bsc1,cs1b,c 0.0 ms3,cs3b,a 1 fsb,cs2b 0.1 ms3,cs2b 1 
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Table 5. Personality variation for sensitivity 

 

 

 

 

 

 

 

Figure 2. Simulation results of scenario 3 for person_3 (most sensitive to the stimulus). 

Upper graph:  monitoring and decision process.  Three lower graphs:  the 3 controlled 

regulation strategies 
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As the upper graph shows, when the simulation starts, first ms1 becomes active, 

after a while ms2, and  in the last phase ms3. The graph also shows the control 

states; first based on ms1 it is decided to activate the emotion suppression control 

state cs2b. It suppresses the negative feeling (shown in the second graph) but as the 

negative feeling still increases, ms2 is triggered, and based on this it is decided to 

activate control state cs1b,c for the reappraisal strategy. This alters the beliefs by 

suppressing the negative belief, resulting in strengthening of  positive belief and at 

the same time the negative feeling decreases (shown in the third graph). After 

applying two strategies, the level of negative feeling still is increasing, which 

triggers ms3, and based on this it is decided to activate control state cs3b,a for 

situation modification. Due to this the person moves away (change of situation) 

from the stimulus and gets rid of the negative feelings (shown in the last graph). 

5 Discussion 

In this paper, a neurologically inspired cognitive computational model for 

internal monitoring and decision making about the selection of emotion regulation 

strategies has been presented. The model covers three emotion regulation strategies 

(expressive suppression, reappraisal or reinterpretation, and situation modification), 

adopted from [22] which lacks an internal monitoring and decision model as 

addressed in the current paper. A number of simulation experiments have been 

performed according to different scenarios, thereby considering different 

personality characteristics and intensities of stimuli. The decision process to select 

one or more particular regulation strategies primarily takes the assessed current 

feeling state into account, but can easily be extended to involve other elements as 

well. 

The obtained human-like model can be used in different ways. As a first 

application it can be a basis for virtual characters showing emotions and applying 

emotion regulation strategies in a flexible way depending on the situation. 

Secondly, the model can be used as an ingredient to develop human-aware or 

socially aware computing applications; e.g., [23-25]. More specifically, in [25, 26] 

it is shown how such applications can be designed with knowledge of human 

processes as a main ingredient, represented by a computational model of these 

processes which is embedded within the application. Such computational models 

can have the form, for example, of qualitative causal models, or of dynamical 

numerical models. The computational model for decision making about emotion 

regulation proposed here can be used in such a way to design a human-aware 

software application to support persons with stress-related problems and 

professionals supporting them. 
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In the literature a number of computational emotion regulation models have 

been proposed over the years, one of which was presented in [27]. Here a theory of 

appraisal was modeled. The presented model is based on the idea that emotions are 

generated based on an individual’s interpretation of the situation. In this approach 

the model is based on symbolic and numeric representations and appraisal operates 

on them, whereas our approach uses a dynamical systems representation. Different 

coping strategies are proposed in that paper, e.g., “belief-related coping” which can 

be related to reappraisal in the model proposed here. A difference is that the model 

presented in the current paper focuses on modeling the decision making process in 

an explicit manner, and that the modeling approach here is based on temporal-

causal networks as described in [20, 28]. 
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Part III 

Modelling Desire Generation and Regulation 

Mechanisms 

 

 

This part is mainly focused on the computational modelling of desire (applied to 

food desire) generation and its regulation. In this part we present a number of 

dynamic models about desire generation and the regulation of a desire. These 

models are neurologically inspired models and been developed computationally to 

simulate the human behaviour. The computational models demonstrate simulation 

processes similar to human mental processes in which environmental stimuli or 

physiological needs are interpreted  and lead to a motivation in terms of needs and 

desires to be fulfilled. The model facilitates the understanding of the complex 

process of human cognition by providing more insight in the process between food 

desire generation and the making of food choices. The model shows how the 

cognitive processes in relation to desire regulation work to downregulate the food 

desire. A number of desire regulation strategies including cognitive reinterpretation 

(reinterpreting a stimulus by changing beliefs about that stimulus), attention 

deployment (modifying own sensing world by e.g., move attention away from 

palatable food) and situation modification (modifying the world itself) were 

modelled. Also a monitoring mechanism is introduced, that is used to monitor the 

desire level and to select appropriate regulation strategies. It works as self-

monitoring and decision making for desire regulation strategies, that illustrates how 

humans apply various desire regulation strategies to control their desires.  
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Chapter 5 

Doubting What to Eat: A Computational Model  

for Food Choice Using Different Valuing Perspectives
1 

 

Altaf H. Abro., Treur, J. 

Vrije Universiteit Amsterdam, Behavioural Informatics Group  

De Boelelaan 1081, 1081 HV Amsterdam, the Netherlands  

Email: a.h.abro@vu.nl, j.treur@vu.nl 

Abstract: In this paper a computational model for the decision making 

process of food choices is presented that takes into account a number of 

aspects on which a decision can be based, for example, a temptation triggered 

by the food itself, a desire for food triggered by being hungry, valuing by the 

expected basic satisfaction feeling, and valuing by the expected goal 

satisfaction feeling.  
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1 Introduction 

The effect of overweight and obesity has been studied extensively in recent 

years, as all over the world it is becoming a substantial problem that increases the 

risk of health problems, such as diabetes, high blood pressure, cardiovascular 

diseases and other [1, 2]. Moreover, obesity was found to be associated with an 

increased risk of morbidity and mortality [3, 4]. One of the recent studies, published 

in The Lancet [5] has described the current trends in obesity and made future 

predictions about continuation of these trends: 18% of men and 21% of women will 

be obese by 2025. Researchers from different fields such as neuroscience focus on 

eating behaviour:  

‘What we eat, when and how much, all are influenced by brain reward mechanisms 

that generate ‘liking’ and ‘wanting’ for foods. As a corollary, dysfunction in reward 

circuits might contribute to the recent rise of obesity and eating disorders’ [6], p. 43 

Also from a computational perspective attempts have been made to get an 

understanding of the decision making process on food choice; e.g., [7]. 

Computational models can play a vital role in providing support to lifestyle change. 

To develop smart, human-aware applications, modelling the dynamics and 

interaction of mental states underlying behavioural choices is becoming more and 

more important.  

In this paper the aspects of eating behaviour and particularly making choices of 

food are explored computationally. For that purpose it has been taken into account:  

 How is desire for food generated in relation to a body unbalance interpreted 

as being hungry and/or by any kind of sensed external stimulus. For example, 

certain types of food may be sensed and considered attractive by their cues.  

 How can a person learn to adopt a rational behaviour on the basis of his past 

experiences; for example, this can involve Hebbian learning [8, 9].  

 How does experienced  satisfaction play a role, and how can the choice of 

food be altered through the satisfaction level. 

 How influential is the role of goals; for example, a person wants to lose 

weight (long term goal) and adopts as a short term goal to eat healthy and  

light food.  

2 Background 

In the past decade a number of theories and models have addressed different 

aspects that may cause overweight and obesity. This involves different fields 

including, psychology, social science, health science, and neuroscience [6, 10]. 
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Researchers attempt to develop interventions which help people change their 

lifestyle to avoid obesity. The current paper focuses on a neurologically inspired 

computational model, for which in this section some neurological background is 

discussed. 

From a neurological perspective a large number of studies have been conducted 

on food-related behaviour, and how food addiction is formed; for example, 

discussing how highly palatable food activates reward pathways lead to obesity [11, 

12, 13]. Studies suggest that dysregulation of brain reward pathways may contribute 

to increased consumption of highly palatable foods, which leads to weight gain and 

obesity [14]. Another reason for addictive behaviour formation is excessive eating 

over long period, which involves reward circuitry, and persons become habitual in 

that behaviour [13]. Different brain regions are involved  in food  reward circuitry 

which leads addiction behaviour: a prefrontal region and the amygdale, and also the 

limbic system integrating amygdala with hypothalamus and septal nuclei [15,16, 

17].  

Changing the eating behaviour is a quite challenging task, as persons often 

become habitual in it. Decision making about food choices usually involves 

considering various options and comparing them in order to make a reasonable 

choice out of them that can satisfy hunger or taste. Every available food option is 

coupled with an associated feeling related to prediction whether that option will 

provide satisfaction or not. It depends on reward mechanisms, as a form of valuing 

of the options. In making a choice for an option such valuing processes play a 

significant role. 

A desire on the one hand triggers preparations for responses and on other hand 

generates the associated feelings via recursive body and as-if body loops [18, 19, 

20], which can predict the consequences and satisfaction of particular options 

before taking action. This is done by  evaluating the options using loops involving 

interaction between feeling and preparation. The connections from feelings to 

preparations can be either assumed static or adaptive. Adaptive connection strengths 

depend on earlier experiences [21, 22]. They can be learnt over time as a form of 

neural plasticity by changing the connections strengths [9, 23].  

Neuroscientific literature shows that goals guiding an individual’s behaviour are 

linked with activations in the prefrontal cortex. Such activations can inhibit the 

activation of subcortical structures (e.g., cerebellum and basal ganglia), associated 

with habitual behaviour [24, 25] and have the ability to change habitual behaviour  

[26, 27, 28]. Such control mechanisms can help persons to change their preferences 

or choice of food by keeping goals in mind; for example, they may start to look for 

low calories food instead of high calories food.  
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3 The Computational Model 

In this section the proposed computational model is discussed, based on the 

literature described in Section 2. The model was designed by considering a number 

of aspects of eating behaviour, such as food desire generation and preparation for 

actions to fulfil the desire. As causes of a food desire either internal (feeling less 

energy, hungry), or external (stimuli) causes are considered. In relation to a 

generated desire, particular actions are considered and the extent to which they will 

provide a feeling of satisfaction. Moreover, goals are considered in this model. An 

overview of the model is depicted in Fig. 1; the concepts used are explained in 

Table 1. The cognitive model reflects the underlying neurological concepts at an 

abstracted level, and is based on a network of temporal-causal relationships [29].  

 

 
Figure 1. Conceptual representation of the computational model 
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Table 1. Overview of the states of the proposed model (see also Fig. 1) 

Formal  Informal name Description 

wsw World state w This characterizes the current world situation which the 

person is facing  the stimulus, in this case  w  is the food 

stimulus 

ssw Sensor state for w The person senses the world through the sensor state, 

providing sensory input 

srsw Sensory representation 

state for w 

Internal representation of sensory world information on w 

mub Metabolism for  ub Represents metabolic energy level: a low level while being 

inactive and a high level while being active 

bsub Body state of  ub A bodily state that represents the body state underlying 

being hungry; if a person is becoming hungry, the body 

unbalance  ub  increases, and after eating there will be 

lower or no unbalance   

ssub Sensor state for ub The person senses the bodily unbalance state ub, providing 

sensory input 

srsub Sensory represent- 

ation of ub 

Internal sensory representation for sensed bodily unbalance  

information on   ub 

dsub desire for unbalance  

ub 

Generating a desire based on sensory representation for a 

body unbalance  ub (e.g., a state of being hungry) 

psbi Preparation for an  

action  bi 

Preparation for an eating response  

fsbi 

 

Feeling associated to 

body state bi 

A feeling state fsbi for the eating action  

srsbi 

 

Sensory representation 

of bi 

Internal sensory representation of body srsb  for bi in the 

brain. In this case here b represents  the associated 

available food choices 

ssbi 

 

Sensor state for bi The person senses the external body states or environment 

through the sensor state, providing sensory input. 

sssfbi 

 

Sensor state for 

satisfaction sfbi
 

The person senses the external body states providing 

sensory input to the feelings of satisfaction.  

srssfbi 

 

Sensory representation 

of satisfaction sfbi
 

Internal representation of the body aspects of feelings of 

satisfaction 

fssfbi 

 

Feeling for satisfaction 

sfbi
 

Feeling of satisfaction; these are the feelings about the 

considered food choice, how much satisfactory it is.  

esbi 

 

Effector state for action 

bi 

In the considered scenarios the action bi is performed to eat 

food of particular choice for which a person is prepared, to 

reduce the body unbalance   ub  

bsbi 

 

Body state for  bi This represents external body states related to eating that 

particular food. 

ltg Long term goal This represents the long term goal, to lose weight, for 
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example  

stg Short term goal Short term goal refers to smaller incremental way of 

achieving long term goals for example start to eat healthy 

avoid from fast food etc. 

ωfsbi, psbi 

  

Learnt connections These are the connections which can be learnt by Hebbian 

learning. This one models how the generated feeling 

affects the preparation for response bi.  

 

The process of a desire generation is modelled in two ways, as shown in Fig.1. 

First, a desire can be generated through the metabolic activity (energy level). This 

process is  modelled by the connections from metabolic state msub that leads to the 

bodily unbalance (for being hungry) represented by body state bsub. A person senses 

the bodily unbalance via the internal sensor state ssub that enables the person to form 

the sensory body representation state srsub representing body unbalance in the brain. 

By this body unbalance the desire to eat something to reduce the body unbalance 

develops and the person prepares for the available food options. This is modelled by 

the connection from the desire state dsub to preparation states psbi.  

Not only the  desire but also the associated feelings have impact on the 

preparations; before performing any action a feeling state fsbi  for the (partly 

prepared) action is generated by a predictive as-if-body loop via the sensory 

representation state srsbi.  

In the considered scenario, the desire state dsub has an effect on a number of 

preparation states psbi for responses bi which lead to sensory body representation 

srsbi and to the feeling states fsbi. Subsequently, the states fsbi have strengthening 

impacts on the preparation state psbi, which in turn has an impact on feeling state, 

fsbi, through srsbi which makes the process recursive: an as-if body loop (e.g., [30]). 

A desire, generated by body unbalance or by environmental factors or both, 

needs to be fulfilled by eating a particular selected food. A person takes action for a 

selected food option to reduce or eliminate the body unbalance. In this model the 

effect of an executed action bi (by esbi) is effectuated on the one hand through the 

connection from effector states esbi to body states bsbi that are bodily representations 

of direct valuations or satisfaction for the selected options. On the other hand the 

action effect is effectuated through the connection from effector states esbi to body 

states bsub, this action effect represents reduction of the bodily unbalance bsub after 

eating. 

Another process involves the expected satisfaction feeling of goal fulfilment 

after the particular action execution esbi (eating particular food). Expected 

satisfaction feelings also have effect on making choices. For example, if a person 

takes fast food initially, after eating he may not feel satisfied as it was not healthy, 
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so next time (s)he may prefer to go for healthy food, in order to feel more 

satisfaction. 

The model as depicted in Fig.1 shows the connection from body state bsbi sensed 

by the person via sensor state sssf and represented by sensory representation state for 

goal fulfilment satisfaction srssf. This representation state srssf  receives impact from 

the preparation state psbi via an as-if-body loop as well. The sensory information 

srssf then leads to a level of expected feelings of goal fulfilment satisfaction fssf. So 

on the basis of this satisfaction a person may continue to choose the same option 

(eat the same kind of food) again and again or he or she may change the option, e.g., 

from fast food to healthy food. In this way it will have impact on preparation states 

psbi. 

Setting goals in life either long term or short term is also a common practice. 

Goals may relate to a healthy life style, behaviour change or other ambition. In this 

case long term goals can be considered to weight loss and short term goals can be 

considered in relation to taking a healthy diet. If a person does not have any goal 

about his or her health he or she may eat anything based on various personal 

characteristics/ preference of wanting and liking. On the other hand, if a person 

wants to aim at being healthy then this may affect what is considered suitable to eat. 

In the considered scenario as a long term goal ltg  it is taken that a person wants to 

lose weight and that leads to short term goal stg which is to take a healthy diet to 

achieve long term goal. A short term goal has a direct influence on the preparation 

states psbi. So by keeping goals in mind a person can change his eating behaviour 

and start giving preference to healthy food. 

Another  factor that is included in the model, is how the effect of the feeling on 

the preparation can be learnt over time based on past experiences. For this a 

Hebbian learning mechanism has been included by which such connections may 

automatically emerge or strengthen. The connections from feeling fsbi to preparation 

psbi with weights ωfsbi, psbi
  have been made adaptive in this way. The strengths ωfsbi, 

psbi
  are adapted by the Hebbian learning principle, that connected neurons that are 

frequently activated simultaneously strengthen their connections over time [8, 9, 

31]. 

In the example scenarios it has been shown that if a person starts changing 

eating behaviour than the particular connection gets more strength over time due to 

learning. Each time the person experiences a certain feeling for a prepared action, 

through Hebbian learning this strengthens the association between feeling and 

preparation. So the recursive process of predictive as-if body loops via feeling  

states fsbi to the preparation states psbi, involves Hebbian learning in order to enable 

adaptivity.  
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The model description presented above (Fig.1 and Table1) represents a network  

of cognitive and affective states in a conceptual manner. The following elements are 

also considered to be given as part of such a conceptual representation: 

 

 For each connection from state X to state Y  a weight X.,Y (a number between -

1 and 1), for strength of impact; a negative weight is used for suppression  

 For each state Y a speed factor Y (a positive value) for timing of impact  

 For each state Y (a reference to) a combination function cY(…) used to 

aggregate multiple impacts from different states on one state Y 

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. The conceptual representation of the model 

(as shown in Fig. 1 and in Table 1) can be transformed in a systematic or even 

automated manner into a numerical representation as follows [29]: 

 

 At each time point t 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 

combination function cY(..): 

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

= 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 

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 

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

 

In the model considered here, for all states for the standard combination function 

the advanced logistic sum combination function alogistic,(…) is used [10]: 

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

                
 
     -  

 

    
 ) (     ) 
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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. For example, for the prepration state psbi the model is 

numerically represented in difference equation form as  

aggimpactpsbi(t) =  

alogistic,(srsub, psbi srsub(t), fsbi, psbi fsbi(t), fssat, psbi fssat(t), stg, psbi stg,(t)) 

psbi(t+t) = psbi(t) + psbi [aggimpactpsbi(t) - psbi(t)]  t 

 

The numerical representation of Hebbian learning is: 

ωfsbi,psbi
(t+t) = ωfsbi,psbi

(t) + [η fsbi(t) psbi(t) (1 - ωfsbi,psbi
(t)) - ζ ωfsbi,psbi

(t)] Δt 

 

4 Scenarios and Simulation results 

The computational model has been used to conduct a number of simulation 

experiments according to different scenarios performed using the Matlab 

environment. In this section one is described in detail. The following scenario is 

used:   

James is facing overweight leading to an obesity problem, and has difficulties in 

everyday life routine regarding his diet (dietary pattern). To overcome this 

problem,  he set goals to lose weight by eating healthy food. Here food is 

categorized in three categories, light food (very low calories), healthy food (low 

calories), and fast food (high calories). So, he has three available food options to 

choose from, each of which gives some extent of satisfaction as expected from 

that food. As he wants to lose weight, he will want to go for healthy or light 

food. In daily routine, when he feels hungry he looks around to have healthy 

food to eat. 
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The parameter values used are shown in Tables 2 and 3. 

 

Table 2. Values of threshhold, steepness and update speed 

 

 

state   state   state   

bsub 0.5 8 fsb1 0.16 2 sssf1 0.14 2.4 

ssub 0.14 2.4 fsb2 0.16 2 sssf2 0.14 2.4 

srsub 0.14 2.4 fsb3 0.16 2 sssf3 0.14 2.4 

dsub 0.5 7 esb1 0.14 2.4 srssf1 0.14 2.4 

psb1 0.5 8 esb2 0.14 2.4 srssf2 0.14 2.4 

psb2 0.5 8 esb3 0.14 2.4 srssf3 0.14 2.4 

psb3 0.5 8 bsb1 0.14 2.4 fssat1 0.16 2.4 

srsb1 0.14 2.4 bsb2 0.14 2.4 fssat2 0.16 2.4 

srsb2 0.14 2.4 bsb3 0.14 2.4 fssat3 0.16 2.4 

srsb3 0.14 2.4 ssb2 0.14 2.4 stg 0.14 2.4 

ssb1 0.14 2.4 ssb3 0.14 2.4    

 

Table 3. Values of parameters used: connection weights 
 

 

weight  weight  weight  weight  

mub,bsub 1 srsb1,fsb1
 1 esb1,bsub -0.15 bsb1,sssf1

 1 

bsub,ssub 1 srsb2,fsb2
 1 esb2,bsub -0.15 bsb2,sssf2

 1 

ssub,srsub 1 srsb3,fsb3
 1 esb3,bsub -0.15 bsb3,sssf3

 1 

srsub,dsub 1 fsb1,psb1
 0.4 esb1,bsb1

 1 sssf1,srssf1
 1 

wsw,ssw 1 fsb2,psb2
 0.4 esb2,bsb2

 1 sssf2,srssf2
 1 

ssw,srsw 1 fsb3,psb3
 0.4 esb3,bsb3

 1 sssf3,srssf3
 1 

srsw,dsub 0.8 psb1,esb1
 1 bsb1,ssb1

 1 psb1,srssf1
 1 

dsub,psb1
 1 psb2,esb2

 1 bsb2,ssb2
 1 psb2,srssf2

 1 

dsub,psb2
 1 psb3,esb3

 1 bsb3,ssb3
 1 psb3,srssf3

 1 

dsub,psb3
 1 stg,psb1

 0 ssb1,srsb1
 1 srssf1,fssat1

 0 

psb1,srsb1
 1 stg,psb2

 0 ssb2,srsb2
 1 srssf2,fssat2

 0 

psb2,srsb2
 1 stg,psb3

 0 ssb3,srsb3
 1 srssf3,fssat3

 0 

psb3,srsb3
 1 fssat1,psb1

 0.3 fssat2,psb2
 0.3 fssat3,psb3

 0.3 

ltg,stg 0.8       
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In the scenario the strength of the weights  fsbi,psbi
 of the connections from 

feelings to the considered preparations change over time through the Hebbian 

learning mechanism.  Initial values of the activation levels for all states have been 

chosen 0  except the metabolic activity which depends on the scenario, and 

activation values for goals either are 0 or higher, also depending on the scenario. 

The simulation is executed for some scenarios for 180 time points and for other 

scenarios simulations for 1500 time points; the time step t = 0.1. Learning rate η = 

0.016 and extinction rate ζ = 0.000015 have been used when Hebbian learning is 

used.  Details of the values for parameters used in the simulation are given in Table 

2 (threshold  and steepness ) and in Table 3 (connection weights). In the scenario 

depicted in Figure 2, the simulation shows five times hunger.  

 

 
 

 
 

 
 

Figure 2. Simulation results of five times body unbalance (hunger), with Hebbian learning 
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The role of the learning mechanism is illustrated, so the person can change his 

eating behaviour by learning through past experiences. When the person notices a 

body unbalance or hunger that triggers the desire to eat then initially the person may 

have equal tendency for all available options Figure 2(b). But through the 

associated feelings valuation of the options takes place and the person can learn 

Figure 2(e): the eating behaviour can be changed by adapting it slowly due to 

learning from his experiences. In this simulation Hebbian learning is used on the 

weights fsbi,psbi
 of the connections between associated feelings and preparations so 

these links are dynamic in this scenario; the weights esbi,bsbi
 of the connections 

from execution states to body state are 0.3, 0.9, 0.6 respectively, these values are 

only for this simulation, change in these connections will make a change in the 

learning connections as well. 

5 Conclusion 

The model presented in this paper is a neurologically inspired computational 

model for making food choices by involving a number of internal and external 

factors. The focus of this paper is to formalise the dynamics and interaction of 

internal states which are involved in decision of making food choice. This model 

will help to understand the complex process from food desire generation to food 

choices that evolve based on internal prediction in combination with associated 

feelings for valuation of the available food options. The model also incorporates the 

role of goals and their influence on decision making on food choices. The 

simulation results suggest that this model is capable of learning of making food 

choices on the one hand through associated feelings to fulfil the desire, and on the 

other hand through levels of satisfaction in relation with various types of food and 

goals. The proposed computational model for making food choices can be used to 

develop human-aware intelligent systems that can help and support persons with 

overweight and obesity.  

In future work, the model will be extended with food desire regulation 

strategies, and further focus will be on the social and environmental factors; in 

addition it may be further extended with more personal characteristics.  
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Chapter 6 

A Cognitive Agent Model for Desire Regulation  

Applied to Food Desires
1 
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Abstract: In this paper a neurologically inspired cognitive agent model for 

desire regulation is presented that describes the desire generation process 

and a number of desire regulation strategies. This work addresses 

antecedent-focused desire regulation strategies. These strategies include 

reinterpretation, attention deployment and situation modification. The model 

has been used to perform a number of simulation experiments concerning 

food desire and eating behaviour. 
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1 Introduction 

In recent years obesity and overweight have received much attention from 

researchers to find causes and develop interventions to avoid obesity, particularly in 

the field of neuroscience [1]. Neurological evidence suggests that  there are several 

brain regions involved in food rewarding mechanisms and in the desire for 

unhealthy food and its regulation [1], [2]. Persons often make use of various 

regulation strategies to regulate their desire of food and this helps them to make 

food choices [3]. To change the eating behaviour or lifestyle of persons there is a 

need to develop intelligent systems which can help persons to adopt healthy eating 

behaviour or change their lifestyle. There is much work going on the computational 

modelling of human behaviour [4], [5] that can provide basis for the development of 

such human-aware systems. Giuliani et al. [6] have taken the emotion regulation 

process model of Gross [7], [8] thereby assuming that food craving is also an 

affective state so that its regulation involves the emotion regulation strategies to 

regulate the desire-associated emotions:  

 ‘Food craving can be defined as the subjective sense of wanting a certain 

food, and features both food-related affective/motivational components (e.g., 

wanting to eat the food, being motivated to approach it) and cognitions (e.g., 

intrusive thoughts about the food)….. If craving is an affective state, then the 

Process Model may be a useful framework to better understand the various 

ways that craving may be regulated. Here, we apply this model to craving, and 

review select evidence that different food craving regulation strategies fit 

within this model.’ [6], p. 48. 

In the current paper a different perspective is chosen, independent of the 

question in how far desires are affective states or are associated to emotions. In the 

process of desire generation the causal chain leading to a desire is considered and 

regulation strategies addressing one of the steps in this chain are considered as 

antecedent-focused strategies; this notion generalises the similar notion for 

emotions. Just following this causal chain three possibilities for regulation can be 

identified: (1) modifying beliefs that interpret the world (also called 

reinterpretation), (2) modifying the own sensing of the world, for example by 

changing the gaze direction (also called attention deployment) and (3) modifying 

the world itself (situation modification). This work extends the model of desire 

generation and making of choices for actions in [5] by introducing desire regulation 

mechanisms.The neuroscientific literature suggests that the food craving can be 

downregulated using cognitive regulation strategies [9]–[12]. The neurological 

underpinnings of such regulation processes have been studied through fMRI 

techniques. Studies [3], [13] shows that the ventrolateral PFC and posterior parietal 
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cortex seem more active for the duration of both upregulation and downregulation, 

and were functionally coupled with vmPFC and dlPFC during cognitive regulation. 

For example, the cognitive reinterpretation strategy is used to reinterpret or change 

the thoughts about palatable food, and it works more effectively to inhibit the 

mesocorticolimbic activity and associated food craving. On the other hand during 

desire suppression there was more activity in the prefrontal cortex [11]. Other 

studies about attention deployment [11], explained that it works to change the 

attention away from the particular food cues. Furthermore studies [14],  [15] 

suggest that  interaction between areas between prefrontal PFC and sensory areas 

occurs in the sense that PFC has a major control role for directing attention to a 

location, a feature, or an object.  

2 A Cognitive Agent Model for Desire Regulation 

This section describes the proposed computational cognitive agent model for 

desire regulation in detail. The model (see Fig. 1 and Table 1) shows how a desire 

(illustrated for a food desire or food craving) is generated and then how the desire 

regulation strategies work to regulate the desire. Furthermore, it describes how both 

bodily factors or unbalances (e.g., low blood sugar level, being hungry) and 

environmental factors (e.g., palatable food) can generate the desire, and how 

cognitive regulation strategies are integrated in the desire generation process.  

2.1 Desire Generation and Making of Choices for Actions 

The proposed model extends the model of desire generation and making of 

choices [5], which is visible in the lower part of Fig. 1 ( that part is indicated with 

solid arrows and states without filling any colour and the extended part includes all 

doted arrows and states filled with green colour). It is assumed that a desire can be 

generated either from below the neck (a bodily unbalance such as being hungry) or 

above the neck (being attracted to cues in the environment; e.g., palatable food). In 

this model both perspectives have been integrated.  

In the conceptual model the body state of unbalance bsub is assumed to be 

generated by metabolic activity mub. Through the sensor state ssub and sensory 

representation state srsub the body unbalance leads to a desire dsub (e.g. for eating), 

so the person may undertake actions (e.g., eat) and reduce the body unbalance. On 

the other hand the environment can also affect the generation of a desire (e.g., 

attractive food). To model this, the environment situation is represented by world 

state wsw and the person senses it through the sensor state ssw and represents it by 

the sensory representation state srsw. Based on these representations the person 

forms beliefs to interpret the world state (the food). If positive beliefs are stronger 
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then the desire will be stronger. Alternatively, if a person has more negative beliefs 

(e.g., this food is not healthy) then he may have a less strong desire.  

After desire generation persons often look around for various options of actions 

(for eating), which may depend on availability and opportunities as well. In this 

case three action options have been modeled so the person may make decisions 

regarding these actions (food choices for the eating). Making food choices also 

involves long term and short term goals, for example: if a person has the long term 

goal to reduce body weight, he or she may start to achieve that by generating more 

specific short term goals, in this scenario to eat healthy food (low calories food) 

instead of fast food (high calories food). Long term goals and short term goals are 

represented in the model by ltg and stg, respectively.  

 

 
 

Fig. 1. Conceptual representation of the computational model of desire regulation 
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Table 1. Overview of the states of the proposed model (see also Fig. 1) 

Name  Informal name Description 

wsw World state w This models the current world situation which the person 

is facing,  the stimulus, in this example  w  is a food 

stimulus 

ssw Sensor state for w The person senses the world through the sensor state 

srsw Sensory representation 

state for w 

Internal representation of sensory world information on 

w 

beli Beliefs These represents the interpretation of the world 

information 

cs1 Control state 1 for 

reinterpretation of the 

stimulus  

This control state is monitoring beliefs and the desire, to 

determine whether (beliefs lead to a high desire level. If 

so, by becoming activated the control state suppresses 

this positive belief, which gives the opportunity for 

alternative beliefs to become dominant. (first regulation 

strategy) 

cs2 Control state 2 for 

attention deployment 

reducing the stimulus 

effect  

This state monitors the sensory representation of the 

stimulus and the desire. When this control state becomes 

active by action a1 it diverts attention from the stimulus, 

e.g., to divert attention from high calories food to low 

calories food. (second regulation strategy) 

psa1 Preparation for action 

a1 

Preparation to deploy attention (e.g., change gaze 

direction) by an action a1 

esa1 Execution state for 

action a1 

In the considered scenarios the action a is attention 

deployment that regulates food desire by focusing the 

attention away from the stimulus, so the intensity of 

stimulus can be reduced.  

cs3 Control state 3 for 

situation modification 

to avoid eating  

This state monitors feelings and the sensor 

representation of the world situation, to determine 

whether a situation is unwanted. If so, the control state 

activates the preparation and execution of action a2 to 

change this situation (third regulation strategy) 

psa2 Preparation for action 

a2 

Preparation to modify the world situation wsw by an 

action a2 

esa1
 Execution state for 

action a2 

In the considered scenarios the action a2 is changing the 

situation by decreasing the level of world state w 

mub Metabolism for  ub This represents the metabolic energy level affecting 

unbalance state ub: low while being inactive and high 

while being active 

bsub Body state of  ub This represents a bodily unbalance ub. For example, 

underlying being hungry; if a person is becoming 

hungry, the body unbalance  ub  increases, and after 

eating there will be lower or no unbalance   
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ssub Sensor state for body 

unbalance ub 

The person senses bodily unbalance state ub, providing 

sensory input 

srsub Sensory representation 

of ub 

Internal sensory representation of body unbalance  ub 

bsfull Fulness body state of  

full 

A bodily state that represents fulness.  

ssfull Sensor state for bodily 

state  full 

The person senses body state full, providing sensory 

input 

srsfull Sensory representation 

of full 

Internal sensory representation of bodily state  full 

dsub Desire for unbalance ub Generating a desire to compensate for body unbalance  

ub (e.g., desire to eat to get rid of a state of being 

hungry) 

psbi Preparation for an  

action  bi 

Preparation for an action bi to fulfil the desire. In this 

example the bi represent  the associated available food 

choices 

fsbi Feeling bi For example, a feeling state fsbi for the eating action bi 

srsbi 

 

Sensory representation 

of bi 

Internal sensory representation of body state for bi in the 

brain.  

ssbi Sensor state for bi The person senses the body states through the sensor 

state 

sssat 

 

Sensor state for 

satisfaction sat 

The person senses the external body states providing 

sensory input to the feelings of satisfaction.  

srssat Sensory representation 

of sat 

Internal representation of the body aspects of feelings of 

satisfaction sat 

fssat Feeling for satisfaction 

sat 

Feeling of satisfaction; these are the feelings about the 

considered food choice, how much satisfactory it is.  

esbi 

 

Execution state for 

action bi 

In the scenarios action bi is to eat food of a particular 

choice for, to reduce the body unbalance   ub  

bsbi Body state for  bi This is the body state related to eating that particular 

food. 

ltg Long term goal This represents the long term goal, to lose weight, for 

example  

stg Short term goal Short term goal refers to smaller incremental way of 

achieving long term goals for example start to eat 

healthy avoid from fast food etc. 

ωfsbi, psbi
 Learnt connections These connections are learnt by Hebbian learning. This 

models how the generated feeling affect the preparation 

for response bi.  

 

 



Chapter 6  129 

In making of food choices for eating, some other factors are also considered 

such as how much that particular food option expected satisfaction feelings, this has 

been done through the internal predictive loop known as as-if-body loop [16]. It 

uses the information of the options for which a person is prepared to eat, these 

preparation states are represented by psbi. Based on these preparation states through 

the representation states srsbi and feelings fsbi he or she may choose from the 

available options. The weights ωfsbi
psbi

, of the connections from feeling states fsbi to 

preparation states psbi are used as learnt connections over time, through experiences 

[17]. The person can go for one or more than one available food options as well. 

The execution state esbi represents performing (eating) actions; when a person starts 

such an (eating) action then on one hand it will reduce the body unbalance bsub 

(reduce the hunger). On the other hand it provides the information about the 

selected food choices that is another aspect which can affect the making of food 

choices is the expected feelings of satisfaction fssat from the available food options 

and person sense this through the sensory state sssat and sensory representation state 

srssat. So the in decision making of food choices involves various factors. 

As mentioned above, this model extends the model of desire generation and 

making of action choices, so due to the lack of space, refer to the original article [5] 

for more details of this part of the model. 

2.2 Cognitive Regulation Strategies for Food Desire 

Antecedent-focused regulation strategies can be used in different phases of the 

causal paths in the desire generation process. These cognitive regulation strategies 

for the causal path from world state to sensing and representing it to beliefs 

interpreting it, include cognitive reinterpretation (modifying the beliefs on the world 

situation), attention deployment (modifying the sensing of the situation), and 

situation modification (modifying the situation itself). The first regulation strategy 

discussed is cognitive reinterpretation, it is one of the commonly used regulation 

strategies. As discussed in Section 2 reinterpretation works by altering the meaning 

of a stimulus (thinking about the food in different way) which can effectively 

reduce the food craving. For example, by thinking about the negative consequences 

of  such food [10], [13], [18]. 

 To model reinterpretation two types of belief states beli (positive bel1 and 

negative bel2) have been taken into account, both belief states beli are alternative 

interpretations and suppress each other via an inhibition connection; if a person has 

stronger positive beliefs towards craved food then it strengthens desire dsub and then 

person may go for an (eating) action. On the other hand a person may start 

reinterpreting that food in a different way (e.g., food is spoiled) in that case the 

control state cs1 (used for reinterpretation) become active and suppress the positive 
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beliefs so the alternative negative belief gets more strength and the desire becomes 

less, so that the person may not eat, or he or she may change his or her choice, 

based on the alternative interpretation about the environmental stimulus.  

The second regulation strategy considered in this model is attention deployment. 

It is used to regulate the food craving by focusing attention away from the sensed 

cue, for example food, so that the person may get a lower desire level. For example, 

being in a situation where a variety of food is available, a person may be more 

attracted towards  fast food (high calories food) in the sense that it leads to a high 

level of desire, so to regulate such desire he or she may change or divert attention to 

other types of food such as more healthy food instead of fast food, so in this way the 

attention deployment strategy works to downregulate the food craving desire.  

To model the attention deployment strategy control state cs2 is used, for 

example when a person has positive beliefs about sensed food which lead to the 

desire, but by using this control mechanism a person can prepare and undertake 

action a1 through psa1
 and esa1

 to turn the gaze away to focus attention on something 

less craving thus decreasing the stimulus influence on the sensory state ssw, so then 

the environmental influence becomes low which may lead to less desire or even no 

more desire. 

The third desire regulation strategy is situation modification. It refers to change 

or leave such kind of craving environment, which leads to the desire. For example:  

being in a palatable environment a person may not control himself/herself from 

eating that craving food, so he/she may modify or change the situation by moving 

away from such palatable environment. In this model the control state cs3 is used 

for situation modification, this control state receives the impact from desire dsub and 

the stimulus through sensory representation of the world srsw and then prepare psa2
 

and undertake esa2
 action a2 of changing the environment wsw or situation, so in this 

way the situation is modified reducing the level of wsw.     

 

2.3 Numerical Representation of the Cognitive Agent Model 

The proposed cognitive agent model presented above (Fig. 1) with further 

description given above in (Table1) represents a network of (cognitive and 

affective) mental states in a conceptual manner, in this case as a graph. To generate 

a numerical representation of the model out of a conceptual representation the states 

Y get activation values indicated by Y(t): real numbers (often between 0 and 1) over 

time points t, where the time variable t ranges over the real numbers. Using these 

labels the numerical representation has the form of the following difference or 

differential equation for detailed description see [19]: 
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Y(t + t) = Y(t) + Y [cY(X1,YX1(t), …, Xk,YXk(t)) - Y(t)] t 

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

The numerical representation chosen for Hebbian learning is (similar to [32]): 

ωfsbi,psbi
(t+t) = ωfsbi,psbi

(t) + [η fsbi(t) psbi(t) (1 - ωfsbi,psbi
(t)) - ζ ωfsbi,psbi

(t)] Δt 

3 Simulation results 

In this section the simulation results of the cognitive agent model discussed 

above are described; the various simulation experiments have been performed by 

taking different scenarios into account using the Matlab environment. The 

simulation was executed for 180 time points; the time step t = 0.1 and all update 

speeds were η = 0.1. Due to lack of space the rest of the parameter values of 

weights for connections between the states and the values for parameters threshold τ 

and steepness σ are provided as an internet appendix [20] in Table 2 and Table 3 

respectively. These parameters values have been obtained by taking into 

consideration the patterns that are known from literature and searching for the 

ranges of parameter values that provide such patterns. The initial values for all 

states were set to zero. Before discussing the simulation results, a real world 

scenario provides an insight how a person may use desire regulation strategies in his 

daily routine.   

Peter is present in an attractive food environment and he is already 

overweight and moving to an obesity problem. He wants to reduce his 

weight to avoid obesity, so he wants to control himself from eating high 

calories food (e.g., fast food), so being in such situation he may apply the 

different regulation strategies to control himself. He may reinterpret the 

food by taking its consequences (food is not good for health) in his mind. 

Or he can move or turn his attention away from that palatable food to any 

other, more healthy food.  Or he may change the situation, for example by 

leaving the environment. 

3.1 Desire Regulation By the Situation Modification Strategy 

In this simulation experiment it is shown how the situation modification strategy 

works. Fig. 2(a) shows that if a person is present in palatable food environment, and 

he has positive beliefs about the food, and then the desire to eat that food increases, 

and he starts to prepare to eat, as can be seen in Fig. 3(b). But he still has the option 

to leave the situation. Situation modification (Fig. 2(c)) is applied to change the 

situation. So when the control state cs3 becomes active it prepares to take action of 

situation modification to change world state wsw. When the influence of the world 
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state or stimulus starts to decrease the desire to eat that craved food also fades away, 

and all other states will go down as well because there is no more stimulus there. 

 

 

Fig.2. Three regulation strategies (a) reinterpretation (b) attention deployment (c) situation 

modification. Only situation modification is active in this scenario 

 

 
 

Fig. 3. The lower part of the model relates to (a) desire generation  (b) eating options ( 

preparations) (c) feelings and (d) execution states (actions) 
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4 Conclusion 

The cognitive agent model for desire regulation presented in this paper has been 

used to conduct simulation experiments with various scenarios based on real life 

examples showing how a palatable food environment leads to food desire 

generation and how desire regulation strategies can play their role to downregulate 

the desire. In this paper antecedent focused regulation strategies have been 

addressed, covering cognitive reinterpretation, attention deployment and situation 

modification. 

Some recent research [2] describes food craving as an affective state and it  can 

be regulated cognitively. According to Giuliani et al. [6] the neural bases of craving 

regulation are similar to those underlying the regulation of negative emotions; he 

mapped the food craving regulation strategies into an emotion regulation 

framework, so that this framework (described by Gross [7], [21], [22]) could be 

applied in a straightforward manner. To map the emotion regulation model onto 

food desire and craving regulation processes, [6] describes various ways that food 

craving may be regulated as emotion regulation. For example, in situation selection 

a person may avoid purchasing of craved food or to avoid from going to such places 

where craved food is available. In situation modification a person can change his 

situation if a desire to eat craved food becomes too high then he or she may move 

away from that environment to modify/change his situation. Attention deployment 

is a form of regulation in which a person may deploy attention away from palatable 

food; e.g., he or she may change his attention from that craved food to light food for 

eating. Reinterpretation or cognitive change works by reinterpreting the stimulus, in 

this case the palatable food; e.g., if a person reinterprets that craved food is not good 

for health, in this way the desire to eat craved food may decrease. The response 

modulation strategy works by suppression of the desire. [6]. 

This cognitive agent model may provide a basis to develop intelligent systems 

that support persons to avoid overweight and obesity. The simulation experiments 

show by real life examples that by applying desire regulation strategies persons can 

avoid certain types of food and can keep themselves healthy. 
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A Computational Cognitive Model of Self-Monitoring and 
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Abstract: Desires can be triggered both by physiological conditions and by 

environmental factors, or a combination of these. For example, a desire for 

eating can be triggered by a need for food such as hungriness or it can be 

triggered by seeing tempting food. Humans often apply various desire 

regulation strategies to control their desires.  Persons with poor desire 

regulation may suffer regarding their health, e.g., from overweight and 

obesity. Desire regulation can make use of different regulation strategies; 

this implies an underlying decision making process, which makes use of some 

form of self-monitoring. The aim of this work is to develop a neurologically 

inspired computational cognitive model of desire regulation and these 

underlying self-monitoring and decision making processes. In this model four 

desire regulation strategies have been incorporated. A self-monitoring 

mechanism continuously monitors and assesses the desire level and based on 

this a decision mechanism performs the selection of one or multiple 

strategies, depending on personality characteristics. Simulation experiments 

have been performed based for the domain of food choice. 
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1 Introduction 

The study of desire and desire regulation has become an important focus for 

researchers addressing human behaviour. In particular the desire for eating and its 

regulation has received much attention in recent years from various fields, including 

psychology, social science, cognitive science and neuroscience; e.g., [1]. What to 

eat, when and how much to eat all are influenced or controlled by a brain reward 

mechanism. Persons who cannot control their eating because of poor regulation of 

their desires for food often suffer from overweight and obesity. Various studies 

show that overweight and obesity has become a major problem that affects health in 

many ways, for example, concerning cardiovascular issues, diabetes, high blood 

pressure, and more [2]. There has been a strongly increasing trend in the occurrence 

of obesity globally and in western societies in particular [3]. Often individuals 

become habitual of certain types of foods, and changing habits about food is a 

difficult process. On the other hand, the role of environmental factors is also crucial, 

such as an environment which is full of appealing food.  

Much literature is available on  the human’s  neurological basis of the regulatory 

mechanism, for example, dealing with certain desires, for example, for food, drugs, 

alcohol. In general the regulation mechanism for such aspects has some common 

neurological underpinning; evidence is provided that the neural basis of desire 

regulation has some characteristics that are similar to those underlying the 

regulation of negative emotion. This includes the involvement of areas such as the 

dorsolateral prefrontal cortex, inferior frontal gyrus, and dorsal anterior cingulate 

cortex [4], [5] This suggest that such regulatory mechanisms can be considered for 

any mental state. 

As desire is considered here as a mental state that can lead to certain actions for 

its fulfilment. A desire state has forward causal connections to action (preparation) 

states. Regulatory mechanisms that can be used to regulate a desire (and a food 

desire in particular)  will indirectly affect these action states. There is a body of 

research available that provide evidence and suggest  that desires can be down-

regulated using different strategies; e.g., [6], [7]. For the case of emotion regulation 

[8], [9] have put forward a process model of emotion regulation that describes how 

emotion regulation takes place in different stages. Some of the elements of this 

process model provide a useful inspiration to develop a model for desire regulation. 

The design of human-aware or socially aware intelligent systems that support 

people in their daily routine can benefit from more attention from a computational 

perspective. A dynamical cognitive model can be used to obtain some awareness for 

such a system of a person. For that purpose it is important to use a modelling 

approach that addresses dynamical aspects and interaction of various mental states 

underlying  behaviour. 



Chapter 7  139 

In this paper the processes of self-monitoring and decision making concerning 

desire regulation strategies are explored computationally. This work is an extension 

of the model of desire generation and regulation[10]. Four regulation strategies have 

been considered: (1) reinterpretation (modulating beliefs), (2)  attention deployment 

(changing the own sensing of the world), (3) suppression (suppressing a desire and 

the actions triggered by it), and (4) situation modification (modifying the world 

itself, for example by avoidance). The rest of the paper contains in Section 2 

neurological background literature, Section 3 presents and provides the details of 

the cognitive model in detail. Next, Section 4 presents the results of simulation 

experiments. Section 5 concludes the paper. 

2 Background 

The computational cognitive model of self-monitoring and decision making for 

desire regulation presented in this paper is inspired by cognitive neuroscience 

literature; in this section some neurological background is discussed. 

Generally a desire is considered as a mental state of wanting to have or achieve 

something; it could be for food, smoking, alcohol or any physiological or other 

aspect. It often implies strong intentions towards the desired aspect, such as to fulfil 

the physiological need, and sometimes it leads to physically or mentally unhealthy 

behaviours. In this work the considered application domain is food desire and its 

regulation. Food desire is considered as the subjective sense of wanting a certain 

type of food; it has motivational characteristics such as wanting to eat that particular 

food or being motivated towards that food, it also involve cognitions as well, for 

example, intrusive beliefs or thoughts about the food [11].  

Taking the neuroscience perspective into account, numerous theoretical and 

empirical studies are available, including fMRI studies about food-related behaviour 

that show how persons become food addicted; for example, it explains that how 

appealing food environment affect the brain reward pathways such as  how greatly 

appetizing foods activates reward pathways leading to obesity [12], [13]. Other 

studies pointing towards the dysfunction or dysregulation of brain reward pathways 

may also contribute to more consumption of highly appetizing foods, which 

ultimately leads to more weight gain and obesity [14].  

Literature shows that food reward mechanisms and regulation involves various 

parts of brain, and while regulating a desire various other factors are also involved 

[1], such as homeostatic requirements, cognition, and the pleasure from food eating 

[15]. For example, the pleasure factor of food intake is mediated by reward-related 

cortical and sub-cortical systems of the brain, including the  hypothalamus,  ventral 

striatum and the orbitofrontal cortex (OFC) [16], [17].  
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 The monitoring and excutive control of various functions in the brain 

involves the frontal lobes, in particular the prefrontal cortex, orbitoprefrontal cortex 

also refered as ventromedial PFC (vmPFC); the vmPFC is involved in predicting 

actions and their outcomes and this is associated with the selection of actions in 

response to a stimulus. So, the monitoring mechanism of desire regulation can 

perform selection from an available pool of regulation strategies based on the  

assessment of the desire as well as based on the preference of that person to make 

use of certain regulation strategies. In this way decisions about strategies will select 

any particular regulation strategy or multiple strategies to regulate the desire. 

Often regulation takes place when a desire starts to compete with certain 

important goals. For instance, if a person wants to control his or her diet to lose 

weight and is in a palatable food environment he or she is trying  to avoid certain 

types of food with high calories. Desire regulation can make use of a variety of 

specific strategies to modulate the level of desire.  Some inspiration can be found in 

models addressing emotion regulation. Reinterpretation (cognitive change) is a form 

of regulation strategy often used to change the meaning of stimuli by changing 

beliefs about these stimuli. The neurological underlying mechnism of such 

regulation processes [18] shows that the ventrolateral PFC and posterior parietal 

cortex seem more active for the duration of both cognitive upregulation and 

downregulation, and were functionally coupled with vmPFC and dlPFC. Moreover 

for the reinterpretation strategy it is plausible that the control from the PFC affects 

the interpretation change to change the thoughts about appetizing food. To control 

different pathways in order to perform regulation according to different strategies 

the PFC seems involved together with different areas within the brain [19], [20]. 

For example, during a desire suppression strategy there was more activity in the 

prefrontal cortex [21]. So, particularly the dlPFC, plays prominent roles in the 

suppression of a desire to eat, and increases activation in a right prefronto-parietal 

regulation network.[22].  

Various empirical studies on the attention deployment strategy [21], explain that 

this regulation strategy works by moving the attention away from the particular 

food or deploy attention to something else; e.g. to any other type of food.  Besides 

this, other studies [23], [24] show that the interaction between prefrontal PFC and 

sensory areas occurs in the sense that PFC has a prominent role for controlling and 

directing attention to a location, or  to an object.  

 In the cognitive model the four desire regulation strategies covered are 

cognitive reinterpretation, attention deployment, desire suppression and situation 

modification. These strategies are also known in the context of emotion regulation, 

but here it is shown how in a generalised form similar strategies can in fact be used 

for any mental state, and in this case for a desire. 
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3 Conceptual representation of the model 

This section shows how the different states in the model affect each other. The 

proposed model is based on the literature described in the introduction and 

background sections; an overview is depicted in Fig. 1. A short description of each 

state is provided in Table 1. The model shows how desire regulation strategies work 

to regulate a desire using an explicit self-monitoring and selection mechanism of 

regulation strategies. The model is based on a temporal-causal network [25] 

reflecting the underlying neurological mechanisms in an abstracted manner. The 

conceptual cognitive model has been applied to the food desires domain as 

illustration for this paper. 

3.1 Desire Generation and Choosing Actions 

The cognitive model adopts some elements from [10], but adds the self-

monitoring and regulation selection process. It is assumed that desire generation 

involves both physiological and environmental factors, so both aspects have been 

integrated. It shows how such bodily unbalance (e.g., hungriness) and 

environmental factors (e.g., appetizing food) can generate the desire. Physiological 

states are based on metabolic activity (e.g., concerning energy level) and are 

modelled by using connections from a metabolic state mub that leads to the bodily 

unbalance represented by body state bsub. A person senses the bodily unbalance via 

the internal sensor state ssub that enables the person to form the sensory body 

representation state srsub representing body unbalance in the brain and this in turn 

affects the desire. Environmental factors also can lead to a desire (e.g., palatable 

food) generation. They start with the environment situation that is represented by 

world state wsw and the person senses it through sensor state ssw and represents it 

by sensory representation state srsw. Based on these representations the person 

forms beliefs to interpret the world state (e.g., the food). If positive beliefs are 

strong, then the desire will be stronger. Alternatively, if a person has more negative 

beliefs (e.g., this food is not healthy) then the desire may be less strong. The desire 

in turn affects preparations for actions to fulfil the desire (e.g., get the body in 

balance). This is modelled by the connection from the desire state dsub to 

preparation states psbi. In the considered scenario, these prepared responses psbi lead 

to a (predicted) sensory body representation srsbi and to feeling states fsbi. 

Subsequently, the states fsbi have strengthening impacts on the preparation state psbi, 

which in turn has an impact on feeling state, fsbi, through srsbi which makes the 

process recursive: an as-if body loop (e.g., [26]). The weights ωfsbi
psbi

, of the 

connections from feeling states fsbi to preparation states psbi are learnt over time 

based on a Hebbian learning principle [27].  
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Making food choices for actions also involves long term goals ltg and short term 

goals stg; for example, if a person has the long term goal to reduce body weight, he 

or she may start to achieve that by generating a more specific short term goal to eat 

low calories food instead of high calories food. 

 

 

Fig. 1. Conceptual model of self-monitoring and desire regulation strategies.  

Table 1. Overview of the states of the model (see also Fig. 1) 

Name Informal name Description 

wsw World state w The world situation the person is facing,  the stimulus, in the 

example  w  is a food stimulus 

ssw Sensor state for w The person senses the world through the sensor state 

srsw Sensory 

representation state 

for w 

Internal representation of sensory world information on w 

beli Beliefs These represent the interpretation of the world information 

cs1 Control state for 

reinterpretation of 

the stimulus  

By becoming activated this control state suppresses the 

positive belief, which gives the opportunity for alternative 

beliefs to become dominant.  

cs2 Control state for This control state suppresses the desire and the associated 

srsubssub

ps
bi

dsub

es
bi

as-if-body loop
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bs
bi

bsub

ssw
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srsbi
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desire suppression  preprations for bi  

cs3 Control state for 

attention 

deployment  

When this control state becomes active, by action a1 it diverts 

attention from the stimulus, e.g., to divert attention from high 

calories food to low calories food.  

cs4 Control state for 

situation 

modification 

This state monitors determines whether a situation is 

unwanted. If so, the control state activates the preparation 

and execution of action a2 to change this situation  

psa1 Preparation for 

action a1 

Preparation to deploy attention (e.g., change gaze direction) 

by an action a1 

esa1 Execution state for 

action a1 

The action a1 regulates the desire by focusing the attention 

away from the stimulus, so the intensity of stimulus can be 

reduced.  

psa2 Preparation for 

action a2 

Preparation to modify the world situation wsw by an action a2 

esa2
 Execution state for 

action a2 

This state for action a2 is changing the situation by 

decreasing the level of world state w 

mub Metabolism for  ub This represents the metabolic level affecting unbalance state 

ub 

bsub Body state of  ub Bodily unbalance, for example, underlying being hungry  

ssub Sensor state for 

body unbalance ub 

The person senses bodily unbalance state ub, providing 

sensory input 

srsub Sensory 

representation of ub 

Internal sensory representation of body unbalance  ub 

bsfull Fullness body state 

of  full 

A bodily state that represents fullness (in particular for the 

food scenario)  

ssfull Sensor state for 

bodily state  full 

The person senses body state full, providing sensory input 

srsfull Sensory 

representation of 

full 

Internal sensory representation of bodily state  full 

dsub Desire for 

unbalance ub 

Desire to compensate for body unbalance  ub (e.g., desire to 

eat to get rid of being hungry) 

psbi Preparation for an  

action  bi 

Preparation for an action bi to fulfil the desire (e.g., bi 

represent  the available food choices) 

fsbi Feeling bi Feeling state fsbi for the effect of action bi 

srsbi Sensory 

representation of bi 

Internal sensory representation of body state for bi in the 

brain.  

ssbi Sensor state for bi The person senses the body states through the sensor state 

sssat Sensor state for 

satisfaction sat 

The person senses body states providing sensory input to the 

feelings of satisfaction.  

srssat Sensory 

representation of 

sat 

Internal representation of the body aspects of feelings of 

satisfaction sat 
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fssat Feeling for 

satisfaction sat 

These are the feelings about the considered action choice, 

how much satisfactory it is.  

esbi Execution state for 

action bi 

An action choice to reduce unbalance ub (in the food 

scenarios bi is to eat a chosen food) 

bsbi Body state for  bi This is the body state resulting from action bi (e.g., to eating 

that particular food) 

ltg Long term goal This represents the long term goal (to lose weight, for 

example)  

stg Short term goal This refers to an incremental way of achieving long term 

goals (e.g., avoid ast food) 

ωfsbi, 

psbi
 

Learnt connections This models how the generated feeling affect the preparation 

for response bi.  

moni Self-monitoring 

states 

These states assess the intensity of the desire, e.g., from 

mon1 for low to mon4 for very high intensity. This 

assessment is input for the decision on which regulation 

strategies to apply. 

 

3.2 Self-Monitoring and Regulation Strategies 

The self-monitoring mechanism continuously performs monitoring and 

assessment of the desire intensity. It provides input for the decision making on 

whether to activate any or multiple desire regulation strategies. In the example 

scenario four monitoring states were used, but it could be any number. This 

combined self-monitoring and decision model provides some freedom to persons in 

selection of desire regulation strategies. The self-monitoring process is modeled 

through links from the desire to a number of (self-)monitoring states. The decision 

making process involves links from and to the four control states for the four 

regulation strategies covered. The role of the self-monitoring states is to assess the 

intensity of a desire. As discussed in Section 2, in general the upward connections 

to the PFC are used for monitoring and assessment purposes.  

In this model four different desire regulation strategies have been incorporated; 

depending on the situation and personality of an individual, one, two, three or all of 

these regulation strategies are selected. For example, if the desire intensity is very 

high then situation modification may be chosen, depending on personality 

characteristics. Note that all self-monitoring states have connections to every 

control state for a regulation strategy, so any monitoring state can contribute to 

activation of any regulation strategy. This can involve personal characteristics of the 

person such as preferences regarding the regulation strategy and sensitivity of the 

person for the stimulus. 
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Regulation strategies can be used in different phases of the causal pathways in 

which the desire occurs. The causal pathways considered are those leading to a 

desire, from a world state and body state via sensing and representing it and beliefs 

interpreting it, and those pathways following the desire, in particular the action 

preparation options triggered by the desire. Desire regulation strategies addressing 

the first type of causal pathways include cognitive reinterpretation (modifying the 

beliefs on the world situation, controlled by cs1), attention deployment (modifying 

the sensing of the situation, controlled by cs3), and situation modification 

(modifying the situation itself, controlled by cs4). Desire regulation strategies 

addressing the second type of causal pathway include desire suppression and 

suppression of the preparation for actions triggered by the desire (controlled by cs2).  

Reinterpretation works by altering the interpretation of a stimulus (e.g., by 

thinking about the negative consequences of  such food), which can in turn reduce 

the desire. To model reinterpretation two types of belief states beli (positive bel1 and 

negative bel2) have been taken into account, they represent alternative 

interpretations and suppress each other via inhibition connections. A person may 

interpret food in a different way (e.g., this food is not healthy) by the control state 

cs1 becoming active that suppresses the positive belief, so the alternative negative 

belief gets more strength and the desire becomes less. 

The second regulation strategy used in the model is suppression of the desire 

and the triggered action option preparation states prepbi. For example, if a person is 

just sitting in front of appetizing food and a desire to eat develops, to regulate this 

desire he/she may start to suppress the desire and the preparations for eating actions. 

To model this strategy control state cs2 is used with suppressing connections to the 

desire dsub and preparation states  prepbi. 

The third regulation strategy considered in this model is attention deployment. It 

is used to focus attention away from the sensed cue, for example palatable food, so 

that the  person may get a lower desire level. To model the attention deployment 

strategy control state cs3 is used. By using this control mechanism a person can 

prepare and undertake action a1 through psa1
 and esa1

 to turn the gaze away to focus 

attention on something less craving thus decreasing the influence of stimulus wsw 

on the sensory state ssw, so then the environmental influence becomes low which 

may lead to less desire or even no desire anymore. 

The fourth desire regulation strategy is situation modification. It refers to 

changing or leaving the craving environment which leads to the desire. In this 

model the control state cs4 is used for this; this state receives impact from the desire 

dsub and the stimulus through the sensory representation of the world srsw and 

activates preparation state psa2
 and execution state esa2

 so that action a2 can change 

the environment state wsw (reducing its level). 
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3.3 Numerical Representation of the Model 

The conceptual representation of the cognitive model presented above (Fig. 1 

and Table1) shows a collection  of mental states with their connections. In a 

numerical format the states Y have activation values Y(t) (real numbers ranging 

between 0 and 1) over time t where also the time variable is modelled by real 

numbers. The update mechanism of a state from time point t to time point t + t 

depends on all incoming connections to that state. The following elements are 

considered to be given as part of a conceptual representation (which makes the 

graph shown in Fig. 1 a labelled graph): 

 For each connection from state X to state Y  a weight X.,Y (a number between -1 

and 1), for strength of impact; a negative weight is used for suppression  

 For each state Y a speed factor Y (a positive value) for timing of impact  

 For each state Y a combination function cY(…) used to aggregate multiple 

impacts from different states on Y 

The conceptual representation of this cognitive model  can be transformed in a 

systematic or even automated manner into a numerical representation as follows 

[25] obtaining the following difference and differential equation: 

 

Y(t + t) = Y(t) + Y [cY(X1,YX1(t), …, Xk,YXk(t)) - Y(t)] t 

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

 

In the model considered here, for all states the advanced logistic sum combination 

function alogistic,(…) is used:  

cY(V1, …Vk) = alogistic,(V1, …, Vk)  

= (
 

                
 
     -  

 

    
 ) (     ) 

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. For example, for the prepration state psbi 

the model is numerically represented as  

aggimpactpsbi(t) = alogistic,(srsub, psbi srsub(t),  

fsbi, psbi fsbi(t), fssat, psbi fssat(t), stg, psbi stg,(t)) 

psbi(t+t) = psbi(t) + psbi [aggimpactpsbi(t) - psbi(t)]  t 

 

The numerical representation of the Hebbian learning connections is: 

ωfsbi,psbi
(t+t) =  ωfsbi,psbi

(t) + [η fsbi(t) psbi(t) (1 - ωfsbi,psbi
(t)) - ζ ωfsbi,psbi

(t)] Δt 

Simulations are based on these numerical representations. All difference equations 

for states and adaptive connections have been converted in a form which can be 

computed in a program (in Matlab). 
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4 Simulation results 

This section provides the details of simulation results in relation with one of the 

various scenarios that have been explored. These scenarios address food desire 

regulation strategies. The selection of  regulation strategies varies and depends on 

the personal characteristics and the sensitivity of the person towards the type of 

food. For example, a  low level of the stimulus may generate a low level of desire to 

eat and high level of the stimulus may result in a high level of  desire. But all this 

also depends on certain characteristics of the person, in particular the preference and 

the sensitivity towards the stimulus; e.g., a very sensitive person may generate a 

high desire level from a low stimulus level. 

The simulations have been executed for 180 time points; the time step was t = 

0.1 and all update speeds were η = 0.1. The rest of the parameter values for 

connections weights are presented in Table 2 and the values for parameters 

threshold τ and steepness σ are given in Table 3 (due to less space both table have 

been uploaded as separate file see [28]. These parameters values have been obtained 

by taking into consideration the patterns that are known from literature and 

searching for the ranges of parameter values that provide such patterns. The initial 

values for all states were set to 0. Note that connections from self-monitoring states 

to control states can be chosen according to the scenario. The following real world 

scenario is considered. 

John is suffering from overweight and obesity and wants to loose weight. He 

wants to control his diet by stopping or reducing eating high calories food. 

John is present in an appetizing food environment with high calories food. He 

may apply various desire regulation strategies. He may start reinterpretation of 

the food by thinking about the health related consequences. He may also move 

his attention away from that appetizing food, or he may try to suppress his 

desire (e.g. he may even sit in front of that food but not eat) and he can change 

the situation by leaving. 

The presented scenario represents one of the experiments performed. The 

simulation results shows how monitoring and regulation took place. Fig. 2 shows 

that if the person initially has more positive beliefs about that type of food or 

stimuli it leads to a desire. It is shown that initially  this person wants to regulate the 

desire by applying the reinterpretation strategy see Fig. 2 (a), as control state cs1 

becomes active to change the initial positive beliefs into negative beliefs (thinking 

about the consequences of that food type), but as this strategy is not succesful, later 

the person tries to change his attention (e.g., changing gaze direction); this can be 

seen in Fig. 2(c) that shows how control state cs3 becomes active for that purpose.  
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But still it didn’t work well to reduce the desire, so as a last resort the person 

decides to leave the situation by activating control state cs4 to perform the situation 

modification action which changes world state wsw; so then there is no more 

stimulus and no more desire; see Fig. 2(d). Also Fig. 3 shows that there is no eating 

action due to the situation modification. Although the person was prepared (all 

preparation states become high, see Fig. 3(b)) for an eating action, there was no 

eating due to situation modification action (see Fig. 3(d)); the behaviour of the self-

monitoring states and learnt connections can be seen in Fig. 4. 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Fig. 2.   (a) reinterpretation  (b) suppression (c) attention deployment and (d) situation 

modification. 
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Fig. 3. (a) desire & fullness  (b) preparation for bi & actions (c) associated feelings bi (d) 

actions options 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. (a) self-monitoring states. (b) learnt connections 

5 Conclusion 

Humans often apply various desire regulation strategies to control their desires. 

In this paper, a neurologically inspired computational cognitive model of self-

monitoring and decision making for desire regulation was presented. A cognitive 

modeling approach was adopted considering a desire as an intentional mental state 

that can lead to behaviourial actions for its fulfillment. To achieve this, the desire 

state has causal connections to other action-related mental states. By using a 

regulatory mechanism with a number of regulation strategies a desire can be 

regulated. In this paper the application to food desire was considered. By applying 

different regulation strategies the intentions towards food can be regulated through 

reducing the desire.  

In simulation experiments  performed by this model, real life patterns are 

obtained that show how people can decide to apply different desire regulation 

strategies to avoid behaviour not in accordance with long term or short term goals 

(e.g., unhealthy behaviour). The desire for eating can be triggered by a need for 

food such as hungriness or it can be triggered by seeing tempting food. The model 

incorporates a self-monitoring mechanism that is responsible for assessing the 

desire. These assessments are input for the decision making process on selection of 
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desire regulation strategies. This process is based on various factors including the 

assessed desire level, preferences and personality characteristics such as sensitivity 

level towards the type of food. In this model four desire regulation strategies have 

been taken into account: reinterpretation, attention deployment, desire suppression 

and situation modification. Similar strategies are also known from approaches to 

emotion regulation such as [9], [29]. However, the current paper contributes a way 

in which these regulation strategies can be generalised to address any mental state, 

affective or not, and this generalisation is applied in particular to desire states.  

A number of simulation experiments have been performed according to different 

scenarios, thereby taking into consideration different personality characteristics and 

intensities of the stimulus. This computational cognitive model may provide a basis 

for the development of  intelligent systems that can provide support to persons, for 

example, to overcome overweight and obesity problems. The model can also be 

used in the development of virtual reality scenarios that will support and train 

persons to maintain a healthy diet and change their lifestyle accordingly. 

References 

1. K. C. Berridge, C.-Y. Ho, J. M. Richard, and A. G. DiFeliceantonio, “The tempted 

brain eats: pleasure and desire circuits in obesity and eating disorders.,” Brain Res., 

vol. 1350, pp. 43–64, Sep. 2010. 

2. “WHO | Obesity and overweight,” WHO. World Health Organization, 2016. 

3. T. Vos, Theos et al.“Global, regional, and national incidence, prevalence, and years 

lived with disability for 301 acute and chronic diseases and injuries in 188 countries, 

1990–2013: a systematic analysis for the Global Burden of Disease Study 2013,” 

Lancet, vol. 386, no. 9995, pp. 743–800, Aug. 2015. 

4. J. T. Buhle, J. a Silvers, T. D. Wager, R. Lopez, C. Onyemekwu, H. Kober, J. 

Weber, and K. N. Ochsner, “Cognitive Reappraisal of Emotion: A Meta-Analysis of 

Human Neuroimaging Studies.,” Cereb. Cortex, no. Gross 1998, pp. 1–10, 2013. 

5. N. R. Giuliani, T. Mann, A. J. Tomiyama, and E. T. Berkman, “Neural systems 

underlying the reappraisal of personally craved foods.,” J. Cogn. Neurosci., vol. 26, 

no. 7, pp. 1390–402, Jul. 2014. 

6. M. Hollmann, L. Hellrung, B. Pleger, H. Schlögl, S. Kabisch, M. Stumvoll, A. 

Villringer, and A. Horstmann, “Neural correlates of the volitional regulation of the 

desire for food.,” Int. J. Obes. (Lond)., vol. 36, no. 5, pp. 648–55, May 2012. 

7. N. R. Giuliani, R. D. Calcott, and E. T. Berkman, “Piece of cake. Cognitive 

reappraisal of food craving.,” Appetite, vol. 64, pp. 56–61, May 2013. 

8. J. J. Gross, “The emerging field of emotion regulation: An integrative review.,” 

Review of General Psychology, vol. 2, no. 3. pp. 271–299, 1998. 

9. J. J. Gross and R. A. Thompson, “Emotion regulation: Conceptual foundations.,” 

2007. 



Chapter 7  151 

10. A. H. Abro and J. Treur, “A Cognitive Agent Model for Desire Regulation Applied 

to Food Desires,” in EUMAS, 2016, no. November, pp. 6–8. 

11. L.-M. Berry, J. Andrade, and J. May, “Hunger-related intrusive thoughts reflect 

increased accessibility of food items,” Cogn. Emot., vol. 21, no. 4, pp. 865–878, Jun. 

2007. 

12. C. Davis and Caroline, “From passive overeating to &quot;food addiction&quot;: a 

spectrum of compulsion and severity.,” ISRN Obes., vol. 2013, p. 435027, 2013. 

13. G. Finlayson, N. King, and J. E. Blundell, “Liking vs. wanting food: Importance for 

human appetite control and weight regulation,” Neurosci. Biobehav. Rev., vol. 31, 

no. 7, pp. 987–1002, Jan. 2007. 

14. H.-R. Berthoud, N. R. Lenard, and A. C. Shin, “Food reward, hyperphagia, and 

obesity.,” Am. J. Physiol. Regul. Integr. Comp. Physiol., vol. 300, no. 6, pp. R1266-

77, Jun. 2011. 

15. E. T. Rolls, “Understanding the mechanisms of food intake and obesity,” Obes. 

Rev., vol. 8, no. s1, pp. 67–72, Mar. 2007. 

16. H.-R. Berthoud, “Mind versus metabolism in the control of food intake and energy 

balance,” Physiol. Behav., vol. 81, no. 5, pp. 781–793, Jul. 2004. 

17. H. J. Grill and J. M. Kaplan, “The Neuroanatomical Axis for Control of Energy 

Balance,” Front. Neuroendocrinol., vol. 23, no. 1, pp. 2–40, Jan. 2002. 

18. H. Kober, P. Mende-Siedlecki, E. F. Kross, J. Weber, W. Mischel, C. L. Hart, and 

K. N. Ochsner, “Prefrontal-striatal pathway underlies cognitive regulation of 

craving,” Proc. Natl. Acad. Sci., vol. 107, no. 33, pp. 14811–14816, Aug. 2010. 

19. D. Dörfel, J.-P. Lamke, F. Hummel, U. Wagner, S. Erk, and H. Walter, “Common 

and differential neural networks of emotion regulation by detachment, 

reinterpretation, distraction, and expressive suppression: a comparative fMRI 

investigation,” Neuroimage, vol. 101, pp. 298–309, 2014. 

20. K. N. Ochsner and J. J. Gross, “The neural bases of emotion and emotion regulation: 

A valuation perspective,” Handb. Emot. Regul. 2nd ed. New York Guilford, pp. 23–

41, 2014. 

21. N. Siep, A. Roefs, A. Roebroeck, R. Havermans, M. Bonte, and A. Jansen, 

“Fighting food temptations: The modulating effects of short-term cognitive 

reappraisal, suppression and up-regulation on mesocorticolimbic activity related to 

appetitive motivation,” Neuroimage, vol. 60, no. 1, pp. 213–220, 2012. 

22. T. Yoshikawa, M. Tanaka, A. Ishii, S. Fujimoto, and Y. Watanabe, “Neural 

regulatory mechanism of desire for food: Revealed by magnetoencephalography,” 

Brain Res., vol. 1543, pp. 120–127, 2014. 

23. M. Esghaei and C. Xue, “Does Correlated Firing Underlie Attention Deployment in 

Frontal Cortex?,” J. Neurosci., vol. 36, no. 6, pp. 1791–3, Feb. 2016. 

24. J. Ferri and G. Hajcak, “Neural mechanisms associated with reappraisal and 

attentional deployment.,” Curr. Opin. Psychol., vol. 3, pp. 17–21, Jun. 2015. 

25. J. Treur, “Dynamic modeling based on a temporal–causal network modeling 

approach,” Biol. Inspired Cogn. Archit., vol. 16, no. 16, pp. 131–168, Apr. 2016. 



152  Chapter 7 

26. A. R. Damasio, The feeling of what happens : body and emotion in the making of 

consciousness. Harcourt, 2000. 

27. D. O. Hebb, “The Organization of Behavior,” A Neuropsychological Theory. p. 335, 

2002. 

28. Altaf Hussain Abro and Jan Treur, “Apendix : A Computational Cognitive Model of 

Self- Monitoring and Decision Making for Desire Regulation,” Researchgate, 2017, 

pp. 1–2. 

29. J. J. Gross, “Emotion regulation: affective, cognitive, and social consequences.,” 

Psychophysiology, vol. 39, no. 3, pp. 281–291, 2002. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 Part IV  155 

 

Part IV 

Modelling Socially Supported Mood Regulation 

 

 

 

This part explores computational models of social support and its effects on health 

and psychological wellbeing, in particular in relation with stress and depression. 

The social environment of people plays a significant role for their mental health and 

individuals within their social networks or social circles can provide support during 

stress or depression. This part comprises three chapters where each chapter 

proposes a different approach in terms of social aspects. In addition, some 

validation has been performed with real data in last two chapters of this part.  The 

computational models presented in this part has been used for analyzing and 

predicating the mood level of individuals by taking into account various aspects of 

their social life. 
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Chapter 8 

An Agent-Based Model for the Role of Social Support in 

Mood Regulation
1 

Abro, A.H., Klein, M.C.A., Tabatabaei, S.A.  

Vrije Universiteit Amsterdam, Behavioural Informatics Group  

De Boelelaan 1081, 1081 HV Amsterdam, the Netherlands  

Email: a.h.abro@vu.nl, michel.klein@vu.nl, s.tabatabaei@vu.nl 

Abstract: In this paper, a computational model of a human agent is 

presented which describes the effect of social support on mood. According to 

the literature, social support can either refer to the social resources that 

individuals perceive to be available or to the support that is actually provided 

in problematic situations. The proposed model distinguishes between both 

roles of social support. Simulation experiments are done to analyze the effect 

of the different types of support in different scenario’s. It is shown that 

support can help to reduce the induced stress and thus can contribute to 

healthy mood regulation and prevention of depression. This presented model 

provides a basis for an intelligent support system for people with mood 

regulation problems that take the social network of people into account. 

Keywords: social support, stress buffering, human ambient agent 
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1 Introduction 

Social support is one of the major factors that can help people in their life, 

especially during stressful events that may ultimately lead to depression. Social 

support plays a beneficial role in the mental wellbeing human beings through its 

impact on emotions, cognitions and behaviors[1], and through this even contributes 

to good physical health. Effective social support provided through adequate social 

networks can alleviate the effect of stress on an individual’s psychological 

situation[2]. A person who is well integrated in social networks is less vulnerable to 

stress or depression. 

Social support is often used in a broad sense, referring to any process through 

which social relationships might promote health and wellbeing. It is still a scientific 

questions by which mechanism the social support actually influences people’s 

mental health. The psychological literature on social support and health includes 

multiple points of view, descriptions and effects. According to Gray et al, [3], 

subjective perception that support would be available if needed may reduce and 

prevent depression and unnecessary suffering. Literature [4], [5] differentiated 

structural and functional support measures. Structural supports refer to measures 

describing the existence and types of relationships (e.g. marital status, number of 

relationships). Functional support assesses whether interpersonal relationships serve 

particular functions (e.g. provide affection, feeling of belongings). According to 

Glanz et al [6], social support is one of the important functions of the web of social 

relationship around an individual (its social network). People may provide social 

support either in the form of emotional or tangible support. In [7], it is explained 

that social support is associated with how networking helps people to cope with 

stressful events moreover it can enhance psychological wellbeing. Social isolation 

and low level of social support have been shown to be associated with medical 

illness (e.g. depression). 

In this paper, we extend an existing model for mood regulation to describe the 

different types of effect of social support on mood regulation. The model involves 

different cognitive states of a human being that are considered as important for 

mood and appraisal of the situations. The model is used to investigate the difference 

in effect of perceived (expected) and received (actual) support[5], [7] from a social 

network during a period of stress.  

This paper is structured as follows. In Section 2 contains a more detailed 

discussion of social support and its effect on mental health and wellbeing. The 

conceptual model of mood dynamics with extension of social support concepts are 

discussed in Section 3. In Section 4, a number of hypotheses about the effect of 

different types of support are formulated, which are then investigated by simulation 

experiments with the model. The results of the experiments and the consequences 
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for the hypotheses are discussed in Section 5. Finally, Section 6 concludes the paper 

with a discussion about the usage of this model in agent-based support systems and 

an outlook to future work. 

2 Background 

The increasing interest of researchers in the concept of social support and its 

role in psychological and physical health opened several dimensions of research in 

the field of social, psychological and health sciences. Literature over the last 

decades demonstrated notable research in the field of social support and its effects 

on health and wellbeing[8]. Many studies have shown that stress is generated when 

an individual appraises a situation as stressful or threatening and does not have 

proper coping response [9], [10]. Moreover, if an individual appraises a stressful 

situation with a feeling of helplessness or hopelessness (e.g., without the perception 

or reception of support), the situation become more stressful to deal with [11] . 

Social support is a coping resource to handle stressful events. The protective 

mechanism of social support in the face of psychosocial stress is called a buffering 

mechanism. Social support may play a role at different points in the process of 

relating the occurrence of stressful events to illness [5], [7], [12]. Support may 

intervene between stressful events (or expectation of it) and a stress response by 

attenuating or preventing a stressful appraisal. The perception of support by others 

through a network will provide necessary resources and may redefine the potential 

for harm posed by a stressful situation and strengthen one’s capability to cope with 

imposed stressful demands. Support may alleviate stress appraisal by providing a 

solution to the problem, by reducing the perceived importance of the problem. Thus 

social support prevents a particular situation from being appraised as highly 

stressful. Moreover, sufficient support may intervene between experience of stress 

and the beginning of the pathological outcome of illness by reducing the stress 

reaction or by directly influencing accompanying psychological and physiological 

processes; so people are less reactive to perceived stress or by facilitating healthful 

behaviors [12]. 

According to literature [5], [7], [13] there are two hypothesis about the nature of 

the relationships between social support and health. First, the main effect hypothesis 

describes that social relationships have a beneficial effect regardless of whether 

individuals are under stress, as large social networks provide individuals regular 

positive experiences and socially rewarded roles in the community. This kind of 

support (i.e., a sense of identity, of purpose, and of meaning, belonging, and self-

esteem) could be related to overall wellbeing because it provides positive effects 

during stressful events on self esteem, so integration in a social network may also 

help one to avoid negative experiences of life; otherwise that would increase the 
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probability of psychological or physical disorder. Second, the stress buffering 

hypothesis describes that the social relationships are related to wellbeing only for 

individuals under stress. The buffering process takes into account both the variety 

of coping requirements that may be required by a stressful event and the range of 

resources that may (or may not) be provided by social relationships. Buffering 

effects occur when an individual perceives the availability of resources that will 

help him to respond to stressful events. Whereas it has been suggested that 

structural aspects of relationships might operate through the main effect model, 

functional aspects of relationships might operate through the stress buffering 

mechanism, and perceived availability of functional support is thought to buffer the 

effects of stress by enhancing individuals coping capabilities. The model proposed 

below simulates the stress buffering model as described in [8]. 

3 Model of a human agent 

The human agent model (see Fig. 1) describes how the stress buffering affects 

different cognitive states and helps a person to deal with a bad event, and how this 

can increase his/her coping skills. The model adopts an existing model for the 

dynamics of mood [14], and extends it by concepts of social support. In this section, 

the model of mood dynamics is described first, and then the extension parts are 

explained. 

 

 

Fig. 1. Conceptual agent model of mood dynamics and social support 
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Table 1. Definition of states of conceptual model 

Short name Definition 

Stressful event 
Circumstances in the world that affect the situation in a stressful 

manner (e.g. losing his job) 

OEVS 
The objective emotional value of situation (OEVS) represents how 

an average person would perceive the situation 

Appraisal 

The current judgment of the situation given the current state of 

mind (e.g., when you are feeling down, a pleasant situation might 

no longer be considered pleasant). 

Mood 

The complex notion of mood is represented by the simplified 

concept mood level, ranging from low corresponding to a bad 

mood to high corresponding to a good mood 

Thoughts 
The mood level influences and is influenced by thoughts. Positive 

thinking has a positive effect on the mood and vice versa 

Sensitivity 

This node represents the ability to change or choose situations in 

order to bring mood level closer to prospected mood level. A high 

sensitivity means that someone’s behavior is very much affected 

by thoughts and mood, while a low sensitivity means that someone 

is very unresponsive. 

St-prospected 

mood level 

The mood level someone strives for, whether conscious or 

unconscious is represented by prospected mood level. This notion 

is split into a long term (LT) prospected mood level, an 

evolutionary drive to be in a good mood, and a short term (ST) 

prospected mood level, representing a temporary prospect when 

mood level is far from the prospected mood level. 

Lt-prospected 

mood level 

Vulnerability Having a predisposition for developing a disorder 

Coping 

Coping is used in the model presented in this deliverable by means 

of continuously trying to adapt the situation in such a way that an 

improvement is achieved. 

Received support The actual support which person received from his social network 

Perceived support 

The perception that others will provide appropriate aid if it is 

needed. The belief that others will provide necessary resources 

may bolster one’s perceived ability to cope with demands, thus 

changing the appraisal of the situation and lowering its effective 

stress.[9] 

Perceived or 

received support 

Whole amount of social support (both received and perceived 

received) 

Re-appraisal 

Reappraisal process occurs when a person, reappraises the stress 

experience in the presence of actual support as well as perceived 

support 
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3.1 The model of mood dynamics 

The model of mood dynamics is depicted in the lower part of Fig. 1 (illustrated 

in the dashed box). The main concepts include the mood level, appraisal and coping 

skills of a person, and how the levels for these states affect the external behavior in 

the form of selection of situations over time (objective emotional value of 

situation). The model is based upon a number of psychological theories; see [14] for 

a mapping between the literature and the model itself. A short definition of each 

state and its role is explained in Table 1. 

In the model a number of states are defined, whereby to each state at each point 

in time a number from the interval [0,1] is assigned. First, the state objective 

emotional value of situation (oevs) represents the value of the situation a human is 

in (without any influence of the current state of mind of the human). The state 

appraisal represents the current judgment of the situation given the current state of 

mind (e.g., when you are feeling down, a pleasant situation might no longer be 

considered pleasant). The mood level represents the current mood of the person, 

whereas thoughts indicates the current level of thoughts (i.e., the positivism of the 

thoughts). The long term prospected mood indicates what mood level the human is 

striving for in the long term, whereas the short term prospected mood level 

represents the goal for mood on the shorter term (in case you are feeling very bad, 

your short term goal will not be to feel excellent immediately, but to feel somewhat 

better). The sensitivity indicates the ability to select situations in order to bring the 

mood level closer to the short term prospected mood level. Coping expresses the 

ability of a human to deal with negative moods and situations, whereas vulnerability 

expresses how vulnerable the human is for negative events and how much impact 

that structurally has on the mood level. Both coping and vulnerability have an 

influence on all internal states except the prospected mood levels; but in Fig.1 those 

arrows are left out for clarity reasons. Finally, the stressful world events state 

indicates an external situation which is imposed on the human (e.g. losing your job). 

Please see [14] for more details about this model. 

3.2 Extending the model with social support aspects 

Social factors can promote health through two generic mechanisms: stress-

buffering and main effects [1], [5], [12]. As mentioned, in this paper the focus is on 

stress buffering; this mechanism is often considered by psychologists, especially by 

those interested in intervention. This model asserts that health benefits from social 

connections by providing psychological and material resources needed to cope with 

stress. In the literature, an important difference is made between actual and 

perceived support; they are included as two separate states in the agent model 

introduced here. 
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Actual support: This state presents the value of actual support which person 

received from his social network (e.g., your friend provides some money when you 

temporary loss your job)  

Perceived support: According to the psychological literature, the critical factor 

in social support operating as a stress buffer is the perception that others (even one 

reliable source) will provide appropriate aid [1], [5], [15]. A belief that (s)he can ask 

a friend for help changes the person’s opinion about the situation. According to 

[16], the perceived availability of social support in the face of a stressful event may 

lead to a more benign appraisal of the situation, thereby preventing a cascade of 

ensuing negative emotional and behavioral responses. As a result, the value of this 

state has effect on appraisal in the proposed model. 

In addition to these two kinds of support states, some additional states are added 

to the previous mood model. 

Perceived or Received support: The value of this state shows the whole 

amount of social support (both perceived and actually received). According to the 

psychological literature, the belief that others will provide necessary resources may 

bolster one’s perceived ability to cope with demands [5], [17], [18]. For instance, 

the perceived availability of functional support is thought to buffer the effects of 

stress by enhancing an individual’s coping abilities [16]. So, this state has effect on 

the coping skills of person. Please note that the value of this state has influence on 

the state coping; however this is not shown as an arrow in Fig. 1. 

Re-appraisal: The reappraisal state uses the concept of the perception of the 

support in addition to the appraisal state. More specifically, the reappraisal state 

uses the concept perception as well as actual reception of the support; a reappraisal 

process occurs when a person reappraises the stress experience (generated by the 

appraisal) in the presence of actual support as well as perceived support. 

Reappraisal intervenes between the actual and perceived support and stress and the 

pathological illness. 

3.3 Numerical details of the agent model 

As mentioned, for the model of mood dynamics (the lower part of Fig. 1, 

illustrated in the dashed box) an existing model was adopted. In the simulations, the 

settings of this model were also adopted. Due to the lack of space, we have to refer 

to original article  [14] for the numerical details of this part of model. In the 

simulations weights of arrows which connect the new states to each other or to old 

states have been set at the following values: wperceived,appraisal 0.2,  wperceived,appraisal 0.2, 

wperceived,PORS 1, wreceived,PORS 1. The weights of all arrows to the reappraisal are the 

same as arrows to/from appraisal, except wPORS,Reappraisal which is 0.2. Moreover, in 

this new model the mood states thoughts and sensitivity are affected by an average 
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value of appraisal and reappraisal instead of only appraisal. Furthermore, the 

initial for the simulation, are as follows: coping 0.1, vulnerability 0.9, 

LT_prospected 0.6, ST_prospected 0.6, oevs 0.6, appraisal 0.8, and sensitivity 0.6. 

In each iteration, the value of each state (except coping),Vnew, is defined 

according the weighted sum of its inputs from other, connected states and its old 

value (Vold): 

                                  

 

The adaptation factor af for all states in the mood model is 0.1. The new value of 

coping is calculated by this formula (afcoping = 0.0005):  

 

                                                                 

 

4 Simulation experiments 

The human agent model presented above is used to make a comparison between 

what the model predicts for the human agent, and what actually holds in the real 

world (according to the literature).  

4.1 Hypotheses 

The objective of this paper is proposing a cognitive model that is consistent with  

related theories about social support. A number of expected behaviours of the model 

can be formulated: 

 

H1. Social support (both perceived and actual) leads to less negative mood. 

H2. A person who has a suitable social support will be more robust against bad 

events. 

H3. Perception that others will provide appropriate aids during bad events 

(perceived support) is more helpful than the actual support itself. 

H4. Social support can help people to learn how to cope with bad events. It means 

that at the very first times which a bad event happen, (s)he needs social support 

to cope with. But, after some successful experiences to handle the problem, 

(s)he will be more robust to cope with events with almost same demands. 
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4.2 Assumptions behind the example simulations 

To do the simulation experiments, some simplifying assumptions about the 

availability of actual and perceived supports and their affect on the coping have 

been made: 

 Perception about the availability of support starts meanwhile the stressful 

event and fades out gradually after the event. 

 In cases that actual support occurs, it starts meanwhile the event, and fades 

out gradually (10 times faster than perceived support) after the event. 

 Both kinds of social support have a positive effect on coping.  

4.3 Simulations 

In the first experiment, a scenario is simulated which one bad event 

(stressful_event with value 0.2) occurs for the person and lasts for three days. 

Figure 2 shows the changes in mood and appraisal for four different conditions:  

a) No perceived support, no actual support 

b) No perceived support, just actual support 

c) Just perceived support , no actual support 

d) Both perceived and received support 

As it can be seen, the value of mood and appraisal decrease much when there is 

not any kind of support (a). In contrast, only a minimal decrease in the value of 

mood happens when both perceived and received are available (d). Moreover, 

comparison between situations in which just one kind of support is available shows 

that the perception of support has a more positive effect on mood than actual 

support.  

In the second experiment, we consider three different scenarios. In the first 

scenario the person experiences a very stressful event (value 0.2). In the next 

scenarios, two and four events happen, but the events are less negative (value of  0.3 

and 0.1 respectively). In all scenarios, the bad event lasts for 2.5 days.  
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Fig. 2. Simulation results of the first experiment. Studying the influence of perceived and 

actual support on handling a bad event. Value of mood after 500 hour is mentioned above 

each graph. The value of each state is a value between [0,1] 

The scenarios are simulated for three types of persons with different 

personalities. For each of the persons, we consider 5 different combinations of 

perceived and actual support: no support, a (little) perceived support, a (little) actual 

support. Together this results in 3 x 3 x 5 is 45 simulations.. 

The following types of persons are used First, an emotionally stable person, 

defined by having good coping skills that balance out any vulnerability, and by 
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having the desire to have a good mood: coping value is 0.5, vulnerability 0.5 and 

LT prospected mood level 0.8. An emotionally slightly unstable person is defined 

by having some vulnerability and bad coping skills and the desire to have a medium 

mood: settings 0.9, 0.1 and 0.6 respectively. The third type, an emotionally very 

unstable person, is characterized by settings 0.01, 0.99 and 0.6. For type 1 the 

OEVS is 0.8, for type 2 it is 0.94 and for type 3 the stable OEVS is 0.999.
1
 The 

results of the 45 simulations are presented in Table 2 and Fig. 3, The figure depicts 

the maximum value of mood during simulation given different increasing values for 

support. The idea behind this is that the maximum value of the mood is an indicator 

for the recovery of a person from a depression. 

Table 2. Length and depth of period which mood is less than threshold (in hours). First 

number: the length of period when mood is bellow threshold; second number: average mood 

value during this period. Situations in which length > 336h are highlighted. 

Personalit

y 

Perceived or 

Actual 

Support 

Threshold = 0.5 

 

Threshold = 0.25 

Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

1 

Scenario 

2 

Scenario 

3 

S
ta

b
le

 P
er

so
n
 

P=0,A=0 
119 

0.322 

93 

0.407 

0 

- 

 

37 

0.196 

0 

- 

0 

- 

P=0.25,A=0 
103 

0.331 

57 

0.445 

0 

- 

29 

0.205 

0 

- 

0 

- 

P=0.5,A=0 
86 

0.341 

17 

0.484 

0 

- 

19 

0.220 

0 

- 

0 

- 

P=0,A=0.25 
117 

0.327 

83 

0.422 

0 

- 

34 

0.2 

0 

- 

0 

- 

P=0,A=0.5 
113 

0.334 

69 

0.439 

0 

- 

30 

0.206 

0 

- 

0 

- 

 

S
li

g
h

tl
y
 U

n
st

ab
le

 P
er

so
n

 P=0,A=0 
1286 

0.075 

1281 

0.065 

1261 

0.233 

 

1273 

0.064 

1257 

0.043 

1139 

0.116 

P=0.25,A=0 
1286 

0.091 

1280 

0.090 

1241 

0.363 

1273 

0.081 

1252 

0.066 

50 

0.241 

P=0.5,A=0 
1286 

0.126 

1279 

0.14 

1056 

0.456 

1013 

0.117 

849 

0.118 

0 

- 

P=0,A=0.25 
1286 

0.078 

1281 

0.072 

1256 

0.287 

1273 

0.067 

1255 

0.049 

675 

0.167 

P=0,A=0.5 
1286 

0.083 

1281 

0.085 

1245 

0.342 

1273 

0.072 

1253 

0.060 

174 

0.234 

 

                                                           
1 The start value for OEVS needs to be calculated for each type so that when no events occur, 

the person stays balanced with al variables equal to LT prospected mood level. 
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U
n

st
ab

le
 P

er
so

n
 

P=0,A=0 
1287 

0.035 

1282 

0.039 

1265 

0.131 

 

1275 

0.022 

1261 

0.015 

1172 

0.032 

P=0.25,A=0 
1287 

0.041 

1281 

0.048 

1249 

0.246 

1274 

0.028 

1257 

0.021 

1077 

0.064 

P=0.5,A=0 
1287 

0.047 

1280 

0.063 

1147 

0.346 

1274 

0.033 

1251 

0.032 

756 

0.136 

P=0,A=0.25 
1287 

0.038 

1282 

0.042 

1261 

0.162 

1275 

0.025 

1260 

0.017 

1158 

0.046 

P=0,A=0.5 
1287 

0.039 

1282 

0.046 

1254 

0.212 

1275 

0.026 

1258 

0.02 

1132 

0.075 

 

According to some literature, depression is defined as a mood level below a 

threshold (usually 0.5) during at least 336 hours (two weeks). Table 2 shows the 

length of period that the mood is bellow two particular thresholds (0.5 and 0.25), 

the cases that the length is higher than 336h are highlighted, and the average of 

value of mood in the first two weeks of depression is mentioned in the second line 

of cell. Lower values of mood refer to a stronger depression, which is shown by 

darker colors. The table illustrates that social support in some cases prevents the 

depression; and in some other cases it decrease the depth. 

As in can be seen in Fig. 3 the social support is beneficial mostly for a person 

number 2, but not for a very stable or very unstable person. A very stable person 

seems not to need to social support; on the contrary, social support cannot help a 

very unstable person. The exception is for a very unstable person: when some 

moderate events happen for this person, a high value of perceived social support can 

help to recovery after the event. 

On the other hand, by focusing on the graphs related to person 2, we can see that 

the graph of perceived social support has a higher gradient. This suggests that the 

same amount of perceived social support is more effective than actual support. 
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Fig. 3. The maximum value of mood for different amount of social support (perceived and 

actual) 

In the third experiment, the long-term effect of social support is studied. 

Handling a bad event by help of social support may lead to bolster one’s perceived 

ability to cope with demands, and the person will be more ready to deal with next 

events (with almost the same kinds of demands). In this simulation, several bad 

events occur with interval of one month. Each bad event lasts for 2.5 days; during 

each event, the value of stressful_event is 0.2. It is assumed that both perceived and 

received social supports are available during all events.  

Figure 3 shows the result of this simulation experiment. As it can be seen, the 

value of coping skills is increasing during each event. As a result, the last events 

have less effect on mood and appraisal, in comparison to the first ones. In fact, 

during the first event, the value of mood is decreased by 0.235; while it is decreased 

only by 0.164 during the last event. 
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Fig. 4. Increasing the coping skills after during each bad event. The value of each state has a 

value between [0,1]. 

 

5 Discussion 

The results of the experiments described previous section are used to validate 

the  hypotheses about our model about the relation between support and mood. 

Based on the literature, four different hypotheses have been defined. 

 

H1. The first hypothesis states that social support (both perceived and actual) leads 

to less negative mood. The simulations in Fig. 2 show that mood goes down 

when a stressful event occurs. However, when a person has a perception of 

adequate social support he appraises the situation less negative and the lowest 

value of the mood is less negative. Actual support doesn’t have much effect on 

the appraisal, but still reduces the effect of the stressful event. Thus, both types 

of supports leads to less depression in our model and H1 is validated. 

H2. The second hypothesis states that a person who has a suitable social support, 

will be more robust against bad events. Fig. 3 shows that this only holds for a 

moderately stable person (there we see that the mood value increases with 

additional support), but not for very stable or very unstable persons (except for 

scenario 3). A similar patterns is visible in Table 2. The hypothesis partly 

holds. 

H3. The third hypothesis says that perceived support is more helpful than actual 

support. Fig. 3 indeed shows that – when there is a positive effect – the 

perceived support is more helpful than the actual support (in the figure the blue 

line is above the green line). Thus, this hypothesis holds. 
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H4. The fourth hypothesis states that social support can help people to learn how to 

cope with bad events. Indeed Fig. 4 clearly shows that the coping skills 

increase after negative events. As a result, the last events have less effect on 

mood and appraisal, in comparison to the first ones. 

 

In summary, social support has a positive effect on mood and can prevent the 

subject from low mood, social support also has positive impact on coping skills and 

it enable a person to learn how to cope during stressful events, but this mainly holds 

for moderately stable persons. 

6 Conclusion and Future Work 

The computational model presented in this paper is the part of ongoing work on 

social support and its effects on health and psychological wellbeing, particularly on 

stress and depression. In this paper an extension of a human agent model of mood 

dynamics is presented that takes social support into account. It distinguishes 

between actual support and perceived support. The simulation experiments show 

that the effect of different types of support are in line with the literature.  

This model can form the basis of a support system that provides advices for 

persons based on a prediction of the effect of situations on a person’s mood. For 

such a system, it is important to be able to be able to estimate whether a person has 

social support and how large that is. For this, it might be possible to use data from 

social media. In the current decade, many electronic social environments have been 

developed in the form of social media or social network sites (e.g., Facebook, 

Twitter, Myspace). These social media provide a social environment where people 

can communicate with each other through forming their own social networks or 

groups, and thus integrating with these social networks. Such social media 

environments can be used for data collection (e.g., network size, frequency of the 

contacts, locations, etc.) to develop, analyze, and validate predictive models. 

In future work, it is planned to investigate the relationships between 

measureable aspects of social environment (e.g. size and structure of a social 

network), and the factors used in the current model about the influence of social 

support on the cognitive states of a human. This could lead to a support system that 

is able to exploit social network data for predicting the mood of a person. Moreover, 

the effects of different kinds of intervention on persons and social networks can be 

analyzed and evaluated through empirical data. 
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Chapter 9 

Validation of a computational model for mood and      

social integration
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Abstract: The social environment of people is an important factor for the 

mental health. However, in many internet interventions for mental health the 

interaction with the environment has no explicit role. It is known that the 

social environment can help people to reduce the feelings of loneliness and 

has a positive impact on mood in particular. Participation in social activities 

and maintaining social interaction with friends and relatives are frequently 

seen as indicators of a happy and healthy life. It is also commonly accepted 

that being integrated in social network has a strong protective effect on 

health and helps to avoid feelings of loneliness. In this paper we present a 

computational model that can be used for analyzing and predicating the 

mood level of individuals by taking into account the social integration, the 

participation in social activities and the enjoyableness of those activities. In 

addition to this, we explain the method that we developed to validate the 

computational model. For the validation, we use real EMA data that was 

collected from E-COMPARED project. This model allows  to make more 

precise predictions on the effect of social interaction on mood and might be 

part of future internet interventions. 
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1 Introduction 

The social network of an individual can help him out of  feelings of loneliness 

and isolation, as having good friends around gives a sense of social integration 

within a social network and provides a reason for happiness as well. These social 

networks can encourage individuals to participate or engage themselves more in 

social activities as well as social interaction which ultimately leads to better mental 

as well as a better physical health. Socially isolated individuals or people with 

limited contacts have a higher chance of suffering from health issues [1][2]. 

Socially well integrated people have more social contact, they are mentally happier 

and healthier than those with limited social contacts [3]. 

There are several influences between mental health and a person’s social 

environment. Researchers in the field of social psychology and social science have 

put forwarded several theories about the association between the loneliness (or the 

comparable concept of isolation) and the integration within in social networks [4] 

[5]. The structural characteristics of social networks such as quality and quantity of 

relationships have much influence on individual’s lives. Relationships give a 

perception of social integration and have a positive influence on mental as well as 

physical health [6] [7]. People with higher level of quality and a larger number of 

relationships are considered to be well integrated within the network [8], and on the 

other hand people having feelings of loneliness and isolation are less integrated [9].  

In addition, social interaction among or between friends is considered as one of 

the major benefits of a rich social networks. It also depends on the quality and 

quantity of our social interactions [10], e.g. people with less participation in social 

activities suffers of cognitive decline [11] [12]. So, various social environmental 

factors have been identified as predictors of health and wellbeing either physically 

or mentally.  

Nowadays much attention has been paid towards the computational aspects in 

relation with mental and psychological well-being, [13] [14] as this can form the 

basis for human-aware smart applications that can assist people in their routine life 

and to support healthy behaviour. 

In this paper we take the structural aspects of social networks into account, in 

relation with mood level of the individuals, and we explore these computationally. 

Specifically, we propose a computational model and a methodology to validate this 

model with real life data. The model incorporates various social aspects such as: 

social network strength (e.g. number of friends, strong and weak relationships), 

level of social integration, social interaction, involvement in social activities, 

enjoyableness of social activities and their effect on individual’s mood level. For 

the validation of this model we have compared the predictions of our model with 

three naïve predictions. The goal is to compare all of 4 predictions and see whether 
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our model has added value compared with the naïve approaches. Thus, our main 

research questions are:  

• How can we computationally model the effect of social factors on mood? 

• Is this model better in predicting the mood then simple? 

The remainder of this paper is organized as follows: In Section 2, some 

literature about the effect of social networks on mental health in general and mood 

in particular is discussed. The conceptual overview of the computational model is 

described in Section 3, which includes the details of various concepts and their 

relationships. In Section 4, the data collection process is explained. In Section 5, 

simulation results are provided to show whether our model can better predict the 

mood level of individuals. Finally, Section 6  concludes the paper and identifies 

possibilities for future research. 

2 Background 

Researchers in clinical psychology are working on different interventions by 

considering various aspects related to the mental health. In this paper we take the 

social environment of the individuals into account. There are not many 

interventions yet that explicitly take the interaction of people with their social 

environment into account. In the following paragraphs, we discuss the relevant 

literature on the relation between social environment and mental health. 

Social networks of people consist of relationships with other people, and 

relations are usually classified as either strong ties or weak ties. In other words, both 

the quality and quantity of relationships in a social network is relevant. 

The level of social integration plays a vital role in the health and well-being. It 

has been observed that people who often join social groups that help them to expand 

their social circles by making more friends, and who involve themselves in various 

social activities relates to the health promotion, remain healthier either mentally or 

physically [2] [15]. 

In the literature it also has been well documented that an increase in loneliness 

and social isolation can have a serious impact on wellbeing and quality of life, with 

certain negative health consequences[16] [17], such as, psychological and cognitive 

decline. Individuals who have very less or weak relationships and do not participate 

in social activities are at an increased risk of cognitive decline [12], and increased 

risk of mortality and suicide [18]. On the other hand, people who are well integrated 

in social networks live longer and have a healthier life [19] [20]. 

Social activities can help people to increase the interaction with their social 

network and to maintain good relationships. In particular, meaningful activities 
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should be enjoyable, as enjoyableness has a positive effect on the mental health in 

general and mood in particular. One could think of activities such as outings, having 

discussions with friends. etc. Enjoyable activities  give a sense of happiness as well 

as feelings of being connected to normal life, which helps people to maintain their 

mood at certain level and to avoid depression. Some studies shows that people who 

are not much engaged in social activities or people who have dysfunctional social 

behaviour are more at risk of depression.[11] In contrast, people with a low mood or 

who have depressive symptoms are often involve more in negative social 

interactions[21][22]. Numerous studies show that participation in social activities as 

well as enjoyment have a lasting effect on cognitive health [23]. In another study, 

which has been conducted on elderly people is reported that these social and 

productive activities are considered as an useful intervention for elderly people, as 

these activities require less or no physical effort [24]. Such kind of social activities 

have a positive influence on the psychological and mental health.  

It appears that  socially connected  individuals engage themselves more often in 

positive social interactions than less connected individuals [25], so the mood level 

of the individuals varies on the basis of social connectedness and social interaction. 

Another study shows that positive social interaction on daily basis has a positive 

effect on daily mood, and negative social interaction has a negative effect on daily 

mood [26].  

Also from a computational perspective attempts have been made to get an 

insight that how mood level varies with environmental factors. Mood level often 

changes with circumstances. People that are emotionally unstable may perceive 

situations more negatively, are unable to regulate their emotions, and are more 

vulnerable to low mood / symptoms of depression compared to emotionally stable 

people [13]. From the perspective of perceived social support: if people have the 

perception that people  in their social circles will provide support during bad 

situations, it will have a positive impact on mood level [14].      

3 Computational model 

In this section, an overview of the various concepts of the proposed 

computational model is presented, and a short description of each state is provided 

in Table 1. It is explained in detail how different states affect each other. The model 

is depicted in Figure 1, which shows the dynamics of relationships (indicated by 

arrows) between the concepts. This computational model is based on the literature 

discussed in the sections above.  
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Figure 1: Proposed Computational model 

 

Table 1: Overview of the states of the proposed model (see also Figure 1) 

Name Description 

Network Strength An abstract representation of the overall strength of social 

network that may include aspects such a: number of friends,  

strong ties, weak ties. 

Social interaction The level of communication with friends, for example: how 

often they interact with each other. 

Social integration The level of social integration of a person within his/her social 

network. 

Activities carried out Number of social activities carried out by an individual. 

Enjoyed activities The extent to which a person enjoyed his social activities  

Mood The mood level of an individual at a particular point in time. 

 

In this model, a state named network strength has been used. It represents an 

abstract concept of the overall strength of social network that include aspects such 

as number of friends, strong relationships and weak relationships (strong and weak 

ties). The network strength has influence on the perception of individuals of being 

integrated within social network, so it has influence on the level of social 

integration. With a high level of social integration, an individual is considered as 
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well integrated within its social network, and on the other hand a low level of social 

integration is similar to isolation/ loneliness. In other words, if an individual is less 

integrated within its social network, he/she might have more feelings of loneliness 

compared to a person who is well integrated. Social integration has direct influence 

on the mood level of an individual as well,  as people who are well integrated within 

their social circles have a more positive mood and feel more happy and healthy.  

It is generally accepted that if people have more friends or strong relations 

within their network they interact more or make often communication compared 

with less number of friends or having weak relationships. Therefore, the concept 

mood level has an influence on social interaction. 

Participation in social activities is also somehow dependent on the social 

integration: people with more friends and who have more strong ties are encouraged 

to go out and carry out more social activities with friends. As a consequence, a 

higher participation level leads to more social interaction as well. As was discussed 

earlier, the social network strength is one of the main factors in the social 

environment, so the social interaction between friends also depends on the type of 

relationships: if a person has a larger number of friends and have more close 

friends, he might communicate and interact with them often. So the activities 

carried out and the network strength have influence on the social interaction. On the 

other hand, as we have seen it also depends on the mood of the person.  

Enjoyment of activities is considered in this paper as the rating for the 

performed activities, it shows that how much a person have enjoyed these activities. 

This has a direct effect on mood as well. On the other hand, if the mood level is low 

it can reduce the level of enjoyment. 

 

3.1 Formalization 

The conceptual model of social integration and mood as depicted in Figure 1 is 

formalized as follows. The following elements are part of the formalization: 

 

 For each connection from state X to state Y  a weight X.,Y (a number between 

0 and 1), for the strength of the impact through this connection. 

 For each state Y a speed factor Y (a positive value) is used that determines the 

speed with which the value of state changes,and  

 For each state Y (a reference to) a combination function cY(…) used to 

aggregate multiple impacts from different states on one state Y 
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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 (as shown in Figure 1 and in Table 1) can be 

transformed in a systematic or even automated manner into a numerical 

representation as follows [27]: 

 

 At each time point t each state X connected to state Y has an impact on Y, 

which is 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 

combination function cY(..): 

 

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

= 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 

 

or, in differential equation format: 

 

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 

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

 

In the model considered here for all states for the standard combination function the 

advanced logistic sum combination function alogistic,(…) is used [27]: 

 

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

                
 
     -  

 

    
 ) (     ) 
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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. For example, for the mood state the model 

is numerically represented in difference equation form as: 

 

mood(t+t) = mood (t) +  mood [aggimpact mood(t) - mood (t)]  t 

where:  

aggimpactmood(t) =  

alogistic,(socialInteraction, mood socialInteraction(t),  

activitiesCarriedout, mood activitiesCarriedout(t), 

 enjoyedActivities, mood enjoyedActivities(t)) 

 

The steepness  and threshold  parameters are used to keep simulation patterns 

within boundaries of zero and one, and these parameters have been chosen after 

applying various scenarios on the model.   

In this way the conceptual model presented above is transformed into a 

computational model in terms of differential equations. The simulations are 

performed by applying a computational simulation method to this numerical model 

representation. All states and differential equations for them have been converted in 

a form that can be computed in a programming environment, i.e. MATLAB™. 

4 Data collection method 

To validate the computational model we have used data that has been collected 

in the E-COMPARED (European Comparative Effectiveness Research on Internet-

based Depression treatment) project through trials conducted by psychologists that 

treated depressed patients with help of an online system. In these trials a mobile 

phone application is used for so-called Ecological Momentary Assessment (EMA): 

real-time monitoring of patients’ state in their natural environment.  

The EMA data consists of measurements of 1) mood state, 2) the degree to 

which of respondents enjoyed activities, 3) the level of social interactions and 4) the 

degree to which respondents engaged in pleasant activities. The data has been 

collected during 10 weeks of psychological treatment. Table 2 shows the questions 

and number of time these questions were asked during 10 weeks. The total number 

of patients in the data set is 49. The question on the mood has been asked every day. 

In addition, during the first and last week of the treatment and at one random day 

during week 2 till 8, the mood question has been asked again (thus, once in the 

morning and once in the evening) and the other questions have been asked in the 

evening as well.  
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Table 2. EMA questions and number of times asked.  

Questions Total Number 

How is your mood right now? 92 

How much have you been involved in social 

interactions today? 

22 

To what extent have you carried out enjoyable 

activities today? 

22 

How much have you enjoyed the day's 

activities?   

22 

 

Thus, the EMA questions assess mood, enjoyment in activities, social contacts 

and the level of engagement in pleasant activities. The following figures (2 and 3) 

show examples of actual data for two specific patients. 

 

 

Figure 2: Actual data points as rated by patient 4 
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Figure 3: Actual data points as rated by patient 13 

5 Validation 

This section describes the simulation results of our proposed model and a 

comparison to naïve models based on the EMA data.  

5.1 Approach 

To compare the outcomes of our model with the naïve models, we have used the 

Root Mean Error Square (RMSE) measure to calculate how good a model is in 

prediction the mood. As our model contains several parameters, it was necessary to 

tune these parameters first. For that purpose, we initially took the data of the first 10 

patients to (manually) train our model in such a way that it resulted in the lowest 

RMSE for first 10 patients. Values for parameters threshold τ and steepness σ are 

given in Table 3. Parameter values of weights for connections between all states are 

provided in Table 4.  After that, the model has applied to the test data set of the 

remaining 39 patients. 

The simulation was executed for 92 time steps (assuming a step size of 1 day). 

The initial values for all states were set to initial actual EMA values for that specific 

patient. 
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Table 3. Values of threshhold and steepness  

 

Table 4. Values of parameters used: connection weights 

 

The computational model presented in this paper is compared with three other 

simple models to predict the mood based on the basis of social aspects. The three 

different naïve approaches of predictions are the following:  

 

1. Average of EMA data: In this first approach, the mood is predicted by 

taking the average of all other EMA measurements (social interaction, 

social activities, enjoyed activities) for the previous time point, according 

to the user rating of the particular question at particular time. Furthermore, 

in this approach it is assumed that the calculated mood is kept at same 

level until the next EMA measurement becomes available (this is 

necessary because the mood is asked more frequently than the other EMA 

questions).  

2. Mood average of first week: this third approach of prediction is much 

simpler one, in this we have taken mood average of very first week; by 

assuming that mood will not change. 

3. Mood average of first and last week: In this approach the mood average 

of first and last week is used as prediction of (a stable) mood level. Note 

that this approach, in contrast to the other methods, takes future knowledge 

(i.e. the average mood in the last week) into account. 

 

For all these approaches, the RMSE is calculated based on the difference 

between the predicted mood and the actual mood according to the EMA questions. 

state   state   

network Strength 0.34 4 activities Carrierout 0.34 5 

Social Integration 0.34 3 enjoyed Activities 0.34 4 

Social Interaction 0.44 3 Mood 0.50 4 

weight value weight value 

networkStrength,socialIntegration 0.5 socialInteraction, mood 0.5 

networkStrength,socialInteraction 0.4 mood, socialInteraction 0.5 

socialInteraction,socialIntegration 0.4 socialIntegration,mood 0.3 

socialIntegration,activitiesCarriedout 0.4 enjoyedActivities,mood 0.5 

activitiesCarriedout,socialInteraction 0.6 mood,enjoyedActivities 0.4 

activitiesCarriedout,enjoyedActivities 0.5   



186  Chapter 9 

5.2 Simulation results 

In addition to the concepts that are directly related to the EMA measures, our 

model uses two abstract concepts: the first one is network strength and the second 

one social integration. As we don’t have real data for these concepts, we have taken 

a fixed value for network strength as well as for social integration, these values are 

0.5 and 0.4 respectively.   

 

 

 

Figure 4: Simulation results for patient 4 

 

The graphs in Figure 4 show a comparison between the four types of prediction 

for patient number 4. It shows that our computational model based approach 

depicted in top right corner has better predictive results then other three approached. 

By looking at the RMSE, we see that our model has a lower value than the others.  

Apart from the scores of the model predictions, we could also look at the 

specific relation between the different EMA measurements. For this, we compare 

the model predictions in Figure 4 with the data points as shown in Figure 2 for 

patient 4. It can be seen that the mood of this patient is quite stable with a slight 

increase over time. Also, we see that he/she is getting involved in more social 

activities. This is reflected in our model predictions, which also show an gradual 

increase in mood..  
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Figure 5: Simulation results for patient 13 

 

The results in Figure 5 provide a comparison between the  four types of 

prediction for patient 13. It shows that our computational model based approach 

depicted in top right corner still has better predictive results then the one in the top 

left corner, but that the predictions in the bottom row (which predict a fixed mood 

value) are better. It turned out that the mood of this person was quite stable, and that 

a prediction of a fixed value was more close to the actual mood than our dynamic 

prediction. When we look at the actual EMA measurements for this patient shown 

in Figure 3, it shows that patient was less active as he has less social interaction 

even sometimes he didn’t rated the questions as well as enjoyment and activities 

carried out fluctuates al lot. In combination with the fluctuating mood scores, this 

made it difficult to predict.  

In Table 5 an overview is provided of the RMSE of the different predictions for 

all 49 patients. In the bottom row, it can be seen that our model (second column 

with scores) has on average a lower error score than the “Average of all other EMA 

measurements” (first column). A standard t-test revealed that this difference is 

significant for the test set (patient 11 to 49) with a p-value of 0.01241. However, it 

can also be seen that the fixed predictors “average mood in the first week” and the 

“average mood in first and last week” are on average better predictors in this 

dataset, although the difference with our model prediction is not significant (p-value 

of respectively 0.3157 and 0.06327). When considering dynamic predictions, we 

can conclude that our model provides added value compared to a naïve approach 

that only uses the average EMA measurements of social interaction, activities 

carried out, and the enjoyment of the activities. 
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Table 5. RMSE values of all patients  

 

Patient Number 

Average 

other EMA 

scores 

Model 

predictions 

Average mood 

first and last 

week 

Average 

Mood First 

week   

1 0.25536 0.24906 0.24665 0.25415 

2 0.31528 0.29616 0.28951 0.2902 

3 0.19365 0.17494 0.16727 0.16494 

4 0.13265 0.097974 0.11302 0.16918 

5 0.25658 0.27311 0.22296 0.22296 

6 0.20991 0.21215 0.17827 0.17075 

7 0.29515 0.25034 0.22758 0.21466 

8 0.17503 0.17296 0.17573 0.20845 

9 0.17387 0.18691 0.16847 0.16741 

10 0.15757 0.16915 0.13492 0.13341 

↑training set, test set ↓ 

11 0.21174 0.28907 0.27099 0.36401 

12 0.25069 0.25767 0.247 0.2474 

13 0.24517 0.18233 0.17318 0.17424 

14 0.14286 0.14976 0.20082 0.23186 

15 0.24124 0.20321 0.15393 0.17321 

16 0.24592 0.20493 0.12119 0.12201 

17 0.15868 0.14261 0.14153 0.14039 

18 0.13453 0.12956 0.10693 0.10913 

19 0.25874 0.23285 0.17609 0.17582 

20 0.23651 0.22784 0.21958 0.21958 

21 0.24956 0.22062 0.22649 0.25654 

22 0.3107 0.21781 0.20375 0.2052 

23 0.21303 0.21568 0.2226 0.23859 

24 0.32293 0.31329 0.25526 0.26523 

25 0.47434 0.061777 0.15 0.15 

26 0.19285 0.19233 0.16037 0.17384 

27 0.2103 0.17795 0.17944 0.18375 

28 0.39299 0.13805 0.12472 0.12472 

29 0.32924 0.27192 0.20997 0.19685 

30 0.1693 0.14202 0.12134 0.15303 

31 0.20721 0.21183 0.1777 0.1777 

32 0.36193 0.29885 0.2643 0.2651 

33 0.11777 0.10759 0.089146 0.088089 

34 0.33422 0.29228 0.25897 0.25897 

35 0.23552 0.19888 0.17094 0.17579 

36 0.19498 0.16941 0.13622 0.16382 

37 0.30148 0.25973 0.24271 0.25114 
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38 0.23666 0.22222 0.20887 0.21951 

39 0.27954 0.26553 0.23953 0.28643 

40 0.23924 0.21702 0.18754 0.2212 

41 0.24819 0.19186 0.19729 0.20556 

42 0.25692 0.24088 0.18726 0.1868 

43 0.20586 0.176 0.16342 0.16702 

44 0.20894 0.23053 0.18919 0.18633 

45 0.24195 0.25615 0.20407 0.19529 

46 0.31625 0.28451 0.24912 0.25208 

47 0.22697 0.1913 0.17938 0.17852 

48 0.20646 0.20997 0.19962 0.20843 

49 0.49494 0.25684 0.22509 NaN 

Average RMSE 

total 
0.2463551 0.2109268 0.1910189 0.1997766 

Average RMSE 

test 
0.2465571 0.2106915 0.1906470 0.1993570 

 

6 Conclusion and future work 

Our social environment plays an important in mental health: people who are 

going out, have good relationships and are involved in social interaction seem to 

have higher mood level. In this paper a computational model of the effect of social 

environment on the mood has been proposed. The model can be used to simulate, 

analyze and predict the effect of social aspects on mood level.  

The model has been evaluated using a data set of EMA measurements of 

different social aspect and the mood of people following a depression therapy. In 

the results it is shown that our model is better in dynamically predicting mood with 

the help of other EMA measurements than a simple model that takes the average of 

the other measurements as prediction. However, it also turned out that predicting a 

fixed mood value for the whole period resulted in an even lower error score. This 

suggests that the dynamics in mood are not very large and that the effect of other 

social aspects on mood are relatively small.   

In the future, an analysis of the dynamics of mood and social aspects of a larger 

data set is needed in order to validate the small effects. Also, an integration of the 

presented model with an existing model of mood dynamics based on other aspects 

[28] is planned. Given the fact that the presented model has only partially been 

validated, as yet we don’t have the data regarding all concepts which have been 

used in the model, further data is required. Finally, it is planned to extend the model 

by adding some more structural social aspects e.g. (strong and weak ties/ 

relationships).  
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Abstract: Nowadays, online social networks receive a lot of attention all 

around the world. Social networks include a variety of platforms to facilitate 

easy ways of communication. It is generally believed that having friends 

within social circles and frequent contact with them gives a sense of social 

integration also helps to decrease feelings of loneliness and improve one's 

perception of social support. However, little research has been done on this 

subject and needs to be further investigated. In this paper we report on a 

study in which the relation between the usage of online social networks and 

the perception of social support, loneliness and social integration is 

investigated. In total 61 individuals responded to the questionnaires, with age 

ranging from 18 to 43 and a mean of 22. After obtaining scores from the 

respondents, we have used various statistical measures to investigate the 

possible relationships between social network sites usage and their effects on 

the social aspects of users. Although no significant correlations were found, 

an analysis of the distribution of the data suggested that there are some 

common trends that hold for most users. The most prominent trend shown 

was that users with more than average chat activities are likely to have a 

more positive perception of their social life. We recommend to perform 

further research on this subject with a more automated approach and with a 

larger set of participants. 
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1 Introduction 

In recent days, the usage of online social network has become extremely 

common and it is likely that this affects the way we interpret our social position and 

social needs. Facebook, for example, currently has nearly 1.5 billion active users 

each month, of which nearly 50% are active daily, and the social network site is still 

acquiring many new users each year [1]. Many other online social networks, 

including Twitter [2] and LinkedIn [3], also show a strong continuous growth in 

their amount of active users. 

In general, the number of friends either in real social networks or in online 

networks can have a positive effect on the individual’s perception on friendship and 

available support. It can give someone a sense of social integration and can reduce 

feelings of loneliness. It partly depends on the nature of relationships. People can 

have stronger relationships (strong ties) or weaker relationships (weak ties) within 

their social circles. Online social networks provide a unique opportunity for 

studying the interaction. For example, it can be analyzed how often a person 

interacts online with his friends, but also participation in social activities announced 

online.  

As social network sites becoming more and more integrated into our daily lives, 

the phenomenon is very likely to affect us in some way. Although there has been 

much research going on various perspectives of these networks, but due to the 

importance and growing nature of these online social networks in modern people's 

lives, still needs much more attention to investigate the effects of these networks in 

peoples real life that how these social networks affects the people’s perception of 

social support and the role of these networks on the participation in social events or 

activities. In this paper, we investigate the relation between social network usage 

and perception of loneliness and social integration. More insight in this relation 

might help in building social support systems. For this purpose, a number of 

hypothesis were formulated:  

 

H1. Social network size (number of friends) influence the perception of social 

support.  

H2. Having a higher strength of ties (strong/ weak ties) is correlated with a higher 

participation in social activities. 

H3. The social interaction (frequency of contact) can have its effects on  the one’s 

perception of social support.  

 

The rest of the paper is organized as follows. First, in Section 2 we discuss some 

background about the relation between feelings of social integration and social 

network usage. In section 3, the methodology will be discussed, which includes data 
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collection method. Section 4 describes in detail the results of the statistical analysis 

of the data. Section 5 contains a discussion and a review of the hypotheses, and is 

followed by Section 5 that concludes the paper. 

2 Background 

Online social networks are sometimes also used to exchange information as well 

as to provide a platform where people may seek and provide social support. 

Therefore, these social networks may also help to alleviate feelings of loneliness, or 

to improve one's perception of social support. Facebook in particular provides many 

opportunities to facilitate supportive social interaction; social support seeking [4], 

companionship support [5] and socializing are all primary reasons for using social 

network sites. Some studies have described a positive relationship between the 

number of Facebook friends and college students' perceptions of social support [6], 

social support on Facebook [7] and companionship support [8]. This suggests that 

social network sites offer an additional platform for adolescent social support 

seekers. 

Various theories have been presented about the usage of internet and time spent 

on social media. Some suggest a positive impact on individual’s social support and 

that it helps to increase social interaction with their acquaintances [9]. On the other 

hand, some theories are in contradiction with that. For example, Kiesler and Kruat 

[10] have argued that  the usage of internet and social media have negative impact 

on social support and it reduce the social interaction.  Some empirical studies [7] 

suggests that a larger network size or having more friends on social network such as 

Facebook increases the level of life satisfaction in terms psychological and 

emotional wellbeing. Also, literature suggests that social networks can be a useful 

tool get social support from the acquaintances [11]. This support could be in any 

form, for example emotional, informational and even tangible support. Other 

studies [12] show that the support groups most often provide help or support in the 

form of  information exchange and emotional support.  

With respect to social integration and network size, earlier research has shown 

that individuals who have larger social networks and that are socially well 

connected have more positive social interaction compared with those individuals 

who have smaller networks and have less [13]. People who are well integrated 

within their social networks either in real life social networks or on online social 

networks have better chances to participate in social gatherings and social activities 

that leads to positive impact on social and psychological health as well [14]. 

Some efforts also have been made to develop computational models [15] that 

can help to analyse and predict the mood level and other psychological factors of 
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individuals by taking into account social networks functions like social interaction, 

social activities and level of social integration. 

In this paper, a different perspective has been chosen. We collect and analyze 

the data of both social network usage and social aspects to see whether is there any 

relation or link between the basic structural characteristics of any individual’s social 

networks with his/her perception of social aspects of life, For this purpose we have 

adopted an approach that takes some of the basic structural characteristics that 

includes number of friends (network size), frequency of interaction (e.g., chat 

activity through Facebook and WhatsApp) and the strength of social ties or 

relationships (strong or weak tie/relations) of the social network as independent 

variables. Aspects like social integration, perception of social support, participation 

in social activities and social integration are used as dependent variables. To 

accomplish  this a study has been designed in a way  to conduct a survey about the 

structural characteristics of online social networks in relation with their effect on the 

individuals social life. 

3 Methodology 

In order to develop the questionnaires, we have considered Facebook and 

WhatsApp (a mobile App) networks for this study, as in Netherlands both of these 

are the most commonly used social networks. The focus of this questionnaire based 

survey was to collect data about the about the individual's usage of these both  

networks in relation with their structural and functional characteristics. For that 

purpose, first we have defined a number of meaningful and measurable concepts 

concerning with the structural and functional characteristics of online social 

networks to analyse whether and how they  influence the social aspects of human 

behaviour. The structural characteristics of these social networks have been taken as 

independent variables including; a) number of friends (network size), b) strength of 

ties/ relationships and c) frequency of contact or frequency of interaction with 

acquaintances, as they provide insight in someone's online social networks and its 

usage [8]. On the other hand characteristics that influence social behaviour have 

been used as dependent variables namely, a) level of social integration, b)perception 

of social support and c) participation in social activities [8], [16]. 

 Based on the above mentioned concepts and related variables , a survey 

questionnaire containing 46 items was created. For the full survey questionnaire, we 

refer to the appendix (questionnaire has been uploaded see [20]). Most of these 

items were based on literature research. The part of survey questionnaire about the 

strength of ties variable has been taken from [17]. This model is able to distinguish 

between strong and weak ties with an accuracy of over 85% and makes use of five 

questions that are asked to people about specific friends in their network. In the 
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survey, these questions were incorporated by asking the participant to answer them 

with someone in mind whom they consider a good friend.  

To measure social integration, another survey model, the De Jong Gierveld 

Loneliness Scale [18] have been used. In order to keep the scoring for this concept 

as accurate as possible, the 11 item version was used in the questionnaire. The scale 

can measure emotional loneliness and social loneliness individually, but general 

loneliness was measured in lieu of simplicity. The scoring for this variable was 

done by inverting the provided answers where necessary and adding up the scores 

that indicated social integration such that a higher score would indicate better social 

integration. Questionnaire items related to perception of social support have been 

taken from another measurement scale [19]. The item list uses 20 questions to get 

an  accurate indication of one's perceived social support [19]. and the scale goes 

from 0, indicating no perceived social support, to 20, indicating maximum 

perceived social support.  

For the usage of social networks, we have devised the questions ourselves. We 

formulated the questions in such a way that most of them could be answered in an 

objective way (e.g. by reporting on numbers or counting specific interactions). To 

obtain information from the respondents about their social network size, one 

question asked for the number of friends on Facebook, and to get the information 

about frequency of contact with acquaintances, questions were asked about 

Facebook and Whatsapp chat activity. Questions about both one-on-one chats and 

group chats were included in the survey, and frequency of contact was scored 

individually for both Facebook and Whatsapp by adding up the scores for one-on-

one chats and group chats. 

In order to gather information about the participant's participation in social 

activities, a few questions were included about the number of events the participant 

was invited to during the last month, and how many of these events the participant 

truly attended. The variable was scored by calculating the amount of participated 

events in relation to the amount of events the participant was invited to. 

The survey is designed in a way to gather sufficient information to confirm or 

decline the hypotheses listed in the introduction and may even result in some other 

correlation between the specified variables. 

4 Results 

The participants in the study were collected via online media and mailing lists. 

All the 61 respondents for this study were Dutch with age ranging from 18 to 43 

and a mean of 22. After collecting all responses, the scores for each of the variables 

mentioned above have been calculated for all respondents. These scores were based 
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on the individual’s  responses to each questionnaire item that was tied to a specific 

variable.  

Since not all of the scores scaled the same way, some scores were normalized so 

that each score would range from 1( indicating a low value) to 10( indicating a high 

value.) For example, for the variable perceived social support, if a participant has 

answered 12 out of 19 questions with an answer that indicated a positive perception 

of social support, the score would then be normalised to a score of 6,3.   

We start with providing some descriptive statistics of each concept, then we 

show the correlations between the different variables and finally we show t-test to 

provide more insight. For an overview of each variable's descriptive statistics, refer 

to the set of boxplots shown in Fig. 1.  

 

 

 

Figure 1: Descriptive statistics for each individual measured variable. 

The next step to validate the hypotheses was to analyse the correlations between 

the variables. Table 1 lists these correlations. 

It can be seen that there is no significant relationship between the variables that 

the hypotheses aim to compare to each other; network size has no real influence at 

all on the perception of social support (correlation of -0.05). The same conclusion 

can be drawn for the hypotheses about the relationship between strength of ties and 

general social activity (Facebook chat activity, WhatsApp chat activity, and 

participation in social events), since these relations have a correlation of -0.05, 0.20 

and 0.01 respectively. Finally, with correlations of -0.13 and 0.03, there is also no 

relevant correlation to be found in the relations between Facebook or Whatsapp chat 

activity and the perception of social support (PSS). Therefore, based on this 

correlation table, it is not yet possible to draw a positive conclusion about a possible 

relationship between online social network usage and the social aspects of a person 
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we are interested in. However, although there are no significant correlations based 

on the individual data points, we can also investigate the correlations at a clustered 

level.. It could be the case, for example, that those who have on average a very low 

activity on Facebook and WhatsApp, also experience an enhanced perception of 

social support compared to those who have a very high chat activity. 

Table 1: Correlations between all variables. 

 
 

Therefore, as a third step, we created clusters based on the first and third 

quartiles of the measures social activity: all values that were lower than that of the 

variable's first quartile were clustered as “low level of activity”, while all values 

higher value than the variable's third quartile were classified as “high level of 

activity”. For example, if we consider the variable “network size”, the first quartile 

is at 240 and the third quartile at 617. This means that, for this variable, all values 

under 240 would be part of the 'lower end' cluster and all values above 617 would 

be part of the 'higher end' cluster. To investigate these relations, boxplots of 

dependent variables, based on the clusters of the independent variables have been 

created for each possible combination of dependent and independent variable. For 

each visualization, the sizes of the subsets were equal to the total amount of survey 

responses divided by the amount of subsets for that visualization. Visualizing the 

data in this manner allows us to recognize any patterns and trends in the data if they 

were present, since it can clearly show the way the data is divided for each 
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Network Size 0.15 -0.11 1.00 0.33 0.52 0.12 0.00 -0.05 -0.14
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dependent variable. The visualization with the most interesting results is shown 

below(see Fig. 2 and Fig. 3). There is a common trend visible that people who 

belong who have more average network size score highest on strength of ties.  

Similar trends can be found in the chat activity visualizations. In general, these 

visualizations imply that having an average chat activity is more beneficial for a 

person's social integration, strength of ties and perceived social support than having 

a non-average chat activity. This is suggested for both Facebook and WhatsApp 

chat activity, although it seems to apply more so to Facebook chat activity than to 

WhatsApp chat activity.  

In the following visualisations, the X axis represents the different subsets (three 

subsets) and the Y axis represents strength of tie score. Figure 2 shows social 

network size versus the social aspects that includes social integration, perceived 

social support, strength of ties and social participation. Fig. 3 shows Facebook chat 

activity  versus the social aspects, while Fig. 4 shows the between WhatsApp chat 

activity and the social aspects. 

 

 
 

 

 

 

 

 

Figure 2(b): Social network size 
vs. strength of ties

Figure 2(a): Social network size 
vs. Social integration

Figure 2(d): Social network size 
vs. Social participation

Figure 2(c): Social network size 
vs. Perceived social support 

Figure 2: Descriptive statistics for social network size in relation with (a) Social 
integration (b) strength of ties (c) perceived social support and (d) social 
participation.



Chapter 10  203 

 
 

 
 

 

 

 

Figure 3(b): FB chat activity vs
strength of ties

Figure 3(a): FB chat activity vs
Social integration

Figure 3(d): FB chat activity vs
Social participation

Figure 3(c): FB chat activity vs
Perceived social support 

Figure 3: Descriptive statistics for FB chat activity in relation with (a) Social 
integration (b) strength of ties (c) perceived social support and (d) social 
participation

Figure 4(b): WhatsApp chat 
activity vs strength of ties

Figure 4(a): WhatsApp chat 
activity vs Social integration

Figure 4(d): WhatsApp chat 
activity vs Social participation

Figure 4(c): WhatsApp chat activity 
vs Perceived social support 

Figure 4: Descriptive statistics for WhatsApp chat activity in relation with (a) 
Social integration (b) strength of ties (c) perceived social support and (d) social 
participation. 
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In addition to a visual investigation based on boxplots, also three t-tests were 

performed for each possible combination of independent and dependent variables. 

We left out the combinations that involved participation in social events, as further 

investigation into the survey made clear that the questionnaire didn't contain enough 

questions about social event participation to calculate a score that would accurately 

represent each participant's social event participation.  

In short, the following three tests were done for each combination: 

 The effect on strength of ties of being in the lower end of the network size 

compared to being in the higher end of the network size. 

 The effect on social integration of being in the lower end of the network 

size compared to being in the higher end of the network size. 

 The effect on perceived social support of being in the lower end of the 

network size compared to being in the higher end of the network size. 

This resulted in 27 t-tests; nine t-tests for each variable in the dataset. The 

results for each of these variables are shown below:  

 

Table 2: Effects of having a small/large social network size on strength of ties 

 

 

 

 

 

 

 

 

 

 

 

 

Table. 3: Effects of having a small/large social network size on social integration 

 

 t df p-value 

social integration (small 

network sizes vs large 

network sizes) 

0.38459 27.927 0.7035 

social integration (small 

network sizes vs all 

network sizes) 

-0.37771 20.913 0.7095 

social integration (large 

network sizes vs all 

network sizes) 

-0.845 20.206 0.408 

 t df p-value 

strength of ties (small network 

sizes vs large network sizes) -0.77336 24.433 0.4467 

strength of ties (small network 

sizes vs all network sizes) -0.38249 20.322 0.7061 

strength of ties (large network 

sizes vs all network sizes) 

0.62789 28.839 0.535 



Chapter 10  205 

Table 4: Effects of having a small/large social network size on perceived social support 

 t df p-value 

perceived social support 

(small network sizes vs 

large network sizes) 

0.43336 27.352 0.6681 

perceived social support 

(small network sizes vs all 

network sizes) 

-0.43413 20.619 0.6687 

perceived social support 

(large network sizes vs all 

network sizes) 

-0.9104 18.778 0.3741 

 

The first t-test shown here is about the effect, on one's score for strength of ties, 

of having a small network size vs. the effect of having a large network size, so the 

null hypothesis for this test would be; there is no significant difference between 

having a smaller or larger network size on one's tie strengths.  The p-value 

calculated from this t-test is 0.4467. If we take a significance level α of 5%, this 

means this null hypothesis cannot be rejected. Therefore, it cannot be said that there 

is a significant difference between being in the lower end or higher end of network 

sizes on a person's score for strength of ties.  

As can be seen, the other t-tests performed were also unable to provide a 

legitimate reason to reject their respective null hypotheses: the calculated p-values 

were all too high to show any statistically significant differences between having a 

smaller or larger network size. For the other independent variables, the t-tests 

showed similar results: none of the p-values returned from the tests were sufficient 

to reject the null hypothesis on a 5% significance level.  

Some further data analysis was done here by also investigating the effects of 

combined chat activity rather than just the effects of Facebook or WhatsApp chat 

activity individually. Similarly to the initial t-test results, the results of the t-tests 

performed on this combined chat activity were unable to provide a scientifically 

accurate reason to reject the null hypotheses associated with the t-tests. However, 

some of the p-values returned from all of these t-tests were notably lower than the 

rest. For example, the null hypothesis that there is no significant difference between 

having a lower or higher WhatsApp chat activity on one's tie strengths could be 

rejected with a 12% significance level. While this is not significant enough to be 

able to truly reject this null hypothesis, it does indicate that there could be one or 

more trends in the dataset that could prove useful for later research. 
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5 Discussion 

The results of the analysis in the previous section on the relation between 

structural characteristics of social networks and their effects on certain social 

aspects can be used to evaluate the hypotheses stated in the introduction.. 

 

H1. The first hypothesis states that the social network size (number of friends) 

influences the perception of social support. The analysis of the data shows that 

the relationship between network size and the perception of social support is 

similar to the common trend between chat activity and all dependent variables, 

where the closer a person’s network size lies to the average, the more positive 

they score for perception of social support. However, the trend is much less 

prevalent since the difference between the subsets is smaller. Earlier research 

by Nabi et. al [6] stated that an increase in the amount of someone’s Facebook 

friends also coincides with an increase in perception of social support. Our non-

significant results contradict this slightly: while this seems to be true for low to 

average online social network sizes, perception of social support does drop 

slightly if the amount of Facebook friends is in the upper 20% of the 

distribution. 

H2. The second hypothesis states that having a higher strength of ties (strong/ weak 

ties) is correlated with a higher participation in social activities. This could not 

be verified, as can be seen in Table 1. 

H3. The third hypothesis states that the social interaction (frequency of contact) can 

have its effects on  the one’s perception of social support. As can be seen in 

Figure 3 and 4, as well as in our analysis, this hypothesis can also not been 

verified. We see that people with a low level of social interaction indeed score 

low on perceived social support, but for people with a high level of social 

interaction the results are quite diverse. Also, we see that this trend is more 

prevalent for strength of ties than for the perception of social support.  

 

There are a number of characteristics of our study that could have influenced the 

results. First, outr study was very much aimed at collecting numeric data for each of 

the variables and there was no room for open answers. As a result of this, the 

hypothesis were very similar in nature since the data could only be analysed by 

means of comparing the numeric values for each variable.  

While interpreting these results, it seems to be very hard to prove that there is a 

relevant relation between the usage of online social networks and social aspects of 

life. However, it is important to keep in mind that there are some factors that may 

have negatively influenced the reliability of the results. For example, the sample 

size of 61 was relatively small and possibly not sufficient to get an accurate 
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indication of the different types of online social network users, and the different 

ways each of these user types are influenced by their online social network usage. 

For example, only two of the questionnaire respondents had a network size that was 

lower than 100 so it is nearly impossible to draw any conclusions for this group of 

online social network users. It would certainly have influenced the research in a 

positive way if more effort was made to acquire a larger amount of survey 

respondents.. 

As a third remark, we want to point out that the score used for chat activity was 

a flat score, which means that it was not a score for one’s chat activity relative to a 

different variable, but the score was equal to the total of all group and one-on-one 

chat windows in one month. Therefore, it is hard to link these variables to a 

person’s actual activity on a social network site. However, it does give an indication 

that overall online social network activity may, in fact, influence these variables in a 

similar way. 

For this reason, we took a broader perspective and also reported about trends 

that appeared to be visible in the data. These common trends provide a basis for 

potential further research in this area. A common trend was found where people 

with a more than average chat activity would generally also have higher scores for 

the strength of ties, social support as well as social integration. 

6 Conclusion and future work 

The aim of this paper was to get more insight into the effects of online social 

networks usage on social aspects of the individuals. Although no significant 

correlations were found, there appears to be a common trend which states that the 

closer a person’s chat activity is to the average chat activity, the greater their scores 

will be for perception of social support, strength of ties and social integration. 

Therefore, it seems to be the case that people that either have a very high or very 

low level of social media activity will experience less positive effects of social 

networks. This conclusion is based on trends found through the comparison of the 

dependent variables on the different distributions of the independent variables. The 

trend found is strong enough to argue that it could be worthwhile to do further 

research on this area. So for further research, we suggest to use a larger number of 

participants and include more ways to measure social network participation. 
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Part V 

Discussion and Future Work 

 

 

 

Finally this part summarizes the research presented in this thesis, answers the 

research questions and discusses its relevance to the main research goal as well as 

significance and limitation of this research work. Furthermore, this part discusses an 

outline for some future work. 
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Chapter 11 

Discussion and Future Work 

 

1 Discussion 

In this last chapter of the thesis the research is summarized. We will discuss 

what has been achieved and what could still be done in the future by identifying 

some future prospects. The main goal of this research, as set down in Chapter 1, 

was to design and develop computational models in various domains of the human 

behaviour thereby taking cognitive, affective and social processes into account. For 

that purpose we have adopted a computational modelling approach to model the 

dynamics of various mental processes and their interaction and simulate them in 

relation to human behaviour. 

Various cognitive processes have been modelled addressing a range of mental 

states, particularly regarding emotion generation, regulation of negative emotions, 

mood regulation, desire generation (e.g., of food desires), desire regulation and 

decision and monitoring mechanism for making use of various regulation strategies. 

Also we have considered social aspects of human behaviour to address the social or 

environmental influence in relation to mood regulation by integrating social 

interaction processes with internal mental processes, involving both affective and 

cognitive aspects. 

To achieve this objective,  the main research question considered within this 

thesis was:  

How can theories from the domains of cognitive, affective and social 

(neuro)science about the regulation of mental processes be used to obtain 

computational models for applications in human or socially aware  

support systems? 

The scope of the main research question is rather broad and is addressed in 

almost all chapters of the thesis. Developing dynamic models for mental processes 

in these domains requires particular knowledge and understanding of human mental 

and social processes. The main research question was refined into a number of more 

specific research questions. These more specific research questions were addressed 

by considering appropriate literature involving theories and findings from the 

relevant domains of cognitive, affective and social (neuro)science in order to get 

more insight and to represent those elements in computational models.  
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The main research question emphasised the research approach and paved a way 

toward the development of the these kind of computational models in a 

scientifically justified manner by grounding them in theories and findings from 

relevant domains. The computational models help to understand the underlying 

mechanisms of the interlinked human mental processes and behaviours, and can 

provide a basis for intelligent support systems.  

2 Summary of Contributions 

To address the main research question a generic approach towards 

computational modelling of human mental processes and behaviour was adopted. 

This approach consisted of a number of steps. First, a thorough understanding of the 

internal human processes involving affective, cognitive and social elements is 

required. Next the interaction between these processes and relevant environmental 

factors in terms temporal-casual relations was explored. In this step a conceptual 

level model was designed on the basis of which a formalization was made in the 

form of a numerical computational model. This model was used to analyse and 

evaluate the mental processes and behaviour in relation to real world scenarios by 

simulation experiments. Following this methodology, various domains have been 

explored computationally and the main research question was refined into three 

questions in accordance with the research domains, so for every domain a main 

research question. Furthermore, those three questions were also refined into few 

more specific subquestions to explore each domain effectively.       

As described in the introduction chapter, addressing the main research question 

of the thesis has been broken down into the following research questions: 

 

Research Question 1  

How can computational models for regulation of an individual’s emotions 

and their impact on mood be designed? 

 

Research Question 1a 

How can the role of regulation of negative emotions in the 

regulation of mood be modelled and how affects that regulation an 

individual’s mood?  

 

Research Question 1b 

How to model emotion regulation strategies that can regulate the 

effect of negative emotions and maintain emotional stability?   
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Research Question 1c 

How can the use of a self-monitoring mechanism and decision 

making mechanism be modelled, in which one or multiple 

regulation strategies are selected in relation to environmental 

stimuli? 

 

Research Question 2 

How can computational models for a human’s desire generation and 

regulation processes be designed? 

 

Research Question 2a 

How to model the process of desire (e.g., for food) generation in 

relation to a bodily unbalance (e.g., being hungry) and/or a sensed 

external stimulus (e.g., presence of food) and the process of 

learning to adopt rational behaviour on the basis of past 

experiences? 

 

Research Question 2b 

How to model the influence of the role of (short term or long term) 

goals and experienced goal satisfaction on the decision concerning 

food choices?   

 

Research Question 2c 

How to model the regulation of the desire for food by applying 

different desire regulation strategies? 

 

Research Question 2d 

How to model the process of self-monitoring and decision making 

for selection of an appropriate desire regulation strategy?  

 

Research Question 3 

How can the effects of social or environmental processes on mood regulation 

be computationally modelled? 

 

Research Question 3a 

How to model the effect of perception and reception of social 

support on the regulation of mood in occurrence of  stressful 

events?  
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Research Question 3b 

How to model the influence or regulation of an inidividual’s mood 

by social network’s aspects such as social integration, social 

interaction, social activities?   

 

Research Question 3c 

Is it possible to use metrics about the usage of online social 

networks to draw conclusions about people’s social life? 

 

Research Question 3d 

How to evaluate and validate the appropriateness of 

computational models in general and socially supported models in 

particular. 

 

 

We will now discuss what have been achieved throughout this thesis, by 

discussing the answers of above mentioned research questions. Table 1 shows 

which research questions were answered in which Part(s) and Chapter(s). 

 

Table 1. Answered research questions per chapter and part 

Part Chapter Answered Research Question(s) 

II  1, 1a, 1b, 1c 

 2 1, 1a 

 3 1, 1b,  

 4 1, 1b, 1c 

III  2, 2a, 2b, 2c, 2d 

 5 2, 2a, 2b 

 6 2, 2c 

 7 2, 2c, 2d 

IV  3, 3a, 3b, 3c, 3d 

 8 3, 3a 

 9 3, 3b, 3d 

 10 3c, 3d 
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2.1 Contributions of Part II 

Part II of the thesis focused on the domain of emotions and emotion regulation, 

including their role in mood regulation as well. In this part of the thesis, the 

research questions 1, 1a, 1b, 1c have been addressed; by considering the associated 

mental processes for this domain various computational cognitive models were 

proposed and explored. These computational models provide insight in the 

cognitive and affective processes underlying a human’s emotional behaviour during 

stressful situations by simulating the models for real world scenarios.  

In Chapter 2 a model for emotion generation and regulation of the impact of 

negative emotions on mood was proposed and explored. This chapter demonstrates 

the computational modelling of the cognitive and affective processes associated 

with the generation of negative emotions in occurrence of negative events and its 

underlying regulatory mechanism of cognitive change to regulate the emotional 

response. This model of emotion regulation was integrated with an existing model 

of mood dynamics [1] to analyse the effect of such emotion regulation on the 

individual’s mood.  

In Chapter 3 the emotion regulation part of the previous model was further 

extended by introducing additional regulation strategies and incorporating their 

associated regulatory processes into the model. These processes were modelled in a 

way to provide more flexibility within the model so that a variety of regulation 

strategies can be utilized to maintain emotional stability depending on the varying 

circumstances or the particular emotional situation. In this chapter three regulation 

strategies have been addressed including re-interpretation (cognitive change), 

expressive suppression and situation modification. 

The availability of multiple emotion regulation strategies entails the question 

when to apply which strategy. In real life scenarios often people make decisions to 

select any one or multiple regulation strategies. This decision problem was 

addressed in Chapter 4 by adding a self-monitoring and decision making 

mechanism to these regulatory processes of emotion regulation. In this way we can 

model a human that is more autonomous in the decision making and selection of 

any or multiple regulation strategies to downregulate the effect of negative 

emotions. A self-monitoring and decision making process was modelled enabling to 

select from the available regulation strategies in a context sensitive manner in order 

to maintain emotional stability.    

2.2 Contributions of Part III 

In Part III of the thesis the domain of desire and desire regulation was explored 

and applied to food desires. In this part of the thesis a number of models were 

proposed to address the research questions 2, 2a, 2b, 2c, 2d by taking into 
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consideration different mental and environment processes associated with desire 

and desire regulation. The dynamics of these computational models were explored, 

involving the interaction of a number of relevant mental and physical states ranging 

from desire generation, making of behavioural choices, selection and usage of 

desire regulation strategies, as well as a self-monitoring mechanism for decision 

making about selection of different regulation strategies. These proposed 

computational models provide a handy way to simulate the humans mental and 

behavioural aspects, for example, while dealing with food desires.  

In Chapter 5 a computational model of desire generation and making of food 

choices was presented and explored by means of simulation experiments. This 

model was developed by considering theories from cognitive and affective 

(neuro)science in relation to desires in general and food desire in particular. The 

conceptual model was developed by incorporating a range of mental states with 

their dynamic interaction based on temporal-causal relationships and used to 

simulate real world scenarios. The focus of this chapter was on the mental processes 

associated with food desires and making food choices between available options. 

Making food choices involves various elements including valuation of available 

options by means of internal prediction, feelings of satisfaction as well as goals. 

Another aspect of human eating behaviour is learning from past experiences with 

the aim of adopting rational eating behaviour; also this aspect was modelled, 

through a Hebbian learning mechanism [2]. It allows to model how to adopt healthy 

eating by changing habitual behaviour regarding food choices.    

In Chapter 6 the model of desire generation and choice making was further 

extended by introducing desire regulation strategies. In this extended model three 

regulation strategies were incorporated: re-interpretation, attention deployment and 

situation modification. These strategies involve the cognitive and behavioural 

control mechanism so different mental states were used and the underlying 

mechanism of the regulatory processes was modelled and used in simulations. This 

extension by adding regulation strategies provides more flexibility and variation of 

strategies to regulate a desire.  

In Chapter 7, besides modelling the desire regulatory processes, also the 

mechanisms for self-monitoring and decision making were modelled. These 

mechanisms monitor the desires and give more autonomy to the model in the 

decision making process by allowing the selection of any or multiple regulation 

strategies to regulate the desire. For that purpose, this chapter focused on the 

modelling of control and self-monitoring processes in a way that enables the model 

to select more appropriate strategies from the available pool of regulation strategies 

in a context-sensitive manner. 
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2.3 Contributions of Part IV 

In Part IV of the thesis, regulatory mechanisms related to another domain were 

explored: the domain of socially supported (social network based) mood regulation. 

In this domain models were proposed to address the research questions 3, 3a, 3b, 3c, 

3d by taking into consideration the role of the social network of an individual and in 

particular the role of social support in mood regulation, as well as the effects of 

social networks on certain aspects of the individual’s social life. Two computational 

models about socially supported mood regulation were presented in first two 

chapters (Chapter 8 and 9) of this part, and in Chapter 10 a small study about social 

networks was presented that focuses on structural characteristics of online social 

networks and their effects on certain socio-psychological aspects of an individual’s 

life. In Chapter 8 a computational model was proposed that describes the role of 

social support in mood regulation. In this chapter the model of mood dynamics [1] 

that includes cognitive states such as thoughts, sensitivity, vulnerability as well as 

coping states was further extended with concepts for social support.  Generally it is 

believed that social support can either refer to the social resources (tangible or 

intangible ) that individuals perceive to be available or to the support that is actually 

provided in problematic situations. The proposed model distinguishes between both 

roles of social support; for this, two concepts have been introduced: perceived social 

support and received social  support. The model was used to simulate various 

scenarios in presence and/ or absence of social support by using initial appraisal and 

later reappraisal of a stressful situation or any bad event. The model describes the 

way social support has an effect on reducing the induced stress and thus can 

contribute to healthy mood regulation and prevention of depression. 

In Chapter 9 a computational model was presented and explored that 

incorporates several social network aspects, including level of social integration, 

social interaction, social activities as well as the enjoyableness of activities and their 

relation or effect on mood. The social environment has much potential to support an 

individual to regulate their mood: it can help a person to reduce feelings of 

loneliness and has a positive impact on mood. Participation in social activities and 

maintaining social interaction with friends and relatives are frequently seen as 

indicators of a happy and healthy life. It is also commonly accepted that being 

integrated in a social network has a strong protective effect on health and helps to 

avoid feelings of loneliness. The computational model discussed in this chapter 

gives insight and provides an exploration of such social factors in order to analyse 

and predict an individual’s mood with the help of simulation experiments. In this 

proposed computational model the major goal was to see and analyze how these 

social aspects can have effect on individual’s mood level. Furthermore, to do 

evaluation and validation, we have used real EMA data that was collected in the E-

COMPARED project.  
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Chapter 10 forms a continuation of the work on social support and social 

networks. A small scale study was conducted to collect data about the usage of 

online social networks and their effects on an individual’s social life. For that 

purpose a questionnaire-based survey was designed and used to collect data about 

individual's usage of both Facebook and WhatsApp. This data was used to describe 

the structural characteristics of the networks, including a) number of friends 

(network size), b) strength of ties/ relationships and c) frequency of contact or 

frequency of interaction with acquaintances. In addition, questions about socio-

psychological characteristics were addressed, including perception of social support 

and participation in social activities as well as social integration. In this chapter we 

performed an analysis with the dataset by applying various statistical measures to 

investigate whether there is a relation between the usage and structural 

characteristics of online social networks and aspects of people’s social life.  

3 Relation between various domains models 

In this thesis the role of regulation was explored computationally in various 

perspectives of human mental processes and behaviour. In the introductory chapter 

(Chapter 1) more details were discussed about the considered domains and 

regulatory processes; in the current section the relationships and positioning of the 

developed models in the different chapters are discussed.   

3.1 Regulation  

The research work presented in this thesis focused mainly on the dynamics of 

internal mental processes and their interaction, and in particular those processes 

concerning some form of (self-) regulation. Regulation in the context of cognitive 

and affective processes has been addressed, particularly concerning regulation of 

negative emotions, mood, desire regulation and self-monitoring and decision 

mechanisms for making use of various regulation strategies. In addition the role of 

the social context to address the social or environmental influence in mood 

regulation has been considered. For an overview of the relationships between the 

models and the thesis structure, see Figure 1 below. 
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Fig. 1. Overview of the relation between the chapters and models 

3.2 Individual self-regulation 

Parts II & III of this thesis have addressed individual self-regulation of mental 

processes that often requires cognitive resources. The main focus was on the 

cognitive and affective aspects of human mental processes and behaviour in relation 

to emotion regulation, mood regulation and desire regulation. We discuss those 

aspects in more detail below. 

Emotion and mood regulation 

Controlling or regulating emotions often requires cognitive resources and 

control to handle the emotional responses triggered by stressful situations or 

negative events. People with emotional dysregulation or a lack of emotional 

stability are more vulnerable to environmental situations. Their mental health can be 

at risk as such a vulnerability may lead to mental health problems such as low 

mood, depression , anxiety etc.   
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In this part of the thesis various computational cognitive models were explored 

keeping the regulation of emotions in focus. Besides emotion regulation we have 

also considered the role of regulating negative emotions on mood regulation. 

Literature about this domain has been discussed in the relevant chapters.  

Starting with Chapter 2, a computational model for the regulation of negative 

emotions in relation to mood regulation was developed, by using theories from the 

literature indicating how emotions are different from mood, and emotion regulation 

is different from mood regulation [3], [4]. Emotions are instantaneous in nature and 

are specific reactions to a particular event, usually for a short period of time and 

emotion regulation describes how a subject can use specific strategies to affect the 

emotion response levels. Mood, on the other hand, is a more general feeling such as 

happiness, sadness, frustration, or anxiety that exists for a longer period of time. 

Mood regulation usually involves the deliberate choice of mood-affecting activities, 

such as pleasant activities [5]. 

These emotion generation and regulation processes were modelled based on 

studies in the field of Cognitive and Affective Neuroscience, in which many 

contributions (e.g., [6]–[8]) can be found about the relation between emotion and 

brain functioning. For example, emotional responses relate to activations in the 

brain within limbic centers (generating emotions), and cortical centers (regulating 

emotions) [9], [10]. Psychological research on emotions focusing on emotion 

regulation, i.e., the processes humans undertake to increase, maintain or decrease 

their emotional response can be found, for example, in [3], [4], [11]. 

Based on the literature the model presented in Chapter 3 extended the emotion 

regulation part of  the previous model by introducing further regulatory processes. 

In this computational model three regulation strategies [3] were modelled. 

Moreover, the designed model is very generic so that it becomes capable of 

simulating several interesting real world scenarios. Next, in Chapter 4 the processes 

related to the self-monitoring and decision making about the selection of  regulation 

strategies were addressed. This gives the model more autonomy, as it is possible to 

select one or multiple strategies to regulate the effect of negative emotion in a 

context-sensitive manner.   

The computational models presented in this domain involve different emotion 

regulation strategies to gradually regulate the effect of negative events. They show 

how the models integrate the emotional responses on stressful events and the 

strategies that humans use to regulate them. They address different emotion 

regulation strategies as put forward by Gross [11]–[13]. The computational models 

were evaluated through  generated simulation scenarios and known pattern from the 

literature.   
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Desire regulation 

Desire is also considered a mental state that can be regulated by control 

mechanisms. Self-regulation by regulation of a desire may involve various mental 

as well as environmental aspects. The study of desire and desire regulation has 

become an important topic for researchers addressing human behaviour. In 

particular the desire for eating and its regulation has received much attention in 

recent years from various fields, including psychology, social science, cognitive 

science and neuroscience; e.g., [14]. What to eat, when and how much to eat all are 

influenced or controlled by a brain reward mechanism [14]. Persons who cannot 

control their eating because of poor regulation of their desires for food often suffer 

from overweight and obesity. 

The research in this part is somewhat inspired by the emotion regulation 

research that was described in part II of the thesis. The computational model of 

desire generation and making of behavioural choices (applied to food) presented in 

Chapter 5 is the point of departure for the rest of the research related to desire 

regulation.. From a neurological perspective a large number of studies have been 

conducted on food-related behaviour, and how food addiction is formed; for 

example, discussing how highly palatable food activates reward pathways lead to 

obesity [15]–[17]. Studies suggest that dysregulation of brain reward pathways may 

contribute to increased consumption of highly palatable foods, which leads to 

weight gain and obesity [18]. 

The model of making behavioural choices was extended further by 

incorporating the desire regulatory processes in such a way that it makes the model 

capable of using desire regulation strategies that help to regulate the desire and 

supports making better, more rational choices. This model was presented in Chapter 

6 of this thesis. Neurological evidence suggests that there are several brain regions 

involved in food rewarding mechanisms and in the desire for unhealthy food and its 

regulation [14], [19]. Persons often make use of various regulation strategies to 

regulate their desire of food and this helps them to make food choices [20]. Giuliani 

et al. [21] have taken the emotion regulation process model of Gross [22], [23] 

thereby assuming that food craving is also an affective state so that its regulation 

involves the emotion regulation strategies to regulate the desire-associated 

emotions. The approach presented in the thesis is different in that it does not make 

the assumption that desire is an affective state, but relates to other cognitive and 

affective states. 

Moreover, literature shows that goals guiding an individual’s behaviour are 

linked with activations in the prefrontal cortex. Such activations can inhibit the 

activation of subcortical structures (e.g., cerebellum and basal ganglia), associated 

with habitual behaviour [24], [25] and have the ability to change habitual behaviour 
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[26]–[28]. Such control mechanisms can help persons to change their behavioural 

preferences or choices (for example, of food) by keeping goals in mind (for 

example, they may start to look for low calories food instead of high calories food).  

Desire regulation makes use of a variety of regulation strategies which makes 

use of some form of self-monitoring and decision making process. In Chapter 7 of 

this part the regulation mechanism was further extended by a self-monitoring 

mechanism used for monitoring the desire and a mechanism for making the decision 

about the selection of appropriate desire regulation strategies. The detailed literature 

review can be found in the relevant chapters. 

3.3 Socially supported self-regulation 

In this part on socially supported self-regulation, the role of the social 

environment of the individuals was considered, including social networks, social 

support and their influence on mood regulation.  

The social environment provides opportunities for individuals to form their 

social circles or networks that support them in different aspects of their life. In this 

part of the thesis our focus remained on the regulation of mood by incorporating the 

role of social support (either perceived or received) and the social network’s (real or 

online) aspects  including social integration, social activities, social interaction etc. 

It is known that the social environment can help people to reduce the feelings of 

loneliness and can have a positive effect on mood in particular. 

In Chapter 8 the existing model of mood dynamics [1] was extended by 

including the role of social support during stressful situations. Many studies have 

shown that stress is generated when an individual appraises a situation as stressful 

or threatening and does not have proper coping responses [29], [30]. Moreover, if 

an individual appraises a stressful situation with a feeling of helplessness or 

hopelessness (e.g., without the perception or reception of support), the situation 

becomes more stressful to deal with [31]. In this model both roles of social support, 

perceived as well as received support, were modelled. Social support plays a 

beneficial role in the mental wellbeing of human beings through its impact on 

emotions, cognitions and behaviours [32]. Effective social support provided through 

adequate social networks can alleviate the effect of stress on an individual’s 

psychological situation [33].  

Further social network aspects including social integration, social interaction 

and participation in social activities were considered in Chapter 9 in relation to 

mood prediction. A person who is well integrated in social networks is less 

vulnerable to stress or depression. Socially isolated individuals or people with 

limited contacts have a higher chance of suffering from health issues [34], [35]. 

Socially well-integrated people have more social contact, they are mentally happier 
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and healthier than those with limited social contacts [36]. Relationships give a 

perception of social integration and have a positive influence on mental as well as 

physical health [37], [38]. People with higher level of quality and a larger number 

of relationships are considered to be better integrated within the network [39], and 

on the other hand people having feelings of loneliness and isolation are less 

integrated [40].  

The popularity of online social networks from the perspective of time spent on 

these social networks by the individuals is increasing day by day, as they become 

part of our social life. Facebook in particular provides many opportunities to 

facilitate supportive social interaction; social support seeking [41], companionship 

support [42] and socializing are all primary reasons for using social network sites. 

Some studies have described a positive relationship between the number of 

Facebook friends and college students' perceptions of social support [43], social 

support on Facebook [44] and companionship support [45]. In Chapter 10 in 

continuation of the work social aspects we conducted a questionnaire based survey 

to collect data about the usage of online social networks (Facebook and WhatsApp) 

and about their structural and functional characteristics to investigate the relation 

between social network usage and perception of loneliness and social integration.  

4 Significance and Limitations of the Research Work  

The significance of the presented research work can be described in different 

ways, as this thesis involves a number of major aspect of human mental processes 

and behaviour in relation with a variety of emotional, environmental and societal 

aspects of their routine or lifestyle. In this section some of the significant features of 

the adopted research approach and developed models are discussed. 

Doing research on complex systems often requires a well-defined research 

approach or methodology. In this thesis a computational modelling approach has 

been adopted that provides a dynamic way to model human mental and social 

processes and to simulate human behaviour in such a way that these models can be 

applied as a basis for the design of human-aware or socially aware intelligent 

support systems [46]–[48]. Understanding mental processes underlying human 

behaviour is a quite challenging task. Computational modelling can help to 

understand such complex processes and provides a way for simulating such 

processes in a variety of situations.  

This dynamical approach also provides a way to design models at a conceptual 

level based on the neurological knowledge of underlying cognitive, affective and 

social processes. The models designed and developed based on the knowledge of 

these processes can provide much insight and understanding in respective domains, 
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so that intelligent support systems based on these models can better understand the 

humans and act in a sense human-like by using that knowledge [49]. 

In this research various new domains were explored which were barely touched 

upon in the area of computational modelling. These domains concern regulation 

mechanisms for emotions, desires, and mood. Another significant factor of these 

models is that some of the models were designed in a generic way and could be 

applied to various aspect of human behaviour. For example, models of desire 

regulation were explored in more detail in relation to food desires, but they can be 

utilized for any other sort of desire and their regulation, including alcohol desires, 

drug desires, and helping to change addicted behaviours. 

This thesis follows a model-based approach to study the complexity of human 

mental processes by simulation experiments simulating human mental processes 

and behaviour. The proposed models in this thesis also address the integration and 

interaction of different human mental processes including cognitive, affective and 

social processes.   

These complex processes were modelled in terms of the dynamical interaction 

between their associated states and other relevant aspects by using temporal-causal 

relations [50], [51]. The major advantage of such dynamical models is that they 

provide a good basis for the assessment, analysis and prediction for various aspects 

of real world scenarios. In particular, this model-based approach for the modelling 

of mental processes provide a way to deal with their complexity.  

The research methodology used for this research work has some limitations as 

well. Computational models in their entirety are in principle a simplification of the 

complex real world phenomenon. While developing such models requires a careful 

selection of all the relevant aspects, computational modellers often have to make 

choices between aspects of a real world phenomenon that are relevant enough to be 

incorporated in the model and those that are not very much related. In this process 

the grounding theories in the related domains have a high importance.    

Another limitation of this kind is the making of assumptions while designing 

these models. Those assumptions should be realistic and in accordance with the 

literature and in relation with the real world phenomenon. For example, in this 

research work a more general assumption was made about the emotional response, 

the negative feeling as well as the level of desire and the mood level, which were all 

modelled as a number in the interval [0, 1]. Also there are other specific 

assumptions in each domain; for example, in Chapter 2 we have modelled only two 

beliefs (a positive and negative belief) about the emotional situation or stimulus. A 

same sort of assumption about the belief was made in Chapter 6 about the food 

stimulus: we assumed that a person either has positive beliefs towards food or 

negative beliefs, though there could be multiple beliefs about same stimuli. 

Nevertheless, such beliefs could easily be added to the model.  
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Limitations regarding the selection of parameter values are also relevant to 

mention in this approach. In the proposed models there is often a large generic set 

of parameters and their values can be chosen by tuning the parameters, also 

dependent on the scenarios of the generated simulations. Parameter optimisation 

could be further achieved by adopting parameter optimisation techniques and by 

using empirical data. Collecting empirical data about these models also has 

limitations, as these models involves internal cognitive and mental states so 

acquiring data for every aspect or each state of the model is difficult. Fortunately, in 

general it is possible to perform parameter tuning also when only data for some of 

the model’s variables (but not for all variables) are available. 

5 Conclusion  

In this thesis computational models have been explored aiming at application in 

the design and development of human-aware intelligent support systems. Such 

models involve knowledge about various aspects of human mental processes and 

behaviour and therefore can be used as a basis for the development of smart support 

systems to help people in their daily life. The research presented in this thesis 

contributes by the development of dynamic computational models. The insight 

represented in these models can be used to simulate different scenarios. In 

accordance with the main theme of the thesis, different domains were explored, in 

particular in relation to regulation mechanisms for emotions, desires and mood as 

well as the social aspects of an individual’s life. For this research work a Network-

Oriented Modelling approach was adopted  for the exploration and analysis of the 

human cognitive, affective and social processes and their dynamics [52] by focusing 

on the design and development of computational models by using temporal-causal 

relations [50], [51].  

The obtained human-like models can be used in different ways. As a first 

application it can be a basis for virtual characters showing emotions or desires and 

applying emotion or desire regulation strategies in a flexible way depending on the 

situation. Secondly, the models can be used as an ingredient to develop human-

aware or socially aware computing applications; e.g., [53], [54]. More specifically, 

in [49], [55] it is shown how such applications can be designed with knowledge of 

human processes as a main ingredient, represented by a computational model of 

these processes, which is embedded within the application. Such computational 

models can have the form, for example, of qualitative causal models, or of 

dynamical numerical models. The computational models for regulation proposed 

here can be used in such a way to design a human-aware software application to 

support persons with stress-related problems and professionals supporting them. 

The models explored in the domain of desire regulation applied to food focus on 
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control of eating behaviours. So these proposed computational models can be used 

to develop human-aware intelligent systems that can help and support persons with 

overweight and obesity. These models can also be used in the development of 

virtual reality scenarios that will support and train persons to maintain a healthy diet 

and change their lifestyle accordingly. 

Social support and social networks of individuals, either as real life social 

networks or online social networks, have much influence and they affect various 

aspects of their life. Social support is often perceived and/or received by individuals 

from their acquaintances within their social circles.  Part IV of the thesis was 

focused on the social aspects and mental health, in this case mood and depression. 

Models were proposed in this context to give more insight into this domain. These 

models contain knowledge about the humans’ mental and social functioning and are 

considered as basis for the development of human or socially aware intelligent 

support systems. 

6 Future Work 

Throughout this thesis the main research question was answered by addressing 

more specific subquestions using a dynamic computational modelling approach; 

however some aspects and questions may need more research to improve the 

presented computational models: there is always room for future work.  

First of all, the evaluation and validation of these dynamic cognitive models is 

of importance. As these dynamic cognitive models involve internal mental states 

and their dynamic interaction, the evaluation and validation process of these models 

is always a challenging task. In this thesis that was done mainly through 

simulations; therefore there is room for further validation of these models with 

empirical real life data. Bearing in mind that the brain is the most complex part of 

human body, getting real data about such complex processes is also a difficult task 

but there has been much research going on in the advancement of recent 

technologies such as brain imaging and fMRI; they can make more measurable data 

available about the internal states and their interaction in relevant domains including 

emotional behaviours, eating disorders and mental disorders as well.    

Next, there is also room for the further improvement of the proposed 

computational models and it could lead to new research questions as well. The 

current models presented in this thesis have covered many aspects of various 

domains, but we see the following as future prospects:  

In part II of the thesis various models were proposed and explored in the domain 

of emotions and the role of emotion regulation and mood regulation. Though much 

of the basic and more relevant aspects of human mental processes and behaviour 

were considered while developing these models and simulating their behaviour, still 
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some other aspects may make them more robust and can be considered for future 

work. Further extension of these models may include more regulation strategies by 

modelling additional regulatory processes. This will give more flexibility and 

variety in selecting and using regulation strategies to regulate the effect of stressful 

situations.    

Other possible future work regarding emotion regulation models would be the 

modelling the contagion effect of stress within a social network environment. In this 

scenario, every model will be considered as social agent with different 

characteristics, such as varying sensitivity levels towards stimuli or situations and 

personal characteristics in terms of emotional stability. Another interesting aspect to 

consider is the introduction of more human-like learning mechanisms in these 

models, thus making them adaptive. For example, learning from past experiences in 

relation to emotion regulation could help to make models for adaptive emotion 

regulation. Developing models by taking learning processes into account may lead 

to the design and development of more realistic human–aware intelligent systems.  

In part III of the thesis a range of computational models were presented in the 

domain of desire (applied to food desire) generation and desire regulation. In these 

models human-like learning mechanism through valuation of available options 

(food options) by internal prediction was already modelled. This provides the 

capability to the model of learning to make healthy food choices based on past 

experiences. In future work a similar sort of learning processes could be modelled 

for the selection of desire regulation strategies, which will make models more 

adaptive in terms of selection of regulation strategies and allow them to select more 

appropriate strategies based on past experiences. In addition to that, it may be 

further extended with more personal characteristics including preferences and 

sensitivity toward stimuli (food) and intensities of the stimuli. These extensions 

may make the models more adaptive and flexible in a variety of situations. In 

addition, it will be helpful in selection and applying desire regulation strategies, so 

the persons can avoid certain types of food and can keep themselves healthy. 

Part IV of the thesis was focused on social support and social aspects. In 

Chapter 8 a computational model of mood dynamics with the concepts of social 

support was presented. In future work, it is planned to investigate the relationships 

between measureable aspects of social environment (e.g., size and structure of a 

social network), and the factors used in the current model about the influence of 

social support on the cognitive states of a human. This could lead to a support 

system that is able to exploit social network data for predicting the mood of a 

person. In Chapter 9 a model of mood and social integration was presented. 

Additional analysis of the dynamics of mood and social aspects can be performed. 

For a more thorough validation of the effects, a larger data set would be required. 

Also, an integration of the presented model with an existing model of mood 
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dynamics is an interesting direction for future research. Given the fact that the 

presented model has only partially been validated, as yet we don’t have the data 

regarding all relevant concepts used in the model, further data is required. Finally, it 

is planned to extend the model by adding some structural social aspects e.g. (strong 

and weak ties/ relationships).  In Chapter 10 a small scale study about the usage of 

online social networks and their effects on peoples social life was presented. This 

study reveals some of the trends about usage of the online networks and their effects 

on the social aspects of individual’s life. Given the fact that no significant 

correlation were found, a larger number of participants should be included, as well 

as more ways to measure online social network’s effects. 
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