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Abstract 

The aim of this thesis is to contribute to the methodological foundation of the studies aiming to assess 

trust between people who interact through Computer Mediated Communication (CMC), specifically those who 

create a set of online relationships which is commonly called Online Social Networks. The most popular 

method that is currently employed by researchers in this area is Trust Game, one form of the social dilemma 

games. The major studies that assess trust in social networks have established results that are mainly formed 

into hypotheses for the effects of a number of network parameters on the extent to which individuals would 

place trust on each other. However, hypotheses for the effects of a few number of network parameters is not 

deducible since the restrictive game-theoretic assumptions that are imposed into the model do not let any such 

evidence available. In addition, these assumptions inhibit the analysis of the trust situations in a more realistic 

environment than one in which actors are instructed by the axioms of the Trust Game. One way to relax the 

game-theoretic assumptions so that the trust situations take place in a more realistic environment is to introduce 

noise into the context of information transmission. Assuming that the information is not accurately transmitted 

between different individuals in an online social network makes it possible to argue that the rate of information 

that is obtained from different sources would influence the level of trust. Here, I conduct a series of computer 

simulation of a model of Iterated Heterogeneous Trust Games (IHTG), developed by Buskens (1998), adding 

the assumptions of incomplete information on 6 network structures sampled from Youtube, to investigate the 

effects of Indegree and Link-strength as the influential network parameters for the noisy environments. The 

results of regression analysis provide that both Indegree and Link-strength have positive effects on the level of 

trust, while in the same situation, the positive effects of Link-Strength on trust are more promising and 

unyielding than those of Indegree. In addition, I argue that the current model by Buskens (1998) carries a 

deficiency when it is applied to the noisy environments, since it can be fooled by inactive users (i.e. those who 

have a very low Outdegree compared to a high Indegree) to consider them as influential on the level of trust. 

 

Keywords: Level of Trust, Online Social Network, Trust Game, Incomplete Information, Network Parameters, 

Simulation 
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Chapter One: Thesis Introduction 

1.1 Introduction 

Social encounters, in the variety of social contexts, postulate trust. An online purchase requires the buyer 

to believe that the seller will provide the product in an identified quality. Two friends sharing personal 

information with each other presume that the information will not be revealed; and one who asks for another’s 

idea in some case believes in his competence in such respect. Several examples
1
 of trust situations in social 

exchange include the possibility of opportunistic behavior of the trustee leading to abuse the trust that has been 

placed on him, in addition to the chance that the trustor anticipates such and never holds trust on the other party 

(Buskens and Raub 2008, p. 18-20). Although a contractual government can reduce or eliminate trustee’s 

motives for opportunistic behavior and potential damage to the trustee in case of its happening, many 

unforeseen contingencies may, or will, arise during or after the encounter. An exhaustive contractual 

negotiation of such contingencies would be unfeasible or prohibitively costly (Durkheim 1973; Merton 1994).  

 Above exemplified social problems are frequently referred to as ‘Trust Games’ (Camerer and Weigelt 

1988; Kreps 1992; Kreps 1996; Snijders 1996; Dasgupta 2000; Buskens 2002) beginning with a move from the 

trustor deciding upon whether to place trust on the other party, while the trustee chooses to honor or abuse trust, 

in case it is placed. The one-shot isolated two-player trust game situation turns out to be more complex when 

embedded in a social network where actors are involved in the trust games repeatedly, in addition to the 

presence of third parties in contact with each other and the players. Reputation is an important non-contractual 

mechanism for management of trust relations in social networks (Buskens 1995). Management of trust relations 

refers to the mechanisms that induce the trustor to place trust on the other party and the trustee to honor it (ibid). 

Reputation conceptualizes the fact that individuals receive information about the behavior of other actors in the 

network, and further use the information to decide upon their own future behavior. The information upon an 

individual’s reputation can be used to identify the extent to which one tends to place trust on him. Different 

measurement models, using reputation, have been proposed to measure trust in different academic sectors from 

social science and psychology to marketing and also mathematics (e.g. Myers and Robertson 1972; Childers 

1986; Iyengar, Han et al. 2009). Most existing social science and psychology studies adopt a survey approach as 

a comprehensive method for collecting user behavioral information considering all user-specific characteristics, 

for example asking related question directly from network users. Although questionnaires may work well for 

small groups, for an online community with thousands of users, surveys are problematic
2
. Therefore, 

computational methods are the most popular technique among social network analysts (Valente, Hoffman et al. 

2003), and specifically useful for online social networks on account of a readily access to users’ information 

and their connections embedded in a network. Several social network researchers have contributed to the effect 

of reputation on the trust relations (Granovetter 1974/1995; Burt and Knez 1996; Lewicki 2006), building a 

discussion on reputation as it is developed resultant from embeddedness in a social context. Two types of 

embeddedness are identified concerning trust relations (Buskens 1995): repeated interactions with the same 

                                                 

1 For more examples of trust situations refer to Snijders (1996) 
2 To specify a few number of such problems: First of all, surveying a large group of people is a very difficult task which requires long 

time of planning and long processing time. This is hardly possible for an online network of thousands users. Second, controlling trust 

in a large group of people is not so easy either. As the number of survey participants increase, their close contact to the survey conduct 

decreases dramatically. Therefore, the survey responders do not completely trust the conductors for privacy matters. This eventually 

decreases the probability of truthful and complete answers from participants. The third problem reflects on dynamic nature of social 

networks. People change fast, and people’s relations change faster. These fast changes in the social networks indicate probability of 

fast changes in the participant answers. However, surveys are costly and cannot be done in close periods of time, so the survey results 

can only be valid for a short period right after the time that the survey is done. The last but not the least, no matter how anonymous the 

survey is, when the survey questions address some personal qualities, the participants unwillingly over-describe or under-describe 

themselves depending on their personality (Rogers and Caranto 1962).  
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actor, and social network facilitating the information flow between different actors. The later, transfer of 

information between different actors, forms the fundamental leading feature of social networks in different 

game-theoretical studies on modeling reputation (Raub and Weesie 1990; Buskens 1998; Weesie, Buskens et al. 

1998; Buskens 2002; Buskens and Raub 2008). The features of social networks are taken into account to 

illustrate the variety of forms of information flow that influence the trustor’s decision upon placement of trust. 

Many researchers’ (e.g. Coleman 1990, Granovetter 1985) findings in homogenous networks suggest an 

increase in the effect of reputation as the density of the network increases. Buskens (1995; 1998), subsequently, 

takes the specific structure of the network into account, in addition to the network density, and further 

elaborates those effects in heterogeneous social networks.  Most pertinently, the effects of network structure as 

a whole can be represented by only a few simple network measures (Buskens 1998).  

 Focusing on the reputation effects – i.e. the possibility of spreading or receiving information about 

one’s trustworthiness, Buskens (1998) expands previous models to develop a theoretically promising stochastic 

block model of the effects of different network measures on iterated trust games in heterogeneous networks. 

Substantively and methodologically appealing though the model is, it takes a counterintuitive non-realistic 

assumption that the information is ‘always and accurately’ (Buskens 1998, p. 286) passed from one entity to 

another in the network, neglecting the effect of ‘noise’ (Buskens 1998, p. 286) in information transfer. 

Introducing noise raises many considerations. Fundamentally, in the context of noise receiving information 

from a few limited sources does not certify its accuracy. Further, not all the resources do equally impact the 

receiver by their information. In this study, noise is introduced into the context of information transmission in a 

social network to study trust relations in an environment closer to a realistic one. I distinguish two sources of 

noise in information transmission, namely inactive users and incomplete information about the network 

properties. Taking the assumptions for such types of noise, hypotheses about the effect of a new set of different 

network measures on the level of trust can be driven. 

1.2 Problem description and research questions  

It would not be totally fallacious to state that the attention to trust in online communications has been 

raised while trying to point out the key elements that motivate voluntarily online interactions among strangers 

(Fernback 1999; Wellman and Gulia 1999a; 1999b; Ridings, Gefen et al. 2002) and lead to the effective growth 

of virtual communities in the Internet (Gross 1999; Wellman and Gulia 1999b). In addition to the virtual 

communities that emerge as a natural consequence of individuals linking together (Ridings, Gefen et al. 2002), 

organizations has started to form virtual project teams that primarily interact through online networks (Lipnack 

and Stamps 1997; Jarvenpaa and Leidner 1998). The literature proposes to expand the traditional meaning of 

communities beyond the physical space and think in terms of social networks (Wellman 2001; Ridings, Gefen 

et al. 2002). Paradoxical to Handy’s (2000) argument on the importance of face-to-face communication on the 

development of trust based on the belief that ‘trust needs touch’ (p.46), it is only by virtue of trust that 

geographically and organizationally distant individuals take part in activities that they cannot control or monitor 

(Gambetta 2000; Luhmann 2000). It is important to notice that, basically, the heavy reliance on Computer 

Mediated Communication (CMC) technology makes it possible for people engage in collaborative work 

whereas they are separated by time and space (Jarvenpaa and Leidner 1998; Ridings, Gefen et al. 2002). 

Contrary to the theories that tend to question the possibility trust development in virtual social networks
3
, 

empirical findings confirm relational information sharing in CMC groups (Walther 1995; Chidambaram 1996; 

Walther and Clayton 1997). Walther and Clayton (1997) argue that in terms of the capability of social 

information exchange, face-to-face communication does not differ from CMC, but in terms of the speed of 

                                                 

3 For instance social presence theories e.g. Short, J., E. Williams and B. Christie (1976). "The social psychology of 

telecommunications." 
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transfer, and the social discussion and intimacy are greater in CMC groups than in face-to-face ones. Several 

scholars emphasize on the fact that trust is pivotal in global organizations’ virtual teams to improve knowledge 

sharing (Nandhakumar and Baskerville 2001; Abrams, Cross et al. 2003), reduce the high levels of uncertainty 

(Jarvenpaa and Leidner 1998), and promote task performance, member participation, and leaders’ access to 

knowledge and cooperation (Jarvenpaa and Leidner 1998; Robinns 2003). An implication of Jarvenpaa and 

Leidner’s (1999) seminal empirical study on the development and maintenance of trust in virtual social 

networks is that whether leaders can gain access to knowledge and creative thinking, which is required for 

solving problems, depends on how much people trust them. Another study has pointed out the impact of trust 

between organizations and their members on the performance of inter-organizational business relationships 

(Allen, Colligan et al. 2000). Knowing the significance of trust on the management of information systems in 

online social networks, it is reasonable to attempt to realize the extent to which trust is present between the 

members of an online network. McGrath’s (1991) Time, Interaction, and Performance (TIP) theory affirms the 

dominant importance of the relational links between the members for maintaining higher level of trust. The 

results of Jarvenpaa and Leidner’s (1998) seminal study on communication and trust in global virtual teams also 

suggests that being strongly focused in communications on task, co-existing with social focus, leads to higher 

trust level for virtual global teams. In any case, measuring trust in online settings has been noted to require 

different methods than those that are used to evaluate trust in “offline” social environments (Zheng, Veinott et 

al. 2002). 

The most commonly employed experimental paradigm in current researches is the Trust Game as one 

form of social dilemmas, used to measure cooperation rate as the level of trust that is developed in an 

environment which is created by means of technology (Riegelsberger, Sasse et al. 2003). Among three core 

dimensions that underlie the concept of trust, namely ability, benevolence and integrity (Mayer, Davis et al. 

1995), two dimensions of integrity and benevolence are increasingly apparent in online social networks 

(Riegelsberger, Sasse et al. 2003). A trustee can encourage trust by signaling internalized norms of activity – i.e. 

integrity, or by providing interpersonal cues for emotional attitudes (Lahno 2002), denoting benevolence, that 

would result in affective reactions (Riegelsberger, Sasse et al. 2003). A medium’s capability for encouraging 

trust responses can be analyzed through Trust Games (Norman 1983, In Jarvenpaa and Leidner 1998), allowing 

the investigation of trust isolated from the drawbacks of other methods that are subject to participants’ 

rationalization (ibid). Trust Games are designed based on the individually rational decisions to place, honor, or 

abuse trust in order to gain more payoffs
4
 (Riegelsberger, Sasse et al. 2003, p. 763). However, in real-world 

situations, people do not act only based on situational pay-offs, but they also take into account their utilities that 

reflect the actors’ real preference
5
 (ibid) – e.g. desire to comply with norms, and/or expected future interactions. 

Thus, Trust Games should be expanded to meet real experiments (Riegelsberger, Sasse et al. 2003). In a Trust 

Game, players are aware of the extent and nature of risks that are associated with placing trust on another actor, 

whereas many real-world risks are perceived as threats since they are not capable of being quantified by 

individuals (ibid). In fact, the need for trust is precisely evident in such situations where individuals cannot 

calculate the extent of risk they are facing by trusting another actor. Therefore, real world trust situations are 

games with incomplete information since players do not know the others’ true utility for each outcome
6
. 

Scholars on trust claim that, in the long run, individuals can still learn about the factors that drive the way the 

                                                 

4 Also referred as endogenous payoffs 
5 Exogenous payoffs 
6 The information about exogenous pay-offs that is missing is estimated from other cues available in the context. ‘[t]his conflict 

between endogenous and exogenous pay-off reflects the conflict between situational temptation and trust-warranting properties that 

are central to trust’ (Riegelsberger, Sasse, and McCarthy 2003, p. 764). Such conflict makes the Trust Game an interesting model for 

researches on trust. The cooperation leading factors in the face of conflicting endogenous payoffs for people are of major interest in 

this area. 
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specific other parties would behave in regards to trust situations (Mayer, Davis et al. 1995; Lewicki and Bunker 

1996).  

The effects of the communication channel and the characteristics of interactions are the major interesting 

areas in CMC studies on trust in social networks (Riegelsberger, Sasse et al. 2003). In this respect, scholars 

strive to derive hypotheses for the effects of the structure of the communication channel, which represents the 

patterns of interactions, on the level of trust. The hitherto most exhaustive results are achieved resultant from a 

model introduced by Buskens (1998, 2002) which makes hypotheses on the effects of network structure on the 

extent to which actors tend to trust each other. Nevertheless, his study does not provide conclusions for the 

settings of incomplete information, but proposes that the model should be expanded to such environment, 

specifically by introducing noise into the context of information transmission (Buskens 1998; 2002). Knowing 

that the results of Buskens’ (1998; 2002) ensue in hypotheses for the effects of a number of network measures 

on the level of trust, I aim to investigate how these effects change in the context of noise in order to analyze the 

effects of network measures in an environment that is closer, in the context, to the real ones. So, this study 

mainly strives to answer the following question: In the context of noise, how do network parameters impact the 

level of trust in online social networks? 

The hypotheses proposed by Buskens (1998; 2002) cover a limited number of network parameters, 

whereas conclusions about the influence of more network measures on trust level was not plausible due to the 

restrictive assumptions for the perfect information transmission (ibid) – i.e. complete information. The new 

situation should result in hypotheses about additional network effects based on the fact that the true motivations 

of different actors are not accurately transmitted in the network. For this purpose, I form the first research 

question as: 

Q1 – In the context of incomplete information, how could the rate of information that is obtained from 

different sources influence the level of trust in an online social network? 

It is important to mention that the value of network measures can be representative of many external 

factors. For instance, in global organizations’ virtual groups, a low rate of message transfer could be a result of 

role ambiguity (Jarvenpaa and Leidner 1998). Interesting though it is, it is not a concern for the methods of 

measuring trust in online social networks. The result of different scholars has shown that external bonding 

factors should not be a concern in virtual communications. For instance, in their seminal study on trust in virtual 

global organizational teams, Jarvenpaa et al. (1998) show that the different cultures that the group members 

come from does not influence the level of cooperation and trust. Yet, some network members may develop 

strong bonds and trust despite the great diversity in a short time span, while for others it may take longer to do 

so (ibid). Because CMC carry more uncertainty than face-to-face communication, there would be an intense 

need for strong links. The second research question of this study aims to figure out whether trust is amplified by 

the strength of relationship bonds among the members in a virtual social network.  

Q2 – In the context of incomplete information, how could the strength of the relationship links influence 

the level of trust in an online social network? 

The willingness to respond to the unconventional or ambiguous messages, which is a trusting behavior 

(Pearce 1974; Jarvenpaa and Leidner 1998), contributes to the development of strong relationship links. In 

Manusov et al.’s (1997) sense, strong links represent involvement, which conveys intimacy, attachment, 

attraction and affection. In addition, knowing that the global online task oriented social networks further evolve 

to also create friendship links in a long run, establishing strong bonds between the network members fosters 

more trusting behaviors and ensue more level of trust. 

1.3 Thesis outline 

This thesis is organized as follows. In chapter 2, I draw an overview on the different approaches that, so 

far, have been taken towards trust in social contexts followed by the applicable definition of trust and 

introducing Trust Game with its relative assumptions as the basic context of this study. My approach in this 
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study is based on Buskens’ (1998) game-theoretic model of embedded trust in social networks. This model, the 

corresponding assumptions and the solution of the model, in addition to the definition of the network 

parameters that are relative to this study, are presented in chapter 3. Chapter 3 ends with the discussion upon the 

theoretical framework of this study which is based on the effects of network structural parameters on the level 

of trust analyzed in the context of Iterated Trust Games. Chapter 4 details the model that is developed in this 

thesis with the assumptions of games with incomplete information, and the mathematical solution of the model 

as well. Chapter 5 is a presentation of the method, from the sampled networks and experimental designs for 

simulation and different scenarios to the regression analysis of the simulated data. The hypotheses driven from 

the analysis of the results can be found in chapter 6. Chapter 7 includes the information regarding model 

building, its verification and validation. Finally, the study’s findings, the limitations and possible further 

research in this area are discussed in chapter 8.  
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Chapter Two: Background 

This chapter includes a presentation of the hitherto approaches towards trust followed by the mostly 

popular definition of trust which is applicable to the context of this thesis. Further, an introduction of Trust 

Games is provided to be used as the basic understanding for the further discussions in the following chapters. 

2.1 Previous work - contemplating and modeling trust 

A wide variety of literature exists on modeling and reasoning of trust computationally. However, the 

meaning of trust employed by different authors differs across the span of existing work. Bonatti et al. (2005) 

point out two different perspectives on determining trust, policy-based and reputation-based, each has been 

developed within different environmental contexts and targeting different requirements, whereas both address 

the same problem of ‘establishing trust among interacting parties in distributed and decentralized systems’(ibid 

p.12), however, assuming different settings. Policy-based trust refers to the reliance on objective strong security 

mechanisms such as trust certification authorities, while in case of reputation-based trust, trust is computed 

from ‘local experiences together with the feedback given by other entities in the network’(ibid p.11). In later 

case, research uses the history of an individual’s actions/behavior to compute trust over social network through 

direct relations or recommendations – i.e. two parties rely on a third party since they have no direct trust 

information about each other. Based on such identification of two perspectives on trust in the semantic web, 

Artz and Gil (2007) categorize the trust research into 4 major areas: policy- based trust, reputation-based trust, 

general models of trust, and trust in information resources, considering the fact that several scholars can fit into 

more than one category.  

Many researches using policies to express in what situation, for what, and how to determine trust in an 

entity rely on credentials, but generally utilizing a broad range of information to make trust decisions. 

Noteworthy in application of credentials is the essential need for establishing trust in both directions as 

highlighted in the evolving work in policies that ‘how much to trust another entity to see your own credentials 

when you wish to earn that entity’s trust’(Artz and Gil 2007 p.65). Several researches (Winsborough, Seamons 

et al. 2000; Yu, Winslett et al. 2001; Winslett, Yu et al. 2002; Lia, Winsborough et al. 2003; Yu and Winslett 

2003; Nejdl, Olmedilla et al. 2004) have focused on such problem, some build a viewpoint on trust as it is 

established using security techniques (e.g. authentication, encryption, etc.). Examples of such contributions are 

the trust management language RT0 (Lia, Winsborough et al. 2003), PeerTrust policy and trust negotiation 

language (Nejdl, Olmedilla et al. 2004), and Protune provisional trust negotiation framework (Bonatti and 

Olmedilla 2005). Further contributions, such as Gandon and Sadeh (2004), aim to enable context-aware 

applications – i.e. those applications which will disclose credential only in the proper context, on the web by 

making use of ontology. However the credentials are viewed upon, they are still subject to trust decisions as 

whether some can believe a given credential to be accurate (Artz and Gil 2007), knowing that it is objectionable 

to have a certain authority in charge of deciding upon if one is to be trusted. This problem, entitled as trust 

management (Artz and Gil 2007), has been addressed in a number of scholars through trust policies(Blaze, 

Feigenbaum et al. 1996; Blaze, Feigenbaum et al. 1999; Kagal, Finin et al. 2005).  

In social networks, where individuals are privileged to make decisions on whom and in what situation to 

trust, consulting a central trusted third party is refused by researchers, switching the focus on reputation-based 

trust. Yu and Singh (2002; 2003; 2004) indicate a ‘decentralized’ solution by providing approaches to use 

information received from external sources, witnesses, about individuals’ reputation, further weighted by the 

reputation of the witnesses themselves, allowing people to determine trust based on the information they receive 

in a network. Such information, which is most commonly called referral trust, has been first proposed by Beth 

et al. (1994), providing methods for computing degrees of trust based on the received information, and further 

addressed by other scholars such as Sabater and Sierra (2002) and Xiao and Benbasat (2003). Many reputation-

based approaches to trust in peer-to-peer networks carry the need for a growing performance history to maintain 
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referral trust information. Aberer and Despotovic (2001), in contrast with Yu and Singh(2003; 2004), address 

such by using statistical analysis on reputation information to characterize trust, resulting in a more scalable 

approach. After all, whereas there are namely many scholars studying trust in peer-to-peer networks, Olmedilla 

et al. (2005) point out the limitations of existing academic works on trust in the context of grid computing. 

More scholars in this field alter their perspective to reputation by defining it as a measure for trust where 

individuals create a web of trust by identifying reputation information on others. In Golbeck and Hendler’s 

(2004a; 2004b) study of introducing a way to compute trust for the TrustMail application, they make use of 

ontology to express information about others’ reputation and trust, which further allows the quantification of 

trust to be used in algorithms for the purpose of measuring trust for any couple of entities in a network. Such 

quantification of trust in addition to its following algorithms is referred to as trust metrics. A trust metric is a 

technique for predicting how much a certain user can be trusted by the other users of the community. One 

important set of research in this area includes those that assume a given web of trust, also called Trust Overlay 

Network (TON) by some scholars, in which a link between two entities carries the value of the trust decision 

made between those two, where an absence of a link means no trust decision has been made. Noteworthy in 

such studies is neglecting how trust decision has been made as long as the value of trust is quantified. The basic 

assumption of trust metrics is that trust can be propagated in some way. Empowering individuals to make trust 

decisions rather than referring to a single authority, raises the idea of trust transitivity – i.e. if A trusts B and B 

trusts C, then A trust C.  The reason for such is that one trusts her friend more than a stranger and so, under 

certain conditions, a friend of her friend is possibly more trustworthy than a random stranger. This has attracted 

the attention of many of researchers resulting in more contribution to exploring how trust is propagated within a 

web of trust. Stewart’s (1999) work describes a set of hypotheses of how trust is transferred between hyperlinks 

on the web, specifically, from a trusted web resource to an un-evaluated one. His later study (Stewart and Zhang 

2003) explains how to compute transitivity of trust where the actual quantities of trust, and distrust, are given.  

Guha et al. (2004) also performs an evaluation of several methods for propagation of trust and distrust in a 

given network. Such works further lead to computation of global trust values such as PageRank (Brin and Page 

1998) and EigenTrust (Kamvar, Schlosser et al. 2003) algorithms. In contrast with global trust values, others 

emphasized on local trust values to compute personalized results for each entity. Massa and Avesani (2005) 

address the problem of controversial users (those who are both trusted and distrusted) suggesting that computed 

global trust values for controversial users will not be as accurate as local values because of the global 

disagreement on trust for those users. The distinctive characteristic of all of these approaches is neglecting the 

context since they perform the computation over a web of trust which does not differentiate between referral 

trust and ‘topic specific trust’(Artz and Gil 2007 p.74).  

Further scholars move onto general considerations and properties of trust presenting a broader view on 

properties and models of trust. In their seminal study, Knight and Chervany (1996) integrate existing work on 

trust and highlight the different uses of the word “trust” in social science research. They identify 4 significant 

qualities taken into account when making a trust decision: Competence, benevolence, integrity, and 

predictability. Later, Ridings et al. (2002) simplify the factors engaged in a trust decision by eliminating 

predictability, whereas Acrement (2002) suggests 7 qualities of trust through a business management 

perspective: predictability, integrity, congruity, reliability, openness, acceptance, and sensitivity. One of the 

remarkable works in this area is that of Mui et al. (2002), using the key concept of reciprocity in deriving a 

computational model for trust in addition to differentiating between trust and reputation as another significant 

characteristic of this work. Marsh’s (1994) frequently cited Ph.D. dissertation suggests a continuous value for 

trust in the range of [-1,1] arguing that neither completely full trust or distrust exists. He proposes a set of 

variables in addition to a way to combine the variables resulting in the value for trust. He takes context and time 

into account as influential factors in computing trust value. Many researchers in this area claim that trust is a 

subjective expectation in performing local trust computation (Friedman, Khan Jr et al. 2000; Resnick, Kuwabara 

et al. 2000; Ziegler and Lausen 2005). Falcone and Castelfranchi (2004) point out the role of context in which 
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trust is formed and decided upon to argue that “good reputation” may be merely a result of the obligations 

imposed by the context and does not infer trust. 

Additional mostly taken perspectives for trust on social networks are multi-agent systems and game 

theory. Considering relationships between agents, Ramchurn et al. (2003) defines trust as the expected behavior 

of an agent inferred from its reputation within the context of relationships and later Ramchurn, Huynh et al. 

(2004) carry out a survey of trust in multi-agent systems. The studies that commonly use the trust Games in 

dyads (Jensen, Farnham et al. 2000; Davis, Farnham et al. 2002; Zheng, Veinott et al. 2002) or in groups 

(Rocco 1998; Bos, Olson et al. 2002), tend to take pay-off as an indicator of trust the players hold on each other. 

Buskens (1998) applies a combination of approximation methods to a game-theoretic solution to measure a type 

of trust in a graph of social networks. Another example of game-theoretic perspective to trust is Brainov and 

Brainov and Sandholm’s (1999) study showing that the mutual level of trust contributes to more utility in social 

networks. Rocco (1998), Bos et al. (2002) and Zheng et al. (2002) use games that only have binary decisions – 

i.e. decide to cooperate or defect in a continuous scale in the game. They have tried to study the effects of 

personal information on cooperation in order to investigate whether ‘trust needs touch’, an argument introduced 

by Handy (1995). The most popular experimental game-theoretic study that has attracted considerable attention 

in the research on trust in virtual social networks is that of Buskens (1998). More detailed overview of the game 

and its assumptions are available in the following sections. 

2.2 Literature review on trust 

Prior to elaborating on the relationship between trust and social networks, it is necessary to point out the 

functions of trust relations in social order. Misztal (1996) argues the urgency and difficulty of construction of 

trust in contemporary societies, focusing on the importance of trust in searching for social order (chapter 2). In 

an exhaustive review on classical sociology literature, she pinpoints 3 functions for trust: integrative function of 

trust, reducing complexity, and lubricating cooperation (Misztal 1996, chapter 3). The first two functions reflect 

the benefit of trust for the social systems as a whole, while neglecting the reason for individuals putting trust on 

each other. They, respectively, describe social order as a result of trustworthy behavior, and the need for trust 

resultant form the complexity of the society in which the outcomes of decisions are more influential. The later 

focuses on trust where it emerges in individual relationships, approaching trust as a rational choice phenomenon 

(Buskens 2002, chapter 1). Nevertheless, individual rationality by itself is in conflict with collective rationality 

when the problem of trust is out in a social context. This fact will be further elaborated upon by first giving a 

definition of such rationality, in addition to its implication in trust situations. Coleman (1994, p. 97-99) defines 

a trust situation characterized by 4 elementary but important points: First, the trustee is allowed to honor or 

abuse trust in case the trustor places trust on him, while he is not provided by this chance otherwise. Second 

point is that the trustor benefits from putting trust if the other person is trustworthy, whereas she will regret 

trusting him otherwise. Third, in the action of trust, the trustor voluntarily places ‘resources at the disposal of 

another party’ (ibid p.98) with no real commitment from the trustee to honor trust. And forth point refers to the 

fact each trust action involves a time lag between trustor’s placement of trust and trustee’s taking an action. 

Coleman’s (1994) description of 4 points in a trust situation is in accordance with definition of trust 

given by Deutsch (1962):  

[a]n individual may be said to have trust in the occurrence of an event if he expects its 

occurrence and his expectations lead to behavior which he perceives to have greater negative 

consequences if the expectation is not confirmed than positive motivational consequences if 

it is confirmed. 

Deutsch’s concept, however, restricts trust situations to those in which the potential loss is more than the 

potential gain, such restriction that is not made in Coleman’s definition. 
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Figure  2-1 Standard Trust Game  

Adapted from Buskens (2000) and adjusted  

 

A game-theoretic representation of trust is illustrated in Figure  2-1 Standard Trust GameFigure  2-1. 

Such a social situation is frequently referred to as a standard ‘Trust Game’
7
 (Camerer and Weigelt 1988; Kreps 

1992; Kreps 1996; Snijders 1996; Dasgupta 2000; Buskens 2002) which starts with a move from the trustor by 

choosing whether or not place trust on the trustee (Buskens 2002, chapter 1). If she does not place trust, the 

game is over and the trustor receives a payoff 1P , while the trustee receives 2P . If she places trust, the trustee 

decides whether to honor or to abuse this trust. If the trustee honors trust, both players receive iR > iP , 2,1i , 

whereas in case the trustee abuses trust, the trustee and the trustor will receive 2T > 2R  and 1S < 1P  respectively. 

The trust game has been frequently exemplified (e.g. Buskens and Raub 2008) as a scenario involving a 

transaction between a buyer and a seller (e.g. of a book on the internet, a car that is to be purchased by a 

novice). A relatively more complex model of the trust problem is the Investment Game (Ortmann, Fitzgerald et 

al. 2000; Barrera 2005) in which the trustor can decide on which degree she trusts the trustee, while the trustee 

chooses to which degree honors the trust.  

Intuitively speaking, ‘incentive-guided and goal-directed behavior’ (Buskens and Raub 2008, p. 3) of 

trustee indicates that if the trust is placed, he will abuse it. On the other hand, the trustor anticipates this, so will 

never place trust at the first place which leads to fewer payoffs for both the trustor and the trustee than when 

trust is placed and honored. Such rationality, however, is applicable in a one-shot trust game between two 

isolated individuals, since the incentives would differ if the two-actor game is embedded in a social context. 

Even though the no-trust outcome seems more justifiable
8
, the outcome of a game ‘may be dictated by the 

individual rationality [,in the sense of incentive guided and goal directed action,] of the respective players 

without satisfying a criterion of collective rationality’ (Rapoport 1974, p.4). The trust game, consisting of such a 

conflict between individual and collective rationality, is an example of a social dilemma involving two actors. 

                                                 

7 Trust games are frequently considered as ‘one-sided prisoner’s dilemma game’ where the trustor starts the game by deciding to place 

trust on the other party (Kreps 1996; Snijders 1996). 
8 Technically speaking, Buskens and Raub (2008) use the term pareto-suboptimal in both individual rationality and collective 

rationality cases. The concept is further used to specify the solution of the game utilizing Nash equilibrium as a basic game-theoretic 

specification of individual rationality. For more on this theme refer to (Nash 1951; Buskens 1998; Buskens 2002; Buskens and Raub 

2008)  
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Social dilemma is an area of strategic research for rational choice in social research (Merton and Storer 1973), 

considering actors as interdependent (ibid) individuals, while ‘entirely self-interested’ (Coleman 1964, p.166) 

and ‘rationally calculating to further [their] own self interest’ (ibid).  

Following, is a short explanation of the utility of the Game Theory in analysis of social dilemmas in 

rational choice social research. Social dilemmas are fundamentally formed upon the interdependence between 

actors, meaning that the behavior of one actor has effects on another, establishing the use of game theories as a 

major tool in that respect. ‘Game theory is the branch of rational choice theory that models interdependent 

situations, providing concepts, assumptions, and theorems that allow to specify how rational actors behave in 

such situations’ (Buskens and Raub 2008, p.4). The primary assumption of the theory is for the actors to 

identify their preferences and restrictions in decision situations, as well as other interdependent actor’s, same, 

rational behavior
9
. Buskens and Raub (2008) further combine individual rationality with the assumptions based 

on the embeddedness of actions in network of relations to highlight the crucial effect of embeddedness on the 

behavior of rational actors in social dilemmas. 

2.3 Trust Games  

Studying Trust Games, as a type of social dilemmas, leads us to the problem of order, challenged by 

Parsons (1937), to be solved through conditions specified by rational individuals.  Coleman (1964) further 

asserts that: 

… a society can exist at all, despite the fact that individuals are born into it wholly self-

concerned, and in fact remain largely self-concerned throughout their existence. Instead, 

sociologists have characteristically taken as their starting point a social system in which 

norms exist, and individuals are largely governed by those norms… I will start with an image 

of man as wholly free: un-socialized, entirely self-interested, not constrained by norms of a 

system, but only rationally calculating to further his own self interest. (p. 166-167) 

Radical though Coleman’s perspective is, it has been taken as the basis for rational choice research to 

overcome the problems of social dilemmas (Buskens and Raub 2008). Individuals seeking for their own benefit 

can be governed, to some extent, using extensive explicit contractual agreements. Contractual governance, 

however, has been remarked to be inefficient due to its limitations in regards to many contingencies, that might, 

or in fact do, arise during or after a transaction and anticipating of them is unfeasible or at least prohibitively 

costly (Durkheim 1973). He points out the importance of extra-legal factors for the governance of transactions 

(ibid). Many social network theorists’ contributions to the concept of reputation (Granovetter 1973; Granovetter 

1974/1995; Lewicki and Bunker 1996; Lewicki 2006) have remarked it as an important non-contractual 

mechanism in governance of trust relations. Reputation conceptualizes the fact that individuals receive 

information about the behavior of other actors in the network, and use the information to decide upon their own 

future behavior. Information transfer between individuals, as an essential affecting point on reputation, takes 

place through some kind of relation between actors. Therefore, social network is utilized in modeling reputation 

as a consequence of information diffusion (Buskens 1995). Scholars building a discussion on reputation suggest 

that it is developed resultant from embeddedness in a social context. Embeddedness, in Granovetter’s (1985) 

sense, denotes expected future interactions between two parties who have been previously engaged in a trust 

game. Buskens (2008) designates such by ‘dyadic embeddedness’ (p. 16) and further introduces another type of 

embeddedness, referred to as ‘network embeddedness’ (p. 16). The later expresses the relation of a trust game to 

interactions of the trustor and the trustee with other actors in the network
10

.  

                                                 

9 This is also in line with Weber’s (1947) famous definition of social action 
10 Buskens (2008) also identifies a third type of embeddedness as ‘institutional embeddedness’ (p. 16) referring to the repercussions 

from possible institutions for actors’ incentives and/or information. Such type, present however, is not included in the scope of this 

study. 
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Dyadic and network embeddedness affect trust through two mechanisms: control and learning (Buskens 

and Raub 2008). Control mechanism refers to the case that ‘the trustee has short term incentives for abusing 

trust, while some long-term consequences of his behavior in the focal Trust Game depend on the behavior of the 

trustor’ (ibid p. 16). This means that the trustee has to concede that there is a need for a trade-off between the 

short-term incentives to abuse trust and long-term costs of it, considering the long-term benefits of honoring 

trust. The reason for the need for such rationality is justified by the effects of dyadic embeddedness, knowing 

that the trustor can reward honoring trust and punish abusing it by applying, respectively, positive and negative 

sanctions in the future. Ergo the trustee has to consider that whether the trustor decides to place trust in the 

future is affected by the honoring or abusing trust in the focal Trust Game. Likewise, in the sense of network 

embeddedness, the trustor can inform other actors, whom are in contact with, about the behavior of the trustee 

and therefore influence his reputation in a network of individuals who may be involved with the trustee in future 

Trust Games. The second mechanism, learning, indicates that ‘[b]eliefs of the trustor on the trustee’s 

characteristics can be affected by information on past interactions’ (Buskens and Raub 2008, p. 16). This 

information can be obtained through both dyadic embeddedness – i.e. past interaction between trustor and the 

trustee, and network embeddedness from those who have been previously involved in interactions with the 

trustee.  

2.4   Game theoretic assumptions for the effects of embeddedness on trust 

Buskens and Raub (2008), studying the effects of social embeddedness on trust in a rational choice 

research on social dilemmas, have taken a game theoretic approach to elaborate how the control and learning 

effects of social embeddedness would let individuals be influenced by the effects of dyadic and network 

embeddedness, leading entirely self-interested actors (Coleman 1964) to consider the long-term consequences 

of their behavior. In this approach, the effects of dyadic and network embeddedness are theorized in a simple 

focal Trust Game that is embedded in a more complex game.  

To start, we consider an indefinitely repeated Trust Game (Kreps 1992; Gibbons 2001) – i.e. a simple 

Trust Game played repeatedly for indefinite times between a pair of trustor and the trustee. In this model (Kreps 

1992), a focal Trust Game is played repeatedly between two actors in rounds 1,2,…,t,…, for after each round t, 

the probability of playing another round     is          , while the repeated game ends with the 

probability    . Axelrod (1984) refers to   as ‘the shadow of the future’ (p. 12) for that the larger the 

continuation probability, the larger the expected payoff of each actor in the game. For indefinitely repeated 

Trust Game, an actor’s expected payoff is calculated by the sum of actor’s payoffs that has been discounted by a 

factor of   in each round (Kreps 1992; Buskens and Raub 2008). In the repeated game, both actors can take 

different strategies towards the play. A strategy is ‘a rule that prescribes an actor’s behavior in each round … as 

a function of the behavior of both actors in the previous rounds’ (Buskens and Raub 2008, p. 17). The trustee 

can use a conditional rewarding/punishment strategy, as a control effect, by placing trust in future games as a 

reward of honoring trust, and refusing to place trust in case it has been previously abused
11

. Conditional strategy 

implies that abusing trust will grant the trustee       in one round and only       in future interactions 

where no trust is placed by the trustor. On the contrary, honoring trust will result in larger payoffs than    in 

future interaction, increasing the probability of placing trust by the trustor. A rational trustee, therefore, has to 

trade off between short term         and long term         incentives. Trustee’s tendency for building 

such balance is roughly influenced by the shadow of the future,  , knowing that abusing trust will trigger a 

change in trustor’s  behavior in a way that she refuses to place trust in future rounds. Such severe sanction from 

the trustor in response to trustee’s deviation from trustworthy behavior is labeled as a ‘trigger strategy’ 

(Buskens and Raub 2008, p.19). In this manner, the best reaction to a trigger strategy is for the trustee to always 

                                                 

11 Other types of rewards and punishments also exist. For more information see Buskens and Raub (2008) 
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honor trust if and only if the shadow of the future is large enough for a selfish trustee to decide not to abuse 

trust in the current round. This condition is clarified as (Buskens and Raub 2008) 

 
                                

 

 In case condition (1) applies, for large enough , the indefinitely repeated Trust Game has many 

equilibria, e.g. always placing and honoring, hence emerging an equilibrium selection problem (examples of 

equilibria for repeated games can be found in (Rasmusen 2007, chap. 5)). One criterion for choosing between 

equilibrium points in the context of game theory is ‘payoff dominance’ (Harsanyi 1995). An equilibrium is 

considered payoff dominated if there exists another equilibrium that makes at least one individual better 

off without making any other individual worse off (Fudenberg and Tirole 1991). In the indefinitely repeated 

Trust Games, an equilibrium indicating placing and honoring trust throughout the game is payoff dominant over 

any other equilibrium
12

. In this respect, similar to dyadic embeddedness, the control effects of network 

embeddedness are highlighted in the equilibrium selection problem for indefinitely repeated Trust Games by 

virtue of communication, helping rational actors to coordinate on trigger strategy equilibrium (Buskens and 

Raub 2008). Moreover, generalizing the results of the indefinitely repeated Trust Games to n-person games 

where condition (1) applies, will lead to an equilibrium of the indefinitely repeated games in which actors 

cooperate. Noteworthy in this generalization is the need for an assumption that actors obtain reliable 

information about the behavior of the trustee that has been unfolded in previous rounds of the game (Buskens 

and Raub 2008). 

A more extended form of the Trust Game is one that involves the interaction of a trustee with a number 

of trustors, who communicate through a network and transfer information about the behavior of the trustee in 

previous encounters (Buskens and Raub 2008). In this manner, the communication through network raises new 

considerations for the trustee in regards to reputation, accounting for control effects of network embeddedness. 

A trustee contemplating whether to honor or abuse trust in one round, now needs to take into account future 

sanctions not only from the trustor he is currently involved in a focal Trust Game with, but also from other 

potential trustors who have been informed about his behavior in previous rounds. The impact of information 

diffusion on inducing trust in repeated games, among self-interested rational actors, is evidently obvious in 

different types of complex Trust Games. 

Kreps (1992) suggests that network embeddedness can alternately function as dyadic embeddedness by 

introducing a form of repeated Trust Games where the trustee interacts with a different trustor, and only once 

with that trustor, in each round. Only if the next trustor is accurately informed about the trustee’s behavior in 

the previous round, she can decide upon placing trust in the next round using trigger strategy, while a selfish 

trustee would choose to honor trust if condition (1) applies. 

More complex games (Weesie, Buskens et al. 1998; Buskens 2002, chap. 3) yield hypotheses on how 

the likelihood of trust is affected by the network characteristics, in addition to accounting for the effects of the 

shadow of the future. In these models trust does not have to always be placed. Such models are defined so that a 

trustor ends an indefinitely repeated Trust Game with a trustee to start another one with another trustee, giving 

way to another trustor to start interactions with him, while transfers the information about trustee’s behavior to 

the next trustor with some probability. The controlling feature of these models is that the likelihood of trust is 

                                                 

12 Harsanyi (1998), based on a combination of risk-dominance and payoff-dominance, asserts that the players will choose payoff-

dominant equilibrium over the risk-dominant one. Later, in a reflection of Auman (1990), he claims to be convinced that a solution 

theory for non-cooperative games cannot assume that (Hassanyi 1995). Auman (1990) acclaims that the players will not necessarily 

attain the payoff dominant equilibrium, even though they might verbally claim to do so in pre-play communications, because they 

believe that their strategic thinking will be discovered and anticipated by the other party in the game, hence they will benefit more by 

lying about their intentions. This fact provides a hint to the trust games with incomplete information, which will be discussed later in 

this section. 
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subject to the information diffusion in the network between trustors which is susceptible to network features, 

more precisely structural characteristics of the network (Buskens 1998; Buskens 2002; Buskens and Raub 

2008). To clarify, one example could show an increase in the likelihood of trust where higher density of the 

network among the trustors increases the probability of transferring trustee’s behavior information (Buskens 

1998). Obviously, this applies only under the assumption that the information is reliable, and the problems with 

supplying misleading information, and motives for such, are neglected (Raub and Weesie 1990, p. 648; Buskens 

2002, p. 18-20). Games with complete information (Harsanyi 1995; Buskens and Raub 2008), where the trustors 

are extensively informed about the incentives and different behavioral preferences of the trustee, imply that the 

trustors do not need to engage in the learning effects of the network embeddedness, since there is no need to 

learn about the unobservable characteristics of the trustee. To derive hypotheses on the learning effects of 

network embeddedness, one should relax some core assumptions of rational behavior, so that trust will be 

honored in notable number of rounds, even though the incentives of the trustee to abuse trust are quite 

considerable. Thus emerges the need for the trustor to learn about the motives and behavioral alternatives of the 

trustor to choose whether to place trust, and further justifies her choice. Introducing finitely repeated Trust 

Games with incomplete information (Dasgupta 2000; Buskens 2002), allows reasoning for learning effects of 

embeddedness
13

. 

Considering finitely repeated Trust Games, with the assumption that there is a positive probability for 

the trustee having no incentive or opportunity to abuse trust – i.e.   
     (Buskens 2003, p. 237) incomplete 

information denotes that a trustor is aware of the probability, while she cannot ‘directly observe whether the 

trustee’s payoff from abusing trust is   
  or   ’ (ibid, p. 237). In this manner, a trustee may honor trust for either 

there is no incentive for abusing it, or his payoff from abusing trust is in fact       but he is seeking for better 

reputation. However, he knows in case of his abusing trust, the trustor will interpret the reason as the higher 

payoff for the trustor, hence will never place trust in the future. On the other hand, if the trustee honors trust, the 

trustor would still be uncertain about his motives and might decide not to place trust in the future encounters. 

Ergo learning about the trustee’s incentives needs to occur for the trustor, in order to anticipate incentives of the 

trustee and therefore be inclined to indeed place trust. The effects of learning in Trust Game with incomplete 

information are more conclusive referring to its equilibrium (ibid) in which the game starts by a number of 

rounds where trust is placed and honored, followed by the trustor and the trustee’s random behavior in future 

rounds, under the condition that      , until trust is not placed or abused. Thereupon, the game goes on with 

no trust placed in future rounds until it ends. This equilibrium involves learning – i.e. ‘the trustor [rationally] 

updates her beliefs about the probability that she is playing with a trustee without an incentive to abuse trust’ 

(Buskens and Raub 2008, p. 24), as long as trust is honored in the second phase, or in case trust is abused (ibid). 

In this manner, learning effects of network embeddedness refers to the assumption that the probability that the 

trustor is playing with a trustee without an incentive to abuse trust is affected by the information she obtains 

from third parties, namely those who have been previously involved in Trust Games with the trustee (ibid). 

Models and hypotheses hitherto cast a confidence on making use of the effects of network 

embeddedness in order to solve trust problems in social networks when they resemble Trust Games (Buskens 

1995; Buskens 1998; Artz and Gil 2007). The learning effect of network embeddedness on the level of trust 

between two actors, however, is brought about by proposing two different opportunities for both parties in a 

Trust Game (Buskens 1998). First, a trustor uses the information that she receives from her own interaction with 

the trustee and the variety of other trustors. Second, information diffusion in a network gives the opportunity to 

the trustee for building up a reputation of being trustworthy, suggesting the notion of ‘reputation effects’ for ‘ 

                                                 

13 In addition to the restrictive assumptions of games with complete information, finitely repeated games with complete information 

carry a backward induction which shows that placing and honoring trust cannot be a result of rational and selfish behavior (Buskens 

2008). In order to a set of finitely repeated Trust Games end, equilibrium behavior requires that trust will be abused in the final run so 

that no trust will be placed anymore. This means that the behavior in the last but one does not influence the behavior in the final 

round, which also means that no trust will be placed in the previous round and so forth (Buskens 2008). 
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the possibility of obtaining or spreading information’ about an actor’s trustworthiness (Buskens 1998, p. 266-

267). However, essential in both is the emphasis on the role of information transmitted through social ties in a 

network, albeit with the assumption that individuals are totally confident that the information they receive from 

different resources in the network is accurate. While the models strive to incorporate realistic assumptions by 

including the probability of “no information transmission”, they stick to the assumption that the information is 

always reliable, hence letting unreliable information fool the models. Different types of divergence from the 

assumptions in the models result in counter-intuitive results. The authenticity of the information, however, is 

not accomplished in social networks. Buskens (1998) refers to such facts that oppose the assumption of the 

reliability of the information as ‘noise’ (p. 286). An overview of Buskens’ (1998) game-theoretic model, 

studying the control effects of embeddedness on the level of trust, is provided in the following section. Having 

been familiar with the game-theoretic assumptions and the mathematical solution of the model, I will 

investigate how the assumptions of incomplete information would influence the conclusions, for the effects of 

network parameters on trust level, that are obtained from Buskens’ (1998) model. 
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Chapter Three: Established Findings and Study Foundation 

The model developed in this study is based on Buskens’ (1998) game-theoretic model for the effects of 

social structure of networks on the level of trust. For that purpose, it is useful to discuss the basic concepts 

associated with social network analysis, in addition to Buskens’ (1998) game theoretic model of the effects of 

social structure on trust.  

The influence of social structure on human behavior has attracted the attention of a considerable number 

of scholars (Coleman, Katz et al. 1966; Cook, Emerson et al. 1983; Bonacich 1987; Burt 1987; Markovsky, 

Willer et al. 1988; Freeman, Borgatti et al. 1991; Friedkin 1992; Yamaguchi 1996), however with different 

concerns, utilizing instrumental opportunities offered by social networks to provide an ‘efficient solution to a 

problem’ (Buskens 1998, p. 269). Focusing on interactional features, ‘Regular patterns of information exchange 

reveal themselves as Social Networks, with actors as nodes in the network and information exchange 

relationships as connectors between nodes’ (Haythornthwaite 1996, p. 323). Haythornthwaite’s (1996) 

definition of Social Networks accords with that of the Social Network Analysis approach which ‘… focuses on 

patterns of relationships between actors and examines the availability of resources and the exchange of 

resources between these actors’(Scott 1991; Haythornthwaite 1996, p. 323). Although Haythornthwaite states 

‘Information exchange’ in her definition of Social Networks, she later sticks to the use of ‘exchange of 

resources’ instead and, in accordance with Wellman (1996), states that ‘the resources exchanged can be of many 

types, including tangibles such as goods, services, or money, or intangibles such as information, social support, 

or influence’ (Haythornthwaite 1996, p. 324). Each relationship refers to a particular type of resource exchange 

and is considered as a specific kind of interaction
14

 between actors (Haythornthwaite 1996). The actors who 

exchange these resources can be individuals or organizations (Haythornthwaite 1996; Wellman 1996; 

Wasserman and Faust 1999). 

The research on information diffusion, which aims to predict the rate at which information is spread 

within a social network, is applicable to many different fields, including trust in social encounters. The level of 

trust would increase resultant form the information distribution, as if information about opportunistic behavior 

of individuals spreads rapidly within a network, they are more likely to abstain from behaving opportunistically 

in order not to lose an acceptable/good reputation (Buskens 1998). A substantial set of results is available from 

several scholars indicating the way the rate of information diffusion is dependent on network measures, leading 

to directly relating network measures to trust. Granovetter’s (1985) and Coleman’s (1994, Chap. 5) well-known 

established result is that the higher density in a network, the higher level of trust that can be placed. Other 

findings (Coleman, Katz et al. 1966, p. 85; Rogers 1995, p. 273-274) claim that actors who possess a more 

central position in a network are expected to receive and spread relatively more information. The centrality 

effect can be generalized by arguing that a trustor can develop a higher level of trust if she talks to actors who 

talk to more other actors and/or if she receives information from those actors who receive information from 

many other actors (Buskens 1998). Indeed, faster information diffusion is promised only under the assumption 

that people keep transmitting information. Moreover, the relatively ample impact of bridges on information 

diffusion, introduced by Granovetter (1973), claims that two closely connected communities are provided by 

non-redundant, thus useful, information in case they are connected together by a bridge, which makes it 

possible for information to travel between clusters. Nevertheless, a locally concentrated set of tied actors can 

hinder the spread of information by enclosing it in one part of the network. Additionally, intuitive assumptions 

have led to another set of findings in regards to network centralization in heterogeneous network, where actors 

do not hold the same numbers of outgoing and ingoing ties. Buskens’ (1998) model of interpersonal trust in 

                                                 

14 The kind(s) of interactions to be considered are determined by the researcher (Haythornthwaite 1996). The types of relationships 

build a picture of opportunities for and occurrences of information exchange related to the field of study. 
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social network, as the base of this study, aims to explain how a trust problem can be solved utilizing such 

network measures in combination with the properties of the trust problem.  

3.1 Social network analysis 

This section provides an introduction to the network parameters used in this study. Social network 

analysis is rich in conceptualization, however, lacks testable implications (Buskens 2002, chapt. 2), which 

would have led to theoretical predictions explaining the expected effect of network positions on a dependent 

variable. In this respect, Buskens (1999) presents informal arguments about the effects of core structural 

properties of social networks on information communication processes. He further expands such effects on the 

level of trust in social network when he asserts ‘… the effects of social networks on trust depend, at least in my 

theory, primarily on how fast trustors in a network can transmit information to other trustors and how quickly 

they receive information’ (Buskens 2002, p. 31-32). Such analysis of social information diffusion effects on 

trust is credible only if the transmitted information is assumed to be accurate (Buskens 1995; Buskens 1998; 

2002; Buskens and Raub 2008). Following, is a short description of the network concepts that are essential for 

the current study. 

For social network analysis, a common framework is the mathematical approach of graph theory (Scott 

2007, chap. 4), which proposes formal concepts for the substantive features of social networks. A graph 

diagram is a set of nodes and ties between them that aims to represent each raw and column in an incidence 

matrix A – i.e. a     matrix that includes the relational data of a network with n nodes (Scott 2007, p. 64). To 

include structural elements of networks in the calculations for trust, social networks are conceived as valued 

directed graphs with weighted nodes (Buskens 2002, chap. 2).  In a valued directed graph, the matrix A 

indicates the value of the ties directed from one node to another. The values are added to the ties for the purpose 

of including the strength of links between nodes, that are in turn weighted to specify the importance of a given 

trustor for the trustee (Buskens 2002, chap. 2), for that ‘… the sanction of a more important trustor can be more 

severe for the trustee than the sanction of a less important trustor’ (ibid, p. 32). Buskens (1995; 1998) has 

delineated the importance of the trustors by introducing the concept of different types which can be interpreted 

as groups of trustors that are segments of a certain social environment (Buskens 1995, p. 3). The importance of 

each segment is given in a vector   including the proportions of trustors of each type where ∑   
 
      

(Buskens 1995; 1998; Weesie, Buskens et al. 1998; Buskens 2002; Buskens and Raub 2008). These 

probabilities can be interpreted either as the population in each segment while all trustors in each have the same 

probability of interaction with the trustee, or as the probability of having interactions with the trustee while 

different segments are in the same size. Indeed, a combination of the two assumptions is also applicable 

(Buskens 1995). The formal notation of a valued directed graph representing   weighted nodes is the       

pair, where   is an     matrix in which    ,        , is the strength of the tie from actor   to  . Link 

strength is one of the determinant qualities of heterogeneous networks. In contrast to homogenous networks, 

where       for all    , ties can be different in strength, and resembling different patterns – e.g. a chain, 

circle, star, in heterogeneous networks. Network parameters, such as centrality of an actor in a network, 

measure certain aspects of network heterogeneity and further influence the information diffusion in networks 

and trust (Granovetter 1973; Buskens 1995; Snijders 1996; Gibbons 2001; Buskens 2003; Guha, Kumar et al. 

2004; Barrera 2005). Frequently discussed in social network literature, network parameters are classified into 

(1) individual network parameters, that measure the properties of one actor in the network: outdegree and 

indegree measures, Degree-Quality, and Local-Density, and (2) global network parameters that are the 

properties of the network as a whole: density, transitivity, and centralization (Buskens 1995; 1998). The level of 

trust, however, is always at individual level, while indeed can be influenced by global network properties 

(Buskens 1998). Following is a formal definition of a set of individual and global network parameters that are 

necessary to be familiar with for this study, those that cover the main structural properties, for valued networks 

with weighted nodes.  
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OUTDEGREE 

 

Outdegree is a parameter to measure ‘… the extent to which an actor in a network communicates 

information to other actors’ (Buskens 1995, p. 34). For valued networks with weighted nodes, outdegree is 

defined as the sum of the values of the outgoing ties from a focal actor, weighted by the importance of the 

actors at the other end, divided by the maximal possible value of the weighted outgoing ties for that actor. It is 

assumed that an actor with higher outdegree transmits information faster, and to more actors in the network 

(Buskens 1995). The formal definition of the outdegree for actor   is  

 

        
 

    
∑      

   

                                      

 

INDEGREE 

 

Indegree is a parameter measuring ‘… the extent to which an actor receives information from other 

actors’ (Buskens 1995, p. 35) and it is defined analogously to outdegree, for valued networks with weighted 

nodes, as 

 

       
 

    
∑      

   

                                      

 

A higher value of indegree signifies that an actor receives information sooner, and from many other 

actors in a network. 

 

LINK-STRENGTH 

 

Link-Strength, as a network measure, is different from the importance of a trustee or the probability of 

interactions between two actors in a network. Link-Strength is defined to measure to what extent a piece of 

information would influence the recipient, regardless of the amount of such information that she receives.  I 

would argue that if the relationship between two actors is strong, a piece of information from one can influence 

the other even with the least effort form the sender.  

Here, I suggest for the strength of a tie to be defined as the average number of two-way interactions 

between two actors that are connected by that tie. Link-Strength,       , is positively related to the number of 

incoming and outgoing interactions between two nodes of   and  . 
 

       
       

               
                                       

 

According to Link-Strength, actors with low indegree and low outdegree values can be considered to be 

fake friends because low indegree value signifies that the node either lacks intimate friends or its friends are 

inactive. Note that the low outdegree value shows that the user is not a spammer.  

 

DENSITY 

 

As a global network parameter, Density is defined to be the proportion of the number of ties to the 

number of possible ties. Density     for the valued networks is the sum of the values of all ties in the network 
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divided by the sum of all the maximal valued for the ties (Buskens 2002, chap. 2). Density is formally defined 

as follows (ibid): 

 

  
∑ ∑           

 
   

∑ ∑        
 
   

                                      

 

It can be argued that the communication of information carried out faster in networks with higher 

density, since the information is expected to be transmitted faster in dense networks that in sparse ones 

(Buskens and Yamaguchi 1999). 

I will briefly mention the additional network parameters since they lie beyond the scope of this study, 

but have been studied in the literature. One is Centralization, a global network parameter, which measures the 

differences in Outdegree or Indegree of the actors in a network (Buskens 2002, chap 2) through the variance of 

the degrees: Degree Variance and Outdegree-Indegree Covariance. It is argued (ibid) that the information 

transmission rate decreases with Outdegree or Indegree Variance, whereas the level of trust is higher around 

those trustors who have high Indegree as well as a high Outdegree (Weesie, Buskens et al. 1998). Transitivity is 

another global network measure that is expected to have a negative effect on transmission of information in a 

network. A network is called transitive if, in a triad of three actors        , the existence of a tie from   to    and 

from   to   indicates the existence of a tie from   to   (Buskens 2002, chap 2; Scott 2007). Information is 

transmitted slower in highly transitive networks because it can be caught among subgroups of actors. This has 

been implicated by Granovetter (1973) where he states that it is more problematic to trust a leader if the 

network of his followers is fragmented. Following is a description of the game theoretic model for trust in social 

networks through which the effects of network measures on the level of trust are inferred.  

3.2 Game-theoretic model for control effects of embeddedness on trust in social networks 

Trust, in addition to its antecedents, is developed through social interactions and is measured within 

social encounters. Most studies on measuring trust conceptualize the trust problem as a social dilemma (Bos, 

Olson et al. 2002; Davis, Farnham et al. 2002; Riegelsberger, Sasse et al. 2003) and measure it throughout a 

game theoretic perspective (Zheng, Veinott et al. 2002; Riegelsberger, Sasse et al. 2003; Buskens and Raub 

2008). For trust to be measured, there is a need for identification of its properties, and for it to be modeled a 

series of basic assumptions is necessary. Below is an overview on the model of effects of social structure on the 

level of trust proposed by Buskens (1998; 2002, chap. 3), in addition to a set of assumptions and supporting 

basic formal definitions. Furthermore, the resultant hypotheses and theorems, based on which the model in this 

study is developed, are going to be discussed. 

3.2.1 The game-theoretic model - assumptions 

Heterogenous Trust Game (HTG)   , a model of simple trust relations (Kreps 1992; Dasgupta 2000) , is 

a constituent game that is repeatedly played by a subset of actors. To model the control and learning effects of 

social networks, actors are assumed to inform other individuals about their experiences in different periods of a 

Trust Game. HTG starts with the first move from the trustor by choosing whether or not to place trust on the 

trustee (Buskens 2002, chapter 3). The trustee’s incentive to abuse trust,    ,  is generated by nature 

randomly from a continuous probability distribution   with full support on      . In the HTG, both trustor and 

trustee become informed about  , while this may not be the case in repeated games with incomplete 

information
15

. If the trustor does not place trust     , the game is over and both parties receive a payoff   , 

                                                 

15 Repeated Trust Games with incomplete information form the main arguments in this study and are going to be discussed further in 

this section.  
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     . If she places trust     , the trustee decides whether to honor or to abuse this trust. If the trustee honors 

trust     , both players receive iR > iP , 2,1i , whereas in case the trustee abuses trust     , the trustee receives 

2T > 2R  ,        , while the trustor will receive 1S < 1P . The extensive form of Trust Game is illustrated in 

Figure  3-1. The double lines represent a move that is predicted for every actor to make in the corresponding 

node of the game. The unique subgame-perfect equilibrium
16

 ,     , of the game    involves the trustor not to 

place trust for any     (Buskens 2002, chap. 3). Obviously, the equilibrium is not efficient since both actors 

rather the situation in which trust is placed and honored        than no trust        (ibid).  

Repeating HTG in a network, where    is played between a trustee and one of the trustors in a network 

of   trustors of   types      , in discrete points of time          , is referred to as Iterated Heterogeneous 

Trust Game (IHTG) and is denoted as                 (Buskens 1995). A trustee is considered as ‘long-

lived’ (Buskens 1995, p. 3; Buskens 2002, p. 57), whereas a trustor of type   dies – i.e. stops playing the Trust 

Game at some point, with the probability   , called the death rate (ibid). It is assumed, in Buskens’ (1995, 1998, 

2002) model, a new trustor is introduced only after one trustor dies, where a trustor’s survival is independent of 

the history of the game. The new trustor of type   is chosen with probability     . While a trustor of type   

lets the turn to another trustor of type  , information about her previous experiment with the trustor is 

transmitted to the new trustor with the probability    .     is the probability that a tie exists between trustors of 

type   and   and represents the density of ties between trustors of the two types
17

. It is important to mention that 

    is the density between trustors of type   and it is not necessarily equal to 1. If the information is exchanged, 

it is always accurate information, and the new trustor always takes this information into account in her 

subsequent decisions (Buskens 1998). It is assumed that HTG is often played infinitely and the trustors act 

sequentially – i.e. the trustee is engaged in a transaction with no more than one and only one trustor at a time. 

At any point of time, payoffs are assigned to the players involved in the current game. However, to include pure 

time preferences, payoffs are exponentially depreciated with a factor           for every following game, 

while the payoff for players who are not involved in a transaction at time   is equal to 0 (Buskens 1995, p. 4). 

Thereupon, for a player  , the total payoff together in a stream of payoffs             is calculated to be 
∑      

 
   . It is worth to mention that the depreciation rate is considered to be essentially the depreciation rate 

of the trustee (ibid).  

An IHTG progresses in discrete points of time, to wit between times   and    . Transition between the two 

time slots takes place together with either one of the following events: A series of transactions is continued by 

the same trustor, a new trustor starts a series of transactions with the trustee and be informed about the behavior 

of the trustee by the previous trustor, or a new trustor is chosen to start transactions with the trustee whereas no 

information is achieved from the previous trustor. The probability of information exchange between time   and 

    are summarized in a transition matrix   (Buskens 2002, chap. 3), in which     represents the probability of 

the information communication from the trustor   to  , where the former transaction was of the trustee with 

trustor   and the following is with trustor  . Accordingly,                   (ibid). It is essential to note that 

the next trustor can be chosen to be of the same type as it was before, so the probability     is not zero and 

equals           (ibid). 

 

                                                 

16 A subgame-perfect equilibrium is a combination of strategies for each player of a game that is a Nash equilibrium for the game 

AND each sub-game, where, in the Trust Games, a trustee decides to honor or abuse trust. Such strategy combination is Nash 

equilibrium if each actor’s strategy is the best against others’ strategies in the sense of maximizing the actor’s payoff against the 

strategy that others apply. For more information, refer to the references in the relative area, most importantly Nash, J. (1951). "Non-

cooperative games." The Annals of Mathematics 54(2): 286-295.. 
17 It is assumed that the previous trustor transfers the information perfectly and accurately (Perfect recall) (Buskens 2002, chapter 3) 
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Figure  3-1 Extensive form of the Heterogeneous Trust Game where     𝟐 

Adapted from Buskens (1995) 

 

Two important basic assumptions are yet crucial to be noted: assumptions regarding to the heterogeneity 

of the Trust Games, in addition to those considering games with incomplete information. The heterogeneity is 

obtained when we postulate (1)     can be different between different types of trustors, and (2) payoffs are not 

the same in every game, resulting in different incentives to abuse trust in each round. Furthermore, regarding 

the information that actors have about the game, an extreme but standard assumption is that actors in a network 

are all informed of the features of the game – i.e. order of the moves, payoffs of all players etc. Nonetheless, 

this is not the case for games with incomplete information, which is the framework of this study. Albeit actors 

are informed of the structure of the game                 and the full description of the model is common 

knowledge among players, actors are not provided with information regarding to the payoffs that further would 

lead to anticipations of trustees’ incentives to abuse trust. More descriptive facts about games with incomplete 

information are going to be discussed further in the following sections. 

Including assumptions for heterogeneity, rather than analyzing iterated Homogenous Trust Games, is in 

consequence of the fact that, first, it is more realistic to have variant incentives to abuse trust in every 

transaction (Buskens 1995), as trustors can decide not to place trust in some periods of the game because   can 

be very large. Therefore, some inefficiency is always expected which, however, is more realistic to expect so. In 

addition, incorporating more complicated assumptions to the Heterogeneous Trust Games, while it is still 

mathematically traceable, proceeds to an equilibrium which is more intuitively justifiable and in accordance 

with actual situations (Buskens 1995), where both the trustee and the trustor cooperate – i.e. trust is placed and 

honored. Furthermore, it provides the opportunity to calculate comparative statistics for different parameters in 

the model. One such parameter of Heterogeneous Trust Games is a certain threshold value   to identify the 

probability of cooperation
18

 between two parties: trust is placed and honored only if      (Buskens 1995; 

                                                 

18 Buskens (1995), in his paper Social Networks and the Effects of Reputation on Cooperation, explores ‘the management of trust 

relations – i.e. mechanisms that induce actors to place and to honor trust’ (ibid, p. 1). He argues on the importance of non-contractual 

mechanisms, reputation in this case, for the governance of transactions as ‘[i]t is often not efficient to arrange complex transactions 

with extensive explicit contractual agreements’ (ibid, p.1). This further leads him to assert that      can be used as a determinant for 

how complete/incomplete contracts in a transaction are. 
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2002; Buskens and Raub 2008). Accordingly, the two parties in a Trust Game cooperate with the probability of 

     (Buskens 1995). Ergo, the thresholds are taken to be a measure for efficiency, since higher threshold 

results in higher proportion of transaction      in which trust is placed, hence higher efficiency (Buskens 2002, 

chap. 3). The threshold value is the solution of the game and is referred to as the level of trust a trustor can place 

on a trustee (Buskens 1998, p. 271). 

3.2.2 The game-theoretic model – the solution equilibrium 

The solution equilibria for                 is analyzed in trigger strategies defined via thresholds   , 

knowing that all trustors of type   use a trigger    , and the trustee chooses a     for making a decision upon 

transactions involving trust (Buskens 1995). This means that a trustor’s decision for placing trust is triggered by 

the information that she obtains, either from own experience or from another trustor, about the trustee’s 

behavior in previous transactions. Trigger strategies stipulate that in a decision node characterized by the pair 
     , a trustor of type   will place trust      if       AND the trustor has no information if the trustee has 

abused trust     , otherwise she will decide not to place trust      (Buskens 1995, p. 6). Similarly, the trustee 

will honor trust      if      , and abuse trust      otherwise (ibid).  

As the solution of the model is described by Buskens (1995, p. 6), in a subgame perfect equilibrium 

(hereafter spe) for the IHTG                , the thresholds for the trustor and the trustee are the same 
         , meaning that in equilibrium, trust will not be abused if it is placed, however, it will not always be 

placed by the trustor
19

 (ibid). As a consequence of defining such properties for the IHTG, the trigger strategy 

vectors are denoted by             (ibid). The condition of trigger strategies for this vector to be in spe, 

considering an IHTG                , is defined in a theorem by Buskens (1995, p. 7) as if and only if 

 

            
 ( ̃   )                                                          

Where, 

   is the  -th unit vector of length  ; 

 ̃           , and     is defined as it was previously in the transition matrix; 

     (                   ).  

  

However, in order to choose a preferably unique equilibrium among multiple equilibria in trigger 

strategies, the circumstances of payoff dominance (Harsanyi and Selten 1988; Buskens 1995; 1998; Buskens 

and Raub 2008) is utilized. A payoff dominant equilibrium is considered to be most probably chosen by the 

players, comparing to another equilibrium, in view of the fact that it is a Pareto improvement, for which every 

player is better off (Buskens 1995). Buskens (1995, p. 7; 1998, p. 273) suggests a unique Pareto optimal spe in 

trigger strategies to be the solution of the game with threshold    for which 

 

  
           

 ( ̃   )                                                           

 

In the payoff dominant spe, equation (3.2.2.2),    is called the solution of the game, where       serves 

as the predictor for the behavior of the trustor. Buskens (1995) applies a number of circumstances for special 

cases in which the complexity of the equation decreases dramatically
20

, giving the opportunity to uncover the 

way the solution of the game depends on different parameters. The results show how the solution depends on 

                                                 

19 The properties of an IHTG                 is introduced and discussed in detail as a theorem by Buskens (1995). For the theorem 

and its proof refer to the paper by Buskens (1995). Here, to refuse more technicality, and since more detail is not necessary to 

enlighten the facts, such theorems are merely mentioned and, mainly, the results are of use.   
20 More details in this respect and simplifications can be found in Buskens (1995). 
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the parameters of the model. First, the trust threshold    and the efficiency       increase with the sanction 

potential         and the depreciation rate,  , of a trustor. This means that if the punishment from the 

trustors are more severe and the future interactions are more important for the trustee, a trustor will place more 

trust. Moreover, the trust threshold decreases in the death rate,  , of the trustor, as well as in the median of the 

trustee’s temptation for abuse trust. Finally,    increases in the strength of network ties    . In addition, the 

level of trust for all trustors increases in    , if trustors of different types are connected to each other. It is of 

importance to note that     can be interpreted as either the percentage of existing ties between trustors of type   

and  , or the average frequency of contacts between them (Buskens 1998, p. 274).  

The abovementioned results are highly in accordance with intuition. The last assertion aims to 

accommodate network structural effects so that an increase in the level of trust is expected as the result of 

stronger or more individual network ties. Even though this result is bold, it cannot be interpreted as an 

outdegree effect for a single trustor, or a density effect for other trustors who are indirectly influenced (ibid).  

One can see that such results provide only a basic understanding about the effects of a few network features. It 

is not possible to derive analytical results for whether the trust threshold decrease or increase with an 

individual’s Outdegree (for example), since it is not expressed as a function of relevant network measures. Their 

only implication for the impact of network embeddedness is that ‘… if information about the abuse of trust by 

the trustee stays in the network of trustors for a longer time, the consequences for the trustee are worse and, 

thus, the trust threshold would be higher’ (Buskens 2002, p.69). To develop hypotheses about the effects of 

network measures on trust threshold, Buskens (2002, chap. 3) uses two types of approximation, namely 

linearization and simulation. The former is to reduce the complexity of the solution to the IHTG by applying 

linearization around the network parameters of a homogeneous network,   , where the Outdegree for all nodes 

equals to  . Then (Buskens 1998; 2002, chap. 3), 

 

  
            (  

                    

               
  )                                         

where 

       
 

 
                                            

   
  

 
                                                        

 

In addition, two homogeneity assumptions are used in for both    and the network matrix   in the 

neighborhood of   : 

 

   
 

 
                                                              

and 

      
 

   
                                               

for the distribution of the trustee’s incentives to abuse trust. 

Finally, the approximated trust threshold       for   is represented in a theorem by Buskens (1998; 

2002, chap. 3) to be
21

: 

 

                                                 

21  To avoid more technicalities, I have included no more technical discussions than necessary. For more details on the theorem refer 

to Buskens (2002, chapter 3). The proof of the theorem can also be found in Buskens (2002, Appendix A). 
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The immediate suggestion of the abovementioned theorem is that the parameters of the game determine 

the magnitude of the change in the trust threshold with a change in a trustor’s Outdegree or Density. In the 

equation, the size of the effects of Outdegree and Density are weighted by         and           , 

respectively. The positive effects of changes in the Outdegree and Density on the trust threshold are predicted 

because    and    both take positive values
22

. It is important to note that because    is not monotonic in any of 

the parameters, it is not possible to conclude interaction effects between Outdegree and Density (Buskens 2002, 

chap. 3). To generalize the results of the linearization to more heterogeneous networks, Buskens (2002) uses a 

simulation method on networks in which the number of trustors,  , varies between 2 and 10. For each value of 

 , 250 networks are sampled resulting in a data set with 13,500 nodes, in overall, clustered within networks 

(ibid). The outcome of the simulation makes it possible to investigate the effects of network parameters in 

combination with the game parameters on the trust threshold. Hypotheses are driven for the effects of different 

network and game parameters, among which I will need to focus only on a limited number of network 

characteristics. For the influence of network measures become more apparent, the following section provides 

the hitherto results from studying network measures isolated from the effects of other parameters.  

3.3 The effects of social structure on the level of trust  

The structural characteristics of social networks offer opportunities to provide answers to the questions 

posed in regards to the trust problem. As it has been discussed earlier, different studies on information diffusion 

are involved in a straightforward relation with trust: the more rapidly the information about the trustee’s 

opportunistic behavior is spread in the network, the less he will behave opportunistically in order not to lose a 

good reputation. In almost all of the studies the characteristics of the network are the only variables to explain 

an actor’s behavior. The results of some of the studies are explicitly related to trust. For instance, Coleman 

(1994) and Granovetter (1985) claim that the level of trust is higher in networks with higher density. Similarly, 

the level of trust is higher around actors with a higher outdegree centrality (Outdegree Value) (Coleman 1994; 

Buskens 1995; Weesie, Buskens et al. 1998). More precisely, the results of the studies by Buskens (1998) and 

Buskens and Yamagichi (1994) provide conclusions on the effects of network measures on the trust level. 

According to these studies, positive effects have been inferred for Density and Outdegree on the level of trust an 

actor can have on a trustee. These two variables, together, can explain most of the variation in the trust 

threshold (Buskens 1998; 2002, chap. 3). However, in addition to having a high Outdegree value, it is also 

                                                 

22 The way that different game parameters influence the effects of changes in the values of Outdegree and Density on trust threshold is 

out of the scope of this study. To find out more, refer to Buskens (1998; 2002, chap. 3) 
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important to be connected to users with a high Outdegree, where trustors send information to those who send it 

to many other individuals. The same is concluded for the higher Indegree values if they are well organized - i.e. 

trustors receive information from those who also obtain much of information. Moreover, trust increases with 

Outdegree-Indegree covariance, which accounts for the impact of a “well-organized” (Buskens 1998, p. 283) 

centralization. It means that the trust threshold is higher for actors with a high Indegree, in case they also have a 

high Outdegree value. Nevertheless, hypotheses for the effect of Indegree are not driven from these models 

(ibid). This is due to the assumptions in the model concerning the complete and accurate transmission of the 

always positive information in the network.  

Several interaction effects of network parameters, namely Outdegree and Density, were found in the 

analysis of the results. These effects imply that as the possibilities to trust in a dyadic relationship decreases (in 

the circumstances of higher death rate of the trustor and higher trustee’s incentives to abuse trust, and smaller 

sanction costs), Density, and consequently the whole network, becomes more important comparing to 

Outdegree. So, if the trust problem is more problematic, Outdegree will more notably influence the trust 

threshold, denoting that even after controlling for Density, trustors with a higher Outdegree will place more 

trust. Accordingly, the effect of network can be estimated as the weighted aggregation of a number of easily 

calculated network parameters among which Outdegree and Density explain about 90% of a network’s 

structural effects (Buskens 1998). Besides, the analytical results of the model do not support the intuitive 

suggestions as far as Indegree is concerned. Evidently, this is on account of the assumptions in the model that 

the information is ‘always and accurately’ (Buskens 1998, p. 286) transmitted to the next trustor, in addition to 

the solution equilibrium in which trust is never abused, so the information about the trustee is always positive 

(ibid). Buskens (1998; 2002, chap. 3) suggests to relax this finding by introducing noise in information 

transmission, e.g. a situation in which trustors cannot transfer information accurately often. In such context, it is 

important to receive information from multiple sources to make sure if the information is of true value.  

Finally, these models do not show any effects of network size and transitivity. These findings provide a 

strategy for estimating the level of trust according to the effects of network parameters, where the collection of 

different data types is hard, costly, or impossible. The analytical results form the basis of the theoretical 

approach used in this study.  

3.4 Theoretical framework  

The foremost conclusion of Buskens’ (1995; 1998) game-theoretic model is the effect of information 

transmission rate on the extent to which a trustor can place trust on a trustee in a network of trustors, who are all 

connected to one trustee. An increase in the trust threshold with the information diffusion rate is inferred from 

tracing the model into its analytical results. However, to maintain the traceability of this model, only a limited 

number of information transmission measures are modeled. Whereas the game theoretic model is to study the 

control effects of embeddedness on trust, Buskens and Yamaguchi (1998) later have developed a stochastic 

model for information diffusion in heterogeneous social networks from which learning effects can be explicitly 

derived. In this model, information transmission rate is defined as how long it takes for the information to travel 

in the network, utilized to measure how fast a focal trustor obtains information about the trustee’s behavior. The 

information transfer opportunities and structure can become more complex in the stochastic model than in the 

game-theoretic one. Nevertheless, I study the “noisy” environment in the game-theoretic context for two main 

reasons. First, hypotheses about the learning effects of embeddedness on the trust level cannot yet be driven 

from the stochastic model of information diffusion. In addition, whether learning can increase or decrease trust 

depends on the content of the information that a trustor receives (Buskens 2002, chap. 4), which is considered 

as an empirical issue. The prediction about learning effects on trust can be derived from the stochastic model 

only in case of available empirical data about the content of information on the behavior of the trustee AND if 

the information is consistent (Buskens 2002, chap. 4). Inconsistent information can simply make a trustor more 

uncertain about the characteristics of the trustee. Second, even though more effects of network parameters can 
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be found in the stochastic model of information diffusion, due to more complex information transmission 

process, there seems to be no essentiality for more measures, since ‘[d]ensity and outdegree are the most 

important predictors for trust’(Buskens 2002, p. 119), meaning that this couple of measures provide a satisfying 

prediction of all variance that can be attributed for the trust threshold to a network. The results of the diffusion 

model are consistent in this respect with those of the game-theoretic one. In addition, in spite of the game-

theoretic model, no influence between network and non-network parameters can be concluded from the 

stochastic model, since no transactions are included in the model. 

Some attention has been previously paid to the parameters in the game-theoretic model for which no 

hypotheses could be derived. The focus on trigger strategies and the complete information assumption resulted 

in a solution in which the prediction about the level of trust is independent from some network parameters, such 

as indegree value, and some game parameters, namely the payoff or discount factor of the trustors. In the 

equilibrium of the solution, trust is never abused because trustors place trust only if the short-term incentive of 

trustee to abuse trust is smaller than his sanction cost. In each and every round of the Trust Games, the trustee 

has to decide if he rather abuse trust and receive a payoff      now followed by    thereafter, or honor trust 

and  to receive    in all cases where   is small enough. Obviously, as long as the trustors in such a setting have 

the same information that the trustee does, they will figure out the calculation for him and they will, indeed, 

never place trust if an abuse of trust is evident in the end result. Note that under the assumption of complete 

information, the structure of the social network, trustee’s incentives, the value of payoffs, and discount factors 

are common knowledge for the players. One consequence of the fact that trust is never abused in the 

equilibrium is that there will be no information about abuse of trust in the network, hence depreciating receiving 

information. Nevertheless, asserted by Buskens (2002, chap. 3), ‘indegree plays a central role in a more “noisy” 

environment’ (p. 90). A trustor, who receives additional negative information about abuse of trust by the trustee, 

needs to obtain repeatedly negative/positive information to be convinced that the trustee is 

untrustworthy/trustworthy in order to decide whether to execute sanctions. Buskens (1998; 2002, chap. 3) 

suggests introducing assumptions for games with incomplete information into the model to extend the game-

theoretic model to one from which hypotheses for more network measures can be derived. Following, I will 

propose a set of assumptions for the parameters of the game, consideration of which can represent a context for 

games with incomplete information. 

The game-theoretic model makes assumptions based on the complete information and focuses on trigger 

strategies, resulting in an equilibrium in which trust is never abused in case it is placed. This leads to no 

information about abuse of trust available in the network, hence any negative information about the behavior of 

the trustee. Therefore, receiving information is not essential, and hypotheses about the effect of indegree and 

other related network parameters do not follow from the model, as the trustors will not obtain any distinctive 

information about the trustee. After all, the role of indegree is more conclusive in a “noisy” environment (1998, 

p. 286; Buskens 2002, p. 90). A trustor could be reluctant to sanction a trustee if she obtains information about 

the abuse of trust form one trustee and she cannot verify the information herself. She will decide to execute 

sanction only in case she receives such negative information repeatedly. The extent to which trustors receive 

information in a network, indegree, thereupon will have an effect on trust (Buskens 2002, chap 3). Regardless 

of the ways different trustors could interpret incoming information about the trustee’s behavior to further 

forward it to the next trustor in the game, it is reasonable to conclude that, in the context of noise, a trustor with 

larger indegree is more certain about the accuracy of information in hand by virtue of obtaining information 

from multiple sources (Buskens 1998), hence the positive information about the behavior of the trustee is more 

reliable when it is transmitted through that trustor. Accordingly, an inactive user – i.e. an actor with a large 

indegree and a small outdegree, is a source of reliable information which does not contribute to the flow of 

information in the network. Therefore, an inactive user can be considered as a source of noise in the network on 
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account of its effect in reducing the accuracy of information that is flowing in the network of trustors
23

. Even 

so, this assumption is not in conformity with the assumptions of games with complete information. One way to 

extend the game-theoretic model, in order to accommodate the effects of noise, is to relax the assumptions of 

complete information and take a newly proposed set of assumptions into consideration by introducing games 

with incomplete information (Buskens 1998, p. 286; Buskens 2002, p. 90). Such assumptions would involve 

different aspects of the model, for which more precise discussion is provided during the development steps in 

the next chapter. Buskens (2002, chap. 3) points out a number of examples to be respected as incomplete 

information: trustors do not know about the exact incentives of the trustee, they cannot perfectly interpret the 

information they obtain on the behavior of the trustee, and the trustors or the trustee does not have exact/enough 

information about the structure of the network of trustors.  

In addition to the influence of users on the information in transit, noise could also originate from the 

pure nature of information transmission. Arguments by social psychological studies (e.g. Gilovich 1987) claim 

that even relatively simple messages can be affected by noise in transit, and that ‘first-hand information differs 

considerably from second-hand information’ (Buskens 2002, chap 4, p. 122). Information can be heavily 

distorted after a number of steps in transmission since the receiver on each step may not “understand” 

information as it is intended to be, even though actors are willing to transmit information accurately. However, 

a perceptive point of view would take into account that actors might have reasons for intentionally distorting 

information (ibid). One example could refer to competitor trustors who misrepresent information about the 

behavior of the trustee in order not to disclose their failures to other trustors (ibid). Another kind of intentional 

behavior is a case in which actors choose the other actors to whom they want to transmit information. As an 

example, actors might make an effort to inform certain contacts only because of being aware that those users are 

more interested in some information than others are, even though they do not meet frequently. A specific form 

of such goal-oriented behavior is one in which actors decide to send information hyper-repeatedly and create a 

load of spam in a network. In this manner, spammers can be identified as another source of noise on 

information transmission, since it can be seen that the consequence of their activities is devaluing information 

since actors discard the information that they receive from spammers excessively often. Moreover, being 

superfluously exposed to a piece of information might make actors resistant to it. Inoculation theory, developed 

by McGuire (1966), proposes an argument that a process analogous to that of medical inoculation works with 

people responding to contagious messages. If individuals are exposed to a weakened form of assertions, some 

mild form of counterarguments, or frequently repeated arguments, given enough time, they would build their 

internal defense against those infecting debates (Monge and Contractor 2003, chap 6) and they will be resistant 

to the subsequent information containing  these types of arguments. In other words, they are inoculated leading 

to the failure of the contagion process. Such arguments are valid in the context of a more realistic information 

diffusion model that incorporates the idea that ‘an actor does not receive information as a package relinquished 

by the sender, but rather is “infected” by the information given to him’ (Buskens and Yamaguchi 1999, p. 5). 

Therefore, the information can be considered as unreliable not only due to inaccuracy, but also resultant from 

misinterpretation, information inoculation etc.  

In the next chapter, I attempt to form a set of assumptions based on the arguments provided in the 

theoretical framework. The model consists of assumptions for incomplete information in order to implement the 

situation in which the structure of the game is not perfectly known to the players, the information is not 

accurately transmitted, and spammers and inactive users can create noise in information transmission. It is 

expected that with the analysis of the data that is resulted from simulating such situation, hypotheses about the 

learning effects of Outdegree, Indegree and Link-strength are capable to be driven for games with incomplete 

information.  

                                                 

23 Further negative effects of inactive users on the parameters of game in the context of incomplete information, in addition to the 

network parameters, are going to be discussed while developing the model for trust threshold.  
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Chapter Four: The Model for the Effect of Noise in Information Transmission 

 Hypotheses that can be driven from the game-theoretic model in regards to information transmission 

effects are related to the potential for trustors to sanction the trustee in case of an abuse of trust (i.e. control 

effects of embeddedness). Information transmission opportunities are served merely by outdegree and density, 

whereas no hypothesis for indegree could be driven from the model. More precisely, it is reasonable to associate 

the learning effects of embeddedness to indegree of the focal actors, in addition to indegree centrality as a 

global network measure to accommodate the effect of information recipients on trust threshold in addition to 

those who spread the information about the trustee’s behavior. Yet, the learning effects are indeed conditional 

on the type of information transmitted in the network (Buskens 1998; Buskens 2002, chap 4; Buskens and Raub 

2008) – i.e. a trustor is expected to place more trust on the trustee if the information that she receives is mostly 

positive, and less trust in case of obtaining negative information more often. If the information is inconsistent, 

there could be no clear conclusion whether a trustor with larger indegree would trust the trustee more or less.  

4.1 The Model 

The game-theoretic model for measuring trust threshold developed by Buskens (1998) has been 

acclaimed to be the first model that provides hypotheses about both individual and global network parameters, 

in addition to deriving hypotheses about non-network parameters AND their interaction effects with network 

parameters (Buskens 2002, chap 3). The outcome of the model suggests that network parameters influence the 

extent to which trustors would place trust on the trustee mainly through outdegree and density, whereas other 

network parameters have not been concluded to be influential on trust threshold (Buskens 1995; 1998; Buskens 

2002, chap 3; Buskens and Raub 2008). However, such hypotheses have been driven based on a Pareto optimal 

equilibrium in trigger strategies for games with complete information. Such context requires postulating several 

assumptions and considerations in various aspects in developing the model. To extend the game-theoretic 

model, so that predictions about the effects of network parameters in the context of noise can be derived, we 

should relax a number of selective assumptions. This may involve different aspects of the model. In this section, 

I will first introduce the assumptions regarding the existence of negative information about the trustee’s 

behavior in the network, followed by stating the assumptions that are to be relaxed for developing the model, 

and introducing the circumstances for games with incomplete information.   

As it has been previously discussed, the game-theoretic model does not circumstantiate intuitive 

hypotheses as far as indegree is concerned. Aside from indegree effects, noteworthy is the reason for such, 

which is due to the assumption that the information about the trustee’s behavior is, always, positive and 

accurately transmitted in the network. Knowing that the solution of the game proposes an equilibrium in which 

trust is never abused if it is placed, no information about the abuse of trust is spread in the network, hence 

behavior of the trustee is always represented by positive information. I do not aim to manipulate the game-

theoretic context, deviate from trigger strategies, alter the equilibrium or introduce a new one. Notwithstanding, 

I will assume that subsisting information about the behavior of the trustee is not always considered to be 

accurate and neither is perfectly transmitted between trustors. The origin of such information, the amount and 

the order and structure of its transmission is not a matter of concern. Trustors, indeed, follow trigger strategies 

to decide upon placing trust, however triggered not merely by receiving information about the abuse of trust 

from the previous trustor, but as they are “infected” by the information that they receive.  

The game theoretic model discussed in the previous chapter proposes that Outdegree and Density are 

two network parameters which predict almost all variance that could be attributed for the trust threshold. This 

finding has been justified by the outcome of analysis of the model’s results. These two factors are weighted by 

the parameters of the game and considerations of the equilibrium. Still, to satisfy the assumption that users are 

triggered by the impact of information, it is important to find out to what degree they are infected. The answer 

to this question cannot be explained only by Outdegree and Density, since the amount of information obtained 

does not mean that the receiver is certainly affected by it. In order to estimate how much a piece of information 
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can infect a user, I would include an additional network parameter, namely Link-Strength, into the model to 

measure the strength of a tie between two trustors. If the relationship between two trustors is strong, one can be 

influenced even with the lowest amount of information obtained from the other. In other words, users with some 

close friends, which are characterized by strong friendship links, are more likely to influence (or be influenced 

by) them than those who hold many friendship bonds but almost no close friends, provided that the two groups 

create comparable amounts of content. So, the value of Link-Strength can raise the effects of Outdegree and 

Density on trust threshold. Note that Link-Strength is the one that is defined as a network parameter, and is 

different from the probability of the information transmission, which is stored in the network’s incidence matrix 

 . 

Finally, a major concern for measuring the learning effects of network embeddedness is stated by 

Buskens (2002, chap 3) that under the assumptions for the games with incomplete information, the impact of 

the control effects of embeddedness on the trust threshold are lessened to a considerable degree, since no 

sufficient cues from the network are provided for the trustee to control his behavior by a sanction probability or 

a bad reputation aftermath. For that reason, I propose to diminish the role of control effects in the game-

theoretic model and focus on the impact of information diffusion to infer the learning effects of embeddedness 

on trust threshold based on the network parameters. In this manner, the parameters of the game will be defined 

as constant in this model, so no variation of those is included into the model in order not to be influential on the 

variation of the level of trust. Beside, such consequence of incomplete information assumptions is also 

implemented in the methodology of this study by sampling a network with a large number of nodes, who all 

take the same value for the game parameters. 

4.2 The Solution of the Model 

As the first step to incorporate the effect of noise in information transmission into the model, I inspect 

the model for the way spammers would affect measuring trust threshold. Technically speaking, spammers are 

defined as users holding a large outdegree value and a relatively small number as their indegree. The model, 

however, takes spammers into account as those with large outdegree, hence more contributing to information 

diffusion process. A high Outdegree value does not necessarily promote the trust threshold per se, as it is 

weighted by the other factors, but still fools the model into considering the large Outdegree in calculations, 

whereas its value is not a matter of concern. This is due to the fact that the information propagated as spam is 

not of the same value as information transmitted through ordinary flow. Such type of noise, the by-product of 

spamming, leads to a misleading conclusion about the effect of outdegree in the calculation of trust threshold. 

However, since the network graph in the solution of the game-theoretic model is directed and spammers who 

have a zero indegree value are not crawled, because no effect of transitivity is inferred from the results 

(Buskens 1998; 2002, chap. 3), they are automatically eliminated from the calculations.     

The behavior of spammers in regards to information diffusion in the network stands in total contrast to 

that of actors who barely send any information out. These actors are technically represented by a rather small 

number of outdegree. An extreme of such actors are those who have a high Indegree together with a negligible 

Outdegree value, who are referred to as inactive users in this study. Thereupon, to assign a zero value to the 

trust threshold around all inactive users, the value of    is multiplied by the hyperbolic tangent of their 

Outdegree value. In such a way, in case the outdegree is equal/close to zero, the trust threshold will be 

equal/close to zero. 

 

  ⌈        ⌉                                                                          

 

 

Introducing incomplete information into the context of IHTG will involve various aspects of the model. 

Buskens (2002, chap. 3) states some instances of those aspects such as the information that imparts the trustee’s 
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incentive to abuse trust to trustors, and the structure of the network of trustors to the trustee
24

 (ibid). In the 

game-theoretic model with complete information, a trustor can calculate the number of transactions that the 

trustee expects to have with her, even after the trustee has deceived another trustor in the network. The 

calculation is the same as the one that the trustee performs to decide if he would rather abuse trust and receive a 

payoff      or honor trust and receive    in all rounds where   is small enough. Obviously, the trustee’s 

incentive to abuse trust is an essential factor in performing the calculation, meaning that holding back the 

information about the incentives of the trustee will severely hinder the trustors from apprehending the situation. 

This will also make it impossible to figure out the proportion of transaction in which the different trustors will 

place trust. The value of   is incorporated in the model through  , the median incentive for opportunistic 

behavior, of      .   also appears in the model for the trust threshold in homogeneous network    around 

which the model for Heterogeneous Network is linearized. Based on the equation (3.2.2.3),   
  is only 

dependent on the game parameters. Eliminating the role of   
  from the homogeneous network would lead to 

restricting the model to a situation in which less control effects influence considerations for deciding upon 

placing trust, hence assumptions that are closer to incomplete information. For that purpose, I neglect the 

calculations for the homogeneous network, in which the trust threshold is merely depend on the game 

parameters that incorporate the control effects, and aim to measure the variance to the trust threshold which is 

brought to the model by the network variables. In this way, the investigation for the learning effects of network 

parameters will form the main focus of the analysis.  

On the other hand, a trustee tends to optimize the end-game to decide if he is going to honor or abuse 

trust (Buskens 2002, chap. 4). The optimization process requires the trustee to contemplate whether the 

diffusion of information about an abuse of trust will make him better or worse off than honoring trust in the 

same game. Such contemplation is only plausible if the trustee knows which other trustors know about an 

earlier abuse, resulted from a plain structure of the network of trustors for the trustee. Under the assumptions of 

games with incomplete information, the trustee is not informed about the structure of the network of trustors, 

hence not able to predict how many transactions he is going to have with the same trustor. Accordingly, the 

structure of information diffusion in the transition matrix will merely depend on the communication probability 

between different types of trustors. Note that the structure of the network is utilized in the calculation of trust 

threshold for   , which has been dismissed in the earlier assumption. However, intuitively speaking, seldom 

would a trustee assume the exhaustive case of information transmission. Consequently, the network structure is 

assumed to be limited in the eyes of the trustee and this is implemented by introducing networks with a large 

number of nodes, the structure of which seems extremely far from a trustee’s perception and is unknown to him, 

except a few close relations. The description of sampling such networks are going to be provided in the 

methodology section, in addition to an exhibition of the way the control effects are made less influential in 

studying the variation of trust threshold. 

  

  

                                                 

24 More examples of the different aspects of the model which can be influenced by incomplete information, asserted by Buskens 

(2002, chap. 3) are assumptions in which the trustors also do not exactly know the structure of their network, and the trustors cannot 

accurately interpret information obtained from other trustors. 
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Chapter Five: Method 

5.1 Method 

According to the discussions hitherto, the model developed in this study is based on a set of findings for 

‘networks “close” to a homogeneous situation’ (Buskens 2002, p. 74). The findings, therefore, would not be 

capable of being generalized to more heterogeneous networks in which the assumptions for games with 

incomplete information are applicable. To achieve findings applicable to heterogeneous networks, I use a 

simulation method to investigate the effects of network parameters on learning resultant from network 

embeddedness.  

Simulation has been used as a common method for hypothesis testing in similar situations. Buskens 

(1995; 1998; 2002) uses simulation to perform an approximation on the game-theoretic model. His method is a 

variant of the simulation method used in earlier studies (Buskens and Yamaguchi 1999). In this study, a set of 

networks containing a considerable number of nodes is selected to be the basis for simulation. These networks 

are sampled from a real world online social network, Youtube
25

, hence with a higher probability that they are 

close to a realistic structure. The game and network parameters are then calculated for each sample to provide 

the simulated data. This data will be further analyzed using conventional statistical methods to approximate the 

comparative effects of network parameters on the trust threshold. 

5.1.1 Sampled Networks 

Looking back to the development of the model, the size and structure of the network for this study has 

been contemplated, so that a network constituting no information about how the trustors are structured in 

regards to a trustee will lead to a situation closer to the assumptions for incomplete information. Knowing that 

the results of Buskens’ (1998; 2002, Chap. 3) game-theoretic model has shown no effects of network size on the 

trust threshold, I feel free to decide upon the number of nodes in the network. It is worthwhile to recall that, in 

the model developed in this study, no specific trustee is identified. In fact, the trustee is considered to be the one 

with whom a trustor has interactions.  

Building the networks that would form the basis for the simulation was a contemplating task, requiring 

an exhaustive investigation of many factors. Using random networks have been discarded in many earlier 

studies for social networks (Fedorov 1972; Pukelsheim 2006), as it is not a realistic implementation of such 

networks. Newman, Watts et al. (2002) argue that not all random graphs possess similar features to social 

networks, since in actual social networks, some nodes have a skewed degree that makes them specific and 

different from random graphs. Additionally, a few scholars (Buskens 1998b) has used the theories introduced 

by Coleman (1994), or Burt’s (1996) Structural holes, to create a model for network formation in the real world 

case (see Buskens 1998; Buskens 2002, Appendix A; Buskens and Van de Rijt 2008). Some have also claimed 

that the structure of online social networks match the characteristics of small world networks, in which every 

two individuals can reach each other in six steps, so called six degrees of separation (Janssen 2011). Moreover, 

many networks on the web exhibit the characteristics of scale-free networks, i.e. networks in which the number 

of connections to the nodes follows a power-law distribution. We will further see that this is the case for this 

study. 

The networks in this study are sampled from Youtube
26

, an online social network for sharing digital 

content, in the video format, for several purposes, e.g. education, news, entertainment …. Networks are sampled 

starting from a random user, with an active profile and large number of friends, using snowball sampling 

(Goodman 1961; Salganik and Heckathorn 2004). The algorithm is provided with a random video ID published 

                                                 

25 The method of sampling, in addition to the data extraction from Youtube, is going to be discussed in following sections. 
26 www.youtube.com 
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by a user, whose friends are added to the network, with the same structure and connections, as the Youtube 

network is crawled to find them with a snowball method
27

. These sampled networks are then used for the 

simulation. To ensure that the sampling has started from a random user so that the resulted networks are 

independent from each other, the first three characters in the video ID have been chosen among available 

characters (letters, numbers, and additional characters) using a uniform distribution to provide an acceptable 

random seed for the algorithm. The IDs have further been investigated to make sure of having a publisher with 

an active profile and a large number of friends (namely more than 50). Additionally, videos that have been close 

to another in category, content … have been discarded to prevent ending up with networks that partly overlap 

because the algorithm has crawled the same connections of same friends.  

Sampling networks has been performed by running the application, provided with a video ID, for several 

hours to extract sufficient network connections data from Youtube. This resulted in several networks with 

thousands of nodes, among which 6 networks, with the number of users between 10,000 and 19,800, have been 

selected on which the simulation is to be performed. The long running time of the application is necessary for 

two reasons. First, for snowball sampling it is important that a sufficiently large number of network connections 

are crawled in order to ensure that the sampled network, spanning a portion of the real network, is closely 

similar to that portion, since this would lead the algorithm to add such connections to the sampled network that 

are connected to a previously sampled node. Second, since the number of connections per person follows a 

power-law distribution, a substantial number of nodes are required to be sampled, so that a network with a 

variety of connections-per-node is released. Furthermore, previous findings show that trust threshold is slightly 

better predicted for larger networks than smaller ones (Buskens 2002, chap. 3). 

  The total number of 23 sampled networks has been extracted from Youtube network during the end of 

June and the beginning of July 2011. The resulted networks after each execution of application provided hints 

for the length of running the application for the future times. Consequently, a considerable number of sample 

networks, which have been extracted at the beginning of the progress, were discarded due to the few numbers of 

nodes in the sampled networks resulting in a very little variety of information for different nodes. Eventually, 6 

sampled networks were selected to form the basis of the different scenarios in the simulation. Table  5-1 gives a 

summary of the date and application’s running time for extracting substantial data from Youtube, the video ID 

as the random seed for the application, and the number of nodes in each sampled network that are stored in 

separate databases, which includes networks’ data. 

 

Network 

Database 

Video ID Application Running 

Date and Time 

Application Running 

Duration 

Number of Nodes 

Sampled 

DB1 W6AFTc7fxIA 
16th July 2011 

16:44:37 

340 minutes and 

33 seconds 
10,390 

DB2 X2SN1s9PLh8 
16th July 2011 

23:16:05 

521 minutes and 

9 seconds 
15,056 

DB3 726SFblz9Lk 
17th July 2011 

14:21:44 

355 minutes and 

10 seconds 
11,915 

DB4 nEAratiwh0M 
17th July 2011 

22:38:29 

585 minutes and 

49 seconds 
17,077 

DB5 ekQZPozjCX8 
18th July 2011 

10:44:57 

663 minutes and 

3 seconds 
19,736 

DB6 0Gah6O5wBp0 
16th July 2011 

22:36:45 

1,353 minutes and 

5 seconds 
14,997 

Table  5-1 Details on the sampled networks form Youtube.com 

                                                 

27 The Java code for network sampling and simulation is available from the author. 
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5.1.2 Experimental Design 

Each of 6 abovementioned networks constitutes a scenario for which the network parameters are 

computed in the simulation. The values of Outdegree, Indegree, Density, and Link-Strength are calculated for 

every node in the network. For each node, two values of trust threshold are calculated: model 1, and model 2. 

Model 1 is the same as the solution introduced by Buskens (1998; 2002) for the game-theoretic model. The later 

is the value of trust threshold after eliminating inactive users from the solution due to the insignificance of their 

role in information diffusion. These values are further regressed on the values of Indegree and Link-Strength to 

conclude the influence of Indegree and Link-strength on trust threshold in the context of noise, and investigate 

to what degree inactive users can fool the conclusions made based on the models of information diffusion.  

Table  5-2 shows the (Spearman) correlation among Indegree and Link-strength. The low correlation 

makes us confident to separate their effects in regression analysis. However, the large number of cases in each 

scenario is sufficient to distinguish the effects of the different network parameters.  

 

Scenario 

Number 
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

Correlation 

Coefficient 
0.098 0.168 0.087 0.196 0.157 0.083 

Table  5-2 The Spearman correlation coefficient among Indegree and Link-strength shows a low 

correlation 

 

 For every simulation scenario both network and non-network parameters have to be sampled. Network 

parameters are calculated for each node in every network that has been sampled from Youtube. For non-

network parameters, sampling will follow the same variation used by Buskens (1998; 2002) in the simulation 

for the game-theoretic model, still, with the following couple of parameters specific to this study
28

.  

The solution of Buskens’ (1998; 2002) game-theoretic model is linearized around a homogeneous 

network with parameter values from which explicit expressions of the trust threshold can be obtained. This 

network is assumed to have a constant density around each node; however, the value for such is not included in 

the assumptions. Despite the fact that my study does not perform calculations for the overall value of trust 

threshold, but is merely focused on its variation around a homogeneous network, such network’s density value, 

 , is needed to be involved in the calculations of the values of    and   . I have assumed for the homogeneous 

network to be one with a density value equal to the average density in the sampled networks for simulation 

scenarios, namely       .  

Another parameter, the variation of which should be identified specifically for this study, is the number 

of types of trustors,  . This value has been considered to vary, uniformly, between 2 and 8, in networks with 10 

trustors (Buskens 1998; 2002, chap. 3). This, indeed, is not the case for a network including thousands of 

trustors. Nevertheless, I do not propose thousands of different trustors in such networks. The number of 

trustors’ types will be sampled via a uniform distribution on [17, 22]. This could be interpreted so that, in a 

network of thousands of users, a number of categories can always be defined in which people could be 

categorized based on some factors, each denoting a sort of similarity.  

 

 

                                                 

28 A summary of the value for different parameters is available in Appendix A. 
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The rest of the non-network parameters are varied the same as they are suggested by Buskens (1998; 

2002): 

 The distribution of incentives to abuse trust is defined to be             , where  , the median 

of  , equals 1, 2, or 3, each with   ⁄  probability. 

 The sanction cost,    , is chosen to be an integer between 2 and 7 each with probability   ⁄ . 

  , the death rate, is sampled form a uniform distribution on the interval [0.25, 0.95], and has the 

same value for all trustors in each network.  

 The discount factor,  , is sampled from a uniform distribution on the interval [0.85, 0.95]. 

 

The values for different non-network parameters are sampled independently (in the probabilistic sense) 

for each network. Table  5-3 shows the selected values for different non-network parameters, in addition to the 

respective value of    and   , for each simulation scenario. 

 

                     

Scenario 1 3 2 19 0.40 0.88 0.1747 0.0324 

Scenario 2 3 3 17 0.31 0.85 0.6212 0.3188 

Scenario 3 2 6 17 0.74 0.94 0.5920 0.0436 

Scenario 4 1 2 22 0.94 0.92 0.042 0.005 

Scenario 5 2 7 19 0.31 0.94 0.001 0.027 

Scenario 6 2 4 18 0.87 0.89 0.165 0.03 

Table  5-3 The randomly selected values for different non-network parameters in each simulation 

scenario 

Noteworthy here is that, in each scenario, the value of the game parameters that are involved in the 

calculations of the trust threshold is the same for all trustors in a network, meaning that its variation is not 

considered to be effective in the calculations. This is perfectly in line with the fact that introducing the 

assumptions of incomplete information into the contexts of IHTG would reduce the control effects of network 

embeddedness (Buskens 1998; 2002) that are implemented by the game parameters in this model.  

5.1.3 Dependent Variables 

Every scenario is defined for a single network, the data of which is stored in the respective database. 

This means that each simulation scenario consists of a set of previously sampled non-network parameters, 

paired with network parameters, the values of which are obtained from the respective network database. For 

each scenario, I define two models for obtaining the simulated data. In the first model (M1), the Pareto-optimal 

trust threshold, the solution of the game-theoretic model, is computed for each trustor in the network. The 

second model (M2) is the one in which the trust threshold for inactive users is set to zero. These two different 

trust thresholds,     and    , from the two models are the “dependent variables”. 

5.1.4  Simulation 

The system simulated in this study is a social network, demonstrated by its graph with finite number of 

nodes, for each the dependent variables are computed to generate the simulation data. The simulation 

environment is developed using Java and Java Universal Network/Graph Framework (JUNG) (2009). A 

“terminating simulation” (Banks, John S. Carson et al. 1996, chap 12) is performed for each scenario, as the 

termination circumstances for each run is embedded in the simulation scenario description. Each simulation 

scenario starts traversing the network graph from a node to compute the required values for network parameters 
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and trust threshold for both models, and terminates when the computation is done for the last node in the 

network. A general rule in the crawling algorithm is that whenever it encounters a node with zero incoming 

edges as a starting point, it should select a different node to start from. Moreover, the larger the number of 

outgoing edges is, the better the node is as a starting point. Discarding a node with zero indegree to start with 

does not eliminate it from being traversed, since it is going to be met succeeding a different node. The graph is 

traversed based on the breadth-first-search (BFS) algorithm, as it can efficiently cover the whole portion of a 

graph in accordance to snowball sampling method (Lee, Kim et al. 2006). The system is studied for a single 

point of time at which the network is sampled from Youtube, hence assumed to be in a constant state during the 

simulation.   

The output of the simulation is a set of random values that have to be analyzed for the ensuing 

meaningful outcome to be used in making deductions about system performance. Producing meaningful 

outcome is progressed through three steps: definition of output variables, gathering random values for each 

variable via simulation, and analysis of the simulation output values for the meaningful outcome (Banks, John 

S. Carson et al. 1996, chap 12). The outcome constitutes the “simulated data” for further analysis. In case of this 

study, the output consists of two network parameters, Indegree and Link-Strength, in addition to the two 

dependent variables ,     and    . Second step is to run simulation for every scenario, which will result in a set 

of numerical data for each of the output variables. Finally, I use two types of estimations on the output data: 

point estimation to fetch the statistical characteristics of simulation output, and interval estimation to calculate 

the confidence interval (Bratley, Fox et al. 1987; Banks, John S. Carson et al. 1996). Common forms of point 

estimation involve computation of the average and variance of the simulation output data (Banks, John S. 

Carson et al. 1996). I further use those values to conclude about the distribution of the values for the simulation 

output. Figure  5-1 illustrates the log-linear and log-log scale plots of the distribution of the indegree values for 

the sampled network number 1 that are computed by simulation program. It is evident from the graphs that the 

Indegree values follow a power-law distribution. 

 

 
Figure  5-1 log-linear and log-log scale diagrams of Indegree rank values 

Showing the power-law distribution of the Indegree values 

 

The interval estimation is mainly represented by the confidence interval, paired with a confidence level, 

showing the degree to which we can be confident that the output values from the simulation represent a real 

situation. I perform a t-test on the dependent variable      to find out about how many times the simulation 

should be replicated, for the simulation output to be reliable with a high level of confidence (Banks, John S. 

Carson et al. 1996). Since the sampled networks are randomly chosen (the initial node for snowball sampling is 

random), they can be considered as independent, so we can use the following equation to calculate the number 

of simulations     necessary for a specific confidence level,  , and the confidence interval  : 
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As it is shown in Table  5-4, since the first simulation run the error in the average of the trust threshold 

would not be more than 5% with the 95% confidence, and after repeating simulation for 4 times it is possible to 

promote the confidence and claim that with the probability of 98%, the error would not exceed 2 percent. 

 

N 
Average of the 

Trust threshold 
  

Results for 

       

Results 

for 

       

1 1.398468 NA NA NA 

2 1.38025 0.040932 0.0294615 0.0737582 

3 1.301890 0.034672 0.0254906 0.0410222 

4 1.3338 0.015118 0.0111689 0.0159455 

5 1.435961 0.011773 0.0085933 0.0115918 

6 1.32787 0.0080437 0.0059012 0.0077152 

Table  5-4 The results of the t-test for the confidence levels of 𝜶=𝟎.𝟎𝟓 and 𝜶=𝟎.𝟎𝟐 for N numbers of 

simulation runs 

 

5.2 Method of Analysis 

It is important to note that in the analysis below the dependent variables are deterministically calculated 

using the independent variables. Nonetheless, the independent variables, network parameters, can be considered 

as stochastic elements in the system, knowing that they are calculated for a network that is sampled from a 

stochastic system. Accordingly, it is plausible to use statistical modeling for the trust threshold to be 

approximated with a simple function of the involving parameters, 

 

                                                                           

 

where   is the set of non-network parameters, and   is a function (linear or quadratic) of those in addition to the 

network parameters.   exhibits the residual terms, indicating to what extent the dependent variables can be 

approximated by the function  . Needless to mention is that the residual terms are not caused by stochastic 

noise, but deterministically depend on the parameter values from the sampled networks. The values for 

residuals are to be larger for more heterogeneous networks, meaning that the regression model fits better as the 

network approximates to a homogeneous on. I do not attempt to open a discussion on residuals as analysis of 

the data to the results does not necessitate clustering sampled data. However, knowing that all the parameters 

are the same for all trustors in the network except the network parameters that vary, it is expected that residuals 

are highly dependent between trustors in a network.  

The values for the trust threshold do not fall below zero and, and do not grow more than an identified 

value in each data set. Even though the dependent variable does not always take a known value, it is known to 

be an element in an interval. Thus, a regression analysis of the dependent variables can be performed. 

Noteworthy is that, since I aim to regress the dependent variables on the values of Indegree and Link-Strength, 

the values of which do not follow a normal distribution, a linear regression analysis cannot be applied. To 

determine the correlation between two variables, the data of which does not follow a normal distribution, 
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Spearman regression analysis can be used (Sheskin 2004, p. 1360-1362). The following section includes the 

details on the Spearman regression analysis of      and     on both Indegree and Link-Strength. 

5.3 Analysis of the Simulated Data 

Table  5-5 and Table  5-6 respectively show the results of the Spearman regression analysis of the effects 

of Indegree and Link-Strength on the trust thresholds for both models
29

. The Spearman R-squared value for the 

regression is given for each model in every scenario. The second column in the tables represents the hypotheses 

on the effects as are derived from the analytic results. Details on the outcome of regression and the graphical 

representation of the simulated data are available in Appendix B. The results obtained from the regression, 

either strong or weak association between the network parameters and trust thresholds, are significant for all 

simulation scenarios (        ).   

 

 Hypothesis Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

Model 1  + 0.47 0.58 0.52 0.56 0.50 0.52 

Model 2 ? 0.04 0.08 0.05 0.04 0.05 0.04 

Table  5-5 rho of the Spearman regression of Indegree and trust threshold 

 

The first question explored whether higher values for Indegree could increase the level of trust in social 

networks where trust Games are played with incomplete information.  The results of the effects of indegree on 

trust threshold in model 1 show a moderate positive correlation between two variables, meaning that the value 

of the dependent variable, trust threshold, increases in the Indegree of the trustors. This also denotes that 

introducing noise in information diffusion would result in a context in which conclusions about the effects of 

Indegree on trust threshold can be driven from the game-theoretic model. Such conclusions seem to be more 

functional considering that no effect of Indegree on trust threshold could be concluded in an environment where 

trustors are assumed to transfer information accurately to the subsequent player (Buskens 1998; 2002, chap 3). 

Moreover, the results of Model 1 for Indegree support the previous finding of Buskens (1998) showing that ‘for 

given outdegrees, the network structure centralized with respect to indegree around the buyers with the highest 

outdegree is the structure for which all buyers have the highest trust threshold’ (p. 277)
30

. Considering that 

Indegree is not an element of the computations for trust threshold in the models, as it is calculated based on the 

Outdegree and Density, however, it cannot be claimed that the values for Indegree and Outdegree are 

independent from each other, since for a network as a whole, the aggregated number of indegree equals to that 

of outdegree. 

The other side of the coin is shown in the second model, where users with high values for Indegree and 

Density do not necessarily contribute to the trust threshold, unless having an Outdegree value equal to at least 1. 

The considerable correlation between the trust threshold and Indegree drops dramatically to about zero after 

eliminating the effects of inactive users from the computations for trust threshold. The same fall is conspicuous 

in the average trust threshold in each network, since its value is set to be zero for inactive users. This represents 

a roughly extreme case in which inactive users can fool the model to return a fair value for trust threshold as of 

their ample Indegree value, whereas the actual trust threshold is less for those users because of their latent 

contribution to information diffusion.  

According to the findings on the effects of Link-Strength on trust threshold, it is reasonable to infer that 

Link-Strength is probably an important factor that should be considered in the analysis of social networks in 

case of studying the learning effects of network embeddedness. Corresponding findings will fulfill the aim of 

the second research question. The results of the regression in model 1 show a fair positive correlation between 

                                                 

29 The Spearman regression is performed using a limited version of SAS application.  
30 Obviously, and as it has been stated by Buskens (1998) the word “buyer” in his assertion is used in the same sense as “trustor”. 
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the two variables so that about 39 percent of growth in the trust threshold can be explained by the value of Link-

Strength. Even after removing the effects of users with high Indegree value paired with a zero Outdegree, this 

association falls to 25%, in average, which is not weak enough to be completely neglected. Such inference is 

intuitively justifiable. In a noisy environment, if the relationship between two trustors is strong, one can be 

influenced by even the lowest amount of information received from the other. Ergo, the information flowing 

between trustors who have some close friends, i.e. distinguished by strong connection links, are more likely to 

be influential than between those who have many friends but almost no close ones. This is indeed the case under 

the circumstance that both groups transfer comparable amounts of information. 

 

 Hypothesis Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

Model 1  + 0.40 0.40 0.39 0.40 0.41 0.37 

Model 2 ? 0.25 0.23 0.23 0.22 0.26 0.24 

Table  5-6 rho of the Spearman regression of Link-strength and trust threshold 

 

The rate at which the Spearman’s rho falls after inactive users are dismissed from the model 1 is shown 

to be significantly higher for Indegree than it is for Link-Strength. Intuitively speaking, an explanation of such 

can be that inactive users do not make strong friendship relations, thus the elimination of those would not ensue 

omission of a considerable number of strong links. Therefore, the value of network parameters will not 

experience a prodigious change in regards to the Link-Strength, so its effects on the trust threshold will still 

remain roughly the same. However, a reduction of those effects is reasonably predictable. Furthermore, such 

variation in the drop rates of rho values of Indegree and Link-Strength can be interpreted so that the conclusions 

for the effects of Link-Strength on the trust thresholds are more reliable. Of course, I make such statement under 

the circumstances that the values of Indegree and Link-Strength are considered to be calculated with 

independent network elements.  
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Chapter Six: Substantive Implications  

Detailed analysis hitherto has illustrated that the model represented in this study argues upon substantive 

themes of social network studies. In this section, I will provide a set of testable hypotheses that summarizes the 

substantive implications of the model. 

The assumptions of the model in this study results in diminishing the control effects of network 

embeddedness, while altering the focus of the game-theoretic model to the learning effects, influenced by the 

role of information diffusion between trustors. The model applies the previous findings, and the results extend 

theoretical hypotheses for trust in trust relations, and are in accordance with the existing literature (Raub and 

Weesie 1990; Coleman 1994; Weesie, Buskens et al. 1998). In the context of noise, following results are found 

for the network parameters of Indegree and Link-Strength. More trust can be placed by a trustor if the strength 

of her links is higher, meaning that the positive information about the trustee is received through a stronger 

relation. Moreover, the positive effects of Indegree on trust threshold are conspicuous in the context of noise, 

however, the high indegree values of inactive users do not necessarily contribute to the level of trust that can be 

placed. Additionally, the effects of Link-Strength are more stable and unyielding than those of Indegree.   

The following hypotheses express the outcomes of the model: 

Hypothesis 1. In a context with noisy information, trust increases with the value of Indegree of the 

trustors.  

Hypothesis 2. In a context with noisy information, trust increases with the values of Link-Strength of 

the trustors. 

Hypothesis 3. In a context with noisy information, the positive effects of Link-Strength on trust are 

more promising and unyielding than those of Indegree.  

Hypothesis 4. In a context with noisy information, the high Indegree value of users who do not 

supplement information diffusion in a network do not lead to an increase in the trust that can be 

placed.  

These hypotheses merely discuss those implications of the proposed model that are based on the 

learning effects of network embeddedness. 
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Chapter Seven: Model Building, Verification, and Validation 

The first step in model building is to investigate the real system that is to be modeled in order to find out 

the interactions between its various components, and further to collect data on the system’s behavior (Banks, 

John S. Carson et al. 1996, chap. 11). Observation of the real system is generally the starting point of this 

process, however, not sufficiently yields an understanding of system behavior (ibid). It is recommended to take 

advantage of the special knowledge, possessed by people who are familiar with the system or a subsystem of a 

whole (ibid). The model developer would return to this step several times to find answers to the substantial 

questions that arise while the model development proceeds. In this study, an exhaustive understanding of the 

system is gained through a scrupulous review of the existing literature for the respective theme. The second step 

consists of the construction of a conceptual model, which is ‘… a collection of assumptions on the components 

and the structure of the system, plus hypotheses of the values of the model input parameters’ (Banks, John S. 

Carson et al. 1996, p. 400). A comprehensive description of the system under study, a social network, and the 

behavior of its components, actors playing repeated Trust Games, under the assumptions of incomplete 

information is provided to the reader in the model development. The following sections report the trend towards 

the eventually developed conceptual model for this study. Finally, the model is translated into a computer 

recognizable form, which is the operational model. 

It is important to notice that the model building is not a linear process (ibid), but the model developer 

needs to return to any of these steps during the process of model building, verifying, and validating. The 

ongoing model building process is depicted in Figure  7-1. 

 

 
Figure  7-1 Model building, verification and validation  

adapted from Banks, John S. Carson et al. (1996) and adjusted 

7.1 Verification of the simulation model 

The purpose of verification is to make sure that the operational model is an accurate representation of 

the conceptual model (Banks, John S. Carson et al. 1996, chap. 11). Generally, a conceptual model is an 

abstract view of the properties of a system and involves a simplification of its actual operations. Therefore, it is 

essential to assure that the operational model includes the accurate representation of the assumptions on the 

system components and parameter values, so that it is a genuine implication of the conceptual model. For the 

verification process, several common sense actions are suggested (ibid), among which those that are applicable 

to the system proposed by this study are chosen to be performed: 
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 A close examination of the model output for “reasonableness” under different settings for input 

parameters is fulfilled. As it has been described in the previous chapter, the model is resistant to the 

values that are out of definitive range. In addition, the results of the simulation fall into an interval 

that is in line with analytical, together with intuitive, anticipations.   

 The operational model, i.e. the simulation program, is animated and the input parameters and 

computed parameters are printed for each node while the simulation is running. The later gives the 

benefit of making sure that the input parameters are not changed inadvertently. Having the 

simulation program animated, gives the opportunity to verify that what is seen is the imitation of the 

actual system. In addition, the program can be run in different speeds, and capable of being paused, 

in order to monitor the simulation as it is progressing. This can be performed by advancing the 

simulation until a particular time has elapsed, and check the displayed model data at the time. 

 The simulation program is made to be self-documenting. A precise definition of every variable is 

provided and computed values for several dependent and independent variables are stored in a 

database for the simulated data. To avoid confusions, the database is labeled automatically by the 

simulation program. 

To sum up, the common sense techniques and documentation are carried out to verify the accuracy of 

the operational model. The close examination of the output of a model for reasonableness is particularly 

valuable and informative. Verification is usually conducted simultaneously with validation, although they are 

conceptually distinct. The next section gives an overview on the model validation and how it is performed. 

7.2 Model Validation 

Validation involves ‘… comparing the model and its behavior to the real system and its behavior’ 

(Banks, John S. Carson et al. 1996, p. 406). A valid model is the eventual outcome of the iterative process of 

calibration, where adjustments (or even major changes) are made to the model after comparing it to the real 

system. This process goes on with comparing the revised model to reality, making additional adjustments, 

comparing another time and so on. The comparison consists of a variety of tests that are categorized in two 

groups, namely subjective and objective tests. Subjective tests involve consulting knowledgeable references to 

make judgments about the model and its outputs. Objective tests involve the comparison of the output of the 

statistical tests that are performed on the same aspects of both the system and model data sets. Indeed, to 

perform such, data on the system’s behavior is required in addition to the corresponding data produced by the 

model. Notice that the calibration process should continue until the model is judged to be sufficiently accurate. 

Unacceptable discrepancies between the real system and the model would require the model developer to return 

to the calibration phase and modify the model. One way to find out the point at which the calibration phase can 

stop is to validate the model for more than one data set (ibid). Following, I describe the validation process of the 

model that is developed for this study. 

The model is validated through both groups of subjective and objective tests. The later is performed by 

comparing the results of the simulation data for each and every 6 scenarios with the results that are published by 

Buskens (1998). Knowing that the model of this study is developed in the same context, with the same basic 

assumptions, the results need to be in accordance with those of Buskens’ (1998) model, which is believed to be 

credible. The subjective tests are carried out by reviewing the results that have been provided by different 

scholars in the relative topic. Subjective tests started with the early steps of the model development and 

sometimes yield to major revisions. Knowing that no model is totally representative of the system that is being 

studied, and considering the costs, time, and effort involved in each and every revision, it is necessary to render 

a trade-off between the cost of increased validation efforts and the possible, but not guaranteed, increase in 

model accuracy (Banks, John S. Carson et al. 1996, chap. 11). To achieve such balance, I use the three-step 
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approach, formulated by Naylor and Finger et al. (1967) as an aid in the validation process
31

. Figure  7-2 

illustrates the iterative process of calibrating the model, including the information about the type of test applied, 

modifications to the model, and the corresponding date for each test-modification pair, as the model 

development progresses. 

 

 
Figure  7-2 The calibration process of the simulation model for the trust level in online social networks 

 

The conceptual model has been initiated, and the first version of its mathematical representation made 

available, on the first two weeks of December 2010, whereas it has been finalized by the end of June 2011. The 

leading tests on the model have been subjective ones, resulting in both major and minor modifications. Initially, 

the model has been created based on the theories in the field of social network analysis by Burt (1987; 1996), 

Coleman (1994), and Granovetter (1973; 1992) in addition to contagion theories for the effects of 

embeddedness on the extent that the information from actors could influence the behavior of others. The first 

revision of the model started when I observed a few inconsistencies in the model that could not been explained 

by social influence theories. In fact, the need for a mathematical framework, to implement the operational 

                                                 

31 The three steps include: 

1. Build a model that has high face validity. 

2. Validate the assumptions of the model. 

3. Compare the input-output transformation of the model to the input-output transformation of the real system. 

For more information about the details of each step refer to Naylor and Finger et al. (1967) 
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model, required a considerable number of simplifications that has not been conceptualized in the initial model. 

Accordingly, the first subjective test has yield a major modification by accommodating the game theoretic 

parameters into the context in which the model is developed, hence altering the initial circumstances. In this 

manner, the assumptions for the behavior of actors and the social information diffusion have translated to the 

mathematical representations. Furthermore, to be able to derive the hypotheses aimed by the research question, I 

needed to introduce noise into the context of information transmission. One way to do so is to propose that trust 

is randomly abused in the equilibrium (Buskens 2002, chap. 3), so that negative information about the trustee’s 

behavior also appears in the network. However, the game parameters never came into a balance for such, as 

they characterize an equilibrium in which trust is never abused. In this stage, the model has been revised for 

several times in order to build up a situation in which the game parameters can represent an abuse of trust, 

albeit, never did they successfully. Consequently, another revision of the model ensued introducing games with 

incomplete information (ibid) into the assumptions, so that it could be conceived that the conceptual model is 

comprehensive. The last subjective revision of the model involved a set of minor modifications in the 

assumptions regarding the construction method and the size of the sampled networks.   

The only objective test was carried out by comparing the output results of the model to the credible ones 

of Buskens’ (1998). The results of such tests are persuasively in favor of model accuracy. Discussed in previous 

chapters, Outdegree is a leading explanatory network parameter for the variations in trust threshold. Thus, I 

have further performed a regression of the trust threshold and Outdegree for each scenario, then compared the 

correlation coefficients of those regressions with the one resulted from the output analysis of Buskens’ (1998) 

model. Table  7-1 compares the Trust threshold-Outdegree regression results in different scenarios of the model 

of this study with those of Buskens’ (1998) model. The results seem to be close enough to conclude that they 

show the same correlation level that the outcome of Buskens’ (1998) model does. 

 

Scenario Number Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 

Scenario 

5 

Scenario 

6 

Buskens’ (1998) 

model 

Outdegree-Trust 

threshold Correlation 

Coefficient 

0.67 0.64 0.56 0.78 0.58 0.32 0.47, 0.58 

Table  7-1 Comparison of the correlation coefficients of the results of this study with the results of the 

model developed by Buskens (1998)    𝟎 𝟎𝟎𝟎   
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Chapter Eight: Conclusion 

This study has developed a model to analyze the effects of adding noise to the context of social network 

information transmission for Iterated Heterogeneous Trust Games with incomplete information. The study is 

fundamentally based on the findings that social exchange can make CMC groups grow and develop effectively 

(Jarvenpaa and Leidner 1999). The results extend the findings of cases with complete information, while those 

findings remain valid in the newly developed context. The hypotheses for two network parameters, Indegree 

and Link-Strength, could not be driven in a network of trustors where information is assumed to be accurately 

transferred between Trust Game players. Adding the possibility of existing corrupt pieces to the flow of 

information in a network creates an environment that is closer to reality in which learning about the behavior of 

the trustee is more complex and affected by more parameters. Particularly, games with incomplete information 

are to be utilized for analyzing the learning and control effects of embeddedness, in an integrative manner, in 

social dilemmas. However, in respect of theoretical modeling, relaxing game-theoretic strong rationality 

assumptions and introducing more realistic ones about how actors use relevant information that they obtain, 

seldom can come to a balance with analytic tractability. In addition to the intricacy of models with more 

realistic assumptions, knowledge about what realistic assumptions could be is limited because the effects of 

learning and control mechanisms has not yet been successfully cleared up by empirical researches (Buskens and 

Raub 2008). Corresponding to the situation, I have tried to relax less disturbing assumptions and introduce a 

few ones regarding to the games with incomplete information, to be able to extract results for the learning 

effects of network embeddedness on the level of trust. Simulation has been used as a tool for providing data for 

the implications of the model on a set of sampled networks. 

8.1 Discussion on the findings 

In this study, I provide new results for the effect of network parameters on trust. First, having more 

sources to obtain information about the behavior of a trustee can have an increasing effect on the extent to 

which an actor would place trust on another actor. Here, I have shown that trustors with higher Indegree have 

the capability to certify the positive information about a trustee, while they can receive wide variety pieces of 

information about others’ experiences with the trustee. The assumptions of this model approximate those of the 

contagion models for information diffusion in heterogeneous networks (Buskens and Yamaguchi 1999) rather 

than the assumptions in transit models for such (Friedkin 1992; Yamaguchi 1996). Contagion models measure 

the extent to which an individual is influenced by information that is flowing in a network, whereas in transit 

models it is sufficient for an actor to obtain the information to be affected by it. The unrealistic assumptions of 

the transit models let them overestimate the effects of a number of network parameters. Here, I argue that not all 

the values for network parameters are conclusive and cannot be considered as effective on the trust level. I 

suggest that the Outdegree value should be weighted by the strength of the links through which information is 

transmitted between two actors, so that it would be possible to conclude the extent to which the information in 

flow is actually influential. To link these results to the discussions on the control and learning effects of 

embeddedness, it can be concluded that a piece of negative information about the trustee per se, and the 

opportunity for the trustor to exit the iterated trust games, does not promise additional control opportunities for 

the trustor in this model. Besides, adding the opportunity of spreading “voice” in a network creates more 

learning as well as control possibilities for the trustors. This is in agreement with the assertion by Buskens 

(2003) that ‘… the two aspects of voice [control and learning] need to be combined by the trustors to enable 

more trust in the trustee’ (p. 246). Such a result can be in favor of the situations in which trustors can sometimes 

experience negative outcomes while the trustee has not intentionally abused trust (for examples, see Radner 

1981; Porter 1983). Learning is expected to be more important in such situations where a piece of negative 

information about trustee’s behavior, solely, should not fundamentally ensue in an exit option. Another such 

situation is one where the trustee does not have a fixed type, thus the trustors would hesitate to exit and more 
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like to observe the changes in the trustee’s type. Therefore, every experience with the trustee would be 

worthwhile to the trustors (Mailath and Samuelson 2001).  

This model carries some restrictions that could not be overcome in this study. Even though I have 

minimized the effects of the game parameters in the model to be able to aim the attention at the effects of 

information flow between trustors, the trustors are still considered as playing successively with the trustee. 

Therefore, I cannot claim that the model can be applied to the situations in which trustors can play 

simultaneously with the trustee. The simulation study context that I have implemented in this study can be 

considered as one in which the order of the Trust Games is not a matter of importance (see Buskens 2003), 

however, no assumption is made in this regard. Another important disadvantage of this model is that trust is not 

investigated joined together with distrust. In fact, it is reasonable to deduce that the existence of an amount of 

negative information on the trustee’s behavior could take a few more steps than just reducing the trust level and 

ensue distrust. Measuring distrust, involves different factors while the relative assumptions are still ambiguous 

since the topic has not yet attracted enough attention of scholars. Still, extended assumptions, as mentioned 

above, would modify the model to one that is closer to real situations. 

Certainly, the discussions on how such assumptions can be changed or extended encompass a wide 

range of considerations. However, in this respect, Buskens (2003) states that ‘… I think that we lack 

considerable knowledge about what actually reasonable assumptions are especially related to information 

availability of actors, information exchange, among actors, and how actors actually use this information [to 

update their beliefs, or decide upon sanctioning the trustee] …’ (p. 247). Therefore, it would be fruitful to 

develop such experimental designs that allow for testing both the implications of theoretical models and the way 

actors use the information obtained while playing a game. For studying the learning effects, it is more favorable 

to analyze the decision making process of actors rather than the decision itself (ibid). Such contemplative 

propositions would extremely add to the complexity of the current models of Trust Games and can form cases 

for further research. 

8.2 Future Work 

There is no cast of doubt on the fact that a research path cannot come to an endpoint since more 

destinations are uncovered while taking the route. In this chapter, I will discuss how the results of this study can 

contribute to the ideas for further research and in what ways theoretical findings could suggest extensions of the 

model for further technical and theoretical results.  

This study carries the idea that how the, structure, amount, and strength of communications in online 

social networks can influence the degree of trust among network members as several scholars assert that social 

exchange facilitate trust in social networks. In spite of the major attention that has been paid to the amount of 

communication in CMC groups to investigate the level of trust in them, additional communication behaviors 

that have been found to be maintaining trust in online social networks have been left out of consideration. One 

such factor has been asserted in the results of the empirical study on communication and trust in global virtual 

teams, carried out by Jarvenpaa and Leidner (1998), as predictable communication. In author’s point of view, 

this pattern of social behavior has been taken for granted of major importance in trust development that should 

be included in the computations for the trust level in addition to other network parameters. Unpredictable and 

inequitable communication patterns, e.g. where limited number of individuals are responsible for the majority 

of the communication, have been shown to hinder trust in virtual groups (ibid). In this study I have tried to 

remove one form of such irregular pattern of communication from being effective on the level of trust by 

eliminating the effect of inactive users. However, maintaining a predictable pattern of message transfer would 

help the social network members establish confidence in the network and alleviate uncertainties over the 

network members’ commitment (Jarvenpaa and Leidner 1998). Future research can make use of empirical 

findings and sampled patterns of communication behavior in virtual social networks in order to figure out the 

arrangement of the network ties that would elevate the trust level. In addition, more forms of irregular 
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communication behavior, beside spammers or inactive users, can be incorporated in the model. The results 

would be of beneficial use to discover individuals’ participation in knowledge sharing and predictable use of 

information resources, or investigating the proper circumstances for a group leader to emerge (Jarvenpaa and 

Leidner 1998; Robinns 2003). Ineffective and/or negative leadership depreciate trust, whereas it also can be the 

result of confusions in estimating the level of trust on individuals. It is important to take into consideration the 

situations in which leaders ‘…were chosen not based on their greater level of experience but apparently because 

they were the first to communicate or they had sent the largest number of initial messages’ (Jarvenpaa and 

Leidner 1998, p. 809). 

Another further consideration that would add to the technical assumptions of the current model is the 

inclusion of individuals’ threshold levels for being influenced by social information. Knowing that the 

assumptions of the model of this study approximate those of the contagion models for social influence, calls for 

additional arguments advocated by scholars in this respect. In its simplest form, social influence threshold is the 

number of others that an individual should be influenced by before succumbing (Granovetter 1974/1995). A 

computer simulation study of a contagion model by Krassa (1988) investigates how the distribution of people’s 

social influence threshold effects their opinions. It is stated that the threshold can be a function of the intensity 

of actors’ opinions and their dread of being socially isolated. However, it is plausible to incorporate the 

assumptions of social influence threshold into the existing model of learning effects of network embeddedness 

on trust level while it is still mathematically traceable. Even though such extension would add to the complexity 

of the model, it is expected to obtain fruitful outcomes, while it is not to alter the equilibrium. The results can be 

of use for different environments since the distribution of the social influence threshold could vary in different 

contexts.  

So far, I have introduced areas for additional contemplation that were mostly in regards to the social 

information transfer. It can also be anticipated that one would aim to extend the game-theoretic framework of 

the model, e.g. by introducing assumptions regarding random abuse of trust in the repeated games. Such 

propositions would require changed in the solution equilibrium and need more game-theoretic considerations. 

Still, they are compelling and effectual in relaxing the restrictive game-theoretic assumptions of Trust Games 

leading to more representative framework for analysis.   
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Appendix A 

In this section, a summary of the information about the mathematical solution of the two models that 

have been developed for the simulation study, in addition to the random numbers that are assigned to the 

variable parameters in each scenario can be found.             , adapted from Buskens (1998), represents 

how the trust threshold is dependent on the network and game parameters. This is used as the solution for 

       . For        , in which inactive users are eliminated from those who are influential on the level of 

trust, the              is applied to provide the values of trust threshold based on the different parameters.  

 

                                                                                        

 

   ⌈        ⌉                                                              

 

The table below shows the numbers that are assigned to the different variables in both equations. The 

numbers are randomly generated from a uniform distribution on the relative intervals for each variable, exactly 

based on those that have been used by Buskens (1998): 

 The distribution of incentives to abuse trust is defined to be             , where  , the median 

of  , equals 1, 2, or 3, each with   ⁄  probability. 

 The sanction cost,    , is chosen to be an integer between 2 and 7 each with probability   ⁄ . 

  , the death rate, is sampled form a uniform distribution on the interval [0.25, 0.95], and has the 

same value for all trustors in each network.  

 The discount factor,  , is sampled from a uniform distribution on the interval [0.85, 0.95]. 

In addition, I have assumed for the homogeneous network to be one with a density value equal to the 

average density in the sampled networks for simulation scenarios, namely       , and the number of types of 

trustors,  , is sampled via a uniform distribution on [17, 22]. 

 

                                

Scenario 1 3 2 19 0.40 0.88 0.1747 0.0324 3.3193 2.0434 

Scenario 2 3 3 17 0.31 0.85 0.6212 0.3188 10.5604 57.2331 

Scenario 3 2 6 17 0.74 0.94 0.5920 0.0436 10.064 7.4594 

Scenario 4 1 2 22 0.94 0.92 0.042 0.005 0.924 0.102 

Scenario 5 2 7 19 0.31 0.94 0.001 0.027 0.019 0.01 

Scenario 6 2 4 18 0.87 0.89 0.165 0.03 2.97 1.06 
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Appendix B 

This section includes the details and the graphical representation of the Spearman regression of the Trust 

Threshold against Indegree and Link-strength for both         and        , in each and every 6 simulation 

scenarios.  
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Scenario 1- Spearman Regression Results 

 

Y (Numerical) X (Numerical) p-value FStat Rank R squared Rank R Df 

    Indegree 0.00E+000 9181.39 0.47 0.68 10387 

    Link-Strength 0.00E+000 7056.38 0.40 0.64 10387 

  𝟐 Indegree 2.71E-084 385.44 0.04 0.19 10387 

  𝟐 Link-Strength 0.00E+000 3521.88 0.25 0.50 10387 
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Scenario 2- Spearman Regression Results 

 

Y (Numerical) X (Numerical) p-value FStat Rank R squared Rank R Df 

    Indegree 0.00E+000 21048.89 0.58 0.76 15053 

    Link-Strength 0.00E+000 10043.65 0.40 0.63 15053 

  𝟐 Indegree 6.61E-265 1258.97 0.08 0.28 15053 

  𝟐 Link-Strength 0.00E+000 4519.89 0.23 0.48 15053 
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Scenario 3- Spearman Regression Results 

 

Y (Numerical) X (Numerical) p-value FStat Rank R squared Rank R Df 

    Indegree 0.00E+000 12923.05 0.52 0.72 11912 

    Link-Strength 0.00E+000 7560.69 0.39 0.62 11912 

  𝟐 Indegree 2.62E-125 580.65 0.05 0.22 11912 

  𝟐 Link-Strength 0.00E+000 3578.64 0.23 0.48 11912 
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Scenario 4- Spearman Regression Results 

 

Y (Numerical) X (Numerical) p-value FStat Rank R squared Rank R Df 

    Indegree 0.00E+000 21524.42 0.56 0.75 17074 

    Link-Strength 0.00E+000 11557.88 0.40 0.64 17074 

  𝟐 Indegree 6.39E-147 679.49 0.04 0.20 17074 

  𝟐 Link-Strength 0.00E+000 4787.51 0.22 0.47 17074 
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Scenario 5- Spearman Regression Results 

 

Y (Numerical) X (Numerical) p-value FStat Rank R squared Rank R Df 

    Indegree 0.00E+000 19442.48 0.50 0.70 19733 

    Link-Strength 0.00E+000 13808.77 0.41 0.64 19733 

  𝟐 Indegree 6.17E-210 979.70 0.05 0.22 19733 

  𝟐 Link-Strength 0.00E+000 6866.14 0.26 0.51 19733 
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Scenario 6- Spearman Regression Results 

 

Y (Numerical) X (Numerical) p-value FStat Rank R squared Rank R Df 

    Indegree 0.00E+000 16128.54 0.52 0.72 14995 

    Link-Strength 0.00E+000 8959.25 0.37 0.61 14995 

  𝟐 Indegree 1.04E-123 570.17 0.04 0.19 14995 

  𝟐 Link-Strength 0.00E+000 4639.73 0.24 0.49 14995 

 

 

 

 


