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SUMMARY 

 

 

This thesis examined factors that might explain friendship formation in the classroom and 

school setting, illustrating the use of advanced techniques of social network analysis. 

Specifically, the aims were to determine 1) The contribution of the teacher-student relationship 

— through setting the classroom climate — to the structural patterns of friendship networks of 

students over a school year, 2) The influence of social anxiety as an individual predisposition 

on how students express and perceive their friendship relationships.  

The first case study examined the effects of classroom climate on the structure of friendship 

networks of third and fourth graders (n = 46 third grade, and n = 45 fourth grade) over a school 

year, using network indices (Hanneman & Riddle, 2005) and Exponential Random Graph 

modelling (ERGM) (Robins, Pattison, Kalish, & Lusher, 2007). A supportive and positive 

classroom climate was found to relate to a connected friendship network, with a rather equal 

distribution of status among students, and the higher propensity of friendship formation for 

third-grade students. However, the results for fourth-grade students mostly were not 

significant. Overall, it seems that teacher might be more influential for the younger students 

where they look to the teacher to receive guidance for their friendships (Hamm & Hoffman, 

2016).   

The second case study tested the expressed friendship networks of socially anxious adolescents 

from an all-girls school (overall n = 94). Additionally, this study investigated the intersections 

of expressed and perceived friendship networks of both non-anxious and socially anxious 

students, using multivariate ERGM methodology. Results indicated that socially anxious 



 
 

students sent fewer expressed friendship nominations than other students, although they were 

not different from other students in terms of popularity. There was a high level of congruence 

between expressed and perceived friendship ties such that students expected most of their 

friendship relations to be mutual. Furthermore, students exhibited a good level of accuracy in 

understanding of their social standing. The social partners of socially anxious adolescents, 

however, had a higher level of accuracy above and beyond the other students. The result 

suggests that social anxiety can influence how students express their friendship relations and 

how other students perceive their relations with them.  

As a whole, the studies presented in this thesis suggested that both the social environment and 

individual predispositions can shape the patterns of friendship formation. Two case studies 

showcased how the application of sophisticated social network analysis can disentangle the 

invisible drivers of a network structure. Both these studies implemented sophisticated social 

network analytical and methodological approaches which are not commonly applied in 

educational and developmental literature.  
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CHAPTER 1. PRELUDE 

 

 

…Empirical social research has 

been dominated by the sample survey. But as usually 

practiced, using random sampling of individuals, the 

survey is a sociological meat grinder, tearing the individual 

from his social context and guaranteeing that 

nobody in the study interacts with anyone else in it. 

It is a little like a biologist putting his experimental 

animals through a hamburger machine and looking 

at every hundredth cell through a microscope; anatomy 

and physiology get lost, structure and function 

disappear, and one is left with cell biology.…If our 

aim is to understand people’s behaviour rather than 

simply to record it, we want to know about primary 

groups, neighbourhoods, organisation s, social circles, 

and communities; about interaction, communication, 

role expectations, and social control. 

—Allen Barton, 1968 (Freeman, 2004) 

The social network paradigm has demonstrated that important to social life are social relations 

and patterns shaped by those relations (Marin & Wellman, 2012). Advanced social network 

methodologies enable researchers to integrate studies of individual level constructs and larger 

patterns of inter-personal relations. A social network is a set of actors (network members) and 

the interpersonal relations – the social ties – among them (Wasserman & Faust, 1994) . The 
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social network framework claims that actors’ social outcomes are shaped by their own 

characteristics as well as by the structure of their relations with other people (Lusher & Robins, 

2013a).  

 The social relations at school and classrooms such as friendship networks bear significant 

implications for student outcomes and for the overall school outcomes. This is evident in the 

research that related structure of social networks to the students or class outcomes. Regarding 

overall class outcomes, educational and developmental research has found that the structure of 

friendship networks relates to overall classroom outcomes such as students’ behavioural 

engagement (Cappella, Kim, Neal, and Jackson, 2013), and inclusion of victimised students  

(Cappella and Neal, 2012). At the individual level, researchers have related the structure of 

friendship networks to a number of students’ outcomes including physical health (Haas, 

Schaefer, & Kornienko, 2010; De la Haye, Robins, Mohr, & Wilson, 2011), depressive 

symptoms (Ueno, 2005), aggression (Dijkstra, Gest, Lindenberg, Veenstra, & Cillessen, 2012), 

and academic outcomes (Gremmen, Dijkstra, Steglich, & Veenstra, 2017).  

Empirical research has also shown that schools and classrooms vary in their network structure 

(Gest, Davidson, Rulison, Moody, & Welsh, 2007; Gest & Rodkin, 2011; Logis, Serdiouk, 

Rodkin, & Gest, 2013; Zadzora, Gest, Rodkin, 2011). As the structure of friendship networks 

is proposed to be important and each social network has its own unique structural patterns, it 

is essential to understand what drives the structural patterns of friendship networks. The current 

thesis aims to illustrate how and why friendship network and ties form in the school setting. To 

do so, data from two empirical studies were analysed to showcase how the application of social 

network analysis can reveal the drivers of the network structure. Implementing Lusher and 

Robins (2013a) tie formation paradigm as an overarching theoretical framework of the current 

thesis, individual attributes and contextual factors were studied as drivers of the network 

structure.  
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The first study is focused on the friendship network as a whole. This study investigates the 

effect of contextual factors on the overall structure of friendship networks. This “top-down” 

approach enabled us to examine whether classroom-level factors are associated with the overall 

features of the network such as cohesion, status hierarchies, and density. A number of measures 

are applied to describe “the texture of the social fabric” (Hanneman & Riddle, 2012). More 

specifically, this study aimed to investigate whether classroom climate— global affective 

atmosphere of the classroom— at the start of the school year could influence the structure of 

the friendship network at the end of the school year, above and beyond other factors. This study 

demonstrated how classroom environment can contribute to friendship formation in the 

classroom. The analysis of how classroom-level factors can influence classroom networks is a 

gap in the network literature, and this thesis introduces one method — within the broad 

framework of statistical models for social networks — how such a research question can be 

analysed. 

In the second study on friendship networks, the perspective is shifted to a “bottom-up” 

investigation of the friendship network. This study takes a more individualistic approach, 

although implementing a social network framework, by looking at how the characteristics of 

individuals may influence the patterning of social networks. Specifically, this study 

demonstrates how social anxiety — as an example of an individual characteristic of students 

— influences friendship formation. The second study also examines how expressed and 

perceived friendship ties relate in socially anxious adolescents, so that individual 

characteristics can affect both behaviour and individual perception.  

Together, these two studies provide a multi-level illustration of how a social network 

framework can be applied to obtain a nuanced understanding about friendship formation in the 

school environment.  
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The thesis will be presented in the following sequence. Chapter two establishes the significance 

of friendship for child and adolescent developmental outcomes. Chapter three outlines several 

methodological considerations related to investigating the thesis research questions. The 

statistical method applied in the thesis, including descriptive network indices and exponential 

random graph models (ERGMs), are introduced and described. Chapter four provides a broad 

overview of previous research findings and theories related to friendship formation in an 

educational setting that establishes the baseline for the empirical studies. It provides a summary 

of the relevant research on application of social network analysis on friendship at school. 

Chapter five to chapter seven comprise the case studies. The eighth and final chapter provides 

an overall summary of findings of the case studies and discussion of the overarching 

conclusions of the thesis. The limitations of the studies are noted in the last chapter as well as 

theoretical and practical implications of thesis findings and suggestions for future research.  
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CHAPTER 2. FRIENDSHIP AT THE CLASSROOM AND 

SCHOOL 

 

 

 Children spend at least 15000 hours in school from early childhood to late adolescence (Hamre 

& Pianta, 2010). Classrooms, indeed, are one of the main contexts that affect child and 

adolescent development because they spend more time there than any other social settings with 

same age peers (Hamre & Pianta, 2010). School environments , therefore,  not only provide a 

context for acquisition of knowledge, but also for social and emotional learning and growth 

(Hamre & Pianta, 2010). Past research has emphasized that having friends and being 

emotionally connected to classmates facilitate cognitive development, and social and emotional 

competencies (Berndt, 1982; Bukowski, 2001; Hartup, 1996; Newcomb & Bagwell, 1995).  

 For cognitive development, several studies assert that child interactions with friends on a joint 

task, compared to non-friends, facilitates problem solving abilities and cognitive development 

(for a review see Newcomb & Bagwell, 1995). Friends converse more extensively on solutions 

(Azmitia, Azmitia, & Montgomery, 1993), they have less off task talk and more time planning 

and contemplating about the task than non-friend pairs (Hartup, 1996). Empirical evidence has 

shown that if the child’s friend had a high academic performance, the child’s academic 

achievement improved by the end of school year (Epstein, 1983). Given that children and 

adolescents spend many hours on group projects in a classroom, these results reinforce the 

importance of being friends with classmates. If students are friends with their group members, 

they are more likely to gain substantial benefits from the task.  



 Chapter 2. Friendship at the classroom and school. Page 6 

 
 

For social development, research has shown that children and adolescents practise their social 

skills while interacting with their friends. For example, Hartup, French, Laursen, Johnston, and 

Ogawa (1993) studied third and fourth grade students on conflict management with friend and 

non-friend partners. They paired friends and non-friends and asked them to play a board game 

together. The researchers instructed participants separately and presented them with divergent 

rules for the game to create conflicts. The results revealed that disagreement was more frequent 

between friends in comparison to non-friends. Hence the researchers concluded friends feel 

free to disagree, perhaps because they are more comfortable with each other than non-friends 

(Hartup et al., 1993). However, other research showed that friends are more concerned with 

resolving conflict in comparison to non-friends (Newcomb & Bagwell, 1995), which indicates 

that children invest in friendship and do not want to risk their future interactions (Newcomb & 

Bagwell, 1995). This research evidence illustrates that youth practise and learn interpersonal 

competency including assertiveness and conflict management, when they interact with their 

friends. These competences are important because they make up the foundations of adult 

romantic relationships and future friendships (Bagwell, Newcomb, & Bukowski, 1998).  

 Finally, friendship is an intense emotional bond and it is stronger than any other kind of peer 

relation (Rubin, Bukowski, & Laursen, 2011). Interaction with friends creates opportunities to 

enhance emotional development (Newcomb & Bagwell, 1995). For instance, Costin and Jones 

(1992) studied emotional responsiveness of young children (4 to 6 years old) to friends and 

acquaintances where children were presented with puppet scenarios. The targets of the 

scenarios were either a friend or an acquaintance and the situation caused anger or fear for the 

target of the scenarios. Their results demonstrated that children had more sympathy for their 

friends, and they offered more solutions in comparison to acquaintances (Costin & Jones, 

1992). These results and similar research findings (Newcomb & Bagwell, 1995) indicate that 

children have richer emotional experience when they interact with their friends. Consequently, 
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friendship gives children the chance to display their emotions and gain experience in emotional 

regulation. 

In view of the significance of friendship in the classroom and school, this thesis is devoted to 

investigating these relationships by applying a social network framework. First, friendship and 

its function is defined by reviewing theories and empirical research, and then, the contribution 

of friendship is described to the child’s development in order to delineate the significance of 

friends on their social, emotional development, and wellbeing.  

 Friendship Characteristics 

 Friendship is defined as a strong emotional bond between two persons and it is distinct from 

other forms of relationship that children and adolescents have with their peers because trust, 

closeness and affective bond are the main essence of friendship (Bukowski, Motzoi, & Meyer, 

2009). Empirical research revealed that friends spend more time in the common activities and 

close proximity than non-friend peers and they have intense social interactions, tend to share, 

cooperate, and help during the time they spend with one another (Newcomb & Bagwell, 1995). 

Friends, also, coordinate positive affect more compared to non-friends. With positive affect 

demonstrated by frequent looking, smiling, laughing, and touching (Foot, Chapman, & Smith, 

1977),  the closer the friends, the more laughing and touching (Berlyne, 1969). Friends not only 

are close, they also trust each other and disclose their secrets. Self-disclosure is one of the main 

functions of friendship and becomes more significant from pre-adolescence (Berndt, 

McCandless, Rubin, Bukowski, & Laursen, 2009; Bukowski et al., 2009).   

Friendship as Reciprocity or Unilateral  

There is a debate among peer relations researchers whether reciprocity of friendship 

nominations should be considered as a necessary condition of friendship relations (Newcomb 

& Bagwell, 1995; Rubin, Wojslawowicz, Rose-Krasnor, Booth-LaForce, & Burgess, 2006). 
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On one hand, dictionaries define friendship as mutual liking and attraction. In the direct 

comparison of reciprocated friendship with unilateral friendship, reciprocated friendships were 

closer and stronger affective bond than unilateral friendships (Berndt et al., 2009). On the other 

hand, empirical research has found that unilateral friendship nominations are rather common. 

For instance, Parker and Asher (1993) found that one-fifth of students had unilateral friendship 

nominations when they nominate a classmate as a friend but that classmate did not reciprocate. 

These children were considered as not having any friends. Choosing only reciprocated 

nominations as friendship relations means that researchers are claiming that some nominated 

as friends are not actually friends (Berndt et al., 2009). In short, some of the original data is 

discarded. Applying a social network framework might be a reasonable response to the 

question of whether to treat friendship as unilateral or reciprocated. Individual student 

nominations of friends are unilateral choices but reciprocated nominations can be studied 

alongside these unilateral choices. So, implementing social network analysis provides the 

opportunity for peer relations researchers to include both unilateral and reciprocated friendship 

choices and to investigate how each relates to the individual developmental outcomes. In social 

network terminology, a unilateral nomination is referred to as an “arc”, and reciprocated 

friendship choices studied as “reciprocity effects”. Social network analysis also goes beyond 

dyadic friendship relations and includes parameters that capture the relationships among three 

or more individuals. These parameters are discussed in detail in the following chapter.  

Friendship as Similarity  

Friends have more similarity (homophily) in behaviour, attributes, and traits compared to non-

friends. Similarities between friends make it easier for them to talk or find an activity to share 

(Hartup, 1996). Many researchers stated that friends tend to be similar in their gender, 

socioeconomic status, popularity, academic performance, and delinquent behaviour (Billy, 

Rodgers, & Udry, 1984; J. Cohen & Cohen, 1983; J. M. Cohen, 1977; Coleman, 1961; Coleman 
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& Hoffer, 1987; Coleman, Hoffer, & Kilgore, 1982; Kandel, 1978; McCormick, Cappella, 

Hughes, & Gallagher, 2015; Moody, 2001).  

The majority of research on similarity between friends cannot reveal whether children and 

adolescents select their friends based these features or similarity happens after the formation 

of friendship due to social influence (except for attributes that are non-changeable by the 

children, such as socio-economic status or gender). According to the literature, both processes 

of selection and influence operate in producing similarity between friends (McPherson, Smith-

Lovin, & Cook, 2001; Epstein & Karweit, 2014; Kandel, 1978). Children and adolescents 

prefer to befriend peers who resemble themselves because they feel more comfortable and have 

more interests and activities in common — selection effect (Epstein, 2014). In addition, 

companions become similar in traits and behaviour when they interact for a period of time — 

the influence effect — perhaps by modelling their friends’ behaviour (Bukowski et al., 2009).  

There is another factor on top of influence and selection effects which increases similarities 

among friends: demographic characteristics. Socio-demographic conditions result in children 

being in neighbourhoods and schools with others who have the same status and ethnicity. 

Although there is variation in socio-demographic characteristics and ethnicity in any given 

neighbourhood and school, similarities in demographic status are more likely to occur within 

neighbourhoods and within school-catchment zones. In summary, socio-demographic 

condition, selection and influence combine together to induce similarity between friends 

(Hartup, 1995).  

Functions of Friendship  

The importance of friendship for children and adolescents has been studied in different ways: 

such as comparing friends’ and non-friends’ interactions, comparing individuals who have 

friends with those who are friendless, and investigating to what extent friendship moderates 
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children’s and adolescents’ outcomes (Hartup, 1996). The research broadly shows that 

friendship can affect outcomes, but the degree and nature of influence varied across studies 

(Bukowski et al., 2009). In the coming section, functions of friendship and their developmental 

significance are explained.   

Friends as Validation  

Friendship provides companionship, support, and intimacy at any age, especially, for children 

and adolescents. A popular explanation is the Theory of Interpersonal Relationships by 

American psychiatrist Harry Stack Sullivan (1953). He proposed that “chumships” or close, 

intimate relationships with age-mates, are distinct from the relationships they have with adults 

where there is a power imbalance in the relationships with parents, teachers and all other 

significant adults. Instead, children and adolescents experience reciprocity and equality with 

their friends, giving them a sense of validation, significance, and enhanced self-concept 

(Bukowski, 2001). There is not much recent research evidence for Sullivan’s proposal that 

friendship leads to better self-concept. An older study by Mannarino (1978) on the association 

between having a chum and preadolescent boys’ self-concept built on Sullivan’s theory. 

Mannarino proposed three criteria for choosing a “chum”: first,  friendship stability over a three 

weeks period (in the study, children were asked to nominate their friends, then repeated the 

nomination after three weeks, with stable friends counted as chums); second, an 85 item 

questionnaire based on Sullivan’s (1953) notion of chum “evaluated whether or not 

preadolescent communicates honestly and openly with his best friend and is sensitive to his 

needs and interests”; and thirdly, asking the children whether they would like to spend their 

spare time with friends they selected or not. Children were considered to have a chum if their 

relationships met all these three criteria, so that half of the Mannarino (1978) sample had a 

chum. Mannarino then compared self-concept of friended with friendless children and showed 

that the group with chums had a higher self-concept. Although the results were consistent with 
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the Sullivan (1953) theory, the findings are hard to generalise because the criteria for a chum 

were very restricted, the design was concurrent, and their sample was only boys.  

There is no longitudinal research on the effects of having a friend on self-concept and self-

worth; however, Bukowski (2001) argued indirect research evidence supports Sullivan’s 

general idea. For instance, data showed that a companion has a positive influence on children 

and adolescents’ wellbeing and competences such as academic performance  (Costin & Jones, 

1992) and social and emotional competences (Bukowski, Newcomb, & Hoza, 1987; Hartup, 

1989, 1996; Hartup et al., 1993; Hartup & Stevens, 1997). 

Friends as Protectors 

Having friends protects children and adolescents from unfortunate events and hardship in the 

peer groups because chums support each other in social settings like the school or playground 

(Bukowski et al., 2009). Given that the positive experience from friendships gives children 

strength to overcome adversity, having friends decreases the anxiety of children and 

adolescents at a time of threat (Bukowski, 2001). Having friends not only gives strength to the 

individual to encounter hardship, it also affects others’ behaviour toward the person. For 

instance, it is well documented that children with behavioural problems are more prone to get 

victimised; however, having friends mitigates the victimisation (Bukowski, 2001; Hodges, 

Malone, & Perry, 1997). The importance of the protective role of friendships is highlighted for 

children with internalising and externalising problems in a well-known study by Hodges, 

Boivin, Vitaro, and Bukowski (1999). In this study, researchers investigated whether having 

friends and the quality of the friendship predicted the rate of victimisation for fourth and fifth 

grade students over the course of a year. They found that close friendship decreased 

victimisation  for all the children, especially for children with behavioural problems (Hodges 

et al., 1999). It seems that friendship acts as a buffer in difficult times and gives children and 

adolescents a sense of security and support (Bukowski et al., 2009). Consequently, if a student 
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has a friend or two, or even better if he or she is connected to a group of friends, there is less 

chance for bullies at school to choose that person as a victim (Bukowski, 2001). It is possible 

the bullies know that if they victimised the friended student, they are dealing with their friends 

as well. On the other hand, if a person is friendless they are more prone to get bullied because 

there is more chance to be alone and have less social support.  

Friendship and Learning New Skills 

Youngsters in the company of a friend explore more freely, feel more comfortable making 

risky decisions, and feel less anxiety in new situations. Therefore, interactions with friends give 

children better opportunities for learning a new skill (Bukowski, 2001). Jean Piaget’s cognitive 

development theory explains that interaction with peers will help children to learn about turn 

taking, and appropriately responding to partner characteristics (Piaget & Inhelder, 1969). 

Interaction with friends not only facilitates cognitive learning, it also helps the learning of new 

social skills such as collaboration, negotiation and conflict resolution (Newcomb & Bagwell, 

1995). Experimental research has shown that when children interact with friends, they criticise 

each other’s ideas, explain and elaborate their thoughts more extensively in comparison to 

when they interact with non-friends (Azmitia, 1988; Azmitia et al., 1993). It follows that having 

friends in the classroom and school environments has a positive influence on learning new 

skills. 

Age Difference in Definition and Manifestations of Friendship  

Young children define their friendship based on overt characteristics such as common 

activities. As they get older children add more psychological traits such as loyalty, self-

disclosure, kindness and intimacy to their notion of friendship (Shaffer, 2009). This change of 

meaning and function of friendship is in line with change in interpersonal needs and interests. 

As stated by Sullivan (1953), at each developmental stage specific interpersonal urges arise, so 

that the meaning and role of social interactions change to fulfil the person’s needs. In 
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preadolescents, friendship begins to focus more on intimacy as children develop a need for 

acceptance, with this need fulfilled by participating in close social relationships such as 

friendship. The empirical research confirms that the main difference between middle childhood 

and adolescent friendship is the importance of intimacy for adolescents (for review refer to 

Newcomb & Bagwell, 1995). Not only the definition and function of friendship evolve as 

children get older, but also the size of their friendship groups increase. For example, Benenson, 

Gordon, and Roy (2000) showed that six graders prefer interaction in a group of four more than 

interaction in a group of two, in comparison to fourth graders. It is possible that since older 

children have more experience in group interactions, they come to prefer that over dyadic 

interaction (Benenson, Tricerri, & Hamerman, 1999).  

Friendship as a Culture  

Many researchers consider friendship as a context that greatly influences children’s personality 

and morality (Epstein, 1983; Hartup, 1964; Hartup et al., 1993; Ladd, 1999). Generally, when 

children form friendships, they bring their own interests, histories, and expectations to the 

relationship, and then these past experiences and personal preferences of individuals merge 

together, forming a peer culture or identity (Bukowski, 2001). This culture defines the content 

and process of relationships as well as individual outcomes of members of the group. In 

addition, peer groups provide children with information about the rules of society and moral 

values (Bukowski et al., 2009). The culture of the group may be expressed through the 

descriptive norms of the group (Gest & Rodkin, 2011). These descriptive norms can be positive 

or negative based on the aggregation of individual characteristics of children and the group 

dynamic; friends could encourage good deeds and provoke individuals to perform better at 

school or might lead them to the drug, alcohol abuse and delinquency (Gest & Rodkin, 2011; 

Hartup, 1996). 
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Friendship as a Network 

Theories of social development acknowledge the concept of social ecology (Bronfenbrenner, 

1979). Social ecology underlines the significance of school, classroom, and social networks 

influence the individual development (Bronfenbrenner & Morris, 2006; Neal & Neal, 2013). 

However, the majority of developmental studies of friendship emphasise the individual or 

dyadic level and the larger unit of analysis such as social networks are understudied (Cairns, 

Xie, & Leung, 1998), even though friendship networks, especially among students, have been 

a major topic of research within the social network literature. Studying friendship networks 

provides information about social relations among students that otherwise cannot be obtained. 

For instance, psychological processes related to the friendship such as status presuppose 

networks as the appropriate unit of analysis (Cairns et al., 1998; Cillessen, 2007). As stated by 

Cairns et al. (1998): 

 What has been missing are efforts to identify the mediational links that develop over 

time between constructs of the person, relational accounts of the dyad, and the concepts 

derived from the study of social networks of peers and families. Such issues of 

integration seem to have fallen in the gap between sociological studies of groups and 

networks on the one hand and psychological and psychiatric studies of dyadic social 

relationships and friendships on the other. (p. 28) 

The current thesis aims to help fill this gap by investigating how classroom context as 

ecological factor influence connection among students; and additionally, how social anxiety as 

a psychological predisposition relates to the friendship networks. The next chapter reviews the 

social network framework, theory and methodology to set a context for the following chapters. 
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CHAPTER 3. THE SOCIAL NETWORK FRAMEWORK: 

BACKGROUND, THEORY, AND METHODOLOGICAL 

CONSIDERATIONS 

The systematic examination of social structure begun at the 1930s, when Moreno’s “Who shall 

survive” was published. Since then, researchers from a number of disciplines contributed in 

development of social network analysis as a field including German psychologist Kurt Lewin 

who conducted social network analysis in the field of social psychology (Freeman, 2004), and 

Harrison White and his graduate students at Harvard who contributed substantially to social 

network theory and research (Borgatti, Mehra, Brass, & Labianca, 2009; Freeman, 2004; 

Wasserman & Faust, 1994). 

The social network framework is multidisciplinary with the development of this perspective 

driven by social psychology, sociology, anthropology, physics, and mathematics, especially, 

graph theory, statistical and probability theory (Wasserman & Faust, 1994).  

Social network analysis is defined as the study of interactions and relationships (referred as 

ties) among social actors (such as individuals, organisations, or groups). This type of research 

which examines links among objects of study is called structural (Freeman, 2004). The main 

premise of social network analysis is that the patterning of social ties among actors has 

significant consequences for the outcomes of a social network as well as outcomes for actors 

(Borgatti et al., 2009). For instance, teams with a similar set of skills perform very differently 

based on the patterns of relationships among team members. Similarly, an individual has 

different outcomes depending on their position in their social network (Borgatti et al., 2009). 
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For example, a popular student with many friendship ties might have a more positive attitude 

toward school. So, social network researchers seek to discover the different kind of patterns 

and to uncover under which circumstances those patterns arise and understand their 

consequences (Freeman, 2004; Lusher & Robins, 2013a).  

It is beneficial to highlight how social network theory and method differ from other research 

paradigms. Firstly, the most important theoretical assumption of the social network framework 

is dependence among network ties. The theory of dependence assumes that the presence of 

some ties encourages other ties to come to existence, to be maintained, or to be destroyed 

(Robins, 2012). In contrast, a basic assumption of the general linear statistical model, very 

commonly used in social science data analysis, is the independence of observations (Robins, 

2012). So, traditional statistical approaches are not suitable for the examination of network 

data. Secondly, traditional social research considers individual outcomes or characteristics as 

the function of other traits of the same individual. Social network research adds to this 

individual-level approach by also taking individuals’ social environment directly into account 

to understand actors’ outcomes and characteristics1 (Borgatti et al., 2009). Thirdly, the basic 

unit of analysis in social network statistical models is the relational tie between pairs of actors, 

while in other areas of social science individuals are the objects of analysis (Robins, 2012; 

Wasserman & Faust, 1994).  

Social network researchers use graph theory to characterise structures, positions and dyadic 

properties. For each pair of i and j of actors in network X, Xij = 1 if there is a tie from i to j, Xij 

= 0 if there is no tie between the pair2. This type of data is called binary network data where a 

                                                
1Recent quantitative advances such as multi-level modeling have made it possible to examine the effects of 
contextual classroom-level variables on individual outcomes. However, as multi-level modeling does not account 
for complex network dependencies, it is not suitable for studying friendship networks.  
 
2 It is possible that Xij range over from all integers from 1 to g to represent the strength of tie (Wasserman & Faust, 
1994). This type of network is called the valued network; however, the current thesis data only includes binary 
network data.  
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tie is either present or absent. Network X is directed when Xij is distinguished from Xji, 

otherwise, it is undirected. For instance, the friendship tie can be treated as directed by studying 

the friendship nominations of individuals, but the marriage tie is undirected in that it is 

necessarily symmetric. Both case studies in the present thesis examine directed friendship 

networks. The resulting network data can be presented as an adjacency matrix (Figure 3.1) 

which is most commonly used for data analysis. Network data can also be visualised in the 

form of a graph that permits visual inspection of the data (Figure 3.1).  

 

Acto
r 

1 2 3 4 5 6 7 8 9 1
0 

1 - 0 0 0 0 0 0 0 0 0 
2 0 - 0 0 1 0 0 1 0 0 
3 0 0 - 1 0 0 0 0 0 0 
4 0 0 1 - 0 0 0 0 0 0 
5 0 1 0 0 - 1 0 1 1 1 
6 0 0 0 0 1 - 0 0 0 1 
7 0 1 0 0 1 0 - 0 0 0 
8 0 0 0 0 1 1 0 - 0 0 
9 0 0 0 0 1 0 0 0 - 0 
10 0 0 0 0 0 1 0 0 0 - 

 

 

Figure 3.1. An adjacency matrix and the corresponding directed network graph. In 
the network present of ties is denoted by 1, in the graph nodes are actors and lines 
between actors represent a tie between a pair of actors. 

The analysis of network data can be descriptive or inferential. The current thesis includes both 

analytic techniques. In the coming sections, important concepts and measures that have been 

applied in the case studies to examine properties of friendship networks are described.  

Descriptive Measures  

Descriptive measures for network structure used in this thesis are related to local structure, 

global cohesion, and status hierarchies. Local structure refers to the measures relating to small-

scale social systems such as relation among dyads and triads (triples of units); global cohesion 

relates to the overall cohesive structure of the network, and status hierarchy measures to what 
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degree status is concentrated on one or a few individuals (Gest, Davidson, Rulison, Moody, & 

Welsh, 2007). 

Local Structure 

The dyad and triad are building blocks of social networks. A dyad is a pair of actors and the 

possible tie between them (Wasserman & Faust, 1994). One of the main questions about a dyad 

in a directed network is the reciprocity of the relationship. When i sends a tie to j and it is not 

reciprocated, the relationship is asymmetric. Heider (1958) considered this type of relationship 

as an intermediate state which strives for a more stable equilibrium of a mutual relationship. 

This is more true for some relationships such as friendship, but less so for others, such as 

advice, where there may be asymmetries based on knowledge or expertise. Nevertheless, for 

directed networks, the extent of reciprocity is always an empirical question of interest. 

Beyond the dyad, triadic relations—the possible relations among three actors— are an 

important local pattern in the study of social networks (Simmel, 1950). The social processes 

are substantially different when three rather than two individuals are involved (Faust, 2007). 

As stated by Faust (2007), the third person in the interaction affords the opportunity of 

mediation between other two, forming the alliance and taking advantage of processes 

happening in triadic relations such as brokerage. Cartwright and Harary (1956) and Heider 

(1958) introduced structural balance theory to explain the strain involved in triads when 

sentiments are not harmonious. For instance, if there are strong ties between i - j and i - k and 

j and k are aware of each other, lack of positive ties between j and k create a “psychological 

strain” because both j and k want to have the similar feelings as their friend i. Triads can be 

transitive, nontransitive, or cyclic (Figure 3.2). As noted by Faust (2007): 
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A triple of actors i, j, k is transitive if i→j and j → k imply i → k. A triple of actors i, j, 

k is intransitive if i →j and j →k but a tie from i to k is absent. A triple is a cycle if i→j, 

j→k, and k→i. (p.215) 

 An intransitive triad in exponential random graph modelling is called a two-path configuration.  

 

Figure 3.2. a) A transitive triad, b) A intransitive triad, c) A cyclic triad 

 

Transitivity – often termed network closure – is more applicable in small groups where 

everybody knows everybody and they have strong ties with each other. On the contrary, if we 

include weak ties, there is less expectancy for transitivity (Granovetter, 1973). Overall, the 

presence of reciprocity and triads are expected in social networks, especially in network 

relationships based on positive affect (Blau, 1964; Simmel, 1950).  Even so, reciprocity and 

network closure are not at all universal in empirical studies, so that the strength of these effects 

needs to be estimated for any network, leading ultimately to the need for a statistical approach. 

Status Hierarchy  

Of the different measures of status, some of the most common are used in this thesis: in-degree 

centralisation, out-degree centralisation and the Krackhardt status hierarchy measure.  

In-degree refers to the number of friendship nominations each person receives. A student with 

high in-degree centrality is considered to be popular because many people want to be friends 

with them. Popularity can be explained by preferential attachment theory; according to this 

 

 

 

 

 

         a). A transitive triad                                  b). An intransitive triad                              c). A cyclic triad 



 Chapter 3. The social network framework. Page 20 

 
 

theory popular individuals may attract more ties because they are more visible (Barabási & 

Albert, 1999; Lusher & Robins, 2013a). Out-degree refers to the number of friendship 

nominations each person makes; a student with high out-degree centrality is considered to be 

socially active because they nominate a high number of friends. The distribution of in-degree 

and out-degree centralities in a class provides information about status hierarchies in that given 

class. These distributions are called Freeman’s centralisation (Borgatti, Everett, & Johnson, 

2013). If a distribution of centralities is relatively equal, so that most of the students receive 

and make a similar number of nominations, there is egalitarian or non- hierarchical status 

structure. In contrast, if a distribution of centralities is unequal and the network is centralised, 

there is evidence for a hierarchical structure (Gest & Rodkin, 2011). The Krackhardt hierarchy 

index, on the other hand, measures status hierarchy based on reciprocity; in an egalitarian 

friendship network all the relations are reciprocated and the index is zero; whereas in a purely 

hierarchical structure there are no reciprocated relations between students, and the Krackhardt 

index is 1 (Hanneman & Riddle, 2005). 

Global Cohesion  

All different definitions of global cohesion for social groups encapsulate to how well a group 

holds itself together (Moody & White, 2003). Moody and White (2003) proposed several 

specifications for the definition of structural cohesion based on previous research and theory. 

Minimally, a network should be connected (i.e. most of the members should have at least one 

social tie to another group member). The basic measures of global cohesion are the density of 

the network and the component ratio. The density of a network is defined as a measure of the 

proportion of possible ties that are present in the observed network (Robins, 2015). A 

component is a subset of actors and ties with no connections to other parts of the network. So 

a network can be divided into separate regions (components) with no ties between them 

(Robins, 2015). A connected network has only one component. The component ratio is a 
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measure of the proportion of components in a network, a reverse measure of cohesion (Borgatti, 

Everett, & Freeman, 2002).  

These simple criteria about the volume of connectivity or density are insufficient in themselves, 

however. For instance, a group of individuals may be all connected through one single path of 

ties, which is not particularly cohesive. If a connection between one pair is removed and it is 

added elsewhere, the number of the connections, hence the network density, is the same. 

However, the reachability of individuals — a pair of actors is reachable if a path between them 

exists — has been changed. So, a further criterion for cohesion is reachability and the distance 

between actors. Fragmentation is a global measure of reachability. The fragmentation index is 

the proportion of pairs of actors that are unreachable, that is a reverse measure of connectedness 

between actors (Hanneman & Riddle, 2005).  

There are several global indices related to the length of paths (distance) between actors, 

including: average distance, diameter, and compactness. Average distance and diameter relate 

to the geodesic distance which is defined as the shortest path between two actors (Robins, 

2015). Average distance is the average geodesic distance between actors in the network, while 

diameter is the longest geodesic path between connected actors (Hanneman & Riddle, 2005). 

Finally, the compactness index is a distance based cohesion measure: if the network is a clique 

(everyone has a direct path from one to the other) the index has a value of 1, and 0 when the 

network entirely consists of isolates.  

The last important aspect of cohesion is the distribution of ties and presence of substructures. 

If a group of individuals are all connected through a single person, for example, a leader, such 

a group is very fragile because the loss of the leader may lead to the destruction of the group. 

Hence, the relative uniform distribution of ties is another important feature of a cohesive group 

(Moody & White, 2003). Freeman’s betweenness centralisation measures this distribution of 
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connectivity at the level of the actor. An actor with high betweenness centrality frequently lies 

along the shortest paths between pairs of actors3 (Freeman, 1977), so that if the actor is not 

removed the connectivity of the network is lowered. This position may be interpreted in terms 

of potential power, such that the actors who bridge between other actors can manage the flow 

of information and resources in their own favour (Borgatti et al., 2009). For instance, Padgett 

and Ansell (1993) analysed historical data on marriages and financial transactions of powerful 

Medici family in 15th century France. The result of this study suggested that Medici gained 

power because of their high betweenness within the network. They used their advantageous 

structural position to act as a broker in business deals and became a hub for political decision-

making. In everyday life networks, such as friendship network at school, often there are 

multiple paths between groups and there are several students who play the role of brokers. 

However, some paths are shorter than others — they go through fewer people to diffuse the 

information or influence — which costs less and are more accessible (Granovetter, 1973). So, 

it is important to investigate distribution of betweenness centralities among actors to gain 

insight about cohesion of the network.  

Overall, the descriptive exploration of the social network through these types of indices gives 

the researchers an understanding about the network structure. However, in the descriptive 

approach, researchers look for structural patterns in the data one at the time, given that each 

index measures a different network property. But this approach is not complete because 

patterns are built on one another (e.g. a dyad is a building block of a triad) (Robins, 2012). For 

a more integrated understanding of network structure, the social network can be studied using 

statistical models such as exponential random graph models (ERGMs).  

                                                
3 Note that betweenness centrality and betweenness centralisation become undefined when a network has multiple 
components. This is not the case in the datasets considered in this thesis. 
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Inferential Social Network Analysis: Exponential Random Graph Models (ERGMs) 

ERGMs — also called P* models4— are a group of statistical models that enable researchers 

to make inferences about the main patterns in the data given the presence of other network 

structures (Robins, 2012; Robins et al., 2007). The distinct advantage of using ERGMs to 

model networks is that they expressly take into account possible network dependencies, so that 

endogenous structural processes can lead to the formation of network patterns, as will be 

explained below. This is not possible with more standard statistical approaches such as 

regressions which assume independence of observations, an assumption that is contrary to a 

network perspective, where dependence among actors is itself represented by the network 

(Robins, 2012).  

Several computing packages, such as Pnet and Statnet, are available for ERGM modelling. Pnet 

(Wang, Robins, & Pattison, 2005) uses Monte Carlo Markov Chain Maximum Likelihood 

Estimation (MCMCMLE) to refine parameter value by comparing the observed graph to a 

distribution of random graphs (Robins, Pattison, & Wang, 2009). Effects are considered to be 

significant when the parameter estimate is two times greater than standard error (Snijders, 

Pattison, Robins, & Handcock, 2006). Statistical models such as ERGMs enable network 

researchers to examine whether structural patterns are observed more than expected by chance 

(given the other effects in the model). When a parameter estimate is large and positive, it is 

inferred that the configuration occurs more frequently than expected by chance, whereas a large 

but negative parameter estimate shows a tendency against the presence of the configuration in 

the network (Robins, 2012). A non-significant parameter provides no evidence that the 

presence of the configuration occurred other than by chance, given the other effects in the 

                                                
4 For detailed description of ERGMs and their dependence assumptions refer to Robins et al. (2007)  
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model, so that there is no evidence for independent network processes to create that 

configuration. 

Social networks are built by multiple and continuing social processes which produce a unique 

network structure (Robins, 2012). There are several processes that have been proposed to lead 

to the formation of a tie and shape overall network patterns. Lusher and Robins (2013a) 

proposed three broad categories of tie formation processes: self-organising network processes, 

actor attributes, and exogenous contextual factors (Figure 3.3).  

 

Figure 3.3. Competing Reasons for Tie Formation (Adapted from Exponential random graph models for social 
networks Lusher & Robins, 2013a, p.24) 

Self-organising Network Processes 

Self-organising processes arise because of principles of social behaviour that humans have 

developed (Robins, 2012). Self-organising processes are endogenous effects in the network 

where the presence of some ties encourages or discourages others to come to existence (Lusher 

& Robins, 2013a). The building block of the network is termed as “configurations”. There are 
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several configurations that can be studied as plausible network self-organising effects. The 

choice of which configurations to examine depends on the research question, the data, 

theoretical and empirical evidence (Robins, 2015). Table 3.1 represents the most important 

configurations and their descriptions related to network self-organising processes. 



 Chapter 3. The social network framework. Page 26 

 
 

Table 3.1. Parameters Commonly Included in ERGMs for Directed Friendship Networks 

 Network effect Graphics Description of effect 
Purely structural effect 
(endogenous)   

Arc  Models the base line propensity of tie formation and 
it is analogous to the intercept in a linear regression  

Reciprocity  Models tendency for ties to be reciprocated 

Simple connectivity (2-path)  Models tendecy for correlation between in-degree and 
out-degree ties 

Popularity spread (AinS) 
 

 
 
 

Models in-degree distribution and tendency for some 
highly popular actors 

Activity spread (AoutS) 
 

 
 
 

Models out-degree distribution and tendency for some 
highly activite actors 

Path closure (AT-T) 
 

 
 

Models the tendency for friends of friends to become 
friends, in other words, a tendency for transitive path 
closure  

Cyclic closure (AT-C) 
 

 
 
 

Models the tendecy of actors to form a generalised 
exchange of ties which represent the cyclicity of the 
relations. A person j who received ties indirectly from 
person i through third parties, respond directly to i. 
(Robins et al., 2009) 

Popularity closure (AT-D) 
 
 
 

This is also called shared popularity where there is 
tendecy to form a tie between popular actors with the 
same fan base 

Activity closure (AT-U) 
 
 
 

This is also called shared activity such that those who 
choose the same friends, tend to form a tie  

Multiple connectivity (A2P-D) 
 
 
 

Models a tendency for structural hole (which is the 
lack of connection between two popular actors at the 
base) 

Actor-relation    

Sender   
 

Models the tendency of an actor with a particular 
attribute to send ties to any actor (with or without the 
attribute)  

Receiver  
 

Models the tendency of an actor with a particular 
attribute to receive ties from others  

Homophily  
 

Models the tendency of actors with similar attributes 
to send ties to one another  

Exogenous factors    

Entrainment effect  
 

Models the tendency of alignment of ties of diffferent 
types between actors 

Exchange effect   
 

Models the tendency of exchange of ties of different 
types between actors 
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As explained in the descriptive section, reciprocity of exchange is universal of human activity 

and it is expected that reciprocity to be common in friendship networks. Popularity and activity 

spreads related to in-degree and out-degree distributions explained above. 

 Robins et al. (2009) proposed four types of triangulations for directed graphs: path closure, 

popularity closure (also is called shared popularity), activity closure (also is called shared 

activity), and cyclic closure. Path closure which is denoted by AT-T in Pnet represents the path 

shortening process indicating a local hierarchy (Lusher & Robins, 2013a). Shared popularity 

which is denoted by AT-D represents a configuration when people form ties because they are 

chosen by the same people. Shared activity indicates two individuals form a tie because they 

choose the same friends, and is denoted by AT-U. Cyclic closure which is denoted by AT-C 

indicates the configuration when actors exchange ties in a cyclic fashion.   

These are now standard configurations to include in a model for a directed network. Simpler 

models can also be studied with subsets of these effects, and more complex models are also 

possible. The researcher selects a model to fit based on the research question and the type of 

effects known to shape the network being studied. The network is assumed to be built from 

combinations of those configurations parameterised in the model. The statistical examination 

of the network permits inference about which configurations are important, considering other 

effects in the model (Robins et al., 2009).   

Actor Attributes  

The second tie formation process relates to actor attributes; individuals bring their own 

distinctive predispositions, capacities and characteristics to their social networks (Lusher & 

Robins, 2013a) that may affect tie formation. Social selection occurs when friendship ties are 

formed as result of an actor attribute (Lusher & Robins, 2013a). There are three main social 

selection parameters that are included in the models in the current thesis: Sender effect, receiver 
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effect, and homophily. For instance, an attribute such as gender might encourage a person to 

send more ties (sender effect); be more popular (receiver effect); or befriend the individuals 

with the similar attributes (homophily effect). A large and positive parameter estimates for 

sender effect means individuals who have the attribute are more active in the network by 

sending many ties. A large and positive parameter estimate for the receiver effect indicates that 

individuals with the attribute are more popular by receiving many ties (Robins, 2012). 

Popularity due to attributes (i.e. the attribute receiver effect) is different from popularity 

because of preferential attachment. The former happens because of specific attributes of the 

actor, while the latter happens because the person already has many ties (Lusher & Robins, 

2013a) and hence arises from an endogenous structural process, not specifically due to 

attributes. One significant advantage of an ERGM is that one can tease apart the contribution 

of each of these processes in formation of the structure of friendship networks. Finally, the 

homophily effect means that people who share the attribute are more likely to become friends 

(McPherson, Smith-Lovin, & Cook, 2001). For continuous attribute variables, the absolute 

difference between attributes is taken as the statistic for homophily effects. Homophily occurs 

when the presence of dyadic friendship ties is associated with smaller absolute differences in a 

continuous attribute for the two actors. So, a large and negative parameter estimate for a 

continuous attribute is an indication of homophily. For binary attribute variables, on the other 

hand, homophily is indicated by positive parameter estimates, because the statistic used in the 

model is the product of the two attribute values, and so has the value 1 when both actors have 

the attribute in question (Robins & Lusher, 2013a).  

Exogenous Factors 

The third category of tie formation processes is related to exogenous network factors, termed 

dyadic covariates in ERGM terminology. Exogenous factors can be contextual factors (such as 

classroom climate in the case study 1 of this thesis, chapter 5 and 6) or it could be another 
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network (similar to the case study 2 of thesis, chapter 7). These two exogenous factors and 

network effects related to them are explained below. 

First, the contextual factor as a dyadic covariate is a measure on each pair of actors that may 

affect the presence of a tie between any given pair (Robins & Daraganova, 2013). In the current 

thesis, the contextual factor is classroom climate which varied for each class and is a continuous 

variable. A large and positive parameter estimate for classroom climate indicates classes with 

higher level of classroom climate had higher propensity of friendship formation. On the other 

hand, a large, but negative parameter estimate for classroom climate indicates that classes with 

lower level of classroom climate had lower propensity of friendship formation. Hence, 

including classroom climate as a dyadic covariate across a number of classrooms affords the 

opportunity to study how variation of classroom climate relates to the density of friendship 

networks.   

Second, another network can be studied as an exogenous factor to explain the structural patterns 

of the main network (i.e. intersection of network A and B). For instance, if we have data related 

to the advice and friendship networks, the latter can be treated as an exogenous factor that 

might explain some of the advice network structural patterns.  

There are two fundamental dyadic covariate configurations related to the study of intersection 

of two directed networks of A and B (Table 3.1): entrainment and exchange configurations. 

The entrainment parameter shows the extent to which the two network ties align within the 

dyad when both ties are coming from actor i (Wang, 2013). The exchange parameter, on the 

other hand,  indicates the extent to which the dyad exchanges ties of the different types such 

that tie type A comes from i to j and tie type B comes from j to i (Wang, 2013). By including 

these cross-network effects, researchers are able to examine the dyadic dependencies between 

networks. Without cross-network configurations in the model, researchers might get different 
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results for structural effects (e.g. density, reciprocity, transitivity) because it is possible that 

some of strong within network effects can be explained by cross-network effects (Wang, 2013). 



     Chapter 4. Some factors that affect the structure of friendship networks in classes. Page 31 

 
 

 

CHAPTER 4. SOME FACTORS THAT AFFECT THE 

STRUCTURE OF FRIENDSHIP NETWORKS IN CLASSES  

 

 

The factors that contribute to the students’ friendship formation at school can be understood 

through the Bronfenbrenner ecological framework (Bronfenbrenner & Morris, 2006). 

According to the ecological framework, students’ development is influenced by the interaction 

of their own characteristics and predispositions with the social environment. Bronfenbrenner 

described classrooms, grade level, and other school settings as microsystems that include 

relationships and roles that affect students (Hamm & Hoffman, 2016). The teacher-student 

relationship is an important part of microsystems which might influence students’ social 

relations. At the same time student predispositions are also significant in shaping their social 

environment (Bronfenbrenner & Morris, 2006). Drawing on ecological theory, the case studies 

of the current thesis investigated the contributions of social anxiety as student characteristics 

and teacher-student relations on friendship networks of students. These are discussed in turn 

below. 

Social Anxiety and Friendship 

Social anxiety involves fear of interpersonal scrutiny and consequently embarrassment and 

humiliation (Mancini, Ameringen, Bennett, Patterson, & Watson, 2005). The current thesis 

selected social anxiety as an individual characteristic to study given, firstly, that the prevalence 

of social anxiety begins to increase from preadolescence to early adolescence (Erath, Flanagan, 

& Bierman, 2007; Mancini et al., 2005). Secondly, social anxiety has been related to difficulty 
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in social relations (Erath et al., 2007; Glick & Rose, 2011; Heerey & Kring, 2007; Inderbitzen, 

Walters, & Bukowski, 1997; La Greca & Harrison, 2005; La Greca & Lopez, 1998; Rodebaugh 

et al., 2014; Tillfors, Persson, Willén, & Burk, 2012; Vernberg, Abwender, Ewell, & Beery, 

1992). To be specific, social anxiety has been related to a decrease in peer acceptance, lower 

quality of friendship, and having problems forming friendship ties (Flanagan, Erath, & 

Bierman, 2008; Rodebaugh et al., 2014; Van Zalk, Van Zalk, Kerr, & Stattin, 2011). Socially 

anxious students feel less accepted by their peers, thus, they might not actively try to make 

friends at school (La Greca & Lopez, 1998). Additionally, the socially anxious tend to be 

perceived less desirable as friends by their peers at school (Vernberg et al., 1992), which 

implies they are unlikely to be popular in friendship networks. Erath et al. (2007) showed that 

the relationship between social anxiety and low peer acceptance is mediated by negative social 

performance expectation and social withdrawal of socially anxious students. Therefore, both 

cognitive bias and behaviour of socially anxious students influence their peer relations 

(Cartwright-Hatton, Tschernitz, & Gomersall, 2005; Erath et al., 2007).  

Despite the poor peer relations of socially anxious adolescents, friendship becomes particularly 

significant for them during the adolescence when they have the strong desire for personal 

validation through intimate relations with their age-mates (Parker, Rubin, Erath, 

Wojslawowicz, & Buskirk, 2006). Having friends is particularly important for the 

developmental function of socially anxious students (Zalk, Zalk, Kerr, & Stattin, 2014). 

Research showed that having friends may offer comfort, reassurance, and support that reduce 

feeling of the social anxiety at school (Bukowski, 2001; Hartup, 1996; Newcomb & Bagwell, 

1995; Van Zalk & Van Zalk, 2015). For instance, Pontari (2009) found that socially anxious 

individuals experienced fewer negative self-focus thoughts when with friends than alone. 

Longitudinal studies showed that the socially anxious individuals who were friendless had an 

increase in depressive symptoms over time (e.g. Bukowski, Laursen, & Hoza, 2010; Laursen, 
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Bukowski, Aunola, & Nurmi, 2007). Hence, socially anxious students can benefit greatly from 

having friends.  

Hansell (1985) was probably among the first to study the relationship between adolescence 

friendship networks and distress at school. The researcher did not find associations between 

counts of friendship nominations students sent and received and psychological and 

physiological distress symptoms. Interestingly, this research found that students who had the 

role of brokers as well as those who were more reachable had higher physiological distress 

responses. Hansell (1985) concluded that some network roles and positions might induce 

distress. The cross-sectional nature of this study and use of descriptive network indices5 limited 

the interpretations of the findings. There is limited recent research examining the friendship 

networks of socially anxious students. Consistent with earlier work on socially anxious 

adolescents, research within a social network paradigm has found that socially anxious students 

are less popular and chose fewer friends in their networks (e.g. Van Zalk, Van Zalk, Kerr, et 

al., 2011). The majority of social network research in this area has focused on similarity 

between friends in social anxiety and origin of this similarity (selection versus influence). The 

empirical research consistently found that adolescents tend to be similar in their level of social 

anxiety where they choose friends who are socially anxious. However, they also influenced 

each other into becoming more socially anxious (Van Zalk, Van Zalk, Kerr, et al., 2011; Van 

Zalk, Van Zalk, & Kerr, 2011). Overall, social anxiety appears to constrain the friendship 

networks of adolescents such that they have few connections and those connections are mostly 

to the peers who are themselves socially anxious.  

                                                
5 For detailed comparison of descriptive and inferential social network analysis methods refer to the chapter 3 
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Classroom Context and Friendship 

As noted by McFarland, Moody, Diehl, Smith, and Thomas (2014) there are numbers of 

contextual factors that affect peer relations in the classroom, including: demographic 

composition of a classroom (ethnicity, social economic status and gender); and the teacher’s 

behaviour and classroom climate. The theoretical perspective and empirical studies related to 

each of these factors are now discussed.  

Demographic Composition 

Schools and classrooms friendship groups become segregated based on gender, social 

economic status (SES), race and ethnicity (Moody, 2001). In middle childhood, gender 

accounts more for the segregation (Cotterell, 1996) and as children become older SES and race 

are more accountable for the segregation (Eckert, 1989; Hallinan, 1982; Moody, 2001). In most 

cases these separations based on demographic factors happen due to attraction of similarity in 

friendship formation (Kandel, 1978). In the following sections, each of the demographic factors 

and their influence on structure of friendship groups are reviewed.  

There is a consensus in the literature on gender segregation of friendship groups (Maccoby, 

1990; Neal, 2010), for instance, in the study of fifth and seventh grade students’ networks 

features only 18% of fifth and 27% of seventh graders had mixed gender friendships (Gest et 

al., 2007). Consequently, the question arises as to the implications of gender differences in the 

structure of friendship network. The literature about differences in the structure of friendship 

networks and status hierarchies of boys and girls are mixed. The theories of gender differences 

such as two culture theory proposed that sex differences emerge in social contexts (Maccoby, 

1990, 1995). This theory claimed that girls and boys have distinctive interaction styles, and 

structure and content of their social groups are not similar (Rose & Rudolph, 2006). As such, 

boys tend to spend most of their time in bigger friendship networks and because of the 

competitive nature of their activities, they have more pronounced status hierarchies in their 
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networks. Instead, girls tend to spend most of their time with one friend and have a less 

differentiated status system (Rose, Click, & Smith, 2011; Rose & Rudolph, 2006; Rose & 

Smith, 2009). 

However, empirical studies have found that the structure of friendship networks of boys and 

girls were more similar than different. For instance, Gest et al. (2007) compared the structure 

of friendship networks of boys and girls of fifth and seventh grade students in two aspects: 

tight-knittedness, and status hierarchies. Tight-knittedness measures the level of cohesion and 

connectedness in the network, and status hierarchies measure the degree to which status is 

concentrated in one or few individuals. They reported that there are no gender differences in 

terms of tight-knittedness, and status hierarchy for fifth graders, but clear sex difference in 

status hierarchies of seventh graders, with boys’ groups having more pronounced hierarchies 

than girls. The researchers concluded that gender difference in the structure of friendship 

networks might be moderated by age (Gest et al., 2007; Rose & Rudolph, 2006; Rose & Smith, 

2009). 

Turning to the racial composition of the classroom and its influence on the structure of 

friendship networks, most of the research in this area is done on the segregation of African 

American and European American students. A comprehensive example is a study by Rodkin, 

Wilson, and Ahn (2007) which investigated racial segregation of third and fourth grade 

students. They studied four types of peer networks: friendship, liked most, liked least and group 

affiliations. Researchers divided their sample of 32 classrooms based on the racial 

compositions into majority white, majority black and multicultural. The results showed that in 

all three racial compositions there was a moderate homophily effect for race and that friendship 

networks, liked most and group affiliations were segregated based on race. A striking finding 

was that in the majority white classrooms, the segregation of African American students was 

high; and a high portion of the antipathy of white children were with black students. Similarly, 
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Moody (2001) studied racial segregation of adolescent friendship networks (seven to twelve 

grade) in a national representative sample of 112 schools, demonstrating a nonlinear relation 

between an increase in race heterogeneity in schools and racial segregation of friendship 

networks. As such, school policy and organisation moderate the relation between race 

heterogeneity and racial segregation through tracking — separating students by academic 

ability into groups for all subjects or certain classes — and extracurricular activities. Moody 

(2001) stated that there is correlation between race and tracking, with white students assigned 

to the academic tracks and black students and other minorities to non-academic tracks, so that 

tracking might lead to the race segregation. In addition, organisation of extracurricular clubs 

and groups also are important for the integration between races and the formation of interracial 

friendships. Accordingly, the schools with more opportunities for different ethnicities to 

participate in the same activities have more cross-race friendships (Moody, 2001). In brief, 

from these research examples one can conclude that students often are segregated based on 

their race because of similarity preference and school organisation and policy (Moody, 2001).  

Similarly, empirical studies of friendship in schools indicate that students prefer to befriend 

peers from same socio-economic status (Eckert, 1989; Milner, 2006). However, the importance 

of SES in segregation is not always salient due to the fact often school-mates in the one 

classroom are from the same neighbourhood and hence similar socio-economic background 

(Hartup, 1995).   

Teacher-Student Relationship and Peer Relations: Theoretical Perspectives  

There are two main theoretical approaches to explain how the teacher-student relationship 

influences students’ social, emotional, and academic outcomes (Wentzel, 2010). The first 

theory is attachment theory which proposed that a supportive interpersonal relationship affects 

students’ outcomes through the promotion of self-worth and emotional wellbeing (Bowlby, 

1969; Sabol & Pianta, 2012; Wentzel, 2010). The other theoretical approach is the socialisation 
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model which considers the teacher-student relationship as a context that creates opportunities 

for interpersonal learning (Wentzel, 2002).  

 Attachment theory primarily is used to explain how the caregiver-child relationship influences 

the child’s development (Bowlby, 1969). Bowlby (1969) proposed that if the caregiver 

behaviour is predictable and sensible, attachment is secure and this security conveys that the 

child is worthy of love, and as a result, the child feels comfortable to explore and display 

positive coping skills. On the contrary, if the caregiver’s response to the child is arbitrary and 

insensible the child’s attachment is insecure. Children with insecure attachment display risky 

or limited exploratory behaviour and have difficulty regulating their stress. Consequently, 

children form the mental representations of self and others based on their attachment and they 

see the world from the lens of their internal working model. Researchers proposed that the 

principles of attachment theory are applicable for the teacher-student relationship (Sabol & 

Pianta, 2012; Wentzel, 2002). Therefore, a secure and positive relationship between a teacher 

and a student gives the student a sense of validation and self-worth and helps them to develop 

positive social skills which in turn translate to the successful peer relations (Wentzel, 2010).  

 The socialisation model identified several processes where the teacher influences the ecology 

of peer relations in the classroom. First, teachers through everyday interactions teach students 

the kinds of social behaviour which are acceptable, valuable and will help them to make friends. 

Such a teacher-student relationship provides the appropriate models for positive interactions 

and friendship formations. Children can use the social skills they learned through interactions 

with their teachers to have successful relationships with their peers (Gest, Madill, Zadzora, 

Miller, & Rodkin, 2014; Gest & Rodkin, 2011; Wentzel, 2010).  

Second, students consider the teacher as a referent to determine the social reputation of their 

classmates (Hughes, Cavell, & Willson, 2001). A range of experimental and empirical research 
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indicated that a positive attitude by the teacher toward a student related to an increase in peer 

acceptance (Hughes et al., 2001; Hughes & Kwok, 2006; White, Jones, & Sherman, 1998; 

White & Kistner, 1992). For instance, Hughes et al. (2001) studied the relation between 

perception of the teacher-student relationship and peer rated liking for third and fourth grade 

students. The results revealed that children use the information about the teacher-student 

relationship to rate their classmate’s likeability, such that teacher-student relationship is 

accountable for 38% to 54% of variance in peer evaluation for social and academic 

performance (Hughes et al., 2001). This result demonstrates that, indeed, students look up to 

the teacher and mirror the teacher behaviour in their social relations.  

Third, students are informed how much they are valued by adults through the relationship with 

the teacher (Wentzel, 2010). If it is a warm and supportive relationship, they feel accepted and 

more motivated to comply with adult expectations. In other words, adults have a motivational 

significance for the students. On the contrary, if the students have a conflictual relationship 

with the teacher they might be indifferent about teacher expectations and standards (Howes, 

2000; Howes et al., 2011). In summary, teachers are significant figures in their student’s social 

life and they influence student social skills through direct and indirect teaching of appropriate 

social behaviour.   

Teacher-Student Relationship and Peer Relations: Empirical Research 

There is a strong line of evidence on the effects of the teacher-student relationship on students’ 

academic outcomes, and emotional and social behaviour with peers (Allen et al., 2013; Allen, 

Pianta, Gregory, Mikami, & Lun, 2011; Buyse, Verschueren, Verachtert, & Van Damme, 2009; 

Farmer, Lines, & Hamm, 2011; Howes, Hamilton, & Matheson, 1994). Traditionally, most 

researchers were interested in the influence of the teacher-student relationships on academic 

performance and there is growing research evidence that indicates supportive, positive teacher-

student relationship facilitates academic achievements (Allen et al., 2013; Allen et al., 2011). 
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In comparison, there is a smaller body of literature related to the influence of student-teacher 

relationships on students’ social, emotional competencies, and peer relations, especially for 

primary and secondary school students (Farmer et al., 2011; Gest et al., 2014; Gest & Rodkin, 

2011; Hendrickx, Mainhard, Boor-Klip, Cillessen, & Brekelmans, 2016). The evidence for 

influence of teacher-student relationship on social relations in the classrooms comes from two 

levels of analysis: individual and group level outcomes (i.e. a student versus classroom 

outcome). Individual level analysis examines the effect of the teacher-student relationship on 

students’ peer interaction social skills through observation, teacher rating of children’s 

behaviour, self-report of positive peer interactions (i.e. aggressive, social and withdrawal) 

(Howes, 2000; Howes et al., 1994; Luckner & Pianta, 2011; Merritt, Wanless, Rimm-Kaufman, 

Cameron, & Peugh, 2012; Network, 2006) or sociometric status (Hughes et al., 2001; Hughes 

& Kwok, 2006; Mikami, Gregory, Allen, Pianta, & Lun, 2011). Group level analysis explores 

the impact of the teacher-student relationship on social networks (Gest & Rodkin, 2011).   

Regarding the contributions of teachers on peer relations at individual level, there is consensus 

that supportive teaching practice leads to a decrease in aggressive behaviour and an increase in 

prosocial behaviour with peers (Howes, 2000; NICHD, 2006). For example, Howes (2000) 

found that a high level of closeness and a low level of conflictual quality of the relationship 

with preschool and second grade teachers (emotional support) predicted social competence 

with peers in the second grade. However, not all studies of teacher-student relationships find a 

strong relation between the teacher’s emotional support and children’s peer behaviour. For 

instance Merritt et al. (2012) did not find an association between the teacher’s emotional 

support and prosocial behaviour with peers among first grade students. In their study of fifth 

grade students, Luckner and Pianta (2011) found only a weak association between emotional 

support and prosocial behaviour, whereas in contrast classroom organisation (teacher 

management of time, resources and attention) were a stronger predictor of a high rate of 
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positive interactions in the classroom and of lower aggression and relational aggression. 

Considering that research evidence illustrated that teacher’s emotional support is more 

influential for the social behaviour of preschool children than older children (Luckner & Pianta, 

2011), it is possible younger children need more emotional support to develop related social 

skills for successful peer interactions. Older children already have developed these skills; 

therefore, they need efficient management of classroom interactions to have opportunities to 

experience positive peer interactions (Luckner & Pianta, 2011). 

Empirical studies showed that teacher-student relationship can affect students’ likeability 

through their daily interactions over time, such that peer perception that the teacher has a good 

relationship with a child validates that child and increases their likeability among classmates 

(Hughes et al., 2001; Hughes & Kwok, 2006). For instance, Mikami et al. (2011) conducted a 

comprehensive randomized trial control study on teaching practice and peer relations. 

Researchers trained teachers in high quality teaching that included supportive emotional and 

instructional relationship with students. Peer relations were measured through observed 

positive interactions, children’s self-reports of positive peer relationships, and students also 

were asked to report on their disruptive behaviour in the classroom. Mikami et al. (2011) results 

were consistent with the literature that showed that teachers trained in a high quality teaching 

practice (emotional and instructional support) had more positive interactions in their classroom. 

However, there was no significance difference between classrooms with trained teachers and 

the control group on the self-reported positive peer interactions. The fact they used the same 

observation system to assess the teacher-student relationship and the student-student 

relationship and they could not repeat the result with the self-report lends a cautionary note to 

these findings. Interestingly, for the students with high level of self-reported disruptive 

behaviour teacher training facilitated self-reported positive peer relationships (Mikami et al., 

2011). Similarly, researchers who followed academically at- risk children over time reported 
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that quality of the teacher-student relationship in the first grade predicted peer acceptance in 

the following year (Hughes & Kwok, 2006). Findings of Mikami et al. (2011) and Hughes and 

Kwok (2006) both highlight that a supportive teacher-student relationship might be more 

critical for at-risk children more than the normal population.  

To date, the studies that investigated the influence of teachers on social networks of students 

are few in number (Hamm & Hoffman, 2016). The examples of research that tested such 

research hypothesis are described below.  

A study by Gest and Rodkin (2011) explored a contribution of the teacher in structure of social 

networks. The researchers tested the relation between two aspects of teaching and social 

networks indices: first, general teaching practice, and second, network-related teaching 

practice. General teaching practice refers to the level of the teacher emotional and instructional 

support and management of time and resources in the classroom, while network-related 

teaching practice is related to how well teachers manage extreme status (it includes both highly 

and isolated students in the classroom), change seating arrangements to facilitate friendship for 

isolated children or change friends of a trouble maker, and how well teachers are aware of 

social relations in the classroom. Researchers used these nominations to produce descriptive 

statistics of social networks: 1- density of liking, disliking, and friendship networks (density is 

defined as a sum of all existing ties -relations- in a classroom divided by the total possible 

number of such ties), 2- classroom social hierarchies. Partial correlations suggested that 

teachers who stated they arranged seating to separate children with behavioural problems had 

classrooms a higher density of friendship. Also, teachers who demonstrated high level of 

emotional support had classrooms with a higher rate of friendship reciprocity. In regard to 

status hierarchy, teachers who tried to foster new friendships through seating charts had 

classrooms with a less pronounced status hierarchy. In the same way, teachers who provided a 

higher level of instructional support had less pronounced status hierarchy for boys. 
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Surprisingly, teachers re-arrangement of social relations in the classrooms is associated to the 

approval of aggression and disapproval of prosocial behaviour (aggressive children gain a 

higher status and prosocial children a lower status). Given that teachers might not have an 

accurate understanding of the social relations in the classroom (Gest & Rodkin, 2011), their 

efforts to engineer a better social ecology might lead to the some visible and desirable results 

(less pronounced status hierarchy), and some invisible damages (aggressive students become 

more popular). As noted by Gest and Rodkin (2011) it might be more successful if teachers try 

to encourage formation of positive social relations through setting a supportive classroom 

climate as opposed to a direct intervention.  

Similarly, Cappella and Neal (2012) studied the relation between teacher support and social 

connections in the classroom in a sample of 33 classrooms (second, third and fourth grade) 

from high-poverty neighbourhood. They mainly focused on victimised children (children who 

are left out of activities and often get picked on). Hierarchical linear models suggested that 

students who experienced victimisation were peripheral, but that teachers’ emotional support 

moderated the relation between victimisation and centrality such that in classrooms with warm, 

sensible and supportive emotional climate victimised children were more embedded in the 

classroom social networks (i.e. they are more centralised and have more social connections).  

Overall, findings of these empirical studies indicated that there is a relationship between the 

teacher-student relationship and friendship network features, but there are limitations in the 

current literature that makes it difficult to draw a firm conclusion about the teacher 

contributions in peer relations. Firstly, most of the research has cross-sectional design which 

can only capture a concurrent relation between variables of interest and it does not capture 

change over time. It is likely to take time for a student to develop relationships with their 

teacher, and peers (Hinde, 1995; Rizzo, 1989). Secondly, although past research used social 

network methods to understand and describe properties of children and adolescences’ social 
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networks and social status (e.g. density, centrality),  as noted by Robins et al. (2007) there are 

cogent reasons that we need well-fitting statistical model of an observed social network.  

Statistical models allow inference that certain network features are more generally observed 

than we expect by chance. These models also can be used to test hypotheses about the social 

processes that might produce network features. Statistical modelling makes it possible to take 

into account different social processes at the same time and differentiate their contributions to 

the network structure. Descriptive methods are not sufficient for understanding and make 

inference from complex network data such as multiple networks or longitudinal network data, 

in contrast to well-defined models that are more capable of representing such a data (Robins et 

al., 2007). Given these limitations, the first case study of current thesis includes a 

comprehensive social network analysis on a three years longitudinal data on teacher-student 

relationship and friendship networks in classrooms to fill the gaps. Chapter 5 describes the 

background and methodology of the first case study and chapter 6 includes the results and 

conclusions. 
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CHAPTER 5. CONTRIBUTION OF CLASSROOM CLIMATE TO 

THE STRUCTURE OF FRIENDSHIP NETWORKS: 

THEORETICAL BACKGROUND, DATA AND METHODS 

 

 

Outside of network research, friendship has mainly been studied at a dyadic level (Cillessen, 

2007; Hanish & Rodkin, 2007). Although the study of friendship from a dyadic perspective 

provides information about social and cognitive outcomes for individuals, the study of social 

relations at classroom level has implications for students at both individual and classroom level 

that are unique outcomes arising from the structure of social networks (Cairns et al., 1998). For 

instance, students who are included in friendship networks find school activity more enjoyable, 

it is easier for them to ask for help and they are more likely to receive assistance from their 

classmates when they are in need (Doll, Song, & Siemers, 2004). On the other hand, isolated 

students are more at risk of being bullied because retaliation from classmates is unlikely 

(Hodges et al., 1997). At the class level, in a classroom with cohesive and connected friendship 

networks with more students included there are fewer conflicts and those conflicts are less 

likely to escalate (Ahn, Garandeau, & Rodkin, 2010; Newman, Murray, & Lussier, 2001). 

Overall, it seems that friendship networks that are inclusive with all the students participating 

have more adaptive outcomes for children (Ahn et al., 2010). These outcomes would not be 

revealed by looking only at dyads. 
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On average approximately 4-6 % of students are friendless and are isolates within their class 

friendship networks (Asher, 1995; Gronlund, 1959). The percentage of isolated children and 

structure of friendship networks may vary from one class to another class (Cappella & Neal, 

2012; McFarland et al., 2014). It is essential to understand why some classes have cohesive, 

connected and non-hierarchical networks while others have sparse and disconnected networks. 

One of the aims of this thesis is to address this question.  

Empirical evidence has shown that classroom routines and practices have a strong influence on 

friendship formation and connectedness of students (Doll et al., 2004; Farmer et al., 2011; Gest 

& Rodkin, 2011; Mikami, Griggs, Reuland, & Gregory, 2012). Teachers are mainly responsible 

for providing opportunities in classrooms for positive interactions that lead to friendship 

formation (Farmer et al., 2011). They can contribute to students’ peer experiences through 

setting the classroom emotional climate, and in the way they teach and manage a classroom 

(Pianta, 1999; Pianta, La Paro, & Hamre, 2008). Classroom climate refers to the global 

atmosphere of a class which is mainly a product of the style of teacher interaction with students 

(Pianta et al., 2008). However, there is limited research evidence on the teacher contributions 

to the structure of friendship networks through setting the classroom climate. This thesis aims 

to investigate how teacher interactions with third and fourth grade students at the start of school 

influence the structure of their friendship networks at the end of the school year, above and 

beyond other factors.   

Theoretical Background  

 Processes that Shape Friendship Networks 

An observed network is the outcome of stochastic social processes (Robins et al., 2007). An 

ERGM can be specified to represent theoretically driven hypotheses for processes that drive 
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network structure. As explained in greater detail in chapter 3, there are three main categories 

of tie formation processes that mostly explain the unique structure of friendship networks: self-

organising network processes, actor attributes, and exogenous contextual factors. Exponential 

random graph models enable the testing of competing reasons that give rise to the structure of 

friendship networks. In this research, we are specifically interested in the influence of 

classroom context on the structure of friendship networks, although we examine other possible 

contributors in order to be able to draw sound inferences about our main hypotheses.  

All these processes simultaneously give rise to the friendship ties, but in different networks 

they may have distinct contributions. Yet many network-based studies have investigated one 

or at most a few classroom case studies at the one time. There are number of reasons for this 

limitation: first, it is time-consuming and labour intensive to collect data on actor attributes and 

exogenous contextual factors on top of friendship networks data (Cillessen, 2007). Second, 

examination of all the tie formation process need complicated statistical modelling to pull apart 

contributions of each factor (Robins et al., 2007). Third, each of the tie formation processes is 

subject to differing researcher interest depending on the research field. Developmental 

psychologists mostly study how individual characteristics such as demographics or personality 

influence desirability of a given student as a friend (Benenson, Apostoleris, & Parnass, 1997; 

J. M. Cohen, 1977; Kandel, 1978); educational researchers study how classroom climate such 

as teacher interaction style contribute to peer relations in the class (Luckner & Pianta, 2011).  

Most importantly, for purposes of the current study, networks across many classrooms needed 

to be studied, so that we can draw inferences about different classroom climates on the baseline 

propensity to form ties in each network. Hence, it is insufficient to study one network at a time. 

Below an analytical framework is described that enabled the analysis in this thesis to extend 

ERGMs across multiple classrooms and hence, for the first time, to model classroom factors 
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alongside self-organisation and attribute effects. All such effects in the models were needed in 

order to draw sound inferences about the independent effect of classroom climate. As a result, 

the statistical models will include effects at various distinct levels: individual, dyadic, triadic, 

and classroom. 

Before proceeding with these complex models, however, it was worthwhile exploring the 

heterogeneity of friendship network structures across classrooms to ensure variation in 

structure can be identified and some insight into the implications for classroom climate is 

gained. It was expected that classrooms would exhibit different friendship structures: 

specifically, it was expected that classrooms would vary in terms of cohesion and hierarchy. 

The descriptions of cohesion and status hierarchies are presented in chapter 3.  

Previous research emphasises the importance of cohesion in the study of friendship networks 

in educational settings (Gest et al., 2007; Moody & White, 2003). According to Social Capital 

Theory, structural cohesion of the network has a considerable consequence for classroom and 

school mechanisms such as information flow (Coleman, 1988; Dika & Singh, 2002; Moody & 

White, 2003). For instance, in a denser and connected network there are multiple paths between 

students to connect one another, so that information and resources can flow through multiple 

paths.  

The distribution of status also is an important feature of a network in school and classrooms. 

Where most of the students have similar status, the structure is called egalitarian and non- 

hierarchical. On the contrary, if few people have high status, and so are very central in the 

network, the structure is hierarchical. Non-hierarchical friendship networks have been related 

to less competition, more cooperation, greater intimacy and consequently more positive social 

outcomes for the students (Maccoby, 1990, 1998). For example Cappella et al. (2013) study 
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showed that classrooms with egalitarian social networks students were more behaviourally 

engaged over a course of an academic year. On the other hand, Ahn et al. (2010) found that in 

classes with hierarchical social structure aggressive students were more popular. Likewise, 

Schäfer, Korn, Brodbeck, Wolke, and Schulz (2005) found that in the classes with more 

pronounced status hierarchies there was more victimisation and bullying events. Considering 

that structural patterns of social networks can impact students’ outcomes, it is critical to study 

if there is a significant variation between classes in the data before examining the central 

questions. So, the study began with a basic hypothesis:  

H1. Classrooms exhibit heterogeneous friendship network structures, differing in terms of 

network cohesion and hierarchy.  

 The Invisible Hand of the Teacher: Influence of Classroom Climate on the Friendship 

Network 

In a social setting like a classroom it is not only the individual characteristics that guide 

children’s social interactions, but also the behavioural standards and social opportunities 

provided by adults (Cairns & Cairns, 1994; Farmer et al., 2011). These two processes are not 

independent and they happen simultaneously and influence one another. Farmer et al. (2011) 

introduced the idea of “the invisible hand of the teacher” to explain the contribution of teachers 

in the students’ peer relations. Teachers have two roles: one as an authority for social roles and 

expectations where they provide information, encourage appropriate social behaviour, and 

correct behaviour outside of norms and expectations. Secondly, teachers are the facilitators of 

social interactions by providing students with opportunities to interact (Farmer et al., 2011). 

The teacher’s overall interaction style with the classroom sets the classroom climate, which in 

turn influences overall patterns of friendship formation (Cappella & Neal, 2012; Gest & 

Rodkin, 2011). Classroom climate is positive where the teacher has a warm, caring relationship 
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with the students, there is little conflict and interruption present in the classroom and students 

are highly engaged in the classroom activities (Pianta et al., 2008). In such classes, increased 

opportunities for positive and productive interactions between classmates are expected, 

resulting in an overall friendly environment where everybody is well integrated into the 

friendship network. At the other extreme, classroom climate that is negative occurs where the 

teacher is not responsive to the students’ needs, has conflictual relationship with students, 

activities are designed for individual work, and the class is mostly teacher directed and centred. 

The teacher is inclined to use punishment to control students, and disruption and conflict 

between students are present in the classes (Pianta et al., 2008). In classes with such a hostile 

environment, there may be less opportunity for the emergence of friendship among students.  

In this study, a comprehensive observation system was used for assessing teacher interaction 

style. This observation system has been developed over years of research and field study by 

Robert Pianta and colleagues (for more information refer to Pianta et al., 2008) to assess 

classroom climate. It is called the Classroom Assessment Observation System (CLASS). The 

CLASS framework proposes that teachers’ interaction style can be assessed according to three 

aspects: emotional support, instructional support, and classroom organisation.  

Emotional support reflects the emotional bond between teacher and students and among 

students themselves. Emotional support captures the teacher-student attachment style through 

measuring teacher responsiveness to the students and the level of warmth and positivity of their 

relationship (Pianta et al., 2008). According to attachment theory, a positive and supportive 

relationship with the teacher influences students’ social relations in the class through the 

promotion of self-worth and emotional well-being (Wentzel, 2002; Wentzel, 2010). 

Additionally, students model the teacher’s emotionally supportive behaviour to make friends 

and maintain positive relationships with their classmates (Hamm & Hoffman, 2016). As 
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emotional support contributes to students’ positive social relations through multiple ways, it is 

expected that emotional support has a stronger influence on friendship formation over time 

than other domains of classroom climate. Empirical evidence at the individual level has shown 

that for elementary school-age children, an emotionally supportive relationship with the teacher 

is related to prosocial behaviour and a positive perception of classmates (Hamm & Hoffman, 

2016; Madill, Gest, & Rodkin, 2014; Rudasill, Niehaus, Buhs, & White, 2013). There is limited 

research evidence on the influence of the teacher-student interaction style on the structure of 

friendship networks at the class level (Gest & Rodkin, 2011; Hamm & Hoffman, 2016). 

Recently, several researchers have attempted to study this matter using the standard statistical 

approach such as correlation and regressions (Gest & Rodkin, 2011; Hendrickx, Mainhard, 

Boor-Klip, Cillessen, & Brekelmans, 2016). For example, Gest and Rodkin (2011) investigated 

the relation between teaching practice and features of social networks for elementary school 

children at the classroom level using correlation analysis. Their results showed that teachers 

who demonstrated a high level of emotional support had classrooms with a higher rate of 

friendship reciprocity. Findings of this research are limited in terms of the analytical approach 

because the presumption of the standard statistical approach is that the data is independent. 

However, relational data such as friendship is dependent (this issue has been discussed in more 

detail in chapter 3). Nevertheless, this research suggests a relationship between classroom 

climate and network structure. Overall, however, too little is known about the influence of 

teacher emotional support on the structure of friendship networks in the class (Hamm & 

Hoffman, 2016), so more studies that focus on the structure of friendship networks are needed.  

 Instructional support assesses the way the teacher delivers the course material and how much 

the teacher scaffolds students’ learning experience and provides them with feedback (Pianta et 

al., 2008). Teacher instructional support might have an unintended impact on students’ social 
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relations within classrooms through the provision of opportunities for interactions with 

classmates (Hamm & Hoffman, 2016). Research has examined the effects of instructional 

support on peer relations mainly in middle and high school mathematics classrooms. For 

instance, Boaler (2008) showed that student-centred instructional practice that emphasised 

working in groups to solve math problems encouraged relational equity. On the other hand, 

traditional math instruction required students to work individually and was related to 

pronounced academic status hierarchies.  

Classroom organisation reflects the way the teacher manages time and attention in the 

classroom (Pianta et al., 2008). Classroom organisation measures how the teacher prevents or 

manages disruptive peer behaviour. The classroom processes relate to the organisation and 

supervision of the students’ behaviour foster development of the self-regulatory skills which 

are helpful for forming friendships (Farmer et al., 2011). Therefore, it is suggested that classes 

with a high level of classroom organisation might have less peer conflict and a positive context 

for emerging friendships. For example, Luckner and Pianta (2011) found that in fifth-grade 

classrooms with a high level of classroom management, students showed more positive 

interactions. However, little research has occurred on classroom organisation and student peer 

relations at the network level. 

In the analysis in this thesis, current knowledge is extended by examining the contributions of 

each the three aspects of teacher interaction style (i.e. classroom climate) simultaneously, to 

assess which features of teacher behaviour are more critical for students’ friendship formation 

and the structure of friendship networks. At the same time, other network processes as 

described earlier are incorporated into the ERGMs and hence controlled to permit sound 

inferences about the classroom climate. The data is longitudinal in nature, permitting analysis 

of how teacher interaction style at an earlier time point produces a classroom climate that over 
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a period of time results in later friendship network structures. The measurement points are at 

the beginning and end of the school year. It was hypothesised that: 

H2. Supportive classroom climate at the beginning of the school year influences the structure 

of students’ friendship networks that have emerged by the end the school year. Hence positive 

climate will result in an increase in the propensity of tie formation, and in local structure and 

global cohesion, with a decrease in status hierarchies compared with a negative classroom 

climate.  

H3. High emotional support has more influence on the structure of students’ friendship 

networks than instructional support or classroom organisation.  

Student’s Behavioral Engagement and Friendship Networks  

When students are interested and actively engaged in their academic tasks, they are likely to 

have more positive feelings towards the time they spend in their classroom and consequently, 

they will be more interested in befriending their classmates (Cappella et al., 2013; Hughes & 

Kwok, 2006). Students’ behavioural engagement also might influence their social 

relationships. For instance, Hughes and Kwok (2006) showed that student engagement 

mediated the relationship between the quality of teacher-student relationship in the first grade 

and students’ likeability in the following year. Students who were highly engaged in the class 

activities enjoyed greater peer support. Hughes and Kwok (2006) proposed that the causal 

relation between student engagement and peer likeability might be bi-directional. To the best 

of our knowledge there is no research about the influence of student engagement on the 

structure of friendship networks at a classroom level. As being actively involved and engaged 

in the classroom activities being considered a desirable and prosocial behaviour (Hughes & 

Kwok, 2006), it was expected that a high level of student engagement would relate to greater 
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friendship formation in the class and consequently a more cohesive and non-hierarchical 

structure. Hence, it was hypothesised that: 

H4. A high-level of students’ behavioural engagement at the start of school year will be 

associated with an increased cohesion, with less pronounced status hierarchies and a high 

propensity of tie formation in students’ friendship networks at the end of school year. 

Demographic Characteristics  

 As mentioned earlier in the introduction, individual characteristics — actor attributes — of 

students might influence their desirability as a friend. Thus, to be able to draw a sound inference 

about the influence of the teacher on the structure of friendship networks, it was necessary to 

control for other effects. Consequently, demographic characteristics of the students, gender, 

socio-economic status, and race, at individual and class levels were examined as actor 

attributes. Actor attribute effects at the individual level were studied as a sender effect 

(activity), receiver effect (popularity), and homophily (similarity). At the network global level 

the composition of actor attributes was studied — that is, for instance, the proportion of 

students within a classroom that are female. Classroom composition may have implications for 

the network connectivity over and above individual attribute effects in terms of popularity and 

activity, and dyadic effects such as homophily (Cappella & Neal, 2012; McFarland et al., 2014; 

Moody & White, 2003). Each of demographic variables is explained below.  

Mixed gender elementary schools typically have a rather equal ratio of girls and boys. 

However, in different classrooms, this ratio varies and this might have consequences for the 

structure of friendship networks. Girls tend to be more active in their social relations and they 

send more friendship ties than boys (Lee, Howes, & Chamberlain, 2007; Rudolph, Ladd, & 

Dinella, 2007). Perhaps girls are more cooperative and interested in close social relations 

(Benenson et al., 1997). So, the propensity of tie formation might differ in the classes with a 
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different ratio of girls, with classes with a higher ratio of girls having denser and more 

connected friendship networks. The majority of the research on gender composition has 

compared mixed-gender classes to the single-gender classes (for example see Barton & Cohen, 

2004). Cappella and Neal (2012) investigated the role of the ratio of girls on friendship 

networks. Their result showed that in the classes with a higher ratio of girls, victimised children 

had more friends and they were more centralised. This suggests that such classes could be 

providing a friendlier and supportive environment that encourages positive social experiences. 

The previous research also stated that same-sex friendships are very common during primary 

school (Maccoby, 1995, 1998). Consequently, it was hypothesised that: 

H5. a. Girls tend to send and receive more ties and both genders tend to befriend the same 

gender.  

H5. b. In the classroom with a higher ratio of girls, friendship networks are denser. 

Race homogeneity versus heterogeneity might affect the cohesion and status hierarchies of 

friendship networks (McFarland et al., 2014). Homogeneity in race increases trust among 

students which might lead to the cohesion and connectedness. On the contrary, heterogeneity 

creates status opportunities and increases segregation (Milner, 2006). In the current study, we 

have three racial compositions based on demographic of our sample: Caucasian, African-

American, and Latino-American. We expect that increase in ratio of each race is related to 

more connections among students. So, we hypothesised that:  

H6. a. Students tend to befriend the same race classmates.  

H6. b. Classrooms with more homogenous racial composition have denser friendship networks. 

Hansell (1985) in a study of adolescents friendship networks found that students from higher 

socio-economic status had more favourable network positions such that they received more 
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friendship nominations, had more reciprocated friendships, and were more central than students 

from lower socio-economic status. In addition, a student with high SES was more likely to be 

a broker between groups and less likely to be isolated. Students with high SES might attain 

central positions because they are more attractive as a friend. For example, they can afford to 

invite their classmates to their birthday party or they might have more outside school activities 

with their friends. In other words, these students might have better access to resources 

(Campbell, Marsden, & Hurlbert, 1986). In the current study, receiving a free or reduced priced 

lunch was an indicator of low SES. Different schools and classrooms had different ratios of 

low SES students. The researchers were interested in investigating if socio-economic status 

influenced friendship formation processes of students as young as third and fourth graders. So, 

it was hypothesised that: 

H7. a. Students from low SES tend to send and receive fewer ties and students tend to from 

friendship with classmates with similar SES. 

H7. b. A high ratio of low SES students in a class is related to the friendship networks with the 

lower density. 

Developmental Consideration 

The structure and meaning of peer relations are different in early (grades 1-3) and later 

elementary school (grades 4-5). As reviewed by Bierman, Torres, and Schofield (2010) peer 

interactions change in focus and duration. In addition, children’s social reasoning and 

emotional understanding become more complex due to cognitive development and change of 

organisation of peer groups (Bierman et al., 2010; Bukowski et al., 2009). As children grow 

older, their capacity for social comparison increases and they begin to develop abstract 

inference about peer’s behavioural disposition and personality traits (Bierman et al., 2010; 



Chapter 5. Contribution of classroom climate to the structure of friendship networks: 

theoretical background, data and methods. Page 56 

 
 

Shaffer, 2009). These changes have certain outcomes for children’s friendships: first, they learn 

to resolve their conflicts more efficiently; second, they have a higher level of commitment to 

their friends (Bierman, 2011). Subsequently, their social status becomes more stable and less 

fluid (Bierman, 2011). As a result of these organisational changes in the peer relations, it was 

expected that the teacher influence on peer relations might decrease as friendships were not 

fluid and the teachers could not easily change the structure of friendship networks. In addition, 

student receptivity to the teacher changes as students gets older, perhaps because of increasing 

influence of peers on their behaviour (Hamm & Hoffman, 2016). Considering these 

developmental changes, it was hypothesised that:  

H8. Teachers have a stronger influence on third-grade than fourth-grade friendship networks. 

Data 

Participants 

The data used in this analysis came from a US study of classroom climate (for more information 

on this data refer to Avant, Gazelle, & Faldowski, 2011). Third-grade participants were 658 

children with informed parental consent (50.7 % boys, mean age at the outset of the study = 

8.66 years, SD = 0.50). The same children were tested in fourth-grade but the number of 

participants increased because of new recruitments (n = 714, 50.1% boys). Given, the focus of 

this research was on the effect of classroom climate for students of different ages (hypothesis 

8), the third and fourth grade classrooms were treated in distinct analyses and we did not 

attempt a longitudinal examination from third to fourth grade. Children were recruited from 46 

third and 45 fourth grade classrooms in 7 public elementary schools in suburban to the rural 

region of the south-eastern United States. The sample of third-grade was 61.8% Caucasian, 

20.3% African-American, 16.1% Latino, and 1.8% other races. The sample of fourth grade was 
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55.2% Caucasian, 20.2% African-American, 18.8% Latino, 2.5 % other races, and 6.3 % of 

data related to race was missing. An ERGM with missing race as an actor attribute6 showed 

that the missing data did not affect the results. The other race was not included in the analysis, 

considering the small percentages. To assess socio-economic status receiving free or reduced-

price lunch was considered as criteria for low SES and 29.8% of third-grade and 33.5% of 

fourth-grade students receiving free or reduced lunch. The sample was broadly representative 

of society socioeconomic status (SES) and race composition.  

Design 

Data were collected from students in fall (commencement of school year in the US) and spring 

(end of the school year in the US) semesters of the third and fourth grade. Researchers paid 

two additional visits to recruit students who were absent during the first visits. Participants 

represent 80% (688 out of 856) of children in these 46 classrooms. The networks are based 

only on participants (i.e. non-participating students are not assumed to be network members)7. 

This is not ideal but is a common practice with classroom network data. 

Measurements 

Friendship nominations 

Students were given their classroom roster and were asked to indicate the names of their close 

friends8; nomination was unlimited and the cross-sex nomination was allowed.  

                                                
6 A file was created with zero for non-missing and 1 for missing data. This was added to the model that tested the 
hypothesis related to the race. 
7 Regarding missing nodes in the analysis, non-respondents were not included in the analysis 
8 The implications of having children nominate “close friends” were described in chapter 2, p.7.  
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Classroom climate 

Observers rated the quality of interactions in classrooms on the Classroom Observation System 

(CLASS; Pianta et al., 2008). This is an observation system in which a trained observer attends 

the classroom and observes the teacher interaction with students and students’ interaction with 

themselves. The observer rates the quality of classroom interactions on nine subscales. These 

subscales sum up into three domains: emotional support, classroom organisation, and 

instructional support. Classroom climate as a general domain is the average of all nine 

dimensions. Observation normally started at the beginning of the day and scheduled for 30-

minute cycles, which include 20 minutes observation and 10 minutes for the recording of 

results. During the observation, the observer watched who, what and how everything happens 

at the classroom level with the particular attention paid to the teacher’s interactions and 

behaviour. During these times observers took some notes about each aspect of teacher 

interaction style to remind themselves for the scoring. During the 10 minutes time for the 

record, the observer rated each class sub-scale on a 7-point Likert scale (1 = low 

support/quality, 7 = high support/quality). The total score of each classroom climate domain is 

a mean of their subscales. The classroom emotional climate scores demonstrated adequate 

internal and interrater reliability α =.69–0.82; 18%–48% of data was coded by two raters across 

time points; κ = 0.88 –1.00. Inter-rater reliability for emotional climate was calculated by 

(Avant, Gazelle, & Faldowski, 2011). For psychometric details of other domains of CLASS, 

see Pianta et al., (2008). 

In the following sections, each of the domain and correspondent dimensions is discussed.  

Emotional support  

Emotional support has four subscales: positive climate, negative climate, teacher sensitivity, 

and regards for the student perspective. Positive climate can be observed through the emotional 
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bond between teacher and students and is demonstrated through positive verbal and physical 

communications, warmth, respect, and enjoyment in the classroom’s interactions. The negative 

climate is opposite and it is demonstrated through disruptions and overall negativity present in 

the classroom. For scoring purposes, the reverse of negative climate was calculated. To assess 

negative climate the observer watched for negative affect, punitive control, sarcasm, and severe 

negativity. Teacher sensitivity refers to the level of teacher awareness of student needs and how 

much the teacher provides them with comfort and reassurance, as well as encouragement. 

Regards for student perspective refers to the degree a teacher interacts, plans and manages 

classroom activities based on students’ needs, interests and point of view. The observer 

watched for flexibility, student-oriented teaching, providing support for autonomy and 

leadership of students, encouragement of students to express themselves, and restriction of 

movement (CLASS; Pianta et al., 2008).  

Classroom organisation  

Classroom organisation has three subscales: behaviour management, productivity, and 

instructional learning format. Behaviour management captures the teacher’s ability to present 

students with clear behavioural expectations and to practise effective ways to prevent and 

control misbehaviour. To assess behaviour management the observer looked for clear 

behavioural expectations, proactivity of the teacher for prevention of misbehaviour, redirection 

of misbehaviour and student frequency of compliance versus aggressive behaviour. To assesses 

productivity researchers observed how the teacher organises instructional time and classroom 

routines so students have maximised opportunity to be involved in learning activities. 

Instructional learning format assesses the degree to which the teacher optimises students’ 

interest, engagement, and ability to learn from curriculum materials. More specifically, this 

subscale measures teacher involvement, effective questioning, and encouragement of 
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children’s involvement; the range of auditory, visual and movement opportunities present in 

the classroom, as well as interesting and creative material; and the extent to which students are 

interested in the curriculum, actively participate in the classroom activities, listen and pay 

attention (CLASS; Pianta et al., 2008). 

Instructional support 

Instructional support has three subscales: concept development, quality of feedback, and 

language modelling. Concept development reflects the teacher’s use of instructional 

discussions to facilitate students’ higher order thinking skills and cognitive abilities. It assesses 

to what degree the teacher is focused on students’ understanding, and the encouragement of 

analysis and reasoning and connections to the real world. The quality of feedback measures 

how the teacher enhances students’ understanding by responding to their ideas and schoolwork. 

Language modelling assesses how the teacher facilitates students’ language improvement 

through everyday interactions. This facilitation can happen through the frequent conversation 

between teacher and students and among students themselves, open-ended questions, and 

extension of students’ responses (CLASS; Pianta et al., 2008). 

Students’ behavioural engagement 

The observer assessed student engagement in addition to the classroom climate scales. The 

assessment protocol was the same as for classroom climate. This scale assesses sustained 

attention and participation of the students in the class activities provided by the teacher 

(CLASS; Pianta et al., 2008). This assessment had two subscales: active versus passive 

engagement; sustained attention. In a class with a low level of student engagement the majority 

of students seem distracted, not engaged with the teacher and the class activities. For instance, 

students may be wandering around, or talking with peers about something irrelevant to the 

lesson. Classes score as the medium level of student engagement when the majority of students 
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are passively engaged with the teaching material and mostly listening or watching the teacher. 

In such classes, some of the students are engaged, but the others are only engaged some of the 

class time. In general, students are on-task or listening to the teacher, but they are not actively 

taking part in the lessons by asking questions or spontaneously responding to the teacher. 

Generally, in the classes with passive engagement, the teacher is the centre of attention, talks 

most of the time and instructs students very specifically how to work with the course material. 

Finally, in the classes with a high level of student engagement, most of the students voluntarily 

talk about the lesson and participate by providing information or insight to the lesson. In such 

classes students are clearly interested in the content of lessons, observable during activities 

through active manipulation of material, and discussing the activity with the peers. For 

instance, during an activity where students are given musical instruments, most of the students 

played with them. Also, this level of engagement continues through different lessons and class 

activities (CLASS; Pianta et al., 2008).   

Analytic Approach 

In this section, the data analysis approaches related to each hypothesis are explained. In the 

next chapter, a more exploratory analysis is first used, employing network indices and more 

standard analytic approaches. Then ERGMs are fitted to the data. These methods are now 

described in relation to the case study.   

Network Indices and Cluster Analysis  

A matrix was created for each class to represent social relationships within that class. A matrix 

is a representation of the structure of friendship relations; where 1 represents the presence of a 

tie, and 0 the absence of a tie (Figure 5.1). 
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Figure 5.1. A matrix 

 

 For instance, A chooses B, but A is not chosen by B as a friend; accordingly, there is a 1 in 

the first row, second column and there is a 0 in the first column, second row. For each class, 

number of analyses were run to produce network indices using UCINET6 (Borgatti et al., 

2002). Network indices provide information about the structure of friendship networks which 

aid the current research in two ways: first, we need to obtain information about structural 

features of friendship networks to be able to study variance in structure and so to investigate 

our hypothesis regarding heterogeneity in networks across classrooms (H1); second, to study 

the relations between friendship network local, global structures and status hierarchies of 

networks and classroom climate (H2).  

Network indices were explained in chapter 3, but definitions of network indices are 

summarised in Table 5.1 for ease of reference. Friendship networks were examined in two 

aspects of cohesion and hierarchical structure. Structure was examined in both micro-level 

(local) and macro-level (global cohesion of network). Micro-level indices measure local 

structure (i.e. reciprocity, closure, and transitivity); while, macro-level indices measure 

reachability and distance between students (i.e., average distance, diameter, compactness, 
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breadth, fragmentation, connectedness), and the overall connectivity of networks (number of 

ties, density, component, component ratio, betweenness centralisation). The hierarchical 

structure of friendship networks was measured by in-degree centralisation, out-degree 

centralisation, and the Krackhardt hierarchy indices.  
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Table 5.1. Friendship Networks Indexes Definitions (Borgatti et al., 2002; Hanneman & Riddle, 2005) 

 Index Definition 

Reciprocity 
The rate of mutual friendship ties in each classroom which is calculated by the proportion of dyads with 
reciprocated ties.  

Transitivity 
If a person i has a strong tie (e.g., a close friendship) with person j and k, then j and k are themselves likely 
to become friends. A common expression for transitivity is “a friend of a friend is a friend”. 

Closure The number of non-vacuous transitive triples divided by number of paths of length 2. 
 
Number  
of friendship ties 

Total number of friendship nominations in each classroom. 

Density Sum of the friendship ties received divided by the number of possible ties. 
Components The number of weak components. 

Component ratio 
The number of Components minus 1 divided by the number of actors minus 1. The component ratio is the 
inverse measure of cohesion. 

Average distance 
The average geodesic distance amongst reachable pairs of actors. 

Fragmentation The proportion of pairs of actors which are unreachable. 
Connectedness 1 minus the fragmentation. 

Compactness 

The mean of the reciprocal distances. The harmonic mean of the entries in the distance matrix (that is the 
normalized sum of the reciprocal of all the distances) which is a distance based cohesion measure. If the 
network is a clique (everyone is adjacent) the index has a value of 1 and 0 when the network entirely consists 
of isolates. 

Breadth 1 minus the compactness. 
Diameter The length of the longest geodesic. 

Betweenness 
centrality 

An actor is "between" two other actors if it lies on the shortest directed path from one to the other. 
Betweenness centrality measures the percentage of all geodesic paths (the shortest paths) that pass through 
any given actor. The normalised betweenness centralisation is the betweenness divided by the maximum 
possible betweenness expressed as a percentage. A high percentage of betweenness centralisation means 
that there are a higher number of brokers — individuals who bridge between subgroups — while, low 
betweenness centralisations means fewer brokers. This could signify either a cohesive group with no 
subgroups — since no need for brokers to connect — or disconnected subgroups. 

Krackhardt 
hierarchy 

In a pure hierarchical network, there can be no reciprocated ties. We can assess the degree of deviation from 
pure hierarchy by counting the number of pairs that have reciprocated ties relative to the number of pairs 
where there is any tie. 

In-degree centrality In-degree centrality refers to the number of ties each actor received. 
 
Out-degree 
centrality 

Out-degree centrality refers to the number of ties each actor sent. 

Freeman’s 
centralisation 

Degree centralisations are the distribution of actor centralities which provide information about the 
population as a whole. Graph centralisations measure the degree of variance or inequality in a network as a 
percentage compared to a perfect star network of the same size. Centralisation scores are presented as a 
percentage from 0 to 100, where 0 indicates a completely equal distribution of centralities between actors 
and 100 indicates the maximal hierarchical setting. Degree centralisations are computed for in-degree and 
out-degree centralities.  
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Following the computation of these indices for each network, cluster analysis was run across 

the networks. Cluster analysis is a data reduction method which assists us to understand the 

patterns in the data. Cluster analysis examines cases — friendship networks — and groups 

cases into “clusters” that share similar profiles of friendship network indices. Clustering was 

done separately for third and for fourth grade. Two-step cluster analysis was performed using 

SPSS 17 in order to determine heterogeneous groups of classrooms based on their friendship 

network indices. The advantage of using the two-step clustering is that the number of clusters 

does not have to be specified beforehand, as in k-means clustering, or decided in an ad hoc way 

as in many of agglomerative methods, but can be inferred statistically. The clustering algorithm 

standardized all of the variables before creating clusters. The log-likelihood criterion was used 

to differentiate the clusters and number of clusters was inferred using the Bayesian Information 

Criterion (BIC) with smaller values indicating better fit. The main reason for applying cluster 

analysis was that we wanted to identify whether there are different types of friendship networks 

(H1).  

The Contribution of Classroom Climate, Student’s Behavioral Engagement to the 

Structure of Friendship Networks  

To examine the influence of classroom climate and students’ behavioural engagement on the 

structure of friendship networks across a school year (H2, H3, and H4), in an initial analysis 

using more standard techniques, two complementary analyses were undertaken. The intent is 

to contrast a more standard (in terms of statistical analysis) exploratory approach (correlation 

and logistic regressions) with a more overtly network modelling approach to be described 

below. First, correlation analyses were run between all network indices with classroom climate 

domains and students’ behavioural engagement to gain a preliminary understanding of how 

class-related factors are related to local structures, global cohesion and status hierarchies. 
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Second, since — as will be shown below in the results — two-step cluster analysis revealed 

two types of friendship networks with distinct structural patterns, logistic regressions were run 

to predict the cluster membership from class-related factors at the start of school year.   

Even though using network indices provided significant information about the pattern of social 

relations in classes, there were limitations to these analyses. Friendship network indices are 

descriptive characteristics of networks and do not constitute a model for the network structure. 

Secondly, dependencies among observations arising from the network need to be taken into 

account (for more detailed information refer to chapter 3). Therefore, for the final series of 

analyses, Exponential Random Graph Models (ERGMs) were employed to examine whether 

class-related factors predicted the propensity of tie formation over time above and beyond all 

other factors. In addition, ERGMs with demographic characteristics of students were used to 

understand additional factors that affect tie formation. ERGMs have been explained in detail 

in chapter 3. But given that ERGMs are complicated methodology, detailed explanation of the 

data treatment is also presented below.   

Exponential Random Graph Models 

Modelling specifications 

One of the issues the study addressed was how to apply one ERGM to all the different 

friendship networks — 46 third and 45 fourth grade classrooms — in order to test the 

hypotheses. All the friendship data matrices of each grade were combined into one large matrix, 

by placing the classroom matrices down the diagonal and placing the remaining off-diagonal 

entries to zero. The intent is to fit one model to all classroom networks simultaneously. Figure 

5.2 illustrates the resulting matrix, with just two classrooms. In this example, there are two 
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classes (depicted by uppercase and lowercase alphabets). To estimate the models Pnet software 

was used (Wang et al., 2005). 
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Figure 5. 2. An example for aggregation of two classes’ friendship data 

For the classroom friendship networks, students were only permitted to nominate classmates, 

so, they could not nominate friends outside of their class. To account for children nested within 

classrooms structural zeros were used. The off-diagonal entries were treated as structural 

zeroes, where they are forced to be zero by design and do not enter into the estimation 

procedure. The structural zeroes specify cells where tie formation is impossible, and so do not 

enter into the calculation of statistics (Kalish & Luria, 2013). Following Kalish and Luria 

(2013) one ERGM was estimated for many networks simultaneously using structural zeroes. 

Modelling all of the classes in one ERGM implies that the same tie formation process applies 

to all the classes. So, overall effects across all classrooms can be estimated, rather than fitting 

models for one class at a time.  

In Pnet, structural zeroes are entered as a structural zero indicator matrix as in Figure 5.3. In 

this file an entry of ‘1’indicates a cell in the adjacency matrix data that is to be involved in the 

estimation procedure, whereas the program ignores cells indicated by zeroes. 
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Figure 5.3. An example of structural zero matrix 

Purely Structural Effects 

Purely structural effects refer to the network configurations (such as reciprocity, closure) that 

are not related to the actor attributes or exogenous factors. The researchers fitted a model that 

included arc, reciprocity, simple connectivity, popularity spread, activity spread, path closure, 

cyclic closure, activity closure, and popularity closure (structural effects are explained in 

chapter 3).  

Actor-Relation Effects  

Effects related to the characteristic of individuals are called actor-relation effects (for more 

information please refer to chapter 3). Demographic characteristics of students including 

gender, socio-economic status, and race were modelled. Three main actor attribute effects were 

examined: sender, receiver, and homophily. Sender and receiver effects reflect popularity and 

activity where students are popular if they received many friendship nominations (receiver 

effect), and active if they nominate many friends (sender effect). Homophily measures whether 

actors with similar attributes form friendships above and beyond other factors.  
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Class-Related Factors and Demographic Compositions as Covariate Networks 

Classroom climate and student engagement were treated as dyadic tie covariates. An ERGM 

examines whether exogenous factors — classroom climate and student engagement scores — 

predict the propensity of tie formation (H2, H3, H4). Classroom — level measures were 

assumed to apply to pairs of actors in that classroom, so that across the entire dataset (i.e. across 

all networks), the dyadic covariate was fixed for all pairs within the classroom but varied 

between classrooms. This implies that the dyadic covariate data matrix of all networks 

comprised a series of on-diagonal matrices, with off-diagonal structural zeroes, with the cell 

entries for each on-diagonal matrix the value of the classroom measure for that classroom. This 

type of data structure is presented in Figure 5.4, where the values of ‘5’ and ‘3’ represent a 

classroom measure (e.g. classroom climate) for the respective classes. As can be seen, the 

dyadic covariate is constant for all pairs of students in one classroom. This implies that the 

measure can be used as an exogenous predictor of the presence of friendship ties across all 

classrooms simultaneously. 

 

Figure 5.4. Example of Dyadic Covariate Matrix 

Since demographic compositions are measured at the classroom level, they were treated as 

dyadic covariates to investigate our auxiliary hypotheses about the influence of demographic 

composition on the density of friendship networks (H5, H6, H7). For example, in the case of 

gender composition a matrix was created where the ratio of girls — constant for each class — 



Chapter 6. Contribution of classroom climate to the structure of friendship networks: results 

and discussion. Page 71 

 

was the cell entries for on-diagonal matrices with off-diagonal structural zeroes. This treatment 

of the demographics tests the composition effects at the classroom level over and above any 

individual effects of sending and receiving ties. For instance, girls may send more friendship 

ties, but there may also be a classroom effect for having a high proportion of girls over and 

above the friendship sender effect of individual girls. In this way, a kind of multilevel model 

can be incorporated into the ERGM across multiple classrooms. 

Another possible approach to applying ERGMs while accounting for children nested within 

the classrooms is an approach derived from more standard multilevel modelling. In this 

method, first, parameter estimates are calculated for each classroom separately. Second, using 

a meta-analysis approach parameter estimates are averaged over the population of classrooms 

to examine whether the results indicated a general tendency (Snijders & Baerveldt, 2003). 

Since classroom climate was constant for each class, models for each classroom with climate 

included are not properly identified and cannot be estimated. So, the Snijders and Baerveldt 

meta-analysis approach cannot be used to study contextual effects such as classroom climate 

where the context is of course constant for each set of parameter estimates. Hence, our 

structural zero approach with climate as a dyadic predictor is required, and is a novel approach 

in this literature. 
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 CHAPTER 6. CONTRIBUTION OF CLASSROOM CLIMATE TO 

THE STRUCTURE OF FRIENDSHIP NETWORKS: RESULTS 

AND DISCUSSION 

 

 

Results  

Descriptive Statistics 

Descriptive statistics related to the demographic composition of classrooms are presented in 

Table 6.1. On average, classrooms had approximately equal numbers of girls and boys; around 

one-third of students received free or reduced-price lunch, an indicator of low socio-economic 

status; and a little more than half of the students were Caucasian. However, standard deviations 

for some of these statistics were quite large, indicating diversity among classrooms.  So, in 

some schools only a few students received free or reduced-price lunch and the majority of 

students were Caucasian; while in others most received free or reduced-price lunch and the 

majority were African-American or Latino-American. Given this variation, the possibility of 

heterogeneity across classrooms, with distinct types of classes and network structures, cannot 

be discounted. 



Chapter 6. Contribution of classroom climate to the structure of friendship networks: results 

and discussion. Page 73 

 

Table 6.1. Descriptive Statistics for Demographic Characteristics of Students  

Table 6.2 summarises changes in friendship and classroom climate scores from autumn to 

spring for third and fourth grade. The mean number of students per classroom was around 15 

but the biggest classroom almost had two times more participants than the smallest classroom. 

In a larger classroom children have a bigger peer pool to select from and the structure of the 

friendship network potentially can be different (Mayhew & Levinger, 1976). The range of 

participation is almost the same in all four time points. The majority of children nominated 2 

to 3 best friends in which half of them were reciprocated. An independent t-test did not reveal 

significant differences between number of friendship nominations for third and fourth graders 

[t (1454) = 0.45, p = 0.65]. The rate of missingness of friendship data was rather small because 

researchers visited each school three times for each time point (one primary visit and two 

follow-ups for the absent children).   

Classroom climate scores are considered as low if they are 1 and 2, medium if they are 3, 4, 5 

and high if they are 6 and 7 (Pianta et al., 2008). A paired-samples t-test did not reveal 

significant differences between autumn and spring means of classroom climate [t (45) = 0.47, 

p = 0.63], emotional support [t (45) = 0.14, p = 0.88], instructional support [t (45) = 0.36, p = 

 
 Third grade Fourth grade 

   Percentile   Percentile 
 Mean SD 10th 90th Mean SD 10th 90th 

Percentage of girls in the 
classrooms 51.59 9.34 40 63.04 49.72 10.22 36.80 66.70 

Percentage of children 
who received free or 
reduced-price lunch 

32.86 26.62 5.69 79.45 39.53 26.26 10.50 81.84 

Percentage of Caucasian 
students 58.49 32.92 0 93.89 50.95 29.75 4.02 88.16 

Percentage of African-
American students 22.80 23.57 0 50.16 25.66 24.8 5.48 65.18 

Percentage of Latino-
American students 17.05 20.48 0 50 16.21 18.40 0 48.08 
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0.71], classroom organisation [t (45) = 0.76, p = 0.44], and student engagement [t (45) = -0.88, 

p = 0.42]. 
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Table 6.2. Descriptive Statistics for the Classroom and Friendship Characteristics 

 

 

 

 Autumn of 3th 
Grade 

Spring of 3th 
Grade 

Autumn of 4th 
Grade 

Spring of 4th 
Grade 

Classrooms 
Characteristics     

Min-Max number of 
participants in each 
classroom 

9-22 7-20 8-23 12-23 

Total number of 
classrooms 46 46 45 45 

M (SD) classroom 
climate* 4.8 (.87) 4.7 (1.03) 5.12 (.79) 5.17 (.79) 

Min-Max classroom 
climate 2.80 - 6.30 1.90 - 6.35 2.95 - 6.35 3.55 - 6.40 

M (SD) emotional 
support 5.13 (.75) 5.11 (.88) 5.57 (.73) 5.57 (.73) 

Min-Max emotional 
support 3.63 - 6.68 2.25 - 6.38 4.25 - 6.88 4.25 - 6.88 

M (SD) instructional 
support 4.42 (1.1) 4.34 (1.34) 4.8 (1.02) 4.7 (.93) 

Min-Max   instructional 
support 1.5 - 6.33 1.5 - 6.16 1.83 - 6.33 2.88 - 6.5 

M (SD) classroom 
organisation 4.89 (1.02) 4.77 (1.16) 5.01 (.93) 5.05 (.92) 

Min-Max classroom 
organisation 2.83 - 6.83 1.83 - 6.67 2.33 - 6.67 3.17 - 6.5 

Friendship 
Characteristics     

M (SD) friends 
nominated 3.15 (1.89) 3.22 (2.22) 2.98 (2.13) 3.17 (2.16) 

M (SD) reciprocated 
friendships 1.62 (1.28) 1.63 (1.31) 1.45 (1.20) 1.66 (1.25) 

% Missing friendship 
data - 4% - 11.8% 

*Classroom climate was equal to the average of emotional support, instructional support, and classroom 
organisation 
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Friendship Network Indices   

Descriptive statistics for each index are presented in Table 6.3. As can be seen in Table 6.3, 

classes vary in terms of different indices of cohesion and status hierarchies and this might be 

an indication of heterogeneity in the structure of friendship networks. Later in this chapter, we 

report on an investigation of heterogeneity in friendship network structure, using two-step 

cluster analysis.  
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Table 6.3. Descriptive Statistics of Friendship Network Indices  

  Autumn of 3th Grade Spring of 3th 
Grade 

Autumn of 4th 
Grade 

Spring of 4th 
Grade 

  Min-
Max 

M 
(SD) 

Min-
Max 

M 
(SD) 

Min-
Max 

M 
(SD) 

Min-
Max 

M 
(SD) 

Number of 
friendship ties 

21- 
100 

49.43 
(16.36) 

16-
97 

46.26 
(17.77) 

10-
101 

48.27 
(16.46) 

15-
104 

50.07 
(19.61) 

Density .15-
.45 

.24 
(.06) 

.13-
.51 

.24 
(.07) 

.09-
.33 

.18 
(.04) 

.13-
.39 

.20 
(.06) 

Reciprocity .13-
.53 

.35 
(.08) 

.17-
.65 

.35 
(.10) 

.16-
.81 

.33 
(.11) 

.15-
.59 

.35 
(.09) 

Number of non-
vacuous 
transitive 
ordered triples 
 

13-
229 

69.02 
(45.38) 

17-
369 

136.02 
(83) 

2-
179 

52.26 
(34.91) 

6-
197 

65.53 
(43.94) 

Number of 
triples in which 
i-->j and j-->k 
 

41-
456 

152.13 
(85.81) 

7-
226 

67.67 
(48.31) 

8-
411 

127.22 
(73.94) 

19-
428 

142.84 
(89.13) 

Transitivity: % 
of ordered 
triples in which 
i-->j and j-->k 
that are 
transitive 

.21-
.63 

.44 
(.09) 

.25-
.72 

.48 
(.11) 

.14-
.78 

.39 
(.11) 

.21- 
.40 

2.09 
(7.7) 

Closure .21-
.63 

.44 
(0.09) 

.25-
.72 

.48 
(.11) 

.14-
.78 

.39 
(.11) 

.21-
.64 

.44 
(.10) 

Components 1-8 2.78 
(1. 08) 1-8 3.54 

(2.04) 1-10 4.4 
(2.02) 1-8 3.93 

(2.09) 
Component 
ratio 0-.47 .83 

(.15) 0-.64 .19 
(.17) 0-.75 .22 

(.16) 0-.50 .19 
(.14) 

Average 
distance 

1.48-
3.23 

2.28 
(.37) 

1.19-
3.06 

2.15 
(.41) 

1.51-
3.76 

2.51 
(.44) 

1.52-
3.08 

2.26 
(.33) 

Fragmentation 
 0-.57 .16 

(.15) 0-.83 .24 
(.21) 0-.66 .29 

(.19) 0.71 .28 
(.20) 

Connectedness .43-1 .83 
(.15) .17-1 .75 

(.21) .34-1 .70 
(.19) .29-1 .71 

(.20) 

Compactness .30-
.64 

.47 
(.09) 

.15-
.75 

.44 
(.11) 

.21-
.62 

.37 
(.08) 

.21-
.66 

.40 
(.10) 

Breadth .36-
.70 

.52 
(0.09) 

.25-
.85 

.55 
(.11) 

.38-
.79 

.62 
(.08) 

.34-
.79 

.59 
(.10) 

Diameter 3-9 5.34 
(1.36) 2-9 5.10 

(1.52) 4-10 6.08 
(1.45) 3-8 5.24 

(1.17) 
Betweenness 
centralisation 

8.26-
49 

22.4 
(8.77) 

1.33-
59.7 

23.16 
(11.8) 

6.44-
52.33 

23.74 
(11.2) 

6.1-
46.02 

20.98 
(10.92) 

In-degree 
centralisation 

9.09-
58.9 

27.76 
(9.38) 0-80 26.88 

(13.12) 
.11-
.70 

.27 
(.13) 

.14-
.73 

.33 
(.15) 

Out-degree 
centralisation 

16.6-
86.2 

36.28 
(16.07) 

0-
76.3 

37.95 
(18.97) 

.09-
.51 

.23 
(.09) 

.08-
.41 

.22 
(.07) 

Krackhardt 
hierarchy 0-.80 .26 

(.24) 0-.87 .34 
(.27) 0-.93 .43(.28) 0-.88 .38 

(.26) 
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Determining Groups of Classrooms Based on Their Friendship Network Indices  

Cluster analysis was conducted to identify latent groupings of classrooms based on their 

network indices. The auto-clustering algorithm indicated that a two-cluster solution was the 

best model since it had the smallest BIC value compared to other solutions (Table 6.4 and 6.5).  
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       Table 6.4. Results of Auto-Clustering for Third-grade Classrooms 

Number of 
Clusters 

Schwarz's Bayesian 
Criterion (BIC) BIC Change* Ratio of BIC 

Changes** 
Ratio of Distance 

Measures*** 

1 234.24    

2 167.45 -66.79 1.00 3.58 

3 181.91 14.47 -.22 3.65 

4 219.22 37.31 -.56 1.49 

5 259.38 40.16 -.60 1.24 

6 300.66 41.27 -.62 1.06 

7 342.20 41.55 -.62 1.74 

8 385.61 43.41 -.65 1.12 

9 429.29 43.68 -.65 1.20 

10 473.35 44.06 -.66 1.12 

* The changes are from the previous number of clusters in the table. 
** The ratios of changes are relative to the change for the two-cluster solution. 
*** The ratios of distance measures are based on the current number of clusters against the previous 
number of clusters. 

 
       Table 6.5. Results of Auto-Clustering for Fourth-grade Classrooms 

Number of 
Clusters 

Schwarz's Bayesian 
Criterion (BIC) BIC Change* Ratio of BIC 

Changes** 
Ratio of Distance 

Measures*** 
1 229.81    

2 170.30 -59.51 1.00 3.22 

3 183.34 13.04 -.22 4.25 

4 221.33 37.99 -.64 1.23 

5 260.78 39.44 -.66 1.00 

6 300.24 39.46 -.66 1.57 

7 341.95 41.72 -.70 1.25 

8 384.46 42.51 -.71 1.11 

9 427.27 42.81 -.72 1.32 

10 470.77 43.50 -.73 1.01 

* The changes are from the previous number of clusters in the table. 
** The ratios of changes are relative to the change for the two-cluster solution. 
*** The ratios of distance measures are based on the current number of clusters against the previous 
number of clusters. 

.  
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Profiling Classrooms Based on Their Friendship Networks 

First, all the friendship network indices were used to determine the clusters (see the Table 6.3 

for the complete list of indices), and then for the sake of parsimony the variables that did not 

contribute substantially to cluster formation were removed so that only the most important 

indices entered into the final clustering solution. Six variables were found to differentiate the 

clusters. The means of these variables are presented for each cluster in Figures 6.1 and 6.2. The 

patterns of variables are similar for both grade levels. One cluster (labelled here as ‘cluster 1’) 

showed a higher connectedness and compactness suggesting denser connected networks; a 

lower level of component ratio, so a lower ratio of weakly connected sub-groups; and lower 

status hierarchies compared to the second cluster (‘cluster 2’). Cluster 2, on the other hand, had 

higher fragmentation, the reverse of connectedness; higher breadth, the reverse of compactness; 

and high status hierarchies. In summary, cluster 1 showed high global cohesion and a low level 

of hierarchical structure, whereas cluster 2 showed low global cohesion and a high level of 

hierarchical structure.  

Thus, the cluster solution indicated a clear separation in cohesion and hierarchical structure of 

friendship networks of classrooms. Two-thirds of the third-grade classrooms (73.9%, n = 34) 

were in a cluster of classrooms with high cohesion and rather low level of hierarchy and one-

third were in a cluster of friendship networks with low cohesion and a high level of hierarchy 

(26.1%, n = 12). In contrast, however, only about one-third of fourth grade classrooms were in 

the high cohesion and low hierarchy cluster (37.8%, n = 17) while the rest were in the low 

cohesion and high hierarchy cluster (62.2%, n = 28). The proportion of classrooms with high 

cohesion and low hierarchy decreases dramatically from third to fourth grade.   
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Fig. 6.1. Mean Values of Variables for Third-grade Classrooms 

 

 

Fig. 6.2. Mean Values of Variables for Fourth-grade Classrooms 

  

Component
ratio Connectedness Fragmentation Breadth Compactness Status

hierarchy
Cluster 1 0.11 0.86 0.14 0.50 0.50 0.22
Cluster 2 0.46 0.45 0.55 0.70 0.30 0.72
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0.50
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0.80
0.90
1.00

Mean of indices

Component
ratio Connectedness Fragmentation Breadth Compactness Status

hierarchy
Cluster 1 0.05 0.93 0.07 0.49 0.51 0.11
Cluster 2 0.28 0.58 0.42 0.66 0.34 0.55

0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00

Mean of indices
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Association Between Classroom Climate Domains, Students’ Engagement, and Structure 

of Friendship Networks  

To examine the relations between classroom climate, student engagement at the start of the 

year and the structure of friendship network at the end of school year (H2) correlation analysis, 

logistic regression and ERGMs were conducted.  

Correlations  

 Correlations between autumn classroom climate domains, student engagement scores and 

spring friendship network indices for third and fourth grades are presented in Tables 6.6 to 

6.11, respectively. Since the number of variables is high, only significant correlations are 

presented in the tables.  

The direction of relations between observed classroom climate and cohesion and status 

hierarchies were opposite in the third and fourth grade data. Third-grade data showed that 

classrooms with high emotional, instructional support, classroom organisation, and student 

engagement had a more cohesive and egalitarian friendship network while fourth-grade data 

showed that classrooms with high emotional and instructional support had less cohesive and 

more hierarchical friendship networks.  

Third-grade 

In summary, the significant results are as follows: overall observed classroom climate and 

emotional support were positively correlated to the local indices (Table 6.6). Interestingly, 

classroom climate and emotional support were positively related to betweenness centralisation, 

and negatively correlated to the component ratio (Table 6.7). A higher rate of betweenness 

centralisation in classrooms with supportive climate indicates that there is more brokerage 

within those classrooms. In other words, in these classes, there were more students who were 
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a member of more than one group and they were able to connect these groups together. A small 

component ratio shows that there are fewer disconnected sub-groups. A high level of 

betweenness centralisation and a low level of component ratio together signify a high level of 

network cohesion. Classroom climate and emotional support were negatively related to status 

hierarchy indices (Table 6.8) which showed that in classes with the positive climate, friendship 

networks were less hierarchical than other classes. Although there were fewer significant 

results for instructional support, the same patterns of relations were observed and instructional 

support was positively associated with both local structure and global cohesion.   

There were also several significant associations between classroom organisation and friendship 

network structural patterns. Again, a higher level of classroom organisation was related to local 

structure measures (Table 6.6), and a higher level of global cohesion (Table 6.7). Two indices 

of global cohesion are worth mentioning because they reveal interesting information about the 

data: average distance and diameter which both measure the number of edges (friendship ties) 

between reachable actors (students). The longer average distance and a longer diameter in 

classes with high classroom organisation indicated that on average there was more distance 

between pairs of students. This suggests that in a class with high classroom organisation there 

are fewer disconnected sub-groups and that there are friendship paths (albeit perhaps long) 

across the entire network. In addition, the higher rate of observed classroom organisation was 

related to the non-hierarchical friendship networks (Table 6.8).  

There were no significant relations between students’ behavioural engagement and local 

indices. However, there were number of significant relations with global cohesion indices. For 

instance, a higher level of students’ behavioural engagement was related to the smaller 

fragmentation which measures the ratio of unreachable pairs. In the classes with the high 

student engagement, most of the students were reachable by their classmates through their 
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friendship networks (Table 6.7). Overall, classes with high engagement at the commencement 

of third grade had higher cohesion and less hierarchical friendship networks at the end of third 

grade.   

Table 6.6. Correlations between Classroom Variables and Local Indices of Friendship Networks of Third-grade 

  Classroom 
climate 

Emotional 
support 

Instructional 
support 

Classroom 
organisation 

Student’s 
behavioural 
engagement 

Reciprocity .34* .36* .34* - - 

Number of non-vacuous 
transitive ordered triples .31* .31* - .29* - 

Number of triples in 
which i --> j and j--> k - - - - - 

Transitivity: % of 
ordered triples in which 
i--> j and j--> k that are 
transitive 

- - - - - 

Closure - - - - - 
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Table 6.7. Correlations between Classroom Variables and Overall Cohesion of Friendship Networks of Third-
grade 

  Classroom 
climate 

Emotional 
support 

Instructional 
support 

Classroom 
organisation 

Student’s 
behavioural 
engagement 

 

Number of 
friendship ties 

.32* .30* - .33* - 

Density - - - - - 

Components - - - - -.42** 

Component 
ratio -.36* -.32* -.31* -.36* -.48** 

Average 
distance - - - .32* - 

Fragmentation 

 
- - - -.30* -.44** 

Connectedness - - - .30* .44** 

Compactness - - - - .40** 

Breadth - - - - -.40** 

Diameter - - - .33* .30* 

Betweenness 
centralisation .31* .32* - - .35* 

 

Table 6.8. Correlations between Classroom Variables and Status Hierarchies of Friendship Networks of Third-
grade 

 

 

 

 
Classroom 

climate 
Emotional 

support 
Instructional 

support 
Classroom 

organisation 

Student’s 
behavioural 
engagement 

In-degree 
centralisation 

- - - - - 

Out-degree 
centralisation 

- - - -.32* - 

Krackhardt 
hierarchy 

-.31* -.29* - -.31* -.43** 
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Fourth-grade 

The relations between autumn classroom climate and spring friendship network indices in most 

cases were not significant or they were in the opposite direction of third grade results. Third-

grade data showed that classrooms with high emotional instructional support, classroom 

organisation, and student engagement had a more cohesive and egalitarian friendship network 

while fourth-grade data showed that classrooms with high emotional and instructional support 

had less cohesive and more hierarchical friendship networks. This is a dramatic difference from 

third grade and calls into question whether classroom climate plays a different role at different 

ages or grades.  

Table 6.9. Correlations between Classroom Variables and Indices Cohesion of Friendship Networks of Fourth-
grade 

  Classroom 
climate 

Emotional 
support 

Instructional 
support 

Classroom 
organisation 

Student’s 
behavioural 
engagement 

Reciprocity - - - - - 

Number of non-
vacuous 
transitive 
ordered triples 

 

- - - - - 

Number of 
triples in which 
i--> j and j--> k 

 

- - - - - 

Transitivity: % 
of ordered 
triples in which 
i--> j and j--> k 
that are 
transitive 

- - -.37* - - 

Closure  - - - - 
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Table 6.10. Correlations between Classroom Variables and Overall Cohesion of Friendship Networks of Fourth-
grade 

 

 

 

 

 
Classroom 

climate 
Emotional 

support 
Instructional 

support 
Classroom 

organisation 

Student’s 
behavioural 
engagement 

 

Number of 
friendship ties 

- - - - - 

Density - - - - - 

Components - - - - .30* 

Component 
ratio 

- - - - - 

Average 
distance 

- - - - - 

Fragmentation 

 
- .29* - - - 

Connectedness - -.29* - - - 

Compactness - -.32* - - -.35* 

Breadth - .32* - - .35* 

Diameter - - - - - 

Betweenness 
centralisation 

- - - - -.31* 

Table 6.11. Correlations between Classroom Variables and Status Hierarchies of Friendship Networks of 
Fourth-grade 

 

 
 

Classroom 
climate 

Emotional 
support 

Instructional 
support 

Classroom 
organisation 

Student’s 
behavioural 
engagement 

In-degree 
centralisation 

- - - - -.32* 

Out-degree 
centralisation 

- - - - - 

Krackhardt 
hierarchy 

- .35* - - - 
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There were no significant associations between the overall score of classroom climate at the 

beginning of fourth-grade and any friendship network indices at end of the year. In addition, 

there were no significant relations between local indices and classroom climate, except a 

negative correlation between instructional support and transitive triads. Both emotional support 

and student engagement were negatively related to the global cohesion of friendship networks 

(Table 6.10). Emotional support was positively related to hierarchical structure (Table 6.11). 

There was one exception; fourth-grade students’ engagement was negatively related to in-

degree centralisation which means more engagement was related to rather non-hierarchical 

friendship networks.   

Classroom Climate as a Predictor of Group Membership 

The previous bivariate correlational results are reported as initial exploratory analyses. In order 

to form a more coherent picture of the data, regressions were conducted to determine whether 

classroom climate at the start of school year predicted cluster membership at the end of school 

year. Given that there were only two clusters, binary logistic regression was conducted with 

autumn classroom climate, emotional support, instructional support, classroom organisation, 

and student engagement as predictors of spring latent class membership for both third and 

fourth grade classrooms. Regression coefficients are calculated by inversion of the matrix of 

correlations among independent variables, but the inversion is unstable if independent variables 

are highly correlated (Tabachnick & Fidell, 2014). Since classroom related factors are highly 

correlated with each other, we run a separate regression for each predictor to overcome 

multicollinearity. High cohesion and low status hierarchies classroom (cluster 1) were coded 0 

and low cohesion and high status hierarchies (cluster 2) were coded 1. 
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Third-grade 

 The models with autumn classroom climate [χ 2  (1, N = 46) = 4.4, p < .05], emotional support 

[χ 2 (1, N = 46) = 4.39,  p < .05], classroom organisation [χ 2 (1, N = 46) = 4.7 ,  p < .05], and 

student engagement [χ 2 (1, N = 46) = 5.78 ,  p < .05] as predictors for third grade classrooms 

were all statistically significant indicating that these models were able to distinguish between 

the two clusters of classes. The models with classroom climate and with emotional support 

both explained 13% (Nagelkerke R squared) of the variance in cluster membership and 

correctly classified 73.9 % of cases. The models with classroom organisation and student 

engagement explained 8% (Nagelkerke R squared) and 17% (Nagelkerke R squared) of the 

variance in cluster membership and correctly classified 78.3% and 73.9% of cases respectively. 

As can be seen in table 6.12, autumn classroom climate, emotional support, classroom 

organisation, and student engagement were significant negative predictors of spring group 

membership. The odd ratios were less than 1 which indicated that for one additional score of 

classroom related factors, classrooms are .42, .36, .61, .47, and .41 less likely to be classified 

as low cohesion and high status hierarchy friendship network structures. Instructional support 

was the only non-significant predictor for third grade classrooms. 
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Table 6.12. Logistic Regression Predicting Cluster Membership at the End of Third-grade from Classroom 
Climate, Emotional Support, Instructional Support, Classroom Organisation, and Student Engagement of Start 
of Third-grade   

 B Wald p Odds 
Ratio 

95% CI. For 
Odds Ratio 

Classroom climate -.84 2.20 .04 .42 [.18, .98] 

Constant 2.93 3.96 .13 18.85  

Emotional support -.99 3.85 .05 .36 [.13, .99] 

Constant 3.95 2.48 .11 51.92  

Instructional support -.49 2.44 .11 .61 [.32, 1.13] 

Constant 1.07 .627 .42 2.93  

Classroom organisation -.73 4.28 .03 .47 [.23, .96] 

Constant 2.45 2.14 .14 11.59  

Student engagement -.89 5.04 .02 .41 [1.12, 5.29] 

Constant 3.65 3.11 .07 38.61 [.18, .89] 

CI: confidence interval. 
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Fourth-grade 

The fourth-grade models with emotional support [χ 2 (1, N = 45) = 5.68, p < .05] and student 

engagement [χ 2 (1, N = 45) = 4.92, p < .05] were statistically significant. The model with 

emotional support explained 16% (Negelkerke R squared) and the model with student 

engagement explained 14% (Negelkerke R squared) of the variance in the dependent variable. 

These models classified correctly 60% and 71.1% of cases. Table 6.13 showed classroom 

autumn emotional support and student engagement were significant positive predictors of 

cluster membership. The odds ratio of the model with the emotional support was 2.92 which 

indicated that for every additional score in emotional support, the classroom was 2.92 times 

more likely to be in the low cohesion and high status hierarchies cluster. The odds ratio of the 

model with the student engagement was 4.57 which indicated with each additional score of 

student engagement, classrooms were 4.6 times more likely to have a friendship network with 

low cohesion and high status hierarchies. These findings showed that classroom related factors 

influenced the structure of friendship networks in opposite directions between third and fourth 

grade classes, consistent with the correlation results. 

 In summary, higher classroom climate scores and student engagement at the start of the third 

year were associated with higher cohesion/lower hierarchy classrooms at the end of school 

year; whereas higher climate scores and student engagement at the start of the fourth-grade 

were associated with lower cohesion/higher hierarchy friendship networks at the end of fourth-

grade. 
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 Table 6.13. Logistic Regression Predicting Cluster Membership at the End of Fourth-grade from Classroom 
Climate, Emotional Support, Instructional Support, Classroom Organisation, and Student Engagement of Start 
of Fourth-grade   

 B Wald p Odds Ratio 95% CI. For 
Odds Ratio 

Classroom climate .61 2.29 .13 1.84 [.83, 4.09] 

Constant -2.63 1.60 .20 .07  

Emotional support 1.07 5.01 .02 2.92 [1.14, 7.47] 

Constant -5.41 4.22 .04 .00  

Instructional support .45 2.08 .14 1.57 [.85, 2.90] 

Constant -1.65 1.19 .27 .19  

Classroom organisation .33 .98 .32 1.39 [.72, 2.68] 

Constant -1.15 .46 .49 .31  

Student engagement 1.52 4.06 .04 4.57 [1.04, 20.06] 

Constant -8.03 3.60 .05 .00  

 CI: confidence interval. 

Exponential Random Graph Model Results 

Standard statistical models and associated tests such as bivariate correlations and logistic 

regressions are problematic with network data because they assume independent observations 

whereas a network perspective necessarily implies dependence (Robins, 2015). Exponential 

random graph models are used to overcome these issues because they are explicitly based on 

theories of network dependence. Additionally, ERGMs enable inclusion of a number of 

different effects simultaneously in the model. So, the previous two analyses should be seen as 

exploratory investigations of the data. We now turn to ERGMs for more principled inferences 

in relation to our hypotheses.  

Series of ERGMs were employed to test our hypotheses, each model building on the previous 

model. First, an ERGM was run that modeled the structure of the friendship network without 
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exogenous factors (model A in the following tables). This model provided information about 

structural patterns in the data without considering other factors. Second, separate models were 

run including class level factors (classroom climate domains, student behavioral engagement, 

and demographic compositions) as covariate arcs (models B). Third, we modeled all classroom 

climates and students’ behavioural engagement in one ERGM (model C). Fourth, all 

demographic compositions and actor-relation attribute were included in one ERGM (model D). 

Finally, an ERGM was fitted with all the predictors in one model (model E). These steps were 

taken separately for third and fourth grade data and results related to each grade are presented 

in separate tables.   

Third-grade  

Results of ERGMs are presented in tables 6.14 to 6.17. For ease of reference, each table also 

includes small graphics to illustrate the network configurations that were being controlled by 

the structural parameters. Parameter estimates and their standard errors in brackets are 

presented in the tables. In line with common practice in ERGM when the parameter estimate 

is two times larger than the standard error in the absolute value (Koskinen & Snijders, 2013; 

Lusher & Robins, 2013b), the parameter is regarded as significant, denoted by an asterisk. 
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Table 6.14. ERGMs Parameter Estimates (and Standard Errors) for Third-grade Classroom Climate and Student’s 
Behavioural Engagement (Model A and B) 

Network effect Graphics  Estimate (SE) 
Purely 
structural 
effect 
(endogenous) 

 
Basic 
model 

(A) 
Models with covariate arc (B) 

   Classroom 
climate 

Emotional 
support 

Instructional 
support 

Classroom 
organisation 

Student 
engagement 

Arc  
-4.15 
(0.39) 

* 

-4.65 
(0.48) * 

-4.25 
(0.60) * 

-2.60 (0.48) 
* 

-4.27 (0.47) 
* -4.85 (0.50) * 

Reciprocity  
3.88 

(0.48) 
* 

2.07 
(0.35) * 

1.11 
(0.29) * 1.41 (0.33) * 2.19 (0.34) 

* 2.11 (0.35) * 

Simple 
connectivity 
(2-path) 

 
-0.26 
(0.04) 

* 

-0.46 
(0.06) * 

-0.38 
(0.04) * 

-0.45 (0.05) 
* 

-0.46 (0.05) 
* -0.44 (0.06) * 

Popularity 
spread (AinS) 
 

 
-0.87 
(0.17) 

* 

-0.74 
(0.25) * 

-1.13 
(0.27) * 

-1.16 (0.20) 
* 

-0.87 (0.25) 
* -0.73 (0.26) * 

Activity spread 
(AoutS) 
 

 -0.12 
(0.24) 

-0.27 
(0.29) 

-0.45 
(0.30) 

-0.68 (0.28) 
* -0.28 (0.28) -0.18 (0.31) 

Path closure 
(AT-T) 
 

 0.02 
(0.45) 

0.047 
(0.38) 

0.23 
(0.29) 0.32 (0.30) 0.07 (0.41) -0.01 (0.38) 

Cyclic closure 
(AT-C) 
 

 -0.67 
(0.13) 

* 

-0.14 
(0.10) 

-0.13 
(0.08) -0.20 (0.09) -0.17 (0.11) -0.15 (0.10) 

Popularity 
closure (AT-D) 
 

 1.61 
(0.28) 

* 

0.65 
(0.25) * 

0.26 
(0.21) 0.37 (0.21) 0.62 (0.26) 

* 0.69 (0.27) * 

Activity 
closure (AT-U) 
 

 1.28 
(0.32) 

0.61 
(0.25) * 

0.85 
(0.19) * 0.96 (0.20) * 0.64 (0.27) 

* 0.65 (0.26) * 

Class factors 
(exogenous)        

Covariate arc   0.94 
(0.07) * 

0.98 
(0.06) * 0.87 (0.05) * 0.87 (0.06) 

* 0.85 (0.06) * 

*Significant effect (i.e. parameter estimate is greater than two times the standard error in absolute value) 
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Table 6.15. ERGM Parameter Estimates (and Standard Errors) for Third Grade Classroom Climate and 
Student’s Behavioural Engagement (Model C) 

Network effect Graphics Estimate (SE) 
Purely structural effect 
(endogenous)  Model C 

   

Arc  -7.69 (0.78) * 

Reciprocity  1.90 (0.33) * 

Simple connectivity (2-path)  -0.35 (0.06) * 

Popularity spread (AinS) 
 

 
 

-0.23 (0.32) 

Activity spread (AoutS) 
 

 
 

0.08 (0.30) 

Path closure (AT-T) 
  0.09 (0.35) 

Cyclic closure (AT-C) 
 
 

-0.12 (0.10) 

Popularity closure (AT-D) 
 
 

0.56 (0.26) * 

Activity closure (AT-U) 
 
 

0.53 (0.24) * 

Class factors (exogenous)   

T1 friendship Network  1.09 (0.16) * 

Emotional support  1.61 (0.24) * 

Classroom organisation   0.50 (0.24) * 

Instructional support  -0.90 (0.25) * 

Student engagement  -0.30 (0.29) 

*Significant effect (i.e. parameter estimate is greater than two times the standard error in absolute value) 
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Table 6.16. ERGM Parameter Estimates (and Standard Errors) for Third Grade Demographic Characteristics 
(Model D) 

Network effect Graphics Estimate (SE) 
Purely structural effect 
(endogenous)  Model D 

Arc  -8.43 (0.84) * 
Reciprocity  1.90 (0.32) * 
Simple connectivity (2-path) 
 

 -0.25 (0.06) * 

Popularity spread (AinS) 
 

 -0.18 (0.30) 

Activity spread (AoutS) 
 

 0.03 (0.29) 

Path closure (AT-T) 
 
 

 
0.12 (0.35) 

Cyclic closure (AT-C) 
 

 
 
 

-0.15 (0.11) 

Popularity closure (AT-D) 
 
 

 
0.47 (0.24) 

Activity closure (AT-U) 
 
 

 
0.41 (0.25) 

Actor-relation effects 
(exogenous)   

Sender — SES  -0.18 (0.23) 
 

Sender — gender  -1.5 (0.38) * 
 

Receiver — SES  -0.43 (0.24) 
 

Receiver — gender  -0.28 (0.23) 
 

Homophily — SES  0.87 (0.44) 
 

Homophily — gender  2.18 (0.46) * 
 

Homophily — race  0.03 (0.16) 
 

Class factors (exogenous)   
Race composition — 
African-American  0.10 (0.01) * 

Race composition — 
Caucasian  0.08 (0.009) * 

Race composition — Latino-
American  0.05 (0.01) * 

Gender composition  -0.03 (0.01) * 

SES Composition  0.01 (0.009) 

*Significant effect (i.e. parameter estimate is greater than two times the standard error in absolute value) 
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Table 6.17. ERGM Parameter Estimates (and Standard Errors) for Third Grade All Class-related Factors and 
Actor-relations Effects (Model E) 

Network effect  Graphics Estimate (SE) 
Purely structural effect (endogenous)  Model E 
Arc  1.89 (0.34) * 
Reciprocity  -0.32 (0.07) * 
Simple connectivity 
(2-path) 

 -0.07 (0.33) 

Popularity spread (AinS) 
 
 

 
 -0.04 (0.32) 

Activity spread (AoutS) 
 
 

 
0.20 (0.37) 

Path closure (AT-T) 
 

 -0.11 (0.12) 

 
Cyclic closure (AT-C) 
 
 

 
0.42 (0.26) 

Popularity closure (AT-D) 

 
 
 
 

0.36 (0.24) 

Activity closure (AT-U) 
 
 

 
 1.89 (0.34) * 

Actor-relation effects (exogenous)   
Sender — SES  -0.31 (0.26) 
Sender — gender  -1.42 (0.42) * 
Receiver — SES  -0.55 (0.28) 
Receiver — gender  -0.07 (0.24) 
Homophily — SES  1.14 (0.48) * 
Homophily — gender  1.86 (0.48) * 
Homophily — race  0.12 (0.17) 
Class factors (exogenous)   

T1 friendship Network  0.84 (0.20) * 

Emotional support  2.08 (0.45) * 

Classroom organisation  1.43 (0.26) * 

Instructional support  0.04 (0.40) 

Student engagement  -2.82 (0.40) * 

Race composition — African-American  0.32 (0.03) * 

Race composition — Caucasian  0.32 (0.03) * 

Race composition — Latino-American  0.28 (0.03) * 

Gender composition  -0.01 (0.02) 

SES Composition  0.04 (0.01) * 

*Significant effect (i.e. parameter estimate is greater than two times the standard error in absolute value) 
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Results for Purely Structural Effects 

The structural effects are included in this analysis to control for network dependencies, and are 

not central to the research questions. However, for the sake of completeness, interpretations of 

these effects are included here. Note that a positive and significant parameter estimate shows 

that parameter has been observed in the empirical networks more than expected (had the 

parameter been 0), conditional on other effects in the model; a negative and significant 

parameter estimate shows that parameter has been observed less than expected (Lusher & 

Robins, 2013b). 

The arc parameter is not usually interpreted since it is analogous to the intercept in the linear 

regression (Lusher & Robins, 2013b). The interpretations of most important structural effects 

of the basic model (A) are: first, friendship ties are more likely to form if they are reciprocated 

(a positive and significant effect for reciprocity) and transitive (positive and significant effect 

of popularity closure). The simple connectivity (2-path) estimate was negative and significant, 

suggesting a negative correlation between the in-degree and out-degree (conditional on other 

effects in the model). In other words, popular students nominated a few but received many 

nominations, while active students nominated many but received few nominations. In addition, 

the popularity spread estimate is negative and significant; the negative estimate indicates that 

there is less variance than expected in the in-degree. So that most of the students more or less 

received a similar number of friendship nominations. Moreover, cyclic closure parameter 

estimates were negative and significant. This illustrated a tendency against cyclic closure which 

suggested students did not befriend their classmates in a form of generalized exchange. Finally, 

the positive and significant effect of popularity closure indicated that students who were 

nominated by many of the same students tend to nominate each other— i.e. if you have the 
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same group of fans, you tend to like each other and not compete for the fan base— (Figure 6. 

3).  

 

 

Figure 6.3 Popularity closure 
 

Parameter estimates for the some of the structural effects changes when exogenous factors were 

included in the ERGMs. Some of the most important changes are as follows: reciprocity 

parameter estimates were positive and significant in all the models, but it changed sign in the 

last model (Table 6.17). It may be that actor and network level predictors in this model 

explained most of the reciprocity effect present in the networks.  

Popularity spread effects become non-significant in model C, D, and E. This change indicated 

that classroom climate and demographic compositions explained some of the popularity 

effects. Cyclic closure was negative and significant in the first model (A), but it became non-

significant in model B, C, D and positive in model D, so that the tendency against general 

exchange of friendship relationships disappeared when classroom climate and demographic 

composition were taken into account. One interesting observation was that activity closure 

parameter estimates became positive and significant in the models that included classroom 

climate (Models B, C, and E) which indicated that with classroom climate taken into account, 

the activity of students tended to be more dispersed.  

z
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Results for Dyadic Covariates: Class-Related Factors   

Model B included four separate ERGMs where each included effects for one dyadic covariate. 

Parameter estimates for all of the dyadic covariates — emotional support, instructional support, 

classroom organisation, student’s behavioural engagement — were positive and significant. 

Classes that scored high in each of these domains at the commencement of the school year had 

a higher propensity of tie formation over time and a denser friendship network at end of 

academic year. The domains of classroom climate are correlated, however. To control for their 

shared variance, all of the domains were included in model C. In addition, to control for the 

initial structure of friendship networks, Time 1 friendship networks were included in the model 

as a dyadic covariate. There were significant and positive covariate arc effects for T1 friendship 

networks, emotional support, and classroom organisation. Parameter estimates were positive 

which showed that classes that scored high in emotional support and classroom organisation at 

the commencement of third- grade had a greater tendency to form friendship ties by the end of 

school year; so that such classes had denser friendship networks. Given that the parameter 

estimate of the emotional support was highest, it was the strongest predictor of the propensity 

of tie formation over time. In addition, Time 1 friendship network predicted the presence of 

ties for T2 friendship networks, so there was at least some persistence of network friendships 

across the year. This last effect was not surprising but was important to control. Interestingly, 

instructional support was a negative and significant predictor of tie formation in this model, 

where a high level of instructional support led to a decrease in tie formation over the academic 

year.  

Next, demographic compositions of classes were included in ERGMs as dyadic covariates in 

model D and E (Table 6.16 and 6.17). Percentage of girls, low SES, African-American, 

Caucasian, and Latino-American students were added to the ERGM model as five dyadic 
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covariates to assess the effects of classroom compositions. The difference between model D 

and E was that model E included the classroom climate domains as dyadic covariates too. The 

parameter estimates for the percentage of African-American, Caucasian, and Latino-American 

students in both models D and E were positive and significant, so an increase in the percentage 

of each race led to an increase in density of friendship network. It seems that if the classroom 

is more homogeneous in terms of race, friendship is more prevalent. The parameter estimate 

for the percentage of girls was negative and it was significant in model D which means that 

classrooms with a higher percentage of girls tended to have a lower friendship density, after 

controlling for the individual-level effects relating to girls’ network activity and homophily. 

Additionally, parameter estimates for socio-economic composition were positive and 

significant in model E. An increase in the percentage of students from low SES background 

was related to the higher density of friendship networks.  

Model E included classroom climate domains, student’s behavioral engagement, demographic 

compositions, and actor-relations effect in one ERGM. Time 1 friendship, emotional support 

and classroom organisation parameter estimates were still positive and significant. Duplicating 

the result of previous models indicated the robustness of the effect of emotional support and 

classroom organisation on the structure of friendship networks. The parameter estimate for 

instructional support was not significant. Parameter estimates for students’ behavioral 

engagement become negative in model C and E — models where classroom climate was 

controlled — and it became significant in model E. When students are highly engaged in the 

class activities they had the lower chance of forming friendship ties.  

Results for Actor-relation Effects 

Actor-relation effects capture individual attribute influences on tie formation and these effects 

were included in model D and E (Table 6.16 and 6.17). Since gender is a binary variable, girls 
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were coded 0 and boys 1. So, negative parameter estimates for actor-relations effect shows that 

girls are more active (sender effect) or more popular (receiver effect). Gender sender and 

homophily effects were significant. The negative parameter sender estimate indicates that girls 

across all the third-grade classes tend to send more friendship ties. Positive parameter estimates 

for homophily shows that the same gender friendships are more common in the third-grade. 

Similarly, the homophily effect for SES was positive and significant (model E) indicating that 

students tend to befriend classmates from the same SES. Parameters estimates for race were 

not significant indicating that at the individual level, race was not a significant contributor in 

friendship formation, once classroom composition on this variable was taken into account. In 

the other words, there is no independent effect in this data for students to be more popular or 

active because of their race; and, perhaps surprisingly, no independent effect for them to choose 

same-race friends. 
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Fourth-grade Results 

All the model specifications were similar for the fourth-grade data (Table 6.18 to 6.21). 

Table 6.18. ERGM Parameter Estimates (and Standard Errors) for Fourth Grade Classroom Related Factors 
(Models A and B) 

Network effect Graphics  Estimate (SE) 
Purely 
structural effect 
(endogenous) 

 
Basic 
model 

(A) 
Models with covariate arc (B) 

  
 

Classroom 
climate 

Emotional 
support 

Instructional 
support 

classroom 
organisation 

Student 
engagement 

Arc  -4.47 
(0.15) * 

-4.65 
(0.24) * 

-4.68 
(0.25) * 

-4.66 (0.20) * 
-4.53 (0.20) 

* 
-4.20 (0.36) 

* 

Reciprocity  7.14 
(0.23) * 

7.15 (0.23) 
* 

7.15 (0.25) 
* 

7.15 (0.23) * 
7.14 (0.24) 

* 7.16 (0.22) * 

Simple 
connectivity 
(2-path) 

 -0.16 
(0.06) * 

-0.18 
(0.06) * 

-0.19 
(0.06) * 

-0.18 (0.06) * 
-0.18 (0.06) 

* 
-0.16 (0.04) 

* 

Popularity spread 
(AinS) 

 -0.11 
(0.17) 

-0.08 
(0.17) 

-0.06 
(0.17) 

-0.07 (0.17) -0.06 (0.17) - 0.08 (0.16) 

Activity spread 
(AoutS) 

 0.02 
(0.17) 

0.05 (0.18) 0.06 (0.18) 0.05 (0.18) 0.05 (0.17) 0.05 (0.17) 

Path closure 
(AT-T) 
 

 1.24 
(1.15) 

1.10 (1.10) 1.17 (1.15) 1.15 (1.24) 1.18 (1.15) 1.18 (1.2) 

Cyclic closure 
(AT-C) 

 -0.75 
(0.24) * 

-0.73 
(0.24) * 

-0.73 
(0.24) * 

-0.73 (0.24) * 
-0.72 (0.24) 

* 
-0.75 (0.24) 

* 

Popularity closure 
(AT-D) 
 

 0.004 
(0.7) 

0.08 (0.69) 
0.056 
(0.71) 

0.07 (0.77) 0.05 (0.68) 
0.06 (0.74) 

Activity closure 
(AT-U) 
 

 0.01 
(0.65) 

0.06 (0.65) 0.01 (0.69) 
0.015 (0.67) 0.005 (0.68) 

0.007 (0.69) 

Class factors 
(exogenous) 

 
   

  
 

Covariate arc   0.03 (0.03) 0.03 (0.03) 0.03 (0.02) 0.008 (0.02) - 0.05 (0.05) 

*Significant effect (i.e. parameter estimate is greater than two times the standard error in absolute value) 
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Table 6.19. ERGM Parameter Estimates (and Standard Errors) for Fourth Grade Classroom Related Factors 
(Model C) 

Network effect         Graphics Estimate (SE) 
Purely structural effect 
(endogenous)  Models with covariate arc (C) 

   
Arc  -7.52 (0.76) * 
Reciprocity  7.13 (0.26) * 
Simple connectivity 
(2-path) 

 -0.10 (0.08) 

Popularity spread (AinS) 
 
 

 
-0.04 (0.20) 

Activity spread (AoutS) 
 
 

 0.02 (0.20) 

Path closure 
(AT-T) 
 

 
0.78 (1.06) 

Cyclic closure (AT-C) 
 
 

 
-0.51 (0.23) * 

Popularity closure 
(AT-D) 
 

 
-0.014 (0.64) 

Activity closure (AT-U) 

 
 
 
 

0.07 (0.60) 

Class factors (exogenous)   

T1 friendship Network  4.55 (0.17) * 

Emotional support  0.06 (0.07) 

Classroom organisation  -0.11 (0.06) 

Instructional support  0.13 (0.08) 

Student engagement  0.02 (0.14) 

*Significant effect (i.e. parameter estimate is greater than two times the standard error in absolute value) 
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Table 6.20. ERGM Parameter Estimates (and Standard Errors) for Fourth Grade Demographic (Model D) 

Network effect     Graphics Estimate (SE) 
Purely structural effect (endogenous)  Models with covariate arc (D) 
Arc  -3.75 (0.36) * 
Reciprocity  6.9 (0.24) * 
Simple connectivity 
(2-path) 

 -.18 (0.57) * 

Popularity spread (AinS) 
 

 -.37 (0.13) * 

Activity spread (AoutS) 
 

 -0.24 (0.14) 

Path closure 
(AT-T) 
 

 
1.19 (1.10) 

Cyclic closure (AT-C) 
 
 

 
 -.84 (0.24) * 

Popularity closure 
(AT-D) 

 
 
 
 

0.01 (0.66) 

Activity closure (AT-U) 
 

 
 
 

0.03 (0.65) 

Actor-relation effects (exogenous)   
Sender — SES  -.016 (0.18) 
Sender — gender  -1.03 (0.21) * 
Receiver — SES  0.008 (0.19) 
Receiver — gender  -.098 (0.12) * 
Homophily — SES  -1.03 (0.21) 
Homophily — gender  1.9 (0.13) * 
Homophily — race  0.12 (0.04) * 
Class factors (exogenous)   
Race composition — 
African-American  -.00001 (0.003) 

Race composition — 
Caucasian  -.0003 (0.003) 

Race composition — Latino 
  0.0001 (0.002) 

Gender composition  -.006 (0.002)* 

SES Composition  0.003 (0.001) 

*Significant effect (i.e. parameter estimate is greater than two times the standard error in absolute value) 
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Table 6.21. ERGM Parameter Estimates (and Standard Errors) for Fourth Grade All Class-related Factors and 
Actor-relations Effects (Model E) 

Network effect     Graphics Estimate (SE) 
Purely structural effect (endogenous)  Models E 
Arc  -7.65 (1.00) * 
Reciprocity  7.15 (0.27) * 
Simple connectivity 
(2-path) 

 -0.13 (0.08) 

Popularity spread (AinS) 
 

 0.04 (0.20) 

Activity spread (AoutS) 
 

 0.09 (0.20) 

Path closure 
(AT-T) 
 

 
0.74 (1.13) 

Cyclic closure (AT-C) 
 

 -0.48 (0.26) 

Popularity closure 
(AT-D) 

 
 
 
 

-0.14 (0.69) 

Activity closure (AT-U) 
 
 
 

0.06 (0.65) 

Actor-relation effects (exogenous)   
Sender — SES  -0.01 (0.23) 
Sender — gender  -0.23 (0.27) 
Receiver — SES  -0.01 (0.23) 
Receiver — gender  -0.26 (0.26) 
Homophily — SES  0.09 (0.21) 
Homophily — gender  0.44 (0.24) 
Homophily — race  0.03 (0.10) 
Class factors (exogenous)   

T1 friendship Network  4.68 (0.19) * 

Emotional support  0.07 (0.08) 

Classroom organisation  -0.12 (0.07) 

Instructional support  0.11 (0.08) 

Student engagement  0.001 (0.14) 

Race composition — African-American  0.001 (0.006) 

Race composition — Caucasian  0.003 (0.006) 

Race composition — Latino  0.012 (0.006) 

Gender composition  -0.01 (0.01) 

SES Composition  0.01 (0.00) 

*Significant effect (i.e. parameter estimate is greater than two times the standard error in absolute value) 
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Results for Purely Structural Effects 

The interpretations of interesting structural effects are similar to third grade. The reciprocity 

parameter estimate was positive and significant. The cyclic closure parameter estimate was 

negative and significant which was the only significant transitivity parameter. It is not 

uncommon to have a lower number of cycles in friendship networks as compared to transitive 

triads. There was no important change in structural effects when covariate arcs were added to 

the models. 

Results for Dyadic Covariates  

The parameter estimate for T1 friendship was positive and significant in models C and E which 

reflected that the structure of friendship network at the commencement of school year was a 

significant predictor of the friendship network at the end of school year. There were no 

significant effects for any of classroom climate domains or students’ behavioural engagement 

on the friendship networks.  

Gender composition of the classes was the only significant demographic composition (model 

D). Parameter estimate for the percentage of girls in each class was negative which showed 

that increase in the ratio of girls in classes led to the decrease in density of friendship networks.  

Results for Actor-relation Effects 

Parameter estimates for the sender and receiver gender effects were negative and significant in 

model D (Table 6.20) while the gender homophily effect was positive and significant. Similar 

to younger children, gender still is a strong predictor of tie formation. Girls tend to send and 

receive more friendship nominations. Additionally, boys tend to nominate boys as their friends 

and girls tend to nominate girls. Furthermore, a positive and significant race homophily effect 

emerged for the fourth-grade which shows that fourth-grade students had a tendency to choose 
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their friends from the same race. This contrasts with the third-grade where race homophily was 

not observed. Finally, SES was not a significant predictor of tie formation.  

Discussion 

The goal of this study was to investigate the importance of classroom climate on structural 

patterns of friendship networks: more specifically, the influence of classroom climate and 

students’ behavioural engagement at the commencement of third and fourth grade on the 

structural pattern of friendship networks at the end of school year. Although the main interest 

of this study was classroom climate, hypotheses related to demographic compositions of each 

class and individuals were included in order to capture a more comprehensive understanding 

of factors influencing friendship networks. Results were consistent across the different 

statistical approaches so reinforcing the validity of the conclusions. Results revealed that the 

teacher-student relationship in terms of classroom climate predicted the structure of friendship 

networks for third graders. The classes high in emotional support and classroom organisation 

had cohesive, non-hierarchical and dense friendship networks over time. Interestingly, the 

results for fourth-grade were reversed in some instances or non-significant. Results related to 

demographic characteristics of students showed that gender and race are critical attributes for 

friendship formation at both individual level and class level. Race effects only come into play 

with the older students. 

Heterogeneity of Structure of Friendship Networks 

Hypothesis 1 proposed that different classrooms have distinct friendship network structures. 

Results of the two-step clustering procedure were consistent with the research hypothesis and 

indicating that a two-cluster solution was the best fit for the data. Cluster 1 friendship networks 

were cohesive with a rather non-hierarchical structure while cluster 2 friendship networks were 

more fragmented and more hierarchical. These results show that indeed classes differ in their 
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cohesion and status hierarchies, which supports previous research and theory on friendship 

networks in educational settings (Gest et al., 2007; Moody & White, 2003). There was 

similarity in cluster types for the third and fourth grade, providing further support for the 

validity of the clusters. However, the members of the cluster with high cohesion and low status 

hierarchy decreased from 73.9% in third grade to 37.8% in fourth grade. This is an important 

and unexpected outcome. One can conclude that the structural patterns differ from third to 

fourth grade, possibly arising from developmental changes where older students have a more 

nuanced and selective definition and understanding of the function of friendship.  

Association Between Classroom Climate Domains and Structural Patterns in Friendship 

Networks 

Evidence of heterogeneity of structure invited examination of the factors that may contribute 

to cohesion and status hierarchies in classrooms. Hypothesis 2 posited that a supportive 

classroom climate at the commencement of school would lead to cohesive, non-hierarchical 

and dense friendship networks at the end of school year. To investigate the influence of 

classroom climate on cohesion and status hierarchies’ correlation and logistic regression 

analysis were undertaken along with ERGMS to examine the effect of classroom climate on 

the density of friendship networks, conditional on other structural and individual factors. 

As expected, both correlation and logistic regression analysis of third-grade data showed 

classes with a supportive climate were more likely to have cohesive and non-hierarchical 

friendship networks at the end of third-grade. One important observation was that classrooms 

with high emotional climate had more brokerage to connect different groups in the classrooms, 

hence had fewer disconnected sub-groups. In line with Farmer et al. (2011)’s “invisible hand 

of the teacher” theory, this result showed that high-quality interactions between the teacher and 

the students helped different groups in the class become connected. This connectivity of 
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friendship networks has implications for student social and educational outcomes, given that 

brokers are connecting groups that may otherwise not be connected. Brokers establish inter-

group connections that lead to the spread of news, information, and other opportunities from 

one group to another, diffusion that otherwise would be kept inside the circle of disconnected 

groups (Granovetter, 1973, 1982; Robins, Bates, & Pattison, 2011).  

Contrary to expectations, correlation results for fourth-grade data revealed that autumn 

emotional support and instructional support were negatively correlated with spring global 

cohesion of friendship networks. Additionally, classes with high emotional support had a more 

hierarchal network structure. Similarly, logistic regression analysis of fourth-grade data 

indicated that classes with supportive emotional climate had a higher chance to have 

fragmented and hierarchical friendship networks. It was expected that there would be some 

developmental differences in the influence of teacher on students’ social behaviour between 

third and fourth grade data, but still the degree of difference was unexpected. Since correlation 

and logistic regressions rely on assumptions that are not suitable for network data, for a more 

principled investigation of the relationship between classroom climate and friendship 

networks, ERGM models were fitted. The ERGM results are also more comprehensive because 

they control for different structural patterns in the network.  

A number of intriguing findings emerged from the ERGM results. First, and perhaps simplest, 

including the Time 1 friendship network as a control captures the longitudinal influence of 

classroom climate domains on the creation of friendship ties. The results showed that the 

friendship network at the start of the school year for both third and fourth grade data was a 

significant predictor of the network at the end of school year. However, as stated by Hartup 

(1996), and evidenced by much previous empirical research (Lomi, Snijders, Steglich, & Torló, 

2011; Mercken, Snijders, Steglich, & de Vries, 2009), friendship networks are not static and 
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network may structure can evolve over a school year. Some relationships dissolve and some 

new ones emerge over time (Rizzo, 1989). Hence, classroom climate might help explain the 

network evolution over time.  

Secondly, the ERGM models showed that for third grade, emotional support was the strongest 

predictor of the tie formation over time, followed by classroom organisation. Contrary to 

expectations, the result related to instructional support was in the opposite direction, suggesting 

that high instructional support was related to a lower density of friendship networks over time. 

The results related to each domain are discussed below.  

Results of third-grade data showed that teachers’ emotional support was a stronger predictor of 

friendship formation compared to other classroom climate domains. This finding is consistent 

with the study expectations and current research and theory in teacher-student relationships 

(Gest & Rodkin, 2011; Wentzel, 2010). The emotional support domain captures the emotional 

side of the teacher-student relationship regardless of curriculum related issues and it 

encapsulates the most influential aspect of teacher-student relationship for friendships 

(Luckner & Pianta, 2011). Emotionally supportive relationships with the teacher provides the 

students with a model of desirable social behavior, and students can practice their social skills 

when they interact with their teacher or they can be coached by the teacher (Farmer et al., 2011; 

Hamm & Hoffman, 2016; Hendrickx et al., 2016).  

Classroom organisation also influences friendship formation. Teachers that score high in the 

classroom organisation  manage their classrooms in a way to keep the misbehavior to a 

minimum and students are presented with clear behavioral expectations (Pianta et al., 2008). 

In such classrooms, there are more opportunities for positive interactions between classmates; 

hence, better opportunity for friendship formation.   
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There is a plausible explanation for inconsistencies between methods (correlation, logistic 

regression versus ERGMs) related to the influence of instructional support. Initially in the 

logistic regressions, due to multicollinearity we had a separate model for each predictor, 

whereas the ERGMs included emotional support, instructional support, classroom 

organisation, and students’ behavioural engagement as dyadic covariates in the same models. 

The Monte Carlo Markov Chain Maximum Likelihood Estimations (MCMCMLE) procedures 

used to estimate the ERGMs can successfully pick apart highly correlated effects (Robins et 

al., 2009). The initial logistic regressions showed that all the predictors were significant and 

positive predictors of the density of friendship network over time. However, the ERGM 

controlled for shared variance between predictors, so that the parameter estimates reflect the 

unique effect of each specific domain of classroom climate, conditional on the other domains. 

This method was analogous to controlling for suppressor variable in regression (for more 

information read Lancaster, 1999). Drawing on the argument above, since emotional support 

has been controlled, what remains was pure instructional support without emotional elements, 

which perhaps focusses down on teachers’ emphasis on educational goals and learning 

independent of peer interactions. If a teacher focusses solely on the development of academic 

skills, children might not have time or motivation to interact with each other. Consequently, 

high instructional support was related to lower friendship network density. Instructional 

support might be more important for academic achievement related outcomes than for social 

relations (Allen et al., 2011; Hamre & Pianta, 2005) but these were not measured in this data 

set.  

Like the third-grade data, initially separate ERGMs were fitted for each predictor for fourth-

grade data. However, the final model included all the predictors in one ERGM. The analyses 

did not show any significant results for classroom climate domains for any of the models. Non-
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significant results for the fourth graders are considered in the context of developmental and 

educational changes in a later section  

Associations Between Students’ Behavioural Engagement and Friendship Networks 

Results of correlation analyses and logistic regression showed that students’ behavioural 

engagement at the commencement of third grade was related to cohesive, non-hierarchical 

friendship networks at the end of school year. These results are consistent with the work of 

Hughes and Kwok (2006) who found that highly engaged students were liked by a greater 

number of their classmates. However, our finding extended previous research by examining 

this association at the class level. It seems that in the classes where students were actively 

involved in the class activities, overall friendship networks were more cohesive and non-

hierarchical. A highly-engaged class is likely to create positive class experiences promoting 

friendship and equity between classmates. However, in the ERGM results, students’ 

behavioural engagement was not a significant predictor of the friendship network over time, so 

a second explanation seems more probable. It is possible that student behavioural engagement 

and friendship formation both are a product of warm and supportive teaching. Once emotional 

support is controlled in the ERGM models’ student behavioural engagement is no longer a 

positive and significant predictor of friendship.  

Analogous to the other results of fourth-grade data, correlation and logistic regression results 

showed that higher student behavioural engagement at the start of the fourth grade was 

associated with lower cohesion and hierarchical friendship networks at the end of fourth grade. 

Like third grade, ERGM results indicated that students’ behavioural engagement was not a 

significant predictor of the network over the fourth-grade school year. Inconsistencies of results 

of third and fourth grade data are explained in the developmental consideration section below.  
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Associations Between Students Demographic Characteristics and Friendship Networks 

Results of both third and fourth grade data showed that boys showed a preference to befriend 

boys, and girls to befriend girls. These results are consistent with previous research on gender 

homophily which indicated that cross gender interactions and relationships decrease from 

kindergarten to elementary school (Maccoby, 1990, 1995, 1998; Shrum, Cheek , & Hunter 

1988). By the third-grade, there is an obvious segregation between genders, but this separation 

decreases as children become adolescents (Shrum et al., 1988). Homophily brings familiarity 

into the relationship which in turn makes the formation and maintenance of the friendship 

easier and smoother (Kandel, 1978).  

In addition, the results showed that girls tend to send more friendship ties than boys during 

both third and fourth grade and they tend to receive more friendship ties during fourth-grade. 

Research evidence is not consistent regarding the gender difference in the structure of 

friendship networks. While some researchers did not find differences in the number of friends 

for boys and girls (Benenson, 1990), Lee et al. (2007) and Rudolph et al. (2007) found that 

girls tend to send and receive more ties and consequently had more reciprocated friendship ties 

than boys. Inconsistent findings can be attributed to the difference in the age of participants, 

sample size and methodology (i.e. method of data collection and analysis, and measurement of 

social networks) (Lee et al., 2007).  

Contrary to the expectation, an increase in the percentage of girls in the classrooms led to a 

decrease in density of friendship networks. This means that when we have more girls, there are 

fewer friendships at the class level, once the individual-level effects of girls sending and 

receiving ties are controlled. It seems that actor-relations effects at individual level did not 

translate to the class level outcome. Girls may send and receive more ties but this effect is not 

additive across the whole classroom, so that in classrooms with a high proportion of girls there 
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is a ceiling on these sending and receiving effects. This result differs from Cappella and Neal 

(2012), who indicated that classes with more female students had more connections. However, 

they studied the relation between gender composition and the number of friendship 

nominations each student received, without taking into account multilevel effects relating to 

individual propensities and overall classroom composition. Because the current study 

examined both individual and classroom effects, these results extend current knowledge about 

gender composition and the structure of friendship networks. Moreover, the results of this study 

is consistent with the findings of Benenson (1990); Block (1979); Smith-Lovin and McPherson 

(1993), who suggested that boys have larger social groups than girls. For example, Lever 

(1978) observed that fifth-grade girls tended to play in a group of two or three during the recess 

or spend their time chatting, while boys tend to play team sports in large groups. This diverse 

tendency of boys and girls can translate to differentiated network structures when the ratio of 

one gender increases in a class, such that an increase in proportion of girls in a class may be 

related to an increase in the proportion of smaller, poorly connected groups, and hence to a 

decrease in the density of friendship networks. These arguments are in line with studies of 

preschool and school children which showed that boys tend to have more connected social 

networks than girls (Benenson, 1990, 1993; Rose & Rudolph, 2006). For example, Parker and 

Seal (1996) studied the evolution of friendship in a summer camp, and found that over time 

boys’ social networks became denser and cohesive in comparison with the girls.  

Analysis of third-grade data showed that at the individual level, race was not a significant 

predictor of friendship formation. However, at the class level an increase in the percentage of 

either of three main races (Caucasian, African-American, and Latino-American) was related to 

a higher probability of friendship formation. This increase in density of friendship could be 

related to decreasing heterogeneity. As stated by McFarland et al. (2014, p. 6) “compositional 
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heterogeneity to create an uncertain context that amplifies concerns for trust and group 

boundaries”. In other words, when students are from different racial backgrounds the general 

classroom environment may lead to fewer connections among them. On the contrary, a 

homogenous environment brings some level of comfort and familiarity which in turn facilitates 

forming friendship ties. In contrast, fourth-grade data showed that students tend to befriend 

classmates from the same race. This finding is consistent with results of Rodkin et al., (2007) 

who showed there was a moderate homophily effect for race and that friendship networks and 

group affiliations tended to be segregated based on race. Similarly, Moody (2001) found racial 

segregation of adolescent friendship networks. It is interesting that, once classroom racial 

composition is controlled, dyadic racial homophily only comes into play with the older 

children. 

SES effects at both the individual and classroom level were not significant. SES did not affect 

a student sending or receiving friendship ties in the network and children did not choose their 

friendship based on similarity in SES. These findings were unexpected and suggest SES is not 

an influential factor for choosing friends for third and fourth grade students. For adolescents, 

economic status is related to status symbols and those from higher SES are able to buy 

fashionable clothes and have more pocket money (Milner, 2006). Consequently, they can earn 

more popularity by relating themselves to the high-status groups in their schools (Milner, 

2006). It is possible SES is not obvious or strong enough until students approach adolescence. 

However, a higher percentage of third-graders from low SES resulted in a higher propensity of 

tie formation when classroom climate was included in the models.  

Developmental Considerations 

Results indicated that it was only for younger students — third-graders — that teacher 

interaction style impacted students’ friendship formation over time. This is in line with the 
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hypothesis that the teacher has less influence on changes in friendship network patterns of older 

students.  

As children get older, the function and definition of friendship changes due to the development 

of cognitive and emotional skills (Bukowski et al., 2009). Older children choose their friends 

based on similarity in interests, activities, psychological traits rather than befriending their 

classmates because of common activities and teacher encouragement (Shaffer, 2009). Hence, 

the evolution of friendship networks might differ from third to fourth grade (Cillessen, 2007). 

Fourth-grader friendship networks might be more cliquish and divided into smaller groups 

because older children are more specific and exclusive about whom they call as their close 

friend (Glidewell, Kantor, Smith, & Stringer, 1966; Hallinan & Kubitschek, 1988). For 

example, Hallinan and Kubitschek (1988) results showed that older children had fewer 

transitive triads in compared to younger children. In addition, older children were more 

intolerant of intransitivity (i.e. A is friend with B and C, but B and C are not friends) and more 

likely to resolve intransitivity by terminating their friendships. These developmental changes 

lead to less connection and less global cohesion of friendship networks.  

In addition, as children get older they become more aware of social status and who is popular 

in their social environment (Cillessen, Schwartz, & Mayeux, 2011). This awareness might lead 

to a more hierarchical structure based on preferential attachment theory where popular actors 

attract more ties (Barabási & Albert, 1999).  

Finally, a change in educational goals might moderate the relation between classroom climate 

and friendship networks. The educational goals in later elementary school (grades 4-5) are 

mainly achievement oriented, mostly because of the increased difficulty of content of 

curriculum (Anderson, 2010). Consequently, fourth-graders have less time for social 

interactions and forming friendships during the class time and possibly are mainly in contact 
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with students who sit nearby. Another difference in the educational goal is teaching social skills 

to younger children. Considering that students need to have related social skills to make friends, 

it is possible that younger students will learn this skill through the interaction with their teachers 

and as they get older they do not need teacher help and scaffolding for maintaining their friends 

and making new ones (Hamm & Hoffman, 2016). Also, school structures may have an 

influence. For instance, if friendship groups move up through the school together, then 

friendships are likely to consolidate and not be impacted by changing grade membership 

(McFarland et al., 2014). 

Implications 

This research extended the current understanding of the contribution of contextual factors in 

structure of social networks that often is postulated in the developmental and educational 

theories (Farmer et al., 2011; Kindermann, 2011; Ladd, Birch, & Buhs, 1999; Wentzel, 2002), 

but seldom studied in a systematic way in empirical networks. The current study complemented 

both network and educational research in the following ways.  

First, this study showed that context might be important but not for all the age groups, so that 

the context itself it is contextualised. This finding reinforces that teachers have the capacity to 

influence informal networks of the younger student but not older ones. There might be a critical 

age for the student below which they are deeply influenced by teacher who can help guide and 

structure their social relations. This has important implications for intervention since much 

research emphasises the importance of friendship networks at least in terms of different health 

and psychological outcomes (Cairns, 1988; De la Haye, Robins, Mohr, & Wilson, 2011; Doll 

et al., 2004; Rodkin, 2004). For example De la Haye et al. (2011) results showed that friends 

influence engagement in physical activity. If the friendship structure is important and there is 

a critical age for teacher influence there are implications for intervention. First, teacher 
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intervention needs to start early or schools need to use other means to influence students’ 

informal networks (for instance, using network intervention based on student opinion leaders.)  

Secondly, the current research was novel in terms of data treatment and analysis. A number of 

analytical approaches were undertaken each of which provided complementary information 

about the structure of friendship networks. We were able to study contextual factors alongside 

individual-level and network self-organisation effects at the same time. 

Limitations and Future Directions 

 One limitation of this study was that children could nominate friends only from their 

classmates and those who were part of the study. However, considering the age of participants 

most of their social contact is with their classmates in comparison to older students with 

multiple teachers and different sets of classmates across different subjects. Kandel (1978) has 

shown that about 80% of friendships in high schools were with the same grade classmates. 

Nonetheless, future research could include school friendship networks beyond the classroom.  

Care is warranted in the interpretation of developmental change between third and fourth grade 

until these results are replicated across studies. These studies need to include a wider age span. 

In addition, tracking friendship networks between grades is desirable to investigate whether the 

effects of classroom climate early in the school roll over to future years.  

Finally, the current study examined the influence of teacher-student relationships on the 

relationship among students. However, it is possible that students’ relationships influence 

teacher behaviour as well (Pianta et al., 2008). So, one should bear in mind the possibility of 

bi-directional influence between variables when interpreting the current research findings.  

In conclusion, this study extended our knowledge on the contribution of teachers to the 

students’ social relationships in the class environment. In addition, from a methodological point 

of view this study advanced the field of developmental psychology by applying ERGMs as an 
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advanced network statistical model alongside more common analytical practice in the study of 

peer networks. Finally, the current research will serve as a base for the future study of effects 

of classroom climate and demographic characteristics of students on their friendship networks 

at both individual and class level.  
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CHAPTER 7. EXPRESSED AND PERCEIVED FRIENDSHIP TIES 

IN SOCIALLY ANXIOUS ADOLESCENTS 

This chapter describes the second case study in this thesis, relating principally to how an 

individual attribute — in this case, social anxiety — may affect the structure of the friendship 

network. The case study also examines perceptions of others’ choices of friends (perceived 

friends) alongside actual choices made (expressed friendship). This examination of expressed 

and perceived networks enables conclusions of how social anxiety relates to actual behaviour 

(in terms of expressed choices) and to cognitive perceptions of the social environment. The 

case study shifts away from early school years to an examination of a friendship network 

among adolescent girls.  

The prevalence of social anxiety increases during adolescence (Albano, 1996). Research 

evidence associated an increase in social anxiety with natural developmental changes such as 

heightened self-consciousness and concerns about physical attractiveness, social competence 

and fear of negative evaluations (Albano, 1996; Storch, Masia-Warner, Dent, Roberti, & 

Fisher, 2004; Weiner, 1992). Although a feeling of social anxiety is a rather common 

experience for adolescents and in the majority of cases it does not interfere with their everyday 

life (Weiner, 1992), a high level of social anxiety has been associated with significant 

disruption in normative social development because the result is distress in social situations 

and avoidance of social interactions (Albano, DiBartolo, Heimberg, & Barlow, 1995; Beidel 

& Turner, 2007; Inderbitzen et al., 1997; Storch et al., 2004; Vernberg et al., 1992). More 

specifically, La Greca and Lopez (1998) theorised that social anxiety in adolescents manifests 

itself in three ways: fear of negative evaluation, social avoidance and distress in general, and 

social avoidance related to interactions with unfamiliar peers or new situations. A feeling of 
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social anxiety limits interaction with peers and can lead to disengagement from peer 

interactions (La Greca, Dandes, Wick, Shaw, & Stone, 1988). The research evidence 

consistently supports that negative consequences of social anxiety for girls’ friendships are 

worse for boys (Kingery, Erdley, Marshall, Whitaker, & Reuter, 2010; La Greca & Lopez, 

1998; Van Zalk, Van Zalk, Kerr, et al., 2011; Vernberg et al., 1992). These negative 

consequences have been linked to maladaptive interpersonal relationships in adulthood (Beidel 

& Turner, 2007; La Greca & Lopez, 1998; Pine, Cohen, Gurley, Brook, & Ma, 1998). Hence, 

it is important to investigate the ways that social anxiety in adolescents influences their 

friendships.  

This study examined friendship networks of students adopting methodology applied by Lusher, 

Robins, Pattison, and Lomi (2012). Lusher et al. (2012) studied the relationship between 

expressed and perceived trust in a top management team of an industrial group. The separate 

examination of expressed and perceived trust produced different results from the joint 

examination of them. For instance, the participants did not express much trust; however, they 

perceived that their own trust was reciprocated. Therefore, the researchers recommended that 

expressed and perceived trust need to be modelled jointly to have a more accurate picture of 

how trust operates in an organisation.  

Similarly, in the current study, expressed and perceived friendship networks and their 

intersection are investigated. Expressed friendship refers to the friendship choices made by the 

actor, a self-report of individual friendship preferences. In the current thesis, this is termed as 

the expressed friendship network and a friendship nomination referred to as an expressed 

friendship tie. An expressed friendship tie does not necessarily involve the communication of 

the relationship to the social partner, so that it is possible this friendship nomination may or 

may not be perceived by the partner. Perceived friendship refers to an actor’s belief of who 

considers them as a friend. The resulting network is termed the “perceived friendship network”, 
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and a nomination is referred to as a perceived friendship tie. Perceived friendship is similar to 

a peer report of social relations because actors are reporting their expectations of the behaviour 

of peers, that is, who they expect to nominate them as a friend. Perceived friendship can be 

interpreted as the product of both real world feedback from peers with the influence of 

cognitive biases and deficit (Badaly, Schwartz, & Gorman, 2012), it is quite possible for 

respondents to be wrong about who would name them as friends, which is why the network is 

perceived rather than expressed.  

The main aim of the present study was to examine an expressed friendship network that 

included socially anxious adolescents. The current study has several distinct contributions. 

First, this study extends the limited current knowledge on how social anxiety relates to 

expressed friendship networks for adolescents including how social anxiety affects adolescents 

activity (sending friendship nominations), popularity (receiving friendship nominations) and 

friendship selection. Second, multivariate exponential random graph modelling (ERGM) was 

applied to analyse how the perceived friendship related to the expressed friendship for socially 

anxious and non-socially anxious adolescents. Perceived and expressed friendship networks 

offer distinctive information, but studying them jointly provides a distinctive perspective on 

the degree to which students expect reciprocity in their friendship and how accurate they are in 

perceiving their friendship relations. Existing literature reported on expressed friendship and 

perceived friendship networks separately for the normal population (Badaly et al., 2012; 

Newcomb & Bagwell, 1995; Pittinsky & Carolan, 2008; Van Zalk & Van Zalk, 2015). The 

researchers are not aware of any study that jointly investigates perceived and expressed 

friendship of socially anxious adolescents in an integrated model. The importance of 

understanding socially anxious adolescents’ expectations about reciprocity and accuracy in 

perceptions by studying perceived networks is discussed further below.  
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Expressed Friendship and Social Anxiety 

Socially anxious adolescents experience high level of distress in social situations, so they avoid 

those situations. For instance, socially anxious adolescents tend to avoid extracurricular 

activities and social events (e.g. birthday parties, sleepovers) (Albano, Chorpita, & Barlow, 

2003). Avoidance leads to decrease in anxiety and feeling of discomfort which in turn 

encourages withdrawal behaviour (Kingery et al., 2010). Rubin and Burgess (2001) stated that 

this cyclic relationship between social anxiety and withdrawal over time leads to limited 

opportunities for development and practice of social skills (such as cooperation, assertiveness, 

and self-control). Consequently, across development, social skills of socially anxious 

individuals are likely to lag behind those of their peers. The empirical literature on the 

friendship quantity of socially anxious students compared to non-anxious students consistently 

highlighted that the socially anxious adolescents have fewer friends, especially socially anxious 

girls (Beidel, Turner, & Morris, 1999; Chansky & Kendall, 1997; Kingery et al., 2010; La 

Greca & Lopez, 1998). These studies asked youth or their parents to report on their number of 

close friendships. The majority of research on friendship of socially anxious youth does not 

report on the direction of friendship ties, so it is not clear if socially anxious youth were less 

active in making friends (sending few friendship ties) or they were less popular (receiving few 

friendship ties) or both.  

 On the one hand, socially anxious individuals are not well liked by their peers because they 

show less positive affect, fewer verbalisations, and disengagement from peer activities (Erath 

et al., 2007). Hence, they might receive fewer friendship ties (Van Zalk, Van Zalk, Kerr, et al., 

2011). On the other hand, behavioural observation of socially anxious students showed that 

they initiate fewer interactions and spend less time interacting with peers (Spence, Donovan, 

& Brechman-Toussaint, 1999), so they might be less active in sending expressed friendship 

ties (Van Zalk, Van Zalk, Kerr, et al., 2011). Overall, withdrawal from social interactions 
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together with poor social skills might lead to both sending and receiving fewer expressed 

friendship ties (Albano et al., 2003; Rubin & Burgess, 2001). Thus, we hypothesise that: 

H1. Socially anxious students send and receive fewer expressed friendship ties than other 

students.   

Theoretically, similarity between friends could happen because of selection and/or influence 

(refer to chapter 3 for more details on these processes). For instance, Van Zalk, Van Zalk, Kerr, 

et al. (2011) found that socially anxious adolescents tended to choose friends who were socially 

anxious, and over three years they influenced each other to become more socially anxious. In 

short, selection refers to choosing friends who are similar in a trait such as social anxiety 

(Kandel, 1978); and influence refers to the socialising process that friends influence one 

another’s trait over time (Kandel, 1978). Based on homophily theory, it is possible that socially 

anxious adolescents select friends who are similar in terms of social anxiety (Kingery et al., 

2010). Socially anxious adolescents tend to be not popular (Van Zalk, Van Zalk, Kerr, et al., 

2011), therefore, they are low in the social hierarchy. It might be an adaptive strategy to select 

friends who are socially anxious as well to avoid negative evaluation (Van Zalk, Van Zalk, & 

Kerr, 2011). It is also possible that a socially anxious pair expands the pair’s individual levels 

of social anxiety by co-rumination about their fears and worries, with an exaggerated focus on 

social fears (Rose, 2002; Van Zalk, Van Zalk, Kerr, et al., 2011). Furthermore, sharing fears 

about social situations could validate and reinforce the feeling of social anxiety which in turn 

encourages avoidance behaviour (Van Zalk, Van Zalk, Kerr, et al., 2011). Thus, over time the 

friendship relationship between socially anxious individuals might lead to higher social anxiety 

for the pair. A longitudinal design would allow teasing apart the precise contributions of 

selection versus influence between friends. Although the cross-sectional nature of the current 

study does not allow determination of the cause of similarity between friends in terms of social 
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anxiety, it is appropriate to examine similarity in social anxiety between friends which leads to 

hypothesis 2:  

H2. Students have friends with a similar level of social anxiety of themselves.  

Structural Logic of the Intersection of Expressed and Perceived Friendship  

Guided by (Kenny, 1994) two aspects of intersection of perception and expression of friendship 

were investigated: accuracy and congruence. Accuracy reflects a student correctly identifying 

which peers choose them as a friend. Congruence refers to the assumed reciprocity of 

friendship, indicating whether adolescents believe that their friendship choices are reciprocated 

(Badaly et al., 2012). Friendship accuracy and congruence are explained below for the overall 

sample and for socially anxious students. One important consideration about basic 

configurations displayed in Table 7.1 is that they are subtly distinct. For congruence, the 

cognitive decisions are all made by actor A, who considers actor B as a friend and believes 

actor B reciprocates. This is quite separate from any judgement by actor B. For accuracy, 

decisions by both actors are required. Actor A considers actor B a friend, and actor B perceives 

that actor A does that: in short, actor B makes a correct judgement about actor A’s friendship 

decisions within the dyad. Of course, again this is separate from whether or not actor B makes 

any reciprocated offer of friendship. 

Congruence  

Sullivan’s (1953) interpersonal theory outlined that the primary function of adolescents’ 

friendship is to fulfil the need for intimacy and consensual validation. Adolescents share their 

secrets and their inner thoughts, so they build their friendship based on mutual trust and loyalty 

(Bukowski et al., 2009). Since the nature of adolescents’ friendship implies mutual liking and 

attraction; individuals expect reciprocity in their relationship. Thus, when an adolescent sends 

an expressed friendship tie to a peer, he/she perceives that peer is likely to send a friendship tie 
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in return. In the current thesis, this type of intersection is termed as the “Congruence”. The 

adolescent perceives that his/her own nomination of friendship is aligned with a reciprocated 

response from the nominated friend (see third row of Table 7.1). An optimistic view of 

friendship is indicated by high congruence which might be related to positive interactions and 

healthy self-esteem (Swann, Wenzlaff, Krull, & Pelham, 1992). Research has shown that 

students who send many friendship nominations believe many of those relations are 

reciprocated (Ausubel, 1953). Hence, it is hypothesised that: 

H3. There is a positive effect for friendship congruence in adolescent networks.  
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Table 7.1. Definitions of Different Types of Friendship Ties (Expressed and Perceived) 

 Name Network visualization Definition 

    

1 Expressed friendship  

 

 

Person A says “B is my friend” 

2 Perceived friendship  

 

Person A says “I believe B considers 

me as a friend” 

3 Congruence (entrainment of expressed 

and perceived friendship from 

perspective of A) 

 

 
 

Person A says “B is my friend and I 

believe B considers me as a friend” 

4 Accuracy (exchange of expressed and 

perceived friendship between A and B) 

 Person A says “B is my friend” and 

person B says “I believe A considers 

me as a friend” 

5 Congruence of SA* (entrainment of 

expressed and perceived friendship 

from perspective of A when A is 

socially anxious) 

 
Person A says “B is my friend and I 

believe B considers me as a friend” 

6 SA partner’s accuracy (exchange of 

expressed and perceived friendship 

between A and B when A is socially 

anxious) 

 Person A says “B is my friend” and 

person B says “I believe A considers 

me as a friend” 

7 SA accuracy (exchange of expressed 

and perceived friendship between A 

and B when B is socially anxious) 

 

 Person A says “B is my friend” and 

person B says “I believe A considers 

me as a friend” 

* Socially anxious  

   Black colour represents socially anxious students 

Socially Anxious Student’s Congruence 

Socially anxious adolescents are likely to have a higher tendency for consistency between their 

expressed and perceived friendship ties more than non-socially anxious students over and 

above other network effects. The inconsistency between expressed and perceived friendship 

ties has the potential to create the feeling of uncertainty and ambiguity. Incongruence occurs 

when Fred says Jo is my friend (expressed friendship), but Fred does not think Jo considers 

him as a friend. Some people might not mind the feeling of uncertainty, so when they like 

A B 

A B 

A B 

A B 

A B 

A B 

A B 
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someone they may express their friendship regardless of reciprocity. However, it is less likely 

that socially anxious adolescents take this risk. Socially anxious adolescents strongly care about 

the impression of themselves (Pozo, Carver, Weflens, & Scheier, 1991), hence they are 

cautious about their social interactions. So, it is hypothesised that:  

H4: Socially anxious adolescents have a higher rate of friendship congruence than other 

students. 

 Accuracy 

Together, the expressed friendship and perceived friendship networks capture ego9 action and 

perception. However, one interesting question was whether the action of ego matches 

perception of alters10. In other words, do students correctly gauge who considers them as a 

friend. This intersection between expressed and perceived friendship ties is termed as the 

“accuracy” (fourth row of Table 7.1). High levels of accuracy indicate a social system in which 

there is a good understanding of real friendships and actors have good knowledge about their 

own standing. Low levels of accuracy on the other hand indicate a large amount of 

misperception of the social system. A good level of accuracy comes from reading verbal and 

non-verbal cues related to friendship from face to face interactions (Kenny & DePaulo, 1993). 

Seeing things clearly and having a good understanding of  one’s social standing has positive 

consequences for an individual. For example, Krackhardt (1990) found a positive relation 

                                                
9 Ego is the focal actor  
 
10 Alters are the actors to whom ego is directly connected 
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between correct perception of social networks and an ability to obtain resources. There are 

number of empirical studies on accuracy of being liked by classmates. These research shows 

that youth with high accuracy in friendship perception are more socially competent and 

emotionally content (Collins & Laursen, 1999; Zakriski & Coie, 1996). Students may form an 

accurate perception of their friendship based on the affection and attention they receive from 

their peers that signal the friendship bond to them. Additionally, past research has shown that 

students tend to have a better accuracy if their friends are same-sex, sat near them, or shared a 

positive academic orientation (Neal, Neal, & Cappella, 2014, 2016). 

Despite limited empirical studies on friendship perception of adolescents, few studies address 

friendship accuracy. Research has shown that youth can accurately judge which peers rate them 

as an acceptable friend, and accuracy increases with increased social acceptance (Ausubel & 

Schiff, 1955; Ausubel, Schiff, & Gasser, 1952). On one hand, a complete lack of friendship 

accuracy is unlikely because it indicates that students are completely unaware of their social 

networks. On the other hand, the complete overlap of expressed and perceived friendship is 

unlikely because students would then have perfect perception of their social world (Krackhardt, 

1987; Lusher et al., 2012). Hence, an intermediate level of accuracy is expected across a social 

network. Nevertheless, it is hypothesised that: 

H5: There is a positive effect for friendship accuracy in adolescent networks. 

 Socially Anxious Student Accuracy 

Individual differences in accuracy may be explained by individual characteristics such as social 

anxiety (Casciaro, 1998; Casciaro, Carley, & Krackhardt, 1999). If an actor attribute such as 

social anxiety is taken into account, accuracy can be affected in two directions. First, a socially 

anxious person may send an expressed friendship tie and his/her social partner may send a 

perceived friendship tie in return (fifth row of Table 7.1). In the current thesis, this type of 
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accuracy is termed as “SA partner’s accuracy” which indicates the degree to which the social 

partners of socially anxious students are aware of a friendship bond. Socially anxious 

individuals might send clear signals to their social partners so that their partners perceive the 

relationship more accurately. Morgan and Banerjee (2006) found that socially anxious youth 

(age 9-13 years old) significantly made more eye contacts than the control group during a peer 

role play task. They proposed that the higher rate of eye contact was a demonstration of 

reassurance-seeking from the social partner. It is possible that the reassurance-seeking 

behaviour acts as a clear signal of the friendship relationship for the social partners of socially 

anxious adolescents. Hence, it is hypothesised that: 

 H 6.a. Social partners of socially anxious adolescents tend to have higher friendship accuracy 

about socially anxious adolescents.  

Secondly, the social partner of a socially anxious adolescent may send an expressed friendship 

tie and the socially anxious adolescent send a perceived friendship tie in return (see sixth row 

of Table 7.1). In the current thesis, this type of accuracy is termed as “SA accuracy”.  

It has been found that socially anxious individuals are unnecessarily pessimistic in their belief 

about what others think of them and they think others take dim view of them (Flanagan et al., 

2008; Kingery et al., 2010). Chansky and Kendall (1997) found that socially anxious people 

perceived themselves less well liked and accepted compared to the control group. Furthermore, 

research evidence has shown that withdrawn children have a less sophisticated understanding 

of their close friendships (Schneider & Tessier, 2007). Consequently, they focus more on the 

benefit they receive from their friendship and less on intimacy. This is characteristic of 

friendships of young children, but with older children and adolescents the emphasis is on 

closeness and intimacy in their friendship relationships (Schneider & Tessier, 2007). 

Considering that socially anxious individuals might not have a mature understanding of their 
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friendships, they might not have an accurate perception of their friends. As a result, they may 

not perceive all of their friendship relations accurately and can be naive regarding who likes 

them in their social environment. If so, socially anxious students miss out on the benefits of 

social support that friends potentially can provide. Given that perceived social support has been 

showed to be strongly related to the mental and physical well-being (Kawachi & Berkman, 

2001). It is very important to test whether socially anxious students can gauge their existing 

friendship relationships accurately. Hence, it is hypothesised that: 

H 6.b. Socially anxious adolescents will show a lower friendship accuracy than other students. 

Correlates of Social Anxiety  

Personality Dimensions 

Personality psychology assumes that individuals’ personality constructs help explain 

behavioural variation among people. The Big-five personality framework proposed that most 

of the variability across individuals can be measured using five different dimensions: 

Neuroticism, Extroversion, Openness to the experience, Conscientiousness, and Agreeableness 

(see Costa & McCrae, 1992a  for full definitions of dimensions and review of research 

findings). The Big-Five personality dimensions enjoy considerable empirical and theoretical 

support as the most widely used model of personality (Goldberg, 1981; John & Srivastava, 

1999; McCrae & Costa, 1999). Personality dimensions might influence the structure of 

expressed friendship networks such that some traits (e.g. Extroversion) encourage activity, 

popularity, and homophily and some traits (e.g. Neuroticism) hinder them. All five dimensions 

were included in the analysis as control variables, but the Neuroticism dimension was the most 

relevant control variable to the research hypotheses. Neuroticism demonstrates the tendency to 

experience psychological distress such as anxiety and depression (Costa & McCrae, 1992b). 

Controlling for Neuroticism enabled us to control for overall psychological distress. Hence, we 
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were able to measure the unique contributions of social anxiety to the structure of the expressed 

friendship network, as well as the role of social anxiety in the intersection of expressed and 

perceived friendship networks, over and above the effects of Neuroticism and other personality 

dimensions.  

Gender 

Girls report a higher level of social anxiety especially in the fear of negative evaluation (La 

Greca & Lopez, 1998; Rosen & Aneshensel, 1976). Moreover, adult women are about twice as 

likely to have social phobia as adult men (Schneier, Johnson, Hornig, Liebowitz, & Weissman, 

1992). Considering girls’ emphasis on intimacy and emotional support in their friendships 

(Berndt, 1982; Berndt & Perry, 1986), feelings of social anxiety are likely to interfere with 

forming and maintaining close and intimate friendships. Hence, social anxiety may be more 

problematic for girls’ friendships (La Greca & Lopez, 1998; Vernberg et al., 1992) and gender 

is a possible moderator of the relationship between friendship and social anxiety. This study, 

however, involves a sample from a girls-only school, so the effect of gender was not measured 

and the results bear only on girls’ friendships. 

Data 

The data set used for this study was previously collected by A/Professor Dean Lusher, 

Professor Garry Robins, A/Professor Brock Bastian, Sarah Craig and Kara Chambers at the 

University of Melbourne (for more information on this data refer to Chambers, 2011; Craig, 

2011).  

Participants 

Participants were year nine students recruited from an all-female high school in Melbourne, 

Australia (M age = 14 years, SD = 0.46). The rate of participation was 78% (N = 94).  Students 

were of heterogeneous ethnicity with 46% Anglo-Australian, 12.8 % Chinese-Australian, 
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11.7% Italian- Australian, 10.6 % Greek- Australian, and 19.9 % other ethnicities. The school 

racial composition represents Melbourne’s diverse and multicultural population (idcommunity, 

2011). The average of students’ socio-economic status was in the top 25% percentile for the 

state according to the Socio-Economic Indexes for Areas (SEIFA) (Australian Bureau of 

Statistics, 2001).  

Design   

In the first step, the school was invited to participate and formal consent was received from a 

senior representative of the school. Then, consent forms were distributed to students to take 

home. Both parents and students were informed about the project and only those with active 

consent were part of the study. Data collection occurred during a normal scheduled class under 

the supervision of homeroom teachers and the research team. The school counsellor was made 

available during the data collection in case of any visible sign of distress by students. Non-

participating students did not complete the survey and were removed from the list of friendship 

nominations made by others. Teachers were asked to organise study time for non-participating 

students.  

Measurements  

Demographic characteristics 

Students reported their age, ethnicity and fathers and mothers’ occupations and education. 

Information related to the parents’ occupation and education were used to create an indication 

of socio-economic status following the ANU4 protocol (Jones & McMillan, 2001). 

Occupations were categorized into a valued list (1-130) and recoded into a ranking of combined 

income and education level for each parent. Student ethnic background was recoded into a 

binary variable of either Anglo-Australian or others. Students who identified their cultural 

background as Australian, British, Scottish, Irish, American/British, and Canadian/British were 
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categorised as Anglo-Australian (coded 1) and the rest of the students were coded as others 

(coded 0).  

Social anxiety 

 The Social Anxiety Scale for Adolescents was used to measure the level of anxiety in social 

situations with peers (SAS-A; La Greca & Lopez, 1998). This measure is a modification of the 

Social Anxiety Scale for Children-Revised (SASC- R; La Greca & Stone, 1993). SAS-A is a 

self-report questionnaire which has 18 items and adolescents rated each on a five-point scale 

(1 = strongly disagree, 5 = strongly agree). The scale contains three subscales; Fear of Negative 

Evaluation (FNE, for example “I worry what others will think of me”); Social Avoidance and 

Distress in new situations (SAD-New, for example “I get nervous when I talk to peers I don’t 

know very well); and Social Avoidance and Distress in general (SAD-General, for example “I 

feel shy even with peers I know very well”). The total score is the sum of the items, ranging 

from 18 to 90 with the higher scores indicating higher level of social anxiety. It has been 

suggested that scores above 50 indicate a high level of social anxiety (La Greca & Lopez, 1998; 

Storch et al., 2004). In the current research, social anxiety scores above 50 were coded 111, 

otherwise 0. 51.1% of participants were coded as high in social anxiety. Prevalence of social 

anxiety symptoms in our sample was similar to the past research. For example, Kashani and 

Orvaschel (1990) found that the fear of social situations was reported by 45.7% of 12 years old 

and 55.7% of 17 years old, and fear of negative evaluation was reported by 67.1% of 12 and 

17 years old.  

Details of social anxiety scores are presented in Table 7.2. Internal consistency of SAS-A as 

reported by various researchers ranges from .76 to .91 (Inderbitzen et al., 1997; La Greca & 

Harrison, 2005; La Greca & Lopez, 1998; Storch et al., 2004). A review by Storch et al. (2004) 

                                                
11 Binarizing the social anxiety variable helped the model in obtaining convergence. 



Chapter.7: Expressed and perceived friendship ties in socially anxious adolescents. Page 136 

 

supported the construct validity of SAS-A in an adolescent sample and reported a modest test-

retest reliability over a 12 months period. The internal consistency of the data of the current 

research reported by the primary researcher (Chambers, 2011) was good (Guttman’s λ = .94).   

Big-Five Personality Dimensions 

Personality traits of participants were assessed using the Ten-Item Personality Inventory (TIPI; 

Gosling, Rentfrow, & Swann, 2003). TIPI is a brief measure of Big-Five personality 

dimensions: Neuroticism, Extroversion, Openness to the experience, Conscientiousness, 

Agreeableness. Each band (e.g., Extroversion) summarises several specific facets (e.g. 

sociability) and each facet consists of several more specific traits (e.g., talkative, outgoing). 

TIPI culled items from existing Big-Five instruments. Each band is measured by two items 

with each item rated on a 7-point scale ranging from 1 (disagree strongly) to 7 (agree strongly). 

It takes about a minute to complete the TIPI, so it is highly efficient in terms of time completion 

in a longer survey. Internal consistency of this measure is moderate because there are only two 

items per band. Short measures of the Big-Five such as TIPI do not provide information about 

narrow facets and their psychometric properties are less reliable compared to the longer 

measures (Gosling et al., 2003). However, as personality traits were not the main interest of 

the current study, the diminished psychometric properties associated with brief measures could 

be tolerated in the interests of timely survey completion and minimising respondent fatigue. 

Nevertheless, the TIPI has good content validity and adequate convergence with widely used 

personality measures (Gosling et al., 2003). For example, the convergent correlation between 

the TIPI and NEO-PI-R ranges from .68 to .56 across all five dimensions (Gosling et al., 2003). 

The internal consistency of TIPI in the current sample reported by the primary researcher 

(Chambers, 2011) was adequate (Guttman’s λ = .80). One great benefit of TIPI is that it 

eliminates redundancy of items and reduces the chances of participants becoming bored with a 
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lengthy questionnaire (Gosling et al., 2003), an important consideration with an adolescent 

sample with possibly varying levels of motivation.  

Social Network/ Friendship Nominations 

Participants chose their nominations from the year level roster where each student was 

identified with a number. This was according to the roster method (Kilduff & Krackhardt, 

2008). The number of nominations a student could make was unlimited which is known to 

improve the reliability of sociometric data (Terry & Coie, 1991). An adjacency matrix was 

formed using nominations with the presence of a tie was indicated by 1, and the absence was 

indicated by 0. The networks were directed such that a nomination from i to j did not necessarily 

imply a nomination from j to i. Students were asked to provide nominations for expressed and 

perceived friendship networks as explained below.  

                                 Table 7.2. Descriptive Statistics of Measures 

 Mean (SD) Max-Min 

Social anxiety 49.15 (11.57) 25-77 

Personality dimensions   

Agreeableness 5.18 (.92) 1.5-7 

Conscientiousness 5.12 (1.25) 2-7 

Neuroticism 4.78 (1.33) 1-7 

Extroversion 4.96 (1.52) 1-7 

Openness to experience 5.22 (1.25) 1.5-7 
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Expressed friendship 

Students were asked “Who are your friends? Who are those students you muck around12 with 

in the schoolyard? Who are those you like to hang out with?”. Because of the behavioural 

aspect to these questions, this name generator represented friendship expressed in terms of 

students’ actions. The resulting network is reported in Figure 7.1. The visualisation suggests 

some homophily based on social anxiety, as many high anxiety nodes appear to have ties with 

each other. This will be tested in the following statistical models. 

 

Figure 7.1. The Expressed Friendship Network. Colours Represent the Level of Social 
Anxiety Where Green Indicates Low Social Anxiety and Red Represents High Social 

Anxiety. 

 

                                                
12 This is a common Australian school-yard idiom  
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Perceived friendship 

Students were asked an additional friendship question that measured how students perceive 

their social world.  They were asked “Who would name you as one of their friends?” This item 

indicated their perception and understanding of their friendship network environment. The 

resulting network is depicted in Figure 7.2.  

 

 

Figure 7.2. The Perceived Friendship Network (“Who Would Name You as One of Their 
Friends?”). Colours Represent the Level of Social Anxiety Where Green Indicates Low 

Social Anxiety and Red Represents High Social Anxiety. 

  

Congruence  

Congruence was examined in the models by treating the perceived friendship network as a 

covariate network 13 when modelling the expressed network. Formally, this treats a perceived 

tie as a predictor of an expressed tie. A positive parameter indicates a tendency for perceived 

and expressed ties to co-occur.  

                                                
13 A more detailed description of covariate network can be found in chapter 3. 
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Congruence of socially anxious  

To assess expected reciprocity specifically for socially anxious adolescents, a perceived 

friendship matrix that only included the data related to socially anxious individuals was needed. 

To do so, the sender anxiety variable was multiplied by the perceived friendship tie variable. 

If anxiety i = 1, and there is a tie from i to j, the result is 1, otherwise, it is 0.  

Perceived friendship ties of socially anxious = Anxiety i × Perceived friendship tie ij 

The new matrix measures the ties that come only from socially anxious students sending 

perceived friendship ties. The resulting matrix was included in an ERGM model as a covariate 

network to assess the degree which perceived friendship ties relate to the expressed friendship 

ties for socially anxious students. This effect was over and above general congruence, so it was 

able to assess whether there are additional congruence tendencies for social anxious students. 

Accuracy 

The accuracy of friendship can be measured by an “exchange” 14 which represents the extent a 

dyad exchanges ties of the different type (Wang, 2013). To study accuracy of friendships, it 

was necessary to examine when i sends an expressed friendship tie to j, does j send a perceived 

friendship tie to i in return. To create a matrix that represented the tie from j to i, the perceived 

friendship network matrix was transposed where columns and rows were exchanged. The 

transposed matrix was then included in the models as a dyadic covariate.  

Accuracy for Socially Anxious  

Using the transposed data matrix of the perceived friendship network as above, the next step 

was to create a matrix for two types of friendship accuracy for socially anxious individuals: SA 

                                                
14 A more detailed description can be found in chapter 3 
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partner’s accuracy and SA accuracy. The data treatment for each type of accuracy is discussed 

below.  

SA partner’s accuracy  

In this type of accuracy, a socially anxious student (i) sends an expressed friendship tie and 

their social partner sends a perceived friendship tie (j) in return. To examine this type of 

exchange, a data matrix of perceived friendship network j to i, when i is socially anxious was 

created. To do so, these steps were taken: first, as earlier, the perceived friendship network was 

transposed to create j to i matrix. Second, the sender anxiety variable was multiplied by the 

transposed of perceived friendship tie variable. If anxiety i = 1, and there was a tie from j to i, 

the result was 1, otherwise, it was 0. The resulting matrix was added to an ERGM as a dyadic 

covariate. 

SA accuracy  

Friendship accuracy of a socially anxious person was demonstrated when a student (i) sent an 

expressed friendship tie and a socially anxious adolescent (j) sent a perceived friendship tie in 

return. So, to measure this exchange, the receiver anxiety variable was multiplied by the 

transposed of the perceived friendship tie variable. If anxiety j = 1, and there was a tie from j to 

i, the result was 1, otherwise it was zero. The resulting matrix was added to an ERGM as a 

dyadic covariate.  

Analysis 

Table 7.3. Descriptive Statistics for Expressed and Perceived Friendship Networks 
 Expressed friendship Perceived friendship 

Density 0.12 0.10 
Number of ties 1071 896 
Reciprocity rate .48 .40 
Mean in/out-degree 11.39 9.53 
Minimum in-degree 3 0 
Maximum in-degree 24 19 
Minimum out-degree 0 0 
Maximum out-degree 45 30 
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Table 7.3 presents the descriptive statistics for expressed and perceived friendships. As Table 

7.3 indicates, 48% of expressed friendship ties and 40% of perceived friendship ties were 

reciprocated. The expressed and perceived friendship networks were rather similar (Quadratic 

Assignment Procedure, Jaccard correlation = 0.636, p < 0.001), but as the table shows they 

were not identical. A bootstrapped paired sample t-test suggested that the expressed friendship 

network density was significantly higher than the density of the perceived friendship network 

(t = 3.29, p < 0.05) (Snijders & Borgatti, 1999).  

Modelling Specifications  

Due to the dependency of friendship data, Monte Carlo Marko Chain Maximum Likelihood 

Estimation (MCMCMLE) was used to estimate Exponential Random Graph Models (Snijders 

et al., 2006). Models were built from simple to the more complicated ones using the PNet 

program (Wang et al., 2005). Throughout, the expressed friendship network was modelled 

using three principal types of effects: structural effects, actor-relation effects, and covariate 

network effects (detailed descriptions of these effects are provided in chapter 3). Initially the 

model only included parameter estimates for purely structural effects of the expressed 

friendship network (Model A, Table 7.4). This model provided information about the network 

patterns that only arise from the internal processes related to the system of network ties (Lusher 

& Robins, 2013a). Next, social anxiety scores of students and their ethnicity were added to the 

second model as actor-relation effects (Model B, Table 7.4). Model B assessed the influence 

of social anxiety of each student on the propensity of tie formation.  The ethnicity was added 

as a control variable. Model C included both congruence and friendship accuracy as covariate 

network effects (Table 7.5). A significant parameter estimate for a covariate network effect 

indicates the extent to which friendship and dyadic covariate ties co-occur. Model C 

investigated whether the presence of the perceived friendship tie predicted the presence of the 

corresponding expressed friendship tie. This model included Big-Five personality dimensions 
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as actor attributes to control for the influence of each of Big-Five personality dimensions on 

the possibility of tie formation. Model D included dyadic covariates that measure congruence 

for socially anxious students, SA partner’s accuracy and SA accuracy. 

Results 

All the models indicated good convergence of Monte Carlo Marko Chain Maximum 

Likelihood Estimation (MCMCMLE) algorithm with the convergence statistics for all effect in 

the models less than 0.1. The results are presented in Table 7.4 and 7.5.  
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      Table 7.4. ERGM Parameter Estimates (and Standard Errors) 
 

Network effect Graphics Estimate (SE) 
Purely structural 
effect (endogenous)  Model A Model B 

Arc  -3.60 (1.28) * -3.32 (1.43) * 
Reciprocity  2.15 (0.16) * 2.14 (0.15) * 
Simple connectivity 
(2-path) 

 
 -0.07 (0.01) * -0.07 (0.01) * 

Popularity spread 
(AinS) 
 

 -0.68 (0.66) -0.78 (0.71) 

Activity spread 
(AoutS) 
 

 -0.81 (0.29) * -0.82 (0.26) * 

 
Path closure (AT-T) 
 

 
2.60 (0.14) * 2.62 (0.14) * 

 
Cyclic closure (AT-C) 
 

 
-0.22 (0.05) * -0.18 (0.05) * 

Popularity closure 
(AT-D) 

 
 
 
 

0.23 (0.11) * 0.22 (0.10) * 

Multiple connectivity 
(A2P-D) 

 
 
 

0.02 (0.01) * 0.03 (0.01) * 

Actor-relation 
effects (exogenous)    

Sender — Social 
Anxiety   -0.21 (0.08) * 

Receiver — Social 
Anxiety   0.06 (0.08) 

Homophily — Social 
Anxiety   0.08 (0.09) 

Sender — Ethnicity   -0.04 (0.05) 

Receiver —  Ethnicity   -0.27 (0.08) * 

Homophily —  
Ethnicity   0.21 (0.04) * 
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     Table 7.5. ERGM Parameter Estimates (and Standard Errors) 

 

 

Network effect Estimate (SE) 
Purely structural effect (endogenous) Model C1 Model D2 
Arc -4.16 (1.95) * -4.36 (1.98) * 
Reciprocity 1.28 (0.21) * 1.27 (0.20) * 
Simple connectivity (2-path) -0.06 (0.01) * -0.05 (0.01) * 
Popularity spread (AinS) 
 -0.03 (0.80) -0.12 (0.83) 

Activity spread (AoutS) -0.55 (0.43) -0.31 (0.41) 
Path closure (AT-T) 
 1.71 (0.14) * 1.64 (0.13) * 

Cyclic closure (AT-C) 
 -0.07 (0.07) -0.08 (0.07) 

Popularity closure (AT-D) 0.06 (0.10) 0.10 (0.10) 

Multiple connectivity (A2P-D) 0.03 (0.01) * 0.02 (0.01) 

Actor-relation effects for social anxiety (exogenous)   
Sender — Social Anxiety -0.22 (0.15) -0.38 (0.19) 
Receiver — Social Anxiety 0.09 (0.15) -0.01 (0.16) 
Homophily — Social Anxiety -0.21 (0.22) -0.23 (0.23) 
Control Variables   
Sender — Ethnicity -0.36 (0.14) * -0.35 (0.13) * 
Sender — Agreeableness 0.12 (0.06) 0.12 (0.05) * 
Sender — Conscientiousness -0.04 (0.04) -0.04 (0.03) 
Sender — Neuroticism 0.04 (0.04) 0.06 (0.04) 
Sender — Extroversion -0.02 (0.04) -0.01 (0.04) 
Sender —Openness to experience -0.11 (0.04) * -0.11 (0.04) * 
Receiver —  Ethnicity -0.55 (0.14) * -0.55 (0.13) * 
Receiver — Agreeableness 0.04 (0.06) 0.03 (0.06) 
Receiver — Conscientiousness 0.01 (0.04) 0.01 (0.04) 
Receiver — Neuroticism -0.03 (0.05) -0.04 (0.05) 
Receiver — Extroversion -0.03 (0.04) -0.02 (0.04) 
Receiver — Openness to experience 0.06 (0.05) 0.04 (0.05) 
Homophily —  Ethnicity 0.53 (0.20) * 0.52 (0.20) * 
Homophily — Agreeableness 0.13 (0.07) * 0.12 (0.07) 
Homophily — conscientiousness 0.06 (0.05) 0.05 (0.05) 
Homophily — Neuroticism -0.12 (0.05) * -0.12 (0.05) * 
Homophily — Extroversion -0.01 (0.04) -0.005 (0.04) 
Homophily — Openness to experience 0.06 (0.05) 0.05 (0.05) 
Congruence 3.44 (0.01) * 3.60 (0.20) * 
Accuracy 1.22 (0.17) * 0.58 (0.22) * 
Congruence of socially anxious  -0.26 (0.28) 
SA partner’s accuracy  0.87 (0.24) * 
SA accuracy  0.46 (0.26) 
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Results for Purely Structural Effects 

A positive and significant parameter estimate indicates that the configuration (for example 

reciprocated ties) has been observed in the empirical network more than expected by chance 

conditional on other effects in the model; whereas a negative and significant parameter estimate 

shows that configuration is present less than expected (Lusher & Robins, 2013b). The most 

important structural effects across all models are discussed below (Tables 7.4 and 7.5).  

The arc parameter is not usually interpreted since it is similar to the intercept in the linear 

regression (Lusher & Robins, 2013b). Reciprocity parameter estimates were positive and 

significant in all models indicating high levels of friendship reciprocity. Simple connectivity 

parameter estimates were negative and significant, suggesting a negative association between 

the number of friendship nominations received (in-degree centrality) and the number of 

friendship nominations made by adolescents (out-degree centrality). This suggested that 

students who were the most popular were not the most active in sending friendship ties. 

Popularity spread parameter estimates were not significant in any of the models, indicating no 

evidence of substantial variance in popularity.  

Activity spread parameter estimates were negative in all models and significant in models A 

and B. Negative parameter estimates suggest considerable uniformity in the number of 

friendship nominations by students. Parameter estimates for multiple connectivity were 

positive and significant in the first three models. Positive and significant parameter estimates 

for path closure in first three models suggest that network closure was common in this network. 

Friends of friends tend to become friends. Positive and significant parameter estimates for 

popularity closure in basic models (A and B) suggest students who received friendship 

nominations from the same school mates tend to not compete with one another for popularity 

and send friendship ties to each other. Cyclic closure parameter estimates were negative and 
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significant in the first two models, suggesting that friendship ties did not form as a generalized 

exchange into cycles.  

Overall, these structural effects were broadly consistent with previous examination of 

expressed friendship network structure and were not surprising (e.g Igarashi, 2013). 

Controlling for the purely structural effects enables a principled inference about the actor-

relation effects and dyadic covariate networks in the models, which was the principal interest 

in this study.  

Results for Actor-relation Effects 

Social Anxiety was added to model B as an actor attribute (Table 7.4) and included in models 

C and D (Table 7.5). The parameter estimates for the sender effect were negative and 

significant in model B, indicating students who scored high in social anxiety tended to send 

fewer friendship ties (the estimates were in the same direction in Model C and D, the ratio of 

estimate to standard error in Model D is 1.93, but as it did not reach the conventional level of 

2, it was close to but not quite significant). The parameter estimates for the receiver effect were 

not significant in any of models, suggesting that students who were high in social anxiety were 

not different from others in terms of the popularity. The parameter estimates for homophily15 

for all the models were non-significant (so the apparent homophily effect in the visualisation 

in Figure 7.1 was not confirmed in the statistical analysis). Overall, it was concluded that there 

is some evidence that socially anxious students were more selective and less active in choosing 

friends, but otherwise were not dissimilar from other students in expressed network structures. 

Control variables consisted of personality dimensions and ethnicity. Big-Five personality 

dimensions were included in models C and D (Table 7.5). The significant results are as follows: 

                                                
15 For a binary variable, homophily is indicated by positive parameter estimates (more detailed descriptions are 
presented in chapter 3).  
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the sender effect for openness to experience was negative and significant, suggesting that those 

who were more open tended to send fewer expressed friendship ties. On the other hand, the 

sender effect for agreeableness was positive and significant in model D, indicating those who 

were high in agreeableness tended to send more expressed friendship ties. There were no 

significant receiver effects for any of Big-Five personality dimensions, indicating that 

personality traits did not influence the popularity of the students. Parameter estimates for 

homophily16 in the agreeableness dimension were positive and significant in model C, but not 

quite significant in model D, suggesting heterophily on agreeableness. Less agreeable students 

tended to associate with more agreeable students, rather than with each other. Finally, the 

parameter estimate for homophily related to neuroticism was negative and significant in both 

models C and D. Students tended to select friends based on similarity in neuroticism.  

Ethnicity was included in models B, C and D. Parameter estimates for the sender effect were 

negative and significant in models C and D. Likewise, parameter estimates for the receiver 

effect were negative and significant. These results indicated that students with an Anglo-

Australian background tended to send and receive fewer friendship ties compared to students 

from other ethnic backgrounds. Parameter estimates for ethnicity homophily were positive and 

significant suggesting that adolescents tended to choose their friendship based on similarity in 

ethnicity.  

Results for Dyadic Covariates 

Perceived friendship and friendship accuracy were included in models C and D as covariate 

networks. Parameter estimates for the perceived friendship network was positive and 

significant, suggesting congruence was strongly present in the data. So, in general, students 

                                                
16 For continuous variables, the absolute difference between attributes is taken as the statistic for homophily 
effects. Homophily occurs when the presence of dyadic friendship ties is associated with smaller absolute 
differences in a continuous attribute for the two actors (Robins & Lusher, 2013b) So, a negative parameter estimate 
is evidence for homophily. 
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tend to be consistent in their expressed and perceived friendship nominations. The parameter 

estimate for accuracy was positive and significant, indicating that friendship choices of 

adolescents were confirmed by their friends’ perception. This was an exchange effect and 

indicated that in general adolescents have an accurate understanding of their dyadic friendships.  

The final model included the congruence of socially anxious students, but the parameter 

estimate for this effect was not significant. Over and above other effects in the model, social 

anxiety did not affect congruence. Socially anxious adolescents were no more likely than their 

classmates to align expressed and perceived friendship ties. However, the parameter estimate 

for SA partner’s accuracy was positive and significant, indicating that social partners of 

socially anxious students had an accurate understanding of their friendship bond. It seems that 

socially anxious students may be sending clear signals to their partners about their friendship 

choices. Finally, the parameter estimate for SA accuracy was not significant; indicating that 

socially anxious students did not have a less accurate perception of their friendship compared 

to other students over and above other effects in the model.  

Discussion 

 The main aim of this study was to demonstrate a case study of how sophisticated social 

network analysis techniques can be applied to obtain a nuanced understanding of how 

individual dispositions such as social anxiety might influence friendship networks. Social 

anxiety mostly led to distinct social action by socially anxious students, but it did not seem to 

affect the behaviour of peers toward them. In addition, it seems that social anxiety does not 

induce students to have a more consistent or accurate view of their friendship environment. 

Socially anxious students, however, do seem to make fewer, and hence perhaps more 

discriminating, choices of friends, and they may be signalling these friendship choices more 

clearly to their partners. The discussions related to the result of hypotheses are discussed below.  
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As for the impact of social anxiety on sending expressed friendship ties, social anxiety indeed 

led to less activity in expressed friendship network, as predicted. Surprisingly, social anxiety 

influenced neither popularity of adolescents, nor it was a criterion for friendship selection. 

Inactivity in expressed friendship networks was perhaps the manifestation of the adolescent’s 

avoidance of social situations. Socially anxious students might not engage in social interactions 

to avoid discomfort and fears of being negatively evaluated by their peers. In addition, socially 

anxious students may have negative expectations regarding social outcomes such that they 

believe they are not well liked by their peers (Flanagan et al., 2008; Kingery et al., 2010). 

 Since there were no significant effects for the popularity of socially anxious students and for 

social anxiety homophily, beyond lower activity levels, social anxiety symptoms did affect 

everyday interactions between peers in terms of popularity, and socially anxious students did 

not tend to rely on each other as friends. Results of Cartwright-Hatton et al. (2005); Cartwright‐

Hatton, Hodges, and Porter (2003) provide empirical evidence that even though socially 

anxious students believe that they are not skilful in social situations and perform poorly, in 

reality, they are not evaluated negatively by their social partners. Cartwright-Hatton et al. 

(2005) asked two groups of youth who were high and low in social anxiety to converse with an 

unfamiliar adult. An independent observer did not distinguish between the performances of 

high and low social anxiety groups, even though the high social anxiety youth rated themselves 

less skilful and more nervous than the low anxiety group. So, socially anxious individuals’ 

cognitions and beliefs might lead to not having many friends, but do not produce a negative 

reputation among their peers in terms of network avoidance or segregation. It seems that fears 

and worries of socially anxious students are not validated by peers’ behaviour.  

Regarding congruence, perceived friendship ties were strongly aligned with expressed 

friendship ties for the overall sample. These findings are consistent with the extant research on 

friendship reciprocity, suggesting that the most important feature of friendship is mutual liking 
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and regard (Clark & Ayers, 1993; Hall, 2011; Hartup & Stevens, 1997; Laursen & Hartup, 

2002). The expectation of reciprocity is necessary for close and strong friendship bonds 

(GonzáLez, Moreno, & Schneider, 2004; La Gaipa, 1987).  

Contrary to the expectation, the congruence of socially anxious students was not better than 

others, considering other effects in the network. It seems that social anxiety did not relate to 

the expectation of reciprocity and socially anxious students were similar to other students in 

terms of congruence. The overall congruence effect was strong, and it maybe that the tendency 

for consistency was sufficiently large that it applies to everyone, not just the socially anxious. 

Hence, this study indicates that social structure of socially anxious students was not different 

from other students to the extent that social anxiety did not relate to the higher expectation of 

reciprocity.  

As for friendship accuracy for the overall sample, consistent with the expectations, results 

suggested that students have an accurate understanding of their social standing and their 

friendship relations. Students’ perception was validated by their peers’ actions and vice versa. 

Although past research stated that individuals are varied in terms of their friendship accuracy 

(Brands, 2013; Casciaro et al., 1999; Han & Van Dongen, 2015, Neal, Neal, & Cappella, 2014, 

2016), it seems that in the current case study, students enjoyed a good level of shared 

understanding of their friendship networks. This finding is in agreement with research on social 

network perception accuracy, for instance, Krackhardt (1990) found that in a firm most of the 

people had a relatively accurate understanding of the informal social network. The friendship 

accuracy in the current case study to some degree may possibly be due to the fact that all 

participants were girls and from the same grade. So, they might interact relatively more than 

other school mates. In the context of organisations, accuracy has positive outcomes for 

individuals such as access to advice, information, and knowledge (Kenny & DePaulo, 1993). 
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This research is a stepping stone for future research on outcomes of friendship accuracy for an 

individual and the overall structure of friendship network.  

As for SA partner’s accuracy, consistent with the expectation, social partners of socially 

anxious students were particularly good at picking up friendship cues given by the socially 

anxious student. They accurately perceived when socially anxious peers consider them as a 

friend. Based on the result of the current research the definitive reason for the good SA 

partner’s accuracy cannot be inferred. However, from the literature on social anxiety, it is 

possible that this accuracy is related to the friendship behaviour of socially anxious adolescents. 

Socially anxious individuals worry about being judged unfavourably by their peers and these 

worries show themselves in behaviour such as reassurance seeking (Baumeister & Leary, 

1995). Affirmation seeking possibly acted as a strong friendship cue for social partners of 

socially anxious individuals.  

As for friendship accuracy of socially anxious students, contrary to our expectations, the 

socially anxious individuals did not perform worse than other students in terms of friendship 

accuracy. Considering that participants interacted on daily basis and they had a cohesive and 

connected network, they might have a strong sense of their mutual likings and friendships. So, 

the social anxiety effect on friendship accuracy was not strong. This hypothesis could be tested 

more effectively in newly acquainted pairs to examine if the socially anxious students are less 

effective than others in picking up friendship cues.  

Personality dimensions were included in the models as control variables. There were some 

interesting findings worth explaining in these results. First, agreeable students tended to send 

more expressed friendship ties and befriend those who were low in agreeableness. Sending 

many expressed friendship ties is consistent with the facets of agreeableness. Personality theory 

and research chiefly related agreeableness to friendship quality (Costa, McCrae, & Dye, 1991). 
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Agreeableness measures an interpersonal style where individuals who score high are 

cooperative and trusting and they are inclined to move toward people (Costa & McCrae, 1992b; 

Costa et al., 1991). However, the current research provides empirical evidence on the effect of 

agreeableness on friendship quantity. The compliance facet of agreeableness might explain 

heterophily between friends in agreeableness dimension. Compliance is an interpersonal style 

that is demonstrated when a conflict arises, compliant people defer to the other instead of 

fighting, they are submissive and mild (Costa et al., 1991). Students high in agreeableness are 

submissive in conflicts while those low in agreeableness are more assertive (Costa et al., 1991). 

It could be beneficial for the social partners to be different in terms of compliance such that 

they could better resolve the conflict between themselves and with others because of their 

diverse approaches toward conflicts. So, opposite attract in this sense.  

Another finding was that students who scored high in the openness to experience dimension 

tended to send fewer expressed friendship ties compared to the other students. Openness to 

experience is related to a more intrapsychic dimension which represents individual differences 

in structure and function of the mind (Costa & McCrae, 1992b; McCrae, 1996; McCrae & 

Costa Jr, 1985). However, the functioning of the mind can affect the way a person acts in their 

social interactions (McCrae, 1996). Open people have lower dogmatism, and more favourable 

attitudes toward change, in education, science, and liberal and progressive political stands  

(McCrae, 1996). It is difficult to say why open adolescents in this sample were less active. This 

may have had something to with the culture of the classroom, where perhaps openness was not 

encouraged among these students, so that open students had less opportunity or motivation to 

seek many friendships and were more discriminating in their choices.  

Finally, students tend to choose their friends based on similarity on the neuroticism dimension. 

This finding is in line with the homophily theory which identifies the similarity between friends 

as one of the main determinant of friendship formation and maintenance (Hamm, 2000; Hartup, 
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1996). Several studies showed that friends tend to be similar in personality traits more than 

acquaintances (Cheng, Bond, & Chan, 1995; Clark & Ayers, 1992; McCrae, 1996; Selfhout et 

al., 2010). Cheng et al. (1995) and Clark and Ayers (1992) found that adolescents were similar 

in terms of neuroticism trait. Overall, it seems that personality traits might encourage or hinder 

activity in adolescents expressed friendship networks. Additionally, some of the personality 

traits are the base for the friendship selection. 

Implications  

Findings of the current study have important implications for interventions. It could be that 

socially anxious students limit themselves in terms of their social relations because of their 

internal fears, not because they are treated differently by their peers. However, perhaps for 

socially anxious students, it is desirable to aim for fewer, but higher quality friendships given 

their social anxiety. Consequently, traditional treatment of social anxiety, which is teaching 

social skills, may need to be modified and include cognitive therapy to improve cognitive 

distortions by socially anxious adolescents (Cartwright-Hatton et al., 2005).  

Additionally, the current research advanced the field of peer relations by providing a 

methodology for testing the intersections of expressed and perceived friendship networks, as 

well as demonstrating how the individual characteristics such as social anxiety can be tested in 

the intersection of expressed and perceived friendship networks. Studying expressed and 

perceived friendship networks alongside each other shed light on how the perception of social 

worlds relate to the reality of social relations for socially anxious students.  

Limitations and Future Directions  

Limitations of this study should be noted. The current data revealed that social anxiety is related 

to less activity in the expressed friendship network at one time point. However, findings could 

be validated by examination of expressed friendship network at more than one time. 
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Particularly, it would be useful to test at the start, middle, and end of the school year, to examine 

the progression of the interrelation between social anxiety and expressed friendship network. 

A girl only sample enabled us to concentrate on teasing apart the contributions of social anxiety 

on expressed friendship networks, and the intersection of expressed and perceived friendship 

networks of adolescents. However, it would be ideal to have both genders to study gender as a 

possible moderator of the relation between social anxiety and friendship networks. Finally, it 

was possible to have more configurations in the models such as a configuration for accuracy 

for a pair of socially anxious students. Although more effects are possible, a larger dataset is 

needed to support estimation of the additional higher order parameters. So, in the analysis 

presented here it is assumed that accuracy between two socially anxious students is an additive 

effect of homophily and accuracy, rather than a higher order interaction. The goal of the 

immediate study was not to investigate every possible configuration but to illustrate how these 

might be used in relation to this study; and from there future work with a larger dataset can 

look at higher order interactions.  
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CHAPTER 8. CONCLUSIONS, IMPLICATIONS AND FUTURE 

DIRECTIONS 

 

 

Review of the Thesis Aims 

Children and adolescents spend many hours at school and in a classroom where they form a 

unique and informal social structure (Farmer et al., 2006). Having friends at school and being 

part of a friendship network has been shown to be related to the development of social and 

emotional competence as well as cognitive development (Berndt, 1982; Bukowski, 2001; 

Hartup, 1996; Newcomb & Bagwell, 1995). Considering the emphasis of extant empirical 

research on the imperative function of friendship, it is important to understand why and how 

friendship ties form among students. Educational theories assert that classroom climate 

contributes to social dynamics among students and patterns of their social relations (Cairns & 

Cairns, 1994; Farmer et al., 2006; Farmer et al., 2011; Gronlund, 1959; Lewin, 1943). A 

supportive and positive classroom climate encourages interactions and relations among 

classmates which in turn may influence the overall structure of a friendship network. Hence, 

the first case study of in the thesis investigated the contribution of classroom climate to the 

structural patterns of the friendship network.  

Although contextual factors such as classroom climate and teacher interaction style influence 

friendship formation, students who are influenced by the same environment are embedded in 

the friendship network in different ways. For example, in the same class, some students might 

receive many friendship nominations, while others have fewer friends. The social network 
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paradigm proposes that individuals bring their own characteristics and predispositions to 

everyday interactions which influence the patterns of social interactions including friendship 

relationships (Lusher & Robins, 2013a; Wasserman & Faust, 1994). Hence, it is essential to 

take into account the individual characteristics of students such as gender, race, and their 

predispositions that might contribute to their social relationships while studying the structure 

of the friendship network at school. The feeling of social anxiety is one of the main factors that 

inhibit or impede adolescent interpersonal functioning (La Greca & Lopez, 1998). Thus, social 

anxiety is the main interest of the second case study of the current thesis.  

To disentangle what drives the structure of friendship networks in school and classroom 

settings, an advanced statistical model for examination of predictors of the social network was 

utilised. The study also included a number of control variables for both contextual and 

individual level factors, while the network self-organising processes were taken into the 

account in all the statistical models. The specific contextual factors that were controlled were 

gender and racial composition of the classroom in the first study, and the control of the 

individual characteristics of students were gender and race in both case studies and personality 

traits in the second study. While noting that this thesis does not claim it exhausted all the 

possible factors that might explain why and how friendship ties form in school, the aims of the 

thesis were: 

1-  To model the contribution of classroom climate on the propensity of tie formation over 

the school year, by applying the statistical model that accounts for other confounding 

factors such as gender and racial composition of the classrooms as well as network 

endogenous processes (e.g. reciprocity), to determine to what degree classroom 

environment effects social connectivity among students.  
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2- To examine the influence of social anxiety on how students express and perceive their 

friendship relations while accounting for their personality traits and race. Multivariate 

social network models were used in this analysis.  

3- A third aim was to illustrate how advanced social network methods could be used in 

the study of friendship networks within schools, producing a nuanced and multifaceted 

understanding of the factors underpinning friendship. To this end, a number of 

methodological novelties were introduced to handle distinctive research questions 

within a sophisticated social network modelling framework. 

The Connections Between Case Study 1 and 2 

Before moving on to review of empirical findings it is essential to note the several ways that 

the two case studies of the current thesis complement each other. The result of the two case 

studies provided a multilevel demonstration of how both environmental factors and individual 

characteristics influence the possibility of friendship formation for students, using social 

network analysis. The first case study used a top-down approach to illustrate how the class 

level elements, such as classroom climate, shape the overall structure of the friendship network. 

Therefore, the unit of analysis for this study was at the class level which consequently allowed 

testing the relation between classroom climate and overall structure of friendship networks for 

46 third and fourth grade classrooms from 7 schools. The second study adopted a bottom-up 

approach to investigate how social anxiety influenced friendship formation for students who 

experienced a high level of social anxiety symptoms. Since this study tested individual 

attributes, researchers studied one friendship network of 94, ninth-graders. These two case 

studies complement each other by investigating different aspects of the same general question 

in the different age groups: why and how friendship ties form in the school environment.  

Answering this question is pivotal given extent research showed that having friends at school 

has important implications for social, emotional and cognitive developmental outcomes of 
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students (Bukowski, 2001; Gest, Graham-Bermann, & Hartup, 2001; Hartup, 1977, 1989, 

1996; Hartup & Stevens, 1997; Newcomb & Bagwell, 1995; Zajac & Hartup, 1997).         

The first study participants were from late primary school when the research showed that the 

influence of adults, in this case the teacher, is still prominent in students’ peer relations (Hamm 

& Hoffman, 2016). Consequently, it was appropriate to select this age group in considering the 

impact of the teacher on friendship network structure. The second study examined adolescents 

to investigate the effects of social anxiety on friendship formation processes. Given that social 

anxiety is one of the main individual characteristics that impede adolescents social relations 

(La Greca & Lopez, 1998), this age group was ideal to address the second research question. 

Review of the Results 

Case study 1 revealed that different classrooms had a heterogeneous friendship network 

structure. The heterogeneity was evident across 46 classrooms within each grade where some 

friendship networks were uniquely identified as connected and cohesive with egalitarian status 

distribution among students. As these classes have a connected network, students had access 

to their classmates through shared friends where there were several students who bridged 

between different friendship groups in that particular class. On the other hand, some friendship 

networks were classified as less well connected with a hierarchical status structure.  

The heterogeneity in the structure of the network for younger students (third-graders) was 

predicted by the classroom climate, particularly, emotional atmosphere of the classrooms. It 

was evident that when the teacher had supportive and positive relations with the students at the 

commencement of school year, the class demonstrated more connectivity and friendship among 

students at the end of school year. Since the structure of friendship network at the start of school 

year was included in the models, case study 1 investigated the change in the structure over a 

school year. The relationships between a supportive classroom climate and the cohesive and 
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egalitarian friendship network was repeated across both descriptive and inferential social 

network analysis methodologies that illustrated the robustness of findings in the first case 

study. These findings generally were consistent with the educational theories regarding 

influence of classroom climate and teacher-student relations on students’ peer relations in the 

classroom (Farmer et al., 2006; Farmer et al., 2011; Gest et al., 2014; Gest & Rodkin, 2011; 

Hamm, Farmer, Dadisman, Gravelle, & Murray, 2011; Hamm & Hoffman, 2016; Lewin, 1943; 

Logis, Serdiouk, Rodkin, & Gest, 2013). The unique contribution of the current study comes 

from moving beyond descriptive methods to implementing inferential network modelling with 

rigorous control of several possible contributors to the structure of the friendship network. 

Applying an innovative social network methodology enabled researchers to model all of the 46 

classrooms of each grade in one model while controlling for the network self-organising effect 

and students’ demographic characteristics. Hence, implementing the social network paradigm 

assisted the researchers to examine the role of each contributing factor in the structure of the 

friendship network.  

Two intriguing findings were that, firstly, there was heterogeneity between third and fourth 

grade in terms of the structure of networks with the majority of fourth-grade friendship 

networks being non-cohesive and hierarchical. Secondly, the classroom climate at the 

commencement of fourth-grade did not predict the structure of the friendship network at the 

end of school year across descriptive and inferential methods. Both discrepancies between third 

and fourth grade data can be related to the developmental changes. The investigation of 

underlying processes for age difference was not studied in the current research. However, based 

on a broad body of literature, the friendship of younger students is more generalised and activity 

oriented (Rubin et al., 2011; Shaffer, 2009) and they are also more susceptible to  adult 

influence (Hamm & Hoffman, 2016). Hence, it was possible for the teachers to encourage 

connections among students at a younger age. On the other hand, the friendship networks of 
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older students can be more cliquish and divided possibly because they choose their friends in 

the light of shared interests (e.g. music, sport) rather than familiarity or convenience (Hamm 

& Hoffman, 2016; Rubin et al., 2011), or only because they spend time in the same class. 

However, further research is needed to disentangle the moderating effect of age. 

With regard to students’ individual characteristics, the first case study included gender, race 

and socio-economic status of students. Concurrent with the extant research on the same-sex 

friendships (Barton & Cohen, 2004; Benenson, 1990; Clark & Ayers, 1992; Kandel, 1978; 

Shrum et al., 1988), the current study found that students befriended same-sex classmates more 

often than opposite-sex classmates across both third and fourth grade. Girls also had made more 

friendship nominations across all the classrooms and across both grades and fourth-grade girls 

received more friendship nominations than boys. Additionally, the third-graders predominantly 

selected friends with the similar socio-economic backgrounds, while the fourth-graders 

predominantly selected friends with the same race.  

The second case study went beyond the investigation of basic individual characteristics of 

students and focused on social anxiety as a fundamental predisposition that influences 

adolescents’ friendships. The results of this study showed that social anxiety of the students 

influenced their friendship choices in terms of being more reserved and inactive in their 

friendship network. However, social anxiety did not affect their chance of being selected as a 

friend. Hence, socially anxious adolescents deprive themselves of the benefits of friendship, 

rather than their classmates marginalizing them by not selecting them as a friend. The 

underlying process for inactivity of socially anxious students in their friendship networks was 

not tested in the current thesis. However, based on previous literature regarding the influence 

of social anxiety on social functioning, the act of sending fewer friendship choices compared 

with those of non-socially anxious students might be related to their prevailing pessimistic 

beliefs about their social skills and their social world.  
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The novel aspect of the second case study was to examine the inter-relations between expressed 

and perceived friendship for socially anxious students and for all the other students in terms of 

congruence17 and accuracy18. Firstly, the results indicated that students expected their 

friendship relations to be mutual (congruence) such that when they nominated someone as a 

friend, they believed that person would reciprocate. The students also were accurate in 

perceiving their friendship relations as when one student send an expressed friendship tie the 

receiver sent back the perceived friendship tie in return. Hence, students enjoyed a good level 

of consensus about their friendship relations. Surprisingly results indicated that socially 

anxious adolescents compared with others did not differ in terms of either congruence or 

accuracy. However, the social partner of socially anxious students had a higher level of 

accuracy in comparison with other pairs. Again, the underlying reason for this finding was not 

tested in the current study. However, based on current literature it might relate to established 

knowledge about friendship behaviour of socially anxious students, where they have been 

shown to send a very clear signal to their friends about their relationships. The experimental 

research showed that socially anxious individuals have a higher rate of reassurance seeking 

behaviour and eye contact when interacting with their social partners that can act as a friendship 

signal for others (Baumeister & Leary, 1995). 

Significance and Implications of the Findings 

The most potentially significant insight from these two case studies is that both individual 

characteristics of students and the emotional atmosphere of the classrooms shape the structure 

of friendship networks and the opportunity for each student to be part of the friendship network.  

                                                
17 Person A says, “B is my friend” and “I believe B considers me as a friend” 
18 Person A says “B is my friend” and person B says “I believe A considers me as a friend” 
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Contribution of Classroom Climate to the Structure of Friendship Networks 

The goal of the first case study was to investigate whether teachers are influential in shaping 

the structure of friendship networks of third and fourth graders. One of the advantages of the 

first case study was having 46 classrooms across 7 primary schools which enabled the 

researchers to study the variance of the structure of networks across classrooms. There were 

structural variances among friendship networks of different classes with regard to cohesion and 

the hierarchical structure of status. At one extreme, some classes consisted of one connected 

network with all students having rather similar social status, while at the other extreme classes 

had many disconnected sub-groups with unequal distribution of social status among students. 

This finding has an important consideration for the programs that use the classroom network 

as a means of intervention. This type of research is called network intervention, where a peer-

leader  works with a group of classmates to obtain  program goals (Valente, 2012). Considering 

that the structure of friendship networks varied widely among classes, the outcomes of a 

network intervention for class with a cohesive and non-hierarchical friendship network might 

be different from a class with a fragmented and hierarchical friendship network. It is likely to 

be easier to educate the students through a peer-leader when everybody is connected and 

information diffuses easily among classmates. Hence, it is essential for network intervention 

studies to examine the structure prior to implementing an intervention, and then adapting their 

intervention based on the friendship network structure.  

The most important finding of the first case study was that teachers shaped younger (third-

grade) students’ social relations, but not the older students’ (fourth-grade). When the teacher 

provides a supportive and positive classroom climate, students have more opportunities for 

positive interactions and friendship formations. The evidence from this study needs to be 

implemented in teacher training programs where the teachers gain knowledge about the 

influence of their interactions with students on shaping the social structure of the classroom. In 
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addition, considering that teachers did not have a significant impact on network structure for 

older students, other methods need to be applied to shape the structure of the friendship network 

if needed. For instance, a peer-leader can be trained to promote connection among classmates 

and an egalitarian social structure.  

Contribution of Individual Characteristics to the Friendship Networks: Social Anxiety  

The second aim of the current thesis was to demonstrate how individual predispositions of 

students, such as social anxiety, relate to the students’ beliefs about their friendships and the 

expression of their friendship. The relation between perceived and expressed friendship for the 

overall sample also was investigated to provide a baseline. For the overall sample, students 

consistently aligned their expressed and perceived friendship ties, which indicates that they 

expected the majority of their friendship relations to be mutual. Moreover, students had a rather 

accurate understanding of their friendship relations. The second case study adds to the 

friendship accuracy literature and provides a refined and nuanced methodology to test 

friendship accuracy.  

Regarding social anxiety, socially anxious students were inactive in sending expressed 

friendship ties in compared to other students, but they were not unpopular. Hence, socially 

anxious students might have fewer friends because of their own reticence to reach out. 

Considering the several empirical research studies that showed that socially anxious individuals 

withdraw from social interactions because of fear of negative evaluations (Inderbitzen et al., 

1997; La Greca & Lopez, 1998), cognitive therapy might help them to deal with their cognitive 

distortion of social situations. Consequently, the principal practical implication of this finding 

is that  interventions for socially anxious students need to incorporate cognitive therapy 

elements rather the mere social skill training— which is the more common treatment plan for 

socially anxious children and adolescents (Albano, 1996; Cartwright-Hatton et al., 2005).  



Chapter 8. Conclusions Implications and Future Directions. Page 165 

 

Although socially anxious students were similar to the other students in terms of congruence 

in and accuracy, the social partners of socially anxious students had a superior accuracy about 

their relationships with the socially anxious. These findings enhanced the understanding about 

the intersection of expressed and perceived friendship networks. This analysis sheds light on 

how socially anxious individuals see their social worlds (perceived friendship network), how 

they interact with others (expressed friendship network), how perceived and expressed 

friendship of socially anxious students relate to each other, and how expressed friendship of 

socially anxious students  related to the perceived friendship of their peers. This study 

illustrated how social network modelling techniques can be used to understand the contribution 

of individual characteristics in a friendship network. Specifically, the analytic strategy 

implemented in this research can be used to investigate the intersections of expressed and 

perceived friendship networks for several other predispositions such as depression, and 

externalising difficulties.  

Value of Social Network Paradigm  

It is undisputed that classroom contextual factors and students’ individual characteristics are 

critical determinants of one’s developmental and educational outcomes. Less studied and often 

unaccounted for are the roles of context and individual predispositions in shaping relationship 

among students. The social network paradigm permits researchers to study relationships such 

as friendship as outcomes for individual students and as an outcome for the class as a whole. 

Applying sophisticated statistical models such as exponential random graph models (ERGMs) 

provided several advantages in the study of factors that give rise to the structure of the 

friendship network. First, ERGMs enabled the researcher to account for the dependence of 

relational data. Second, the ERGM modelling controlled for the significant contribution of 

endogenous structural processes, by including the most important network self-organising 

effects. Third, the application of social network methodology provided the opportunity to 
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investigate the relational structure of many classrooms at the same time to test whether the 

variance in an exogenous factor such as classroom climate, predicts the relational patterns of 

classrooms. Finally, the statistical models applied in the current research provided the means 

for the investigation of a complicated research question such as the inter-connections among 

two types of friendship networks (expressed and perceived). 

Limitations 

Some aspects of study design, sampling and measurement limit generalisability and 

interpretations of conclusions of the findings of two case studies. Most of these limitations 

were noted in the chapters relevant to each case study. Hence, a brief review of limitations is 

presented in the following sections.  

Limitations Arising from Sampling  

 A complete network study involves taking the census for the whole population in a setting.  

However, the first case study friendship networks included students who had consented to 

participate in the study. As a result, around 20% of students from each classroom did not 

participate. It is probable that the network structure could be different if the data was available 

from all the students. Even so, considering that this study included many classrooms from 

several schools, not having the complete networks from all the classrooms does not diminish 

the power of the results in terms of finding significant effects. 

The student populations included in the first case study were from third and fourth grades to 

study the relation between classroom climate at the start of school year and the structure of the 

friendship network at the end of school year. Findings from third-grade data were consistent 

with the research hypotheses and were in line with evidence from larger bodies of literature. 

Hence, the generalisability of third-grade results is relatively convincing. However, for the 



Chapter 8. Conclusions Implications and Future Directions. Page 167 

 

unexpected results of fourth grade, generalisation to the wider populations needs to be 

determined by future research.  

The second case study included data from one all-girls school to test the relationship between 

social anxiety and friendship networks. There were two limitations arising from participants 

from all-girls school. First, gender might have a moderating role such that social anxiety might 

affect friendship network of boys in a different way than girls (La Greca & Lopez, 1998). 

Second, the relationship between social anxiety and friendship networks might differ between 

a mixed-gender and all-girls school, given that empirical studies have shown that the structure 

of friendship networks can be different in mix-gender versus same-gender groups (Connolly, 

Craig, Goldberg, & Pepler, 2004). Hence, the generalisability of the results of this study is 

limited to adolescents from all-girls schools and generalisability beyond the sampled 

population is dependent on future research.   

Limitations Arising from Design  

 The first case study was limited in terms of design because the rollover effects of classroom 

climate and friendship network from previous years were not taken into the account. The 

literature on classroom climate indicates that the influence of a supportive climate from one 

grade can carry over to the following grades and influence students outcomes years later 

(Hughes & Kwok, 2006). Additionally, the friendship relations formed in earlier grades might 

carry on during the following grades. The current research did not control for rollover effects 

between grades because the class members between grades changed such that some students 

left their class and some other students were added to that class. It requires substantial time and 

computational intensive modelling to identify and control for rollover effect of classroom 

climate and friendship network between grades. This needs to be investigated in future 

research.     
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The second case study design was cross-sectional. The cross-sectional design is common for 

the study of social networks because collecting longitudinal network data is labour intensive 

and computationally complex. However, future researchers can measure social anxiety and 

friendship networks more than one time to reveal how social anxiety influences friendship 

networks over time.  

To summarise, the first case study was limited in terms of investigation of rollover effect from 

third to fourth grade. The second case study was limited in terms of a girls only sample and the 

cross-sectional design of the study. The majority of these limitations were unavoidable because 

the current researcher was restricted to use of already available datasets through the University 

of Melbourne. However, the primary aim of the current thesis was to showcase the application 

of social network analysis on friendship network data in providing a refined understanding of 

the drivers of network structure.  

Future Research Directions 

The Contributions of Context on the Structure of Friendship Networks at School  

The assumption of current thesis was that cohesive and non-egalitarian friendship networks are 

the ideal form of friendship networks for the students. This claim was broadly supported by the 

body of literature on social integration and social support (Blau, 1964). However, the ideal 

structure of social network at school for different grades and developmental stages is an 

unexplored area of research. Hence, it is possible that for younger students an ideal network is 

a cohesive and connected network with high density and where generalised exchanges of 

friendship ties are common. But for older students the small but intimate friendship connections 

may be preferred and related to better outcomes. This might explain why there was not a 

positive relationship between supportive classroom climates and cohesive, dense and 

egalitarian friendship networks for older students in the current thesis. Long-term studies that 
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include data across several developmental spans (e.g. from early primary till middle school 

ages) would be needed to answer this question.  

The Contributions of Individual Characteristics on the Structure of Friendship Networks 

at School  

What is now needed is a longitudinal study of social anxious adolescents involving mixed-

gender friendship networks. Such a study would be able to investigate whether the intersection 

of expressed and perceived friendship networks differ over time for socially anxious 

adolescents. Additionally, a mix-gender sample would provide validation for the findings of 

current study for both genders.  

The analytic strategy implemented in the second case study also has potential in the 

investigation of the intersections of expressed and perceived friendship networks for several 

other predispositions such as depression, considering that the literature on depression shows 

that depressed adolescents are at risk of being isolated from their social connections (La Greca 

& Harrison, 2005).   

Studying Context and Individual Characteristics Together: Comprehensive 

Examinations of Factors that Give Rise to the Friendship Ties 

Inaccurate extrapolation can be drawn from social network analysis if the data is modelled in 

a simplistic way (Lomi, Robins, & Tranmer, 2016). The contextual factors, students’ 

predispositions, and network self-organising effects are central to the dynamics of social 

systems. So, a comprehensive network model of friendship at school would need to include all 

of the above factors mentioned together. It is suggested that future studies investigate should 

classroom climate and student’s predispositions such as social anxiety and personality traits in 

one model to make a proper inference about how and why friendship ties are formed. It is 

possible that a supportive classroom climate has a different influence on individual students 
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based on their own characteristics. For instance, socially anxious young students who have  

conflicted and negative relationships with the teacher were shown to have more negative peer 

experiences (Runions & Shaw, 2013). It would be interesting to examine the moderating effect 

of classroom climate on friendship of socially anxious students using a social network 

theoretical and methodological framework. It also would be interesting to have such a 

comprehensive model across the developmental span including both middle childhood and 

adolescence, given that literature on classroom climate including the current research, has 

shown that the influence of classroom climate on students’ outcomes varies by their age.  

Final Comments/Conclusions 

In conclusion, the two case studies presented in the current thesis demonstrated how the 

application of novel social network methodology can provide a nuanced understanding of the 

factors which give rise to friendship ties in the school setting. 

Classroom climates were varied across classes in terms of cohesion and status hierarchies. 

Supportive classroom climate also was related to the cohesive, dense and egalitarian friendship 

networks for third graders, but not fourth graders. Furthermore, girls sent and received more 

friendship ties than boys and student befriended classmates with the similar demographic 

background.  

Social anxiety was related to being inactive and reserved in expressing a friendship bond for 

adolescents, but not to being unpopular. The investigation of the intersection of expressed and 

perceived friendship network revealed that overall students expected reciprocity in their 

friendship relations and had an accurate understanding of their friendship bonds. Additionally, 

friends of socially anxious adolescents were even better than other students in their friendship 

accuracy. Altogether the results illustrated that both classroom climate and student 

predispositions are determinative in shaping the structure of the friendship network. This final 



Chapter 8. Conclusions Implications and Future Directions. Page 171 

 

chapter has outlined some of the most important theoretical and practical implications and 

contributions of two case studies, and reflected on how future research can advance current 

empirical evidence on drivers of network structure in educational settings. 
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