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Abstract 

Friends are sometimes similar in their academic motivation. The current study examines the 

mechanisms underlying similarity by disentangling selection and influence processes in 

adolescent friendship networks, using longitudinal data. A total of 495 adolescents from an 

independent school for girls were assessed for their academic motivation (including 

perceived competence, interest, boredom, autonomous motivation, grit, mindset and value) 

and social network information, annually, for 3 years. Stochastic actor-based modelling 

showed both selection and influence effects for perseverance of effort, a measure of grit, 

meaning that peers nominated friends whose level of perseverance was similar (selection), 

and also that friends influenced each other, becoming more similar in their perseverance over 

time (influence). Growth mindset also showed an influence effect. Additionally, a selection 

effect was found for adolescents’ level of value. These results suggest social dynamics play 

an important role in effort-related motivation constructs. Theoretical and practical 

implications of these findings are discussed. 
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1. Introduction 

Over the last few decades, motivation has been identified as a leading factor in 

students’ learning and achievement at school, predicting academic outcomes such as grade 

performance and persistence (for a meta-analysis see Robbins et al., 2004). Given the broad 

implications, it is important to examine what determines the motivational state of students in 

schools. A growing body of research has been investigating the socio-cognitive factors that 

can contribute to the school experience, highlighting learning environment, teacher style and 

parental beliefs as contributors to student motivation (for a review see Anderman & Wolters, 

2006). It has also been established that peer and group acceptance along with reciprocated 

friendship is positively related to higher school achievement (Wentzel & Caldwell, 1997). 

However, relatively little work has been carried out on school peer groups that investigate 

whether and how academic motivation and friendship network have a reciprocal relationship 

at school. The aim of the current study is to examine the interactions between friendship 

dynamics and academic motivation at school, gaining insight into the similarity of motivation 

between friends both in terms of selection of friends and influence between friends.   

Literature on adolescent development has noted that the behaviours and attitudes of 

an individual adolescent are often similar to the behaviours and attitudes of their friends 

(Brechwald & Prinstein, 2011). Why are friends often similar? One possibility is that 

adolescents have a preferential attraction to those who are similar and make friendship 

selections on this basis. This is called a selection process, or homophily. However, the initial 

selection of a similar friend is unlikely to be the only mechanism behind the similarity in 

attitudes and behaviour that is observed between individuals (Veenstra & Dijkstra, 2011). 

Another possibility is that, once a friendship is formed and maintained, the attitudes and 

behaviours of each person in the friendship can be transferred to others (Ryan, 2001), such 

that friends become more similar with time. This is called an influence process, or contagion. 
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These two possibilities are not mutually exclusive and similarity of friends is likely to be the 

result of complex of friendship dynamics, comprising both selection and influence 

behaviours (Burgess, Riddell, Fancourt, & Murayama, 2018).  

Researchers have examined the relationship between motivation and friendship in 

adolescents both cross-sectionally and longitudinally, taking different aspects of friendship 

and motivation into account. Nelson and Debacker (2008) have investigated the association 

between peer relationships and achievement motivation using cross-sectional survey data 

from middle and high schools. The results demonstrated that when a student feels valued and 

respected by their peers, they are more likely to be oriented towards adaptive achievement 

motivation such as having high self-efficacy and mastery goal orientations. Furthermore, 

those with an adaptive achievement motivation style are also more likely to have good 

quality friendships (in terms of helpfulness, closeness and security of friendships) as well as 

and have friends who value their education. Molloy, Gest and Rulison (2011) explored 

adolescents’ most ‘influential’ peer relationships by looking at three different forms of peer 

relationships (reciprocated friendships, dyadic friendships and group membership), assessing 

the association of each of these relationships with academic self-concept and engagement 

over time. The study demonstrated that the different forms of peer interaction are related to 

the socialisation of self-concept and academic engagement, suggesting that each form of 

relationship contributes differently to influence processes. Influence effects were more 

pervasive in seventh grade compared to fifth grade students and peers also consistently 

influenced levels of academic effort. In other longitudinal work, Wentzel, Barry and Caldwell 

(2004) assessed peer relationships and their association with school adjustment. The research 

showed that having reciprocated friendships results in higher prosocial behaviour and 

academic achievement, and less emotional distress, compared to those without reciprocated 

friendships and group memberships. The analysis considered peers social and emotional 
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characteristics, emphasising the value of peer relationships. Wentzel and Watkins (2002) 

reviewed the literature and suggested that being accepted by peers creates a positive social 

environment, encouraging a positive context for learning, therefore enabling collaboration 

between peers and the opportunity for positive impact on achievement and motivation to 

learn.  

These studies generally reveal the importance of peer friendship in academic 

motivation, but the methods employed focused mainly on the qualities of friendships rather 

than the way that friends are selected or how much influence they have. They do not fully 

address the dynamics of both selection and influence processes in adolescent friendships. In 

fact, it is important to understand the initial friendship selection and account for this 

alongside influence processes. By doing this it is possible to further understand the 

theoretical and practical implications of friendship formation and maintenance and the effects 

of these decisions on the motivation of students. Kindermann (1993, 2007) demonstrated the 

different selection and socialisation (i.e. influence) processes that are involved in natural 

friendship formation, in the context of motivation. This research concluded that peers cluster 

with one another when their motivation is similar, suggesting that the friendships form based 

on selection. Furthermore, despite structural changes to the network (i.e. changes in the 

members of the friendship groups), the motivational orientation of the group remained the 

same over time, indicating that socialisation (i.e. influence) within the group maintains the 

overall motivation. 

Recent advancement in methodology makes it possible to address the complicated 

dynamics of selection and influence process in a statistically sophisticated manner. More 

specifically, stochastic actor-based modelling (Snijders, van de Bunt, & Steglich, 2010) 

allows researchers to flexibly specify and separately estimate various types of influence and 

selection processes. Generally speaking, using the concept of “micro steps”, the stochastic 
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actor-based model assumes that multiple sequential changes occur between time points of 

data collection, and that actors make decisions about changes to their ties at each micro step. 

This way, the method can deal with longitudinal data comprising social network and 

behaviour that are mutually dependent upon each other (Steglich, Snijders, & Pearson, 2010). 

To date, there are only a few examples of research that have used stochastic actor-

based modelling in the context of school peer groups and motivation. Shin and Ryan (2014b) 

investigated achievement goals in the context of friendship selection and influence effects. 

They found both selection and influence effects for mastery goals but did not find either of 

these effects for performance-avoidance goal orientations. For performance-approach goal 

orientations, influence rather than selection effects were identified, being stronger in boys 

than girls. Further, Shin and Ryan (2014a) assessed peer selection and influence in adolescent 

academic adjustment, measured by perceived competence (self-efficacy) and interest 

(intrinsic value) in schoolwork as measures of motivation, alongside levels of effortful 

behaviour and achievement. Here, significant selection effects were observed for perceived 

competence and achievement, whereas significant influence effects were identified in both 

effortful and disruptive behaviour, as well as intrinsic value for studying. Additionally, work 

by Ojanen, Sijtsema, Hawley and Little (2010) used stochastic actor-based modelling to 

demonstrate selection and influence processes related to extrinsic and intrinsic motivations 

for building friendships and the friendship quality associated with each type of motivation. 

This research focussed on social motivations, rather than academic motivation and identified 

influence effects for both extrinsic and intrinsic motivation, implying that students’ 

motivations to build friendships were indeed influenced by their peers over time.  

Further research has used stochastic actor-based modelling to investigate other 

aspects of academic motivation. For example, Wang, Kiuru, Degol and Salmela-Aro (2018) 

investigated the selection and influence processes in academic achievement and school 
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engagement in a sample of upper secondary school students. Across two time points, students 

were asked to nominate up to three peers, and were assessed on three different dimensions of 

student engagement (emotional, cognitive and behavioural), using measures of flow in 

schoolwork, school burnout, school value (emotional), school effort (cognitive) and levels of 

truancy (behavioural). Stochastic actor-based modelling was applied to examine friendship 

dynamics and the authors identified that selection and influence effects vary depending on the 

dimension of school engagement. Over time, all dimensions of engagement were influenced 

by the peer network. On the other hand, in terms of friend selection, only similarity in 

behavioural engagement encouraged the formation of new friendship ties.  

In summary, these studies demonstrate that both similarity and influence are driving 

the relationships between friendship and student motivation. Although the findings are 

promising, empirical investigation is still scant and we need to accumulate more evidence to 

establish what types of motivation are subject to selection and influence process in friendship 

dynamics. 

The aim of the current study is to examine the selection and influence process in 

students’ motivation by examining a broader set of motivation variables critical to 

adolescents’ school adjustment. For that purpose, we tracked the academic motivation and 

social network structure of adolescents attending an independent all-girls school over a three-

year period with annual assessment. Some of the motivation variables that we assessed 

(perceived competence, interest) were examined in the previous research (Shin & Ryan, 

2014a) but in this study, we assessed the variables in the context of a specific-subject (i.e. 

mathematics), to account for potential domain specificity in motivation observed in past 

research (Bong, 2001). We also included variables that have been identified in previous 

research as important for either academic achievement and/or adjustment, for instance, 
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subject-specific boredom and sense of autonomy in mathematics, and more general measures 

of value for learning (Wang, Kiuru, Degol, & Salmela-Aro, 2018), growth mindset and grit.  

Additional measures of academic motivation, related to achievement and adjustment 

in terms of well-being and prosocial behaviour at school, were also included (Green et al., 

2012; Pekrun, Goetz, Titz, & Perry, 2002; Pintrich & De Groot, 1990; Polirstok, 2017; 

Simpson, Jones, & Taylor, 2018; Tang, Wang, Guo, & Salmela-Aro, 2019). All of the 

included variables are theoretically amenable to social influence at school (Caldwell, Darling, 

Payne, & Dowdy, 1999; Deci, Eghrari, Patrick, & Leone, 1994; Eccles et al., 1993; Zander, 

Brouwer, Jansen, Crayen, & Hannover, 2018). For example, effort-related motivation 

concepts such as grit (Duckworth, Peterson, Matthews, & Kelly, 2007) and mindset (Dweck, 

1986) have been shown to significantly predict end of year grades (Hochanadel & Finamore, 

2015; Muenks, Yang, & Wigfield, 2018), indicating their importance in student success. 

Furthermore, a recent study showed that students’ grit and mindset is predicted by parental 

grit and mindset over time, suggesting potential socializing effects of these variables (Ohtani 

et al., 2020). However, to the best of our knowledge, their potential roles in social network 

dynamics have not been examined previously. The current study provides the first empirical 

test of the degree to which selection and influence processes contribute to these critical 

motivation variables. 

2. Methods 

2.1. Sample 

Participants were recruited in three waves from a single independent girls’ day and 

boarding school in the United Kingdom. The school accommodates students aged 11-19 

across seven year-group cohorts. Data were collected from each cohort annually for three 

years. We tracked the cohorts that participated in the first assessment but in each iteration of 

data collection, the oldest cohort had left the school. In addition, given that we need 
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information from at least two (consecutive) time points to conduct the longitudinal social-

network analysis, we only included the cohorts that were assessed at least twice over the 

three years in the data analysis. Consequently, wave 1 included data from six year-group 

cohorts; the oldest year group was excluded from the data because they left the school and 

did not participate in wave 2. Wave 2 included data from the same six year-group cohort. 

Wave 3 included data from five cohorts; the number of cohorts was fewer because the oldest 

cohort in wave 2 had left the school.  Across waves participation was high; in wave 1 78% of 

students registered at the school participated, with 90% of students participating in wave 2 

and wave 3. In the final sample, the total participant number of 495 was made up of 294 

participants in wave 1, 371 participants in wave 2, and 311 participants in Wave 3. The 

sample was 100% female at all waves (White = 78.9%, Asian = 7.5%, Black = 4.8%, Mixed 

= 7.5%, other = 1.3%). The focus on the unisex school allows us to examine social network 

dynamics without the friendship information being confounded by heterosexual romantic 

relations.  

The study was approved by the University Research Ethics Committee, << University 

Name >>. All students provided informed assent following the receipt of informed opt-in 

consent from parents during wave 1 and informed opt-out consent from parents in following 

waves.  

2.2. Procedure 

At each wave, data was collected in one visit in the spring term. Students completed 

an online survey that assesses students’ motivation and social network in a single session 

using SurveyMonkey (SurveyMonkey Inc., San Mateo, California, USA). All students were 

provided with standardised instructions before the survey. They were also provided with an 

anonymous ID number, which was utilized to collect the information about students’ social 
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networks (see below section). Data were collected simultaneously in large groups of students, 

with dividers between computer screens to preserve anonymity of responses.  

2.3. Measures 

2.3.1. Behavioural measures 

Cronbach’s alpha is reported in Table 1, separately for each wave. Unless otherwise 

noted, we computed scale scores by reverse scoring where appropriate and taking the average 

of subscale items. The following measures were collected at each wave. 

2.3.1.1. Mathematics interest 

To assess intrinsic value specific to mathematics, an established measure of subject 

interest adopted from Wigfield and Eccles (2000) was used. The items were scored on a 7-

point Likert scale (e.g. “Mathematics/English is interesting” 1 = strongly disagree to 7 = 

strongly agree).  

2.3.1.2. Mathematics boredom 

Items adapted from the Achievement Emotions Questionnaire (AEQ, Pekrun, Goetz, 

Titz, & Perry, 2002) were used to assess boredom for mathematics. The three items were 

scored on a 7-point Likert scale, including “Mathematics bores me” and “I find Mathematics 

fairly dull” (1 = strongly disagree, 7 = strongly agree).  

2.3.1.3. Mathematics perceived competence 

To examine perceived competence specific to mathematics, an established measure of 

academic self-concept developed by Marsh (Academic Self-Description Questionnaire 

(ASDQ), 1990) was used. The scale contained items such as, “Compared to others my age I 

am good at Mathematics” and “I learn things quickly in Mathematics” (Marsh, 1990). The six 

competence items were scored on a 6-point Likert scale (1 = strongly disagree, 6 = strongly 

agree). 

2.3.1.4. Autonomous motivation in mathematics 
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The learning self-regulation questionnaire (SRQ-L, Ryan & Deci, 2000) was used for 

mathematics, with 14 items all relating to reasons for autonomous participation in 

mathematics classes (scored on a 7-point Likert scale; 1= Not true at all, 7 = Very true). This 

scale comprises two component subscales, measuring controlled regulation and autonomous 

regulation respectively. Autonomous regulation is synonymous with self-determination, in 

that an individual governs their own behaviour and regulates their own experience, for 

example, “I will participate actively in mathematics classes: Because I feel like it's a good 

way to improve my skills and my understanding of mathematics.”, “I am likely to follow my 

instructor's suggestions for mathematics classes: Because it's important to me to do well at 

this.”. On the other hand, controlled regulation refers to an external drive for behaviour, for 

example, “I will participate actively in mathematics classes: Because others would think 

badly of me if I didn't.”, “I am likely to follow my instructor's suggestions for mathematics 

classes: Because it's easier to do what I'm told than to think about it.”. The items were 

averaged for each subscale, and a relative autonomy index (RAI) was calculated by 

subtracting the controlled score from the autonomous score (Black & Deci, 2000). 

2.3.1.5. Grit 

Grit is a construct established by Duckworth, Peterson, Matthews and Kelly (2007) 

relating to perseverance and drive to achieve long-term goals. The Short Grit Scale (GRIT-S, 

Duckworth & Quinn, 2009) was used here to measure both consistency of interest and 

perseverance of effort at school. Consistency of interest is expressed as an ability to maintain 

attention and interest on the task at hand, whereas perseverance of effort refers to the effort 

applied when facing challenges in achieving one’s goals. A sample question for consistency 

of interest item was “I often set a goal but later choose to pursue a different one.”, where a 

perseverance of effort item would be “Setbacks don’t discourage me.” (1 = Not like me at all, 

5 = Very much like me). 
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2.3.1.6. Value  

General value for learning was measured using adapted items from Wigfield and 

Eccles (2000). Here we selected four items; two items represented usefulness, for example, 

“Compared to most of your other activities, how useful is what you learn in school?” and the 

remaining two items represented importance, for example, “For me, being good in school 

is...” (1 = Not at all important, 5 = Very important).  

2.3.1.7. Growth mindset 

Implicit theory of intelligence, or mindset was measured by the scale developed by 

Dweck (2000). An individual’s mindset lies on a spectrum between fixed and growth, with 

fixed mindset reflecting a case in which a person believes that their intelligence cannot 

change, and growth reflecting the opposite where a person believes that they can alter their 

intelligence level at any point. The scale consists of eight items, measured on a 5-point Likert 

scale. Sample items include “No matter who you are, you can change your intelligence a lot.” 

and “To be honest, you can't really change how intelligent you are.” (1 = strongly disagree, 5 

= strongly agree). We averaged the items scores for each participant such that a high score is 

indicative of a growth mindset, with scores on the lower end of the scale indicating a fixed 

mindset. 

 

Table 1.  

Cronbach’s alpha values for each of the motivation measures.  
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aAutonomous motivation and controlled motivation are combined in further analyses to give 

a relative autonomy index (RAI). Autonomous and controlled regulation scale items are 

presented with a lower sample size, as the items were framed for students currently studying 

mathematics. As older students had not all elected to study mathematics, those not studying 

mathematics were not required to respond to this scale. 

2.3.2. Social network measures 

To measure students’ friendship connections, participants were asked to nominate up 

to five people from their year group to whom they considered themselves to be closest with 

(Coie, Dodge, & Coppotelli, 1982). On average, students in wave 1 nominated 4.9 friends 

each, with 93% of students choosing to nominate the maximum five allowed. In wave 2, 

students nominated an average of 4.5 friends each, with 82% of students choosing to 

nominate five friends. In wave 3, an average of 4.8 friends were nominated, where 90% 

nominated the maximum five allowed. Students only nominated friends from the same year 

group; in other words, we did not collect social network information across different year 

groups in order to simplify the task for participants. Further, the likelihood of students 

holding a higher number of cross-year friendships compared to within-year friendships was 

relatively low. In addition to the nomination data we also collected round-robin data in a 

roster method (Kenny, Kashy, & Cook, 2006); However, as the round-robin roster method 

produces data on a continuous scale, providing weighted data that is not optimal for our 

Sample (n) alpha (α) Sample (n) alpha (α) Sample (n) alpha (α)

Math interest 293 0.93 370 0.96 310 0.97

Math boredom 291 0.90 366 0.93 309 0.93

Math perceived competence 294 0.92 371 0.92 311 0.92

Math autonomous motivationa 256 0.74 300 0.78 238 0.82

Math controlled motivationa 256 0.69 300 0.68 238 0.70

Value 287 0.75 371 0.74 292 0.77

Grit - consistency of interest 290 0.71 371 0.76 296 0.74

Grit - perseverance of effort 290 0.61 371 0.67 296 0.68

Growth mindset 292 0.91 370 0.91 300 0.88

Wave 1 Wave 2 Wave 3
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specified analysis (i.e. stochastic actor-based modelling), this data was not analysed in the 

current study.  

2.4. Analytic strategy 

Stochastic actor-based modelling (Snijders et al., 2010) is used here to model the 

selection and influence dynamics of the social networks of each year group. The models for 

each motivation variable were separately specified and estimated using the RSiena package 

(version 1.2-12) in R version 3.5.0 (Snijders et al., 2010). Data from each year group were 

compiled and analysed simultaneously using the RSiena multi-group option (Ripley, 

Snijders, Boda, Voros, & Preciado, 2018). This multi-group analysis option allows us to 

make full use of the data, increasing statistical power to detect any effects. 

The model is flexible, and it is possible to include many different effects that 

represent different types of social-network and behavioural dynamics in the data. In the 

following section we included descriptions of the basic effects, relevant to the research 

question and sample. The effects can be categorised into three groups: network structure 

effects, selection effects and influence effects, which we describe in detail in the 

supplementary material. Graphical representations of the effects can also be seen in the 

supplementary material. 

3. Results 

3.1. Descriptive statistics 

The social networks were constructed from friendship nomination edge lists to form a 

directed, unweighted network for each year group at each wave of data collection. A visual 

representation of one of these social networks across the three waves of data collection is 

shown in Figure 1. As shown and supported by the data included in Table 2, the density of 

the networks remained stable over time, indicating that number of nominations remained 

consistent over the periods of data collection. Across waves, the networks show a high degree 
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of reciprocity, with around 50% of friendships being reciprocated in each wave. Table 2 also 

provides descriptive information summarizing the changes in friendship networks between 

wave 1, wave 2 and wave 3. The Jaccard Index represents the similarity and therefore 

stability between each wave of social network data. If this value is above 0.3, this indicates 

adequate stability for analysis of the data (Veenstra & Steglich, 2012). A correlation matrix 

of variables at each wave is provided in the supplementary information. 

Figure 1 

A friendship network over time 

 

Note. Graphical presentation of a friendship network across each data collection wave. 

  

W1 W2 W3
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Table 2 

Descriptive data for network statistics and covariates across and within each data collection 

wave.  

Within each wave W1 W2 W3 
     

Network change     

Participants, n 294 371 311 

Average ties  238 272 294 

Average outdegree 2.90 3.32 3.43 

Density index 0.04 0.05 0.04 

Reciprocity index  0.50 0.56 0.62 

Network change from previous wave   

Average no. of ties dissolved   136 143 

Average no. of ties emerged   171 155 

Average no. of ties maintained   102 138 

Jaccard index (stability)  0.24 0.33 

Mathematics interest     

Mean  4.56 4.57 4.31 

SD  1.56 1.70 1.81 

Mathematics boredom     

Mean  3.68 3.68 3.99 

SD  1.51 1.62 1.62 

Mathematics perceived competence    

Mean  4.13 4.15 3.92 

SD  1.21 1.21 1.29 

Mathematics relative autonomy index (RAI)   

Mean  1.10 1.13 1.00 

SD  1.01 1.10 1.15 

Value      

Mean  3.94 3.79 3.67 

SD  0.74 0.72 0.76 

Grit - Consistency of interest     

Mean  2.99 2.93 2.83 

SD  0.79 0.79 0.74 

Grit - Perseverance of effort     

Mean  3.57 3.57 3.49 

SD  0.66 0.70 0.69 

Growth mindset     

Mean  3.75 3.53 3.08 

SD   0.73 0.75 0.37 
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Note. Average outdegree indicates the average number of ties that were sent out from each 

actor, the density index indicates the potential connections in a network that are actual 

connections and the reciprocity index represents the proportion of reciprocated ties. 

Hamming distance is the sum of dissolved and emerged ties, while the Jaccard index 

indicates the degree of stability between the two time points. Means and standard deviations 

are also provided for each of the motivation measures. 

3.2. Friendship network structure effects 

We applied the stochastic actor-based model separately for each motivation variable 

(i.e. each model has two covariates: a motivation variable and boarding status). The results of 

the examination of the network structural effects are seen in the upper portion of Tables 3 and 

4, under the heading, network effects. The internal network dynamics were represented by 

four parameters; density, reciprocity, transitivity and three-cycles. Similar estimates for these 

four structural effects were identified across all models, this is expected because the effects 

are modelled independently of the behavioural motivation variable, for illustration, we use 

examples from the mathematics interest model. The significant negative density effect (e.g. β 

= -2.10, SE = 0.16, p < .001) indicates that students tend to nominate fewer friends over time. 

This is consistent with the descriptive statistics reported earlier (Table 2), as number of 

nominations decreased across the three waves of data collection. It was also identified that 

students have a significant and positive preference for reciprocal friendships, as demonstrated 

by the positive reciprocity effect (e.g. β = 1.84 SE = 0.09, p < .001). Further, as there is a 

positive transitive triplets’ effect (e.g. β = 0.51 SE = 0.03, p < .001) and negative three-cycles 

effect (e.g. β = -0.43 SE = 0.06, p < .001), this suggests that the network has a tendency 

towards forming local hierarchies.  

3.3. Effects predicting friend selection based on boarding status 
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Regarding the boarding status covariate, selection effects were significant similarity 

and reciprocity effects; results located in Tables 3 and 4. As a time-invariant, or constant co-

variate, boarding status does not change over time. Therefore, as with the network structure 

effects, the similar estimates across models are expected. Positive significant similarity and 

reciprocity effects of boarding status were present (e.g. for the mathematics interest model; β 

= 0.81, SE = 0.15, p < .001) indicating that students have a preference to select friends of the 

same boarding status as themselves, and that those friendships are likely to be reciprocated. 

There were no alter or ego effects for boarding status, indicating that boarding students do 

not tend to be nominated as friends more than day students (alter effect) and also that they do 

not tend to send out more nominations (ego effect).  

3.4. Effects predicting friend selection based on academic motivation 

Results associated with friendship selection and motivation are shown in Tables 3 and 

4. 

3.4.1. Alter effects 

Two significant alter effects were observed across the motivation measures, for math 

interest (β  = 0.39, SE = 0.02, p = .030) and autonomous motivation in mathematics (β = 

0.10, SE = 0.04, p = .012) meaning that when the level of motivation of a peer is high, there 

is an increased likelihood of them being nominated as a friend, for these two measures. 

3.4.2. Ego effects 

No significant ego effects were observed in any of the motivation measures. This 

finding indicates that the motivation level of the student is not related to the number of 

nominations that a student makes.  

3.4.3. Similarity x Reciprocity effects 

Two significant positive effects were identified in value for learning (β = 1.54, SE = 

0.60, p < .05) and perseverance of effort (grit) (β = 1.30, SE = 0.62, p < .05). These positive 
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effects suggest that friends tend to select and reciprocate friendships when levels of value for 

learning or levels of perseverance are similar between them. No other motivation measures 

showed significant effects, indicating that friends do not select each other based on similarity 

in their mean scores on these additional motivation scales. 

3.5. Effects predicting influence on academic motivation 

The results associated with the influence of behaviour over time are shown in Tables 

3 and 4. 

3.5.1. Behavioural tendency effects  

Overall, there was a tendency for a reduction in mathematics interest, mathematics 

competence value for learning and level of growth mindset across time points, as indicated by 

the significant negative linear effect. Additionally, for mathematics competence, mathematics 

autonomous motivation, value, and both measures of grit and mindset, those with high scores 

in these measures tended to reduce their scores over time, while those on the lower end of the 

scales increased their scores over time, indicated by the significant quadratic effect.  

3.5.2. Influence Similarity x Reciprocity effect  

The effect of friendship influence was defined by the average similarity and 

reciprocity effect. A positive significant effect was identified for level of perseverance of 

effort (second sub-measure of grit) (β = 2.18, SE = 1.00, p = .030) and mindset (β = 3.98, SE 

= 1.16, p < .001). These positive significant findings indicate that students tend to adopt the 

perseverance of effort level and level of growth mindset of their friends, over time. Influence 

effects were not identified in the other motivation measures.  

Table 3 

Siena estimates for subject specific (mathematics) measures (wave 1 – wave 3). 
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Table 4 

Siena estimates for subject general measures (wave 1 – wave 3). 

4. Discussion 

The current study examined the relationship between friendship dynamics and 

academic motivation, with a particular focus on longitudinal selection and influence effects in 

social networks. We utilized advanced longitudinal analyses on social network data (i.e. 

stochastic actor-based modelling) and examined a broad set of motivation variables, 

enhancing our understanding of social processes that constitute the similarity often observed 

between adolescent friends (Veenstra, Dijkstra, Steglich, & Van Zalk, 2013). 

One interesting finding was that, from the broad range of motivation concepts, effort-

related motivation concepts, namely perseverance of effort (a component of grit) and growth 

mindset, were demonstrated to be closely related to social network dynamics. Perseverance 

Variable Estimate (β ) SE Estimate (β ) SE Estimate (β ) SE Estimate (β ) SE

Network effects

Outdegree (density) -2.078*** 0.16 -2.070*** 0.16 -2.076*** 0.16 -2.062*** 0.17

Reciprocity 1.844*** 0.09 1.830*** 0.09 1.844*** 0.09 1.853*** 0.10

Transitive triplets 0.512*** 0.03 0.512*** 0.03 0.510*** 0.03 0.512*** 0.03

3-cycles -0.432*** 0.06 -0.432*** 0.06 -0.428*** 0.06 -0.432*** 0.06

Selection effects

Boarding alter -0.036 0.04 -0.042 0.04 -0.036 0.04 -0.040 0.04

Boarding ego -0.020 0.05 -0.015 0.04 -0.020 0.05 -0.021 0.05

Boarding similarity x reciprocity 0.805*** 0.15 0.820*** 0.15 0.803*** 0.14 0.800*** 0.14

Motivation alter 0.039* 0.02 -0.007 0.02 0.024 0.02 0.097* 0.04

Motivation ego -0.032 0.02 0.022 0.02 -0.039 0.02 -0.050 0.04

Motivation Similarity x reciprocity (selection) -0.390 0.34 -0.743 0.43 -0.178 0.36 -0.701 0.71

Influence effects (motivation)

Linear Shape -0.088* 0.04 0.084* 0.03 -0.218*** 0.06 -0.068 0.04

Quadratic Shape -0.013 0.02 -0.038 0.02 -0.104* 0.05 -0.205*** 0.05

Average similarity x reciprocity (influence) 0.092 0.67 0.139 0.63 0.573 0.94 -0.301 0.96

†
 p < .06 * p < .05 ** p < .01 *** p < .001

Relative Autonomy Index    

(RAI)Mathematics Interest Mathematics Boredom Mathematics Competence 

Variable Estimate (β ) SE Estimate (β ) SE Estimate (β ) SE Estimate (β ) SE

Network effects

Outdegree (density) -2.123*** 0.16 -2.091*** 0.18 -2.106*** 0.16 -2.087*** 0.23

Reciprocity 1.806*** 0.10 1.873*** 0.11 1.788*** 0.10 1.860*** 0.16

Transitive triplets 0.512*** 0.03 0.513*** 0.03 0.508*** 0.03 0.514*** 0.03

3-cycles -0.432*** 0.06 -0.429*** 0.06 -0.424*** 0.06 -0.432*** 0.10

Selection effects

Boarding alter -0.035 0.04 -0.038 0.05 -0.037 0.04 -0.046 0.08

Boarding ego -0.005 0.05 -0.013 0.08 -0.007 0.05 -0.014 0.05

Boarding similarity x reciprocity 0.804*** 0.14 0.805*** 0.15 0.822*** 0.15 0.823*** 0.17

Motivation alter 0.044 0.05 0.065 0.06 -0.038 0.05 -0.217 0.25

Motivation ego -0.019 0.04 -0.012 0.05 -0.032 0.05 0.009 0.10

Motivation Similarity x reciprocity (selection) 1.536* 0.60 1.185†
0.62 1.301* 0.62 0.066 1.04

Influence effects (motivation)

Linear Shape -0.166* 0.07 -0.098 0.06 -0.012 0.07 -0.303** 0.09

Quadratic Shape -0.418*** 0.10 -0.417** 0.13 -0.431*** 0.10 -0.471*** 0.10

Average similarity x reciprocity (influence) 1.051 0.95 0.824 1.26 2.184* 1.00 3.979*** 1.16

†
 p < .06 * p < .05 ** p < .01 *** p < .001

Grit - Consistency of Interest 

Grit - Perseverance                

of effortValue Mindset
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of effort showed both selection and influence effects. Not only were friends more likely to 

select peers as friends if they displayed similar perseverance to themselves, but also, the 

perseverance of the friends would be influenced to become more similar over time. There 

was also a significant tendency for reciprocal friends to become similar over time in their 

levels of fixed or growth mindset, demonstrated by the influence effect (i.e. contagion). 

Literature on grit (Duckworth et al., 2007) and growth mindset (Dweck, 2000) are often 

discussed in parallel (Fitzgerald & Laurian-Fitzgerald, 2016; Hochanadel & Finamore, 2015), 

and the current study provides another empirical indication for the conceptual similarity of 

these two effort related concepts, despite the only modest correlation between them. These 

overlapping effort-related concepts are closely related with the conscientiousness personality 

trait (Credé, Tynan, & Harms, 2017; Ivcevic & Brackett, 2014; Schmidt, Nagy, Fleckenstein, 

Möller, & Retelsdorf, 2018; Tang et al., 2019), and the observed selection and influence 

effects are consistent with previous research showing similarity in conscientiousness between 

friends (Youyou, Stillwell, Schwartz, & Kosinski, 2017). 

With these effects in mind, the next step would be to understand the underlying 

mechanisms of the social network effects of the effort-related motivation concepts, especially 

the influence (contagion) effect, which was observed both grit and growth mindset. One 

potential explanation is through vicarious learning. Unlike various motivational constructs 

which are basically “latent” constructs that underlie behaviour, effort is relatively visible and 

observable to other people. Therefore, adopting the growth mindset or perseverance of a 

friend over time can be explained through observational learning (Bandura, 1977, 1986). We 

can vicariously experience the benefit, or consequence, of a friend’s level of mindset and 

perseverance by observing others exerting effort. Murayama (2019) also suggested that 

people can learn the rewarding value of effort through the process of social reinforcement 

learning (Eisenberger, 1992; Suzuki, Jensen, Bossaerts, & O’Doherty, 2016). The current 
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research does not assess students’ effort and future studies should examine how the expressed 

effort is related to these contagion effects of grit and growth mindset. 

A significant selection effect identifying selection based on similarity in reciprocal 

friendships was identified for general value for learning. This finding aligns well with 

literature that suggests that we make friends with others when their attitudes and broader 

values match with our own (Brechwald & Prinstein, 2011). Students’ sense of value for 

learning appears to be relevant to the mechanism through which adolescents form their 

friendships, an insight that may be valuable when considering school engagement and 

classroom environments (Ryan & Patrick, 2001). It is interesting to note that, while our 

findings are consistent with the previous findings which also suggest that value for learning 

shows similarity between friends (Wang et al., 2018), we observed different effects over 

time. More specifically, while we observed a friendship selection effect in value for learning, 

Wang et al. (2018) showed that value for learning was influenced between friends (i.e. as a 

contagion effect) rather than being selection-based. Between the two studies, value has been 

conceptualised slightly differently. Wang et al. (2018) included school value as a measure of 

emotional engagement, as measured by the Achievement Goal Orientations and Motivation 

Inventory (example item: “I think that going to school is a waste of time (reverse coded)”, 

Niemivirta, 2002), whereas in the current study, we examine value for learning using items 

that are based on usefulness and importance based on the Expectancy-value Theory of 

Achievement Motivation (Wigfield & Eccles, 2000). While both of these scales are based on 

similar motivational theories, the phrasing of the items in the scales could explain the 

difference in whether value is a selection or influence friendship effect. When the value for 

learning items are not linked to emotional engagement, such as in the current research, the 

sense of value measured is more of an underlying belief or attitude that may be more 

conducive to natural homophily (i.e. selection) processes (Brechwald & Prinstein, 2011). On 
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the other hand, observing peer emotions towards the value of a subject or topic in the 

classroom is more in line with the observational learning mechanism that we proposed earlier 

(Bandura, 1977, 1986) and also aligns with the theory of primitive emotional contagion 

proposed by Hatfield, Cacioppo and Rapson (1993). 

Strong selection effects were also observed for boarding status. Boarding students 

were more likely to reciprocate friendships with those who share the same boarding status as 

them. Literature on the effect of boarding school friendships on motivation is scant, but 

according to Martin and colleagues (2014), while there are only small differences in 

academic motivation and various other outcome measures (such as wellbeing and 

engagement) between day and boarding students, the boarding environment outside of the 

structured academic day is unique.  Lack of clear differences between day and boarding 

students was also identified in a study investigating how interpersonal relationships are 

associated with personal best goals and academic engagement in boarding and day students 

(Collie, Martin, Papworth, & Ginns, 2016). However, away from the academic setting, 

boarders are exposed to ongoing activities and interactions with teachers and peers in a more 

structured way when compared to day students, providing them with a very different 

ecological context to their non-boarding peers. This difference in day-to-day environment 

leads to differences in socialisation of the students (Bronfenbrenner, 1993). For example, 

Pfeiffer, Pinquart and Krick (2016) identified differences in the social development of 

boarding students in that they reported receiving more autonomy from parents (including 

more support from teachers) and had higher success in forming romantic relationships in 

comparison to their day student peers. Therefore, selecting friendships based on the similarity 

of boarding status is to be expected; firstly, due to sheer exposure to one another and 

increased opportunity for friendships due to structured contact time, and secondly, due to the 

shared experience of being socialised away from family while staying at school. 
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One of the limitations of the current study is that we cannot draw conclusions about 

the developmental differences between age groups as data from each smaller year group were 

pooled as a single group in our analysis, implicitly assuming that selection and influence 

effects are stable across different year groups (Ripley et al., 2018). Given the relatively small 

sample size per year group, it is not reasonable to examine potential developmental change of 

the selection and influence processes in each social network. Future research may wish to use 

data from a larger sample to make extended comments on developmental trajectories. 

Gremmen, Dijkstra, Steglich and Veenstra (2017), for example, showed evidence that 

selection effects are more prominent in younger adolescents, in terms of academic 

achievement (i.e. low-achievers prefer to select low-achieving friends) whereas influence 

effects arise in the following year once students get to know each other. Exploring how these 

changes interact with academic motivation would be an interesting line of enquiry.  

The uniqueness of the sample used here should also be acknowledged. The use of a 

single gender, independent school sample from the United Kingdom has both strengths and 

limitations. To our knowledge, this is the first investigation of the social dynamics of a single 

gender independent school. While focusing on a single gender school makes it possible to 

examine social network dynamics that are not confounded by romantic relations, the design 

does not allow us to test a potential gender effect. Kretschmer, Leszczensky and Pink (2018) 

carried out an investigation on gender differences in selection and influence effects for 

academic achievement and identified that boys and girls do show different patterns. While 

influence effects are seen in both genders, only girls showed selection effects. Kretschmer 

and colleagues (2018) argued that this behaviour should be expected, as girls form different 

types of social networks compared to boys. Firstly, the networks of girls are characterised by 

increased need for emotional closeness (Lansford & Parker, 1999; Rose, 2002; Rose & 

Rudolph, 2006), followed by a need for fitting into the social context of the group (Maccoby, 
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1990; Rose & Rudolph, 2006). Also, there are gender differences in that girls are more likely 

to work together cooperatively on school related work compared to boys (Bishop et al., 2004; 

Leaper, 1991; Maccoby, 1990; Rose & Rudolph, 2006), while boys tend to show increased 

competitive behaviour with their peers in comparison to girls (Cross & Madson, 1997; 

Leaper, 1991; Maccoby, 1990; Rose & Rudolph, 2006). Further research should build on the 

current work by including a gender comparison. Further, the use of an independent boarding 

school means that we have relatively small variation in socioeconomic status (SES) of the 

students attending the school, as those with higher household income are the most likely to 

send their children to independent schools in the UK (Ryan & Sibieta, 2010). While this is a 

strength in that we focus on the unique type of school that has been little examined across 

previous literature it does limit the generalisability of the findings.  

Research focused on understanding motivation in school students is ever increasing. 

Adolescents have many influences in their lives that provide opportunities for changes in 

motivation, one of these being peer influence. In the current research it emerged that peers 

select friends who have similar levels of value for learning as themselves, and that both 

selection and influence play a role in perseverance of effort. Further, level of mindset was 

also influenced over time with mindset in reciprocated friendships becoming more similar. 

These results have broader implications in the field of education by contributing to research 

on the effects of ability grouping or streaming students, as well as the use of seating plans 

within the classroom. There is an ongoing debate in UK education and beyond as to the costs 

and benefits of using ability grouping (Francis et al., 2017), so far with little input from 

research considering natural friendship dynamics within the classroom. If students are more 

likely to select friends that have similar levels of certain types of academic motivation to 

themselves and also who have similar academic performance (Smirnov & Thurner, 2017), 

then the case for ability grouping may be further informed in that students are naturally 
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forming their social networks in this way. In terms of seating plans, while they provide more 

structure to a classroom and greater control for the teacher (Fernandes, Huang, & Rinaldo, 

2011), they have also been found to restrict natural opportunities for intergroup friendship 

formation (McKeown, Stringer, & Cairns, 2016). The use of social network data to inform 

seating plans arrangements may encourage constructive friendship formations where positive 

improvements are observed in students.  

Through the identification of varied selection and influence effects in specific forms 

of academic motivation (value, mindset and grit) this research provides a new perspective on 

the relationship between adolescent friendship and academic motivation. Research in the 

wider field emphasises the importance of motivation at school, and we support this view by 

providing a more detailed perspective on the intricacies of adolescent relationships and 

highlight the potential impact that these relationships can have on academic achievement and 

adjustment at school.   
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