
RESEARCH ARTICLE

Social contagion of academic behavior:

Comparing social networks of close friends

and admired peers

Huiyoung ShinID*

Department of Psychology, Jeonbuk National University, Jeonju, Chonbuk, South Korea

* shinhy@jbnu.ac.kr

Abstract

Peer relations become significant socializing agents for diverse behaviors during adoles-

cence. This study investigated relationship selection and social influence of early adoles-

cents’ close friends and admired peers with regard to academic behavioral engagement. A

stochastic actor-based model of social network analysis was used to examine classroom

social networks across 2 waves (Mage = 11.46; N = 542) based on peer nominations. Ado-

lescents were asked to nominate their “close friends they hang around with and talk to the

most” and peers that they “admire, respect, and want to be like” Results indicated that ado-

lescents who were similar in academic engagement more often became friends. Also, close

friends’ and admired peers’ academic engagement contributed to adolescents’ own aca-

demic engagement over time. The results suggest that both close friends and admired

peers are important channels for social contagion of academic behavior and that examining

social relations beyond friends are important for advancing our understanding of peer social

influence during adolescence.

Introduction

Peer relations are a significant social context where adolescents’ diverse behaviors are social-

ized during adolescence [1]. As adolescents spend increasing amounts of time with friends and

peers, characteristics of their peer social networks become immensely influential over individ-

ual’s own behaviors and beliefs [2, 3]. Extensive research has examined how and to what extent

adolescents’ peer social networks affect individual beliefs and behaviors. Evidence indicates

that peer environments and networks are highly influential on a variety of behaviors, including

academic performance [4, 5], aggressive behavior [6], delinquency [7], and health-risk behav-

ior [8], and that individual’s selection and influence of peers play an important role in how

adolescents’ peer relations affect their adjustment [9]. Adolescents are more likely to choose

peers who are similar to themselves in terms of behaviors and beliefs as friends, and these

friends then serve to influence their behavior over time [10].

Although extant research has provided evidence of selection and social influence of peers

for a variety of behaviors, most prior research has considered the networks of friends, and
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there has been limited research examining different types of peer relations. However, adoles-

cents have peer social interactions in diverse ways, and different peer relations could have

important implications for individuals’ behavioral tendencies. For example, adolescents hang

around with a group of peers, cooperate on a task with a few friends, and often build close and

intimate relationships with friends. Also, adolescents may admire, respect, and want to be like

certain peers [11], or they could also want to be different from certain friends. Such different

peer relations can play distinct roles in individuals’ behavior development, and the features of

social interaction can vary by the types of individual’s social relations. Thus, specifying and

examining selection and influence of peers beyond friend networks are important to advance

our understanding of different peer relations’ implications for adolescents’ adjustment.

Furthermore, while the handful of studies have examined selection and influence of friends

for adolescents’ academic adjustment, most prior research has focused on academic perfor-

mance or achievement [5, 12, 13] and scant attention has been paid to adolescents’ actual aca-

demic behavior, such as engaged or disruptive behavior in the classroom. However, given

academic performance or achievement is one of the variables that are not easily changed or

influenced by other peers [5, 12], focusing on academic behavior that could lead to adolescents’

academic achievement and that can be tackled with interventions has important theoretical

and practical implications.

Thus, going beyond the emphasis on adolescents’ friend networks and academic achieve-

ment in prior research, the present study investigates the implications of adolescents’ close

friends and admired peers for academic behavioral engagement, which is an observable and

explicitly communicated behavior that echoes individuals’ academic values and beliefs. Recent

research has proposed the need to focus on “admired peers” that adolescents value and want to

emulate, which is assessed with youth’s nominations of peers whom they admire, respect, and

want to be like. Researchers suggested that youth’s admiration reflects what they value and

desire, and their personal beliefs towards distinct attitudes and behaviors [14], and thus exam-

ining admiration, how much youth respect and want to be like particular peers, provides

important insights about adolescents’ personal standards for appraising themselves and social

strivings with others [11]. We assert in this study that adolescents’ academic engagement can

be influenced not just by close friends but also by admired peers. By investigating (a) the extent

to which similarity in academic engagement between individuals contributes to the develop-

ment of friend and admire relations (i.e., relationship selection), and (b) whether academic

engagement of friends and admired peers contributes to individuals’ own academic engage-

ment (i.e., influence), the current study will provide insights into how different type of peer

relations function as important channels for social contagion of academic behavior and

whether there are differences in the patterns or magnitude of relationship selection and influ-

ence by the types of youth’s peer relations.

Academic engagement among adolescents

Adolescents’ academic engagement has received much attention in several decades of research

and educational practice since it plays an important role in their adjustment and development

[14]. As most opportunities in current society are associated with success in school, academic

engagement and achievement during adolescence can have far-reaching implications. Thus,

much research has identified contributing factors of adolescents’ academic engagement, such

as parents and teachers [15, 16], and recent research has also indicated that friends and peers

are an important social context where adolescents’ academic values and behaviors are social-

ized [1]. Using longitudinal data and social network analysis, the handful of studies have indi-

cated that adolescents tend to select friends with similar grades and level of academic
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competence to themselves and then over time they become more similar to their friends’ aca-

demic competence, although findings on friend influence regarding academic achievement is

inconsistent or modest at best [5, 12, 13, 17]. Despite the marginal influence friends exert on

academic achievement, adolescents’ friends and peers can have pervasive influence on their

academic behavior. Across the school year, hanging out with peers who like school and try

hard at academic work will facilitate corresponding values and behaviors, whereas hanging out

with peers who find academic work boring and give little effort will dampen academic values

and encourage misbehavior. However, since scant attention has been paid to adolescents’

actual academic behavior, our understanding of peer effects on academic engagement is lim-

ited in scope. If adolescents’ academic achievement is one of those costly behavior types that

are not easily changed [5, 12], focusing on academic behavior that is more easily socialized and

can be tackled with interventions is needed. Based on this need, we focus on relationship selec-

tion and social influence in adolescents’ academic behavioral engagement, which refers to an

active, ongoing, and energized participation in academic tasks and a manifestation of the per-

sistence and energy generated by underlying motivated psychological state [18]. Findings will

provide important information about how adolescents’ peer social networks can optimize the

potential of interventions to support positive and desirable academic behaviors and values.

Close friends and admired peers

Adolescents have peer social interactions in diverse ways: They may spend leisure time with a

group of peers, build close and intimate relationships with a few friends, and have admiration

and respect for certain individuals [11]. Despite the variability in the types of peer relations,

most research on peer social influence has focused on friend networks. Thus, the relative or

cumulative importance of various social relationships sorely need greater research attention to

better understand the implications of different peer relations for adolescents’ behavior and

adjustment. More insights into the different effect sizes of relationship selection and social

influence among various types of peer relations are vital for understanding underlying mecha-

nisms and relevant factors shaping effective interventions.

Adolescents’ social relations operate in multiple levels. In addition to an intimate circle of

close friends, they are surrounded by peers with whom they frequently interact in the class-

room and social relations outside of their circle of friends has been suggested to have signifi-

cant influence on adolescents’ adjustment [19]. In the peer social context, individuals with

high social status have been deemed as especially influential [20, 21] since they are highly visi-

ble and more interconnected with others. Those who are popular or admired could play a cen-

tral role in establishing academic or social norms [1, 22], and adolescents appraise the

appropriateness of their behavior based on high-status peers’ behavior as a yardstick, leading

youth to modify their own behavior to that of influential peers [23, 24]. As such, peers with

high social status could have significant influence on adolescents’ behaviors, irrespective of

whether they are adolescents’ close friends or not. Indeed, there has been speculation that ado-

lescents intentionally emulate behaviors of high-status peers to promote their own social status

[21, 25]. However, more research is needed to ascertain whether indeed high-status peers have

pervasive influence on adolescents’ behaviors.

With attention to admired peers, the current study aimed to identify whether only close

friends matter or whether admired peers are also influential for adolescents’ academic behav-

ioral engagement. It is possible that admired peers are less influential for adolescents than

close friends since social interactions with admired peers would be less frequent compared

with those with close friends. In addition, given admirable peers in general tend to display

more positive academic characteristics than do close friends [11], adolescents may not feel that
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they can be like such peers. However, it is also possible that admired peers are equally influen-

tial as close friends. Since adolescents’ admiration reflects what they value and desire, how

much they respect and want to be like particular peers could provide important insight and

directions for behaviors. If adolescents perceive their admirable peers’ behaviors as valuable,

they may work toward developing such behaviors. Each adolescent’s idiosyncratic perceptions

of admiration would define what is desirable and appropriate in terms of academic behavior,

which likely to lead youth to modify their own behavior and become more like the peers they

admire over time.

Method

Participants and procedure

We collected a dataset as part of a longitudinal investigation of early adolescents’ social net-

works and development; the project was approved by the IRB of the researcher’s university.

The participants were fifth- and sixth- graders from public elementary schools (Mage = 11.46;

48% male in waves 1 and 2). In these schools, students were in the same classrooms with one

teacher and peers for the entire day. Prior to each wave of data collection, letters explaining the

current project were given to students to take home to their parents; if parents did not want

their children to participate, they were instructed to have their child return an attached form

to the teacher. Informed consent was obtained from all participants (i.e., teachers and stu-

dents) included in the study. Teachers and students signed an assent form indicating that they

understood the conditions and wanted to participate prior to starting the survey. Surveys were

administered to students in their classroom when they began (Wave 1: August) and end the

semester (Wave 2: December), about five months apart. Participants were assured that the

information would be kept confidential and that filling out the survey was voluntary.

Measures

Social networks. Participants were asked to nominate their “close friends they hang

around with and talk to the most” and “peers they admire, respect, and want to be like” in the

classroom. Class lists were provided for this purpose, and students could check off as many

peers as they wanted. Based on the peer nominations, social networks for close friends and

admired peers were calculated for each classroom. The number of participants in each social

network ranged from 23 to 31. An n × n adjacency matrix was produced for each class, where

n was the total number of classmates, with xij = 1 when there was a social tie from individual i
to individual j, and with xij = 0 when there was no social tie. There was some turn-over in the

participants from wave 1 to 2, so we analyzed the social networks of the 542 participants in

wave 1 and their social ties that joined or left the social networks in wave 2 (by coding the miss-

ing values as structural zeros). This permitted us to control for social ties leaving and joining

the networks over time [26, 27].

Academic engagement. Teachers reported on students’ behavioral engagement in their

classroom; behavioral engagement measured the extent to which adolescents pay attention

and participate in class [28]. It is composed of three items and items include “pay attention in

class”, “tries hard in academic work in class”, and “listen carefully in class”. All items were

rated on a five-point scale (1 = not at all true, 3 = somewhat true, and 5 = very true). The aver-

age score of the items was computed to form the composite scale, with higher scores indicative

of higher engagement. Scale was reliable in the present sample (Cronbach’s α = .90 and .87 for

waves 1 and 2, respectively). The validity of the scale has been established in prior studies

showing concordance between student- and teacher-reported engagement.
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Analytic strategy

Analyses were conducted with a stochastic actor-based model (SAOM) of social network anal-

ysis. It is implemented in the R-based Simulation Investigation for Social Network Analysis

(RSiena) software package [29]. A key strength of longitudinal social network analysis is its

ability to estimate the network structural features, relationship selection, and social influence

effects simultaneously [27, 30]. The first set of analyses describes various network structural

features of the social networks, and the second set of analyses describes a model of network-

behavioral dynamics (i.e., relationship selection and social influence). These models provide

estimated parameters based on individuals’ decisions regarding changes in directed social net-

work ties (i.e., relationship selection) and changes in their own behavior (i.e., social influence).

The network and behavior dynamic parameters, which are the focus of the current study, rep-

resent the types of changes in the social relations and individual behavior over time [29].

In the current study, we estimated the network-behavior dynamics (i.e., friend/admired

peer selection and their influence effects) for academic behavioral engagement, while control-

ling for various network structural (e.g., reciprocity and transitivity) and covariate effects (e.g.,

gender). We ran preliminary models separately by grade level and different random groups of

classes (e.g., N-1 networks, N/2 networks). Results were consistent across grade levels and dif-

ferent random groups, so we combined classrooms and analyzed the dataset using the multi-

group option to obtain well-converged estimates with small standard errors [29]. Analysis in

SAOM yields parameters related to network dynamics (network structural and relationship

selection effects) and behavior dynamics (behavioral tendencies and social influence effects).

We describe in greater detail below the key aspects of what the models specified and estimated.

To aid readers unfamiliar with longitudinal social network analysis, we also included detailed

conceptual descriptions and graphical representations of estimated effects in S1 Table.

Network structural effects. To examine the network structural features, we included out-

degree, reciprocity, transitive triplets, three-cycles, indegree popularity, and outdegree activity

as endogenous network effects. Outdegree describes the overall tendency to nominate peers as

close friends or admired peers. Reciprocity describes the tendency to reciprocate relationships.

Transitive triplets and three-cycles describe the tendency to form transitive triadic relationship

(e.g., my friend’s friend is my friend). Indegree popularity and outdegree activity describe the

tendency to receive many nominations from others and to nominate many others, respectively.

Relationship selection effects. To examine the relationship selection based on engage-

ment, we included the effects of engagement on friend/admire nominations given (ego effects),
received (alter effects), and selecting similar peers on the levels of engagement (similar behav-
ior). Using gender as an example for friend networks (with girls coded as 1), a positive gender

ego effect indicates girls tend to nominate other peers as friends more actively than boys. A

positive gender alter effect indicates girls tend to receive more nominations as friends than

boys. A positive gender similarity effect indicates adolescents tend to form friendships with

peers with the same gender. The effects of engagement could be interpreted in a similar

manner.

Social influence effects. To examine the social influence of close friends and admired

peers on engagement, we included average similarity effect. This effect estimated whether ado-

lescents changed their engagement to more closely resemble their friends’ (admired peers’)

engagement.

Behavioral tendencies and covariate effects. We controlled for behavioral tendencies in

engagement: general tendency (linear shape) and dispersion (quadratic shape). Additionally,

we controlled for potential effects from indegree popularity and outdegree activity to consider

the impacts of individual’s high popularity or activity on engagement.
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Difference between two social networks. We estimated two separate models for each

social network of close friends and admired peers. Based on the estimated models, we tested

for differences between parameter estimates in the network structural features, relationship

selection, and social influence between two social networks with independent-sample t-tests,

using the following formula: (βa—βb) /
p
(s.e2a + s.e2b), (with estimates βa and βb and standard

errors s.ea and s.e.b, respectively), which under the null hypothesis of equal parameters has an

approximately standard normal distribution [29].

Results

Descriptive statistics

We first calculated the percentage overlap between close friends and admired peers using peer

nomination raw data. The majority of adolescents nominated different peers concerning close

friends and admired peers; We found that 26% of admired peers were included in the close

friend list at wave 1 and 26.5% of admired peers were included in the close friend list at wave

2. In general, early adolescents showed the moderate levels of academic engagement at both

waves (see Table 1). About 34.7% of early adolescents increased and 39.4% of early adolescents

decreased for academic engagement. We presented a summary of average changes in early

adolescents’ social networks from wave 1 to 2 in Table 2, and included detailed information on

the variation of these statistics across separate classroom networks in S1 Data. The density

indicates that adolescents nominated around 13–16% of their classmates as close friends and

9–10% of their classmates as admired peers over the school year. The reciprocity shows that

about 87–91% of the nominations were reciprocal (mutual). The transitivity indicates that ado-

lescents tend to form triadic relations; 49–53% for close friends and 38–41% for admired

peers. The centrality indicates the centralization of the social networks; The proportion of all

indegrees (received nominations) relative to the total number of possible degrees (in-degree

centrality), was 15% for close friend networks and 14–16% for admire networks, and the pro-

portion of all outdegrees (nominations given) relative to the total number of possible degrees

(out-degree centrality), was 19% for friend networks and 2–3% for admire networks. In order

to model network and behavior dynamic in SAOM with sufficient statistical power, a sufficient

fraction of peer nominations should remain stable (i.e., Jaccard index). The Jaccard indices in

our social networks were 42% for close friends, and 36% for admired peers. Given that a Jac-

card index of 30% or more is recommended [31], the stability of our close friends and admire

networks was sufficient. The goodness of fit was sufficient, and the model convergence was

good (convergence ratio < .10).

Longitudinal social network analyses results

Table 3 presents the longitudinal social network analyses results for early adolescents’ behav-

ioral engagement in social networks of close friends and admired peers. To facilitate interpret-

ing the results, we calculated odds ratios (ORs) by taking the exponential function of the

Table 1. Changes in early adolescents’ academic engagement.

Wave 1 –Wave 2

Behavioral Engagement

Mean (SD) 3.46 (1.03) 3.38 (0.91)

Fraction Increased 34.7%

Fraction Decreased 39.4%

Fraction Stable 25.9%

https://doi.org/10.1371/journal.pone.0265385.t001
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parameter estimates [29]. ORs indicate the odds of the presence of a particular tendency com-

pared with the odds of the absence of that tendency. For relationship selection, the OR indi-

cates the odds of having similar social ties versus the odds of not having similar social ties. For

social influence, having one additional social tie who reports higher than oneself increases the

odds of an increase in academic engagement compared with no change. For the social influ-

ence, we first divided the parameter estimates by the number of response categories minus one

to indicate the effect of a one-unit increase on the scale. ORs were not calculated for the qua-

dratic shape effects because they are not linear. Below, we discuss our findings on the network

structural effects, relationship selection, and social influence effects, which were the main

results of interest.

Network structural features

The outdegree effect was negative and the reciprocity effect was positive for both social net-

works, indicating that early adolescents do not randomly nominate close friends and admired

peers and tend to favor mutual social relationships. Also, positive transitivity triplets and nega-

tive 3-cycles effects were found, indicating that adolescents tend to form triadic relations (i.e.,

relationships with the friends of their friends) as well as cohesive group structures. The inde-

gree and outdegree popularity effects were negative for both networks, indicating that adoles-

cents’ social networks of friends and admired peers are not strongly centralized. Taken

together, the network structural effects show that adolescents have tendencies to reciprocate

relationships, keep their social networks closed and form peer group structures in their friend

and admire networks. These network structural features are reflected in Fig 1, which

Table 2. Changes in early adolescents’ social networks.

Friend networks Admired peer networks

Wave 1 Wave 2 Wave 1 Wave 2

Social network indicators

N of students 542 514 542 514

Average (range) class size 27 (23–31) 27 (23–31) 27 (23–31) 27 (23–31)

Average n of social ties 4.96 4.55 3.26 3.03
aDensity 0.16 0.13 0.10 0.09
bReciprocity 0.87 0.89 0.90 0.91
cTransitivity 0.49 0.53 0.38 0.41
dCentrality (in-degree) 0.15 0.15 0.16 0.14

Centrality (out-degree) 0.19 0.19 0.02 0.03

Social network change Wave 1–2 Wave 1–2

Average n of ties dissolved 36.0 (25.2%) 33.45 (34.7%)

Average n of ties emerged 51.8 (35.6%) 28.30 (29.4%)

Average n of ties maintained 55.8 (39.2%) 34.60 (35.9%)
eHamming distance (change) 157 117
fJaccard index (stability) 0.42 0.36

aDensity is the proportion of given ties relative to the total amount of possible ties
bReciprocity is the proportion of mutual ties
cTransitivity is the proportion of tie configurations that could become cohesive peer groups
dCentrality is the proportion of all indegrees or outdegrees relative to the total number of possible degrees
eHamming distance is the amount of tie changes from the beginning to the end of the time point
fJaccard index is the fraction of stable ties relative to all new, lost, and stable ties. Jaccard index indicates the amount of stability and should be more than 30% to permit

complex SAOM with adequate statistical power.

https://doi.org/10.1371/journal.pone.0265385.t002
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Table 3. SAOM results in the social networks of friends and admired peers.

Parameter Friends Admired Peers

B SE OR B SE OR
Network structural effects

Outdegree -1.72��� 0.08 0.18 -1.14��� 0.14 0.32

Reciprocity 1.32��� 0.05 3.74 1.19��� 0.06 3.29

Transitive triplets 0.54��� 0.02 1.72 0.74��� 0.03 2.10

Three-cycles -0.45��� 0.03 0.64 -0.26��� 0.05 0.77

Indegree popularity -0.13��� 0.01 0.88 -0.03��� 0.01 0.97

Outdegree activity -0.07��� 0.01 0.93 -0.42��� 0.03 0.66

Network selection effects
aGender alter -0.06 0.06 0.94 0.02 0.08 1.02
aGender ego 0.06 0.06 1.06 0.09 0.09 1.09

Same gender selection 0.92��� 0.05 2.51 1.26��� 0.08 3.53

Engagement alter 0.01 0.03 1.01 -0.01 0.03 0.99

Engagement ego 0.01 0.03 1.01 -0.08 0.05 0.92

Similar engagement selection 0.26� 0.13 1.30 0.15 0.15 1.16

Behavior dynamic effects

Linear shape effect 0.01 0.12 1.01 -0.34 0.27 0.71

Quadratic shape effect -0.25��� 0.05 -0.11� 0.05

Influence 3.26��� 0.61 26.05 2.32��� 0.55 10.18

Indegree popularity 0.01 0.04 1.01 0.10� 0.05 1.11

Outdegree activity 0.01 0.03 1.01 0.06 0.13 1.06

aGender (0 = male, 1 = female)

� p < .05

�� p < .01

��� p< .001.

https://doi.org/10.1371/journal.pone.0265385.t003

Fig 1. Social networks of close friends and admired peers. Social ties (arrows) are based on directed peer nominations between individuals (nods). The black

nods are female, and white nodes are male. Size of the nods reflects indegrees (i.e., received nominations) of individuals.

https://doi.org/10.1371/journal.pone.0265385.g001
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demonstrates the sociograms of the close friends and admired peers of one classroom investi-

gated in the current study.

Relationship selection and social influence

Social relationships of close friends and admired peers were more likely to be formed with the

same gender than different, as indicated by the positive same gender selection effect

(OR = 2.51 and 3.53, p< .001). Regarding relationship selection, adolescents were more likely

to initiate friendships with peers who had similar levels of academic engagement (OR = 1.30, p
< .05). However, similar engagement selection effect was not significant for the admire net-

works, indicating that similarity in academic engagement did not affect formation of the

admire relations. Regarding social influence, the positive influence effects were reflected in

how adolescents’ academic engagement became more similar to those of their close friends

(OR = 26.05, p< .001) and their admired peers (OR = 10.18, p< .001) over time. The differ-

ence in the magnitude of the social influence effect between the close friend and admire net-

works was not significant (t [38] = 1.14, p = .30). The positive indegree popularity effect for the

admire networks was reflected in that adolescents who received many admire nominations

showed higher academic engagement over time (OR = 1.11, p< .05).

To further understand the direction of relationship selection and social influence effects, we

constructed ego-alter selection and influence tables for academic engagement (see Tables 4 and

5). Numbers in the Table 4 reflect the strength of friendship selection for adolescents based on

their levels of academic engagement (columns dependent on rows). The values in the diagonal

indicate the likelihood of friendship selection to occur when individual and friend have the same

score on academic engagement. Comparing the values between rows and columns indicates that

friend selection occurs between similarly low and high scoring individuals, and these effects

become stronger for the higher values of academic engagement. Similarly, numbers in the Table 5

reflect the strength of social influence for adolescents to change their academic engagement based

on friends’ and admired peers’ average levels of academic engagement. The values in the diagonal

indicate the likelihood of social influence to occur when individual and close friends (or admired

peers) have the same score on academic engagement. Comparing the values between rows and

columns indicates that social influence occurs between individuals with similar scores, and these

effects were the strongest for the lowest values of academic engagement.

Discussion

Moving beyond the focus on adolescents’ friend networks and academic achievement in prior

research, the present study investigated the implications of early adolescents’ close friends and

Table 4. Ego-alter selection: Selection of friends (alters) on adolescents’ (egos’) engagement.

Friends’ engagement

Individual’s engagement 1 2 3 4 5

1 0.03 -0.02 -0.08 -0.13 -0.18

2 -0.02 0.05 -0.01 -0.06 -0.11

3 -0.07 -0.01 0.07 0.02 -0.03

4 -0.13 -0.06 0.02 0.09 0.04

5 -0.19 -0.11 -0.04 0.04 0.11

Numbers in the table reflect the strength of friendship selection for adolescents based on their levels of academic engagement (columns dependent on rows). The values

in the diagonal indicate the likelihood of friendship selection to occur when individual and friend have the same score on academic engagement. The values in the cells

in these tables can be transformed to odds by taking the exponential function (exp.(βk)).

https://doi.org/10.1371/journal.pone.0265385.t004
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admired peers for academic behavioral engagement. We investigated (a) the extent to which

similarity in academic engagement between individuals contributes to the development of

close friend and admire relations, and (b) whether academic engagement of friends and

admired peers contributes to individuals’ own academic engagement. The results indicated

that early adolescents become close friends with peers who are similar to themselves in the lev-

els of academic engagement, whereas they do not necessarily admire peers because they have

similar levels of academic engagement. However, evidence that early adolescents become more

similar to their connected social relations over time was found for both close friends and

admired peers, and the magnitude of social influence did not differ between two social net-

works. The current results provide insights into how different types of peer relations function

as important channels for social contagion of academic engagement and underscore that

examining social relations beyond friends are important for advancing our understanding of

peer social influence.

Network structural features of close friends and admired peers

The social networks of early adolescents’ close friends and admired peers did not differ in their

network structural features. Both networks were characterized by high density and reciprocity,

and cohesive peer group clusters, which could be efficient in social contagion of academic

engagement [32, 33]. In both social networks, early adolescents were selective in whom they

formed relationships with (i.e., nominated as close friends and admired peers) and preferred

reciprocal relationships with peers of the same gender. Also, both social networks were charac-

terized by cohesive peer group structures with low centralization (i.e., nominations were not

directed to a few individuals).

Empirical evidence has indicated that the strong social ties, such as close friends, that are

formed within dense and cohesive social clusters are powerful in social contagion of behaviors

[34]. Given that adolescents interact most regularly and intensely with their close friends, their

friends would become strong social ties that could have significant social influence. It should

Table 5. Ego-alter influence: Influence of friends and admired peers (alters) on adolescents’ (egos’) engagement.

Individual’s engagement

Average engagement of friends 1 2 3 4 5

1 1.46 0.40 -0.66 -1.73 -2.80

2 0.66 1.22 0.16 -0.90 -1.97

3 -0.15 0.42 0.98 -0.08 -1.15

4 -0.95 -0.39 0.18 0.74 -0.32

5 -1.76 -1.19 -0.62 -0.06 0.50

Individual’s engagement

Average engagement of admired 1 2 3 4 5

1 1.68 0.99 0.30 -0.39 -1.08

2 0.76 1.23 0.54 -0.15 -0.84

3 -0.16 0.31 0.78 0.09 -0.60

4 -1.08 -0.61 -0.14 0.33 -0.36

5 -1.99 -1.52 -1.06 -0.59 0.12

Numbers in the table reflect the strength of social influence for adolescents to change their academic engagement based on friends’ and admired peers’ average levels of

academic engagement (columns dependent on rows). The values in the diagonal indicate the likelihood of social influence to occur when individual and friends (or

admired peers) have the same score on academic engagement. The values in the cells in these tables can be transformed to odds by taking the exponential function (exp

(βk)).

https://doi.org/10.1371/journal.pone.0265385.t005
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be noted that early adolescents also formed dense social networks and peer group clusters in

the admire networks. Such findings indicate that although the nominations of admired peers

may be driven by adolescents’ personal beliefs and standards, their admiration may addition-

ally depend on the network features of social interaction. For example, mutuality and peer

group clusters in admire networks could occur when youth positively evaluate each other and

share admiration within their groups (e.g., admire the third person through their admired

peer). Collectively, the network structural features of close friends and admired peers showed

that both social networks were reflected in characteristics that are efficient in social contagion

of behavior [32, 33].

Selection of close friends and admired peers

Regarding relationship selection, early adolescents tended to initiate close friendships with

peers who were similar to themselves in the levels of academic engagement, but they did not

necessarily admire peers because they had similar levels of academic engagement. Early adoles-

cents wanted to be close friends with peers who were similar in the extent to which they were

focused on academic work and pay attention in class. For academically engaged youth, it

makes sense that they seek out friends who are also focused on academic work because friend-

ships with similar peers could provide a safer space for them. Similar attitudes and behaviors

make communication more predictable and enable connecting with less effort and with more

shared feelings of belonging and understanding [35, 36].

On the contrary, similarity in the levels of academic engagement did not play a role in

forming admire relationships. Adolescents would not necessarily admire peers because they

have similar academic tendencies. Rather, they in general admire peers who possess some fea-

tures that make them admirable. Evidence suggested that youth’s admiration is defined by

characteristics that can be appreciated at a distance but have the pervasive importance within

their social context, and those who display higher levels of societally sanctioned behavior such

as academic engagement elicit admiration among adolescents [11, 37, 38]. Irrespective of

whether youth are from economically disadvantaged environments or not, many adolescents

have been shown to place high value on and express admiration for academic effort and

achievement [37, 39, 40]. Insignificant similar engagement selection effect in admiration net-

works indicates that the reciprocal processes for friendship and admiration formation may

operate differently. Similar attitudes and behaviors could be critical for friendship formation

since joint activities and sharing one’s time would be crucial for close friends [41]. However,

adolescents’ perceptions of admirable peers seem to be driven by a tendency to appreciate

peers’ characteristics as valuable, such that adolescents admire peers who possess such positive

characteristics.

Social influence of close friends and admired peers

The results showed that both close friends and admired peers have salient social influence on

early adolescents’ academic engagement, and the magnitude of social influence did not differ

between two social networks. Early adolescents’ academic engagement become increasingly

similar to their close friends’ academic engagement and they socialized their admired peers’

academic engagement over time. Early adolescents spend increasing amount of time bonding

with their close friends sharing academic and social activities. Their intimate relationships and

committing to mutually valued and shared interactions would foster socialization of academic

engagement [42]. Also, adolescents’ idiosyncratic perceptions of admiration would define

what is desirable and valuable in terms of academic engagement and lead adolescents to
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modify their own academic behavior and become more similar to the peers they perceive as

admirable.

As suggested by social learning theory [23], early adolescents would use the academic

behavior of their close friends and admired peers as a guideline for their own academic behav-

ior, both in terms of ensuring its compatibility and appropriateness. And early adolescents’ cir-

cle of close friends as well as admired peers who may be outside of their friend circle, could

exert significant social influence on their academic lives such that they adopt each other’s aca-

demic behavior over time. It was concerning to find that the strength of social influence was

magnified when adolescents’ academic engagement was low. This is in line with prior research

that suggests unhealthy attributes, such as antisocial and deviant behaviors, are most vulnera-

ble to social contagion [43]. It indicates that early adolescents who are not focused on aca-

demic work and are distractive could experience the negative cycle through relationship

selection and social influence, leading to lower levels of academic engagement. Given the posi-

tive aspects of admired peers for adolescents’ academic adjustment (e.g., admired youth

showed higher academic engagement over time), researchers and educators may need to

attend to the admire networks to facilitate supporting peer social dynamics in the classroom. It

would be particularly important to integrate admirable peers in the informal peer interactions

and motivate academically less-engaged adolescents to create social connections with highly

achieving and engaged adolescents.

Theoretical and practical implications

Findings of the current research provide evidence that academic behavior such as academic

behavioral engagement can be influenced by multiple peer social relations, and that social con-

tagion of academic engagement could be equally salient in different networks of close friends

and admired peers. When adolescents have social interactions with close friends who are aca-

demically engaged and focused on academic work, their own academic engagement become

more similar to that of their friends. And, admiring peers who are highly engaged in academic

work increases adolescents’ own academic engagement over time. This finding is consistent

with prior research examining peer relations [10] and social influence in a variety of behaviors

[5, 8, 44], but the present study additionally underscores the fact that admired peers as well as

close friends serve as effective channels for social contagion of academic engagement. Given

adolescents’ academic achievement is one of those costly behavior types that are not easily

changed or socialized [5, 12], the current findings are noteworthy.

Current study provides insights into the relative and cumulative importance of various

social relations and different effect sizes of relationship selection and social influence among

distinctive social relations, which is vital for understanding underlying mechanisms and rele-

vant factors shaping effective interventions. Significant roles of admired peers can help us to

better understand the social influence of high-status peers’ behavior among their classmates.

Adolescents’ closeness and frequent interactions with admired peers may determine the extent

to which the intervention is effective for adolescents. For example, youth could benefit more

from the academic engagement intervention when they are closely affiliated with admired

peers who are highly engaged and achieving. Similarly, adolescents may benefit more when

they have multiple positive and less negative social relations with close friends and admired

peers. Results with the current longitudinal social network analysis provide information about

how interventions should be delivered to stimulate the strengthening of positive peer relation-

ships. Specifically, admired peers could be most helpful when intervention is delivered by

peer-led program [45] as high-status peers can be employed as role models who set the group

norms and spread perceptions of appropriate academic behavior [46].
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Limitations and conclusion

There are several limitations that need to be addressed in future research. First, our social net-

work measure did not take into account the quality or strength of peer relationships. The

strength of social relationships is a combination of the amount of time shared together, mutual

confiding, emotional intensity, and the reciprocal interactions that characterize the social tie

[47]. However, we considered each social relation as equivalent in the present study. Future

work that incorporates the strength of the social tie could be valuable in understanding the

nature and extent of how academic behaviors and beliefs are socialized. Second, our peer nom-

ination measures were limited to early adolescents’ classroom networks. Although this was a

reasonable choice given that early adolescents spend most of their time in their classroom, it is

likely that we missed their other important social relations that arise outside of their classroom.

Third, owing to the small social networks in the class, our models could not be converged

when we used meta-analysis. Thus, we combined classes and analyzed them simultaneously

using the multi-group option, which is a typical procedure that is in line with various prior

studies that considered small classrooms [48–50]. In future research with larger samples (e.g.,

grade-level networks), researchers could attempt to replicate the current study with meta-anal-

yses to allow for variations between different classes. Lastly, we assessed adolescents’ social

relationships at two time points, which may not capture much of the change that could occur

during the school year. Future research with multiple assessments could be informative about

the fluctuations in adolescents’ peer networks as well as possible relations to changes in their

academic engagement.

Research utilizing longitudinal social network analysis has been burgeoning and has con-

tributed to the understanding of the underlying mechanisms that induce the co-evolution of

individuals’ social networks and diverse behaviors. To date, most prior research has investi-

gated selection and social influence of peers without considering different types of social rela-

tions. With our study, aimed at examining different social networks of close friends and

admired peers, we found that early adolescents’ academic behavioral engagement is socialized

in different ways within their peer social networks. We empirically confirmed that similarity

in academic engagement is a strong factor in selection of friends but not the admired peers,

but both types of peer relations had salient roles in socialization of academic engagement.

These findings underscore that both close friends and admired peers are important channels

for social contagion of academic behavior and that specifying and examining social relations

beyond friends are important for advancing our understanding of adolescents’ peer influence

as well as contributing factors of social contagion.

Supporting information

S1 Table. Description of parameters used in the current models.

(DOCX)

S1 File. Statistics across classroom networks.

(ZIP)

S1 Data. Dataset.

(XLSX)

Author Contributions

Conceptualization: Huiyoung Shin.

Data curation: Huiyoung Shin.

PLOS ONE Social contagion

PLOS ONE | https://doi.org/10.1371/journal.pone.0265385 March 24, 2022 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265385.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265385.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265385.s003
https://doi.org/10.1371/journal.pone.0265385


Formal analysis: Huiyoung Shin.

Investigation: Huiyoung Shin.

Methodology: Huiyoung Shin.

Project administration: Huiyoung Shin.

Resources: Huiyoung Shin.

Software: Huiyoung Shin.

Visualization: Huiyoung Shin.

Writing – original draft: Huiyoung Shin.

Writing – review & editing: Huiyoung Shin.

References
1. Rodkin PC, Ryan AM. Child and adolescent peer relations in educational context. In: Harris KR, Gra-

ham S, Urdan T, Graham S, Royer JM, Zeidner M, editors. The educational psychology handbook, Vol.

2. Individual differences and cultural and contextual factors. Washington, D.C.: American Psychologi-

cal Association;2012. pp. 363–389. https://doi.org/10.1037/13274-015

2. Laninga-Wijnen L, Harakeh Z, Steglich C, Dijkstra JK, Veenstra R, and Vollebergh W. The norms of

popular peers moderate Friendship Dynamics of Adolescent Aggression, Child Development. 2016; 88

(4):1265–1283. https://doi.org/10.1111/cdev.12650 PMID: 27779756

3. Shin H. The role of friends in help-seeking tendencies during early adolescence: Do classroom goal

structures moderate selection and influence of friends? Contemporary Educational Psychology. 2018;

53:135–145. https://doi.org/10.1016/j.cedpsych.2018.03.002

4. Shin H, Ryan AM. Friend influence on early adolescent disruptive behavior in the classroom: Teacher

emotional support matters. Developmental psychology. 2017; 53(1):114–125. https://doi.org/10.1037/

dev0000250 PMID: 27854462

5. Smirnov I, Thurner S. Formation of homophily in academic performance: Students change their friends

rather than performance. PloS one. 2017; 12(8):e0183473. https://doi.org/10.1371/journal.pone.

0183473 PMID: 28854202

6. Dijkstra JK, Berger C, Lindenberg S. Do physical and relational aggression explain adolescents’ friend-

ship selection? The competing roles of network characteristics, gender, and social status. Aggressive

behavior. 2011; 37(5):417–429. https://doi.org/10.1002/ab.20402 PMID: 21688275

7. Knecht A, Snijders TA, Baerveldt C, Steglich CE, Raub W. Friendship and delinquency: Selection and

influence processes in early adolescence. Social Development. 2010; 19(3):494–514. https://doi.org/

10.1111/j.1467-9507.2009.00564.x

8. Mercken L, Snijders TA, Steglich C, de Vries H. Dynamics of adolescent friendship networks and smok-

ing behavior: Social network analyses in six European countries. Social science & medicine. 2009; 69

(10):1506–1514. https://doi.org/10.1016/j.socscimed.2009.08.003 PMID: 19775794

9. Brechwald WA, Prinstein MJ. Beyond homophily: A decade of advances in understanding peer influ-

ence processes. Journal of Research on Adolescence. 2011; 21(1):166–179. https://doi.org/10.1111/j.

1532-7795.2010.00721.x PMID: 23730122

10. McPherson M, Smith-Lovin L, Cook JM. Birds of a feather: Homophily in social networks. Annu Rev

Sociol. 2001; 27:415–444. https://doi.org/10.1146/annurev.soc.27.1.415

11. Shin H. Who are popular, liked, and admired? Longitudinal associations between three social status

and academic-social behavior. Journal of youth and adolescence. 2020; 49(9):1783–1792. https://doi.

org/10.1007/s10964-020-01222-0 PMID: 32152911

12. Dokuka S, Valeeva D, Yudkevich M. How academic achievement spreads: The role of distinct social

networks in academic performance diffusion. Plos one. 2020; 15(7):e0236737. https://doi.org/10.1371/

journal.pone.0236737 PMID: 32716973

13. Flashman J. Academic achievement and its impact on friend dynamics. Sociology of education. 2012;

85(1):61–80. https://doi.org/10.1177/0038040711417014 PMID: 25705057

PLOS ONE Social contagion

PLOS ONE | https://doi.org/10.1371/journal.pone.0265385 March 24, 2022 14 / 16

https://doi.org/10.1037/13274-015
https://doi.org/10.1111/cdev.12650
http://www.ncbi.nlm.nih.gov/pubmed/27779756
https://doi.org/10.1016/j.cedpsych.2018.03.002
https://doi.org/10.1037/dev0000250
https://doi.org/10.1037/dev0000250
http://www.ncbi.nlm.nih.gov/pubmed/27854462
https://doi.org/10.1371/journal.pone.0183473
https://doi.org/10.1371/journal.pone.0183473
http://www.ncbi.nlm.nih.gov/pubmed/28854202
https://doi.org/10.1002/ab.20402
http://www.ncbi.nlm.nih.gov/pubmed/21688275
https://doi.org/10.1111/j.1467-9507.2009.00564.x
https://doi.org/10.1111/j.1467-9507.2009.00564.x
https://doi.org/10.1016/j.socscimed.2009.08.003
http://www.ncbi.nlm.nih.gov/pubmed/19775794
https://doi.org/10.1111/j.1532-7795.2010.00721.x
https://doi.org/10.1111/j.1532-7795.2010.00721.x
http://www.ncbi.nlm.nih.gov/pubmed/23730122
https://doi.org/10.1146/annurev.soc.27.1.415
https://doi.org/10.1007/s10964-020-01222-0
https://doi.org/10.1007/s10964-020-01222-0
http://www.ncbi.nlm.nih.gov/pubmed/32152911
https://doi.org/10.1371/journal.pone.0236737
https://doi.org/10.1371/journal.pone.0236737
http://www.ncbi.nlm.nih.gov/pubmed/32716973
https://doi.org/10.1177/0038040711417014
http://www.ncbi.nlm.nih.gov/pubmed/25705057
https://doi.org/10.1371/journal.pone.0265385


14. Finn JD, Zimmer KS. Student engagement: What is it? Why does it matter?. In: Christenson SL,

Reschly AL, Wylie C. Handbook of research on student engagement. Boston: Springer;2012. pp. 97–

131. https://doi.org/10.1007/978-1-4614-2018-7_5

15. stenson SL, Havsy LH. Family-school-peer relationships: Significance for social, emotional and aca-

demic learning. In: Zins JE, Weissberg RP, Wang MC, Walberg HJ, editors. Building academic success

on social and emotional learning: What does the research say. New York: Teacher College

Press;2004. pp. 59–75. https://doi.org/10.1080/10573560600992837

16. Strati AD, Schmidt JA, Maier KS. Perceived challenge, teacher support, and teacher obstruction as pre-

dictors of student engagement. Journal of Educational Psychology. 2017; 109(1):131–147. https://doi.

org/10.1037/edu0000108

17. Shin H, Ryan AM. Early adolescent friendships and academic adjustment: Examining selection and

influence processes with longitudinal social network analysis. Developmental psychology. 2014; 50

(11):2462. https://doi.org/10.1037/a0037922 PMID: 25221841

18. Skinner EA, Pitzer JR. Developmental dynamics of student engagement, coping, and everyday resil-

ience. In: Christenson SL, Reschly AL, Wylie C, editors. Handbook of research on student engagement.

Boston: Springer;2012. pp. 21–44. https://doi.org/10.1007/978-1-4614-2018-7_2

19. Frank KA, Muller C, Mueller AS. The embeddedness of adolescent friendship nominations: The forma-

tion of social capital in emergent network structures. American Journal of Sociology. 2013; 119(1):216–

253. https://doi.org/10.1086/672081 PMID: 25364011

20. Dijkstra JK, Lindenberg S, Veenstra R. Beyond the class norm: Bullying behavior of popular adoles-

cents and its relation to peer acceptance and rejection. Journal of abnormal child psychology. 2008; 36

(8):1289–1299. https://doi.org/10.1007/s10802-008-9251-7 PMID: 18607717

21. Shin H. Friendship dynamics of adolescent aggression, prosocial behavior, and social status: the mod-

erating role of gender. Journal of youth and adolescence. 2017; 46(11): 2305–2320. https://doi.org/10.

1007/s10964-017-0702-8 PMID: 28699121

22. Cillessen AH, Rose AJ. Understanding popularity in the peer system. Current Directions in Psychologi-

cal Science. 2005; 14(2):102–105. https://doi.org/10.1111/j.0963-7214.2005.00343.x

23. Bandura A. Self-efficacy: Toward a unifying theory of behavioral change. Psychological Review. 1977;

84(2):191–215. https://doi.org/10.1037//0033-295x.84.2.191 PMID: 847061

24. Goethals GR, Darley JM. Social Comparison Theory: Self-Evaluation and Group Life. In: Mullen B,

Goethals GR, eidtors. Theories of Group Behavior. Springer Series in Social Psychology. New York:

Springer;1987. pp. 21–22. https://doi.org/10.1007/978-1-4612-4634-3_2 1987

25. Zhang Z, Pomerantz EM, Qin L, Logis H, Ryan AM, Wang M. Characteristics of likability, perceived pop-

ularity, and admiration in the early adolescent peer system in the United States and China. Develop-

mental Psychology. 2018; 54(8):1568–1581. https://doi.org/10.1037/dev0000544 PMID: 30047777

26. Huisman M, Steglich C. Treatment of non-response in longitudinal network studies. Social Networks.

2008; 30(4):297–308. https://doi.org/10.1016/j.socnet.2008.04.004

27. Snijders TA, Van de Bunt GG, Steglich CE. Introduction to stochastic actor-based models for network

dynamics. Social Networks.2010; 32(1), 44–60. https://doi.org/10.1016/j.socnet.2009.02.004

28. Skinner EA, Kindermann TA, Furrer CJ. A motivational perspective on engagement and disaffection:

Conceptualization and assessment of children’s behavioral and emotional participation in academic

activities in the classroom. Educational and Psychological Measurement. 2009; 69(3), 493–525. https://

doi.org/10.1177/0013164408323233

29. Ripley RM, Snijders TA, Boda Z, Vörös A, Preciado P. Manual for RSiena. Oxford (OX): University of

Oxford, Department of Statistics, 2021 July.

30. Steglich C, Snijders TA, Pearson M. Dynamic networks and behavior: Separating selection from influ-

ence. Sociological Methodology. 2010; 40(1):329–393. https://doi.org/10.1111/j.1467-9531.2010.

01225.x

31. Veenstra R, Steglich C. Actor-based model for network and behavior dynamics. In: Laursen B, Little

TD, Card NA, editors. Handbook of developmental research methods. New York: The Guilford Press;

2012. pp. 598–618.

32. Centola D. The spread of behavior in an online social network experiment. Science (80-). 2010; 329

(5996):1194–1197. http://doi.org/10.1126/science.1185231

33. Wang C, Lizardo O, Hachen DS. Neither influence nor selection: Examining co-evolution of political ori-

entation and social networks in the NetSense and NetHealth studies. PloS One. 2020; 15(5):e0233458.

https://doi.org/10.1371/journal.pone.0233458 PMID: 32470078

34. Guilbeault D, Becker J, Centola D. Complex contagions: A decade in review. Complex Spreading Phe-

nomena in Social Systems. 2018;3–25. https://doi.org/10.1007/978-3-319-77332-2_1

PLOS ONE Social contagion

PLOS ONE | https://doi.org/10.1371/journal.pone.0265385 March 24, 2022 15 / 16

https://doi.org/10.1007/978-1-4614-2018-7_5
https://doi.org/10.1080/10573560600992837
https://doi.org/10.1037/edu0000108
https://doi.org/10.1037/edu0000108
https://doi.org/10.1037/a0037922
http://www.ncbi.nlm.nih.gov/pubmed/25221841
https://doi.org/10.1007/978-1-4614-2018-7_2
https://doi.org/10.1086/672081
http://www.ncbi.nlm.nih.gov/pubmed/25364011
https://doi.org/10.1007/s10802-008-9251-7
http://www.ncbi.nlm.nih.gov/pubmed/18607717
https://doi.org/10.1007/s10964-017-0702-8
https://doi.org/10.1007/s10964-017-0702-8
http://www.ncbi.nlm.nih.gov/pubmed/28699121
https://doi.org/10.1111/j.0963-7214.2005.00343.x
https://doi.org/10.1037//0033-295x.84.2.191
http://www.ncbi.nlm.nih.gov/pubmed/847061
https://doi.org/10.1007/978-1-4612-4634-3_2
https://doi.org/10.1037/dev0000544
http://www.ncbi.nlm.nih.gov/pubmed/30047777
https://doi.org/10.1016/j.socnet.2008.04.004
https://doi.org/10.1016/j.socnet.2009.02.004
https://doi.org/10.1177/0013164408323233
https://doi.org/10.1177/0013164408323233
https://doi.org/10.1111/j.1467-9531.2010.01225.x
https://doi.org/10.1111/j.1467-9531.2010.01225.x
http://doi.org/10.1126/science.1185231
https://doi.org/10.1371/journal.pone.0233458
http://www.ncbi.nlm.nih.gov/pubmed/32470078
https://doi.org/10.1007/978-3-319-77332-2_1
https://doi.org/10.1371/journal.pone.0265385


35. Berger CR, Calabrese RJ. Some explorations in initial interaction and beyond: Toward a developmental

theory of interpersonal communication. Human Communication Research. 1975; 1(2):99–112. https://

doi.org/10.1111/j.1468-2958.1975.tb00258.x

36. Byrne D, Gouaux C, Griffitt W, Lamberth J, Murakawa N, Prasad MA, et al. The ubiquitous relationship:

Attitude similarity and attraction: A cross-cultural study. Human Relations. 1971; 24(3):201–207. https://

doi.org/10.1177/001872677102400302

37. Taylor AZ, Graham S. An examination of the relationship between achievement values and perceptions

of barriers among low-SES African American and Latino students. Journal of Educational Psychology.

2007; 99(1):52–54. https://doi.org/10.1037/0022-0663.99.1.52

38. Becker BE, Luthar SS. Peer-perceived admiration and social preference: Contextual correlates of posi-

tive peer regard among suburban and urban adolescents. Journal of Research on Adolescence. 2007;

17(1):117–144. https://doi.org/10.1111/j.1532-7795.2007.00514.x PMID: 18193097

39. Graham S, Juvonen J. Self-blame and peer victimization in middle school: an attributional analysis.

Developmental Psychology. 1998; 34(3):587–599. https://doi.org/10.1037//0012-1649.34.3.587 PMID:

9597367

40. North EA, Ryan A, Cortina K, Brass NR. Social status and classroom behavior in math and science dur-

ing early adolescence. Journal of Youth and Adolescence. 2019; 48(3):597–608. https://doi.org/10.

1007/s10964-018-0949-8 PMID: 30367370

41. Altermatt ER, Broady EF. Coping with achievement-related failure: An examination of conversations

between friends. Merrill-Palmer Quarterly (1982-). 2009;454–487. http://www.jstor.org/stable/

23096235

42. Dishion TJ, Shaw D, Connell A, Gardner F, Weaver C, Wilson M. The family check-up with high-risk

indigent families: Preventing problem behavior by increasing parents’ positive behavior support in early

childhood. Child Development. 2008; 79(5):1395–1414. https://doi.org/10.1111/j.1467-8624.2008.

01195.x PMID: 18826532

43. Prinstein MJ, Brechwald WA, Cohen GL. Susceptibility to peer influence: Using a performance-based

measure to identify adolescent males at heightened risk for deviant peer socialization. Developmental

Psychology. 2011; 47(4):1167. https://doi.org/10.1037/a0023274 PMID: 21463036

44. Cheadle JE, Walsemann KM, Goosby BJ. Teen alcohol use and social networks: The contributions of

friend influence and friendship selection. J Alcohol Drug Depend. 2015; 3(5):1–9. https://doi.org/10.

4172/2329-6488.1000224 PMID: 26692436

45. Wyman PA, Brown CH, LoMurray M, Schmeelk-Cone K, Petrova M, Yu Q, et al. An outcome evaluation

of the Sources of Strength suicide prevention program delivered by adolescent peer leaders in high

schools. American Journal of Public Health. 2010; 100(9):1653–1661. https://doi.org/10.2105/AJPH.

2009.190025 PMID: 20634440

46. Veenstra R, Laninga-Wijnen L. Peer network studies and interventions in adolescence. Current Opinion

in Psychology. 2022; 44:157–163. https://doi.org/10.1016/j.copsyc.2021.09.015

47. Granovetter MS. The strength of weak ties. American Journal of Sociology. 1973; 78(6):1360–1380.

https://doi.org/10.1086/225469

48. DeLay D, Ha T, Van Ryzin M, Winter C, Dishion TJ. Changing friend selection in middle school: A social

network analysis of a randomized intervention study designed to prevent adolescent problem behavior.

Prevention Science. 2016; 17(3):285–294. https://doi.org/10.1007/s11121-015-0605-4 PMID:

26377235

49. Laninga-Wijnen L, Harakeh Z, Dijkstra JK, Veenstra R, Vollebergh W. Aggressive and prosocial peer

norms: Change, stability, and associations with adolescent aggressive and prosocial behavior develop-

ment. The Journal of Early Adolescence, 2018; 38(2):178–203. https://doi.org/10.1177/

0272431616665211

50. Weerman FM. Delinquent peers in context: A longitudinal network analysis of selection and influence

effects. Criminology. 2011; 49(1):253–286. https://doi.org/10.1111/j.1745-9125.2010.00223.x

PLOS ONE Social contagion

PLOS ONE | https://doi.org/10.1371/journal.pone.0265385 March 24, 2022 16 / 16

https://doi.org/10.1111/j.1468-2958.1975.tb00258.x
https://doi.org/10.1111/j.1468-2958.1975.tb00258.x
https://doi.org/10.1177/001872677102400302
https://doi.org/10.1177/001872677102400302
https://doi.org/10.1037/0022-0663.99.1.52
https://doi.org/10.1111/j.1532-7795.2007.00514.x
http://www.ncbi.nlm.nih.gov/pubmed/18193097
https://doi.org/10.1037//0012-1649.34.3.587
http://www.ncbi.nlm.nih.gov/pubmed/9597367
https://doi.org/10.1007/s10964-018-0949-8
https://doi.org/10.1007/s10964-018-0949-8
http://www.ncbi.nlm.nih.gov/pubmed/30367370
http://www.jstor.org/stable/23096235
http://www.jstor.org/stable/23096235
https://doi.org/10.1111/j.1467-8624.2008.01195.x
https://doi.org/10.1111/j.1467-8624.2008.01195.x
http://www.ncbi.nlm.nih.gov/pubmed/18826532
https://doi.org/10.1037/a0023274
http://www.ncbi.nlm.nih.gov/pubmed/21463036
https://doi.org/10.4172/2329-6488.1000224
https://doi.org/10.4172/2329-6488.1000224
http://www.ncbi.nlm.nih.gov/pubmed/26692436
https://doi.org/10.2105/AJPH.2009.190025
https://doi.org/10.2105/AJPH.2009.190025
http://www.ncbi.nlm.nih.gov/pubmed/20634440
https://doi.org/10.1016/j.copsyc.2021.09.015
https://doi.org/10.1086/225469
https://doi.org/10.1007/s11121-015-0605-4
http://www.ncbi.nlm.nih.gov/pubmed/26377235
https://doi.org/10.1177/0272431616665211
https://doi.org/10.1177/0272431616665211
https://doi.org/10.1111/j.1745-9125.2010.00223.x
https://doi.org/10.1371/journal.pone.0265385

