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6
Exploring the role of cooperative learning 
in forming positive peer relationships in 

primary school classrooms: 
a social network approach

This chapter is submitted for publication as: 
Veldman, M. A., Doolaard, S., Bosker, R. J., & Snijders, T. A. B. (2021). Exploring the role 
of cooperative learning in forming positive peer relationships in primary school classrooms: 
a social network approach.
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Highlights

▪	 Cooperative learning effects on peer relations were explored following a social 
network approach

▪	 Positive peer relationships, i.e., liking to work together, in SfA classrooms were 
compared to control classrooms

▪	 Results showed greater openness of the network in SfA classrooms

▪	 A greater diversity in peer relationships in SfA classrooms was not found 

▪	 A higher number of positive peer relationships in SfA classrooms was also not found
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Abstract

We investigated the impact of cooperative learning on positive peer relationships, i.e., whether 
students like to work together, in the first grades of primary education. Cooperative learning was 
implemented on a daily basis as part of the Success for All (SfA) program. We hypothesized 
in SfA classrooms compared to control classrooms (a) a higher number of positive peer 
relationships, (b) a greater openness of the network indicated by lower tendencies to reciprocity, 
transitivity and isolates, and (c) a greater diversity in relationships, i.e., a weaker tendency 
to select similar peers with regard to gender, socio-economic background, and academic 
performance. Stochastic actor-oriented models for network dynamics were applied to 16 
SfA classrooms and 16 control classrooms. In total, the study included 791 students. Results 
supported the hypothesis of greater openness of SfA classroom networks. We did not find a 
higher number of positive peer relationships or greater diversity in peer relationships in SfA 
classrooms. 
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Introduction 

Peer interactions and peer relationships are important determinants of children’s development. 
Through experiences with peers, children acquire a wide range of behaviors and skills that 
influence their adaptation during the life span (Rubin, Bukowski, & Parker, 2006). Children’s 
interactions and relationships with classmates are also related to their engagement, learning, 
and achievement in the classroom (Ladd, Kochenderfer-Ladd, Visconti, & Ettekal, 2012). The 
classroom is a primary context for experiences with peers for children in primary education 
(Fabes, Martin, & Hanish, 2009). Cooperative learning seems to promote successful peer 
interactions, and consequently, positive peer relationships in the classroom context (e.g., 
Battistich & Watson, 2003; Tolmie et al., 2010). 

In the current study it is investigated whether cooperative learning affects peer 
relationships, i.e., whether students like to work together, in the first grades of primary 
education classrooms. When examining the peer context, it is important to consider that 
relational processes are not only formed as a consequence of individual characteristics, but 
also as a result of processes occurring on a group level, e.g., the classroom (Rubin et al., 
2006). However, until now, research on cooperative learning effects on peer relations in the 
classroom has followed approaches in which relations were studied aggregated to the individual 
level, i.e., as individual characteristics. In the present study it is aimed to get more insight in 
the patterns or structures of peer relationships on a classroom level, and therefore, a social 
network approach was followed. 

Cooperative learning 
Cooperative learning refers to the instructional use of small groups in which students work 
together to maximize students’ learning (Johnson & Johnson, 1999; Slavin, Madden, Chambers, 
& Haxby, 2009), which might involve students’ cognitive as well as social emotional learning. 
Simply placing students in groups, however, does not guarantee that positive interactions 
will occur. Therefore, it is key to stimulate positive interdependence between students during 
cooperative learning activities. Positive interdependence exists when students perceive that 
they are linked together and their actions promote the achievement of joint goals. It promotes 
a situation in which students work together to maximize the learning of all group members, 
provide mutual support, share resources, and celebrate joint success (Johnson & Johnson, 
1999, 2009).
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The cooperative learning approach investigated in the current study is part of the 
comprehensive school reform program Success for All (SfA). SfA has been shown to be 
effective in increasing student achievement in the US and the UK (Borman, Slavin, Cheung, 
Chamberlain, Madden, & Chambers, 2007; Quint, Zhu, Balu, Rappaport, & DeLaurentis, 
2015; Tracey, Chambers, Slavin, Hanley, & Cheung, 2014). The core of the SfA program 
consists of daily ninety-minutes SfA lessons targeted on language and reading with extensive 
use of cooperative learning. Teachers are supported in their implementation of the lessons 
by scripted lesson plans; teachers receive materials and manuals containing descriptions of 
every single SfA lesson. 

In the daily SfA lessons, students work together in teams of approximately four children. 
During the cooperative learning activities positive interdependence between group members 
is promoted and students hold each other accountable for their learning. Various cooperative 
learning structures, such as “Think-Pair-Share” (Kagan, 1989) are practiced in the SfA lessons. 
Teachers in the SfA program are taught strategies and given tools to help their students work 
cooperatively, including modeling for students the kinds of behaviors and questions that lead 
to effective teamwork. Cooperative learning used in SfA lessons involves explicit instruction 
in the required cooperative behaviors, such as “everyone participates” and “help each other”. 
Teachers reward effective teamwork with a points system and certificates, and successes 
are celebrated with cheers. SfA is described in more detail in Slavin, Madden, Chambers, 
and Haxby (2009).

Promoting positive peer relations by cooperative learning 
Positive peer relationships involve liking or supporting others (Roseth, Johnson, & Johnson, 
2008). Under conditions of positive interdependence during cooperative learning activities, 
positive peer interactions are promoted, and in turn, more positive peer relationships might 
develop (Johnson & Johnson, 2009). In the meta-analysis of Roseth, Johnson, and Johnson 
(2008), involving adolescents (aged 12–15 years old; Grades 6–9), it was found that higher 
achievement (ES = .46 – .65) and more positive peer relationships (ES = .42 – .56) resulted 
from cooperative learning, in which peers were positively dependent of each other, compared 
to individualistic and competitive learning situations. Correspondingly, Van Ryzin and Roseth 
(2018) found cooperative learning promoted peer relatedness across the general student 
population in the 7th Grade. In addition, they concluded that cooperative learning significantly 
improved experiences of marginalized or isolated students, indicated by reduced bullying, 
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victimization, and stress among those students. These findings suggest that cooperative 
learning is an effective way to promote academic achievement while simultaneously positive 
peer relationships are built among adolescents. 

Tolmie et al. (2010) showed that also in primary education classrooms of 9–12 years 
olds, cooperative learning can lead to improvement of peer relationships alongside established 
cognitive student outcomes. After the cooperative learning program students wanted to 
collaborate with more classmates than before. The number of classmates students wanted 
to play with also increased, although to a lesser extent, suggesting that play relations were 
affected less directly by the intervention. Finally, they concluded that cooperative learning 
can have a dual cognitive and social impact, and may lead to an improvement of positive peer 
relationships alongside cognitive achievement.

The possible effect of cooperative learning on increasing positive peer relationships in 
the classroom may also lead to more diverse peer relationships. Slavin and Cooper (1999) 
reviewed the effects of cooperative learning on improving intergroup relationships among 
students of different racial and ethnic backgrounds. Taking into account that their focus was 
specifically on racial and cultural diversity, they concluded that cooperative learning facilitates 
friendships between students of diverse backgrounds. Kutnick, Ota, and Berdondini (2008) 
indicated in their study with young students (5–7 years old), although only anecdotally, also 
more diversity in peer relationships due to cooperative learning. They suggested there was an 
increased ability to work with peers of a large range of abilities or other individual differences. 

Defining the peer context: a social network approach
The peer context can be framed in successive levels of complexity: individuals, interactions, 
relationships, and groups (Bukowski, Laursen, & Ruben, 2018; Rubin, Bukowski, & Parker, 
2006, see also Hinde, 1987). The level of individuals includes the characteristics children bring 
to social exchanges, such as their social skills. The level of interactions refers to the social 
exchange between two individuals. The meanings, expectations, and emotions that derive 
from a succession of interactions between two individuals known to each other are referred 
to as relationships. Relationships are embedded in groups, or networks of relationships with 
more or less clearly defined boundaries, e.g., a classroom. The level of groups is the highest 
order level of complexity and refers to the structure that emerges from patterns and properties 
of the interactions and relationships in a collection of individuals. 

Analyses at all levels – individuals, interactions, relationships, and groups – are helpful to 
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create a better understanding of the peer context (Rubin et al., 2006; Gifford-Smith & Brownell, 
2003). Social network analyses provide the particular opportunity to address the group level 
of the peer context, as it can give insight in the structure or patterns of relationships (see 
Robins, 2015). By taking a social network approach, properties of the group or the network, 
such as inclusiveness and openness in the choice of interaction partners, can be examined. 

Inclusiveness of a classroom network means that every child is part of the group; there 
are no socially isolated children and there are no strong subgroup boundaries associated with 
children’s attributes. Openness of a network is a slightly different construct, and may be 
regarded as the opposite of network closure, which is the phenomenon that networks tend to 
evolve in processes of reciprocity or transitivity (Rivera, Soderstrom, & Uzzi, 2010). There 
is reciprocity when two children mutually choose each other. Transitivity represents the 
tendency that if child A mentions child B and child B mentions child C, then it is more likely 
that child A also mentions child C. In terms of friendship one would say friends of friends are 
likely to become friends as well. Reciprocity and transitivity are tendencies that stabilize ties 
by other, related, ties that are in existence already. The risk of a relationship to an unknown 
person is replaced by the safety of relating to a person who also chooses you, or of being part 
of a (small) group (this is a basic feature of the development of social networks; see, e.g., 
Hallinan, 1979; Newcomb, 1961). Reciprocation and transitivity will lead to an organization 
of the network in clusters or small groups (e.g., Robins, 2015; Snijders, 2013).

A social network approach facilitates the examination of selection processes, which 
define how others are chosen based on individual characteristics, such as students’ academic 
performance, and on the basis of network structure, such as reciprocity and transitivity. From 
an inclusive perspective, selecting dissimilar peers is regarded as a positive result (see also 
Garrote, 2020), because this would mean peer relationships become more diverse. On the 
group level, this means that processes of homophily occur at a lower rate (see also Van Ryzin 
& Roseth, 2018). Homophily refers to the tendency that actors have a larger probability of 
being tied to each other if they have similar characteristics (McPherson et al., 2001), e.g., 
with respect to gender or academic performance.

Research question and hypotheses 
The main aim of the current study is to explore whether cooperative learning as part of the 
SfA program in the first grades of primary education affects the networks of positive peer 
relationships. We studied peer relationships defined as liking to work together. Cooperative 
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learning aims to increase positive interactions in the classroom. In turn, it is expected that 
for the network of liking to work together this leads to increased inclusiveness and openness. 

To our knowledge, the current study is the first investigating the impact of cooperative 
learning on peer relationships in primary education classrooms using longitudinal social network 
analyses. In addition to investigating the number of reported relationships per student, e.g., the 
number of classmates a student would like to work with (see also Tolmie et al., 2010), a social 
network approach allows to examine the network structures (including reciprocity, transitivity, 
and homophily) driving the creation and maintenance of relationships. The following is the 
main research question of the study: 

What is the impact of cooperative learning as part of the Success for All program on 
positive peer relationships (liking to work together) in primary education classrooms? 

We hypothesized a higher number of positive peer relationships per student in SfA 
classrooms compared to control classrooms (Hypothesis 1). Second, we hypothesized a 
greater inclusiveness or openness of the network in SfA classrooms indicated by (a) a weaker 
tendency to determining relationships by reciprocity (Hypothesis 2a), (b) a weaker tendency 
to determining relationships by transitivity (Hypothesis 2b), and (c) a lower tendency to 
allow that some individuals receive no nominations at all (Hypothesis 2c). We also expected 
relationships in SfA classrooms to have a lower tendency to select on similarity with regard to 
(a) gender (Hypothesis 3a), (b) socio-economic background (Hypothesis 3b), and (c) academic 
performance (Hypothesis 3c). Other differences between network structures of SfA classrooms 
and control classrooms were also explored; in particular, whether students in SfA classrooms 
want to collaborate more with team-mates than with other classroom members.

Method 

Intervention 
SfA was implemented in Grade 1 and Grade 2 in six schools in the Netherlands in the school 
year the data collection of the current study was conducted. The developers of the Dutch SfA 
program aimed to adhere to the American program, but the Dutch program differed in some 
aspects as it was in an early development phase. Similar to the American SfA program, the 
program consists of ninety-minute SfA lessons with a strong emphasis on cooperative learning. 
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Cross-grade ability grouping of students was not yet possible, because SfA lessons were only 
developed for the lower grades. In the Dutch program students received SfA instruction in 
their homeroom classes. Furthermore, a stand-alone version of the Getting Along Together 
(GAT) program targeting students’ social emotional development was not yet present, but 
some GAT assignments were included in the Dutch SfA lessons.

Teachers were supported in their implementation of SfA lessons through detailed scripted 
manuals. Furthermore, SfA provided professional training in how to teach SfA lessons and in 
the use of cooperative learning in these lessons. The focus of the initial training course, which 
took place right before the start of the school year, was on explaining teaching methods and 
materials. During the school year, program developers visited each classroom and there were 
meetings per grade with SfA teachers of all schools.

Sample
The total sample of this study included 791 students: 494 Grade 1 students (51.3% girls) and 
297 Grade 2 students (49.9% girls). Participants were about 6 to 8 years old (Grade 1 students: 
M = 6.5 years, SD = 5.4 months; Grade 2 students: M = 7.5 years, SD = 5.8 months) at the 
first moment of data collection. 

In total, 32 classes were included: 8 Grade 1 SfA classes, 8 Grade 2 SfA classes, 8 Grade 
1 control classes, and 8 Grade 2 control classes in six SfA and four control schools. Multi-grade 
classes were excluded from analyses. The number of children per class ranged from 17 to 33.

Procedures 
Schools became part of the intervention group in accordance with agreements among the 
school boards, the municipality, and the Dutch research and development team of SfA. Control 
schools were recruited in the same neighborhoods as the SfA schools in an effort to match 
on demographics. All SfA schools and control schools were situated in neighborhoods of the 
city with the highest percentages of low-income households, ranging from 11% to 22% (Van 
der Werff & Kloosterman, 2016). All schools had relatively high percentages of students from 
a disadvantaged socio-economic background, meaning that their parents or legal guardians 
completed less than two years of secondary school. Percentages ranged from 8% to 20% for 
SfA schools and from 8% to 23% for control schools (Dienst Uitvoering Onderwijs, 2016). 
Differences between SfA and control schools were not significant (t(8) = -.005, p = .99), which 
suggests comparability of SfA and control schools. 
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Data were collected in school year 2016-2017 in two waves of data collection. The 
first wave of data collection was conducted in October, in the last three weeks before the first 
holiday in the school year. The second wave of data collection was six months later in May, 
in the last three weeks before the last holiday in the school year. 

Procedures were approved by the ethics committee of the Department of Pedagogical and 
Educational Sciences of the University of Groningen. Active informed consent for participation 
in the study was obtained from the parents or legal guardians. All children with parental consent 
to participate filled in a questionnaire assessing peer relationships. The questionnaire was 
administered in a one-on-one setting by trained test leaders: undergraduate students who were 
not familiar to the children. During the training for test leaders, the procedure of administering 
the questionnaire and the role of the test leaders was discussed. While at the schools for testing, 
the test leaders could always contact one of the researchers for questions or advice. The test 
leaders read the questionnaire out loud to the children. Test leaders took great care that children 
were at ease and understood the questions. The children were instructed to provide their own 
responses to the questions and they were ensured that their answers would not be shared with 
their classmates. Filling in the questionnaire took approximately 15 minutes per child.

Measures 
Peer relationships: liking to work together. Peer relationships were assessed by the following 
question: “Do you like to work together with [name classmate]?”. Answers were on a 5-point 
scale ranging from “do not like it at all” to “like it very much”. All answers of the 5-point scale 
appeared with a smiley representing the specific answer. Names of classmates appeared in 
random order in the questionnaire for each child to avoid bias in the answers. Although data 
were collected on a 5-point scale, we dichotomized the data for the social network analyses. 
The answers “I like it very much” and “I like it” were used for defining the positive peer 
relationships. 

Missing data. In total, for 89.3% of the SfA students and for 76.4% of the control students 
we had active parental consent for filling in the questionnaire. Of the other students we had no 
active parent consent to let them participate in the questionnaire. These non-participants of the 
questionnaire did not provide nominations, but they were included in the questionnaire. Thus, 
although they did not provide nominations themselves, they were eligible to be nominated. 

After the first measurement, 23 children left their classroom and 18 children joined the 
classrooms. Thus, there were missing scores at one of the two measurement moments, i.e., 
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children did not provide and did not receive nominations, for 41 children. 
Teams and classroom arrangements. Teachers delivered classroom seating arrangements 

at the second moment of data collection. Within SfA classrooms, children are seated together 
in teams, i.e., groups of preferably four children. SfA children work together in teams in 
SfA lessons on a daily basis. Teams remain the same for a period from one holiday to the 
next holiday; this means teams stay the same for a period of approximately eight weeks. In 
control classes, children mostly were seated together in pairs or groups, ranging from two to 
six children in one group. In control classes there were some children who were not sitting 
together with classmates, but worked alone. With whom children were seated together in a pair 
or group in control classes was taken into account as team variable in the control classrooms. 

Individual attributes. Several actor attributes (individual-level properties) were included 
in the social network models. Gender (boy = 1; girl = 2), socio-economic background (non-
disadvantaged background = 0; disadvantaged background = 1), and academic performance 
(ranging 1–5) were taken into account as individual attributes. In Table 6.1, descriptive statistics 
of individual attributes are shown. 

Students’ socio-economic status. Socio-economic status is a dummy variable based on 
the educational level of the parents or legal guardians. In the Netherlands, schools receive 
additional funding for students from disadvantaged backgrounds, meaning that parents or 
legal guardians completed less than two years of secondary school. This is similar to not 
entering ISCED level 3, which is typically entered by students aged between 14 and 16 years 
old (Eurydice, 2018). There were 12 missing socio-economic status measures. 

Students’ academic performance. Academic performance is based on standardized 
reading comprehension tests developed by the Netherlands Institute for Educational 
Measurement (Cito). The validity and reliability of the tests has been assessed as good by the 
Dutch Committee of Tests and Testing (COTAN, 2010). Cronbach’s alpha of the tests were 
above .91 in the study of Feenstra, Kleintjes, Kamphuis, and Krom (2010), indicating good 
reliability of tests. Tests were conducted in June in Grade 1 as well as in Grade 2. Scores are 
divided into five categories and inversed coded ranging from high academic performance (1) 
to low academic performance (5). There were missing scores for academic performance for 
74 students.
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Table 6.1. Descriptives of individual attributes
SfA Control Total
N (%) N (%) N (%)

Gender (girl) 196 (50.0) 204 (51.3) 400 (50.6)
Disadvantaged background 48 (12.4) 65 (16.6) 113 (14.5)

M (SD) M (SD) M (SD)
Academic performance 2.95 (1.4) 2.94 (1.5) 2.95 (1.5)

Analyses 
Relational processes determining the choice of students with whom each given student would 
like to work together, were investigated by using stochastic actor-oriented models for network 
dynamics (Snijders, 2017; Snijders, Van de Bunt, & Steglich, 2010), explained more fully 
below. In the first step, stochastic actor-oriented models were fitted for each classroom network 
(within-classroom analyses). Second, parameter estimates were combined for analyses across 
classrooms, and the relational processes between control and SfA classrooms were compared. 
To obtain an adequate specification of the processes determining the network structure, 
effects representing hypothesized differences were complemented with other effects known 
to be important for network dynamics, and for which the two groups were compared in an 
exploratory way. We followed the guidelines of Snijders et al. (2010) and Ripley, Snijders, 
Boda, Vörös, and Preciado (2020) for model selection and procedures of testing. 

Stochastic actor-oriented models. Stochastic actor-oriented models for network 
dynamics were estimated with the RSiena (Simulation Investigation for Empirical Network 
Analysis) package in the R software (Ripley et al., 2020). Stochastic actor-oriented models 
empirically express observed changes in network ties and individual attributes. The network 
is observed at discrete time points, in the case of the current study networks were observed 
at two time points. The network dynamics starts at the state observed at the first observation, 
and the network at the second observation constitutes the dependent variable. The models 
assume that between the observation moments time runs on continuously, and at stochastic 
moments (unobserved) one actor (here: student in a classroom) has the opportunity to change 
one network tie toward one other actor. The models are actor-oriented in the sense that each 
actor controls his/her outgoing ties. The decisions by actors about tie changes are based on 
the current structure of the network as well as on their own attributes and the attributes of 
other actors in the network. All these unobserved small changes together result in the observed 
network change from the first to the second observation. To estimate the continuous-time models 
from the network data, simulation is used with the method of moments, meaning that for a 
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number of network descriptives the parameters are determined such that their expected value 
is equal to the observed value, and the expected values are approximated using simulations of 
the dynamic process. See Kalish (2020) and Snijders et al. (2010) for accessible introductions 
to the application of stochastic actor-oriented models.

In the first step of the analyses, stochastic actor-oriented models were fitted for each 
classroom network. Network structure effects included in the models were: out-degree, 
reciprocity, transitivity (represented by the gwespFF effect, see Ripley et al., 2020), in-degree 
popularity, out-degree popularity, out-degree activity, and reciprocal degree-related activity. 
Additionally, the tendency for nominating others of the same team/group (teams similarity) 
and effects of individual attributes were included in the models. The attributes considered were 
gender, socio-economic status, and academic performance. For each of these, the effects of 
similarity was included as well as the effect on the number of nominations made (ego effect) 
and on the propensity to be nominated by others (alter effect). In Table 6.2, all included effects 
are briefly explained. Mathematical formulae for the parameters can be found in the RSiena 
manual (Ripley et al., 2020). 

The correspondence between the hypotheses and the effects is indicated in Table 6.2. 
For Hypothesis 1, about the total number of nominations per student for working together, this 
correspondence is more complicated because the total number of nominations is determined 
not only by the outdegree parameter but also by the other parameters and the configuration 
of attributes; e.g., if there are more pairs of students who are similar to each other and the 
parameter for similarity is positive, the total number of nominations will be higher. Therefore, 
a two-level test (linear mixed effects model; see Snijders & Bosker, 2012), which took into 
account the nested structure of the data (students in classrooms) is used to test whether the 
total number of nominations on the second measurement occasion differed between SfA and 
control classrooms, whilst controlling for the total number of nominations per student on the 
first measurement occasion.
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Table 6.2. Descriptions of parameters in stochastic actor-oriented models and related research questions 
Parameters6 Descriptions Hypotheses
Network structure effects
1 Out-degree 

(density)
Indicates the tendency of students to nominate others (and is an indicator of 
conscious nomination choices) 

172

2 Reciprocity Indicates the tendency for nominations to be mutual 2a
3 Transitivity Indicates the tendency for friends of friends to become friends, which is a 

representation of network closure 
2b

4 In-degree 
popularity

Indicates a tendency to dispersions in in-degrees of the actors, or a tendency 
that popular students become more popular over time (actors with high in-
degrees tends to attract extra incoming ties)

5 Out-degree 
popularity

Indicates a tendency that students who nominate many others become more 
popular over time (actors with high out-degrees attract extra incoming ties)

6 Out-degree 
activity 

Indicates a tendency that the number of given nominations affects future 
activity in giving peer nominations (actors with high out-degrees tends to 
send out extra outgoing ties)

7 Reciprocal 
degree-related 
activity

Indicates a tendency that the number of reciprocated ties affect future activity 
of peer nominations (actors with many reciprocated ties tend to send out 
extra outgoing ties)

8 Anti in-isolates Indicates a tendency of actors to wishing to connect to others who otherwise 
would have no incoming ties, and wishing not to sever connections to others 
who thereby would lose their last incoming connection

2c

Selection effects 
9 Gender alter Indicates a tendency for gender differences in nominations received (girls 

receive more nominations than boys)
10 Gender ego Indicates a tendency for gender differences in nominations made (girls 

nominate more others than boys) 
11 Same gender Indicates a tendency for nominating others of the same gender 3a
12 SES alter Indicates a tendency for socio-economic background differences in 

nominations received (students with lower socio-economic status receive 
more nominations than students with higher socio-economic status)

13 SES ego Indicates a tendency for socio-economic background differences in 
nominations made (students with lower socio-economic status nominate 
more others than students with higher socio-economic status) 

14 Same SES Indicates a tendency for nominating others with the same socio-economic 
status

3b

15 Academic alter Indicates a tendency for academic performance differences in nominations 
received (students with lower academic performance receive more 
nominations than students with higher academic performance)

16 Academic ego Indicates a tendency for academic performance differences in nominations 
made (students with lower academic performance nominate more others than 
students with higher academic performance) 

17 Academic 
similarity 

Indicates a tendency for nominating others of similar academic performance 3c

18 Same team Indicates a tendency for nominating others of the same team/group

6 Names of parameters are as in the RSiena manual (Ripley et al., 2020).
7 For Hypothesis 1, the correspondence between the outdegree effect is more complicated because the total 
number of nominations is determined not only by the outdegree parameter but also by the other parameters and the 
configuration of attributes. Therefore, Hypothesis 1 was tested using a linear mixed effects model.
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Convergence and goodness of fit of classroom networks. Analyses of all classroom 
models were repeated until good convergence was attained: an overall maximum convergence 
ratio less than .25 and convergence t-ratios of all effects less than .10 (Ripley et al., 2020). 
For the determination of standard errors 3000 iterations were made. In a few classrooms the 
data contained not enough information to estimate effects of out-degree popularity, out-degree 
activity, and socio-economic status, and these effects were not used for estimation, but only 
tested (and found to be non-significant). It was planned to include an effect to test hypothesis 
2c about the number of children receiving no choices at all (so-called in-isolates), but it 
appeared that the data contained no in-isolates and therefore this was not carried out. In two 
classrooms there was no variability with regard to socio-economic status and effects of socio-
economic status were not used. In total, we performed 32 (classrooms) times four (in-degree 
distribution, out-degree distribution, triad census and geodesic distribution) goodness-of-fit 
tests (Lospinoso & Snijders, 2019). Of those 128 tests, for four tests p-values were smaller 
than .05. However, all these p-values were above .02. Altogether this indicates good fit for 
the classroom network models. 

Missing data and composition changes. In each classroom network, all students of the 
class were included in the matrices, even if they did not make or receive peer nominations. 
We used structural zeros to account for classroom composition changes, i.e., children leaving 
or joining the classroom. The children who could be nominated by their classmates, but did 
not give any nominations themselves due to missing parental consent, have missing scores 
for outgoing ties. Missing data were treated by the default method used in RSiena (Huisman 
& Steglich, 2008; Ripley et al., 2020).

Stability of relationships. Jaccard indices indicate the stability of relationships between 
the two measurement occasions. Indices with values of .3 or higher suggest sufficient stability 
in the networks to estimate the statistical parameters (Snijders et al., 2010). For SfA clasrooms, 
Jaccard indices were on average .47 (SD = .05). For control classrooms, Jaccard indices were 
on average .44 (SD = .07).

Meta-analyses and comparison of groups. For the second step of analyses, a meta-
analysis method for combining results from multiple network models was used (Snijders & 
Baerveldt, 2003). The first step of the within-classroom analyses (micro-level) yielded parameter 
estimates and their standard errors. In the second step these were combined to estimate and 
test the distribution of the parameters across classrooms (macro-level), assuming that the 
classrooms are a sample from a population. In the macro-level study, the parameter estimates 
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obtained for each classroom were combined taking into account that the differences between 
the parameter estimates are composed of real variability and error variability, reflected by 
the parameter estimates and their standard errors. The population means μk and variances σ2

k 
of the parameter values across the SfA classroom networks and across the control classroom 
networks were estimated and tested. Parameters were estimated and tested under assumptions 
of normality of the classroom deviations and the random errors (Ripley et al., 2020). 

Each parameter was analyzed separately, controlling for the other effects in the model 
under consideration; this is the subscript k in μk and σ2

k above. Model specification for each 
classroom network should be the same, but there can be differences with respect to parameters 
being fixed. Fixed parameters are left out in the meta-analysis. Estimates with a standard error 
larger than 5.0 are also left out, because they give no information (for these models, standard 
errors almost always are less than 1, see also Snijders & Baerveldt, 2003). Hence, the number 
of datasets (classroom networks) on which the parameter estimation was based can differ per 
effect. In the tables with results, the number of classroom networks on which the reported 
statistics are based is denoted by n.

The third step of analyses was to compare SfA and control estimates of effects. Differences 
between the parameter estimates of SfA classrooms and control classrooms were tested on 
the basis of the t-ratio, see Section 8.5 of Ripley et al. (2020).  

Results

The first hypothesis, i.e., a higher number of positive relationships per student in SfA classrooms 
(Hypothesis 1), was tested with a linear mixed model. Table 6.3 presents the results. No 
significant differences were found between the total number of nominations per student 
(outdegree) between SfA classrooms and control classrooms, whilst controlling for the total 
number of nominations per student on the first measurement occasion.
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Table 6.3. Linear mixed model total number of nominations per student (outdegree)
Fixed effects Estimate s.e.
Intercept 4.66 0.45
Outdegree T1 0.44* 0.03
SfA 0.58 0.53
Random effects Variance
Between classrooms 1.51
Residual 17.08
Deviance 4355.1

*p < .001

Table 6.4 presents the results of the meta-analyses of the stochastic actor-oriented models 
of the SfA and control classrooms, and the comparison of groups. The pattern of significances 
of the effects is almost the same in the control and SfA classrooms. Therefore, we first discuss 
the significance of the effects for the two groups jointly, and then the differences between 
the groups.

Table 6.4. Results of meta-analyses of stochastic actor-oriented models 
SfA classrooms Control classrooms
n μk s.e. σk n μk s.e. σk t-ratio

Network structure effects 
Out-degree (density) 15 -2.684*** 0.288 0.772* 15 -3.443*** 0.231 0.439 -2.05*
Reciprocity 16 0.986*** 0.144 0.071 16 1.662*** 0.151 0.145 3.24**
Transitivity 16 1.022*** 0.159 0.234 16 1.603*** 0.146 0.000 2.69**
In-degree popularity 16 0.019 0.013 0.023 16 -0.009 0.019 0.049* -1.21
Out-degree popularity 15 -0.022* 0.008 0.011 16 -0.019* 0.008 0.015 0.23
Out-degree activity 15 0.025*** 0.006 0.000 16 0.030*** 0.005 0.000 0.63
Reciprocal degree-related activity 16 -0.030* 0.011 0.000 16 -0.069*** 0.010 0.000 -2.58*
Selection effects 
Gender alter 16 0.020 0.039 0.037 16 0.085  0.056 0.124 0.96
Gender ego 16 0.035  0.061 0.155* 16 0.101* 0.049 0.076 0.85
Same gender 16 0.477*** 0.074 0.227* 16 0.462*** 0.050 0.106 -0.16
SES alter 10 0.189* 0.078 0.000 15 0.085 0.084 0.000 -0.90
SES ego 10 0.155 0.117 0.246 15 0.257* 0.089 0.076 0.69
Same SES 10 0.133  0.145 0.377* 15 0.178*  0.068 0.000 0.28
Academic alter 16 -0.055** 0.018 0.029 16 -0.036* 0.016 0.000 0.78
Academic ego 16 0.050 0.029 0.079* 16 0.015  0.019 0.032 -1.00
Academic similarity 16 0.194* 0.066 0.047 16 0.066 0.067 0.000 -1.36
Same team 16 0.229** 0.061 0.116 16 0.175** 0.056 0.000 -0.65

*p < .05      ** p < .01      ***p <. 001 (two-sided)
n = number of classrooms; μk= estimated average effect size with its standard error (s.e.); σk = estimated true between-
group standard deviation of the effect size with the p-value of the test that the true effect variance is zero; t-ratio = 
test statistic for testing equal values of μk for SfA and control classrooms. 
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Network structure effects
The outdegree (density) effect is like an intercept term in a regression model, and gives the 
balance between creating and dropping ties net of all other effects in the model. It is usually 
negative, which here is also the case, reflecting that students tend to mention less than half of 
their classmates as children with whom they like to work together. This indicates that students 
nominated selectively. 

The positive reciprocity parameter indicates that liking to work together nominations 
are likely to be reciprocated. The positive transitivity parameter indicates that nominations 
tended to be transitive: if A mentions B and B mentions C, then it is more likely that A also 
mentions C. 

In-degree popularity, representing differentiation between number of nominations 
received, with some being more and other less “popular” as nominated students, was not 
significant. Out-degree popularity indicates tendencies for actors with high out-degrees to 
attract extra incoming ties. This was found to be significant, although not strongly, with a 
negative parameter: students who gave more nominations were mentioned less frequently by 
others. Out-degree activity represents differentiation between number of nominations given, 
and was significantly positive. This indicates that students currently giving many nominations 
(i.e., with high out-degrees) tend to continue giving more nominations. The parameters for 
reciprocal degree-related activity were significantly negative, indicating that students who 
currently have many reciprocated nominations will be less active in sending new nominations. 

It turned out that in all classrooms, all students received at least some nominations, so 
the questions about the in-isolates did not apply, and the corresponding effect did not need 
to be included in the model. 

Selection effects
For gender there are three effects. Being of the same gender has a significant and large positive 
effect, expressing a predominance of same-gender nominations. Of the other two effects, 
ego (sender) and alter (receiver of the nomination), only the ego effect was significant in the 
control group, indicating that in the control schools the girls tended to give more nominations 
than the boys. 

For socio-economic status (SES) likewise there were three effects. Here the pattern of 
significances differed between the two groups, but as we shall discuss more at length below 
these parameters did not differ significantly, so we should not make too much here of these 
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differences. In the control group the same SES and SES ego effects were significant, expressing 
that students chose relatively more students of their own SES background, and students from 
disadvantaged backgrounds sent more nominations. In the SfA group the SES alter effect 
was significant, indicating that students from disadvantaged backgrounds received relatively 
more nominations.

For academic performance also, the two groups of classes showed a difference in 
the pattern of significances, but here also there were no significant differences between the 
parameters. In the SfA group there was a positive effect of academic performance similarity, 
expressing that students tended to nominate more others of similar academic performance. In 
both groups there was a negative effect of academic performance alter, expressing that those 
with low academic performance received relatively few nominations. 

In both groups of classrooms, there was a significantly positive parameter for teams 
similarity. Note that the meaning of teams was different in the two groups: for the SfA 
classrooms this referred to nominating team members, with whom they work together on a 
daily basis in SfA lessons; in control classes, it refers to the seating in the classroom. 

Differences between the SfA classrooms and control classrooms 
Four parameters differed significantly between the SfA group and the control group. The 
parameters for reciprocity and transitivity were significantly larger in the control group, while 
the parameter for reciprocal degree-related activity was significantly larger, i.e., less strongly 
negative, in the SfA group. This means that the patterns of nominations were more strongly 
determined by reciprocation and transitivity of choices in the control group, while the decrease 
in number of nominations with the number of reciprocated choices was weaker in the SfA 
group, and the tendency to make rather than withdraw choices, net of all other parameters, 
was stronger in the SfA group. Since all parameters together determine the pattern of choices, 
especially the latter, the difference in the outdegree (density) parameter, is difficult to interpret. 
The other three parameters (reciprocity, transitivity, and reciprocated degree activity) all are 
in the direction that for the SfA group the parameter is still significant but closer to zero than 
for the control group. This supports our hypothesis that effects of reciprocation and transitivity 
are weaker for SfA classrooms (Hypotheses 2a and 2b). We do not find support for greater 
diversity of relationships in SfA classrooms with respect to students’ gender (Hypothesis 3a), 
background (Hypothesis 3b), or academic performance (Hypothesis 3c).
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Discussion 

The classroom is a primary context for students in the first grades of primary education for 
peer interactions and the development of peer relationships, which are important determinants 
of children’s development (Fabes, Martin, & Hanish, 2009; Rubin et al., 2006). Through 
cooperative learning students have the opportunity to work and learn in interaction with 
others. Under conditions of positive interdependence during cooperative learning activities, 
i.e., students perceive that they are linked together and their actions promote the achievement 
of joint goals, positive peer relationships in the classroom context can be promoted (Roseth, 
Johnson, & Johnson, 2008). The main aim of the current study was to explore the impact of 
cooperative learning on positive peer relationships in the first grades of primary education. 

Stochastic actor-oriented models for network dynamics were used to investigate the 
relational processes determining the choice of students with whom each given student would 
like to work together for each classroom. SfA classrooms, in which teachers implemented 
cooperative learning on a daily basis, were compared with control classrooms. Our hypothesis 
that effects of reciprocation and transitivity are weaker for SfA classrooms was supported. 
There is reciprocity when two children choose each other. Transitivity represents the tendency 
that if child A mentions child B and child B mentions child C, then it is more likely that child 
A also mentions child C. Hence, the weaker tendencies towards reciprocity and transitivity 
indicate a greater openness of the networks in the SfA classrooms. This suggests that in the 
SfA classrooms, compared to the control classrooms, there was less of a tendency for the 
formation of small groups or clusters in the classroom network.

In the present study, it was also investigated whether students wanted to work together 
with more classmates than before, thus whether the number of positive peer relationships 
increased. Whilst controlling for the number of nominations on the first measurement occasion 
and taking into account the nested structure of the data (students in classrooms), for the SfA 
condition on the second measurement more students were nominated to work together with than 
for the control condition, but this difference was not significant. This lack of significance is not 
in line with the findings of Tolmie et al. (2010), who found in primary education classrooms 
with students of 9–12 years old that after a cooperative learning intervention students wanted 
to collaborate with more classmates than before. 

Earlier research indicated that cooperative learning may also lead to more diverse peer 
relationships in the classroom (Kutnick, Ota, & Berdondini, 2008; Slavin & Cooper, 1999). On 
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the network level this would mean that processes of homophily would occur at a lower rate. 
Thus, there would be less tendency in the SfA classroom networks that students select others 
with similar characteristics. However, the set of selection hypotheses was not confirmed; we 
did not find support for greater diversity of peer relationships in SfA classrooms with respect 
to gender, socio-economic background, or academic performance. 

Taking a social network approach enabled us to give insight in the network structure 
properties and selection processes occurring in the classroom networks. However, this approach 
also brings some limitations. Parameters of stochastic actor-oriented models, estimated from 
the observed network structures and their changes, do not have straightforward implications 
for observed statistics; the reasons are the non-linearity of the link function (this problem 
occurs already for logistic regression, cf. Mood, 2010), the strong parameter correlations, and 
the strong dependence between the network ties. In particular the outdegree parameter is not 
directly related to the average outdegree (average number of nominations per student), because 
the total number of nominations is determined not only by the outdegree parameter but also 
by the other parameters and the configuration of attributes. For this reason, Hypothesis 1 was 
tested directly from the data using a two-level linear mixed effects model. 

Other important limitations of the current study were the absence of random assignment 
of schools to conditions and the relatively small sample size. With respect to the quasi-
experimental design of the study it is important to note that SfA schools and control schools 
were situated in the same neighborhoods and no significant differences were found with regard 
to school characteristics such as the percentage of students from disadvantaged backgrounds. 
This suggests comparability of SfA and control schools. We also note here that by adopting 
a longitudinal social network approach, we accounted for initial differences between SfA 
and control classrooms: estimates refer to changes across time from the first to the second 
measurement. The study included a total of 32 classroom networks: 16 SfA classrooms and 
16 control classrooms. Although relatively small, this sample size may be considered to be 
justifiable given the complex intervention and the intensive data collection. 

A strength of the peer questionnaire conducted in our study is that for the question about 
liking to work together, the students were asked for each classmate in turn whether they liked to 
work with this classmate. This is in contrast to many other studies which restricted the number 
of peer nominations by asking students to nominate a fixed number (usually three) of their 
classmates (see e.g., Kiuru et al., 2017). Our approach led to more available information and 
the stochastic actor-oriented models benefitted from this additional information related to a 
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larger repertoire of peer nominations. This procedure may also have contributed to the absence 
of isolated students in the networks. It was hypothesized that there would be fewer isolated 
children in the SfA classrooms. However, it appeared that in all classrooms all students were 
nominated by at least one classmate. We regarded this as a very hopeful finding. 

In the questionnaire students answered on a five point-scale, however, the answers were 
dichotomized to whether students like to work together with their classmates or not. Future 
research can differentiate in how much students like to work together to get a deeper grasp of 
the quality of the peer relationships. Moreover, as in the questionnaire students were asked to 
what extent they liked to work together with their classmates, it does not provide information 
about the quality of interactions among peers. Thus, it indicates preferences of students to 
work together, but not whether collaboration in the classroom is of good quality.

In our study we focused on whether students liked to work together. Future studies 
might focus on investigating different types of peer relationships. Tolmie et al. (2010) already 
demonstrated that, even though both work and play relationships increased due to cooperative 
learning, the number of classmates students wanted to work together with increased to a larger 
extent than the number of classmates students wanted to play together with. The importance of 
differentiating between types of relationships is also highlighted by other longitudinal social 
network studies. For example, Garrote (2020) found that high-achieving students in the second 
and third grade were highly accepted both as work and play partners, while low-achieving 
students were more rejected by peers in the academic than in the play context. 

Longitudinal social network studies mostly included adolescents (as also noted by e.g., 
Kiuru et al., 2017) and also most studies on the impact of cooperative learning were focused 
on older students, from upper-elementary students to students in higher education (e.g., 
Roseth et al., 2008). Only few studies on cooperative learning included younger students in 
the first grades of primary education (Kutnick, Ota, & Berdondini, 2008). Hence, specifically 
in this young age group more research is needed, but in general more research is needed to 
gain more knowledge about the cooperative learning effects on network structures and peer 
selection processes in classrooms. Future research should examine whether our results can 
be confirmed in other age groups. 

  Lastly, we note here that a social network perspective can be beneficial for educational 
practices by providing teachers with information about the peer relationships in their classroom. 
The teachers of the participating classrooms in the current study received some information 
about the relationships between the students, including some network pictures. Most teachers 
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indicated to find the information insightful. Teachers determine with whom students work 
together in teams during the cooperative learning activities or, in the control classrooms, with 
whom students are seated together and have daily interactions with in the classroom. Our results 
showed that both in SfA and control classrooms there was a positive tendency for nominating 
others seated nearby. Therefore, information about the peer context in the classroom might 
help teachers to pay attention to the social dynamics of the classroom and, for example, helps 
them to make conscious choices for classroom seating arrangements. 

Conclusion

The current study offered new insights into the potential impact of cooperative learning on 
network structures and peer selection processes in Grade 1 and Grade 2 classrooms. To our 
knowledge, the current study was the first to investigate the impact of cooperative learning on 
network dynamics. The findings suggest that cooperative learning can positively impact peer 
relationships, i.e., liking to work together, in first grades classrooms. The results showed greater 
openness of the network in the intervention classrooms. We did not find a higher number of 
positive peer relationships per student or more diversity in peer relationships, i.e., selecting less 
similar peers with regard to gender, socio-economic background, or academic performance, in 
the cooperative learning classrooms. Future research is needed to reveal whether our results 
can be confirmed. Structures and patterns of relationships only become visible by taking a 
social network approach, which can deepen our understanding of the impact of cooperative 
learning on peer relationships in the classroom context. 
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