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Self-select groups increase stability but reduce collaboration in high school physics
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Group configurations shape social skills and learning outcomes by fostering student interaction and
collaboration. Yet, the factors influencing group formation, social cohesion, and group stability have
remained understudied in physics education. Here, we examine these factors in a cohort of 90 students from
ninth and tenth grades at a private school in Chile. For a semester-long physics project, students were
assigned to groups either through random allocation (control group) or given the autonomy to form their
own groups (experimental group). Our findings indicate that the groups formed by choice developed
stronger friendship bonds throughout the semester, while the groups formed randomly demonstrated
greater levels of cooperation and more frequent changes in membership, suggesting weaker social
cohesion. Additionally, tenth-grade students were more likely to stay in their original groups, possibly
indicating increased social maturity. These findings emphasize the ongoing challenge in education of
balancing student choice in group formation with the need for diverse group compositions that enhance
learning. This study provides practical recommendations for physics teachers and researchers.
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I. INTRODUCTION

The 21st-century skills framework highlights the grow-
ing importance of collaboration, problem solving, and
emotional intelligence alongside traditional academic con-
tent [1,2]. These competencies do not emerge in isolation;
rather, they are acquired through sustained interactive and
collaborative learning opportunities. In this context, group
work represents a fundamental means by which students
can develop and internalize such skills [3-6]. Although
numerous studies underscore the value of group activities in
education, comparatively less is known about how different
group-formation strategies can be applied to optimize
collaborative learning in physics specifically.
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To address this gap, it is helpful to consider how groups
are commonly formed in everyday classroom settings.
Educators may create student groups randomly [7], allow
students to self-select [8], assign groups based on teacher
judgments [9], or combine these approaches. One key
indicator of an effective group is its stability over time
[10,11], which fosters members’ commitment, trust, and
shared accountability [12]. Stable group membership has
been linked to heightened motivation and a stronger sense
of belonging, thereby reducing student anxiety and encour-
aging active participation [13]. It also provides opportu-
nities for students to practice crucial interpersonal skills
such as conflict resolution and effective communication—
competencies that extend beyond the classroom [12]. In
such cohesive groups, students are more inclined to share
ideas freely and take academic risks, resulting in deeper
learning and the development of critical-thinking skills
[14—17]. Nonetheless, not all groups spontaneously achieve
high levels of stability, underscoring the importance of
ongoing monitoring and timely instructional support [12].
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In light of the central role that group stability plays
in student engagement and skill development, active
learning methodologies—particularly project-based learn-
ing (PBL) and collaborative problem solving—have gained
prominence for their potential to foster both group cohesion
and productive teamwork [18-21]. By integrating complex
problem-solving tasks with authentic, real-world appli-
cations, PBL has been found to boost engagement and
conceptual understanding [22-25]. Similarly, collaborative
problem-solving methods encourage sustained student
interaction and accountability, thereby enhancing academic
performance and promoting more positive attitudes toward
learning [26-29]. In an educational context that places
increasingly values on social cooperation and collabora-
tion, understanding how group formation influences these
outcomes becomes especially salient [6,15,30-32].

Despite the growing emphasis on group-based pedagogi-
cal approaches, the effects of self-select versus randomly
assigned groups on friendship, cooperation, and academic
prestige—particularly students’ recognition of their peers’
physics expertise—remain unclear. Notably, few studies
have examined whether these contrasting strategies influence
students’ willingness to continue working together over time,
underscoring the need for further empirical research to
advance this field of study. Addressing this gap in physics
education research, the present study investigates how ninth-
and tenth-grade students form, maintain, or change groups
across a semester and how such decisions impact their
collaborative, friendship, and prestige networks within the
physics classroom. Specifically, we compare self-select
groups with randomly assigned ones in terms of students’
social connections and academic outcomes, considering
these social connections at both the class and group levels.
To capture these relational dimensions, we employ a social
network survey that measures friendship, collaboration, and
perceived physics expertise. This dual approach accounts for
the directed nature of social ties, group-level variability, and
the structure of our outcome measures, offering a compre-
hensive understanding of how group-formation strategies
shape social and academic dynamics.

II. LITERATURE REVIEW

Previous findings have shown that positive group
dynamics, such as small group work, improve collabora-
tion, increase engagement, and sharpen problem-solving
skills [33,34]. In physics education, where conceptual
complexity demands deeper cognitive processing, collabo-
rative structures become especially beneficial [35,36].
Indeed, effective group work in physics classrooms not
only increases conceptual understanding but also cultivates
critical thinking and advanced problem-solving abilities
[37]. Equally important, these cooperative environments
foster key social and emotional skills—including commu-
nication, empathy, and conflict resolution—that are central
to success in team-based learning [11,38,39].

The cognitive and social benefits of group participation are
highly dependent on team cohesion [40]. Cohesion promotes
unity among group members, reducing interpersonal barriers
and strengthening group identity [41]. By facilitating open
communication, reinforcing group norms, and enabling
collective responses to challenges, cohesive teams are gen-
erally better equipped to maintain productive working
relationships [26]. This unity also encourages friendships,
which can enhance trust, communication, and mutual
accountability [42,43]. The resultis a shared sense of purpose
that drives students toward collective goals [44,45].

Further research highlights that stable, cohesive groups
promote a deeper sense of belonging and community, which
are essential for student motivation and long-term achieve-
ment [46,47]. Structured teaching methods, such as PBL and
collaborative problem solving, not only enhance academic
performance but also build the social competencies essential
for scientific collaboration [6,48]. Notably, group stability
helps address many common challenges in collaborative
learning by providing a consistent peer network that
strengthens both individual and group accountability [49].

Modern instructional approaches increasingly center on
group-based tasks, attributing them to improvements in
critical thinking, heightened creativity, and stronger social
connections among learners [34,48]. Understanding how
groups form, and why students choose to remain in or
leave these groups, can substantially enrich the educational
experience [30,50]. Yet, each method of group formation—
whether random, teacher-guided, or self-select—entails its
own benefits and trade-offs. Randomly assigned groups
can stimulate new social connections but may produce
imbalances in skill levels and decrease overall team efficacy
[7]. Conversely, self-select groups often promote cohesive
interactions, yet they may limit diversity of perspectives and
risk alienating those not chosen by their peers [51-53].
Teacher-guided groups aim to mitigate these issues by
strategically pairing students based on strengths and weak-
nesses, although this practice demands substantial pedagogi-
cal insight and a nuanced grasp of classroom dynamics [54].

Given these varied approaches, research offers mixed
findings on which factors most strongly shape group
dynamics. Some studies suggest that instructor-organized
or hybrid methods may yield more favorable learning
experiences [55]. Nonetheless, there is broad consensus
that the ultimate objective is to create an optimal group
environment that fosters robust learning and intellectual
diversity [56,57]. Achieving this balance necessitates that
educators weigh student autonomy against the need for
diversity, all while recognizing the importance of acknowl-
edging each member’s expertise as a cornerstone of
effective collaboration [58]. This social awareness ensures
that teams benefit from specialized skills while also making
students feel valued for their unique contributions [53].

In this context, the present study focuses on three social
constructs considered key to understanding team dyna-
mics in the physics classroom: friendship, cooperation, and
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academic prestige. From a social network perspective [3],
these concepts are operationalized through self-nominated ties
(in-degree) collected via student surveys. Friendship is con-
ceived as bonds of closeness and trust that facilitate interaction
and idea sharing [42,43]; cooperation refers to the willingness
and practice of working together and providing mutual support
when solving problems [12,30]; and academic prestige reflects
the recognition of each student’s expertise in physics, influ-
encing how their contributions are valued [11,39]. With these
definitions in place, a social network approach allows for a
detailed understanding of how different group-formation
strategies—either self-select or randomly assigned—affect
group cohesion and the decision to keep working with the
same peers throughout the semester. The next section
describes the specific methods used to measure and analyze
these constructs in the context of physics instruction.

Building on the diverse factors that influence effective
group performance—particularly within the context of PER
—this study investigates how two specific group-formation
strategies (self-select and random assignment) influence
students’ friendships, cooperation, and recognition of their
peers’ physics expertise (prestige). Specifically, this work is
framed around the following research questions:

1. Do differences exist in team friendship, cooperation,
and recognition of academic prestige between stu-
dents in randomly assigned groups and those in self-
select groups after a semester?

2. Are there variations in the number of team members
with whom a student chooses to continue working,
between those in randomly assigned groups and
those in self-select groups, after a semester?

III. DATA AND METHODS

A. Research context and participants

The study was conducted during the 2021 academic year
at a private school in Chile. Participants (see Table I) were
ninth and tenth-grade students (ages 14—16) enrolled in
four physics courses. The focus was on physics lessons
taught by the same teacher. For clarity, the ninth-grade
classes are referred to as C1 (Control group 1) and El
(Experimental group 1), and the tenth-grade classes as
C2 and E2. Active learning methodologies were imple-
mented in each of the four classes, designed for group
work, and aligned with the physics curriculum content for
ninth- (e.g., oscillations and waves) and tenthth-grade

TABLE 1. School courses information.

Course Condition Grade level Female Male Total
Cl Control Ninth 14 10 24
C2 Control Tenth 11 9 20
El Experimental Ninth 14 10 24
E2 Experimental Tenth 9 13 22
Total 48 42 90

students (e.g., particle motion and dynamics). These group
activities (see Table II) were specifically designed to foster
active student participation in class content, including
activities such as discussing and analyzing conceptual
errors in others’ responses, creating posters, and designing
practical experiments to illustrate physical phenomena.

In 2021, as COVID-19 cases decreased and vaccination
rates increased, schools began offering in-person learning
again. While some students returned to the classroom, others
continued with online instruction. To manage health proto-
cols, the school implemented a weekly rotation system based
on alphabetical order, dividing each class into two groups.
One half attended in-person sessions during a given week,
while the other participated online, alternating weekly. The
teacher observed that group activities were conducted
smoothly in both formats, with all students having the
necessary resources to participate online, ensuring consistent
peer interaction. However, specific differences in group
participation between online and in-person settings were
not formally assessed in this study, as the focus was on
understanding group dynamics and stability across exper-
imental and control conditions.

B. Data collection and intervention

The study received approval from the school’s institu-
tional committee, and participation was voluntary. Data
were collected during the first and second semesters of

TABLE II. Description of activities conducted during the
first semester. Each activity lasted five sessions, after which
students presented their final products (poster, flyer, book, video,
and guide).

Cl and EI (ninth grade)

Activity 1: Based on the content of waves and sound (e.g.,
classification, characteristics, properties) covered in classes,
they developed conceptual questions and provided answers.
They then used these questions to survey people in their
immediate surroundings, analyze the respondents’ answers,
and select the one that presented the most conceptual errors.
Considering these errors, they created a poster to appropriately
address the selected question.

Activity 2: They created an informative and problem-solving
poster on the effects of pandemics on society, rating history,
physics, and biology.

C2 and E2 (tenth grade)

Activity 1: They developed a practical work (book, video,
magazine, poster, script, etc.) to explain some topics related to
astronomy (e.g., Kepler’s laws, telescopes, and universal
gravitation), describing it through the use of themes indicated
by their teachers (chemistry and physics) and those selected by
their group.

Activity 2: Based on a scientific text related to the kinematics
unit, they answered a list of questions. They then used data
tables to develop calculations and graphs to respond to a series
of questions.
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FIG 1. Diagram of the process adopted in the research. Before

forming the groups (7y), the first network survey was conducted,
addressing exclusively friendship relationships among students.
After the teamwork sessions (activities 1 and 2) at time ¢;, the
instrument was reapplied, incorporating two items related to
perceptions of collaboration and recognition of prestige in
the subject.

2021, from March to July, in line with Chile’s academic
calendar (see Fig. 1). Table I summarizes the total number
of participants for each course. Data on students’ group
membership, grades in group activities, and gender were
collected. At the beginning of the first semester (see Fig. 1,
time f;), a social network survey was administered to
measure friendship levels among students [11]. The survey
was repeated at the end of the semester (see Fig. 1, time #;)
to include questions on physics prestige and collaboration
(see Sec. III C). The network surveys were administered
during regular class hours to ensure full participation. All
students in the study (N = 90) completed the surveys at
both time points (7, and ¢,), resulting in a 100% response
rate. This approach minimized the likelihood of missing
data and ensured that the collected information accurately
represented the social dynamics of the entire sample.

For the intervention, students in the control courses (C1
and C2) were randomly assigned to groups by the teacher at
the beginning of the first semester, using a standard web-
based tool for group creation. Conversely, students in the
experimental courses (E1 and E2) formed their own groups
autonomously, without teacher intervention. At the start of
the second semester, all students had the option to change
groups and independently define their new groups. Six
work groups were formed in each course, and the group
composition remained stable throughout the first semester,
with adjustments allowed at the beginning of the second
semester (see Fig. 1).

The teams participated in group activities aligned with
the national curriculum. Each activity spanned 5 to 7
sessions of 45 min, totaling at least 10 collaborative
sessions per semester (see Table II).

Students were informed that their grades would be based
on group activities, with specific evaluation instructions
and detailed rubrics provided. The activities were designed

to be completed during class time, in compliance with
school policies discouraging group work outside the
classroom.

Each week, students had two 45-min sessions exclu-
sively dedicated to these activities. The teacher, who taught
all four courses, implemented the group activities in
parallel to ensure consistency. The activities were aligned
with institutional capacities, available class time, and the
national curriculum, focusing on teamwork.

C. Instruments

We used an online network survey to capture student
relations [11,20]. This survey was designed to collect
information about three key social dimensions: friendships,
physics-related prestige, and collaborative ties. The survey
questions were as follows:

1. From the students in the classroom registration,
indicate those who are your friends.

2. From the students in the classroom roster, indicate
those you consider high-achieving physics students.

3. From the students in the classroom roster, indicate
those you collaborated with during the classroom
activities.

The decision to use a directed network survey is
grounded in its ability to capture asymmetric relationships,
which are essential for understanding the dynamics of
educational group settings. Directed ties, such as those of
friendship or collaboration, provide valuable insights into
students’ social interactions and their perception of others’
academic prestige. Prior studies in social network analysis
have demonstrated that these directed relationships play a
crucial role in fostering group cohesion, trust, and collabo-
ration, all of which are fundamental to effective group
functioning in educational environments [59].

Friendship networks were particularly emphasized in
this study because of their influence on students’ sense
of belonging, group stability, and academic motivation.
Research suggests that a strong sense of community,
characterized by students’ acceptance and inclusion, is
crucial to their well-being and performance [46]. In addition,
supportive interpersonal relationships among students and
between students and teachers foster intrinsic motivation and
self-regulation, which can contribute to greater group cohe-
sion. Moreover, friendship networks have been found to
mitigate the challenges of group dynamics by fostering trust
and a shared sense of purpose [42,43].

The inclusion of physics-related prestige and collaborative
ties in the survey aligns with prior literature highlighting the
importance of recognizing individual contributions to group
performance and understanding how collaborative behaviors
evolve [60]. Such an approach allows for a more compre-
hensive analysis of the interplay between cognitive, social,
and emotional factors in group dynamics.

Finally, the use of social network surveys to study group
formation is supported by extensive literature in network
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science, which underscores their utility in capturing the
complex interactions that underpin group-based learning.
This methodology enables educators and researchers to
identify patterns of interaction, measure the strength of
relational ties, and evaluate the impact of group configu-
rations on learning outcomes [61].

D. Data analysis

Network surveys were conducted to analyze student
group configurations, focusing on friendship, prestige, and
collaboration at both the group and overall course levels.
These surveys captured indirect networks, including non-
mutual relationships. Additionally, a membership network
was created to identify each student’s group affiliation. By
combining these networks, we examined perceptions of
friendship, prestige, and collaboration within and between
groups. For instance, the variable “team friendship” rep-
resents relationships among members within the same
group, while the variable “friendship” captures relation-
ships among all students within the same course, as
illustrated in Fig. 2. Gephi 0.9 software was used to measure
key network characteristics, such as student centrality,
including degree, in-degree (how others perceive the
individual), and out-degree (how the individual perceives
others). Additional details on these metrics are provided in
Table VI in the Appendix.

To analyze the relationships captured by the network
surveys, we employed ordinal mixed-effects regression
models (clmm) using the ordinal package in R [62].
These models were particularly suitable for our data, as

Member Network
- Member + Friendship
) I Network
d

<« e f

Friendship Network

a < > b < s ©
A —— Friendship outside team
/ ] —— Team friendship
il / , — Team member
d € f

FIG 2. This diagram illustrates how we identify key factors
within and between student work groups. Black lines show who
belongs to each group, with two example sets of members
highlighted in different colors. The friendship network is also
shown, where lines connect students who consider each other
friends. When we combine these two networks, we get a
comprehensive view of friendships both inside (in orange) and
outside (in sky blue) of each group. The same approach is used to
analyze prestige and cooperation among students. Note that the
black lines serve only to show group membership and do not add
extra information.

the dependent variables—friendship, cooperation, and
prestige—were measured on ordinal scales. The inclusion
of random effects at the group level allowed us to account
for unobserved heterogeneity between groups. In contrast
to linear models, the coefficients in ordinal regression
models represent changes in the log-odds of being in a
higher category of the dependent variable, rather than linear
changes in the outcome itself. As our analysis focused on
the predictors’ effects on social dynamics, we do not
interpret the threshold parameters. These thresholds, which
define the boundaries between ordinal categories, are
included in the Appendix (see Tables XVI and XVII) for
reference but are not central to the study’s objectives.

To address the first research question, we modeled
within-group friendship, cooperation, and prestige as de-
pendent variables, while controlling for factors such as
group size, gender, grade level, and average grades. The
predictors included measures of initial friendship within
groups (team friendship) and across the entire course
(friendship), as well as the experimental condition (self-
select groups vs randomly assigned). These models allowed
us to evaluate how preexisting ties and group characteristics
influenced the final social dynamics within the teams.

For the second research question, focused on group
stability, we characterized the groups formed in each course
by identifying the total number of groups, the number of
members per group, and the percentage of women in each
semester. Additionally, a flow diagram was created to
understand and visualize the conditions under which
students from groups formed at the beginning of semester
1 continued working with more or fewer peers when given
the option to switch groups at the start of semester 2. These
analyses were complemented by ordinal mixed-effects
regression models (models 9 to 11) to examine the number
of original team members (0-3) with whom a student
continued working. The same covariates and predictors
used for the first research question were included, allowing
for a comparison of the factors influencing both initial
social dynamics and longer-term group cohesion.

For a set of models (models 10 and 11), we included
friendship at 7, as a predictor instead of team friendship at
to- This decision was made to avoid potential collinearity,
as the dependent variable directly reflects how many of the
original group members were retained. Including team
friendship would have introduced conceptual and statistical
redundancy. In contrast, friendship at 7, captures students’
broader social preferences across the class and serves as a
more independent predictor of group retention outcomes.

Model comparisons were conducted within each out-
come set using the Akaike information criterion (AIC) and
the Bayesian information criterion (BIC), which evaluate
both model fit and complexity. These criteria were used to
assess whether additional predictors or interaction terms
improved explanatory power while maintaining parsimony.
AIC and BIC values are reported for each model group
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(friendship, cooperation, prestige, and group retention), and
guided—but did not solely determine—the interpretation of
results in the subsequent sections.

To ensure the robustness of our results, we conducted
complementary analyses. First, we used the check colli-
nearity function from the performance package to confirm
the absence of multicollinearity issues in our ordinal
models. Second, we fitted linear regression (Im) models
as proxies, treating the ordinal dependent variables as
continuous, to compare collinearity diagnostics and ensure
consistent patterns of significance. Third, we tested alter-
native link functions (logit, probit, and cloglog) and fitted
clm models with nominal terms to relax the proportional
odds assumption, assessing their fit using AIC and BIC
criteria. Fourth, residual analysis was performed to evaluate
the models’ goodness-of-fit and verify assumptions of
independence and normality in random effects. These
robustness checks, detailed in the Appendix, demonstrated
that our findings were stable across different model
specifications and assumptions.

This multifaceted analytical approach provided a com-
prehensive examination of the social dynamics captured by
the network surveys, ensuring that our conclusions are both
statistically and conceptually robust.

IV. RESULTS

A. Social networks

We used ordinal mixed-effects regression models to
analyze team-level network characteristics at the end of
the first semester (Table III). These characteristics include
in-degree of team friendship (models 1-4), in-degree of
team cooperation (models 5 and 6), and in-degree of
team prestige (models 7 and 8). These models incorporated
random effects at the group level to account for unobserved
heterogeneity between teams and controlled for variables
such as group size, gender, grade level, and average grades.
Additionally, initial team friendship and overall friendship
before the intervention were included as predictors, along
with the experimental condition (self-select vs randomly
assigned groups).

Model 1 indicates that initial team friendship [team
friendship (#;)] is a strong positive predictor (p < 0.001) of
team friendship at the end of the semester, highlighting the
influence of preexisting ties. Model 2 includes an inter-
action term between the experimental condition and initial
team friendship, which significantly improves the model’s
fit. The interaction term is negative (p < 0.01), suggesting
that the positive effect of initial team friendship on final

TABLE III. Regression models: predicting within-group friendship, prestige, and cooperation links at time 7. p < 0.1,

*p < 0.05, “*p < 0.01, **p < 0.001.

Dependent variable

Team friendship (¢;) (in-degree) Team cooperation (1) (in-degree) Team prestige (¢;) (in-degree)

(1 () (3) “) 5 (6) 7 3)
Exp. (self-select groups) 151 4257 4167 509" -3.76" —4.96" —0.69 —0.68
(1.13)  (1.57)  (1.20)  (1.06) (1.19) (1.56) (0.75) (1.10)
Group size (3) —2.02 -218" —223 -—226 —6.46 " —6.49"" —0.56 —0.57
(139)  (1.32) (1.54) (1.55) (1.64) (1.71) (0.80) (0.81)
Gender (male) 049 052 —034 —034 —0.61 —0.50 —-1.03" —1.03"
0.64)  (0.66) (0.60) (0.59) (0.66) (0.69) (0.49) (0.49)
Grade level (tenth) 068 067 196 197 464" 477" —0.44 —0.44
(1.16)  (1.09) (1.23) (1.08) (1.38) (1.45) (0.68) (0.68)
Average grades 004 005 —002 —0.027 —0.16" —0.17 0.14" 0.14"
(0.05)  (0.05) (0.05) (0.05) (0.06) (0.07) (0.05) (0.05)
Team friendship () 28777 477 0.72° —0.26 0.86 0.86
(in-degree) 0.55  (1.02) (0.38) (0.80) (0.33) (0.50)
Exp. team friendship (¢,) —2.61" 1.29 —0.01
(in-degree) (1.01) . (0.94) (0.64)
Friendship (7o) 0327 043"
(in-degree) (0.11)  (0.00)
Exp.” friendship (f) —0.17"
(in-degree) (0.00)
Group effect Random Random Random Random Random Random Random Random
Number of observations 90 90 90 90 90 90 90 90
AIC 155.1 1493 1864 1878 161.3 161.3 209.6 211.6
BIC 180.1 1768 2114 2153 186.3 188.8 234.6 239.1
Log likelihood —67.529 —63.658 —83.194 —82.900  —70.632 —69.632 —94.822 —94.822
edf 1000 11.00 1000  11.00 10.00 11.00 10.00 11.00
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team friendship is weaker in self-select groups compared
to randomly assigned groups. Models 3 and 4 replace
team friendship (z;) with a broader measure of friend-
ship (#;), showing consistent patterns: initial friendships
positively predict final team friendship (p < 0.01), but
the interaction term with the experimental condition is
negative (p < 0.01).

In model 4, gender (male) emerges as a significant
predictor (p < 0.001), indicating that male students are less
likely to receive incoming friendship ties within their teams
compared to female students. This result underscores the
potential influence of social dynamics and gender-based
interactions within groups, suggesting that female students
may foster stronger interpersonal connections, regardless
of the grouping condition. These results highlight that
while self-select groups start with stronger initial ties, these
do not translate proportionally into higher levels of final
team friendship compared to randomly assigned groups.
Furthermore, the role of gender in shaping social ties within
teams reflects the nuanced interplay between demographic
factors and team dynamics.

Models 5 and 6 reveal a significant negative effect of the
experimental condition (p < 0.01), indicating that self-
select groups displayed fewer cooperative ties by the end of
the semester. Group size (p < 0.01) negatively predicts
cooperation, indicating that smaller groups (of three mem-
bers) tend to report lower levels of cooperation compared to
groups of four. This result may reflect a structural limita-
tion, as 3-member teams have fewer possible coopera-
tion ties (maximum in-degree of 2) than 4-member teams
(maximum in-degree of 3). In contrast, grade level
(p < 0.001) positively predicts cooperation, highlighting
the role of maturity in fostering collaborative efforts. Initial
team friendship [team friendship (7;)] has a marginally
positive effect in model 5 (p < 0.1), but this becomes
nonsignificant when interactions are included in model 6.
Average grades show a small but significant negative effect
(p < 0.05) across both models, suggesting that higher
academic performance may not necessarily align with
cooperative behavior in group settings.

In models 7 and 8, the experimental condition does not
have a significant impact on team prestige. Gender (male) is
negatively associated with prestige (p < 0.05), indicating
that female students tend to receive more recognition for
academic abilities. Average grades positively predict prestige
(p < 0.01), suggesting that students with higher academic
performance are more likely to be recognized for their
abilities. Initial team friendship [team friendship (7)] is
positively associated with prestige in model 7 (p < 0.01),
but its significance diminishes slightly in model 8. No
significant interaction terms are observed, indicating that
the effects of academic performance and initial ties on
prestige are consistent across both group configurations.

Overall, these models highlight the critical role of initial
friendships and group characteristics in shaping final
team dynamics. Self-select groups show stronger initial

friendships but fail to translate these into cooperative or
prestigious relationships within teams, as seen in randomly
assigned groups. The findings suggest that grouping
strategies can significantly influence social relationships
and collaboration within educational settings, with different
configurations fostering distinct dynamics of team friend-
ship, cooperation, and prestige.

B. Group changes

Six work groups were formed in each of the ninth- and
tenth-grade classrooms in the first semester. In the ninth
grade, each group had four members, while in the tenth
grade, the group sizes ranged from three to four members
(Table 1V). In the second semester, ninth-grade groups
remained at four members each, but tenth-grade groups
varied in size from two to four members. Regarding gender
composition, experimental groups in both grades showed a
tendency for same-gender grouping: four all-female and
five all-male groups in the first semester. Only three groups
had a mix of genders. This pattern continued into the

TABLE IV. Description of work team members, including the
number of members and the percentage of women in each group,
for both first and second semesters.

Semester 1 Semester 2
Group Members % Women Members % Women
Group C1 (ninth grade)
1 4 50 4 75
2 4 25 4 50
3 4 40 4 100
4 4 50 4 25
5 4 75 4 0
6 4 100 4 100
Group C2 (tenth grade)
1 3 333 2 100
2 3 333 3 0
3 3 66.7 3 333
4 3 66.7 4 0
5 4 50 4 100
6 4 75 4 75
Group El (ninth grade)
1 4 75 4 100
2 4 0 4 0
3 4 100 4 75
4 4 0 4 50
5 4 75 4 100
6 4 100 4 25
Group E2 (tenth grade)
1 3 0 4 100
2 4 50 3 100
3 4 100 3 66.7
4 3 100 4 0
5 4 0 4 0
6 4 0 4 0
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N Condition

Control: Random

\ Experimental: Self-select

No. of students (90)

No. of members initial No. of members of the final
group group who are still together

FIG 3. Student group transitions in control and experimental
settings. In the control condition, students are randomly assigned
to groups (shown in pink), while in the experimental condition,
they form groups based on self-select (indicated in green). The
arrows, sized proportionally, show the number of students who
chose to either stay with their original group members or switch
to new peers when given the option.

second semester. In contrast, control groups had only one
all-female group in the first semester. However, when
students had the chance to change groups at the beginning
of the second semester, the number of single-gender groups
increased to four all-female and three all-male groups
across both grades.

To provide a detailed view of group changes, Fig. 3
shows the student flow in both experimental and control
classrooms across the first and second semesters. Out of 90
students, 38 ended up in new groups without any of their
original team members; 32 of these (84%) were from
control (randomly assigned groups) classrooms C1 and C2.
On the other hand, 52 students remained with at least one
original group member in the second semester, with 40 of
these (76.9%) being from the experimental condition (self-
select groups).

The flow diagram in Fig. 3 focuses exclusively on the
analysis of groups that were initially formed with three
students, both in the experimental and control conditions.
This choice allows for a clearer comparison of group
stability across the two conditions. In the experimental
condition, six students who started in groups of three
maintained the same group composition in the second
semester, as indicated by the yellow dashed arrow. In the
control condition, groups also began with three members in
the first semester. Of these, eight students (marked by the
blue dashed arrow) transitioned to completely new groups
in the second semester, while four students (highlighted by
the red dashed arrow) remained with two members from
their original group. It is important to note that Fig. 3 does
not indicate whether the new groups formed in the second
semester were the same size as the original groups from the
first semester.

TABLE V. Regression models: predicting the number of
students with whom an individual continues to work when given
the option to change groups. 'p < 0.1, *p < 0.05, **p < 0.01,
*p < 0.001.

Dependent variable

n students with whom a person
continues to work

Model (9) Model (10) Model (11)

Exp. (self-select groups) — 7.35 7427 5197
(1.51) (0.00) (0.00)
Group size —2.41 —2.36 -2.71
(1.92) (1.89) (2.09)
Gender (male) -051  —053" —074
0.71) (0.00) (0.00)
Grade level (tenth) 3.33" 3.44" 3.99"
(1.55) (1.44) (1.58)
Average grades 0.08 0.08"" 0.09""
(0.06) (0.00) (0.00)
Friendship (#,) (in-degree) 0117 —0.24™
(0.00) (0.00)
Exp.* friendship (7o) 057"
(in-degree) (0.00)
Group effect Random  Random Random
Number of observations 90 90 90
AIC 157.0 158.1 155.8
BIC 179.5 183.1 183.3
Log likelihood —69.49 —69.07 —66.88
edf 9.00 10.00 11.00

After examining how students moved between groups, we
used ordinal mixed-effects regression models (clmm) to
examine how the treatment influenced the number of team
members a student chose to continue collaborating with
when offered the opportunity to form new groups. The
models in Table V reveal that the treatment (self-select
groups) was a strong positive predictor (p < 0.001) across
all three models, indicating that students in self-select groups
were significantly more likely to retain their original team
members compared to those in randomly assigned groups.

Model 9 establishes the baseline, showing that the
experimental condition had the strongest overall effect.
Grade level (tenth grade) also exhibited a significant
positive impact (p < 0.05), suggesting that older students
were more inclined to maintain their initial group compo-
sition. However, gender (male) and group size did not show
significant effects in this model, indicating that neither the
number of group members nor the gender of the partic-
ipants were key predictors of retention at this stage.
Average grades, while positively associated, did not reach
significance (p = 0.08), suggesting a weaker relationship
with group retention when considered independently.

Model 10 incorporates friendship (#;) as a predictor,
revealing a significant positive association (p < 0.001)
between initial friendship ties and group retention.
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This inclusion also strengthens the role of average grades,
which become a significant predictor (p < 0.001). This
suggests that students with stronger preexisting friendships
and higher academic performance were more likely to
continue working with their original peers. Gender
becomes significant in this model (p < 0.001), indicating
that male students were slightly less likely to retain their
original group members compared to female students. As in
model 9, group size remains nonsignificant.

Model 11 introduces an interaction term between the
experimental condition and friendship (#,), which is sig-
nificant and positive (p < 0.001). This finding indicates
that the positive effect of initial friendships on group
retention was amplified in self-select groups compared
to randomly assigned groups. Gender and average grades
remain significant in this model (p < 0.001), while group
size continues to show no significant effect. Interestingly,
the direct effect of friendship (#;) changes direction in this
model (p < 0.001), suggesting that the interaction term
captures nuances in how initial social ties function under
different grouping conditions.

Overall, these results underscore the critical role of
the experimental condition and initial friendship ties in
shaping students’ group retention decisions. The interac-
tion between self-select grouping and friendship ties high-
lights the importance of social dynamics in fostering group
stability. While academic performance and gender also play
roles, their effects are secondary to relational factors,
demonstrating that decisions to retain peers are influenced
more by preexisting friendships and group autonomy than
by individual characteristics such as grades or group size.

V. DISCUSSION

The present study aims to investigate two primary
research questions. First, we examined whether students
in self-select groups differed from students in randomly
assigned groups in terms of friendship networks, collabo-
ration, and recognition of physics-related prestige. Second,
we explored whether these group-formation strategies
affected students’ decisions to remain with the same team-
mates or switch teammates after a semester. We first focus on
the contrast between experimental (self-select) and control
(random) conditions, then consider grade-level variations.

A. Random and self-select groups

Our findings reveal significant differences in team
dynamics depending on whether groups were formed
randomly or based on self-select. These last groups showed
higher levels of final friendship ties (¢;) (p < 0.01, models
2, 3, and 4), consistent with research suggesting that
preexisting friendships often lead to greater initial cohesion
and trust [11,42,43]. However, the negative interaction
between initial friendship (¢;) and the experimental con-
dition (p < 0.01, models 2 and 4) indicates that while
self-select groups start with higher initial cohesion, this

advantage may limit the formation of new ties. This aligns
with studies suggesting that highly cohesive groups may
become less open to new strategies or connections [41,63].
In contrast, randomly assigned groups exhibited a stronger
relationship between initial and final friendship ties, which
may reflect an environment more conducive to building
new social connections.

In terms of cooperation, randomly assigned groups
achieved higher levels of collaborative ties by the end of
the semester (p < 0.01, models 5 and 6). This result
suggests that the need to develop collaborative strategies
from scratch in these groups may have fostered a more open
and adaptive dynamic. Previous research has shown that the
absence of preexisting ties can lead groups to work more
actively toward developing cooperative dynamics [64]. In
contrast, self-select groups, despite starting with higher
levels of social cohesion, did not translate this advantage
into cohesive collaboration, possibly due to complacency in
highly cohesive groups [41], which could have encouraged
off-topics conversations rather than work-related inter-
actions. Additionally, group size had a significant negative
impact on cooperation, suggesting that smaller groups may
face more challenges in maintaining coordination and
cohesion, possibly due to structural constraints on the
number of interaction ties that can be formed in teams
of only three members.

Regarding academic prestige, results show that female
students received greater recognition for their academic
abilities than male students (p < 0.05, models 7 and 8).
This finding highlights the complexity of gender biases,
which do not always favor men in STEM contexts [65,66].
While this study does not identify the specific conditions
that contributed to this shift, prior research has suggested
that the inclusion of more equitable pedagogical norms
may help mitigate these biases [67]. Interestingly, this
finding contrasts with recent research in university-level
physics education reporting that women are less likely to
receive peer recognition in terms of academic prestige
[68,69]. This divergence may reflect important contextual
differences between secondary and tertiary education. Age-
related social norms, classroom dynamics, and teacher
interventions in high school settings might promote more
equitable peer perceptions. These contrasting patterns
highlight the importance of examining how gender recog-
nition processes unfold across educational stages and
institutional contexts. Additionally, average grades were
a significant predictor of academic prestige (p < 0.01),
indicating that academic performance remains a key
criterion for recognition, regardless of gender or exper-
imental condition.

These findings have important implications for the
design of educational environments in physics and other
STEM disciplines. Group configurations should balance
initial cohesion with opportunities to form new connections
and foster collaborative behaviors. Self-select groups offer
advantages in terms of initial cohesion, but randomly
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assigned groups seem more effective at promoting dynamic
collaborative networks. Furthermore, strategies such as
rotating leadership roles and providing constructive peer
feedback can help ensure that all students, regardless of
gender or background, contribute meaningfully [33,70,71].

B. Group stability and member loyalty

Our analyses show that the experimental condition (self-
select groups) significantly predicted group stability.
Students were much more likely to continue working with
the same teammates when given the option to switch
(p < 0.001, models 9-11). This finding highlights how
strong initial social ties, combined with the autonomy
afforded by self-select group formation, strengthen group
loyalty. This dynamic aligns with Osterman’s [46] per-
spective that a sense of belonging is a key motivator for
sustained collaboration, underscoring the role of relational
bonds in maintaining group cohesion.

However, while self-select groups demonstrated higher
stability, randomly assigned groups reported greater levels
of cooperation (p < 0.01, models 5 and 6). This suggests a
balance between relational cohesion and task-oriented
collaboration. Consistent with research on group function-
ing, these findings illustrate the dual nature of team
cohesion. While close relationships foster trust and com-
fort, they do not always lead to adaptive strategies or task-
focused behaviors [12,40]. These results emphasize the
importance of considering both relational and functional
aspects of cohesion when designing collaborative learning
environments.

Our findings also align with broader studies exploring
how group dynamics influence participation and retention,
particularly among female students in STEM disciplines
[65]. While our analysis did not explicitly address inclusive
practices, the findings regarding academic recognition of
female students in self-select groups highlight the need to
further investigate how group dynamics shape equity in
recognition and participation. Previous research suggests
that group norms and teacher interventions play a critical
role in fostering engagement and perceptions of fairness in
these contexts [15,48].

Although students with higher academic performance
were slightly more likely to remain in their initial group
(p = 0.08, model 10), this effect was secondary to the
influence of friendship ties and group dynamics. In other
words, relational factors outweighed academic consider-
ations in determining group loyalty, consistent with prior
research on the interplay between social connections and
educational outcomes [4,12]. These patterns highlight
the importance of fostering stable social networks along-
side academic competencies in educational settings.
Effective group configurations and collaborative norms
can play a key role in achieving these dual goals, providing
a foundation for both collaborative success and equitable
participation [30].

Taken together, these results highlight the nuanced
relationship between social and academic factors in group
dynamics. While self-select groups strengthen social
bonds, randomly assigned groups seem to foster more
task-oriented collaboration. This suggests that each strategy
offers specific advantages that may be more effective
depending on the educational context and pedagogical
goals. Future research should explore how specific class-
room practices, such as rotating roles or structuring
collaborative tasks, can balance these dynamics to optimize
both group stability and productivity.

C. Comparison of ninth and tenth grade classrooms

When examining grade-level differences, we found that
tenth-grade students demonstrated higher levels of team-
work compared to ninth graders (p < 0.05, models 5
and 6). This difference may be related to their more
developed social-emotional skills, as older students often
exhibit greater capacity for managing collaborative tasks.
Similarly, tenth graders are less likely to change teammates
after one semester, relative to their younger counterparts
(p < 0.05, models 9 and 10). This suggests that their
cooperation may have been primarily task oriented and
with an important value on the stability and the effective-
ness achieved by their original teams. Conversely, ninth-
grade students are more drawn to reconfigure their teams
based on their initial friendship relationships when given
the opportunity in the second semester, and regardless of
the potential work-related effectiveness achieved in the
previous academic term.

This finding highlights the potential benefits of strategic
scaffolding during early developmental stages. Research
suggests that younger learners benefit significantly from
explicit group building activities that foster trust and
interpersonal growth [72]. Furthermore, tailoring team
configuration to stimulate social exploration and adaptability
might offer students stronger opportunities toward team
monitoring, communication, and coordination, along with
the possibility to diversify their support networks. Previous
studies emphasize the value of creating structured and age-
appropriate opportunities for collaboration, which can
enhance teamwork and social development simultaneously
[15]. With well-planned interventions, educators can support
both the collaborative and interpersonal dimensions of
learning, ensuring that students at all grade levels receive
the scaffolding needed for effective teamwork.

D. Implications and limitations

These findings underscore the need for careful planning
when configuring group formations in physics class-
rooms. For instance, instructors may consider a balanced
approach that harnesses the stability benefits of self-select
groups while also promoting the diversity and cooperative
behaviors observed in randomly assigned groups. Incor-
porating scaffolded team-building exercises, setting explicit
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collaborative goals, and rotating certain roles within each
group can help ensure that strong preexisting social bonds
do not overshadow task-oriented collaboration. To address
these challenges, educators could implement structured
activities that build trust in randomly assigned groups and
employ explicit role assignments or collaborative frame-
works to enhance cooperation within self-select groups
[34,48]. Furthermore, the study highlights the importance
of tailoring group-formation strategies to the developmen-
tal and social needs of students. For instance, younger
students may benefit more from guided scaffolding that
fosters trust and interpersonal connections, while older
students might excel with activities that leverage their
advanced cooperative and problem-solving skills. By
aligning group configurations with these developmental
considerations, educators can better support both relational
and task-oriented dynamics in classrooms.

Additionally, this study was conducted in a hybrid
learning environment, where some students participated in
person while others joined online sessions. This unique
context may have influenced group dynamics in ways not
explicitly measured. While the teacher observed consistent
peer interactions across formats, physical presence might
facilitate stronger relational bonds, whereas online partici-
pation could pose challenges to communication and
coordination [48]. Interestingly, self-select groups demon-
strated higher group stability despite the hybrid format,
suggesting that strong initial social ties may provide
resilience in mixed learning environments. However, the
higher levels of cooperation observed in randomly
assigned groups raise questions about how hybrid contexts
might influence task-oriented collaboration. Future
research should investigate how differences between online
and in-person participation impact group dynamics, par-
ticularly in hybrid or transitional educational settings.

Despite these promising results, several limitations
warrant consideration. First, the relatively small sample
size and single-institution setting may constrain the gen-
eralizability of our conclusions. Second, self-report mea-
sures could introduce bias, underscoring the importance of
triangulating with observational data or longitudinal inter-
views. Third, the unique sociocultural and curricular
context of the school may not reflect conditions in other
educational systems. Future work should replicate this
study across diverse school types and subject areas to
capture broader nuances in group dynamics. In addition,
incorporating hybrid grouping techniques (e.g., partial
self-selection coupled with teacher guidance) could yield
new insights into optimizing both social cohesion and
task-oriented collaboration. Understanding the nuanced
interplay between friendship, cooperation, and group sta-
bility across different educational contexts will enable the
development of more effective teaching strategies. Such
strategies can foster meaningful collaboration, enhance
learning outcomes, and prepare students with the essential

21st-century skills of teamwork and social-emotional
competence.

VI. CONCLUSIONS

This study advances our understanding of how different
group-formation strategies influence collaboration and social
dynamics in physics classrooms—a critical context for
cultivating 2 1st-century skills. Overall, our findings showed
that self-select groups were likelier to maintain their original
membership over time, reflecting stronger relational bonds,
whereas randomly assigned groups exhibited higher levels of
task-focused cooperation. Additionally, tenth-grade students
appeared more stable in their grouping choices compared to
ninth graders, suggesting that maturity and social experience
can shape students’ collaborative behaviors.

These insights underscore the importance of designing
learning environments that strike a balance between lever-
aging existing friendships and exposing students to diverse
perspectives. Educators could, for instance, intersperse
random and self-chosen teams or integrate structured
activities that promote both cooperative skills and social
cohesion. By aligning group-formation strategies with
students’ developmental needs, teachers can support not
only academic success but also key interpersonal compe-
tencies such as communication and conflict resolution.

Even so, this study has limitations. It was confined to
a single institution and relied on student self-reports, poten-
tially narrowing the generalizability of the results. Moreover,
we did not account for motivational factors or individual
preferences that may also influence group work dynamics.
Future research should thus explore how these additional
variables, as well as different cultural or curricular settings,
interact with group-formation strategies. Longitudinal work
that tracks students across multiple semesters or subjects may
furtherilluminate how social ties, collaborative behaviors, and
academic achievement coevolve.

In addressing these gaps, future investigations can guide
the development of more nuanced, evidence-based teaching
approaches that foster meaningful collaboration and equip
students with the social and cognitive capacities essential
for success—both in STEM fields and in an increasingly
interconnected global environment.
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APPENDIX: SUPPLEMENTARY MATERIAL

This section presents descriptive statistics and additional
analyses that complement the findings reported in the main
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TABLE VI. Descriptive statistics of directed networks at the
end of semester 1: friendship ties, physics prestige nomination,
and physics collaboration. Note that ~ represents average number
of incoming and outgoing links per students in the class.

Friendship (7y) Friendship (1)

Course Nodes Links Degree* Density Links Degree* Density

El 24 175 7.29 0.32 151 6.29 0.27
E2 22 125 5.68 0.27 118 5.36 0.26
Cl1 24 117 4.88 0.21 112 4.67 0.20
C2 20 117 5.85 0.31 95 4.75 0.25

Prestige in physics Collaboration in physics

Course Nodes Links Degree’ Density Links Degree* Density
El 24 127 5.29 0.23 113 4.71 0.21
E2 22 108 491 0.23 71 3.22 0.15
Cl 24 147 6.13 0.27 134 5.58 0.24
C2 20 101 5.05 0.27 57 2.85 0.15

article. These supplementary materials provide deeper
insights into the characteristics of the social networks
studied, as well as the validity and robustness of the
statistical models used in the analysis.

1. Descriptive statistics of social networks

Detailed descriptive statistics of the social networks
analyzed at the end of the first semester are included
in Tables VI-VIIL. These statistics highlight structural
differences between experimental and control groups,
offering additional evidence.

The data presented in Table VI show that the exper-
imental groups (E1 and E2) maintained levels of friendship
tie density that are comparable to or slightly higher than
those of the control groups (C1 and C2). This trend may
suggest that self-assigned groups help sustain preexisting
social ties. Regarding academic collaboration, the densities
vary across groups: one control group (C1) exhibits the
highest collaboration density, while the others show similar
values. These descriptive patterns offer additional context
for interpreting the main findings and illustrate the nuanced
nature of group interactions in classroom settings.

Table VII presents group-level averages for key varia-
bles, including friendship, cooperation, and prestige, at
different time points. The results indicate that self-assigned
groups report stronger internal cohesion (e.g., higher
friendship levels) and greater stability in group composition
(e.g., reconfiguration metric). Randomly assigned groups
show a moderate level of cooperation, which aligns with
their less cohesive structure.

TABLE VII. Group-level averages for key variables.

Team Team Team Team Friendship Dependent variable
Group Treatment friendship (#;)  cooperation (t;)  prestige (t;)  friendship (#;) (1) in Table V (¢))
1 Random 0.25 1.75 0 0.5 6 0
2 Random 1.25 3 1.75 0.75 6 0.5
3 Random 0 2.25 0.75 0 3.75 0
4 Random 0.75 3 1.25 0.75 4.5 0.5
5 Random 0.25 3 0.75 0 4.75 0
6 Random 0.75 2.25 0 1 3 0.5
7 Random 0.333 2 0.333 0.333 3 0.667
8 Random 0 3 0.5 0 4.5 0
9 Random 0 1.33 0.333 0.333 3.67 0
10 Random 1.67 2 1 1.33 6.33 0
11 Random 0.667 1.33 1 0.667 4.67 0.667
12 Random 2.5 3 2 1.5 6 0.5
13 Self-selected 2 2.5 0.75 2.25 9.75 1
14 Self-selected 1.5 1 0.25 1.5 7.25 0.5
15 Self-selected 0.5 2.25 0.75 0.5 1.25 1.5
16 Self-selected 3 1 0.75 2.25 5.5 1.5
17 Self-selected 2.5 1.75 1.25 2.5 7.25 1.5
18 Self-selected 2.5 2.25 2.25 2 6.75 3
19 Self-selected 1.67 1.67 0.333 1.67 5.67 2
20 Self-selected 1.5 2.75 0.5 2 2.75 1.5
21 Self-selected 3 3 2 2.75 4.75 3
22 Self-selected 1.33 2 0.333 2 2.67 2
23 Self-selected 2.5 3 1.75 3 8.75 3
24 Self-selected 2.5 2.5 0.25 2 7 3
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TABLE VIII. Treatment-level averages for key variables.

Team Team Team Team Dependent variable
Treatment friendship (#;) cooperation (;) prestige (1) friendship (#;) Friendship (7y) in Table V (#;)
Random 0.705 2.39 0.818 0.591 4.70 0.273
Self-selected 2.07 2.15 0.957 2.04 5.85 1.96

Finally, Table VIII summarizes the treatment-level aver-
ages for the same variables. This aggregation highlights
significant differences between treatments: self-assigned
groups consistently show higher friendship and stability,
while randomly assigned groups tend to exhibit slightly
higher levels of cooperation. These aggregated results
reinforce the trends observed at the group level and provide
a broader perspective on the dynamics fostered by different
grouping strategies.

2. Relationship between gender, grades,
and prestige nominations

Figure 4 provides additional details complementing
the findings reported in Table III (models 7 and 8) and

discussed in the Discussion section. It is observed that
there is no significant difference between men and women
regarding the relationship between gender and grades [see
Fig. 4(a)]. However, when characterizing the differences
associated with physics prestige nominations by gender,
significant differences are evident, with women receiving
more nominations both at the general level [see Fig. 4(b)]
and the group level [see Fig. 4(c)].

3. Evaluation of the robustness of mixed models
a. Random effects metrics

Table IX presents descriptive metrics of the random
effects used in the mixed models. These metrics are
essential to ensure that the models meet the necessary
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FIG. 4. Comparison of average grades and in-degree for general and group-level prestige by gender. In (a), the distribution of average
grades by gender is shown, where no significant differences are observed (p = 0.922). In (b), the in-degree for general prestige is
presented, showing significant differences between genders (p = 0.008**). Finally, in (c), the in-degree for group-level prestige is
shown, with significant differences favoring women (p = 0.0318%).
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TABLE IX. Results of mixed models: descriptive metrics of random effects.

Model Shapiro p Asimetra Curtosis Media Std. dev. Min Max Varianza min Varianza max
1 0.4051 0.443 —0.537 0.029 1.373 —2.220 2.983 0.088 0.682
2 0.6115 0.164 —0.817 0.004 1.171 —2.096 2.520 0.049 0.314
3 0.8002 0.271 —0.598 0.033 1.859 —3.246 3.729 0.056 0.962
4 0.8353 0.169 —0.640 0.029 1.879 —3.257 3.707 0.104 0.907
5 0.0578 —0.087 —1.418  —0.069 1.127 —1.811 1.548 0.037 0.228
6 0.0590 —0.093 —1.409  —0.080 1.240 —2.034 1.726 0.053 0.349
7 0.8111 —0.423 —0.063 0.009 0.398 —0.907 0.743 0.002 0.069
8 0.8083 —0.424 —0.063 0.009 0.398 —0.907 0.742 0.002 0.069
9 0.2240 —0.029 —0.850 0.080 2.081 —3.660 3.916 0.006 1.327
10 0.1878 —0.043 —0.836 0.081 2.161 —3.549 3.989 0.008 1.428
11 0.5682 —0.157 —0.624 0.098 2418 —4.554 4.418 0.044 2.204

assumptions and that coefficient estimates are reliable.
Most models show Shapiro p values greater than 0.05,
indicating that the normality hypothesis for the random
effects cannot be rejected. Additionally, skewness and
kurtosis parameters are mostly close to 0, suggesting a
symmetric and normal distribution of the random effects.
The mean and standard deviation of the random effects are
also consistent with theoretical expectations, indicating no
significant biases in the estimates.

b. Collinearity analysis

Table X evaluates the collinearity of the models pre-
sented in the main text among the predictor variables using
the variance inflation factor (VIF) and tolerance. The
results indicate an absence of severe collinearity, with all
VIF values below 10 and tolerances above 0.1. This ensures
that the coefficient estimates are independent and that the
predictor variables are not highly correlated with each

TABLE X. Collinearity in the models. The VIF values indicate low, moderate, or high collinearity among the

predictor variables.

Model Term VIF VIF 95% CI  Increased SE  Tolerance  Tolerance 95% CI
1 Exp. (self-select groups) 1.95 [1.54, 2.67] 1.40 0.51 [0.37, 0.65]
Group size (3) 1.53 [1.26, 2.09] 1.24 0.65 [0.48, 0.80]
Gender (male) 3.38 [2.53, 4.68] 1.84 0.30 [0.21, 0.39]
Grade level (tenth) 1.71 [1.38, 2.34] 1.31 0.58 [0.43, 0.72]
Average grades 1.19 [1.05, 1.73] 1.09 0.84 [0.58, 0.95]
Team friendship (;) 1.95 [1.54, 2.67] 1.40 0.51 [0.37, 0.65]
2 Exp. (self-select groups) 3.98 [2.94, 5.57] 1.99 0.25 [0.18, 0.34]
Group size (3) 1.54 [1.27, 2.09] 1.24 0.65 [0.48, 0.79]
Gender (male) 1.02 [1.01, 1.30] 1.01 0.98 [0.75, 0.99]
Grade level (tenth) 1.72 [1.38, 2.33] 1.31 0.58 [0.43, 0.72]
Average grades 1.19 [1.05, 1.72] 1.09 0.84 [0.58, 0.95]
Team friendship (z;) 5.76 [4.18, 8.13] 2.40 0.17 [0.12, 0.24]
Exp.* team friendship (7y) 10.69  [7.59, 15.23] 3.27 0.09 [0.07, 0.13]
3 Exp. (self-select groups) 1.16 [1.03, 1.74] 1.08 0.86 [0.58, 0.97]
Group size (3) 1.51 [1.24, 2.06] 1.23 0.66 [0.48, 0.80]
Gender (male) 1.04 [1.00, 5.38] 1.02 0.96 [0.19, 1.00]
Grade level (tenth) 1.66 [1.34, 2.26] 1.29 0.60 [0.44, 0.75]
Average grades 1.25 [1.08, 1.76] 1.12 0.80 [0.57, 0.93]
Friendship (z,) 1.15 [1.03, 1.75] 1.07 0.87 [0.57, 0.97]
4 Exp. (self-select groups) 5.05 [3.69, 7.11] 2.25 0.20 [0.14, 0.27]
Exp." friendship (z,) 8.46 [6.05, 12.03] 291 0.12 [0.08, 0.17]
Group size (3) 1.51 [1.25, 2.05] 1.23 0.66 [0.49, 0.80]
Gender (male) 1.05 [1.00, 3.91] 1.02 0.95 [0.26, 1.00]
Grade level (tenth) 1.67 [1.35, 2.26] 1.29 0.60 [0.44, 0.74]
Average grades 1.25 [1.08, 1.75] 1.12 0.80 [0.57, 0.92]

(Table continued)
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TABLE X. (Continued)

Model Term VIF VIF 95% CI  Increased SE  Tolerance  Tolerance 95% CI
5 Exp. (self-select groups) 1.95 [1.54, 2.67] 1.40 0.51 [0.37, 0.65]
Group size (3) 1.53 [1.26, 2.09] 1.24 0.65 [0.48, 0.80]
Gender (male) 1.72  [1.38, 2.10] 1.31 0.58 [0.48, 0.72]
Grade level (tenth) 1.71 [1.38, 2.34] 1.31 0.58 [0.43, 0.72]
Average grades 1.19 [1.05, 1.73] 1.09 0.84 [0.58, 0.95]
Team friendship (7,) 1.95 [1.54, 2.67] 1.40 0.51 [0.37, 0.65]
6 Exp. (self-select groups) 3.98 [2.94, 5.57] 1.99 0.25 [0.18, 0.34]
Group size (3) 1.54  [1.27, 2.09] 1.24 0.65 [0.48, 0.79]
Gender (male) 1.43 [1.15, 1.80] 1.20 0.70 [0.56, 0.87]
Grade level (tenth) 1.72 [1.38, 2.33] 1.31 0.58 [0.43, 0.72]
Average grades 1.19 [1.05, 1.72] 1.09 0.84 [0.58, 0.95]
Team friendship (z;) 5.76  [4.18, 8.13] 2.40 0.17 [0.12, 0.24]
Exp.* team friendship (ry) 10.69  [7.59, 15.23] 3.27 0.09 [0.07, 0.13]
7 Exp. (self-select groups) 1.95 [1.54, 2.67] 1.40 0.51 [0.37, 0.65]
Group size (3) 1.53 [1.26, 2.09] 1.24 0.65 [0.48, 0.80]
Gender (male) 1.52  [1.20, 2.10] 1.23 0.66 [0.48, 0.83]
Grade level (tenth) 1.71 [1.38, 2.34] 1.31 0.58 [0.43, 0.72]
Average grades 1.19 [1.05, 1.73] 1.09 0.84 [0.58, 0.95]
Team friendship (z;) 1.95 [1.54, 2.67] 1.40 0.51 [0.37, 0.65]
8 Exp. (self-select groups) 3.98 [2.94, 5.57] 1.99 0.25 [0.18, 0.34]
Group size (3) 1.54  [1.27, 2.09] 1.24 0.65 [0.48, 0.79]
Gender (male) 2.10  [1.50, 3.00] 1.45 0.48 [0.33, 0.67]
Grade level (tenth) 1.72  [1.38, 2.33] 1.31 0.58 [0.43, 0.72]
Average grades 1.19 [1.05, 1.72] 1.09 0.84 [0.58, 0.95]
Team friendship (z;) 5.76 [4.18, 8.13] 2.40 0.17 [0.12, 0.24]
Exp.* team friendship (75) 10.69  [7.59, 15.23] 3.27 0.09 [0.07, 0.13]
9 Exp. (self-select groups) 1.10  [1.01, 1.91] 1.05 0.90 [0.52, 0.99]
Group size (3) 1.50  [1.24, 2.06] 1.22 0.67 [0.49, 0.81]
Gender (male) 1.02  [1.01, 1.50] 1.01 0.98 [0.67, 0.99]
Grade level (tenth) 1.64  [1.33, 2.25] 1.28 0.61 [0.44, 0.75]
Average grades 1.18 [1.04, 1.74] 1.08 0.85 [0.57, 0.96]
10 Exp. (self-select groups) 1.16 [1.03, 1.74] 1.08 0.86 [0.58, 0.97]
Group size (3) 1.51 [1.24, 2.06] 1.23 0.66 [0.48, 0.80]
Gender (male) 1.04  [1.00, 5.38] 1.02 0.96 [0.19, 1.00]
Grade level (tenth) 1.66  [1.34, 2.26] 1.29 0.60 [0.44, 0.75]
Average grades 1.25 [1.08, 1.76] 1.12 0.80 [0.57, 0.93]
Friendship (;) 1.15 [1.03, 1.75] 1.07 0.87 [0.57, 0.97]
11 Group size (3) 1.51 [1.25, 2.05] 1.23 0.66 [0.49, 0.80]
Gender (male) 1.05 [1.00, 3.91] 1.02 0.95 [0.26, 1.00]
Grade level (tenth) 1.67 [1.35, 2.26] 1.29 0.60 [0.44, 0.74]
Average grades 1.25 [1.08, 1.75] 1.12 0.80 [0.57, 0.92]
Friendship (z,) 3.48 [2.60, 4.85] 1.87 0.29 [0.21, 0.38]
Exp. (self-select groups) 5.05 [3.69, 7.11] 2.25 0.20 [0.14, 0.27]
Exp." friendship (z,) 8.46 [6.05, 12.03] 291 0.12 [0.08, 0.17]

other. The low collinearity observed strengthens the inter-
pretation of the individual effects of each predictor variable
in the models. This means that the estimated coefficients
reflect the influence of each predictor on the dependent
variable without significant interference from other corre-
lated variables.

c. Comparison of AIC between models with
and without random effects

Tables XI and XII present a comparison of Akaike
information criterion (AIC) values between the random-
effects models (clmm) presented in the main text (see
Tables III and V) and basic models without random
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TABLE XI. Comparison of AIC between models with random effects (clmm) and models without random effects (clm). Models with
Nominal: “Variable” indicate that a nominal variable is being used in the model, meaning the categorical variable is treated as a nominal
predictor instead of an ordinal or continuous predictor. This allows the modeling of relationships between the categories of the nominal
variable without assuming a specific order among them.

Tipo modelo Modelo AIC Modelo AIC Modelo AIC Modelo AIC

clmm 1 155.06 3 186.39 5 161.26 7 209.64
clmm 2 149.32 4 187.80 6 161.26 8 211.64
clm Nominal: Exp. 162.54 Nominal: Exp. 208.54 Nominal: Exp. 168.42 Nominal: Exp. 211.75
clm Nominal: Group size 162.25 Nominal: Group size 203.84 Nominal: Group size 165.34 Nominal: Group size 212.42
clm Nominal: Gender 161.99 Nominal: Gender 207.97 Nominal: Gender 167.97 Nominal: Gender 212.54
clm Nominal: Grade level 164.49 Nominal: Grade level 208.94 Nominal: Grade level 168.75 Nominal: Grade level 213.36
clm Nominal: Average grades 163.15 Nominal: Average grades 206.95 Nominal: Average grades 170.90 Nominal: Average grades 213.53
clm Nominal: Team friendship 156.49 Nominal: friendship 199.55 Nominal: Team friendship 169.65 Nominal: Team friendship 213.22

effects (clm), which differ in how each variable is treated.
For example, in Table XI, the first column “Model” shows
the results for models 1 and 2 from Table XII in the main text.
Subsequently, a series of clm models with the same structure
as model 1 are presented, but they vary in how the variable
specified as “Nominal: Variable” is defined. Another example
is column 6, which shows models 5 and 6. In the rows below,
the models correspond to model 5 in clm format, varying the
specification of the indicated variable.

We note that the label “Nominal: Variable” does not
imply that the variable is not inherently nominal (e.g.,
gender or experimental condition), but rather that it was
explicitly treated as a nominal factor in that model
specification. This labeling was applied systematically to
indicate the modeling approach used in each variant,
regardless of whether the original variable was ordinal
or nominal. These clm variants were included as part of a
robustness check to examine whether model fit was
affected by the treatment of categorical predictors.

In most cases, clmm models show significantly lower
AIC values compared to clm models, indicating a better fit
to the data. This superiority arises because clmm models
incorporate random effects, allowing them to capture

clm models. The inclusion of random effects in clmm
models enables the modeling of intergroup heterogeneity,
resulting in a more accurate representation of the dyna-
mics of friendship, prestige, and academic collaboration.
Therefore, the improved fit of the clmm models supports
the methodological choice of using mixed models.

This approach is crucial for the robustness of the analysis
for several reasons. First, treating a variable as nominal
avoids assuming an order that may not exist or be relevant
in the data, ensuring that the estimated effects for each
category are independent and not influenced by an assumed
hierarchy. Second, by fitting multiple clm models where
different variables are treated as nominal, it is verified
whether the results observed in clmm models remain
consistent even when certain specifications of categorical
variables are relaxed. If clmm models continue to show
better fit (lower AIC values) compared to nominal clm
models, this reinforces the choice of using mixed models,
demonstrating that their superiority does not depend on the
specific coding of categorical variables.

d. Consistency of results across different links
Tables XIII-XV present the main models from the

group-specific variability, which is not possible with  manuscript along with variations associated with the

TABLE XII. Comparison of AIC between models with random effects (clmm) and models without random effects
(clm). Models with Nominal: “Variable” indicate that a nominal variable is being used in the model, meaning the
categorical variable is treated as a nominal predictor instead of an ordinal or continuous predictor. This allows
the modeling of relationships between the categories of the nominal variable without assuming a specific order

among them.

Model type Model AIC Model AIC
clmm 9 156.98 10 158.14
clmm 11 155.76
clm Nominal: Average grades 161.09 Nominal: Average grades 163.09
clm Nominal: Group size 172.99 Nominal: Group size 174.90
clm Nominal: Grade level 179.08 Nominal: Grade level 180.85
clm Nominal: Gender 179.77 Nominal: Gender 181.68
clm Nominal: Exp. 180.06 Nominal: Exp. 181.94
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TABLE XIII.

Coefficients of the models with logit, probit, and cloglog link functions, including threshold coefficients, number of

observations (nobs), logLik, AIC, and BIC. Standard errors are shown in parentheses below the coefficients, and significance is
indicated to the right of each coefficient: **p < 0.001, **p < 0.01, *p < 0.05, Tp <0.1.

Model 1 Model 2 Model 3 Model 4
Variable Logit Probit Cloglog Logit Probit Cloglog Logit Probit Cloglog Logit Probit Cloglog
Exp. (self-select groups)  1.51  1.02  1.18 425 248" 346" 416 2417 278" 5097 288" 3397
(1.13)  (0.66) (0.86) (1.57) (0.85) (1.15) (1.20) (0.72) (1.06) (1.06) (0.96) (1.18)
Group size (3) —2.02 —-1.04 —-127 —218 —1.12 —144 223 —129 —145 -226 —128 —141
(139) (0.80) (1.04) (1.32) (0.75) (1.04) (1.53) (0.79) (1.07) (1.54) (0.90) (1.02)
Gender (male) 049 031 051 052 030 057 —034 —0.19 —020 —0.34  —0.19" —0.18"
0.64) (0.37) (0.47) (0.66) (0.37) (0.48) (0.60) (0.36) (0.45) (0.59) (0.36) (0.42)
Grade level (tenth) 068 031 031 067 033 036 19 115 140 1977 113 136
(1.16) (0.68) (0.88) (1.09) (0.63) (0.88) (1.23) (0.71) (0.91) (1.08) (0.71) (0.87)
Average grades 004 002 002 005 003 003 —002 —001 —0.02 —0.02"" —0.01" —0.02"
(0.05) (0.03) (0.03) (0.05) (0.03) (0.03) (0.05) (0.03) (0.04) (0.05) (0.03) (0.03)
Team friendship (z,) 2877 1527 186”7 47777 26177 365
(in-degree) (0.55) (0.28) (0.39) (1.02) (0.52) (0.79)
Exp.” team friendship (7,) —261" =146~ —221"
(in-degree) (1.01) (0.54) (0.76) . .
Friendship (7o) 0327 018 0257 0437 018" 033
(in-degree) (0.11)  (0.06) (0.08) (0.001) (0.06) (0.14)
Exp.” friendship (1) —0.17" —0.09" —0.12"
(in-degree) (0.00) (0.13) (0.17)
Threshold 0|1 419 238 308 595 333 470 064 051 085 096 074 116
Threshold 1|2 705 401 512 905 522 688 296 185 239 333 210 272
Threshold 2|3 1195 670 843 1365 7.76 1008 688 412 512 719 412 537
nobs 90 90 90 90 90 90 90 90 90 90 90 90
logLik —67.53 —67.91 —68.94 —63.66 —63.95 —63.80 —83.19 —82.38 —83.00 —82.90 —82.12 —82.73
AIC 155.06 155.82 157.88 149.32 149.90 149.60 186.39 184.75 185.99 187.80 186.24 187.46
BIC 180.10 180.82 182.87 176.81 177.39 177.11 211.39 209.75 210.99 21529 213.74 214.95

TABLE XIV. Coefficients of the models with logit, probit, and cloglog link functions, including threshold coefficients, number of
observations (nobs), logLik, AIC, and BIC. Standard errors are shown in parentheses below the coefficients, and significance is
indicated to the right of each coefficient: **p < 0.001, **p < 0.01, *p < 0.05, Tp <0.1.

Model 5 Model 6 Model 7 Model 8
Variable Logit Probit  Cloglog Logit Probit  Cloglog Logit Probit Cloglog Logit Probit Cloglog
Exp. (self-select groups) —3.76" —1917 —1.75" —496" —283" -3.03" —069 -037 —070 —0.68 —030 —0.59
(1.19)  (0.62) (0.64) (1.56) (0.86)  (1.01) (0.75) (0.42) (0.55) (1.10) (0.59) (0.80)
Group size (3) —646"" —3.62"" —3.66"" —649"" —375" —405" -056 —035 -035 —0.57 -045 —0.36
(1.64)  (0.88)  (0.95)  (1.71)  (0.96)  (1.20) (0.80) (0.45) (0.60) (0.81) (0.45)  (0.60)
Gender (female) -0.61 —-036 —-038 —050 —030 —031 —1.03° —0.62° —0.77" —-1.03" —0.62" —0.77"
0.66)  (036)  (0.38)  (0.69) (0.37)  (0.41) (049) (0.28) (0.37) (0.49) (0.28) (0.37)
Grade level (tenth) 4647 2657 283 477" 278" 3107 —044 —027 —046 —044 —026 —045
(1.38)  (0.76)  (0.81)  (1.45)  (0.76)  (1.01) (0.68) (0.38) (0.48) (0.68) (0.38) (0.48)
Average grades -0.16"7 —0.08" —008 —0.17" —009" —0.10" 0147 0097 0107 0147 0097 0107
0.06)  (0.03)  (0.03) (0.07) (0.03) (0.03) (0.05) (0.03) (0.04) (0.05) (0.03) (0.04)
Team friendship (7o) 0.72° 0.35 0.34 —026 —027 —037 086" 048" 067 086 052" 0727
(in-degree) 0.38) (0200  (021)  (0.80)  (0.40)  (0.41) (0.33) (0.18) (0.23) (0.50) (0.27) (0.35)
Exp." team friendship (7o) 1.29 0.87" 1.07° —0.01 —0.06 —0.19
(in-degree) 0.94)  (0.49)  (0.52) 0.64) (0.37) (0.45)
Threshold 0|1 —1646 —861 —776 —1741 —861 —776 873 542  6.83 874 542 683
Threshold 1]2 -1397 —723 —638 —1487 —723 —638 1050 645 812 1050  6.45 8.12

010157-17

(Table continued)



DIEGO RAMIREZ et al.

PHYS. REV. PHYS. EDUC. RES. 21, 010157 (2025)

TABLE XIV. (Continued)

Model 6 Model 7 Model 8

Probit  Cloglog Logit Probit Cloglog Logit Probit Cloglog

Model 5
Variable Logit Probit  Cloglog  Logit
Threshold 2|3 —10.75 —5.46 —4.52 —11.54
nobs 90 90 90 90
logLik —70.63 —71.23 —7441 —69.63
AIC 161.26 16246  168.82  161.26
BIC 186.26  187.46  193.82  188.76

—5.46 —4.52  11.73 7.16 9.02 11.73 7.16 9.02

90 90 90 90 90 90 90 90
—69.54 7191 -94.82 —94.13 —-9496 —-94.82 —94.12 —-94.94
161.08  165.83 209.64 208.27 20991 211.64 21024 211.87
188.58  193.33  234.64 233.27 23491 239.14 237.74 239.37

TABLE XV. Coefficients of the models with logit, probit, and cloglog link functions, including threshold coefficients, number of

observations (nobs), logLik, AIC, and BIC. Standard errors a
indicated to the right of each coefficient: ***p < 0.001, **p <

re shown in parentheses below the coefficients, and significance is
0.01, *p <0.05, Tp <0.1.

Model 9 Model 10 Model 11
Variable Logit  Probit Cloglog Logit Probit Cloglog  Logit Probit  Cloglog
Exp. (self-select groups) 1 7357 405" 44977 74277 4067 45477 5197 275 284
(1.51)  (0.95) (1.04)  (0.00) (0.98) (1.09) (0.00) (1.22) (1.34)
Group size (3) 1 —241 —127 -120 236 —125 —1.17 =271 —144 —144
(1.92)  (1.07) (1.17)  (1.89)  (1.10) (1.22)  (2.09) (1.23) (1.36)
Gender (male) M —051 —041 —-076 —053"" —037" —0.70" —0.74" —049" —0.73"
(0.71)  (0.40)  (0.48)  (0.00)  (0.41) (0.48)  (0.00) (0.42) (0.49)
Grade level (tenth) 1 333" 1.82° 202" 344 189 213 399 222" 256
(155)  (0.96) (1.04) (1.44) (1.00) (1.12)  (1.58) (1.14) (1.23)
Average grades 0.08  0.05 006 0087 005" 007 0097 005 006
0.06) (0.03) (0.03) (0.00) (0.03) (0.07)  (0.00) (0.03) (0.04)
Friendship (z,) 01177 007" 012" —0247 —0.13" —0.17

Exp. (self-select groups) 1: friendship (#;)

Threshold 0|1 8.19 4.64
Threshold 1|2 10.55 592
Threshold 2|3 15.10  8.38
nobs 90 90
logLik —69.49 —69.84
AIC 156.98 157.67
BIC 179.47 180.17

(0.00)  (0.07)  (0.08) (0.09*)* 0.12)  (0.15)

0.57 033" 042
0.00)  (0.16)  (0.19)

6.07 8.71 4.88 6.39 8.14 4.37 5.55
7.38 11.08 6.18 7.01 10.66 6.18 7.01
10.07 15.70 8.38 10.07 15.62 8.70 10.11

90 90 90 90 90 90 90
7479 —69.07 —69.32 -73.74 —66.88 —67.00 —71.02
167.57 158.14 158.64 167.49 155776 156.00 164.04
190.07 183.13 183.63 19249 183.25 183.50 191.54

type of link function specified in the model (logit, probit, and
cloglog). It is observed that, regardless of the link function
used, the main predictor variables exhibit similar patterns in
terms of direction and significance. For instance, member-
ship in self-assigned groups [Exp. (self-select groups)]
consistently shows a positive and significant effect across
all link functions, reinforcing the robustness of this finding.
Similarly, group size [group size (3)] displays negative and
significant effects across all links, indicating that larger
groups tend to have lower cohesion.

This consistency suggests that the results are robust to
different model specifications, increasing confidence in the
conclusions drawn. Furthermore, the stability of effects
across different link functions confirms that the observed

relationships between predictor variables and group
dynamics are not artifacts of a particular choice of link
function but rather represent true underlying associations in
the data.

4. Models with thresholds

The Tables XVI and XVII report the threshold param-
eters estimated in each of the cumulative link mixed models
(CLMMs) presented in the main manuscript. While these
threshold values are not interpreted directly in the results or
discussion sections, they are essential components of
ordinal models and are included here for completeness
and transparency.
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TABLE XVI. Regression models: predicting within-group friendship, prestige, and cooperation links at time #. "p < 0.1,
*p <0.05, *p <0.01, **p <0.001.

Dependent variable

Team friendship (z;) (in-degree) Team cooperation (1) (in-degree) Team prestige (¢;) (in-degree)

(1 (2) (3) ) (5) (6) @) ®)
Exp. (self-select groups) ~ 1.51 425 416 509" —3.76" —4.96" —0.69 —0.68
(1.13)  (1.57)  (1.20) (1.06) (1.19) (1.56) (0.75) (1.10)
Group size (3) —2.02 218" —223 226 —6.46" —6.49" —0.56 —0.57
(139)  (1.32) (1.54) (1.55) (1.64) (1.71) (0.80) (0.81)
Gender (male) 049 052 —034 —034" —0.61 —0.50 -1.03" —-1.03"
0.64)  (0.66) (0.60) (0.59) (0.66) (0.69) (0.49) (0.49)
Grade level (tenth) 068  0.67 196  1.97 464" 477" —0.44 —0.44
(1.16)  (1.09) (1.23) (1.08) (1.38) (1.45) (0.68) (0.68)
Average grades 004 005 —002 —0.027 —0.16" —0.17 0.14~ 0.14"
(0.05)  (0.05) (0.05) (0.05) (0.06) (0.07) (0.05) (0.05)
Team friendship (r,) 2877 477 0.72" —0.26 0.86" 0.86"
(in-degree) 0.55)  (1.02) (0.38) (0.80) (0.33) (0.50)
Exp.” team friendship (7,) —261" 1.29 —0.01
(in-degree) (1.01) . (0.94) (0.64)
Friendship (7,) 0327 043"
(in-degree) (0.11)  (0.00)
Exp.” friendship (f) —0.17"
(in-degree) (0.00)
Threshold 0|1 419 595" 064  0.96 —16.46"" —17.4177 8.73" 8.74"
(3.02) (3.14) (2.96) (0.66) (4.60) (4.89) (3.00) (3.02)
Threshold 1|2 7057 9057 296 3337 —13.97" —14.86" 10.50" 10.50""
3.10)  (324) (296) (0.59) (4.45) 4.72) (3.09) 3.11)
Threshold 2|3 11957 1365 688 7197 -10.75" —11.54" 11737 11737
(3.53)  (3.59)  (3.06) (0.00) (4.22) (4.47) (3.15) (3.17)
Group effect Random Random Random Random Random Random Random Random
Number of observations 90 90 90 90 90 90 90 90
AIC 155.1 1493 1864 1878 161.3 161.3 209.6 211.6
BIC 180.1 1768 2114 2153 186.3 188.8 234.6 239.1
Log likelihood —67.529 —63.658 —83.194 —82.900  —70.632 —69.632 —94.822 —94.822
edf 1000 11.00  10.00  11.00 10.00 11.00 10.00 11.00

TABLE XVII. Regression models: predicting the number of students with whom an individual continues to work
when given the option to change groups. "p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

Dependent variable

n students with whom a person continues to work

Model (9) Model (10) Model (11)
Exp. (self-select groups) 7357 7427 5197
(L51) (0.00) (0.00)
Group size —2.41 —2.36 —2.71
(1.92) (1.89) (2.09)
Gender (male) -0.51 053" —0.74""
0.71) (0.00) (0.00)
Grade level (tenth) 333 3447 3.99"
(1.55) (1.44) (1.58)
Average grades 0.08 0.08"" 0.09"
(0.06) (0.00) (0.00)

(Table continued)
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(2]

(4]

(5]

(6]

(71

TABLE XVII. (Continued)

Dependent variable

n students with whom a person continues to work

Model (9) Model (10) Model (11)
Friendship () 0117 —0.24"
(in-degree) (0.00) (0.00)
Exp. friendship (#,) 057"
(in-degree) (0.00)
Threshold 0|1 8.19" 8717 8.14™
(4.05) (0.00) (0.00)
Threshold 1|2 10.55° 11.08™ 10.66""
(4.13) (0.00) (0.00)
Threshold 2|3 15.10"" 1570 1562
(4.49) (0.95) (1.04)
Group effect Random Random Random
Number of observations 90 90 90
AIC 157.0 158.1 155.8
BIC 179.5 183.1 183.3
Log likelihood —69.49 —69.07 —66.88
edf 9.00 10.00 11.00
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