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Abstract: In civil engineering and construction management programs, student collaboration is important for their skill building, but its
relationship with student engagement remains elusive. This study explored this relationship by examining the structure and characteristics of
student collaboration networks. The results underscore the significance of network diameter as a measure of reachability and communication
efficiency—a smaller network diameter correlates with higher engagement and suggests quicker and more-efficient communication in student
groups. Structural leadership is a key factor in reducing the diameter and enhancing engagement by facilitating communication and bridging
structural connection holes. In this context, structural leaders (i.e., brokers or bridges) who connect disconnected students or isolates play a
more crucial role than opinion leaders (i.e., influencers or hubs) who connect a larger number of students. The findings reflect the ideal dual-
lead pattern observed in industry collaborations, in which a technical lead makes critical decisions and a coordination lead diffuses knowledge
and information. Strategies to nurture structural leadership are proposed, including leveraging virtual collaboration such as BIM and focusing
on cultivating bridge students and their coordination skills. Additionally, the study highlights the benefits of small-world networks and reveals
that demographic factors have little significant influence on engagement levels. DOI: 10.1061/JCEECD.EIENG-2027. © 2024 American
Society of Civil Engineers.
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Introduction

Student engagement is associated with their university experience.
Evidence shows that engagement is related positively to various
educational outcomes such as academic achievement (Fredricks
et al. 2004; Hughes et al. 2008; Kuh et al. 2011; Ladd and Dinella
2009), student satisfaction (Filak and Sheldon 2008; Zimmerman
and Kitsantas 1997), student persistence in learning (Berger and
Milem 1999; Fredricks et al. 2004; Kuh et al. 2011), and social
capital (Harper 2008). In the learning process, interactivity is con-
sidered to be an essential component (Blasco-Arcas et al. 2013); it
encourages students to participate actively in classroom activities,
which is a foundation for collaborative learning (Guthrie and Carlin

2004; Thalheimer 2003). Sustained participation in learning activ-
ities therefore fosters the development of engagement (Erbaş et al.
2018; Taffere et al. 2024; Webb and Carnaghan 2006). The present
study defines engagement in a collaborative project as active par-
ticipation, contribution, commitment, interaction, involvement, and
cooperation of individuals or groups in a particular task or activity
(De Weger et al. 2018; Taffere et al. 2024). Research on student
engagement helps evaluate educational systems and generate pos-
itive improvement. For example, Pascarella and Terenzini (1991)
suggested that the best way to enhance student persistence is to
focus on social and academic activities ìn which students are
involved during college. Proactive student engagement and social
interactions with peers are highly intertwined during the learning
process (Tinto 1987; Wolf-Wendel et al. 2009).

Collaborations impact the academic performance, social en-
gagement, and career development of college students. Although
student engagement in collaborative learning has a significant pos-
itive correlation with their learning outcomes and academic success
(Blasco-Arcas et al. 2013), the mechanisms of how collaborations
influence engagement are not well established. Some studies em-
phasized social capital, which increases self-efficacy, achievement,
retention, and other valuable abilities for future career (Ellison et al.
2007). Some studies encourage active classroom activities that in-
crease the development of social networks, student interpersonal
interaction, perception of social support, liking among students,
friendship, and social learning relations (Algan et al. 2013; Chi
and Wylie 2014; Johnson et al. 1998; Rienties and Nolan 2014).
Overall, social networks built upon collaborations connect stu-
dents, establishing social capital in college life and facilitating
powerful means to maintain the social ties for future benefits—
for example, job opportunities.

Most civil engineering and construction management programs
highlight the importance of student collaboration. Assignments—for
example, team projects—are used widely in construction-related
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courses to develop students’ collaboration skills. In practice, collab-
orations occur throughout all stages of the architecture, engineering,
and construction (AEC) project process. The assignments offer an
excellent opportunity to enhance student engagement across the
collaborative learning process. The social networks generated
and/or maintained throughout the collaboration can be a potential
predictor of student engagement (Zhao et al. 2019); however, the
correlations have not been identified, at least in the engineering
education area. Most researchers focus on instructional or peda-
gogical design to encourage active student engagement from the
instructor’s perspective (Peterson and Fennema 1985; Tanner
2013). There is a lack of studies that explore student interactions
and student engagement from the student’s perspective.

The objective of this study was to identify the relationship be-
tween student engagement and their collaborations through the lens
of network theory. In other words, we sought to understand how
student collaboration networks (e.g., network structure, density,
and centrality) are associated with their engagement levels. In par-
ticular, we explored two research questions rooted in the engineer-
ing education field: (1) What collaboration groups are likely to have
high engagement at the group level? (2) Who in a collaboration
network is likely to have high engagement at the individual level?
From the network perspective, the first research question focuses
on the network structure, and the second research question focuses
on the network nodes. We surveyed participants to collect data
about their collaboration network and their levels of engagement.
We performed social network analysis and regressions to analyze
the relationships. The outcomes indicate the network characteristics
that influence student engagement in collaborations. The under-
standing of engagement in collaborations also benefits construction
project management—for example, fostering appropriate project
planning to minimize expensive change orders and cost overruns.

Background

Student Engagement in Collaboration

Engagement is important for student success as well as teaching.
Fredricks et al. (2004) framed student engagement in higher edu-
cation using three dimensions: affect, cognition, and behavior. The
affective dimension of engagement refers to a student’s enthusiasm,
interest, and sense of belonging in college. The cognitive dimen-
sion of engagement represents self-regulated learning and a deep
learning approach. The behavioral dimension of engagement in-
volves the evaluation of a student’s time and effort, interaction,
and participation. Social engagement has been studied widely re-
garding the influences in higher education such as motivation,
learning outcomes, and academic success (Gordon et al. 2008;
Zepke et al. 2010).

Learning through collaboration in AEC-related courses facili-
tates teamwork spirit and builds communication skills for future
career development. Active engagement in such collaborative
learning significantly affects the students’ learning outcomes from
project work. Instructors can advise students to develop relation-
ships with peers and foster their social engagement to build social
capital, which is vital to their academic and career success. Student
disengagement in the behavioral dimension leads to a higher school
dropout rate (Archambault et al. 2009). A study of gender found
that there is a significant gender disparity in scientific collabora-
tion; men tend to cooperate more, whereas women have greater
commitment to egalitarian principles (Araújo et al. 2017). Although
previous social capital research explained differences in school ex-
perience networks based on class, gender, and race and/or ethnicity

(Lin 2000), the impact of these factors on student engagement in a
college classroom is confirmed. Peterson and Fennema (1985)
identified sex-related impacts on student engagement in classroom
activities. Zunzunegui et al. (2003) used hierarchical regression
analysis to test the influence of gender on social engagement
and the effects of age and level of education on cognitive function.
Kelly (2009) proposed a framework to study the effect of social
identity on student engagement.

Social engagement in college is highly associated with student
collaboration and academic success. Ream and Rumberger (2008)
suggested that active engagement and networking contributed to
lower school dropout rates. Kahu (2013) interpreted student en-
gagement as a dynamic network constructed by various correlated
factors. Overall, social engagement and collaboration networks are
used widely to examine social relations, but few have studies an-
alyzed their correlations.

Network Approaches in Education Research

Social network analysis (SNA) is a reliable approach for visualizing
network characteristics and structure, aligning with the fundamen-
tal principles of sociology. It enables the mathematical identifica-
tion and representation of interactions between individuals and
groups in a sociogram, thereby determining the significance of each
individual at the organizational level. SNA-based approaches focus
on various constructs, including individual interactivity, role, and
position, as well as their influence on group cohesion (Saqr et al.
2018). At the individual level, centrality measures in social network
analysis assess the importance of central nodes based on proximity
and communication activity (Duva et al. 2024; Scott 1988). These
measures provide insight into the influence of group members and
illustrate their social relations within the group structure (Xie et al.
2018). Degree centrality focuses solely on direct interactions to
indicate authority, whereas eigenvector centrality identifies hubs
in the network that have strong connections to influential individ-
uals. Betweenness centrality and closeness centrality assess an
individual’s overall influence within the network. Group-level
SNA allows for a comprehensive examination of organizational
social structure patterns by identifying network clusters based on
dense interactions within the group (McCulloh et al. 2013). It
aims to assess the effectiveness of group collaborations and infor-
mation sharing. This study employed subgroup size, density,
diameter, average degree, and centralization as measurements
to analyze network patterns at the group level. Density, which
is calculated using probability, represents the ratio of actual links
to the total possible links within the network. Diameter refers to
the longest geodesic in the network, and measures the overall net-
work connectedness. Average degree indicates the average num-
ber of edges per node in the network. Network centralization is
evaluated based on individual nodal centrality; degree centraliza-
tion assesses the relative dominance of nodes in the network, be-
tweenness centralization identifies potential gatekeepers, and
closeness centralization indicates the proximity of a presiding
node to all other nodes in the network.

The formation of social links is driven by social forces. For ex-
ample, reciprocity reflects the tendency of individuals to maintain
relationships with those who actively interact with them. Transitiv-
ity allows for the expansion of social connections to third parties,
significantly promoting group collaborations and information shar-
ing within the network. The ability to share information, such as
knowledge and resources, through social interactions is referred
to as social capital (McCulloh et al. 2013). Social capital is accu-
mulated through social networks, but its measurement presents
challenges (Shea et al. 2014). In a class setting, the instructor
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(or, in a project team, the construction manager) often acts as a
high-betweenness node, playing a critical role in facilitating infor-
mation sharing and fostering the formation of social capital among
members. Therefore, optimizing social connections at the nodal
level can significantly enhance group cohesion and productivity.

The integration of SNA offers a reliable means to evaluate stu-
dents’ class participation by examining the influence of peer rela-
tions (Rabbany et al. 2011). Xie et al. (2018) utilized SNA to rank
students’ contributions in an online learning community, allowing
for the assessment of leadership behaviors and an understanding of
performed leadership roles based on centrality measures. Addition-
ally, SNA provides a network perspective to assess the effectiveness
of course design and enhance teaching instruments for interactive
class activities (Ouyang and Scharber 2017). Saqr et al. (2018) pro-
posed that appropriately designed interventions can enhance the
existing social structure of online learning communities. Numerous
studies have explored the relationship between complex communi-
cation and interaction behaviors and students’ academic performance
by analyzing their positions within social learning networks (Mansur
and Yusof 2013; Zhao et al. 2019).

Methods

Participants

We recruited 132 students of construction and civil engineering to
participate in this study. They were from two universities at distinct
locations in the US. Both universities have distinguished civil
and construction programs that emphasize project collaborations
(Chiocchio et al. 2011). We adopted the selective sampling tech-
nique to reach out to the participants because the participating in-
stitutions are representative to suit the study objective. Overall,
111 valid respondents were finalized for data analysis after the de-
tection of missing data. The final sample consisted of 77% male
respondents and 23% female respondents. The respondents’ ages
ranged from 18 to 43, with a median age of 22. In terms of race
and ethnicity, 69% of respondents self-identified as White, 21%
self-identified as American Asian, 6% self-identified as Hispanic
or Latino, 3% self-identified as black, and 1% self-identified as
American Indian or Alaska Native. The majority of students were
seniors (58%), and 40% were juniors; 44% of the respondents were

from University P, and 56% of the respondents were from Uni-
versity Q. The distribution was consistent with the department
demographics: 82% of the students were ages 20–25; 78% of
the students were male and 22% were female; and 75% of students
were White. This indicates that our sample was a true reflection of
the population.

Procedure

We surveyed the participants when they were collaborating on
project assignments. The data collection included three components:
the collaborative network attributes, the participant engagement
level, and participant demographic information. First, participants
were asked to report two to five close partners with whom they
collaborated on activities such as homework, labs, studying for
exams or quizzes, sharing notes, textbooks, and information on
deadlines and online file repositories. The collaboration channels
included face-to-face meetings, emails, text messaging, and video
chats. The participants also were asked to provide the strength
of the collaboration interactions, measured by frequency (i.e., the
number of times they collaborate per week) and duration (i.e., the
length of each collaborative activity). Second, participants were
asked to answer 13 questions to measure their level of engage-
ment, adapted from Hunsu et al. (2018). The measurement of en-
gagement consisted of three constructs: trust, reciprocity, and
sense of belonging. The questions were on a 5-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree). Third,
participants were asked to report their age, gender, race and ethnicity,
grade, and institution. The data were collected using Qualtrics. The
project was reviewed under IRB#STUDY00007658 at Michigan
State University.

Measures and Analysis

We conducted social network analysis to visualize network socio-
grams and calculate network attributes. Table 1 lists the network
attributes that represented the network structure at the group level
or the nodal position at the individual level. We also conducted
descriptive analysis to report the collaboration networks.

We constructed two regression models to use network attributes
to predict engagement. The first regression model was used to an-
swer the first research question, i.e., to identify the relationship

Table 1. List of network attributes

Level Network attribute Description

Group Network density Ratio of observed edges to the number of possible edges. In networks with the same number of nodes, more
observed edges lead to higher density and indicate more interactions among nodes.

Network diameter Length of the longest path between two nodes in the network. It indicates the separated of nodes from one
another in a network.

Degree centralization Centralization describes the extent to which a subgroup is organized around the most central point. Degree
centralization is the ratio of the actual sum of differences to the maximum possible sum of differences in
degree centrality.

Closeness centralization Ratio of the actual sum of differences to the maximum possible sum of differences in closeness centrality
Betweenness centralization Ratio of the actual sum of differences to the maximum possible sum of differences in betweenness centrality

Individual Degree centrality Total number of connections linked to a node. Higher degree centrality indicates that the node is more
central.

Clustering coefficient Ratio of the number of edges connecting a node’s neighbors to the total number of possible edges between the
node’s neighbors. When a node’s neighbors have dense connections, the node’s clustering coefficient is high.

Eigenvector centrality A measure of the transitive influence of nodes. Connections originating from high-scoring nodes contribute
more to the score of a node than do connections from low-scoring nodes.

Closeness centrality Average of the shortest path length from the node to every other node. Closeness centrality indicates how
close a node is to all other nodes in the network.

Betweenness centrality Number of shortest paths between two other nodes that pass through the node. A node that has a high
betweenness centrality appears in many shortest paths.
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between network structure and student engagement at the group
level [Eq. (1)]. The dependent variable was the aggregate engage-
ment for each group; the independent variables were the attributes
of network structure in Table 1 (i.e., network density). The second
regression model was used to answer the second research question,
i.e., to identify the relationship between nodal position and engage-
ment at the individual level [Eq. (2)]. The dependent variable was
the engagement of each individual member; the independent var-
iables were the attributes of each member’s nodal position listed in
Table 1 (i.e., degree centrality). Additionally, we controlled dem-
ographic factors such as age, gender, years in college, and ethnicity

Y ¼ Σβ1X1 þ Σβ2C1 þ σ ð1Þ

where Y = student engagement; X1 = group-level network attrib-
utes; C1 = group-level control variables; β = impact of predictors
X1 on Y; and σ = variability in Y that cannot be explained by pre-
dictors and control variables

Y ¼ Σβ1X2 þ Σβ2C2 þ σ ð2Þ

where Y = student engagement; X2 = individual-level network
attributes; and C2 = individual-level control variables; β = impact
of predictor, i.e., individual-level network attributes X2 on student
engagement Y; and σ = unexplained variability in Y that cannot be
explained by predictors and control variable.

Results

Group-Level Engagement

Fig. 1 displays the sociogram of the whole academic network that
visualizes students (nodes) and their collaborations (ties). A total of
13 student groups were determined by network modularity through
social network analysis. Modularity is a measure of network struc-
ture, which determines the strength of division of a network into
groups (also called subgroups, clusters or communities). Networks
with high modularity have dense within-group connections and
sparse cross-group connections between the nodes. Some sub-
groups were larger, with many students, and they were well con-
nected, whereas some subgroups were smaller, with few students,
and they were isolated.

Table 2 lists the results of network attributes. The results indi-
cate the following network characteristics for student collaboration:
1. Student groups generally were not dense, and had sparse con-

nections [mean density ¼ 0.106 (10.6%)]. Sparse networks
imply simple connections for student collaboration which lacks
a certain pattern or extensive connectivity.

2. Student groups were not quick and efficient in communication;
a student has to go through at least four students (mean
diameter ¼ 4.462) to reach another member.

3. Student groups had a moderately centralized network structure,
and were not dominated heavily by a few highly central nodes.

Fig. 1. Sociogram of student academic networks and groups.

Table 2. Network measures at group level

Variable Mean Standard deviation Median Min Max

Network density 0.106 0.053 0.085 0.054 0.233
Network diameter 4.462 1.898 4.000 2.000 9.000
Degree centralization 0.380 0.254 0.302 0.111 0.985
Closeness centralization 0.365 0.096 0.396 0.171 0.471
Betweenness centralization 0.460 0.199 0.489 0.057 0.823
Engagement 4.134 0.144 4.123 3.924 4.318
Age 22.903 1.394 23.000 20.857 25.909
Gender 0.811 0.160 0.800 0.429 1.000
Years in college 3.938 0.776 4.400 2.933 5.000
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The networks had a mix of central and less-central nodes,
allowing for a certain level of redundancy and decentralized
connectivity [mean degree centralization ¼ 0.380 (38.0%),
closeness centralization ¼ 0.365 (36.5%), and betweenness
centralization ¼ 0.460 (46.0%)].

4. Student groups had a good quality of data sample with normal
distributions; the mean and median values of engagement and
control variables (e.g., age, gender) were very close.
The regression results identify three significant relationships

from the possible predictors (Table 1)
1. The results indicate a negative relationship between student

engagement and network diameter (t ¼ −2.610, p < 0.05).
Diameter is the maximum eccentricity of any node in a network,
and represents the linear size of a network. In other words, diam-
eter shows the longest of all the shortest paths (geodesic) be-
tween any pair of nodes. A network with a shorter diameter
suggests that a student can reach information in academic col-
laboration in fewer steps (faster). The negative relationship iden-
tified in the regression shows that students often have a higher
level of engagement when information can spread more quickly
in their group.

2. The results indicate a negative relationship between student
engagement and student group size (t ¼ −2.541, p < 0.05). The
finding is well aligned with the existing literature which indi-
cates that students often enjoy the learning environment in a
smaller group.

3. The results indicate a positive relationship between student en-
gagement and network betweenness centralization (t ¼ 3.115,
p < 0.01). A higher betweenness-centralization value suggests
that a few nodes in the network act as critical intermediaries
or bottlenecks for information flow, communication, or resource
transfer. The positive relationship demonstrates that students are
better engaged when some students play a crucial role in main-
taining the connectivity and efficient functioning of the network.
Additionally, the coefficients for the other four predictors were
network density ¼ 0.860 (p ¼ 0.40), network diameter ¼ 2.610
(p < 0.05), degree centralization ¼ 0.575 (p ¼ 0.61), and close-
ness centralization ¼ 1.355 (p ¼ 0.20).
Overall, the findings highlight the importance of communica-

tion efficiency in student collaborations. Fast information flow
(i.e., shorter diameter) and key intermediary roles (i.e., higher be-
tweenness) were found to be associated with greater engagement.
In other words, a student leader is desired to play a critical bridge
role to enable quick and efficient information diffusion and exchange.

Individual-Level Engagement

Table 3 lists the correlations of the variables at the individual level.
The results indicate the following nodal characteristics for student
collaboration:
1. Senior (or older) students frequently assume the role of a bridge

in collaborative endeavors, whether purposely or inadvertently.
This finding is evident from the positive correlations between
betweenness centrality and age (correlation ¼ 0.22, p < 0.01)
or years in college (correlation ¼ 0.32, p < 0.01). That is, older
students often function as a bridge to improve information ex-
change in group collaboration. This finding is consistent with
common observations that students often place trust in senior
peers due to additional years of learning, experience, and expo-
sure to the subject matter, or due to higher social status in the
student community, such as being role models or key opinion
leaders (Kinzie and Kilgo 2022).

2. Senior (or older) students do not serve as a hub in collaborative
learning. For example, student age had a negative correlation
with degree centrality (correlation ¼ −0.22, p < 0.05), and the
student’s years in college had a negative correlation with their
closeness centrality (correlation ¼ −0.21, p < 0.05). That is,
older students do not want to connect with many peers and they
hesitate to be the hub. Instead, they would rather complete their
work by themselves, possibly due to their greater experience or
capabilities.

3. The students who serve as hubs in the network often are not the
ones who fulfill the role of a bridge. The data analysis shows
that a student’s betweenness centrality is negatively related to
their closeness centrality (correlation ¼ −0.30, p < 0.01). The
negative correlation demonstrates that nodes that are closer to
others in terms of the shortest paths have a lesser role as inter-
mediaries or bridges. This observation is consistent with the pre-
ceding two findings that senior students often are bridges rather
than hubs in collaboration.

4. Outgoing connections are more important for establishing a
bridge role in facilitating efficient information flow. The nodal
betweenness centrality is positively related to out-degree cen-
trality (correlation ¼ 0.21, p < 0.05). This finding suggests a
vital function of proactive outreach and sending information
when serving as a bridge, rather than receiving information.

5. The demographics of gender, race, or ethnicity did not differ-
entiate the student’s role in collaboration. The results show that
the control variables of age and race or ethnicity were not related
significantly to any network attributes.

Table 3. Means, standard deviations, and correlations for independent and control variables

Variable Mean Standard deviation 1 2 3 4 5 6 7 8 9 10 11

Independent variables
1. In-degree centrality 4.78 4.41 1 — — — — — — — — — —
2. Out-degree centrality 7.19 4.43 0.44a 1 — — — — — — — — —
3. Degree centrality 11.96 7.51 0.85a 0.85a 1 — — — — — — — —
4. Local clustering coefficient 0.24 0.25 0.25a −0.03 0.13 1 — — — — — — —
5. Eigenvector centrality 0.19 0.21 0.82a 0.46a 0.75a 0.44a 1 — — — — — —
6. Closeness centrality 0.45 0.26 0.06 −0.06 0.01 −0.10 0.03 1 — — — — —
7. Betweenness centrality 0.002 0.003 0.16 0.21b 0.22b −0.23b 0.11 −0.30a 1 — — — —

Control variables
8. Age 2.99 1.34 −0.21 −0.15 −0.22b 0.00 −0.13 −0.17 0.22b 1 — — —
9. Gender 0.77 0.42 −0.05 −0.12 −0.10 0.10 −0.01 −0.19 −0.07 0.10 1 — —
10. Years in college 3.84 0.86 −0.19b −0.09 −0.16 0.02 −0.03 −0.21b 0.32a 0.64a 0.18 1 —
11. Race or ethnicity 0.37 0.62 −0.07 −0.03 −0.06 −0.18 −0.14 0.13 −0.19 −0.08 0.05 −0.08 1
aCorrelation is significant at 0.01 level (two-tailed).
bCorrelation is significant at 0.05 level (two-tailed).
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The regression results indicate a positive relationship between
student engagement and degree centrality (t ¼ 1.999, p < 0.05).
Degree centrality measures the number of direct connections—for
example, the number of classmates with whom a student directly
talks or collaborates. The positive relationship suggests that stu-
dents are more engaged when they collaborate with a higher num-
ber of other students. One possible explanation for this is that team
members are more likely to experience a strong sense of belonging
when they hold a hub position, which connects them to immediate
partners (Zhao et al. 2021b). Furthermore, we examined the sub-
centrality measures—in-degree centrality and out-degree centrality—
to investigate the nature of student collaboration. The results show
that student engagement is related positively to the out-degree
centrality (t ¼ 2.013, p < 0.05) but not to in-degree centrality
(t ¼ 1.412, p ¼ 0.16). This finding suggests that students who
take the initiative in initiating communications and sharing infor-
mation exhibit a higher level of engagement in collaborative
learning. They demonstrate a greater willingness to interact
with classmates, and these social connections contribute to their
active participation and fulfillment within the academic learning
environment.

Overall, the findings underscore the distinction between the
hub role and the bridge role in student collaboration. Interestingly,
students who intend to take a proactive approach to initiating col-
laboration with more students demonstrate a higher level of en-
gagement, despite the fact that they often assume the hub role
rather than the bridge role that senior students typically prefer.

Discussion

Network Structures for Efficient Information Flows

The data analysis findings suggest that highly engaged collabora-
tion networks should have small diameters, which facilitates effi-
cient and rapid communication between any pair of nodes. Based
on network theories, these networks should have low eccentricity,
which is the distance from a given starting node to its farthest node.
The presence of low eccentricity optimizes information exchange
within the network, which contributes to the maintenance and en-
hancement of high-level student engagement among group mem-
bers. Furthermore, considering the nature of student collaboration,
the desired networks also should have sparse connectivity, because
students tend to collaborate on an equal basis without strict hier-
archical structures. Two types of network structures meet these
requirements: small-world networks, and scale-free networks
(Fig. 2).

Small-world networks have high clustering, indicating that no-
des in the network are connected to their immediate neighbors
(Uzzi et al. 2007). These networks also have a small number of
long-range connections that enable short paths between any two
nodes (Fig. 2). The interplay between local clustering and a limited
number of long-range connections gives rise to sparse connections
throughout the network. Small-world networks have small diame-
ters and enable efficient communication and facilitate the exchange
of information across the network. Hence, we propose two ap-
proaches to enabling small-world structure for student collaboration
1. Information technologies help establish long-range connections

to improve internal communication. Du et al. (2020) found that
the construction projects that apply building information mod-
eling (BIM) technology have a higher small-worldness and their
project communication networks opt for a small-world network
structure. BIM largely enables efficient information exchange,
especially to reach the long-range nodes.

2. Network brokers can build long-range connections and help
close the gap between long-distance nodes. They function as
bridges in the collaboration network. The establishment of those
broker nodes (students) reduces the average path length between
other students and facilitates the exchange of information across
the network.
Scale-free networks have a power-law distribution of node de-

grees. That is, the degrees of nodes in a scale-free network follow a
mathematical pattern called a power law, in which a few nodes have
a significantly higher number of connections than most remaining
nodes. These networks have small diameters owing to the prefer-
ential attachment, i.e., the rich-get-richer phenomenon. According
to this mechanism, new nodes joining the network are more likely
to connect to well-connected or highly connected nodes that al-
ready exist. This preferential attachment leads to the formation of
hubs, which are nodes with a disproportionately large number of
connections. In other words, scale-free networks rely on hubs to
play a crucial role in providing shortcuts and facilitating efficient
information flows across the whole network. However, this net-
work structure does not fit the characteristics of student collabora-
tion because it is not highly centralized and degree centrality is
often evenly distributed.

Structural Leadership to Close Connection Holes

The data analysis findings reveal a paradox wherein different stu-
dents tend to represent hubs and bridges in their collaboration
(Fig. 3). Bridges are expected because they reduce the network
diameter and enhance group engagement. Hubs often receive
higher levels of engagement. We consider individuals in a bridge
role to be structural leaders, and those in a hub role to be opinion
leaders. In social network theories, the term structural leadership
(or network brokerage) is used to refer to those brokers that serve
as intermediaries between different groups or clusters within a net-
work. The brokers play a crucial role in facilitating communication,

Regular Network Small-world Network

Regular Network Scale-free Network

Fig. 2. Illustrations of regular network, small-world network, and
scale-free network. Dashed lines denote the disappearance.
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information flow, and coordination between otherwise disconnected
parts of the network.

In a network, the key function of structural leaders (i.e., brokers)
is to bridge gaps and connect disparate students. Structural leaders
close connection holes and thus increase group engagement. They
have connections to students who are not connected to each other
directly, and effectively act as bridges or conduits for information
exchange and interaction. Recent studies prove that network brokers
are perceived to be the team leader because they have access to
connection holes and their brokerage behaviors enable information
flows across the holes (Burt et al. 2021). This also reflects the in-
dustry practices in which a dual core structure (a technical lead and
a coordination lead) improves collaboration across interorganiza-
tional organizations (Zhao et al. 2021a). That is, structural leaders
may not be the hubs (i.e., technical lead) with a large number of
connections, but they act as information conduits (i.e., coordination
lead) to facilitate the dissemination of information across different
parts of the network. They can help overcome information barriers
and ensure that knowledge reaches students who otherwise would
have limited access to it. Moreover, the structural leaders control
the flow of information, mediate conflicts, and shape the decision-
making processes within the network, using their brokerage posi-
tions. Therefore, establishing structural leadership in collaboration
can be an effective strategy to reduce the network diameter and thus
enhance overall student engagement. By introducing more brokers
strategically (Fig. 3), new shortcuts and alternative pathways are
created to bypass longer routes among students who previously
were distant from each other. This increased connectivity can lead
to a decrease in the average path length and, in turn, in the network
diameter.

Overall, structural leadership has the potential to foster sustain-
able cross-disciplinary engagement in collaborative learning. It is
crucial to incorporate a leadership-based academic network struc-
ture to promote high levels of student engagement in higher edu-
cation. Previous research by Crumpton (2018) established a strong
correlation between instructional leadership behaviors and student
engagement, emphasizing the importance of developing student
leadership skills in collaborative learning environments. Despite
the leadership, the engagement of followers also is important. With-
out responsive followers, the impact of leadership skills on student
engagement becomes questionable. Burch and Guarana (2014)
found that a high-exchange relationship between followers and
leaders is essential for fostering follower engagement. Additionally,
Yang et al. (2017) suggested that proactive personalities of both
followers and leaders, aligned with goal congruence, contribute
to sustained follower engagement and the achievement of maxi-
mum outcomes.

Student Leadership Development

This research provides valuable insights into the debate on the sig-
nificant roles of structural leadership, instructional behaviors, and
follower engagement in collaborative learning environments. The
findings underscore the importance of adopting a comprehensive

approach that integrates leadership development and active involve-
ment of followers to effectively enhance student engagement.

From the perspective of college students, leadership develop-
ment requires self-discovery learning through real-life scenarios
(Morrison et al. 2003). Zhao et al. (2015) emphasized four skills
for effective project collaboration among AEC students (4C devel-
opment): a common goal, communication, coordination, and co-
operation. Specially, the coordination skill refers to abilities and
responsibilities to connect distant individuals and solve potential
conflicts among them—which is very similar to the structural lead-
ership discussed previously. It is recommended that instructors in-
corporate instructional strategies in collaboration-based course
designs that involve leadership-building activities such as role-play
to foster personal skill growth (Jenkins 2013). Assigning and rotat-
ing the coordinator role (structural leadership) within project teams
is suggested to encourage group members to interact with other
partners in a systematic manner.

Empirical research indicates that leader assignment may be less
effective due to the dynamic nature of emergent leadership behav-
iors (Xie et al. 2018). College students also express a preference for
personalized leadership development rather than group-oriented
approaches (Allen and Hartman 2009). Effective discussion-based
instructional strategies also were recommended by Jenkins (2013)
to facilitate leadership development. Leadership development is a
reciprocal process that requires efforts from both leaders and fol-
lowers. The goal is to transform coordinators into leaders who can
perform multiple leadership roles and establish emergent and sus-
tainable leadership within collaboration groups. This, in turn, pro-
motes proactive student engagement in collaborative learning.

Conclusions

This study used social network analysis to explore how student
project collaboration influences student engagement. The findings
demonstrate that collaboration networks with a smaller diameter
are associated with higher overall engagement, indicating the im-
portance of communication efficiency. The network diameter is an
important metric because it provides insights into the overall reach-
ability and efficiency of communication within the network. A
smaller diameter implies that students in the network can commu-
nicate more quickly and efficiently, because the maximum number
of hops required to reach any other student is relatively small.
Conversely, a larger diameter may indicate increased communica-
tion delays or limitations in reaching distant students. In other
words, the quickness and efficiency of information exchange within
student teams is highly related to student engagement.

The findings emphasized the importance of structural leadership
in reducing network diameter and increasing student engagement.
Structural leaders are the network brokers who serve as intermedi-
aries between disconnected students within a network. They play a
crucial bridge role in facilitating communication, closing connec-
tion holes, and controlling information flow. Therefore, the devel-
opment of structural leadership in collaboration is an effective

Hub (high closeness)

Bridge (high betweenness)

Hub (high closeness)

Bridge (high betweenness)

New bridge

Fig. 3. Discrepancy of hub and bridge roles in collaboration network.
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strategy to enhance student engagement in project collaboration.
This study discussed possible approaches to develop such leadership,
for example, enabling virtual collaboration via digital technology
(e.g., BIM), or enriching more bridge students (structural leaders
or brokers) than hub students (influencers). In addition, typical net-
work structures that help achieve short diameters were discussed, for
example, small-world networks.

In addition, this study uncovered the patterns of student collabo-
ration in networks that are neither dense nor centralized. Senior
students (e.g., by age) often play the bridge role in collaboration;
demographic factors of gender, race, and ethnicity do not affect the
engagement in collaboration.

It is important to acknowledge the limitations of this study.
Firstly, this study did not produce guidelines and instructions
for higher education instructors and course designers to proactively
intervene and optimize collaborative learning engagement among
students. Future research could establish feasible intervention
guidelines for emergent academic network structures by aggregat-
ing the effects of network interventions at both the group and indi-
vidual levels. The goal should be to establish a strong connection
between student engagement development and leadership develop-
ment, with practical implications. Secondly, the undifferentiated
effects of demographic factors in subgroups might occur during the
data pretreatment stage. Consequently, the findings may not be
applicable to extreme cases, such as project teams consisting solely
of female students. Future empirical research is needed to validate
the proposed pedagogical strategy and address these limitations.
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