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Abstract—The exploration of the role concept has become an important per-
spective for analyzing and promoting computer-supported collaborative learn-
ing (CSCL). Understanding the relationships between individual participation
roles and collaborative performance is of great significance to the research of
collaborative learning theory, pedagogy and technology. However, few empirical
studies investigated the individual participation roles in collaborative discussions
and the impact of participation role configuration on group performance. Based
on the interactive content of learners in collaborative discussions, this research
uses machine learning methods to automatically identify learners’ participating
roles. Through cluster analysis, five different roles are identified: leader, problem
solver, coordinator, marginal learners and learners with difficulties. Furthermore,
this research explores the relationships between individual participation roles and
group collaboration quality. The results show that groups with different collab-
oration performances have different role compositions, and the roles of leader,
problem solver and coordinator have significant positive effects on collaboration
performance. Learners with difficulties have a negative impact on collaboration
performance. Combining the research results with the discussion content of the
learners, this research conducted an in-depth discussion and analysis of the char-
acteristics of each role, and proposed implications for teaching guidance and
researchers.

Keywords—online collaborative discussion, role analysis, emerging role,
clustering analysis

1 Introduction

Collaborative discussion is regarded as an ideal way of collaborative learning.
Through discussion, students can learn together, reach consensus, and solve problems
[1]. Online discussion is an excellent activity to build knowledge, because the combina-
tion of explaining, elaborating and defending one’s position to others enables learners
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to integrate and elaborate knowledge in a way that helps them learn at a higher level
[2]. In collaborative discussion, individual participation roles has become an important
factor affecting the quality of collaborative learning.

In the past ten years, the concept of role has become one of the important perspec-
tives to analyze and promote the development of CSCL. Research on roles in the col-
laborative process can provide important help for learners to self-regulate [3], monitor
and evaluate the learning process [4], and explore the mechanism of collaborative inter-
action [5].There are two perspectives on roles in the CSCL literature: emerging roles
and scripted roles. While there have been some research efforts investigating script
roles in collaborative learning [6, 7], studies on emerging roles have received less atten-
tion [4], such as automatic detection of emergent roles, the relationship between emer-
gent roles, collaboration patterns and group performance. Emerging roles are the roles
that students form spontaneously in collaborative learning [6]. This view of emerging
roles emphasizes the construction and self-regulation of learners in collaborative activ-
ities. Analyzing the emerging roles can help us better understand the cooperation mode
of members in collaborative discussions and the relationship between the cooperation
mode and the collaborative quality [6] [8, 9].

Based on these considerations, we used machine learning and statistical analysis
methods to automatically identify the emergent participant roles in online collaborative
discussions, analyze the role composition of collaborative groups with different col-
laboration performance, and explore the relationship between the individual emerging
roles, group role composition and collaborative learning effects in online collaborative
discussions.

2 Related work

2.1  Participatory roles in collaborative learning

In recent years, the concept of role has become an important concept to promote
and evaluate computer-supported collaborative learning (CSCL). Roles in collabora-
tive learning can be defined as the specified functions or responsibilities that can guide
individual behavior and regulate the interaction within the group to a certain extent
(Hare, 1994). Assigning specific roles to students can promote students’ active internal
dependence, personal accountability, and cognitive participation in the process of col-
laboration, and help them reach a higher stage of knowledge construction. In addition,
roles can stimulate members’ awareness of the performance of the whole team and the
contributions of each member. Roles can promote team cohesion [10], positive interde-
pendence and personal responsibility [11], which are the core supporting factors of col-
laborative learning arrangements [12, 13]. For example, students appointed as leaders
show more active participation, spend more time in on-line discussions, and use various
methods to interact with other group members.

There is no generally accepted taxonomy of roles [14]. According to the manner
of formation, there are mainly two perspectives on roles in CSCL: the emerging roles
perspective and the scripted roles perspective [15]. The perspective of scripted roles
focuses on how to facilitate a collaborative learning process by constructing and defining
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learner roles and activities [16]. This perspective emphasizes the need for teaching
support, especially to improve collaborative learning processes and outcomes. Script
roles are functional because they specify activities that are considered to be related to
collaborative processes and knowledge building, and learners rarely participate spon-
taneously, such as giving explanations, constructing arguments, or effectively resolv-
ing conflicts [15]. However, although assigning learners specific roles can effectively
improve the collaborative process, allowing group members to play assigned roles will
prevent the potential benefits of role flexibility, which is essential for effective collab-
orative learning. Emerging roles are the roles that students form spontaneously in col-
laborative learning. The perspective of emerging roles emphasizes the construction and
self-regulation of learners in collaborative activities. Analyzing the emerging roles can
help us better understand the individual contributions in the group and the interaction
model among group members.

2.2 Emerging roles recognition

Emerging roles are roles adopted spontaneously by group members without external
intervention. Research on emerging roles can help us better understand the contribu-
tions of individuals in the group and the interaction mode among group members [6]
[9]. Emerging role recognition and analysis is important for online collaborative learn-
ing, which can provide support for online collaborative process analysis, self-regulation
of different roles, and evaluation of individual student performance [17].

In computer-supported collaborative learning research, researchers try to identify
the individual’s role in collaborative learning. These studies usually use interviews or
content analysis to identify individual roles. De Laat used content analysis to identify
the different emerging roles of participants, and discussed the complexity of the emerg-
ing role development and group awareness of participants in asynchronous e-learning
discussions in the context of higher education [9]. The methods based on interviews or
content analysis are time-consuming and not suitable for large-scale data processing.
Recently, the focus has shifted to using SNA to recognize roles. Capuano used social
network analysis (SNA) and content analysis to analyze the interactions and expertise
levels of learners in the CSCL process [7]. Marcos et al. proposed a framework based
on SNA to analyze an authentic CSCL course and detected four types of roles in the
collaborative groups: teachers as mentors, teachers as collaborators, isolated learners,
and collaborative learners [18]. Marcos et al. proposed a semi-automatic adaptive role
support method, describing roles as a combination of SNA indicators, defining and
identifying the roles of teachers and students in CSCL [19]. Fan Ouyang and Yu-Hui
Chang used SNA to examine students’ social participatory roles in a graduate-level
semester-long online course and defined six social participatory roles: leader, starter,
influencer, mediator, regular, and peripheral [5].

SNA only focuses on location information based on the role interaction relationship
but does not consider semantic information. Therefore, the interpretability of identify-
ing roles becomes fuzzy. For example, some roles in the same position may be oriented
to the content of collaborative tasks, such as the role of summarizing tasks, or man-
agement oriented, such as the coordinator. Therefore, it is necessary to identify roles
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by analyzing the behavioral intention of interactive content, rather than just through
interaction relationships. Few studies have considered the content of discussion and
how the content influences interaction behavior intentions and patterns in the collabora-
tive process [6].This study closed this gap. This study automatically detected learners’
behavioral intention according to their interaction contents and recognized each learn-
er’s participatory role using cluster analysis.

2.3  Emerging roles and collaborative quality

The emergent participant role of individuals in collaborative learning is crucial to
the quality of collaborative learning. Simone used metacognitive regulation and role
analysis to analyze the roles in collaborative learning process according to the contri-
bution characteristics of individuals in student-led productive collaborative learning,
and explored the differences of individual participation modes in teams with differ-
ent collaborative performance [3]. The results showed that individuals can flexibly
adopt multiple roles in high-performance groups. De Laat researched the complexity
of emerging participant roles and awareness in asynchronous networked learning in the
context of higher education, and analyzed how different roles came into being and how
they affected group dynamics [20]. De Laat’s research highlighted the impact of tasks
on how students constructed collaborative activities, and revealed that students formed
different roles in online collaborative activities.

Although some existing studies have focused on individual roles on collaborative
learning, few studies have studied how participant roles affect the achievement of
group goals, and it is not clear how individual participation roles in the group inter-
act and combine in the process of collaborative learning. In the online collaborative
learning environment, different combinations of roles can produce different group out-
comes. Therefore, another goal of this research is to explore how individual-level roles
and the overall role composition of the group affect group performance in cooperative
interaction.

2.4  Research questions

The research aim is to identify emerging roles that develop spontaneously during
the collaborative discussion and explore the relationship between the role composition
and the group performance. More specifically, the following derived research questions
will be investigated:

RQ1: What roles do learners play spontaneously during collaborative discussions?

RQ2: What are the differences in the role composition of groups with different col-
laboration qualities?

RQ3: How do different participatory roles impact the performance of collaboration
groups?
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3 Method

3.1 Research data and context

The context of this study was a compulsory course named “Data Structure” for
undergraduate students majoring in educational technology. This 18-week course was
de-livered with a blended learning mode. Each week, instructors and students were
scheduled to meet for a two-hour face-to-face lesson in a traditional classroom and
a two-hour online learning activity of programming in a computer laboratory. Alto-
gether, there were 158 students, of whom 105 were female and 53 were male. Their
ages ranged from 18 to 20 (M = 19, SD = 0.78). These participants were randomly
divided into 31 groups of four to five learners. During online learning activity, the
Moodle platform [21] was used as a collaborative learning tool. Instructors designed
problem-solving tasks and students solved each of the problems in their own group
discussion space. Collaborative discussion online lasted approximately two hours. We
collected the discourse data these learners generated while they solved the tasks. In
total, 2,546 posts were initially retrieved.

For the first research question, supervised machine learning models were used to
automatically clarify each learner’s utterance intention. An unsupervised method was
used to cluster the learners according to their discourse behaviors. Each category rep-
resented a kind of role. To answer the second and third research questions, we used
statistical analysis to analyze the role composition of each group and explored the
relationship between role composition and group outcome. The detailed process is
described in the following subsections.

3.2  Emerging role automatic detection

Cluster analysis has been proven to be helpful in understanding and discovering
interaction patterns related to specific learner roles in cooperative problem solving
[22, 23]. In this study, the K-means algorithm is used to cluster learners with similar
characteristics to identify emergent roles in the process of collaborative discussion.
The key to the clustering algorithm is the selection of sample features. This study takes
the interactive intention reflected by learners’ interactive content as learners’ features
for clustering analysis. The process of automatic role recognition mainly includes two
stages: interactive behavior intention recognition and clustering.

Because of the lack of appropriate methods and tools to automatically mine learn-
ers’ interaction intentions, most of the existing studies use qualitative manual coding
methods, which are time-intensive and impractical for dealing with massive data. To
overcome this methodological challenge, text classification models were constructed to
automatically identify the online discourse behavior intentions in collaboration discus-
sions. The process mainly consists of four steps.
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In the first step, 800 posts were chosen to develop the training data and ground truth
for evaluating the performance of machine learning models. Two hundred posts were
first randomly sampled from the 800 posts and analyzed to develop the coding scheme
by two senior researchers. The coding scheme is shown in Table 1. Then 200 posts
were coded independently by two researchers. To assess the inter-rater reliability of
their coding, Cohen’s kappa was calculated and reached 0.847, indicating a high level
of agreement between the two coders. Disagreements between these two researchers
were discussed and resolved. Finally, each of the two researchers coded 200 posts on
their own.

Table 1. Code schema for behaviour intention identification

Code Category Name Explain Examples
Cl Statement Provide or introduce We transform the pictures into
new ideas, opinions, a directed network, and use the
recommendations or plans to | adjacency matrix to store, then use
identify problems the depth-first search traversal and
breadth-first search traversal to output
two paths.
Cc2 Negotiation Support , challenge or 1) Ithink so. The advantages of the
oppose the views of others adjacency matrix are...

2) No, I think if you store a directed
map, it can be separated...

C3 Asking questions Put forward the doubts, and | I agree with you, but why is it stored
express what is not clear by the adjacency matrix?

C4 Management Management and reminders | At first, we should discuss the
of collaboration and time advantages and disadvantages of
schedule various storage methods. Then, we

should determine the reasons for the
use of adjacency table.

Cs Share feelings Expression of greetings, 1) Interesting idea!
mutual introduction, anger, 2) Forgive me for ignoring.
frustration, shock and It’s too difficult!
difficulty

In the second step, different features of these posts were extracted. We extracted
three kinds of features: linguistic features, linguistic inquiry and word count (LIWC)
features, and topic features.

In the third step, four machine learning algorithms were employed on the training
data: Naive Bayes, support vector machines (SVMs), convolutional neural networks
(CNNs) and recurrent neural networks (RNNs). A 10-fold cross validation was used to
evaluate the performance of each algorithm.

In the fourth step, the model with the best performance was applied to the rest of the
unlabeled posts to automatically detect the students’ utterance intentions.

Finally, according to the utterance intention of each learner in the collaborative dis-
cussion process, the K-means algorithm is used to cluster learners with similar charac-
teristics. Each category is regarded as a role, and the speech behavior characteristics of
each role are analyzed, to find the characteristics and rules of group collaboration more
clearly and provide a more meaningful basis for guiding the collaborative process.
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3.3  Role composition analysis of groups with different collaborative qualities

To clarify the relationship between the role composition of the group members and
the group’s outcome, two teachers who have many years of experience in teaching the
course “Data Structure” are employed to score the performances of the groups. The per-
formance of a group is given a score between 0 and 100. Then, the role composition of
group members in each group was counted, and the differences in the role compositions
of the discussion groups with their different performances were analyzed.

3.4 Impact of roles on group outcomes

To understand the influence of different roles on the quality of group collaborations,
the correlation between the quality of group collaborative learning and different roles
was analyzed. Then, the roles significantly related to the quality of collaboration were
selected as the independent variable, group performance was taken as the dependent
variable, and multiple regression analysis was used to further analyze the predictive
ability of these roles.

4 Results

4.1 Emerging role recognition (Clustering analysis)

After testing the number of clusters, five were selected as the most appropriate clus-
tering results. Table 2 shows the clustering results and the description of each clustering
feature. Each cluster is considered as a role. According to their characteristics, the five

clusters are named “learner with difficulties”, “marginal learner”, “problem solver”,
“coordinator” and “leader”.

Table 2. Clustering results

Cluster

Cluster Number Name(Role) Scale Description
Cluster 1 Learner with 30 The learners who are able to ask questions
difficulties actively but have some difficulties in learning.
Cluster 2 Marginal learner 62 The learners who rarely speak or occasionally

ask questions.

Cluster 3 Problem solver 39 The learners who put forward views and
opinions and actively answer the questions of
other group members.

Cluster 4 Coordinator 18 The learners who are able to put forward
organization plan, ask questions, ask for
opinions of group members, manage and
remind group members, and actively express
their emotional attitude.

Cluster 5 Leader 9 The learners who are able to put forward
opinions, actively communicate and discuss
with others, ask questions and have certain
coordination and management abilities.

1JET — Vol. 18, No. 11, 2023 279



To understand the influence of different roles on the quality of group collaborations,
the correlation between the quality of group collaborative learning and different roles
was analyzed. Then, the roles significantly related to the quality of collaboration were
selected as the independent variable, group performance was taken as the dependent
variable, and multiple regression analysis was used to further analyze the predictive
ability of these roles.

To describe the characteristics of each role more clearly, the average value and stan-
dard deviation of each role on each attribute are calculated, and the results are shown
in Table 3.

Table 3. Characteristic of each role

Coieutties | Loamer |  Problem | Coordinator |y gy
30/158 62/158

Behavior Mean SD | Mean SD Mean | SD | Mean SD Mean SD
Statement 4.7667 | 2.3879 | 2.0000 | 1.2675| 6.7692 | 1.9394 | 3.8333 [ 2.2816 | 11.1111 | 3.4440
Negotiation 2.0333 | 1.9205 | 0.8548 | 0.9725|2.0513 | 1.6214 | 1.7222 | 1.5645 | 7.2222 | 4.4096
Asking 4.9333 | 1.3113 | 1.2258 | 1.0310 | 1.0000 | 0.8584 | 2.0556 | 1.3492 | 5.1111 |2.2551
questions
Management 0.733310.9072 | 0.1452 1 0.3551 | 0.5641 | 0.6804 | 3.2222 | 1.1144 | 5.2222 | 2.0480
Share feelings 0.8000 | 2.1877 | 0.2419 | 0.6449 | 0.2564 | 0.6774 | 0.4444 | 0.7838 | 3.0000 | 2.8284

Role 1: Learner with difficulties

Thirty learners participated in the discussion as this role, accounting for 19% of the
total number of learners. The obvious characteristic of these students is that the mean
values of “statement”(4.7667) and “ask questions” (4.9333) are high and the mean val-
ues of “negotiation” (2.0333), “sharing feelings” (0.8000), and “management” (0.7333)
are low.

Role 2: Marginal learner

There are 62 students in this role, with the highest proportion among the five roles.
The characteristics of these learners are that they have the lowest mean value of “state-
ment” (2.0000), “negotiation” (0.8548), “management” (0.1452) and “sharing feel-
ings” (0.2419), and a lower value of “asking questions™ (1.2258).

Role 3: Problem solver

The third role includes 39 students, who have higher values in “statement” (6.7692)
and “negotiation” (2.0513), a lower value in “management” (0.5641), and the lowest
values in “asking questions” (1.0000) and “share feelings” (0.2564).

Role 4: Coordinator

The fourth role includes 18 students, whose contribution to “management” (3.2222)
is particularly outstanding. Their contribution to “asking questions” (2.0556) and “shar-
ing feelings” (0.4444) was moderate, and their contribution to “statement” (3.8333) and
“negotiation” (1.7222) was low.
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Role 5: Leader
The fifth role contains nine students, and their behavior values are the highest in five
roles, which are 11.1111(*statement”), 7.2222 (“negotiation”), 5.1111 (“asking ques-
tions”), 5.2222 (“management”) and 3.0000 (“sharing feelings”).

4.2  The role composition of groups with different performances

According to the results of cluster analysis, we can obtain the number of learners of
each role in each group, as shown in Table 4. The last column “grade” represents the
out-come of each group.

Table 4. The role composition of each group

Group-ID L;?;;::l::eizh Dﬁ:;f:]‘;il P;z:::;n Coordinator Leader Grade
Groupl 2 0 0 1 1 83
Group2 1 2 0 2 0 80
Group3 2 2 0 1 0 69
Group4 0 2 1 2 0 85
Group5 2 1 1 0 0 73
Group6 0 1 3 1 0 87

According to the final results of each collaborative group, we regard the top eight
groups with higher scores as high-performance groups, and the eight groups with
lower scores as low-performance groups [1]. The distribution of roles between the

high-performance and low-performance groups is shown in Table 5.

Table 5. Role distribution of high-performance and low-performance groups

Group Role Number Ratio Mean Median SD SE
Groups Leader 8 20.5% 1.000 0.00 1.60 0.567
withhigh | pyoplem 12 31% 150 150 151 | 0535
performance Solver

Coordinator 7 18% 0.875 1.00 0.641 0.227
Marginal 8 20.5% 1.000 1.00 1.07 0.378
Learner
Learner with 4 10% 0.500 0.00 0.756 0.267
Difficulties
Groups Leader 0 0% 0.00 0.00 0.00 0.00
with low Problem 12% 0.625 0.50 0.744 | 0263
performance Solver
Coordinator 3 8% 0.375 0.00 0.518 0.183
Marginal 16 40% 2.00 2.00 1.41 0.500
Learner
Learner with 16 40% 2.00 2.50 1.77 0.627
Difficulties
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It can be seen from Table 5 that in the high-performance group, the students who
play the role of “problem solver” are the most represented (31%, mean = 1.5), fol-
lowed by “leader” (20.5%, mean = 1) and the “marginal learner” (20.5%, mean = 1),
then the “coordinator” role (18%, mean = 0.875), and the “learner with difficulties”
role is the least (10%, mean = 0.5). This means that in these groups, the members of
the group have a high level of knowledge conducted intense discussions, and finally
achieved good results. Conversely, in the low-performing group, the “marginal learner”
role (40%, mean = 2) and the “learner with difficulties” role (40%, mean = 2) have the
highest proportion followed by the roles of “problem solver” (12%, mean = 0.625) and
“coordinator” (8%, mean = 0.375), and no member assumes the role of “leader”. This
shows that many members of these groups have low knowledge levels, and nearly half
of the learners did not actively participate in the discussion. Only 20% of the members
actively participated in the discussion and committed to problem-solving, so the final
results of these groups were low.

An independent samples t-test was carried out to analyze the differences in role
composition between the high- and low-performance groups, and the results are shown
in Table 6.

Table 6. Difference of role composition between high and low performance groups

e Mean .

Role Statistic df p Difference SE Difference
Leader 1.764** 14.0 0.001 1.000 0.567
Problem solver 1.469* 14.0 0.04 0.875 0.596
Coordinator 1.717 14.0 0.849 0.500 0.291
Marginal learner —1.595 14.0 0.554 —1.000 0.627
Lerner with —2.201* 14.0 0.01 -1.50 0.681
difficulties

Notes: *p < .05, **p < .01.

It can be seen from Table 6 that statistically significant differences between the
high-performance groups and the low-performance groups appear in three roles
(“leader”, “problem solver”, and “learner with difficulties”). This indicates that in the
high-performance groups, the discussion among group members is more focused on
“statement” and “negotiation”, while the group members in low-performance groups
are more focused on “asking questions” which helps solve problems less.

4.3  Impact of different roles on collaborative quality in online collaborative
discussions

Spearman correlation tests were conducted on the five roles and collaboration per-
formance, and the results are shown in Table 7. The correlation between collaborative
performance and “leader”, “problem solver”, “coordinator” and “learner with difficul-
ties” was statistically significant (p < 0.05). “Problem solver” (r = 0.359, p < 0.05),
“coordinator” (r = 0.398, p < 0.05) and “leader” (r = 0.403, p < 0.05) were significantly

positively correlated with performance, while “learner with difficulties” (r = —0.490,
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p < 0.01) was significantly negatively correlated with group performance. There was
no significant correlation between collaborative performance and “marginal learner”.

Table 7. The result of Spearman’s correlation test

it | et [ toten | e | e
Grade —.490%* —.294 .359% .398* 403*
Mean 1.13 1.84 1.26 .58 .29
SD 1.284 1.319 1.094 .620 902

Notes: *p < .05, **p <.01.

To reveal the predictive ability of students with different roles, the study selected the
“learner with difficulties”, “problem solver”, “coordinator” and “leader” as indepen-
dent variables, which were significantly related to their performance, took performance
as the dependent variable, and used multiple regression analysis to further analyze their

predictive ability. The results are shown in Table 8.

Table 8. The results of multiple regression analysis

Ins:g:g?:sm p t Significance R R2 Adj;;;ted F Significance
Learner with —152 | —-1.158 257 .839* | 704 .659 15.487 .000°
difficulties
Problem solver | .540 3.923 .001
Coordinator A54 3.989 .000
Leader .633 5.423 .000

Notes: “Independent variables: Learner with difficulties, Problemsolver, Coordinationmanager, Leader
bdependent variables: Grade.

Overall, 12 = 0.704, adjusted 12 = 0.659, f = 15.487, and p < 0.05, which indicates
that there is a regression relationship between independent variables (“learner with
difficulties”, “problem solver”, “coordinator” and “leader”’) and the dependent vari-
able (collaborative performance). Independent variables can explain the variation of the
dependent variable. From the significance of each independent variable to the depen-

dent variable, “problem solver”, “coordinator” and “leader” have significant influence
on collaborative performance.

5 Discussion

The purpose of this study is to determine the emerging roles that group members play
spontaneously without external intervention, and how the spontaneous roles of group
members promote the success of the whole team, to better understand why groups with
similar backgrounds produce significantly different quality performance results. This
evidence is expected to promote a deep understanding of the nature of collaborative
learning.
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5.1 RQI1: Emerging role automatic detection

When no roles are assigned in advance, the contributions of individuals to the group
and the interaction mode between individuals are generated in the process of interaction
with other members of the group [9, 20]. In collaborative discussion, the task and the
individual ‘s understanding and inclination of the task will affect how students construct
their collaboration, and form individual roles in collaborative learning activities and
interaction with other team members [16].

For the first research question (RQ1), automatic identification of roles, we automat-
ically recognize the discourse behavior of group members in collaborative discussion,
and use the discourse behavior of the members as indicators to perform cluster analysis.

2

The learners are clustered into five roles: “learner with difficulties”, “marginal learner”,
“problem solver”, “coordinator” and “leader”.

From the results of cluster analysis, it can be seen that “leaders” perform best in
almost all indicators. This kind of student can not only put forward new ideas and plans,
but also actively express his or her own attitudes and opinions to other members, give
reasons, organize and manage groups, and promote the learning atmosphere.

The students who take on the role of “problem solver” are more engaged in “state-
ment” and “negotiation”, and less engaged in “management” and “asking questions”.
This shows that this kind of student has his or her own views and opinions on the prob-
lems, expresses his or her own attitudes and reasons for the problems raised by others.
These members contribute greatly to the problem solving of the group.

Students who play the role of “coordinator” are more involved in “management”
and “negotiation”. These students can manage and arrange team collaboration meth-
ods and time, and can propose feasible organizational plans, resource management and
time management. Our research has also confirmed that these students are beneficial
to good cooperation qualities. They can communicate with other members, understand
the existing problems, and better plan and coordinate the collaborative process [24].

Students with the role of “marginal learner” have particularities in collaborative
activities. Except for asking questions, this role is the worst among other indicators,
indicating that these students hardly communicate with group members and rarely post.
In this study, we found that these learners did not seem to actively interact with other
members.

Students in the role of “learner with difficulties” are more engaged in “asking ques-
tions” and “sharing feelings”, and less engaged in “statement” and “negotiation”.

5.2 RQ2: Role composition of groups with different performances

Forthe second research question (RQ2), our research results show that the composition
of participation roles played by group members is different between high-performance
and low-performance groups, which is consistent with our expectations. The proportion
of roles focused on problem-solving, especially those aiming at knowledge construc-
tion (“leader” and “problem solver”), is larger in the high-performing group than in the
low-performing group. This result is in good agreement with the research results of
Stempfle et al. on the effect of self-assigned roles in working groups [25]. In contrast,
the role “learner with difficulties” is more common in low-performance groups than in
high-performance groups.
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However, in the research, we found that the number of “leader” is very small, and in
some groups, there are even no “leaders” at all. In one group (Group 16), although there
was a “leader”, the performance of the group was not satisfactory because there were
three “learners with difficulties” in this group. This shows that high quality collabora-
tion cannot rely on just a few excellent participants. Teachers should strive to ensure
that every student participates in collaborative activities.

Overall, the quality of collaborative learning is clearly related to the composition
of the participation roles of group members. This finding may have important implica-
tions for educators who use collaborative learning activities in teaching. Teachers can
provide appropriate guidance and intervention according to the characteristics of each
member’s speech behavior to promote group performance and results [24]. For exam-
ple, teachers can provide guidance to students with learning difficulties, or encourage
marginal learners to actively participate in discussions, answer questions or provide
problem-solving suggestions, promote the transformation of their roles, and change the
composition of group roles, to improve the quality of group collaboration.

5.3  RQ3: Impact of roles on group outcome

Regarding the third research question (RQ3), the impact of roles on group perfor-
mance, our research results show that “problem solver”, “coordinator” and “leader” are
significantly positively correlated with group collaboration performance, “learner with
difficulties” is significantly negatively correlated with collaboration performance, and
“marginal learner” is not correlated with performance (Table 5). Different roles have
different contributions to problem solving and knowledge construction in collaborative
discussion. On average, leaders have the greatest positive impact, which is consistent
with the research of Zhang et al. and Hou [26, 27].

“Learners with difficulties” have the greatest negative impact on collaborative per-
formance. Such students often ask questions in the discussion, and it is difficult for them
to learn. At the same time, they rarely express their opinions on problem solving and
management. When analyzing the discussion content of these learners, we found that
there was no obvious deviation from the topic in their posts, indicating that the overall
level of knowledge of such members was low. For these learners, teachers should pay
more attention to their difficulties, and give more help and guidance to reduce their
negative impacts on collaborative performance.

In contrast, “marginal learners” have the least influence on problem solving and
knowledge construction. This kind of student does not actively participate in the dis-
cussion. However, by analyzing the content of their discussion, we found that some
of their posts conveyed meaningful knowledge information and introduced new key
terms, thereby promoting the final solution of the problem. Therefore, for these learners,
teachers can encourage them to interact with other members, such as answering ques-
tions or providing suggestions, so as to promote their transition to the role of “problem
solver”, thus positively affecting the performance of collaborative discussion.
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6 Conclusion

This paper mainly studies how to automatically identify the spontaneous roles of
group members in collaborative discussions, the differences in the role compositions
of groups with different performances, and the impact of different roles on group out-
comes. In terms of automatic role recognition, this paper constructs a text classification
model to automatically identify the discourse intentions in collaborative discussions,
and automatically recognize the roles of group members according to their discourse
intentions, which overcomes the shortcomings of existing role recognition methods. Our
research results provide preliminary evidence that under the computer-supported col-
laborative learning environment, through automatic analysis of the interactive content
among participants, the emerging roles can be correctly identified. It not only provides
a more comprehensive process-oriented participation role representation in theory, but
also obtains the empirical verification in actual cases. In addition, the research uses a
statistical analysis method to analyze the differences in role compositions of different
collaborative performance groups, and finds that there are significant differences in
the distributions of the “leader” role and the “learner with difficulties” role in high-
and low-performance groups. Regarding the influence of roles on collaboration per-
formance, our research results show that roles of the “leader”, “problem solver” and
“coordinator” have a positive influence on group performance, among which the role
of “leader” has the greatest impact, while the “learners with difficulties” role has the
greatest negative impact on group performance.

In short, this research provides comprehensive evidence that students play different
roles spontaneously in collaborative learning and affect the effectiveness of collabora-
tive learning, provides support and assistance for understanding the characteristics of
collaborative learning and assists teachers in monitoring and improving the quality of
collaborative learning. In this study, the number of courses involved in the experiment
is small and the tasks are short, which limits the universality of the research results. In
future research, we will increase the number of courses and the difficulty of tasks to
gain further insights. In future research, we also plan to explore the evolution of the
role model of the same group of students in different tasks, and analyze the influence
of students’ individual knowledge level, preference for cooperative behavior and emo-
tional factors on their roles.
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