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Abstract

In the area of online teacher training, asynchronous collaboration faces several chal-
lenges such as limited learner engagement and low interaction quality, thereby hinder-
ing its overall effectiveness. Drawing on social comparison theory, providing social
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comparison feedback to teacher-learners in online asynchronous collaborative learning
offers benefits, but also has drawbacks. While social comparison has been explored
in diverse fields, its role in education remains unclear. In this study, we selected 95 pri-

Beijing 100875, China .. . . . . .
/g mary and secondary school teachers participating in an online training course. Using

randomized controlled trial design, we provided the experimental group with social
comparison feedback, while the control group received only self-referential feedback.
We used epistemic network analysis, lag sequential analysis, and social network analysis
to identify the impact of social comparison feedback on group-regulated focus, group-
interactive behaviors, and social network structures. The results showed that social
comparison feedback significantly enhanced teachers’online asynchronous collabora-
tive learning.

Keywords: Teacher professional development, Online asynchronous collaboration,
Social comparison feedback, Group regulation, Interaction behavior

Introduction

There is a global emphasis on enhancing the professional competencies of in-ser-
vice teachers (Depaepe & Konig, 2018). The rise of online teacher training, driven by
advancements in information technology, has been recognized for its effectiveness in
helping teachers acquire new skills and improve their professional practices (Kalinow-
ski et al., 2020). The transition from face-to-face training to online platforms has sig-
nificantly elevated the quality of teacher training (Ma et al., 2022a, 2022b). Unlike
traditional face-to-face training, online training offers flexibility, allowing educators to
learn at their own pace and on their own schedule (Prestridge, 2016). This flexibility is
crucial for overcoming time and geographical constraints and is further enhanced by the
availability of online professional learning communities (Kalinowski et al., 2020), which
increase accessibility and foster deeper engagement in professional development.
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A key component of online training is asynchronous interaction (Frey & Alman, 2003),
typically manifested as online asynchronous collaboration. This mode of interaction, which
does not require real-time communication, provides flexibility that enhances engagement,
collaboration, and inspiration within online learning environments (Burns et al., 2022). It
also improves learners’ engagement, participation, and higher-order thinking skills (Bai-
ley et al., 2020; Li et al., 2018). However, the delayed nature of asynchronous communi-
cation can lead to extended response times, potentially reducing training efficiency (Kim
et al,, 2015). Therefore, leveraging learning analytics to help educators understand learners’
behaviors and performance, as well as to provide timely and adaptive feedback and support,
is crucial for optimizing online learning (Banihashem et al., 2024).

Social comparison, as defined by Festinger (1954), involves individuals assessing their
abilities and behaviors against those of others. It is a common method for self-evaluation
and self-assessment (Fam et al,, 2020), with significant implications in fields such as psy-
chology and medicine (Baldwin & Mussweiler, 2018; Corcoran et al., 2020). In educational
contexts, students often engage in subconscious social comparisons, evaluating aspects
such as academic performance, physical appearance, and athletic skills (Fleur te al., 2023).
These comparisons can offer insights into peer perceptions, thereby motivating learners
(Chen & Chen, 2023) and encouraging them to match their peers’ achievements, leading to
improved cognitive engagement and learning outcomes (Wambsganss et al., 2022). While
social comparison can be beneficial in psychology and health (Appel et al., 2015; Han et al.,
2020; Verduyn et al., 2020), it can also induce anxiety, potentially hindering learning (Bai
etal., 2021).

Despite the recognized benefits and potential pitfalls of social comparison in educational
contexts, significant research gaps remain. First, previous studies have primarily focused on
the impact of social comparison on individuals (Bai et al., 2021; Delava et al., 2017; Kolloffel
& Jong, 2016), with no known research on the design and implementation of social com-
parison feedback in online collaborative environments. Second, prior research has focused
mainly on learning performance, which neglecting the effects of social comparison on
group dynamics, such as group-regulated learning and social network structures. This over-
sight has limited our comprehensive understanding of social comparison feedback. Finally,
to our knowledge, only two studies have explored the differences between social compar-
ison and self-reference (Delava et al., 2017; Koll6ffel & Jong, 2016), and both focused on
individuals without investigating these differences in online collaborative environments.

Therefore, this study aims to address these research gaps by integrating social comparison
feedback into online asynchronous collaboration. We used a randomized controlled trial
design involving in-service teachers to investigate the effects of this integration, examin-
ing how social comparison feedback influences group-regulated focus, interactive group
behavior, and social network structure among teacher-learners participating in online col-

laborative learning environments.

Literature review

Asynchronous collaborative learning in online teacher training

Online teacher training has become a crucial means of professional development (Ma
et al., 2022a, 2022b), offering benefits such as flexibility in schedule and location, access
to diverse learning resources, and the ability of learners to progress at their own pace.
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Additionally, a significant advantage of online platforms is their capability to integrate
various instructional supports tailored to specific courses and learner needs, which
facilitates effective interactions (Gao et al., 2024). A key feature of this mode of train-
ing is online asynchronous collaboration (Ma et al., 2023), where teacher-learners work
together to understand course materials and co-construct new knowledge (Liu et al.,
2021). This collaboration typically takes place through interactive boards, forums, and
assignment review areas, accommodating participants who cannot meet in person for
various reasons.

Asynchronous collaborative learning provides more time for reflection and delibera-
tion compared to synchronous interactions (Lin & Sun, 2024). This extended time fos-
ters deeper thinking and more thoughtful communication in learners. Previous research
indicates that synchronous collaborative learning enhances problem-solving abilities
(Hendarwati et al., 2021), boosts critical thinking (Oh et al., 2018), and promotes group
knowledge construction (Yang et al., 2020).

However, online asynchronous collaboration presents several challenges. Merely
participating in online collaborative learning does not guarantee effective learning
or successful completion of collaborative tasks (Chejara et al., 2024). First, the lack of
continuity often extends the timeline (Zhou et al., 2015), leading to disjointed discus-
sions and potential deviations from key training content (Guan et al., 2006). Second, the
delayed inherent of online asynchronous collaboration can lead to less timely interac-
tions among teacher-learners, fostering a sense of isolation and reducing motivation to
learn (Kaufmann & Vallade, 2020).

Therefore, to enhance the effectiveness of online teacher training, designing effective
learning support strategies is essential. Feedback, as a vital component of asynchronous
learning environments, can offer valuable insights in the absence of real-time interac-
tions, helping learners identify issues that may be difficult to recognize on their own
(Cui & Schunn, 2024; Shea & Bidjerano, 2010).

Social comparison feedback

Social comparison, a concept introduced by Festinger (1954), involves individuals evalu-
ating their own opinions and abilities by comparing themselves with others. This com-
parison serves as a mechanism for accurate self-evaluation (Festinger, 1954), enabling
individuals to gauge their abilities, behaviors, and performance levels by contrasting
them with those of their peers in similar situations. Compared to absolutist approaches,
social comparison is a more efficient method of information processing, enabling self-
assessment with reduced cognitive effort (Mussweiler & Epstude, 2009) and addressing
the needs for self-assessment, self-improvement, and self-enhancement (Dijkstra et al.,
2008), even when objective standards are present.

Social comparison can be categorized into three types based on various theoretical
models and perspectives: upward comparison, parallel comparison, and downward
comparison. Upward social comparison occurs when individuals compare themselves
with those at a higher level, which can help them identify their shortcomings (Park
et al., 2021). Parallel social comparison involves comparing oneself with others of simi-
lar abilities or opinions (Festinger, 1954), while downward social comparison involves
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comparing oneself with those in less favorable situations, aiming to maintain a positive
self-image and enhance satisfaction, self-esteem, and self-evaluation (Kong et al., 2021).

Social comparison feedback is believed to aid learners in learning from their peers and
identifying learning gaps. Neugebauer et al. (2016) noted that learners prone to social
comparison are better at extracting useful information from high-performing peers.
Previous studies also suggest that this feedback can improve online learning perfor-
mance (Joksimovic et al., 2015) and self-efficacy (Flener-Lovit et al., 2020). By providing
social comparison feedback, we aimed to offer guidance and encourage active engage-
ment in online asynchronous collaborative learning. However, concerns have also been
raised about anxiety induced by social comparison and its impact on effective learning
(Ray et al., 2017).

Therefore, in this study, we examined the influence of social comparison feedback on
teacher-learners in online asynchronous collaboration.

Factors influencing online collaborative learning

Regulated focus, which is essential for the success of online learning, is positively asso-
ciated with collaborative learning performance (Carter et al., 2020; Zheng et al., 2019).
Research by Rogat and Adams-Wiggins (2015) on seventh-grade students working in
groups on science tasks revealed that effective regulation significantly enhanced team
performance. Given the dynamic nature of collaborative learning, traditional tools often
fall short in understanding and facilitating this process. Epistemic Network Analysis
(ENA), which conceptualizes learning as the development of a cognitive framework that
integrates knowledge and competencies, proves effective in tracking the dynamics of
these regulatory processes (Lu et al., 2023; Shaffer et al., 2016). The growing popular-
ity of ENA in research underscores its value for investigating regulated focus in group
learning.

Group behavioral sequences are also vital in collaborative learning. Studies by Yang
(2023) and Tlili et al. (2023) have examined the sequential progression of group behav-
iors, and techniques such as lag sequential analysis (LSA) can be employed to identify
significant relationships between behaviors and uncover patterns (Berk et al., 1997).

Social interaction is crucial for online collaborative learning. Social network analysis,
as utilized by researchers like Xie et al. (2018), plays a key role in understanding changes
within learning community structures. This method employs nodes to represent entities
and edges to denote relationships, thereby revealing participants’ roles in collaborative
activities. Calvani et al. (2010) identified three essential metrics for assessing effective
network interactions: participation, cohesion, and synthesis. Additionally, Zheng et al.
(2021) recommended indicators like per capita postings and entry degree centrality for
analyzing small social networks consisting of three to five individuals.

Aims and research questions

Grounded in the four dimensions of the learning engagement framework proposed by
Fredricks et al. (2004), this study focused on the application of social comparison feed-
back within online asynchronous collaborative learning groups for teacher-learners. The
primary objective was to evaluate the overall impact of this feedback on collaborative
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learning processes from multiple perspectives. Thus, the study aimed to answer the fol-
lowing research questions:

How does social comparison feedback influence the regulated focus within learning
groups?

How does social comparison feedback influence collaborative interactive behavior
within these learning groups?

How does social comparison feedback influence the social network structure within
these groups?

Method

Research context

The Project-Based Learning (PBL) Design in Action course examined in this study is a
free public-service program aimed at enhancing the theoretical knowledge and practical
skills of in-service teachers in PBL design. By engaging teachers in PBL design projects,
the course helps them develop the ability to design effective PBL curricula. The course
is structured around four key topics: PBL topic selection, setting learning objectives and
plans, supporting the learning process, and assessing learning outcomes. Hosted on the
EPBL platform, this online program is available to primary and secondary school teach-
ers throughout China.

Before the course began, an online live session was organized for all participants. This
session provided detailed demonstrations of platform navigation and features, along
with an overview of the course structure. During this session, participants were ran-
domly assigned to small groups and given access to a dedicated discussion area on the
EPBL platform. This discussion area was also intended for collaborative activities once
the course officially started, promoting group formation and mutual understanding.

Before the course officially began, an introductory phase was initiated where partici-
pants interacted briefly within their groups in the online discussion area. They intro-
duced themselves and voluntarily shared information such as their names, regions,
schools, subjects taught, and grade levels. This preliminary interaction was crucial for
several reasons: it helped participants familiarize themselves with the discussion area,
established initial connections among group members, and ensured that everyone was
comfortable using the platform before course content was delivered. During this intro-
ductory phase, two teaching assistants were available online to assist with any technical
issues.

Once the initial interactions were completed, the course proceeded through the four
key topics. Each topic included multiple learning videos, materials, and collaborative
activities. Participants engaged in these online collaborative activities within the discus-
sion areas of their small groups and submitted assignments related to each topic. All
activities were conducted online. To ensure effective progress in collaborative learning,
insights from scholars such as Kawai (2006) and Biesenbach-Lucas (2004) on asynchro-
nous collaborative learning were incorporated. The approach was tailored to the unique
characteristics of teacher-learners and the course, with appropriate support mechanisms
implemented to promote interdependence among group members. The course facili-
tated the gradual completion of PBL design projects through guided group collaboration
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on various topics. Upon completing the tasks for the four key topics, each group pro-
duced a comprehensive PBL design project.

Figure 1 illustrates the collaboration interface among different groups within specific
topic discussion areas. Participants had the option to use filter buttons to view com-
ments from other participants before posting their own comments. The posting box
included a range of editing tools—such as text, graphics, and tables—that allowed par-
ticipants to refine their comments. After engaging in online collaboration, groups were
required to submit assignments related to each topic. These assignments were reviewed
by teaching assistants, who then provided feedback.

Participants

At the beginning of the experiment, a randomized controlled trial (RCT) design was
employed to ensure that participants were randomly assigned to either the experimen-
tal group or the control group. This method minimized selection biases by randomly
assigning participants to treatment and control conditions, thus providing robust evi-
dence for research methodologies (Gegenfurtner & Ebner, 2019). The use of RCTs was
well-established in educational research, as demonstrated in studies such as those by
Merk et al. (2020) and Schenke et al. (2020).

Initially, 109 teachers registered for the course, with 53 in the experimental group and
56 in the control group. As our study focused on asynchronous collaborative learning,
we included the 95 participants who completed at least one discussion thread: 49 in the
experimental group and 46 in the control group. As a result, all 95 participants engaged
in at least one discussion thread during the course, with no participants failing to do so.
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Fig. 1 Interface for collaborative discussions within groups
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This ensured there was no difference in retention rates between the experimental and
control groups.

Individual variables such as educational level and gender could influence online peer
feedback (Noroozi et al., 2024). To ensure comparability between the experimental
and control groups, we conducted descriptive statistics on participants’ gender, teach-
ing experience, and grade level taught. Table 1 presents these characteristics, indicating
that the distributions were roughly equivalent between the two groups. Specifically, the
gender distribution was similar in both groups, with approximately 35% male and 65%
female participants. In terms of teaching experience, the majority had 1-5 years of expe-
rience (about 46%), followed by those with over 16 years (about 19%), and pre-service
teachers comprised about 16%. Regarding the grade level taught, approximately half of
the participants were primary school teachers, while the remaining participants taught
at middle school or high school levels, or were pre-service teachers. Most participants
had prior experience with online learning and were enthusiastic about engaging in col-
laborative online activities and interacting with both experts and peers.

Construction of social comparison feedback

Mussweiler (2003) identified three stages in the process of social comparison: stand-
ard selection, comparison with the target, and evaluation. In this study, social compari-
son was defined as the process in which participants are presented with comparative
information about their peers within specific standards, which is valuable for their
self-evaluation.

During online collaboration, each group engaged in discussions and submitted assign-
ments on various topics. These assignments were evaluated and ranked by teaching
assistants in descending order. Groups were categorized into three levels: the top one-
third were labeled “excellent,” the middle one-third “qualified,” and the bottom one-third
“developing”. Participants could choose a comparison category for their group, enabling

Table 1 Basic information of participants

Experimental group Control group
Number of participants 49 46
Number of small groups 11 small groups 11 small groups
Gender
Male 16 (32.65%) 17 (36.96%)
Female 33 (67.35%) 29 (63.04%)
Teaching experience
1-5 years 22 (44.90%) 22 (47.83%)
6-10 years 5(10.20%) 5(10.87%)
11-15 years 4 (8.16%) 4 (8.70%)
Over 16 years 10 (20.41%) 8 (17.39%)
Pre-service teacher 8(16.33%) 7 (15.22%)
Grade level taught
Primary school 24 (48.98%) 25 (54.35%)
Middle school 14 (28.57%) 10 (21.74%)
High school 3(6.12%) 4 (8.70%)

Pre-service teacher 8(16.33%) 7 (15.22%)
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various types of social comparisons: upward, downward, or parallel. For example, com-
paring a “developing” group with an “excellent” group constituted an upward compari-
son, comparing an “excellent” group with another “excellent” group constituted a parallel
comparison, and comparing a “qualified” group with a “developing” group constituted a
downward comparison.

Social comparison feedback was provided to participants through a combination
of visual representations and textual descriptions. The tone of the feedback became
increasingly positive as the ranking of the participant’s group rose. Participants received
specific comparisons between their own group and other selected groups across four
dimensions: behavior, cognition, interaction, and emotion. This process is illustrated in
Fig. 2.

+ Behavioral Dimension: Data in this dimension were derived from behavioral indica-
tors observed on the learning platform, such as study duration, the number of quiz-
zes taken, and the quality of quizzes submitted by each group. Participants received a
comparison of these behavioral indicators between their own group and the selected
group.

+ Cognitive Dimension: Data for this dimension were sourced from interactional texts
in the discussion areas of each group. High-frequency words and topics from the
selected group were identified using Term Frequency-Inverse Document Frequency
(TE-IDF) analysis and Latent Dirichlet Allocation (LDA) topic modeling, with the
optimal number of topics determined by topic perplexity (Blei, 2000). Participants
were then shown the high-frequency words and topics from the selected group.

Engaging in online asynchronous collaboration
! ®Studying materials (related to a specific course topic).
: . ®Engaging in online asynchronous collaboration (on that topic).
 Preparation
i Submitting (topic) sssignments
®Groups submitting assignments (related to the topic)
®such as topic selection, lesson plans, assessment proposals, etc.

Teaching assistant grading Establishing social comparison types

®Teaching assistant grades these ®|f learners compare with a group at a
Teaching assistant assignments and ranks them in higher level — upward comparison.
grading descending order. ___ ®If learners compare with a group at
: ®All groups are categorized as the same level — parallel comparison.
excellent, qualified, and ®|f learners compare with a group at a
developing based on the 1/3 and lower level — downward comparison.

2/3 cutoff points."

Select social comparison type
®|dentify own group's type (excellent,
qualified or developing)
: ®Choose the type of group you want to
i Checking social compare with
| comparative feedback

Checking social comparative feedback Provide corresponding social
®Review social comparison overview comparison feedback
®Review social comparison information by

dimensions in detail

Fig. 2 Social comparison feedback process
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«+ Interactive Dimension: Data in this dimension were gathered from interactional
information in each group’s discussion area. Four types of indicators of small social
network interactions were analyzed: interaction density, interaction centrality, inter-
action cohesion, and interaction balance (Zheng et al., 2021). Participants were pre-
sented with social network diagrams and comparisons of these indicators between
their own group and the selected group.

+ Emotional Dimension: Data for this dimension came from self-reports by group
members, using Artino’s adapted academic emotion questionnaire (Artino and
Jones, 2012) to assess the emotional states during collaborative learning. Participants
received comparisons of emotional states between their own group and the selected

group.

After the initial comparison with the selected group, each student had the option to
compare their performance with that of other groups.

Study design
The course involved each group designing a feasible project-based learning (PBL) plan.
The design process was segmented into a series of tasks related to each topic. Groups
were required to collaboratively discuss each topic and submit assignments related to
the PBL plan for that topic. At the end of each topic, both the experimental and control
groups received feedback. The experimental group received social comparison feedback,
while the control group received self-referential feedback. The fundamental differences
between these types of feedback are outlined in Table 2.

As noted previously, the comparison between the experimental and control groups
focused on comparison options, overview guidelines, the learning information of the
subject group, and the learning information of the other groups. The specific differences

are outlined in Table 3:

« Comparison Options: The experimental group received feedback that included com-
parisons with other groups, allowing participants to dynamically choose among
excellent, qualified, or developing groups. In contrast, the control group received
feedback solely on their own learning process relative to the completed topic, with-
out any comparative information.

+ Overview Guidelines: The experimental group was provided with social compari-
son guidelines that varied based on the group type chosen for comparison (excellent,

Table 2 Basic differences between social comparison feedback (Experimental Group) and self-
referential feedback (Control Group)

Features Experimental group Control group
Comparison options v

Overview guidelines v X

Own group’s learning info (Behavior, cognitive, v v

interaction, emotion)

Other groups'learning info (Behavior, cognitive, v X
interaction, emotion)
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Stage 1 Preparation O Design and development of the “Project-Based Learning (PBL) Design in Action” course

O Recuiting in-service teachers as participants through the internet (95 in total)

R 2
Stage 2 Randomization O Al participants were randomly assigned to small groups (22 in total).

0O Randomly divide small groups into the Experimental Group (11 small groups, social
comparison feedback) and Control Group (11 small groups, self-referential feedback).

¥

Learning course resources ]

Stage 3 Online CoIIaboration/

Day 1-4 Topic 1 | —

Participating in collaboration } Gain feedback of topic 1

: 4 Submiting topic assignment }

~| Learning course resources

Day 5-8 Topic2 | | Participating in collaboration Gain feedback of topic 2

- Submiting topic assignment

-|  Learning course resources

Day 9-12 | Topic 3 ‘~ Participating in collaboration Gain feedback of topic 3

Submiting topic assignment

[ Learning course resources

Day 13-16

Topic4 | — [ Participating in collaboration Gain feedback of topic 4

7[ Submiting topic assignment

The Experimental Group: Social comparison feedback
The Control Group: Self-referential feedback

Fig. 3 Study design

qualified, or developing). For instance, if a participant’s group was ranked as develop-
ing and they chose an excellent group for comparison, they received upward social
comparison feedback, such as “Room for improvement!” along with related guide-
lines.

+ Learning Information: Regarding the behavioral, cognitive, interaction, and emo-
tional dimensions, the experimental group could compare its performance with any
type of target group (excellent, qualified, or developing) and received comparative
guidelines and visuals. Conversely, the control group could only access information

about its own performance in these dimensions.

This study employed a randomized controlled trial to explore the impact of social
comparison feedback on online collaboration. The experimental group (n=49, including
11 small groups) received social comparison feedback, while the control group (n=46,
including 11 small groups) received self-referential feedback. The experiment lasted for
16 days, and the study design is illustrated in Fig. 3.

Stage 1 involved preparation, including the development of course content and the
recruitment of participants.

Stage 2 encompassed the randomization process, during which 95 learners were ran-
domly assigned to 22 groups, each consisting of 4—5 members. Of these groups, 11 were
designated as the experimental group and 11 as the control group.

Stage 3 saw participants engaging in online asynchronous collaboration. The course
comprised four topics, each introduced sequentially according to the course schedule,
with each topic lasting 4 days. During the open period for each topic, learners were
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required to study the corresponding course materials and participate in online asynchro-
nous collaborative learning. They could choose to learn and discuss at any time within
the open period for each topic. Before the deadline for each topic, groups were required
to submit their assignments. Following submission, they received feedback related to the
topic, with the experimental group receiving social comparison feedback and the control
group receiving self-referential feedback.

Coding scheme

Learning regulation focus coding scheme

In this study, the comment data were analyzed using the online collaborative learning
regulation focus coding scheme developed by Zhang et al. (2021), which has demon-
strated strong validity and reliability. This coding scheme classified the groups’ regula-
tion focus into three main dimensions: task, emotion, and organization, each comprising
several sub-dimensions.

Comments in the task dimension were further categorized into task understanding
(Task), content monitoring (ConMo), and process monitoring (ProMo). Task referred to
the extent of understanding of the learning tasks, ConMo involved tracking the accuracy
and relevance of the discussed content, and ProMo pertained to overseeing the learning
methods and strategies used.

Comments in the emotion dimension were classified into positive emotion (Pos), neg-
ative emotion (Neg), and joking (Joke). Pos denoted expressions of approval or apprecia-
tion for the content posted by others, while Neg referred to expressions of disapproval or
dissatisfaction. Joke indicated emotional content unrelated to the learning material, such
as humor or unrelated banter.

Comments in the organization dimension included comments related to organizing
(Org), which indicated activities focused on structuring or arranging the learning pro-
cess within the group.

Interaction behavior coding scheme

Based on Gunawardena’s et al. (1997) interaction analysis model and subsequent
research by scholars such as Hou and Wu (2011), Wang et al. (2020) developed a verb-
driven interaction behavior coding scheme. This scheme prioritized learners’ commu-
nication and interaction rather than focusing solely on constructing advanced social
knowledge. In this study, the scheme was adapted to reflect the nuances of online asyn-
chronous collaboration, as shown in Table 4. The adapted coding scheme was used to
analyze and code the groups’ discussion behaviors.

Knowledge construction level coding scheme

In this study, we utilized Gunawardena’s et al. (1997) interaction analysis model and
its modified versions, as this model is widely used for content analysis of online dis-
cussions. Gunawardena’s model classified a group’s knowledge construction into five
stages, reflecting increasing depth of knowledge construction and interaction quality.
The five stages were: sharing/comparing of information, discovery of dissonance and
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Table 4 Interaction behavior coding scheme
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Code Description Examples
Offer Clearly articulate ideas, provide additional "A project can yield various outcomes based on
information, and present supporting evidence  different approaches”
for arguments
Ask Pose questions, identify unclear concepts, and “Can you elaborate on the “project-based learning
seek solutions and ideas from others program”that you mentioned, focusing on how
students explore brain-related concepts?”
Respond  Reply to queries from peers, engage with others’ “(What are the typical outcomes of IT projects?)
information, and respond to their behaviors Websites, 3D modeling, PPT presentations, pro-
posals, etc. All seem suitable”
Negotiate Engage in discussions to reach a consensus or “Mr. Yao, can your design incorporate time fac-
adjust proposals tors, such as commuting duration from home to
school or other locations?”
Lead Instruct group actions, assign tasks, and guide “Is everyone okay with the proposed title? Any
collaborative strategies objections or suggestions?”
Conclude  Summarize key features of an idea, providinga  “Lesson 1: Introduce the task, group work,
structured overview program design, and planning. Lesson 2: Group
measurements, data collection, data integration.
Lesson 3: Work design, tool preparation, plan
exploration. Lesson 4: Product creation. Lesson 5:
Sharing and feedback”
Monitor  Confirm or oversee progress on individual or “Confirm or oversee progress on individual or
group learning tasks group learning tasks.’
Support  Provide assistance or encouragement in the “Agreed, Mr. Chow”
learning process
Add Contribute additional thoughts or information  “Besides English, art teachers can guide students

to others'ideas

in their creative pursuits.”

inconsistency, negotiation of meaning/co-construction of knowledge, testing and modi-
fication of the proposed synthesis, and agreement/application of newly constructed
meaning. This model was used to analyze and quantify the interaction data to assess the
degree of knowledge construction achieved by the groups.

Data analysis

To investigate the influence of social comparison feedback on asynchronous collabora-
tion, we analyzed three dimensions: regulation focus, interaction behavior, and social
network structure. These dimensions provided a comprehensive understanding of how
social comparison feedback influenced the learning process, group interaction dynam-
ics, and social relationships among learners engaged in online collaboration.

Regarding Research Question 1, which concerned the regulation of the learning pro-
cess within groups, we invited two experts in project-based learning to code all discus-
sion posts using the group regulation focus coding scheme described in Sect. "Learning
regulation focus coding scheme” Before coding, the experts received relevant train-
ing and independently coded 15% of the selected posts. Their coding demonstrated a
high level of reliability, with a coefficient of 0.85 (Fleiss, 2003). The experts discussed
any discrepancies to ensure consistency and then independently coded the participants’
discussion data. We subsequently conducted Epistemic Network Analysis (ENA) on the
experimental and control groups based on the coded data. ENA used coded qualitative
data from interactions, such as discussions, to construct networks. Specifically, ENA
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identified, quantified, and visualized the connection structures between design nodes by
analyzing the co-occurrence of cognitive nodes (Shaffer et al., 2016). In the visualized
graph, each node represented a predefined cognitive element, and the edges indicated
the co-occurrence between these elements. The thickness of the edges reflected the rela-
tive strength of the connection between two nodes. The network was mapped onto a
two-dimensional space, with the X and Y axes helping to distinguish the connection pat-
terns between nodes. Nodes that were close together indicated frequent co-occurrence
in similar interaction contexts. Additionally, ENA created subtraction networks to iden-
tify the most significant differences between the two networks. By comparing the sub-
traction networks of the experimental and control groups within the epistemic network
space, we determined the influence of social comparison feedback on group-regulation
focus.

To analyze group interaction behavior, we used the interaction behavior coding
scheme adapted by Wang et al. (2020) (see Sect. "Interaction behavior coding scheme”)
and invited two experts to code all interaction behavior data of the learners. Before cod-
ing, they underwent relevant training and independently coded 15% of the selected
posts. Their coding demonstrated a high level of reliability, with a coefficient of 0.94
(Fleiss, 2003). After reaching a consensus through discussion, the experts independently
coded the participants’ interaction behavior data. We then conducted lag sequential
analysis (LSA) using GSEQ software 5.0. LSA calculated the probabilities of transitions
between different behaviors to identify patterns and dependencies, generating transition
diagrams that displayed the likelihood of moving from one behavior to another. If the
Z-score for a particular behavior sequence exceeded 1.96, it indicated that the sequence
was statistically significant (p <0.05). These significant behavior sequences revealed the
behavior patterns of the experimental and control groups during online asynchronous
collaborative learning. Through these analyses, we gained a better understanding of the
impact of social comparison feedback on group interaction behavior.

Regarding social network structure, group members interacted during online asyn-
chronous collaboration by posting and replying to messages. By considering all mem-
bers of the group as network nodes, with posts representing “out-degree” connections
to other group members and replies representing “in-degree” connections for specific
participants, directed social networks were formed within each group. We analyzed the
social networks of both the experimental and control groups using the dimensions of
interaction intensity, interaction balance, and interaction quality to measure the effects
of social comparison feedback on group social network relationships.

Results

Group-regulated focus

To further explore the differences in group-regulated focus between the experimental
and control groups, we plotted the subtracted epistemic network shown in Fig. 4. Each
student in the experimental group was represented by a red dot, while each student in
the control group was represented by a blue dot. The blue and red squares represented
the average centroids of the experimental and control groups, respectively, and the
dashed boxes around the squares indicated the 95% confidence interval. Nodes in the
ENA network represented each code (e.g., Task, ConMo), and the connections between
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Experimental group — Control group

SVD2
(24.6%)

@ Task

Experimental group Control group

eJoke , Neg

MR1
(18.2%) ConMo)

h=| <

Fig. 4 The subtracted epistemic network depicting group-regulated focus in the experimental group (blue)
and the control group (red)

nodes represented associations. The thickness of the lines between two nodes indicated
the strength of the connection.

The epistemic network generated from the coding data exhibited explanatory strengths
of 18.2% along the x-axis and 24.6% along the y-axis. Given the non-normal distribu-
tion of the data, we conducted a Mann—Whitney U test on the projection points, which
yielded significant results. Specifically, we observed a significant difference between the
two groups along the x-axis ({/=720.00, p=0.00, r=0.44), while no significant differ-
ence was detected along the y-axis (U/=1311.00, p=0.90).

For the task dimension (codes: Task, ConMo, and ProMo), where Task represented
task understanding, ConMo represented content monitoring, and ProMo represented
process monitoring, the distribution of task-related codes along the x-axis was concen-
trated in the experimental group. This indicated that task-related aspects were more
emphasized in this group. In the experimental group, the connections between Task
(task understanding), ConMo (content monitoring), and ProMo (process monitoring)
illustrated the collaborative problem-solving process: learners engaged in discussions
about content monitoring (ConMo) based on their task understanding (Task), itera-
tively refining and developing their cognitive goals. Additionally, the strong connection
between ConMo and ProMo in the experimental group (ConMo—ProMo of the experi-

mental group: 0.44) suggested that participants in this group engaged in more process
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2.52 5.33
Respond Ask Negotiate Respond Ask Negotiate
i 33 2.38 3.21 C\Z'so 217 276
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Conclude Lead Offer Conclude m===s |ead Offer
3.28 3.34 419, 3.24 2.66
1.97 4.26
Monitor Support Add Monitor Support Add
Line 2 Line 3

Fig. 5 Behavioral sequence transition diagram for the experimental and control groups

monitoring (ProMo) during content monitoring (ConMo) compared to the control
group (ConMo—ProMo of the control group: 0.38).

Regarding the emotion dimension (codes: Neg, Pos, and Joke), where Neg represented
negative emotions, Pos represented positive emotions, and Joke represented joking, two
main observations emerged. First, in terms of node positions, negative emotions (Neg)
and joking (Joke) were more prominent in the experimental group on the x-axis, while
positive emotions (Pos) were more prominent in the control group. Second, in terms
of connection strength, the experimental group’s negative emotions (Neg) and joking
(Joke) had weaker connections with other nodes, indicated by faint blue connection
lines. In contrast, the control group’s positive emotions (Pos) had stronger connections
with content monitoring (ConMo): Pos-Task (experimental group: 0.05; control group:
0.12), Pos-ConMo (experimental group: 0.35; control group: 0.50), Pos-ProMo (experi-
mental group: 0.07; control group: 0.18). This indicated that the control group frequently
exhibited positive emotions (Pos) during content discussions (ConMo).

Regarding the organization dimension (code: Org), the results from the Mann—Whit-
ney U test indicated differences between the experimental and control groups along the
x-axis, with the organization code being closer to the experimental group on this axis.
Additionally, the organization code in the experimental group showed a closer connec-
tion to task understanding (Task): Org-Task (experimental group: 0.12; control group:
0.07). This suggested that the experimental group likely organized their content more
comprehensively than the control group, with this more structured approach to content
organization contributing to a better understanding of the task.

Group interaction behaviors

The behavior sequence transition diagrams for the experimental and control groups,
based on the residual tables of behavior sequences, are shown in Fig. 5. In Fig. 5, nodes
represented different types of interaction behaviors, while the connecting lines between
the nodes indicated significant behavior sequences. The arrows illustrated the order of
transition between two behaviors, and the numbers above the arrows (Z-scores) indi-
cated the significance level of the behavior sequences. To visually emphasize these differ-
ences, the thickness of the arrows was proportional to the significance level, with higher
values represented by thicker arrows.
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Three notable differences between the experimental and control groups emerged in
relation to the behavioral sequence transitions.

(a) In the yellow section (Line 1): The experimental group exhibited a distinct offer
—>negotiate sequence, indicating that participants in this group engaged in more nego-
tiation behavior after receiving information. This behavior reflected deeper considera-
tion of the collaborative content, including negotiations over differing viewpoints or
alternatives. Conversely, the control group displayed a pronounced offer —>support
sequence, where support denoted agreement with others’ opinions. This suggested that
participants in the control group were more inclined to endorse their peers’ opinions.

Additionally, the ask —>respond sequence was observed in both groups but was more
pronounced in the experimental group (Z,=12.52>Z,=5.33). This indicated that par-
ticipants in the experimental group were more likely to receive responses to their ques-
tions. However, it is important to acknowledge that Lag Sequential Analysis does not
directly test for significant differences in link strength across conditions. Therefore, this
inference about stronger connections in the experimental group should be interpreted
with caution.

(b) In the blue section (Line 2): The experimental group demonstrated greater
engagement in monitoring behaviors within their summaries. Monitoring actions signi-
fied control over the group collaboration process and reflection on collaborative content.
Two significant behavioral sequences, monitor —>conclude and include —>monitor,
were observed in the experimental group. In contrast, monitoring in the control group
appeared as isolated actions without connections to other behaviors.

(c) In the green section (Line 3): Support reflected approval of other group members’
opinions. The experimental group displayed sequences of support — > monitor and sup-
port —>add, as well as an inner loop of add - >add, indicating that after a group mem-
ber expressed support, others in the group would monitor or supplement their behavior,
and thus the adding behavior might be repeated. In contrast, the control group lacked
significant sequential behaviors following support. Furthermore, while the experimental
group displayed an internal cycle of add — >add, the control group participants demon-
strated an add — > provide sequence, suggesting that following adding behavior, the con-
trol group tended to introduce new ideas rather than providing support.

Social network structure

To investigate the effects of social comparison feedback on social network structure, we
first conducted a comprehensive observation of postings in both the experimental and
control groups. Following this, we analyzed interaction intensity, interaction balance,
and interaction quality. Table 5 provides the descriptive statistics for postings in both
groups. It is noteworthy that the experimental group posted more comments compared
to the control group. Additionally, the number of posts in both groups declined over
time.

Interaction intensity
Interaction intensity reflects the frequency of interaction among group members and
indicates the level of activity and engagement within the group. To examine the impact
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Table 5 Descriptive statistics for posts in the experimental and control groups

Total Topic 1 Topic 2 Topic 3
Total postings Experimental Group 1009 360 319 329
Control Group 735 332 227 167
Average number of posts  Experimental Group 20.62 7.35 6.56 6.69
per person Control Group 16.01 7.25 491 3.65
Standard deviation Experimental Group 9.54 297 4.79 2.99
Control Group 867 2.79 2.71 3.29
Median Experimental Group 18.00 6.60 5.20 6.20
Control Group 13.25 7.00 4.75 2.50

Table 6 Network density for the experimental and control groups

Average Maximum Minimum SD Median
Experimental Group 0.67 0.90 0.5 0.13 0.67
Control Group 0.57 0.83 0.2 0.20 0.58

of social comparison feedback on interaction intensity, we used two indicators: the aver-
age number of posts per person and network density.

Initially, we conducted covariance analysis to compare the average number of posts
per person between the experimental and control groups. The group was treated as the
independent variable, the number of posts in the initial theme discussion area as the
covariate, and the number of posts in the final theme discussion area as the depend-
ent variable. Subsequently, we performed one-way ANCOVA to determine if there was
a significant difference between the experimental and control groups in terms of the
average number of posts per person. The parallelism test revealed no significant inter-
action between the independent variable and the covariate (F=0.010, p=0.921>0.05),
and the residual normality test confirmed that the residuals followed a normal distribu-
tion with a mean of 0 (p=0.613>0.05), supporting the use of covariance analysis. The
results of one-way ANCOVA showed a significant difference between the experimental
and control groups in the number of posts in the final theme (F=6.04, p=0.024<0.05).
That is, although both groups experienced a reduction in the number of posts over
time, the social comparison feedback appeared to attenuate the rate of decline. Thus,
social comparison feedback had a significantly positive impact on the number of posts
(p=0.024<0.05).

Given the small sample size, with both the experimental and control groups consisting
of only 11 subgroups, our primary focus was on the descriptive analysis of the density
distribution. Table 6 presents the network density distribution for both groups. Overall,
the experimental group exhibited a higher mean network density than the control group
(M;=0.67>M,=0.57), along with a higher maximum value and a lower minimum
value. The numerical distribution was also more clustered, indicating greater network
density in the experimental group. Despite these observed differences, the Mann—Whit-
ney U test revealed no significant difference in the density distribution between the
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Fig. 6 Horizontal box plots depicting the distribution of participation homogeneity in the experimental
group (blue, dotted pattern) and the control group (red, diagonal stripe pattern)

experimental and control groups (Experimental group: Mdm =0.670, SD=0.135; Con-
trol group: Mdm =0.580, SD =0.200; U/=40.500, Z=1.320, p =0.187).

Interaction balance

In this study, we analyzed the interaction balance within each group using two metrics:
out-degree balance and in-degree balance. Out-degree balance was evaluated via par-
ticipation homogeneity (Zheng et al.,, 2021), which provided insights into the engage-
ment levels of group members. A higher level of participation homogeneity indicated an
uneven distribution of contributions among members. In-degree balance was assessed
using in-degree centrality (Zheng et al., 2021), a metric that measures the popularity of
individuals within the network. A higher level of in-degree centrality suggested that the
network was centered around specific individuals.

Box plots were used to visualize the trends in participation homogeneity (reflecting
out-degree balance) and in-degree centrality (reflecting in-degree balance) for both the
experimental and control groups. To explore whether there were differences in par-
ticipation homogeneity and in-degree centrality between the experimental and control
groups, we conducted statistical tests. Given the small sample size of subgroups in both
groups, we used the Mann—Whitney U test (Simsek, 2023). The results showed no sig-
nificant differences in participation homogeneity between the experimental and control
groups (Experimental group: Mdm=7.106, SD=2.842; Control group: Mdm="7.583,
SD=3.078; U=50.000, Z=10.690, p =0.490). Similarly, there were no significant differ-
ences in in-degree centrality (Experimental group: Mdm=3.167, SD=4.084; Control
group: Mdm =3.333, SD=3.596; U=54.5000, Z=0.394, p=0.693).

Generally, as the average number of posts per person increased, both participation
homogeneity and in-degree centrality tended to rise because balancing the number of
posts sent and received became more challenging. Figures 6 and 7 illustrate that experi-
mental group 1, control group 1, and experimental group 7 had exceptionally high aver-
age posting rates, leading to unusually high participation homogeneity and in-degree
centrality. This indirectly highlighted the difficulty in maintaining balance as the average
number of posts per person increased. Despite the experimental group posting more,
their participation homogeneity and in-degree centrality were slightly lower than those
of the control group, although the differences were not statistically significant. This sug-
gested that the experimental group performed slightly better in balancing out-degree
and in-degree compared to the control group.
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Fig. 7 Horizontal box plots depicting the distribution of in-degree centrality in the experimental group (blue,
dotted pattern) and the control group (red, diagonal stripe pattern)
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Fig. 8 Detailed distribution of participants'knowledge construction levels

Interaction quality

To analyze the effects of social comparison feedback on interaction quality, we uti-
lized Gunawardena’s interaction knowledge construction model (see Sect. "Knowledge

construction level coding scheme”) to assess the quality of interaction among differ-

ent cohorts. The consistency between the two raters was very high, with a kappa score
of 0.89 (Fleiss, 2003). As illustrated in Fig. 8, most participants were predominantly

engaged in the preliminary phase of knowledge construction, focusing mainly on infor-
mation sharing. This phase accounted for approximately half of the overall interac-
tions. In contrast, participation in the deeper stages of knowledge construction, which
involve the application of new knowledge, was significantly lower, barely reaching 5%.
This indicated that, during online asynchronous collaborative learning, most knowledge
construction activities were centered on identifying and sharing information, with less
emphasis on advancing to higher levels of knowledge construction.

The Shapiro—Wilk test was conducted to examine the normality of the knowledge con-
struction levels for both the experimental and control groups. The results showed that
neither group followed a normal distribution (experimental group: W=0.794, p <0.001;
control group: W=0.763, p <0.001). Consequently, the Mann—Whitney U test was used
to assess whether the knowledge construction levels differed significantly between the
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Fig. 9 Proportion of posts at the various knowledge construction levels in the experimental group (blue, dot
pattern) and the control group (red, diagonal stripe pattern)

experimental and control groups. The results revealed that the knowledge construc-
tion level of learners in the experimental group (Mdm =2, SD=1.135) was significantly
higher than that of the control group (Mdm=1, SD=1.066), with {/=401,943.000,
z=2.428, p=0.015<0.050. This suggested that the experimental group, which received
social comparison feedback, demonstrated a higher overall level of knowledge construc-
tion compared to the control group, which received self-referential feedback.

Considering the difference in the total number of posts between the experimental and
control groups, we compared the percentage of posts at each knowledge construction
level. As shown in Fig. 9, the experimental group exhibited lower proportions of posts in
the initial and intermediate stages of knowledge construction compared to the control
group but higher proportions in the third, fourth, and fifth stages. This indicated that
social comparison feedback promoted a higher level of knowledge construction.

Discussion

Group-regulated process

In this study, epistemic networks were developed for both the experimental and control
groups. The results indicated that the experimental group, which received social com-
parison feedback, placed more emphasis on task completion and adjustment compared
to the control group. Cialdini and Goldstein (2004) highlighted that social comparison
can effectively integrate learning feedback with goal setting. In online learning environ-
ments, social comparison feedback appeared to focus the group’s efforts more effectively,
potentially enhancing group-regulation behaviors. Furthermore, while asynchronous
collaboration faces challenges such as varying participation times, it offers significant
advantages, including increased opportunities for asynchronous discussion and auto-
matic archiving of activities, as noted by Schellens and Valcke (2005) and Duvall et al.
(2020). This study leveraged these benefits by designing social comparison feedback
to enhance asynchronous collaboration. This approach promoted positive regulatory
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behaviors, demonstrating the value of integrating social comparison within asynchro-
nous collaborative settings.

First, the experimental group frequently exhibited negative emotions, such as ques-
tioning, which led to higher-quality outcomes. In contrast, the control group showed
more positive emotions, typically manifesting as simple agreement, which did not sig-
nificantly enhance collaborative knowledge construction. It is speculated that negative
emotions triggered further knowledge construction, aligning with previous findings that
learners experiencing negative emotions perform better than those experiencing posi-
tive emotions (Liaw et al., 2021). Simply displaying positive emotions was not sufficient
to achieve the same level of positive effects without additional content construction or
regulation.

Next, the experimental group engaged in more joking behavior. Qualitative analysis
of discussion texts revealed that joking played a significant role in regulating the dis-
cussion atmosphere, motivating participants, and expressing friendliness. For example,
statements such as “Understanding how important it is to know the direction of one’s
efforts, as a teacher, instilling this feeling in students means that education is already
halfway to success!” (regulating the discussion atmosphere, motivating others) and “It’s
the final stretch! Let’s give it our all together!” (motivating others) exemplified this role.
Previous studies have indicated that humor is a crucial form of conversational engage-
ment (Ingram, 2023) and plays a vital role in social interaction (Chadwick & Platt, 2018).
Thus, the increased joking in the experimental group likely facilitated better knowledge

construction.

Group interaction behavior
In this study, we analyzed the behavior transition sequences in both the experimental
and control groups, leading to the following key findings.

First, the experimental group demonstrated negotiation behavior when receiving
information (“offer” behavior) from fellow group members. This behavior indicated a
deeper engagement with collaborative content, characterized by critical assessment. In
contrast, the control group tended to exhibit “support” behavior, accepting information
without rigorous evaluation. Second, the experimental group showed a greater tendency
to monitor during the conclusion process. They displayed a bidirectional relationship
between concluding and monitoring (conclude <—>monitor), indicating a cautious
acceptance of support and summarization behaviors from their peers. Conversely, the
control group exhibited self-looping sequences such as conclude —> conclude and con-
clude —>lead, suggesting a focus on the act of concluding or a tendency to engage in
new learning activities. Finally, the experimental group demonstrated monitor and add
behaviors when providing support, sometimes involving repetition of support. Con-
versely, the control group typically did not link support with subsequent monitoring or
adding behavior but were more inclined to introduce new viewpoints (lead).

In summary, the experimental group showed more negotiation and monitoring behav-
iors, indicating a deeper level of reflection. This reflective process is crucial if learners
are to accumulate and share knowledge and skills over time, as well as increasing their
communication and collaboration capabilities (Yang, 2022; Zamora, 1985). Overall, the
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results of this study support Bandura’s social cognitive theory principle that feedback,
especially when combined with social comparison, can lead to positive group interaction
behavior during the learning process (Bandura, 1991).

Social network relationships

In this study, we analyzed the impact of social comparison feedback on group social net-
work relationships using three key indicators: interaction density, interaction balance,
and interaction quality.

Interaction density: Interaction density measures the frequency of interactions among
group members, revealing their level of activity and enthusiasm. This study used two
indicators to assess interaction density: average number of posts per person and network
density. The results for average posts per person showed that the experimental group
consistently had higher interaction density than the control group. Although network
density descriptively appeared higher in the experimental group, the difference was not
statistically significant. This lack of significance might have been explained by the lim-
ited number of subgroups in both the experimental and control groups, which affected
the reliability of network density as an indicator. Nevertheless, considering the results
of both indicators, social comparison feedback positively impacted interaction density.
It effectively offset the decline in posting activity among participants and enhanced
network density. Previous research (Nordin et al., 2022) demonstrated that increased
interaction typically led to stronger idea exchanges, thereby enhancing the overall
online learning experience, which supported the positive influence of social comparison
feedback.

Interaction Balance: Interaction balance was assessed using levels of participation
homogeneity and in-degree centrality to evaluate the distribution of engagement among
group members. Despite the experimental group’s higher number of postings, their lev-
els of participation uniformity and centrality were comparable to those of the control
group. This suggests that social comparison feedback effectively maintained, and in
some cases even enhanced, a balanced level of participation among members.

Interaction quality: The experimental group demonstrated significantly higher levels of
collaborative knowledge construction compared to the control group. Groups exhibited
a lower level of knowledge construction in the second phase (discovery of dissonance
and inconsistency) than in the third phase (negotiation of meaning/co-construction of
knowledge). Despite initial introductions before the experiment, participants were still
not very familiar with each other. Due to the entirely online nature of the interactions,
this limited familiarity might have led participants to feel that asking questions could
bring interpersonal pressure (Kumi-Yeboah, 2018). This is consistent with the greater
incidence of positive emotions observed in both groups as part of the group-regulated
analysis.

During the online asynchronous collaboration, the experimental group received visual
social network diagrams and indicators, while the control group only received standard
reference values based on their data. The results indicated that the experimental group
achieved higher interaction density, balance, and quality compared to the control group.
This difference may be because social network metrics in small group collaborations
are more sensitive to contextual factors than those in larger networks. The comparative
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feedback, presented through images and text, likely motivated the experimental group
to increase their interactions and improve their social network status. In contrast, the
control group’s limited feedback may have restricted their understanding of interaction
dynamics, as they lacked the additional motivational element provided to the experi-
mental group.

Practical implications

Application of social comparison feedback: The results of this study affirm the role of
social comparison feedback in enhancing adaptive learning outcomes. Future research
should investigate the application of social comparison feedback in asynchronous col-
laborative learning environments to further improve collaboration.

Enhancing discussion forum features: This study introduced pinned posts to the dis-
cussion forum to improve information organization. Future enhancements could include
filters based on time frame, number of replies, and number of views. Incorporating
machine learning methods, as suggested by Ma et al. (2023), could assist learners in
organizing discussion content more effectively. Additionally, using graphic organizers,
as proposed by Jeon et al. (2022), could further enhance the efficacy of online asynchro-
nous collaboration.

Fostering a collaborative atmosphere: Humor in posts was found to positively regulate
the learning atmosphere and sharpen task focus. Instructional designers might consider
incorporating activities that encourage learners to create and share humor in online
learning environments (Song et al., 2021) and facilitate intermittent synchronous com-
munication (Hu et al., 2023). These strategies could promote a more active collaborative
atmosphere and enhance overall collaboration.

Exploring interaction balance indicators: The study indicated that groups with higher
average posting and receiving rates tend to exhibit greater participation and centrality.
Future research should focus on developing new indicators for online asynchronous
collaboration that are less sensitive to posting baselines and group size. Additionally,
increasing the volume of discussion could reduce the sensitivity of social network indi-
cators, thereby providing more reliable measures of interaction balance.

Conclusions, limitations, and future work
In this study, we provided social comparison feedback to learners across four dimen-
sions—behavioral, cognitive, interactive, and emotional—to analyze its impact on col-
laborative learning. Using a randomized controlled trial design, we delivered social
comparison feedback to the experimental group, while the control group received only
self-referential learning reports. This design enabled us to investigate the effects of social
comparison feedback on collaborative learning. The results suggested that social com-
parison feedback enhanced the regulation of learning processes, stimulated increased
monitoring behaviors, and improved social network relationships.

Nevertheless, this study had certain limitations that suggest directions for future
research. First, learners were randomly grouped to ensure similar distributions between
the experimental and control groups in this study. Future research could explore more

effective grouping methods that not only maintain comparability between groups but
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also enhance the effectiveness of asynchronous collaboration within those groups. Sec-
ond, we used non-parametric tests to calculate and compare social network-related
metrics. However, each group, whether experimental or control, comprised a limited
number of subgroups, which may have affected the generalizability of our conclusions.
Future studies could include a larger sample size with more subgroups to strengthen the
robustness of the results. Third, extending the course duration in future studies could
allow more time for asynchronous interaction. Lastly, as the participants were primarily
in-service teachers, the conclusions are mainly applicable to this group. Caution should
be exercised when generalizing these findings to other populations.
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