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Abstract 

Background: Collaborative learning is a group learning approach in which positive social interdependence within 
a group is key to better learning performance and future attitudes toward team practice. Recent attempts to replace 
a face-to-face environment with an online one have been developed using information communication technology. 
However, this raises the concern that online collaborative learning (OCL) may reduce positive social interdependence. 
Therefore, this study aimed to compare the degree of social interdependence in OCL with face-to-face environments 
and clarify aspects that affect social interdependence in OCL.

Methods: We conducted a crossover study comparing online and face-to-face collaborative learning environments 
in a clinical reasoning class using team-based learning for medical students (n = 124) in 2021. The participants were 
randomly assigned to two cohorts: Cohort A began in an online environment, while Cohort B began in a face-to-face 
environment. At the study’s midpoint, the two cohorts exchanged the environments as a washout. The participants 
completed surveys using the social interdependence in collaborative learning scale (SOCS) to measure their per-
ceived positive social interdependence before and after the class. Changes in the mean SOCS scores were compared 
using paired t-tests. Qualitative data related to the characteristics of the online environment were obtained from the 
focus groups and coded using thematic analysis.

Results: The matched-pair tests of SOCS showed significant progression between pre- and post-program scores 
in the online and face-to-face groups. There were no significant differences in overall SOCS scores between the two 
groups. Sub-analysis by subcategory showed significant improvement in boundary (discontinuities among individu-
als) and means interdependence (resources, roles, and tasks) in both groups, but outcome interdependence (goals 
and rewards) improved significantly only in the online group. Qualitative analysis revealed four major themes affect-
ing social interdependence in OCL: communication, task-sharing process, perception of other groups, and working 
facilities.

Conclusions: There is a difference in the communication styles of students in face-to-face and online environments, 
and these various influences equalize the social interdependence in a face-to-face and online environment.
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Introduction
The development of group learning in health profes-
sion education has occurred because of evidence that 
students in small groups exceed their counterparts in 
several key areas [1]. All health professionals should 
be able to work within their own professions [2], but 
should also have the ability to interact with other pro-
fessionals and work as a team [3]. This attitude is ben-
eficial not only about the healthcare outcomes for 
patients as well as promoting patient safety [4].

One of the most common forms of group learning is 
collaborative learning [5], an educational approach in 
which students learn while contributing meaning to 
their experiences and interactions with others [5, 6], 
such as problem-based learning (PBL) and team-based 
learning (TBL) [7].

In addition to the traditional face-to-face collabora-
tive learning environment, online collaborative learn-
ing (OCL) has been developed recently [8]. Various 
types of OCLs have been tried with the development 
of information communication technology. For exam-
ple, there have been several reports on OCLs, some 
of which succeeded in acquiring knowledge and self-
directed learning attitudes [9–11]. Furthermore, OCL 
is used when students cannot meet simultaneously in 
one place because of its flexibility [12, 13].

However, simply replacing the face-to-face envi-
ronment with an online one may not be sufficient to 
achieve the same effects as expected. One important 
concept that requires attention when transitioning 
from face-to-face is social interdependence, one of the 
underlying theories of collaborative learning. Accord-
ing to social interdependence theory, the process of 
structuring positive or negative interdependence is 
divided into three subcategories: outcome, means, and 
boundary [14]. Outcome interdependence is defined as 
an orientation toward goals and rewards. Mean inter-
dependence includes resources, roles, and task inter-
dependence. Resources are used by group members, 
some of which are utilized as joint properties. Roles 
are assigned to group participants, such as readers, 
recorders, summarizers, and encouragers. Task inter-
dependence can be created when group members agree 
on how to divide and assign tasks, making each group 
member responsible for their learning objectives. This 
leads the learning group to become more productive 
[14]. Boundary interdependence is based on disconti-
nuities among individuals who segregate others into 

separate groups. This discontinuity is created by iden-
tity (binding as an entity) and the environment (such 
as a working area). Positive interdependence (actions 
to promote the achievement of joint goals) is key to 
successful collaborative learning [14, 15] and is also 
important for health professionals in constructing rela-
tionships between other care providers [16]. This is why 
some medical educators aim to cultivate positive social 
interdependence attitudes among learners through col-
laborative learning approaches [16, 17].

The problem is that we have little knowledge regard-
ing how OCLs affect social interdependence. While 
communication among students is essential for main-
taining mutual social interdependence, attempts in 
OCL have been made to replace face-to-face commu-
nication. Therefore, there is a concern that the online 
environment reduces the effectiveness of collaborative 
learning [18]. However, no study has yet examined this 
concern. Overcoming this gap will allow us to better 
consider how to introduce OCLs into future curricula. 
In particular, if online collaborative learning is found 
to be non-inferior in fostering social interdependence, 
it could further augment online learning and increase 
remote participation. Conversely, if OCL is found to be 
inferior to face-to-face learning, some supplementary 
measures need to be taken in the curriculum, especially 
as learning teamwork is essential in medical education.

Therefore, we will conduct this study to clarify the 
following two points:

1. To what extent does the degree of social inter-
dependence in OCL differ from that in face-to-face 
environments?

2. What aspects affect social interdependence in OCL?

Methods
Design and participants (Fig. 1)
This study followed a mixed-methods approach within 
the paradigm of pragmatism, which emphasizes solu-
tions to research questions and integrates quantitative 
and qualitative research results to obtain general find-
ings [19]. We conducted a randomized controlled trial 
in a crossover manner, quantitatively and qualitatively 
comparing online and face-to-face collaborative learn-
ing classes. The class was conducted to learn clinical 
reasoning in internal medicine using team-based learn-
ing (TBL) [20], a form of collaborative learning in the 
spring semester (April through July) of 2021.

Keywords: Collaborative learning, Mixed methods research, Online learning, Problem-based learning, Social 
interdependence theory
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The class sequenced the learning process for the stu-
dents through the following steps, based on the following 
standard TBL process.

Step 1. Preparatory learning – The students were 
required to complete preparatory learning assignments 
including reading textbooks, for the upcoming TBL 
session.

Step 2. Individual readiness assurance test – At the 
beginning of the class, they were asked to review their 
prior learning on their individual readiness assurance 
test (iRAT), which consisted of five single-best response 
multiple-choice questions about preparatory learning 
contents.

Step 3. Group readiness assurance test – Subsequently, 
the students were divided into groups of 7–9, and they 
discussed the readiness assurance test in groups (gRAT), 
which were the same as iRAT, and reviewed them collec-
tively. Students were given clarification from a tutor on 
the concepts if they struggled during the gRAT.

Step 4. Team application – Finally, the students worked 
on tasks regarding problem solving of medical cases as a 
team, discussed the cases in groups, and presented their 
final product as a plenary discussion.

Step 5. Plenary presentation and inter-team discussion 
– Students make a presentation of their results of team 
application. They can appeal an answer to the one desig-
nated as “best.”

One author (IS) organized the class, and two content 
specialists in internal medicine served as tutors. Each 
class took 90–120 minutes to complete iRAT, gRAT, and 
group discussions.

We  used Microsoft Teams (https:// produ cts. office. 
com/ en- us/ micro soft- teams/ group- chat- softw are) to 

provide RATs and share case problems, and other materi-
als were distributed electronically on Teams as a whole. 
Group discussion sessions were conducted face-to-face 
(in a large discussion room designed for TBL classes) or 
online (via Teams), as described below. The iRAT and 
gRAT scores and the content of the plenary presentations 
with discussions between groups were included in the 
summative assessment of this class.

All fourth-year students in a medical school in Japan 
who registered for the class (n = 124) were invited to 
participate in this research. Participants were assigned 
through simple randomization using Microsoft Excel to 
either cohort A or B. Cohort A experienced the online 
group sessions in the first six weeks and face-to-face 
in the next six weeks, followed by group reassignment 
within the cohort for washout; Cohort B experienced 
the face-to-face group sessions in the first six weeks, and 
online in the second six weeks, followed by group reas-
signment. Students who did not wish to participate in 
this study were excluded from the study and completed 
the entire class in the online environment, which was 
separated from the participants of the study. Those who 
could not participate in one of the sessions for any reason 
(e.g., sick leave) were excluded from the study.

Data collection
Questionnaire study
To answer the first research question, we conducted 
a questionnaire study. All participants were asked 
to answer the Social Interdependence in Collabora-
tive Learning Scale (SOCS) [21] before and after the 
group discussions to measure any difference in per-
ceived social interdependence attitude. The SOCS 

Fig. 1 Study design

https://products.office.com/en-us/microsoft-teams/group-chat-software
https://products.office.com/en-us/microsoft-teams/group-chat-software
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was developed to measure students’ perceived posi-
tive social interdependence in a collaborative learn-
ing environment. It comprises of 15 items quantifying 
levels of three subcategories of social interdependence 
(outcome, means, and boundary), and its construct 
validity and reliability have been established [21]. We 
asked the participants to respond to the SOCS on a 
seven-point Likert scale ranging from 1 to 7 (“strongly 
disagree” to “strongly agree”). Participants submit-
ted their responses anonymously. A factor analysis 
of SOCS was performed to explore the underlying 
structure of the items in this context. We used the 
maximum likelihood method and Promax rotation to 
confirm that the factor loadings were ≥ 0.4 and were 
theoretically consistent. The number of factors in this 
study was then decided based on the results of Kai-
ser’s eigenvalues (≥1.0). We also calculated Cronbach’s 
alpha to investigate the internal consistency.

We hypothesized that online discussion might 
achieve less positive social interdependence than face-
to-face. To estimate the appropriate size of the sam-
ple, therefore, we assumed a decreased total score of 
15–20% (i.e., participants in the online environment 
may show a score of approximately one point lower) 
[22].

Qualitative study
In addition to the questionnaire, we also conducted 
focus groups to answer the second research ques-
tion. We asked students to participate in the research 
after analyzing the summative assessment of the class 
and conducted focus groups comprising students who 
were accepted as study participants. We used theo-
retical sampling based on the assumption that some 
students had favorable perceptions of collaborative 
learning while others may not. We tried to form a focus 
group with the same members as the respective TBL 
groups because we wanted to stimulate them to recall 
the interactions between the participants during their 
discussions. Interviews were performed in a semi-
structured manner using an interview form regarding 
social interdependence in online and face-to-face set-
tings. The first author (IS) conducted the interview only 
after all the information related to grade determina-
tion had been submitted, to avoid authority gradients 
and concerns about grades influencing the interview. 
An administrative clerk helped organize and assisted in 
recording the focus groups. After collecting interview 
data from the students, the two authors (IS and YM) 
found no additional meaningful codes and concluded 
that the data had reached saturation point to end the 
interview data collection.

Analysis
Questionnaire study
Normality was assessed with the Shapiro-Wilk test, 
which showed that the data were not normally distrib-
uted. Therefore, we compared the pre- and post- scores of 
SOCS using the Wilcoxon singed-rank test. In addition, 
we compared the subtracted (post-pre) scores between 
the online and face-to-face groups using the Mann-Whit-
ney U test. A p-value < 0.05 was considered statistically 
significant. The effect sizes for comparisons were also 
calculated using r values where small effect sizes ranged 
from 0.1 to < 0.3, medium effect sizes ranged from 0.3 to 
< 0.5 and large effect sizes from ≥0.5 [23]. We used SPSS 
27.0 for the statistical analysis.

Qualitative study
From a constructivist paradigm in which “reality” is 
subjective and context-specific and multiple truths are 
constructed by and between people, qualitative data 
from focus groups were analyzed using inductive the-
matic analysis. We coded anonymized transcripts of the 
Japanese scripts in accordance with the six phases pro-
posed by Braun and Clarke [24]. The initial coding was 
conducted by two Japanese researchers (IS and YM). IS 
is experienced in qualitative studies relevant to social 
interdependence theory. YM was chosen to conduct ini-
tial coding because he was not directly engaged in the 
class but had experience in multiple qualitative studies 
about undergraduate medical education in Japan. The 
transcripts were thoroughly read and analyzed using an 
inductive coding approach until agreement on coding 
was achieved through repetitive online meetings. Repre-
sentative codes were translated into English after defin-
ing the themes, and a proofreading service confirmed 
the translation. In the coding process, we used Microsoft 
Excel. The other authors (RD and CvdV) contributed to 
producing the report through discussions.

Results
Seventy-eight students participated (49 males and 29 
females) and were divided into two cohorts; Cohort 
A (n = 40) consisted of 26 males and 14 females, and 
Cohort B (n = 38) consisted of 26 males and 12 females. 
There was no significant difference in the ratio of genders 
between the two cohorts (p = 0.87), and the male/female 
ratio was comparable to the general demographics of this 
medical school (1.91 in 2021).

Questionnaire study
We obtained 75 evaluable questionnaires from those 
who participated in the online sessions (48 males and 
27 females) and 75 from face-to-face sessions (47 males 
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and 28 females). In the exploratory factor analysis of 
SOCS (Table  1), the Kaiser–Meyer–Olkin measure of 
sampling adequacy was 0.87, which was satisfactory. The 
Bartlett’s test of sphericity was significant with p < .001 
(χ2 = 1063.04, df = 105). Kaiser’s method indicated a 
three-factor structure (eigenvalue = 1.15), which was 
consistent with the original validation study [21]. Cron-
bach’s alpha for each factor was satisfactory. Therefore, 
we adopted the original three-factor structure for SOCS 
in this study.

The mean averages and standard deviations for the 
SOCS subcategories are listed in Table 2. The Wilcoxon 
signed-rank test showed significant progression between 
pre- and post-class scores for the overall SOCS in both 
groups. Sub-analysis by subcategories showed signifi-
cant improvement in boundary and means interdepend-
ence in both groups with medium to large effect sizes. 
Outcome interdependence improved significantly in the 
online group with a medium effect size. The subtracted 
scores (differences in post- and pre-class) between both 
groups in the SOCS are illustrated in Table 3. There were 
no significant differences in overall SOCS scores and all 
subcategories between online and face-to-face groups.

Qualitative study
Seventeen students were enrolled until saturation ulti-
mately, comprising four focus groups in total (three to 

Table 1 Items and factor analysis of SOCS

Extraction method: Maximum likelihood estimation with Promax rotation

Items Factors

Means Boundary Outcome

My peers rely on my presence as well as my help and support. 1.04 −0.14 0.04

I draw conclusions from information in group discussions. 0.66 0.10 0.14

My peers rely on my information and advice. 0.63 −0.06 0.17

I incorporate the advice of others when preparing a study plan. 0.62 0.211 −0.23

Discussions with other members who have different opinions will improve me. −0.23 0.87 0.09

I hope my learning group is superior to others. 0.22 0.71 −0.17

I try to share my own thoughts and materials if they are useful to other students. 0.24 0.66 −0.22

For me, it is important to maintain harmony within the group. −0.05 0.47 0.25

I have respect for the others with whom I interact. 0.09 0.45 0.28

When there are different opinions, I would like to coordinate them. 0.15 0.42 0.11

Group members should carefully summarize each other’s arguments. 0.08 0.41 0.22

It is a good idea to share the tasks for more efficient group work. −0.01 −0.20 0.85
I can learn important things from other students. −0.03 0.07 0.75
It is a good idea for students to help one another in their studies. 0.01 0.20 0.70
We learn numerous important things from one another. 0.20 0.17 0.41
Chronbach’s Alpha (Overall 0.90) 0.84 0.86 0.81

Table 2 Comparison of the pre- and post-scores of SOCS

SD standard deviation, SOCS social interdependence in collaborative learning 
scale [21]

Face-to-face (n = 75)

Mean (SD) p r

pre post

Overall 5.42 (0.70) 5.57 (0.64) < 0.01 0.48

Outcome 4.98 (1.04) 5.03 (1.02) 0.11 0.19

Means 5.74 (0.82) 5.95 (0.72) < 0.01 0.43

Boundary 5.52 (0.69) 5.67 (0.63) < 0.01 0.45

Online (n = 75)

Mean (SD) p r

pre post

Overall 5.41 (0.59) 5.49 (0.65) < 0.01 0.39

Outcome 4.86 (0.97) 4.96 (0.97) 0.03 0.29

Means 5.96 (0.72) 5.96 (0.72) 0.02 0.27

Boundary 5.52 (0.69) 5.67 (0.63) 0.02 0.29

Table 3 The differences of post- and pre- class scores of SOCS 
and comparison between face-to-face and online groups

SD standard deviation, SOCS social interdependence in collaborative learning 
scale [21]

Face-to-face 
(n = 75)
Mean (SD)

Online 
(n = 75)
Mean (SD)

U p r

Overall 0.12 (0.26) 0.08 (0.30) 2132.0 0.44 0.03

Outcome 0.07 (0.47) 0.12 (0.45) 2309.0 0.53 0.05

Means 0.14 (0.44) 0.07 (0.49) 2306.0 0.38 0.02

Boundary 0.12 (0.27) 0.06 (0.37) 2018.5 0.24 0.09
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seven students per group). They consisted of ten males 
and seven females, showing a comparable male/female 
ratio to the participants (36.7%). A higher-level synthe-
sis of the codes eventually resulted in four major themes 
corresponding to the second research question, “What 
aspects affect the social interdependence in OCL?”: 1) 
communication, 2) task-sharing process, 3) perception 
of other groups, and 4) working facilities. Representative 
quotes are presented below to exemplify each theme.

Communication
The first theme was communication during work among 
group members. It included subthemes of verbal commu-
nication, non-verbal communication (such as eye contact 
and facial expressions), and the amount of communica-
tion. The students felt that the communication process 
was influenced by the amount of verbal communication 
and the ease of non-verbal communication. The students 
realized that non-verbal communication was more diffi-
cult in an online environment compared to their previous 
experience with face-to-face group collaboration. In par-
ticular, non-verbal communication was severely impaired 
when students could not use the webcam.

In addition, they felt that it was challenging to commu-
nicate with multiple people simultaneously in the online 
environment, and thus the amount of communication 
within a given time was reduced. However, students tried 
to compensate by increasing their verbal communication 
in the online environment by speaking more frequently 
and using text messages together.

We had to discuss things more precisely in the online 
environment to get the work done. On the other 
hand, in a face-to-face environment, if someone did 
not know what to do, others could immediately help.

When I complete something, I sometimes talk to the 
person next to me first to get their opinion before I 
talk to everyone. As this is not possible in the online, 
I send it on LINE (a messaging application) to my 
closest members and asked him for his opinions.

Task‑sharing process
The second theme was the task-sharing process among 
the group members. It included the size of working units 
and the discussion during the integration. The students 
understood the learning objectives and the overall struc-
ture of the class even in the online environment, and they 
did not change their learning objectives. With regard 
to the size of working units, students tended to work in 
groups in the face-to-face environment. However, in the 
online environment, they moved more quickly to smaller 
groups or individual work and then integrated their 

products together. Differences in the process affected the 
consideration of the other members’ work. In the face-to-
face environment, students made progress by discussing 
their understanding of each other’s work in integrating 
the shared work. In the online environment, the integra-
tion was performed by assembling each task with mini-
mal discussion.

Many members would have been more comfortable 
discussing their work in face-to-face group work, but 
not on Teams.

When I worked online, I would just roughly divide 
up the work at the beginning and then start working 
on my own. But with face-to-face sessions, I could 
seek advice when I did not understand something, or 
ask, “What materials are you looking at?” to share 
that kind of information. So I thought that was dif-
ferent from sharing the work.

Perception of other groups
The third theme was how the students perceived the 
progress of other groups and the content of their prod-
ucts. This theme included monitoring the progress of 
other groups and interacting with them. In the face-to-
face environment, students observed other groups from 
time to time to know if their group work was progress-
ing relatively well. In the online environment, however, it 
was difficult to observe them directly. Accordingly, using 
Microsoft Teams allowed them to see the contributions 
from other groups, and they could see their progress. 
Some students discussed assignments with other groups 
to deepen their understanding of the learning content 
and their relative progress. However, it was technically 
impossible to accomplish this in an online environment.

During the face-to-face sessions, I would go to the 
other groups to ask questions and try to keep track 
of others’ progress. I was more aware of the other 
groups.

There is virtually an isolation between the in-group 
and out-group on Microsoft Teams. If we had been 
able to see what was going on in the other groups 
together, we would have had additional information 
to help us move forward with our group work.

Working facilities
The fourth theme was working facilities, including 
resource sharing and group workspaces. In terms of 
resources, it was difficult to use textbooks and printed 
materials for online discussions. Meanwhile, the stu-
dents were free from the need to bring their materials to 
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the working space, as they could participate from home 
or other resource-rich locations. Furthermore, they also 
had easier access to the Internet and digital learning 
materials.

As for the workplace, students discussed it around their 
desks in the face-to-face environment, while in the online 
environment, they discussed it on a video-conferencing 
application. The ease of use of the video-conferencing 
application depended on the performance of their net-
working devices (personal computers or tablets), and stu-
dents who were not proficient with the application had 
trouble with group work. In addition, using online cloud 
services to create the products facilitated their collabo-
rative work among group members and promoted their 
understanding of the learning objectives.

If we had used mainly paper or a whiteboard, as we 
did in the face-to-face sessions, the number of peo-
ple who could write would have been limited. In this 
respect, it is meaningful to be able to write various 
opinions together from our computers.

Although there are differences in knowledge and 
viewpoints among the members, it is good to work 
together on a single task.

Discussion
We explored the differences in social interdependence 
resulting from collaborative learning in face-to-face and 
online environments using a mixed-methods research 
design. With regard to the first research question, we 
compared the results of the pre- and post-scores of 
SOCS. The results showed significant improvement in 
their overall scores during the class. There was no sta-
tistically significant difference between the two groups, 
confirming the non-inferiority of the online environ-
ment. The sub-analysis of each interdependence subcat-
egory showed that means and boundary interdependence 
improved both in face-to-face and OCL. Outcome inter-
dependence showed improvement only in OCL. To 
address the second research question, we explored 
the social interdependence in OCL using a qualitative 
method. It was found that the online environment has 
different characteristics from the face-to-face environ-
ment in terms of communication, task-sharing process, 
perception of other groups, and working facilities. We 
analyze these themes based on the subcategories of social 
interdependence theory [14].

We found that there is a difference in the communica-
tion styles of students in face-to-face and online envi-
ronments. This finding confirms previous research on 
communication styles in online learning communities 
[25]. Communication is the fundamental basis of human 

interrelationships and hence engages the entire social 
interdependence. Students were aware that non-verbal 
communication was hindered in the online environment 
and compensated for it by enhancing verbal communica-
tion. Non-verbal communication is directly related to the 
reinforcement of the other person’s presence and affects 
the development of solid relationships [26, 27].

When the number of cues to understand the other 
person is reduced, psychological distance is farther, and 
communication becomes more task-oriented [28, 29]. 
Since the capacity for non-verbal communication is lim-
ited on communication media such as video-conferenc-
ing applications, participants were aware of the difficulty 
in establishing the same kind of relationship as in a face-
to-face environment and tried to compensate with ver-
bal communication. However, since this class imposed 
task-oriented learning in which students were required to 
solve the problems of a case study, it was presumed that 
the discussions to solve the problems and social interde-
pendence in OCL were not affected.

Means interdependence influenced the results regard-
ing the second theme (the task-sharing process). Students 
were prevented from solving tasks through discussion, 
resulting in less cooperation than shared, and they felt 
that there was less discussion during integration. How-
ever, even though the direct discussion was reduced, 
there was no difference in the positive social interde-
pendence acquired, and it was still possible to complete 
the required tasks. The lack of a difference in outcome 
interdependence on the scale could explain this result.

Outcomes in a class are generally made known in 
advance through syllabus documents. The results suggest 
that outcome interdependence does not play a major role 
in a TBL-style collaborative learning class if the students 
are aware of the outcome and task of this class, which is 
problem-solving through group work, regardless of the 
environment. This result reflects the characteristic of 
TBL, in which all students have the minimum readiness 
for the discussion. The most undermining factor for posi-
tive interdependence in task-sharing is students who do 
not contribute to the group work (so-called free riders). 
However, in TBL, all students have the minimum prior 
knowledge required to achieve the outcome through 
group work due to prior learning. Since the online envi-
ronment is oriented toward task-oriented behavior [30, 
31], the students achieved positive interdependence by 
sharing individual tasks under the condition. This can 
explain the significant improvement in outcome interde-
pendence in OCL. This characteristic of OCL may be an 
advantage in an outcome-based curriculum.

In terms of resources, good accessibility to various digi-
tized learning resources is one of the advantages of learn-
ing in the online environment. OCL can also be a further 
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advantage for positive social interdependence since stu-
dents can share a single resource at the same time. More-
over, when the products are collaboratively created in the 
cloud, all participants can be involved in the editing pro-
cess. This process is considered to improve the degree of 
social interdependence as observed in the quotes. There-
fore, the advantages of the online environment in shar-
ing resources and encouraging task orientation offset the 
disadvantages regarding means interdependence.

Regarding boundary interdependence, i.e., distinction 
from other groups, a video-conferencing application such 
as Teams allows the users to identify only the space they 
are working in, making it difficult to interact with groups 
outside of it. In addition, the online environment tends 
to diminish each participant’s social attributes and indi-
viduality [32]. These effects may have contributed to the 
difference in SOCS scores between the online and face-
to-face groups.

Table 4 summarizes the above discussions and the rela-
tionship between the four themes and the three subcat-
egories of social interdependence theory from this study. 
The characteristic behaviors and attitudes belonging to 
the four themes either promoted or hindered each sub-
category, and overall improved the social interdepend-
ence of the participants.

It has been pointed out in recent years that learn-
ing style preferences are a myth, and they do not affect 
learning outcomes [33]. Although face-to-face learn-
ing is often preferred for learning team collaboration, 
the results of this study did not provide evidence that 
OCLs were inferior in constructing social dependence. 
The preference for face-to-face environments in collabo-
rative learning may be a new myth. From the results of 
this study, we estimated some reasons for the emergence 
of such a myth. First, the cognitive load is intensified in 
the online environment, as students will need to com-
pensate for the reduction in non-verbal communication 

with verbal communication. Some students will need 
to acquire additional skills due to the gap in proficiency 
with digital devices. However, this does not mean that 
the online environment is inferior. As the number of situ-
ations where OCL is required is expected to increase in 
the near future [34], it is necessary to adopt strategies 
that can overcome the disadvantages to build social inter-
dependence more effectively in OCL. For example, the 
ability to learn in a digital environment is a new academic 
competency [35], and we need to expand opportunities 
for students to acquire it.

In addition, we found that OCL has several weaknesses 
in terms of promoting social interdependence, typically 
boundary interdependence. Many video-conferencing 
applications are not designed to facilitate interaction 
between groups. On the contrary, PBL may be easier to 
succeed in an online environment, as past research has 
demonstrated [9, 10] because the group is not conscious 
of the differences from other groups [36]. It is also nec-
essary to provide additional opportunities for groups to 
interact more closely with each other for TBL with video-
conferencing applications.

There are several limiting factors in this study. First, 
the results of this study were observed in Japan, which 
has a high-context culture, meaning people commu-
nicate based on inherent understandings rather than 
explicit verbal explanations [37]. Verbal communication 
is relatively less important in a high-context culture than 
non-verbal communication and each other’s attributes. 
As mentioned above, non-verbal communication and 
attribute information are harder to transmit in the online 
environment [26]. Therefore, the students may have been 
more sensitive to an insufficient supply of such informa-
tion. Communication in the online environment might 
not be as affected in a lower-context culture.

Second, we used TBL as a collaborative learning 
method in this study. While TBL is regarded as an entity 

Table 4 The relationship between the four themes that influence positive social interdependence in online collaborative learning and 
the three subcategories of social interdependence theory

Themes Characteristics of online environment Subcategories

Outcome Means Boundary

Communication Strengthening verbal communication
Decreasing non-verbal communication
Difficulty conducting multiple communication

Increased
Decreased
Decreased

Task-sharing process Quick transition to smaller group or individual work
Insufficient discussion for integration

—
—

—
Decreased

Decreased
—

Perception of other groups Difficulty observing and interacting with other groups Decreased – Decreased

Working facilities Use of printed materials at home
Easier access of digital materials
Performance limitation of devices
Group work in the cloud service

—
—
—
Increased

Increased
Increased
Decreased
Increased

–
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of collaborative learning [7, 20], the specific nature of 
TBL might affect the results of the study. TBL follows 
less constructivist procedures during the discussion com-
pared to PBL. As written above, all students have the 
minimum prior knowledge required for group work due 
to prior learning, and discussion in TBL is based on prior 
knowledge. The presence of the prior learning may have 
enhanced the outcome interdependence of the pretest.

Also, grading was another characteristic of TBL. 
Since students were graded on peer review of the prod-
ucts as well as their group contributions, they may have 
been fixated on finishing the task and other factors may 
not have had as much impact as they felt. It has been 
shown in a previous study that the desire to complete 
a task efficiently in collaborative learning influences 
social interdependence [38]. We cannot deny the pos-
sibility that the typical effect of this desire on both 
groups in this study may have masked the difference 
between them. However, since any learning opportu-
nity cannot be free from the pressure of assessment in 
the educational curriculum, it would be virtually diffi-
cult to subtract the influence of this desire purely.

Third, this study was conducted within the context of 
the COVID-19 pandemic. Although we complied with 
government and university infection control regula-
tions and ran it through the ethics review process, only 
students who accepted the face-to-face environment 
participated in this study. Therefore, we cannot deny 
the possibility that participants’ environmental pref-
erences may have been more unbalanced. A follow-up 
study in the future would provide more definitive find-
ings after the social conditions that influenced enroll-
ment have been eliminated.

Conclusions
This randomized control study showed no signifi-
cant difference in progress in perceived positive social 
interdependence between online and face-to-face TBL 
classes. The four themes that affect social interdepend-
ence in OCL were identified (communication, task-
sharing process, perception of other groups and tutors, 
and working facilities). Since these various influences 
equalize the social interdependence of the two groups, 
it was thought that social interdependence through col-
laborative learning could be constructed in the online 
environment. Since there are some limitations, further 
research in different environments will be warranted.
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