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Assessing the Impact of Transition from Face-to-Face to Online Instruction
on Team Cooperation
Abstract
Teamwork is an important skill valued by corporate employers across the globe. As such, it is
crucial for students to learn teamwork for the purpose of securing a job and performing well in
corporate environments. In addition to certain technical skills, essential 21st-century skills
include communication, collaboration, critical thinking, and creativity. A well-known learning
theory that helps students learn these skills is cooperative learning. Cooperative learning posits
that when students collaborate within teams to solve complex problems, their creativity and
critical thinking skills are improved as a result. Implementing cooperative learning in the past
several months has been challenging due to the COVID-19 pandemic. The sudden shift from
face-to-face to online instruction, has left a void for newer pedagogical approaches to teach
teamwork. In this full paper, we investigate the impact of cooperative learning during the Spring
2020 semester by studying team retrospectives written by students enrolled in a system analysis
and design course.
The pedagogical foundation for the system analysis and design course was cooperative learning.
The course required students to work in teams to develop a software prototype. The project was
divided into four milestones and each team was required to submit a team retrospective detailing
overall planning, task allocation, group processes, and strategies for improvement. The first two
milestones were completed during face-to-face instruction, while teams met online for the last
two milestones due to the shift to online instruction. To investigate team effectiveness, a rubric
based on the Goals, Roles, Processes and Interpersonal relations (GRPI) model of team
effectiveness was created and team retrospectives were scored using that rubric. We used a
mixed-method approach to explore the following research questions: 1) What was the impact on
team effectiveness when instruction changed from face-to-face to online due to the COVID-19
pandemic? 2)What strategies were adopted by teams to navigate the sudden change in
instruction? To address the first research question, we performed inferential statistics to compare
the impact of team effectiveness between face-to-face and online instruction. To address the
second research question, we conducted a thematic analysis to understand the qualitative
differences of team effectiveness for face-to-face and online instruction. Our results demonstrate
a significant increase in teamwork effectiveness for online instruction. In addition, our thematic
analysis shows particular strategies adopted by teams that led to improved team effectiveness in
the online instruction environment.
Introduction
Professionals working in the Information Technology (IT) sector are expected to be proficient
with domain-specific technical skills, while also being able to solve problems by working with
their peers, users, and clients [1], [2]. As such, IT professionals are required to be proficient with
social skills such as communication and teamwork [3]. Furthermore, competence in writing and
proficiency in management skills are described as critical to being successful as an IT
professional [4]. To address these needs, cooperative learning pedagogies have been
implemented in higher education settings to promote proficiency in problem-solving skills,
communication, and teamwork [5], [6]. Cooperative learning implemented through small group

learning has been largely successful in STEM courses in promoting academic achievement and
student perceptions of self-efficacy [7], [8]. A prominent model used to characterize team
development in various settings is the Tuckman model. It lends itself well to cooperative
learning and proposes a series of stages that teams must overcome to function effectively [9].
Courses should ideally be structured in a manner that implements the tenets of cooperative
learning [5] while allowing teams to organically navigate the different stages of team
development.
Presently the COVID-19 pandemic is having a tangible and substantial impact on education
globally [24]. Educational institutions across the world, ranging from elementary schools to
universities, were forced to close unexpectedly [25]. A survey conducted by the International
Association of Universities (IAU) indicated that more than half of the 424 institutions (that were
contacted) were forced to stop all in-person campus activities [10]. To minimize disruption to
students, educational institutions are transitioning to online instruction [26]. While online
education has been around for some time, with several universities offering hybrid courses or
even fully online degrees [27], the circumstances in the Spring 2020 semester were
unprecedented due to the sudden and unexpected cancelation of in-person classes. Course
instructors were required to transition course material, that was originally designed to be
delivered in-person, to a fully online setting. This rapid change in instruction introduced
additional challenges for students involved in team projects since they could no longer meet with
team members in-person. Naturally, there is a gap in the literature on the COVID-19 pandemic
and its impact on team effectiveness in cooperative learning environments that we aim to address
in this work.
While there have been several inquiries into cooperative learning, online education, and team
effectiveness, none have investigated the impact of a sudden instructional shift on team
effectiveness in a cooperative learning environment. This study aims to address this gap by
investigating the impact of cooperative learning on student teams enrolled in a system analysis
and design course during the Spring 2020 semester. The first nine weeks involved in-person
instruction, and the last seven weeks were conducted completely online. We used the GRPI
framework to assess student team effectiveness as they progressed through different milestones.
Our research questions were: 1) What was the impact on team effectiveness when instruction
changed from face-to-face to online instruction due to the COVID-19 pandemic? 2) What
strategies were adopted by teams to navigate the sudden change in instruction?
Background
The Tuckman model describes team development as a series of stages; nevertheless, it does not
assess team effectiveness. As such, we use the GRPI framework since it was developed to
measure team effectiveness. The framework and its application to cooperative learning
environments will be discussed below. Additionally, the impact of the COVID-19 pandemic on
educational institutions will also be explored.

Cooperative learning
Cooperative learning is a pedagogical strategy where learners work in small groups to achieve a
specific goal [11]. The origins of cooperative learning lie in social interdependence theory,
which states that the intensity of interactions between individuals in a social setting determines
the effectiveness of the outcome. Cooperative learning involves promoting learning and
providing recognition as a group instead of an individual [12]. Adopting cooperative learning has
often shown improvement in students’ academic achievement, along with improvement in selfesteem, attitudes towards learning, and the ability to work in teams [8].
Tuckman model
The Tuckman model is by far the most prevalent approach in the context of a group or team
development [13]. It was first developed in 1965 based on analyses of groups in therapy and
laboratory settings [14]. The Tuckman model consists of four stages that must be sequentially
negotiated for a team or group to achieve effectiveness [9]. The four stages are as follows:
1. Forming: The forming stage is centered around task orientation as well as establishing
ground rules for interpersonal communication and processes for completing tasks.
2. Storming: The storming stage is characterized by interpersonal conflict or open hostility.
Team members often exhibit emotional responses to tasks.
3. Norming: The norming stage follows the storming stage and is characterized by team
cohesion. Team members have identified the most effective ways to complete tasks.
4. Performing: In the performing stage, team members exhibit flexibility in terms of roles
adopted and tasks taken up for completion.
Ideally, a cooperative learning environment will facilitate progression of teams through these
stages. The model also suggests that team effectiveness improves over time as teams navigate
sequentially through the stages.
GRPI framework
The GRPI (Goals, Roles, Processes, Interpersonal relations) framework has been used to
measure team effectiveness in a variety of sectors [15], [16]. The framework proposes that team
effectiveness can be measured as an aggregate of how teams define their goals, allocate roles,
establish workflow processes, and define how team members will communicate, collaborate, and
manage conflict [17]. The GRPI framework has been successfully used to measure team
effectiveness [18] and conflict resolution ability [19]. The GRPI framework has specifically been
used to develop rubrics that assess team effectiveness in an educational setting [20]. It has further
allowed for a better understanding of team dynamics [21] and the effect of team commitment on
trust between members [22]. Crucially, the model has also been used in a study to evaluate the
effectiveness of virtual teams [23]. For this study, rubrics developed by Karabiyik et al. were
used to evaluate team effectiveness in both face-to-face and online settings [20].

Methods
Participants and Context
This study was implemented in the Spring 2020 semester at a Midwestern university. The study
cohort was 135 undergraduate students enrolled in a systems analysis and design course. All
students were in their second year or later. Over 80% of students were either pursuing a
Computer and Information Technology major or minor. Students were required to complete an
introductory systems development course as a prerequisite for this course. Students were also
required to have some experience with computer programming, either through coursework or
practical experience. Students worked on a project in teams of five. The project was divided into
four milestones. The main goal was to create a final solution through iteration that incorporated
feedback.
Learning Design
The first nine weeks of the class were delivered face-to-face, which included submitting the first
two milestones. Due to the COVID-19 pandemic, classes were shifted online for the remaining
seven weeks. Thus, the last two milestones were submitted online. The primary learning outcome
was developing teamwork skills while working in a project-based learning environment. By
working on the project, students applied their conceptual knowledge to model requirements to
build a prototype. There were four milestones, and the first two were submitted during the faceto-face portion of the class. Teams also submitted the first two iterations of their functional
prototype. Milestones 3 and 4 were submitted during the last seven weeks during the fully online
portion of the course. Teams also delivered functional prototypes that incorporated all
requirements, along with their final presentation. For the first nine weeks, teams communicated
and worked face-to-face. During the last seven weeks, they used online tools (e.g., GroupMe,
Chat Me, and Zoom) to communicate.
Research Design
Here we used a mixed-method approach [28] to analyze the impact of the instructional change
(i.e., face-to-face to online) on team effectiveness. This study includes the sequential use of
qualitative and quantitative research methods for analyzing data [29].
Data Collection
Data used for this work are written team retrospectives. Students were required to submit team
retrospectives at the end of each milestone. Team retrospectives were drafted by team members
based on questions listed in Table 1, which were adopted from Karabiyik et al. [20]. Table 1
below represents the mapping between the GRPI framework and team retrospective questions.
We received human subjects research approval from the Institutional Review Board (IRB).

Table 1: Mapping of GRPI framework with Team Retrospective Questions
(Adopted from [20])
Theme

Definition

Team Retrospective Questions

Goals

Explanation of planning or
overall vision for the current
milestone.

● How did you plan the
organization of work for the
milestone?

Roles

All team members must know
what part they play, what is
expected, and how they are held
accountable and responsible.

● What were the team
members’ roles?
● How were activities assigned
to each team member, and
what was the justification for
that?

Explanation about procedures
that the team has to follow, in
terms of workflow or review,
for current milestones or
improvements to be made for
future milestones.

● What are areas or sections of
the milestone that you just
completed you think could be
improved?
● What are the aspects you
think can be done better for
the next milestone in terms of
team performance?
● What are the possible
concerns?
● What do you think as a team
was particularly good about
the milestone you just
completed?

Processes

Interpersonal Explanation about quality of
Relationships communication and
collaboration among team
members, any reference to
communication platform, team
participation, conflict
management, and resolution.

● How was the communication
handled among team
members?
● What aspects of the team
coordination/collaboration
went well in this milestone?
● What aspects of the team
coordination/collaboration
went wrong in this milestone?

Rubrics and Data Analysis
The rubric for this study was adopted from Karabiyik et al. [20]. Table 2 below shows the rubric
used for this work. Two raters scored all 27 team retrospectives based on the GRPI rubric. We
used the Pearson correlation coefficient to calculate interrater reliability [30]. The correlation
between the two raters was 0.90, suggesting a high degree of agreement between the raters. We
calculated descriptive statistics including mean, median, and standard deviation for both face-toface and online instruction. Face-to-face instruction refers to the combined average of the GRPI
scores for Milestones 1 and 2, while online instruction refers to the combined average of the
GRPI scores for Milestones 3 and 4 (see Table 3). Further, we used the Wilcoxon Signed Ranks
test to identify any significant statistical difference in team effectiveness between face-to-face
and online instruction. Additionally, we conducted a thematic analysis, which demonstrated an
improvement in team effectiveness when instruction transitioned from face-to-face to online.
Table 2: Rubric for the GRPI Framework
(Adopted from [20])
Criterion

0

1

2

Goals

Did not address the
overall plan for the
current milestone in
terms of goals and/or
organization

Addressed goals and
Comprehensively
organization of the
addressed the goals and
team in an insufficient organization of the team
manner

Roles

Did not delineate the
roles and
responsibilities of
team members

Vaguely defined the
roles and
responsibilities of
some team members
or did so for all team
members but was
lacking clarity

Explicitly delineated
roles and
responsibilities of every
team member

Processes

No detailed
explanation for
procedures the team
has to follow

Vaguely defined
procedures for the
team to follow

Explicitly defined
procedures for the team
to follow

Interpersonal
Relationships

Exhibited poor
quality of
communication and
collaboration

Exhibited moderate
quality of
communication and
collaboration

Exhibited excellent
quality of
communication and
collaboration

Results
Descriptive statistics of the GRPI scores are shown in Table 3. Our results demonstrate that
students in the online instruction setting demonstrated higher mean scores for team effectiveness
as compared to students in the face-to-face setting. We computed the median for each type of
instruction as the aggregate median GRPI scores across all groups in each type of instruction.
Table 3: Descriptive Statistics for Face-to-Face and Online Instruction
Type of Instruction

Mean

Median

SD

Face-to-Face

1.26

1.0

0.42

Online

1.46

1.5

0.35

Given that the data was ordinal, we used the Wilcoxon signed ranks test to determine if there
were any significant statistical differences between face-to-face and online instruction. The
Wilcoxon signed ranks test showed a statistically significant difference between the median
GRPI scores of teams during online instruction (Median=1.5), compared to the same teams under
face-to-face instruction (Median=1.0), z=-3.29, p<0.01. This suggests that teams were more
effective during online instruction compared to face-to-face instruction.
We performed our thematic analysis based on the principles of Braun and Clarke [31]. The six
steps that were followed for the thematic analysis were: (1) understanding the data, (2)
generating initial codes, (3) looking out for themes, (4) reevaluating the generated themes, (5)
defining and finalizing the themes, and (6) reporting the final themes. Two researchers
independently coded the data and then discussed the codes. We calculated the Pearson
correlation coefficient as a measure of agreement (i.e., inter-rater reliability) [30]. The
correlation coefficient was 0.86, suggesting a high degree of agreement between the raters.
Themes that emerged are listed in Table 4.
Table 4: Themes, Definitions, and Student Quotes
Theme
Online
Communication
Tools

Definition

Student Quote

Students switched
to online resources
to communicate as
the course went
online

“Normally the team would collaborate and
distribute work during class meetings, but due to
the COVID-19 global pandemic and isolation
orders all in-person work was stopped, and the
team switched to strictly virtual communication.”

Online Collaboration Students used
strategies to
collaborate online

“While virtual communication is the most
convenient option available to the group during
this milestone the group overcame this

effectively

communication issue by diligently checking the
group message and Blackboard for class updates,
keeping each other accountable with reminders,
and finishing work by the set internal deadlines.
By practicing these actions, the team was able to
deliver the required work on time.”

Team Spirit

Students kept their
spirits high even
after the sudden
transition

“Despite not being in class, not receiving physical
instruction, not being on campus, and for some
group members packing up their entire lives and
moving back across the country, the team was
able to prioritize classwork and rise to the
challenge of completing the milestone on time.”

Improvement
Strategies

Students tracked
their strategies and
identified steps to
improve

“As for future milestones, we believe it is
important for us to effectively spread the work of
the project evenly across the time period allotted
for each milestone. Time management is
definitely one of the aspects we need to improve
on as we move to an online version of the course
and face-to-face collaboration becomes
impossible. It is also important for us to keep in
contact and check-in on the progress of the
milestone more often as the due date approaches.”

Discussion
In this work, we set out to answer two research questions on team effectiveness. Below we
discuss each in turn.
What was the impact on team effectiveness when instruction changed from face-to-face to online
due to the COVID-19 pandemic?
Our study found that team effectiveness improved during online instruction as compared to faceto-face instruction. This is shown in Table 3 and is statistically significant according to the
Wilcoxon signed ranks test. There are several possible reasons why teams demonstrated a
significant improvement in the effectiveness levels. Students being restricted to a certain location
(e.g., their home) and having limited opportunities for social activities could have had a positive
effect on their academics due to an added focus. However, those same circumstances may have
had a negative effect on some students who had less time due to added household responsibilities
and possible psychological and financial stressors due to the pandemic. Nevertheless, it is
conceivable that teamwork improved as a result of the online environment. Since they could not
meet in person, students may have had to be more diligent in communicating using online
collaboration tools, which led to better team interactions. Table 5 shows a comparison of Team
H discussing collaboration in the face-to-face and online setting. Team quotes in Table 5 provide

evidence that online tools enabled better collaboration in the online instructional setting, as
compared to the face-to-face setting. Nevertheless, it is too early to definitively state that it was
solely the online mode of instruction that caused this improved team effectiveness.
Table 5: Team H quotes comparing Face-to-Face with Online Instruction
Face-to-face

Online

“Since everyone was busy, there was not
enough time for us to meet outside of class. I
think if we had more time to collaborate in
person, it would make it easier to complete
the milestone before the due date. It would
allow us to be on the same page when
working.”

“A few aspects that went well was that we
were all able to meet at different times
through Zoom. Having the ability to complete
tasks online was helpful when it is difficult to
meet in person even when every member is on
campus. Despite the fact of the changes
recently, we were able to transition pretty well
and did not have much impact on our
productivity.”

Teamwork may have improved from face-to-face to online instruction due to several other
factors. Most students in our cohort were in their second year. Thus, it is plausible that they may
not have had much experience working well in teams. As such, our measured improvement may
be due to their overall improvement as a result of learning to work effectively in teams. This
aligns well with the Tuckman model, which suggests that people develop teamwork skills over
time. Since online instruction occurred after face-to-face instruction, improvement in team
effectiveness may be attributed to timing. Furthermore, the pandemic itself may have encouraged
collaboration and helping behavior due to globally trying times.
What were the strategies adopted by the teams to navigate the sudden change in the
instructions?
With the change to online instruction, students naturally shifted to using online collaboration
tools to compensate for the lack of in-person interaction. This work suggests that students had
little difficulty with online collaboration tools. In addition to those tools, students learned to
identify strategies for improvement. As examples, they set their deadlines and held each other
accountable. Table 6 shows a comparison of Team K discussing communication in the face-toface and online setting. Overall, students showed that they were able to successfully adapt to the
online environment.
Table 6: Team K quotes comparing Face-to-Face with Online Instruction
Face-to-face
“Initially, we struggled finding a time
that worked best for all of us. We
overcame this challenge with extensive
examinations of our schedules.

Online
“First, we have a team GroupMe group message for
general communication and reminders about due
dates. Second, we have a team Discord set up for
voice and video communication when working on

Additionally, we struggled to find an
effective system to equally distribute
work; however, after thorough
communication, we agreed upon a
system that worked for this milestone.”

critical work like sprints that requires more in-depth
communication than just text. Third, we all have
each other's Snapchats for direct messages and
more urgent messages. All of these platforms
combined help us effectively communicate as a
team. Everyone responded as quickly as possible
considering time zone differences when asked for a
good time to work. Our Google Document was also
set up well so that each group member knew
exactly what part they had to do and every other
group member could easily monitor the progress of
the rest of the member.”

Implications for Teaching and Learning
Our results have multiple implications for teaching and learning. Two prominent implications
are: (1) Teachers should focus on creating a structured cooperative learning environment that
helps students to mitigate unforeseen challenges. (2) Collaborative learning improves team
effectiveness and team bonding. Our results reveal that focusing on the structured cooperative
environment allowed students to collaborate and navigate the challenges of the COVID-19
pandemic and sudden instructional transition. The collaborative environment allowed students to
develop an understanding among team members. Our results demonstrate that students learned to
meet and execute tasks irrespective of time zone differences. This can be aided by instructional
scaffolds to facilitate remote work.
Conclusion and Limitations
This study demonstrates that team effectiveness improved as students spent more time with each
other over the semester. Our results also confirm that allowing students to collaborate helps them
learn skills such as collaboration, cooperation, and accommodation. Student teams navigated the
challenges of the COVID-19 pandemic as a group and completed their project deliverables even
with challenges such as time zone differences. Students developed team cohesion as they met
regularly during face-to-face instruction, which helped them collaborate better when instruction
shifted online. One important point to note is that the study was an inquiry into effectiveness of
team cooperation and not an academic performance; therefore, students’ grades were not
considered for our analyses. Our study has some limitations: (1) Results are based on student
retrospectives containing the reflections of students regarding their teamwork experience. (2) We
could not interview students, so all results are based on students’ reflections of teamwork. Future
work should explore this further with control groups to better identify if it is online instruction
that lends itself to improved teamwork.
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