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Abstract—This Research Full Paper presents an observation
protocol to explore group processing in cooperative learning. Use
of structured roles, such as Process Oriented Guided Inquiry
Learning (POGIL) and pair programming, can help facilitate
cooperative learning and help courses scale to large classroom
sizes, decrease attrition and failure rates, and improve student
performance. Our observation protocol was created to capture
how groups work together in online, POGIL-inspired activities. A
team of graduate student researchers developed the observation
protocol for a variety of courses by observing three different
computer science courses during the Spring 2021 semester. A
total of 77 groups across all three courses were recorded, and
percent agreement using a subset of the recordings suggested
good interrater reliability (91.29%). We also extend a previous
equality metric to quantify the rates of student participation,
and found that it offered good differentiation between groups
where one student contributed the most and groups where
students contributed equally. We present example applications
of our observation protocol related to general participation
trends, the kinds of contributions students make, student-student
bonding, and help-seeking patterns. Finally, we discuss future
directions for use of our coding scheme as well as implications for
implementing structured role-based cooperative learning online
in the future.

Index Terms—cooperative learning, observation protocol, un-
dergraduate, computer science, online learning

I. INTRODUCTION

Use of structured roles to facilitate cooperative learning
is an evidence-based practice that has been shown to im-
prove student performance, attitude, and persistence [1]-[3].
The combination of structured roles and activities also helps
build students’ process skills including communication and
metacognition [4]. While these benefits have been shown
in a variety of disciplines [5], [6], most prior work has
focused on highly detailed, time-intensive qualitative analysis
or individual differences in learning gains or affective qualities.
This paper presents an observation protocol to bridge the
strengths of qualitative and quantitative measures and to create
a shared tool that can be used across modalities and cooper-
ative learning implementations. The observation protocol can
help researchers and practitioners answer questions such as
the following: Do students participate equally in groups? Do
students’ contributions match their assigned role? How do
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students connect and bond with each other in groups? How
do students decide seek help in groups?

II. LITERATURE REVIEW

A. Cooperative Learning and Structured Roles

Cooperative learning is an evidence-based, active learning
technique that has been shown to improve student perfor-
mance, attitude, and persistence [1]-[3]. Cooperative learning
centers around small groups working together to learn [7]
and promotes positive interdependence and accountability [8].
Structured roles are one way to promote these key qualities
of healthy cooperation, while minimizing problematic group
dynamics, such as freeloading. For example, Jigsaw assigns
students different readings, which they then share out to their
group. Jigsaw promotes accountability by having each student
be responsible for their own reading, which in turn promotes
positive interdependence by each student needing all other
students’ segments to be successful [9]. Pair programming,
a technique borrowed from industry programmers, has pairs
of programmers share a computer and uses the “driver” (who
types code on the shared computer) and ‘“navigator” (who
guides the driver) roles to separate responsibilities [10]. Pair
programming promotes accountability by separating access
to the shared computer, which in turn promotes positive
interdependence by having the pair communicate and work
on a shared end product. Process Oriented Guided Inquiry
Learning (POGIL) further separates responsibilities [11]. For
example, the manager keeps the group on task and ensures
everyone contributes; the recorder shares their screen and in-
puts answers; and the reflector ensures all students understand
what’s going on. Similar to Jigsaw and pair programming,
POGIL promotes accountability by separating responsibilities
and access to resources, which in turn promotes positive
interdependence by having groups work together on a common
task.

Compared to individual or traditional learning, structured
roles have been shown to improve student performance [5],
[9], [12], [13], interpersonal skills [9], affect and attitudes
[13], and self-efficacy [6] at a variety of educational stages
and across science, technology, engineering, and math (STEM)
disciplines. However, the benefits of structured roles depend
on careful implementation. Prior work recommends small and
diverse (e.g., racial and gender composition; prior experience)
groups [4], [14]-[16]. Additionally, individuals should be



graded on both individual and group performance [17]. Fur-
thermore, roles should be rotated to expose all group students
to different skills and to avoid stereotypical role adoption
(e.g., women frequently taking on the recorder role) [18],
[19]. Yet even when implementations follow these guidelines,
inequitable group dynamics can still emerge [20].

B. Observing Cooperative Learning

Due to the COVID-19 pandemic, students in our context
worked online in groups with little direct instructor interaction.
Thus, we aimed to capture general group processes between
students instead of domain-specific or whole classroom prac-
tices. Additionally, the protocol needed to be applicable to
both online and in-person settings to account for shifting
course modalities. Many of the studies cited earlier rely either
on quantitative data sources such as surveys (e.g., [6]) and
test results (e.g., [12]) or qualitative data sources such as
ethnographic observations (e.g., [20]) and interviews (e.g.,
[19]). Thus, a common observation protocol provides a shared
tool that bridges the strengths of qualitative and quantitative
methods by allowing for quick analysis of group dynamics
while still allowing for detail and depth.

Researchers have been developing observation protocols
to capture group processing and dynamics; however, these
protocols may be domain-specific, tend to assume strong in-
structor presence, and are typically for in-person contexts only.
For example, the Reformed Teaching Observation Protocol
(RTOP) [21], [22] was developed to capture reformed teaching
across multiple educational levels, and contains 25 items each
using a 5-point rating scale on lesson design, implementation,
content, and classroom culture. Similarly, the Teaching Dimen-
sions Observation Protocol (TDOP) [23], [24] was developed
to capture postsecondary instructors’ active learning teaching
practices, and collects observations on pedagogy, teacher-
student interactions, student engagement and tasks, and course
delivery methods. Inspired by TDOP, the Classroom Observa-
tion Protocol for Undergraduate STEM (COPUS) [25], was
developed as part of an institutional change initiative to better
understand and evaluate teaching practices. Similar to TDOP,
COPUS involves observers recording observations in 2-minute
intervals, but simplifies TDOP by reducing the number of cate-
gories to “students doing” and “instructor doing,” which in turn
significantly reduced the training time for new observers. Due
to the emphasis on teaching, RTOP, TDOP, and COPUS focus
more on the classroom as a whole with greater granularity
of codes on lesson design, pedagogy, and presentation styles
and coarser granularity on students’ actions and participation.
On the other hand, the Classroom Observation Protocol for
Engineering Design (COPED) [26] was developed to capture
students engaging in the engineering design process in K-12
science classrooms. Similarly to TDOP and COPUS, COPED
uses 2-minute intervals, but instead focuses on students ex-
hibiting behaviors aligned with engineering design. Similarly
to COPED, the Three-Dimensional Learning Observation Pro-
tocol (3D-LOP) [27] focused on student learning, but it was
instead developed for postsecondary biology, chemistry, and

physics classrooms and centered around what students learn
rather than previous protocols’ focus on how students learn.
Additionally, 3D-LOP defined observations per “segment,” i.e.,
class discussion on a topic, rather than time intervals. Recently,
OPTIC was developed to capture POGIL activities in a whole
classroom context, but it has not yet been validated [28].

In this paper, we present a complementary observation
protocol that focuses on group processing. Thus, we aimed to
create an observation protocol that met the following design
constraints:

o Applicable for both in-person and online modalities

o Generalizable to different course contexts (e.g., different
course structure or content)

o Fine-grained time intervals for fast-paced or dense con-
versation between students

o Course-grained codes that focus on observable actions
and for ease of use

We use activity theory to frame our development of the
observation protocol. Through the lens of activity theory,
students bring their own knowledge to the activity, and through
interaction, work together to transform objects (e.g., program-
ming a solution) [29]. Thus, learning is inherently contextual
and social (e.g., constraints of the task, division of labor).
Furthermore, the tools used (e.g., autograder) can influence
the learning process.

III. ONLINE COOPERATIVE LEARNING
A. Course Contexts

In response to fully online instruction during the Fall
2020 and Spring 2021 semesters, instructors from three com-
puter science (CS) courses (Computer Architecture, Numerical
Methods, and Database Systems) restructured their courses
into flipped classrooms with POGIL-inspired, in-class activ-
ities as a part of a larger project to study cooperative learning
in their classrooms. The activities were POGIL-inspired in
that they used a subset of common POGIL roles (manager,
recorder, and reflector), and groups were largely self-managed.
However, due to constraints of scale (all courses enrolled ~400
students each) and Zoom limitations, other POGIL roles such
as having a reporter role (share out their group’s findings in a
whole class debrief) was not logistically possible. Additionally,
the instructors typically started each class with a short lecture
that was intended to address common student questions during
the activity.

To ensure the observation protocol did not rely on the
specifics of a particular course, the protocol was developed
in all three courses, and two of the three instructors did not
participate in the development of the protocol. One of the
three instructors acted as a consultant during the development
of the protocol, but did not directly influence what the protocol
captured or how it was used. Next, we describe each of the
course contexts in greater detail.

Computer Architecture is a 4-credit hour required course
for the Computer Science major, and is typically taken by
second year undergraduate students. The course met twice



a week for 1.25 hours each. Prior to virtual class meetings
on Zoom, students were expected to complete short pre-class
assignments individually. During synchronous class times, the
instructor gave a brief lecture on the relevant topics and walked
through some sample questions. Students spent the majority of
class time working in small groups. All questions on the activ-
ity counted toward groups’ collective grades. Question types
included multiple choice, fill-in-the-blank, programming, and
open-ended response. Students programmed Verilog, MIPS
assembly, and C. Students were able to request help via an
online queue. Students worked with the same group for the
first half of the semester, then they were offered the option
to stay with their group or choose a different group for the
second half of the semester.

Numerical Methods is a 3-credit hour required course for the
Computer Science major, and is typically taken by third year
undergraduate students. Similarly to Computer Architecture,
the course met twice a week for 1.25 hours each, and students
were expected to complete short pre-class assignments indi-
vidually before class. Unlike Computer Architecture, students
worked in groups once a week with little to no instructor
lecturing. The instructor used the second weekly class meeting
as a live coding session to walk through more examples
of course content with the whole class. The main activity
counted toward groups’ collective grades, and an additional
activity providing more practice or exploring concepts in
greater depth was optional. The main activity was divided
into questions consisting of short programming prompts (e.g.,
using floating point, truncation, and rounding as three different
implementations of arithmetic, then comparing the effects of
each on the precision of bank account transactions). Students
programmed in Python using the NumPy library in Jupyter
Notebooks. Students were able to request help via an online
queue. Students worked with the same group for the first half
of the semester, then they were offered the option to stay with
their group or choose a different group for the second half of
the semester.

Database Systems is an elective 3-credit hour course for the
Computer Science major, and an elective 4-credit hour course
for graduate students. It is typically taken by fourth year under-
graduate students, Master’s students, and early-stage doctoral
students. Similarly to the previous two courses, the course met
twice a week for 1.25 hours each, and students were expected
to complete short pre-class assignments individually before
class. Similar to Computer Architecture, Database Systems
had group activities during both weekly class meetings. At
the beginning of each class, the instructor answered student
questions, which were submitted via pre-class assignments,
and walked through some sample questions. Students then
spent the majority of class time working in small groups. All
questions on the activity counted toward groups’ collective
grades. Question types included programming and diagram
creation. Students were able to request help via an online
queue. Students programmed in SQL, MongoDB, and Neo4;,
and developed literacy in other representational forms such
as relational algebra. Students worked with the same group

for the entire semester as these groups also contributed to a
separate, semester-long project.

All group activities started with the Manager Report (sub-
mitted by the manager) and ended with the Reflector Survey
(submitted by the reflector). In the Manager Report, students
self-assigned themselves to either the manager, recorder, re-
flector, or contributor roles. The contributor role was only
present in groups of 4, and pairs were allowed to assign
themselves to multiple roles (e.g., one student acted as recorder
and reflector, and one student acted as manager). In all
courses, students were encouraged to rotate roles throughout
the semester, and instructors included role rotation as part of
students’ participation grades. All group activities were hosted
on PrairieLearn [30], an online learning management system,
that provided automatic feedback to student submissions as
well as autograders for programming questions.

In summary, all courses used the same set of POGIL roles,
included role-based components on each activity, and hosted
activities on PrairieLearn. Aside from these factors, all three
courses varied in terms of how often groups met, how many
times groups switched, and the kinds of activities groups
worked on. This enabled us to observe a wide variety of
student behaviors within groups, leading to an observation
protocol that can be applicable to many contexts.

B. Group Formation

During the first two weeks of the semester, due to fluctuating
enrollment, groups were randomly assigned to Zoom breakout
rooms. During these weeks, we collected informed consent
and demographic data according to our IRB-approved process.
After the first two weeks, students were allowed to pick a
group of their choosing or were assigned to a group. All
courses used groups of size 3-4. For students in Computer
Architecture and Numerical Methods, a research assistant
not affiliated with either course formed groups for students
who did not pick a group. Group formation incorporated
students’ self-reported gender to ensure women and nonbinary
students were not in the minority to minimize the chances
of stereotypical role adoption [18], [19] and consent data to
maximize the number of groups where all students consented
to participate in the study for observation purposes. Because
groups needed to be formed manually and quickly, we were
unable to incorporate other students’ self-reported identities.
Minor adjustments to groups were made on a case-by-case
basis (e.g., student signed up with a group but this choice was
not reflected in the roster; student’s group members did not
appear for one class). After 6-8 weeks, students in Computer
Architecture and Numerical Methods were offered the option
of working with the same group, form a different group, or be
assigned to a different group for the rest of the semester (15
weeks long in total). The same research assistant repeated the
group formation process for students who opted to be assigned
to a different group. For groups with a mix of students wanting
to stay and leave, the research assistant tried to keep students
who wanted to stay in the same group together, and assigned
students who wanted to leave to a different group. For students



in Database Systems, a teaching assistant randomly formed
groups for students who did not pick a group. The teaching
assistant did not have access to student demographic or consent
data. Students in Database Systems stayed in the same group
for the whole semester as these groups also contributed to a
separate, semester-long project.

IV. CREATING THE OBSERVATION PROTOCOL
A. Observing Group Activities

Our protocol aimed to capture general group processes that
allowed for ease of use and simple aggregation and analysis.
To systematically record group activities, we designed codes
for various activities of interest. The first prototype of our code
book was designed shortly before the Spring 2021 semester
based on intuitions of what we anticipated students would do.
For example, we expected that students would ask questions
and type answers, and we initially set a 1-minute time interval
for observations. Following activity theory [29], we iterated on
and revised the code book based on actual observations. For
example, we originally limited “read” to reading the question
prompt, and had separate codes for “explain” (explaining a
concept or answer) and “solve” (offering a solution). After
a few pilot observations at the beginning of the semester,
we expanded “read” to be inclusive of anything visible on
the screen (e.g., students also read autograder feedback) or
stated intention to read. On the other hand, we collapsed
“explain” and “solve” into just “explain” since differentiating
them was difficult and combining them was simpler to code.
We intentionally sought to keep the number of codes minimal
for ease of use and reduce strains on observers’ working
memory. On the other hand, we added codes such as “info”
based on observations of students seeking resources or help
and “confirm” based on observations that students asked each
other for confirmation on their ideas (e.g., students would
offer an answer, immediately followed by “..., right?”” to which
other students would respond in agreement or disagreement).
Additionally, the 1-minute time interval was too coarse to
capture faster-paced or denser interactions, so we switched
to 30-second time intervals for finer-grained observations that
were still manageable for observers. Table I reflects the latest
version of the code book.

The coding process itself was iterative. For each 30-second
interval, we identified and classified each student’s contri-
butions using the code book, and within each interval, one
kind of activity was only recorded once for each student to
keep the observation protocol at a high level and for ease of
recording observations. For example, if a student asked two
questions within one interval, we only recorded “ask” once
for this student. See Table II for sample observations from
two observers.

V. QUANTITATIVE VALIDATION OF THE OBSERVATION
PrROTOCOL
A. Data Collection

In the Spring 2021 semester, we aimed to code different
groups to explore the variety of group dynamics and for

TABLE I
CODE BOOK USED TO OBSERVE GROUP ACTIVITIES

Code Definition

ask Person asks a question

contribute | Person asks group or student to contribute
[Aligns with manager role]

check Person asks group or student if they understand
[Aligns with reflector role]

confirm Person asks for confirmation (e.g., ... right?”, “Does this look
correct?”)

y/n Person provides short response to “ask™ or “confirm” (e.g.,
“yeah,” “no”)

type Person is visibly typing or annotating the screen
[Aligns with recorder role]

read Person is audibly reading or says they will read something
on the screen

explain Person explains concept or answer, may or may not be
incorrect or in response to “ask”

casual Person expresses emotion (e.g., “Yes! Full points!”) or talks
about non-activity related topic

info Person says they will search or actually searches for informa-
tion in lecture slides, course forum, etc. Includes suggesting
to ask or actually asking for help from course staff

validation of the protocol. For each class meeting, one of the
three graduate student researchers virtually visited a group
where all students consented to participate in the study and
had not been previously visited. Due to the limited number
of groups that were observable, a few groups were revisited
toward the end of the semester or had two researcher visitors.
These revisited or double-coded groups were not included in
the validation of the protocol or analysis.

Upon entering the Zoom breakout room, we asked if the
group was comfortable with being recorded, and only pro-
ceeded to record and perform observations if all students
agreed. Each member of the research team was responsible
for individually coding their observations live as they visited
a group and used Zoom’s local recording feature to capture
audio and screensharing for later validation of the protocol.
These recordings were uploaded to a secure Box folder that
was only accessible to students of the research team and
inaccessible to instructors. If a student decided afterwards
that they did not want to be recorded, we deleted the asso-
ciated recordings and did not include their group’s data in
the validation of the protocol or analysis. To perform live
observations, the observer had both the Zoom breakout room
and observation protocol! visible to capture spoken codes (e.g.,
“explain,” “ask™) and visual codes (e.g., “type,” “info”). The
observer also used a repeating timer to notify when to move
on to the next interval. Of the 77 recordings collected from
the Spring 2021 semester, 41 of the recordings were from
Computer Architecture, 19 from Numerical Methods, and 17
from Database Systems.

I'See https://tinyurl.com/BlankObservationProtocol for a blank version. The
first tab is to be filled in by the observer (i.e., student’s assigned roles, time
intervals, and space for notes). The second tab holds definitions of the codes
and simple formulas for aggregation of codes by role.



TABLE 11

SAMPLE OF OBSERVATION PROTOCOL CODING. INTERVALS ARE IN 30-SECOND INCREMENTS.

Observer 1’s Coding Observer 2’s Coding
Interval Manager Recorder Reflector Instructor Manager Recorder Reflector Instructor
0 read info type read explain info type
1 ask explain info explain confirm ask explain info ask explain confirm
2 casual info type explain casual info type explain

B. Exclusion Criteria

We set the following exclusion criteria because we were
interested in real-time group dynamics and validating the
observation protocol:

o Groups that completed a significant amount of the activity
before class were excluded

o Groups that failed to share their screen were excluded

e Groups that mostly spoke a language other than English
were excluded

o Groups where two or more students’ voices were indis-
tinguishable were excluded

o Groups where the corresponding recording was lost were
excluded

Of the 61 recordings that passed the criteria, 32 of the
recordings were from Computer Architecture, 17 from Nu-
merical Methods, and 12 from Database Systems.

C. Interrater Reliability

From the recordings that passed the exclusion criteria, a
subset of 22 recordings (out of 61; 36%) were selected using
stratified random sampling where we stratified based on course
and original observer to ensure all courses and observers were
proportionally represented in the subset. The three graduate
student researchers re-coded all recordings in the subset to
account for differing start times between audio and screen
recordings and live observations. Because our coding followed
a one-to-many relationship (see Table II for an example), nei-
ther Krippendorff’s o nor Fleiss’ x were appropriate interrater
reliability metrics, so we instead relied on a simpler percent
agreement, and set a target of >80% agreement.

We calculated percent agreement as follows: For each 30-
second interval per student per pair of observers, agreement
and disagreement were tallied based on the presence or ab-
sence of a code (i.e., agreement if present in both observers’
observations, disagreement if present in one but not the other).
Silence (no codes applied to a 30-second interval) was treated
differently for a more conservative metric (i.e., agreement if
both observers did not apply any codes). In some groups, a
student would request help via an online queue, resulting in a
member of the course staff to visit for a few minutes to address
questions. Since course staff would have been marked as silent
for most of the group activity (or all of the group activity if
students did not request help), the “Instructor” column was not
considered in calculating percent agreement to avoid inflating
the metric.

For example, Table II shows the codes applied for two
different observers on the same group of 3 students from

Computer Architecture. In interval 0 (0-29 seconds of the
recording), the observers have 4 agreements (“read” present
for manager; “info” and “type” present for recorder; silence for
reflector; instructor is ignored) and 1 disagreement (‘“‘explain”
present for manager in Observer 2’s but not in Observer 1’s).
In interval 1 (30-59 seconds of the recording), the observers
have 5 agreements (“ask” and “explain” present for manager;
“info” present for recorder; “explain” and “confirm” present
for reflector) and 1 disagreement (“ask” present for recorder
in Observer 2’s but not in Observer 1’s). In interval 2 (60-89
seconds of the recording), the observers have 5 agreements
(silence for manager; “casual,” “info,” and “type” present for
recorder; “explain” present for reflector) and 0 disagreements.
Across these 3 intervals, there was a total of 14 agreements
and 2 disagreements, resulting in 14/(14+2)=87.5% agreement.

Across all 22 recordings in the subset, percent agreement
was 91.29%, indicating good interrater reliability. The ob-
servers revisited recordings where percent agreement was
>80%, but <85%, and discussed discrepancies in interpre-
tations of the codes to further clarify definitions. These clari-
fications are reflected in Table I.

D. Quantifying Equality of Participation

To quantify participation, for each student for each 30-
second interval, we assign a 1 if the interval has at least
one code applied and O if there were no codes applied (i.e.,
silence). For example, Table II shows both the manager and
reflector would have 2 out of 3 intervals count for participation
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Fig. 1. Breakdown of student participation in groups that had the lowest
(e = 0.23), average (e = 0.67), and highest (e = 0.86) equality metric for
Quads (groups of 4). Students within groups are shown increasing order of
percent participation from left to right.
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Fig. 2. Equality metric for groups in a) Computer Architecture, b) Numerical Methods, and c) Database Systems, in decreasing order. “Pair” means 2 students
were present, “Triple” means 3 students were present, “Quad” means 4 students were present.

(intervals 0 and 1 for the manager; intervals 1 and 2 for the
reflector).

Occasionally, the “info” code was present for multiple,
consecutive intervals because a student had a resource visible
on their screen, so we only counted the “info” code as par-
ticipation once per time a resource was visible. For example,
Table II shows a recorder with the “info” code present for
3 consecutive intervals. After reviewing the screen recording,
the “info” code referred to the same resource, thus it was
removed from intervals 1 and 2. This meant that the recorder’s
participation count was 2 intervals for Observer 1 (no codes
present in interval 1) and 3 intervals for Observer 2 (“ask” code
still present in interval 1). Alternatively, if a student pulled up
a resource on their screen (“info” present), hid it (“info” not
present), made it visible again (“info” present), and had no
other codes applied, the student would have 2 intervals for
participation. Similarly, if a student pulled up a resource on
their screen (“info” present), then brought another resource
in (“info” still present), and had no other codes applied, the
student would also have 2 intervals for participation.

We extend the metrics for determining equality of partic-
ipation from [31], which was based on number of student
submissions in a group, to instead use the number of intervals
where students participated. For each group, we calculate the
equality of participation using the following equation:

Op

e=1- (1)
Umaz

Where o, is the standard distribution of number of non-
empty 30-second intervals across all students in the group,
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and 0,4, is the maximum possible standard distribution of
number of non-empty 30 second intervals across all students
in the group. Figure 1 shows the rates of participation for
the groups with the lowest, average, and highest equality
metric for Quads (groups of 4). The equality metric across
all groups ranged from 0.23-0.97, which provides evidence
for the wide variety of group dynamics we observed. For
example, in the Quad with the lowest e, the recorder (right-
most blue bar in Figure 1) seemed to drive conversation (and
typing) for the majority of the time with occasional input from
the other members. Similarly, in the Quad with an average
e, the contributor and recorder (right-most orange bars in
Figure 1) contributed roughly equally, but much more than the
manager and reflector. Lastly, in the Quad with the highest e,
all students seemed engaged and participated throughout the
activity.

Figure 2 shows the equality metric calculated for all groups
in each course. Across all 3 courses, we observed wide
variation in the equality metric (M = 0.669,SD = 0.189),
which matched our informal observations of how students did
or did not participate.

VI. POTENTIAL USES OF THE OBSERVATION PROTOCOL

In this section, we present examples of how our observation
protocol can be useful to researchers and instructors and
expand on future directions.

A. Examining Participation Trends and Role Alignment

The research team noticed differences between groups
where all students participated and appeared actively engaged
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Fig. 3. Common participation trends where a) one student does not seem to be participating as much as the other two and b) where all students seem to be
participating equally. Gray ticks indicate at least one code applied to a student during a 30-second interval. Purple dots indicate presence of a role-aligned

code (see Table I).
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Fig. 4. Common pattern of “casual” codes occurring after submission in
response to autograder feedback and non-activity related talk towards the end.
Orange dots indicate the presence of “casual.” Vertical, dashed lines indicate
an interval where a student submitted a solution to the autograder.

and groups where one student seemed to participate much less.
For example, Figure 3a shows a group of three students where
contributions were primarily from the manager and recorder
(e = 0.38). In contrast, Figure 3b shows a group of three where
all students contributed throughout the session (e = 0.89).
From these observations, the 0.51 difference in the equality
metric between these two groups can help instructors quantify
differences in participation.

Across most groups, role alignment (see Table I for which
codes aligned with which role) seemed strongest for the
recorder. For example, both groups in Figure 3 show the
presence of role-aligned codes for the recorder only. This
was perhaps due to the recorder’s role (sharing their screen
and typing answers) being most visually salient, whereas the
manager’s role (ensuring everyone contributes) becomes less
salient when students are unable to see each other’s facial
expressions or gestures in Zoom breakout rooms. Alternatively,
the lack of alignment for the manager and reflector may
indicate a gap in how instructors referred to roles during class
meetings.

Aggregating across groups, instructors and researchers may
be interested in how the course they are observing compares
to others. For example, upon visual inspection of Figure 2,
the Database Systems course seems to have a lower equality
metric on average. However, a one-way ANOVA revealed
that there was not a statistically significant difference in the
average equality metric across all three courses (F'(2,58) =
[0.023],p = 0.98) at the level oz = 0.05.

B. Moments of Team-Bonding

Conversations not explicitly about the activity’s content
were coded as “casual.”” We observed that the “casual” code
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usually happened as the group submitted answers to the auto-
grader and at the end of class. These times provided moments
for team-bonding. Figure 4 shows a group that exhibited this
behavior. For example, after re-watching the recording for
the moments after the group’s first attempt was correct, the
recorder said, “Yay,” the manager said, “Very nice,” and the
reflector said, “First try, so good.” As the group wrapped up
the activity, they talked about their exams, quizzes, emotional
experiences in other courses, and had fun with submitting
joking feedback on the Reflector Survey.

C. Help-seeking Patterns

The research team noticed two common types of help-
seeking patterns. In the first scenario, students would get stuck
on a question, then discuss asking for help via the online
queue. One student would then offer to join the online help
queue (i.e., digitally raise their hand), followed by instructor
presence (see Figure 5a).

In the second scenario, the recorder would split their screen
to have the activity on one half and a resource on the other
(see Figure 5b). After re-watching the associated recording,
the group appeared to be stuck at multiple points throughout
the activity, which was part of the reason why the resource
was left visible on the screen for the first 25 minutes. As
instructors, we may want to encourage the group to ask for
help more often, and as a result see more instructor presence
from the observation protocol. In future work, we may try
to integrate the online queue with PrairieLearn or incorporate
encouragement in automated feedback to help lower the effort
required to ask for help in an online setting.

VII. DISCUSSION

A. Potential Differences in Online Settings

In-person settings can make gender and ethnicity more visu-
ally salient, increasing the risk of stereotypical roles, frequency
of microaggressions, and potential for stereotype threat. Online
settings may decrease these risks due to visual anonymity
when video is turned off. In our context, many students we
observed defaulted to leaving their camera off, which showed
a default Zoom profile (i.e., name or first initial against a solid
color background) in the breakout room. The research team did
not observe microaggressions between students, but due to our
group selection process and virtual presence, we cannot say
with certainty that no microaggressions or other undesirable
behaviors ever occurred.
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Fig. 5. Two common types of help-seeking patterns: a) asking for help via the online queue followed by instructor presence and b) referencing a resource

that was visible on the shared screen. Red dots indicate the presence of “info.”



B. Exploration Made Possible

Our results highlight the range of possible questions about
group processes that our observation protocol can answer in
both online and in-person settings. For example, we observed
many instances of positive, “casual” talk across groups, and
informal analysis of survey data indicated students generally
enjoyed working with their groups. This speaks to the need for
similar kinds of codes in other observation protocols. While
TDOP includes the “humor” code for instructors [24], there
is no equivalent for students, and other protocols that have
student-focused elements center around how students engage
with course content (e.g., RTOP [22], COPUS [25], COPED
[26], 3D-LOP [27]) or may incorrectly characterize students
as not participating (e.g., OPTIC [28]).

C. Implementing Structured Roles Moving Forward

Based on the role alignment we observed as well as informal
analysis of survey data, the three POGIL roles we used did
not seem to be helpful for groups that were satisfied with
their working style. Part of this may have been due to COVID
as students seemed more understanding of the impact of
the pandemic on their peers’ participation. Other students
cited additional cognitive load (e.g., paying attention to roles
distracted from the question they were trying to solve). We
think that perhaps a pair programming style with one driver
and multiple navigators may be easier for students to adopt
while still scaling the number of groups to a manageable
number for limited course staff resources. As all courses
switched to hybrid offerings starting in the Fall 2020 semester,
we aim to further explore the differences in structured role
implementations across online and in-person modalities.

D. Adjusting the Observation Protocol for Other Contexts

While our observation protocol was developed with POGIL
in mind, we believe the protocol can be easily adapted to
different structured role implementations or added to other
observation protocols. To adapt to other structured role imple-
mentations, for example, other POGIL implementations use a
“reporter” role, where one student shares their group’s findings
in a whole class debrief. In this scenario, we may add a
“share” code that captures the expected role-based behavior.
Alternatively, we could change which role aligns with which
code or remove codes for other structured role implemen-
tations. For example in pair programming, the “check” and
“explain” codes could instead align with the navigator role,
and the “contribute” code may no longer be necessary. For
other observation protocols, many of the previously cited
protocols explicitly code for when students work together (e.g.,
COPUS), thus our protocol can add another layer of depth by
providing a protocol to “switch to” when investigating how
students work together in the context of a classroom.

VIII. LIMITATIONS

Due to limitations of our IRB procedure, we were not
allowed to record students’ faces, so we were unable to
incorporate students’ gestures or facial expressions. Most

students left their camera off by default, but this also meant
we were unable to differentiate between students who chose
not to participate and those who were not given an opportunity
to participate. Additionally, students may have changed their
behavior due to having a researcher in the breakout room with
them; however the presence of “casual” codes in our data
seems to indicate otherwise.

From the observers’ perspective, recording observations was
easier with the use of two monitors (i.e., one for the Zoom
breakout room and repeating timer, one for the observation
protocol) but still tricky, especially in conversation-dense
groups of 3-4. Informal debriefs between observers indicated
that “type” was difficult to detect for small edits (e.g., fixing a
typo), and spoken codes (e.g., “explain,” “ask”) were difficult
to record in instances of overlapping talk. Furthermore, we
were unable to compare observers’ original coding with re-
coded versions because of differing start times (i.e., a small
difference between the start time of the live observation and
recording could cause cascading differences), so we are unable
to speak to the accuracy of live observations.

Throughout the semester, all students were incentivized
with extra credit to fill out surveys that included measures
of sense of belonging, how students took up POGIL roles,
and peer reviews. While these surveys provide important data
to supplement our observations, they are out of scope for the
present study.

IX. CONCLUSION

In this paper, we presented our observation protocol that was
inspired by past observation protocols and grounded in actual
classroom observations to better understand how students work
together in structured role-based cooperative learning. A team
of three graduate student researchers iteratively refined the
protocol and validated it using recordings of groups across
three CS courses. Percent agreement indicated good interrater
reliability, and our use of an equality metric captured variations
in student participation. For researchers and practicitioners,
our protocol can show that whether students align with their
assigned roles, whether participation is unequal across students
within a group, whether there are moments for team-bonding,
and how students seek help.
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