Modified color frames for analyzing group interactions during an online quantum tutorial
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In this paper, we analyze video recordings of students working on tutorials in Zoom breakout rooms in an
upper-division quantum mechanics course. We investigate group behaviors in this virtual environment, including
the effects of instructor presence. To this end, we modify the Color Frames coding scheme introduced by Scherr
to suit the virtual nature of the interactions. By broadening the frames and allowing for multiple overlapping
frames, we are able to describe some group behaviors not otherwise captured. For example, in some instances,
students take on an authoritative role in the group, and in other instances, groups engage in overtly casual
behavior while nonetheless having on-topic discussions. We observe significant variation in how much time each
group spends in each frame, but find that all groups spend some time in all frames. Instructors can be present
without dominating or eliminating discussion between students, and their presence need not significantly impact
the time students spent in an “informal/friendly” frame. However, instructor presence significantly reduces
time spent working individually. Our findings will support additional research into the dynamics of student
discussions during tutorials and aid ongoing development of online tutorials that can, e.g., be assigned for use
outside of class.

2022 PERC Proceedings edited by Frank, Jones, and Ryan; Peer-reviewed, doi.org/10.1119/perc.2022.pr.Cervantes
Published by the American Association of Physics Teachers under a Creative Commons Attribution 4.0 license.
Further distribution must maintain the cover page and attribution to the article's authors.

88



I. INTRODUCTION

Tutorials are a commonly used tool for active learning in
physics [1, 2]. In tutorials, students work in small groups on
concept-focused, guided-inquiry worksheets. Instructors (in-
cluding teaching or learning assistants) play the role of So-
cratic questioner with the goal of guiding students to con-
struct knowledge for themselves. Tutorials were popularized
at the introductory level [1], where they are typically run in
dedicated recitation sections [3]. Tutorial use has expanded to
the upper-division [4-7], and also to large lecture halls [8]. In
this work, we investigate student behaviors during tutorials in
an upper-division quantum mechanics course where instruc-
tion took place entirely online, necessitated by the COVID-19
pandemic. To that end, we modified the existing color frame-
work initially used for in-person group tutorials, and used it
to analyze student behaviors in a single tutorial.

Our interest in online administration of tutorials predates
the pandemic. With the goal of bringing tutorials to courses
that may not have the instructional time or resources to im-
plement them in class, we have developed an online tutori-
als website called ACE Physics (acephysics.net). We have
been redesigning our paper-based tutorials [9] to fit the online
format where students may work individually or in groups.
For this study, students worked on an ACE Physics tutorial
about quantum entanglement [10] in groups in Zoom break-
out rooms, as described in Section II.

One challenge for instructors in virtual tutorials is that they
cannot glance around the classroom and get a sense for how
students are interacting. During in-person tutorials, instruc-
tors normally walk around the room listening in and only stop
to chat if a group explicitly asks for help or if the instructor
sees an opportunity to engage with students. In the virtual
format, instructors must choose to visit one breakout room
at a time. In this paper, we analyze recordings of students’
Zoom breakout rooms to investigate how tutorial groups in-
teract in this environment both with and without the instruc-
tor present. Our ultimate research goal is to better understand
how students interact with our tutorials in an online format.
However, we cannot begin to assess online tutorials without
a robust observation tool for online settings. Therefore, our
preliminary research goal is to modify an existing observation
protocol to be suited for the online environment.

There is extensive precedent in physics education research
for the analysis of group work in various environments, but
mostly in in-person settings [11-15]. Scherr et al. created
a framework called color frames that defines four categories
(described below) for student behaviors. Scherr calls for ap-
plying a systematic observation protocol to gain insights into
student learning while balancing “generalizability with inter-
pretive validity” [16]. Color frames focus on the dynamics of
student behavior, student framing of activities, and the sub-
stance of student reasoning, all of which are central to our
own interests in developing and understanding student inter-
actions with upper-division quantum mechanics tutorials.

We have adopted color frames for our analysis, but have
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modified the framework for two reasons. First, color frames
were developed in the context of in-person group work, so we
have adapted the framework to apply to student behaviors that
are evident in the virtual setting. Second, we observed addi-
tional behaviors belonging in each category. After discussing
our methods, we present our modified framework and provide
examples of student interactions that fit into each frame. We
then use the frames to analyze the group behaviors of eight
groups working through the quantum entanglement tutorial.

II. METHODS

Data collection: Data collection took place during two
semesters of upper-division quantum mechanics at a large,
primarily white, R1 university. In both semesters, the course
was taught by author SP using the materials available at [9]
following Mclntyre’s text [17]. The course included three
weekly lecture periods as well as an optional, once-weekly
tutorial recitation section, all of which were conducted via
Zoom. There were 58 and 96 students in the class in the two
semesters, Fall 2020 and Spring 2021 respectively, of whom
roughly 30% attended the tutorial sessions.

Tutorial sessions lasted 50 minutes during which students
worked on ACE Physics tutorials in groups of 3-5 in Zoom
breakout rooms. Instructors, including the professor, a gradu-
ate teaching assistant (TA; author GC), and an undergraduate
learning assistant (LA) circulated through breakout rooms to
answer questions and facilitate discussion. Each week, a des-
ignated student in each breakout room recorded their Zoom
session and uploaded the video to a shared drive after class.
Each student worked on their own copy of the ACE Physics
website, but typically one student shared their screen. The
recordings included the shared screen as well as thumbnail
video feeds from every student in the group.

The present study focuses on only one tutorial, the “EPR &
Entanglement” tutorial [18]. We have recordings from eight
groups, three from the fall and five from the spring. The fall
and spring semesters were nearly identical, but because there
were more groups in the spring, instructors spent less time
with each group during the tutorial.

Analysis methods: We have based our analysis on the
color frames developed by Scherr [19, 20]. These color
frames were created by first identifying student behaviors and
then interpreting those behaviors. In our work, we take these
interpretations and add (and in some cases subtract) addi-
tional behaviors to fit the virtual environment. In some cases
we expanded the interpretations of the frames to account for
all time elapsed during the tutorial (see for example, the yel-
low frame). Additionally, we allowed for multiple codes to be
applied at the same time. Rationale for our decisions and ex-
planations for how this was done are provided in Section III,
with descriptions of the modified frames.

We coded each minute of the recordings with one or more
of the modified color frames. There were a total of 348 min-
utes of tutorial work recorded across the 8 groups. The modi-



TABLE 1. Modified color frames and the behaviors that were coded for each frame. The original color frame definitions were presented by
Scherr et al. in [19]. Italicized text indicates behaviors that have been added or modified for the purposes of this study.

Green frame — Discussion Blue frame — Individual

1. Prolific gesturing.
2. Animated tone, face, clarity of
speech.

. Sit up straight, focus on screen 2.

4. Disagreement between students
not immediately resolved with 3.
clarification.

5. Substantial modification of
ideas exchanged.

screen.

w

vague language.
“Echo-back” talk without
disagreement or substantial
modification.

4. Hands quiet, face neutral

1. Eyes on paper, screen, or down- 1. Giggle, smile, self-touch, 1.
ward. Brief glances to peers or

Muttering, trail-off sentences,

Yellow frame — Friendly Red frame — Authority

Sit up straight, attention on
authority figure.
Acceptance of authority’s
claim with minimal modifi-
cation or disagreement.
Reduced gestures.

fidget, unsettled gaze, glance
away from screen, shield- 2.
ing/dismissive gestures.

2. Laughter, casual language,
friendly/familiar demeanor 3.

fied framework was developed in discussion amongst the au-
thors based on observations from the recordings. All record-
ings were coded by author BC. Additionally, 16 minutes from
each of 4 recordings were re-coded independently by author
GC. We found an inter-rater reliability rate of 87% for these
64 minutes. Additionally, we noted those minutes where an
instructor was present in the Zoom breakout room (whether
or not they interacted with the students).

III. COLOR FRAMES FOR ONLINE GROUP WORK

In this section we describe the four color frames and our
modifications to them. The behaviors that make up each color
frame can be seen in Table I. Italicized text indicates a modifi-
cation to the original color frame behaviors from [19]. Some
modifications to the frames followed clearly from the transi-
tion to a virtual environment, but other changes were made to
more accurately record the student behaviors observed in our
data. We include examples below to justify these changes.

Green frame: This frame is identified as the “Discussion
frame” by Scherr [19, 20], and we retain that description. It
includes debate, disagreement, and attempts to build collabo-
rative understanding between peers. Behaviors added to this
frame were primarily the result of the virtual context.

This frame consists of prolonged discussions or disagree-
ments where students make substantial modifications to the
discussed ideas. Discussions were typified by respondents’
careful paraphrasing of or explicit disagreement with the orig-
inal speaker’s idea, including rebuttals and elaborations. To
be considered a discussion, these modifications must be un-
dertaken by the majority of members engaged in conversa-
tion. The tendencies for elaboration and collaborative under-
standing are what separates the green frame from conversa-
tions that occur in blue and red frames.

Blue frame: Initially subtitled “Worksheet frame” [19,
20], we have modified the Blue frame to encompass any indi-
vidual work. With the limitations of the online environment,
we cannot always tell whether students who are working in-
dividually are working on the tutorial or are engaged in off-
topic activities. We also occasionally encountered lengthy
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periods of silence, which would be coded in this frame.

The original definition of this frame included “check-ins”,
where students who are working individually briefly check
in with other group members. One form of check-in we ob-
served was “echo-back” talk without substantial modification
to the content. For example, students working individually
might announce their answer to a question, and group mates
might echo the answer to signal their agreement before re-
turning to individual work.

Several instances of echo-back talk may occur back-to-
back, creating a facsimile of discussion. However, these are
included in the Blue frame when they consist primarily of
agreement or consensus without substantial elaboration.

Yellow frame: Initially subtitled “Joking frame” [19, 20],
we have modified the yellow frame to include all off-topic
discussions and overtly casual behaviors. This is a substan-
tial change to the framework, but we often noticed discus-
sions that took on an overtly familiar or casual element, and
wanted our codes to capture this pattern. This frame now in-
cludes instances of particularly friendly, casual, and familiar
discussion between peers, in addition to the outright jokes and
laughter from the original definition of the frame. By expand-
ing the frame in this way and by allowing sections of time to
be coded with more than one frame, we are now able to dis-
tinguish between casual discussions that are off-topic (yellow
frame only) and casual discussions that are on-topic (yellow
and green frames simultaneously).

Red frame: This frame was initially described as the “TA
frame” [19, 20], and was activated only during periods where
instructors or TAs engaged with students. We have made two
substantial modifications to this frame. First, we have ex-
panded the Red frame to include any instance where an in-
structor, TA/LA, or group member imparts their knowledge to
the group in an authoritative manner. This change allows us
to distinguish between collaborative discussion (green frame)
and times when a single student is dictating answers to others
(previously green frame, now red frame). We observed mul-
tiple such instances where students were treated as authority
figures by their peers in absence of instructor presence, one
of which is visible in Fig. 1 between the 20 and 30 minute
marks. In some of these instances, the student in the author-



Red
Yellow

s - [ I W
o

Start

10min 20min 30min 40min

FIG. 1. Timeline for one tutorial group from the spring showing time
spent in each color frame. The grey background indicates instructor
presence in the Zoom breakout room. This group spent more time
in the Yellow frame than other groups.

ity role did not have the correct answer.

Second, the presence of an instructor no longer automati-
cally activates the red frame, because we found that student
behavior in the presence of instructors was more varied than
a single frame could capture. For example, there were mul-
tiple instances of friendly discussion between students and
instructors (yellow frame), continued discussion between stu-
dents with minimal instructor input (green frame), or minimal
engagement from students as they continued to complete the
tutorial individually despite instructor presence (blue frame).

While primarily a one-way frame with information be-
ing imparted, some exchanges occur within Red frame that
mimic back-and-forth discussions seen in Green frame. How-
ever, exchanges within the Red frame are limited to clarifying
questions while the Green frame will contain back-and-forth
debates or rebuttals. The duration of such exchanges in Red
frame is usually shorter than exchanges in Green frame.

IV. RESULTS FROM THE ENTANGLEMENT TUTORIAL

We have applied the modified color frames framework to
recordings of eight groups working on the EPR & Entangle-
ment tutorial. From these data we can create a timeline for
each group showing which frame(s) the group is in at each
minute over the course of a tutorial. An example timeline is
given in Fig. 1. This example is not representative of all eight
groups; in fact, each timeline was idiosyncratic and created a
unique fingerprint for each group.

As can be seen in Fig. 1, there are many instances where
multiple codes were given to a single minute. The average
number of codes assigned for each minute was 1.4. A total of
225 minutes (65%) had one color frame identified, 116 (33%)
had two colors, and 7 (2%) had three color frames coded. No
minute was coded with all four colors.

Fig. 2a shows the average time that groups spend in each
color frame. Overlaid are the percent of total time that each
group spent in each frame. Additionally, we have separated
the data into times when the instructor is present and times
when the instructor is not present (Fig. 2b).

As shown in Fig. 2a, blue (individual) frame is the most
frequent, arising in roughly half of tutorial time on average.
Green (discussion) and red (authority) arise in roughly a third,
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(b) Distribution of color frames with/without instructor presence
(WI/WOI). Percentages are of the time with/without instructors—not
total tutorial time. Instructors were present 38% of the time on average.

FIG. 2. The points show the time spent in each frame as a fraction
of the total time each group spent working on the tutorial. The bars
indicate the averages over all eight groups. Because multiple codes
could be assigned to each coded minute, the percentages add to more
than 100%. Triangles indicate groups from the fall semester, while
circles indicate groups from the spring semester.

with yellow (friendly) arising in roughly a quarter of tuto-
rial time on average. All groups spent some time in every
frame, but there is significant variation between groups. The
most pronounced outlier is the group that spent over 70% of
the time in the Yellow frame. The timeline for this group is
shown in Fig. 1, which shows that the time the group spent in
the yellow frame overlapped with time spent in other frames.
This example demonstrates how the yellow frame should not
be interpreted to be unproductive without further analysis.

Fig. 2b shows the effect of instructor presence on the break-
down of color frames. Unsurprisingly, instructor presence in-
creases the red frame significantly: groups spent only 15%
of the time without instructors in the red frame, but this in-
creased to nearly 60% of the time when instructors were
present. Although one group spent 100% of instructor time
in the red frame, most spent less, indicating that instructors
can be present without dominating the discussion.

On average, instructor presence reduced the green frame
by approximately two fifths (from 34% to 20%). For three
groups, instructor presence completely eliminated the Green
frame, but other groups tended to have active discussions re-



gardless of instructor presence. This was more common in
the fall semester, which had a higher instructor-student ratio,
meaning instructors were present for a larger percent of the
time. Perhaps surprisingly, instructor presence did not signif-
icantly impact the time spent in the yellow frame. This may
reflect the instructors’ intentions of cultivating a friendly, in-
formal tutorial environment.

Instructor presence significantly reduced time spent in the
blue frame for every group (from 64% on average without
instructors to 21% on average with instructors). With in-
structors in the Zoom breakout room, students tended to not
work individually. To some extent, instructor presence tended
to replace time spent in the blue (individual) frame with time
spent in the red (authority) frame.

V. DISCUSSION

We found that all four color frames were present in every
tutorial recording. The blue individual frame was the most
common with an average across all groups of approximately
50%. The time spent in this frame was much lower when an
instructor was present in the room.

It is not clear whether similar patterns would be found for
in-person tutorial sessions. We expect that virtual environ-
ment may skew group dynamics in favor of more individual
work interspersed with sporadic discussions, as students do
not share a physical environment and thus may be less in-
clined (in general) to engage with each other the same way
they did in person. Further study is required, the results of
which would inform the development of online tutorials and
help instructors better understand differences between group
work online and in person.

Modifying the color frames framework allowed us to cate-
gorize student behaviors throughout a single tutorial such that
we were able to gain insights into the varied ways students in-
teract with each other and instructors/TAs/LAs, during online
tutorials. By broadening the frames and allowing for multi-
ple overlapping frames, we were able to describe some group
behaviors not otherwise captured. For example, we distin-
guished overtly casual, but nonetheless on-topic discussion
(yellow and green frames simultaneously), from distracted
or unfocused discussions which were not relevant to tutorial
completion/comprehension (yellow frame only). We also dis-
covered that the presence of an instructor does not necessarily
place students in the authority (red) frame. This is especially
true for groups which spent the majority of their time in blue
frame, and for authority figures who were not the professor
(i.e. the TA or LA). We found that blue frames and red frames
rarely overlapped, and that an ongoing yellow frame did not
necessarily prevent students from entering the green frame.

While we cannot use these results to make generalized
claims regarding “typical” group behaviors, it does appear
that all frames likely serve important and necessary roles in
group completion of tutorials (given that all frames arose in
all groups). We believe it is possible that the lack of overlap
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between blue and red frames results from instructors “pulling
students out” of the blue (individual) frame, where they can
then engage in any of the other frames.

Because not every instance of red (authority) frame is ini-
tiated by instructors, we believe it is beneficial for both in-
structors and students to notice when authority frames are re-
peatedly initiated by students without an instructor. Although
we did not analyze student understanding within the scope of
this paper, we did notice that students who act as authorities
do not always relay correct information to their peers.

We were pleased to discover that the yellow (friendly)
frame did not eliminate the possibility of productive discus-
sion between students. Although the previously discussed
group (timeline shown in Fig. 1) is certainly an outlier among
the eight analyzed groups in terms of percentage of time spent
in yellow frame, productive, on-task discussions overlapped
with the casual, friendly, joking behaviors in multiple groups.
Instructors might want to pay attention to students engaged
in lengthy yellow frames, as not every instance of friendly
and familiar behavior is inherently off-topic. In fact, we have
observed instances of the yellow frame that encourage all stu-
dents to participate in conversation and can lead to productive
discussions.

VI. CONCLUSIONS

We found the Color Frames framework to be a fruitful
starting point for analyzing videos of virtual tutorial group
work. By modifying the framework, we were able to capture
nuances in the dynamics of virtual tutorial groups in upper-
division physics. For example, we were encouraged to see
that the presence of an instructor does not automatically place
the group into the “authority frame” and that discussions still
occur. We also learned that the presence of the “friendly
frame” does not preclude productive discussion.

This analysis will be used as a starting point for analyzing
the ways students engage with tutorial content. Future work
will look at the effects of different questions on group behav-
iors. Specifically, we are interested in whether or not specific
types of questions are more likely to prompt discussion. We
also plan to expand our analysis using epistemic games [13]
to investigate the reasoning students use while in the green
discussion frame. The results will help tutorial authors mod-
ify this tutorial and inform the development and refinement
of other tutorials.
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