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Sensemaking is widely recognized in PER as an essential learning and reasoning process for physics students
to figure out physical phenomena for themselves. There is less emphasis in the literature on how this process
develops and the early stages between sensemaking and answer-seeking, which we refer to as emerging sense-
making. We argue that instructors recognizing emerging sensemaking moments are productive for supporting
students in sensemaking. Since answer-seeking is relatively common in physics classrooms, it is a promis-
ing entry point for students to engage in deeper sensemaking. We use qualitative video data from introductory
physics labs for life scientists (IPL2S) to explore the complex reasoning process occurring and discuss emerging
sensemaking. We also consider the dynamic relations of answer-seeking processes and provide three examples:
TA, graphical, and recall answer-seeking. Through a detailed analysis of these moment-by-moment reasoning
processes, we shed light on the complexities of small group dynamics and offer suggestions for future work.
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I. INTRODUCTION AND BACKGROUND

Answer-seeking moves are instances where students ex-
hibit little epistemic agency [1] over the learning process
while prioritizing being “correct”, regardless of the mean-
ing or mechanistic nature of the information [2]. The epis-
temic frame of answer-seeking is marked by plug-and-chug
behaviors meant to complete the task and move on [3, 4].
Prior work has viewed answer-seeking as an isolated epis-
temic frame unproductive for student learning. In contrast,
sensemaking — when students build or revise an explana-
tion to resolve a gap or inconsistency in understanding [5, 6]
— is viewed as highly desirable in various learning environ-
ments, including teaching labs [1]. Sensemaking and answer-
seeking are often presented as a binary, and less is known
about the processes between these endpoints or how answer-
seeking moves might contribute to deeper sensemaking.

Research has examined how to support student agency in
their learning [1] by applying ideas, intuitions, and experi-
ences [7]; however, the answer-seeking scholarship has not
fully explored the associated dynamic relations of reasoning
processes. This research aims to unpack and analyze various
learning behaviors to understand better the connections and
pathways between answer-seeking and sensemaking. We ar-
gue that answer-seeking can indicate emerging sensemaking
within a “reformed” teaching lab environment. Here, we con-
sider the central question: What are the dynamics between
answer-seeking and sensemaking processes within a small
group setting?

Our learning environment is a reformed introductory
physics laboratory for life science (IPL2S) course [8]. The
IPL2S aligns with recent PER results that suggest traditional
labs aimed at confirming known physical laws and principles
add little value to student learning and can even be coun-
terproductive to student growth and attitudes toward science
[9, 10]. The IPL2S course was designed to facilitate sense-
making processes. Lab participants do not seek to verify well-
documented results. Instead, they are given autonomy over
the investigation, epistemic agency in design, and the chance
to build personal knowledge when navigating unknown re-
sults.

To gain insight into the wide range of learning processes
in an IPL2S course, we have conducted qualitative research
to track students’ moment-by-moment reasoning, similar to
methods used in other studies (e.g., [11, 12]). Physics lab en-
vironments that emphasize student agency and authentic en-
gagement with science practices [13] provide a valuable set-
ting to observe a range of reasoning processes, and prior work
has shown that sensemaking involves reasoning about proce-
dural and conceptual inconsistencies [6]. For the cases con-
sidered here, students are engaged in a spectroscopy inves-
tigation. They grapple with conceptual issues around spec-
troscopy, fluorescence, light scattering, and procedural issues
around the optical setup and light collection. Students itera-
tively refine their understanding through a nonlinear dialogue
involving group members, other groups, and instructors [6].
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We examine instances of answer-seeking, sensemaking, and
in-between behaviors that we label as emerging sensemaking
to capture this process.

II. THEORETICAL FRAMEWORK

To explore the variety of answer-seeking processes through
sensemaking, observing small group discussions, actions,
tone, and word choices is necessary. Thus, we focus on the
moment-by-moment timescale to analyze dynamics across
multiple interactions to understand students’ reasoning. To
frame this analysis, we use resource theory to view a person’s
knowledge as a complex system of organized resources that
operate at different levels depending on the context [14, 15].
These small resources comprise more significant concepts
and arguments during a moment-by-moment sensemaking [5]
or answer-seeking process. Within resource theory, some
research has focused on individuals’ resources [16]. How-
ever, more recently, this perspective has been applied to group
learning environments while taking into account how one stu-
dent’s resources impact others understanding [17]. In this
lab, students use equipment, discuss conceptual ideas, inter-
act with a teaching assistant (TA), and generate visual repre-
sentations of spectroscopic data. We expect students to acti-
vate various resources related to the lab as they exhibit agency
in their construction of new knowledge [1].

The categories described below are used to discern various
reasoning behaviors:

General answer-seeking (AS) are moves that are in ser-
vice of explicitly completing lab goals or peer agendas rather
than building an individual understanding of an underlying
phenomenon. Examples include attempting to get to the cor-
rect answer — or, in the case of a lab environment — com-
plete the investigation as quickly as possible and move on
[1, 5, 18, 19]. Notably, general answer-seeking is the um-
brella code with several sub-components, and the coding fo-
cuses on the students, not the TA.

Graphical answer-seeking (Graphical AS) are instances
when students focus on their graphical representations to
quickly draw conclusions of visually apparent characteristics
with little or no discussion. Examples include noticing trend
lines, numbers on the axis, or vibrant colors. In the lab set-
ting, students may even spend substantial amounts of time
potentially rearranging information in ways that do not mean-
ingfully contribute to their understanding.

TA answer-seeking (TA AS) are instances where students
prioritize the TA instruction, comments, and recommenda-
tions over following individual or group agency. For exam-
ple, this is often seen in a more traditional lab mindset [10],
where students focus on figuring out what the TA indicates or
how to answer the TA questions rather than a strong focus on
understanding the phenomenon or new knowledge.

Recall answer-seeking (Recall AS) are instances when
students recall or reproduce an answer or formal facts in ser-
vice of correcting the gap in their understanding. Examples



include explicit terminology to reference the physical phe-
nomenon or the investigation for answer-seeking purposes
rather than relying on prior knowledge to construct new un-
derstanding. Recall answer-seeking can be seen as cutting
and pasting [20] facts, rather than noticing gaps or inconsis-
tencies in understanding [5, 6].

These three specific types of answer-seeking behaviors
emerged from our data inspection and formed the basic codes
for our qualitative analysis. We also encountered concep-
tual and procedural sensemaking as described previously [6];
however, sensemaking is used in our data without further sub-
codes. Key to this work, we also recognize cases in between
answer-seeking and sensemaking, which we call emerging
sensemaking (Emerging SM). In particular, emerging sense-
making are instances when student reasoning shifts toward
genuine sensemaking or may revert to some form of answer-
seeking. Examples include noticing an inconsistency, ob-
serving something interesting in the data without exploring
the physical phenomenon, or driving for resolution. During
emerging sensemaking, we see students making meaningful
connections as described in the sensemaking literature [5]
but relying on other group members to figure out the phe-
nomenon.

III. CONTEXT & METHODS

Our data come from four undergraduate students during
a Spectroscopy & Fluorescence lab in the second-semester
IPL2S course at a large research university [8]. Many students
in this course are life/health science majors and are juniors or
seniors. Both semesters of this course were completely over-
hauled in 2017-18 according to stakeholder recommendations
[21, 22] and the NEXUS/Physics curriculum [23], which em-
phasize open-ended lab experiments [6]; the IPL2S courses
have evolved further since the initial reforms. The second-
semester IPL2S course is broken into four primary investiga-
tions — hemodynamics, electrophoresis, spectroscopy & flu-
orescence, and circuits & axon transmission — each spanning
three weeks. In groups of three to four, students collaborate
to develop research plans, collect and analyze data, synthe-
size their data in peer argumentation sessions, and prepare a
final lab report.

During data collection, video cameras and backup audio
recorders were placed at each group’s workstations, and com-
puter screen recordings were gathered. Wide-angle camera
lenses on shelves above group stations captured the entire
group’s head and body positions around the computers [6].
Group station recordings are helpful to see the precise mo-
ments when the TA interacts with the group to distinguish
between sensemaking and TA answer-seeking. We use the
screen capture software recordings as an extension to observ-
ing group behaviors so we can see how they work with or
manipulate their data and representations.

Three of the authors of this paper were present during data
collection to take ethnographic field notes and observe overall
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interactions [24]. Based on an initial review of the field notes,
including a preliminary scan of all four participating groups,
we focused on one particular group because their interactions
revealed a rich variety of reasoning behaviors weighted some-
what toward the answer-seeking end of the spectrum. We in-
spected the videos of the IPL2S data, made transcripts, and
began preliminary coding in ATLAS.ti [25].

Our team met regularly to discuss the data, re-watch the
recordings, and discuss the literature. Together, we iter-
ated the code book and engaged in collaborative viewing
sessions to achieve consensus [15, 26]. Identifying the dy-
namics between answer-seeking and sensemaking required
us to examine multiple participants’ interactions over time
to see the layers emerge. During this process, we coded
the entire transcript using the previously mentioned codes for
answer-seeking and sensemaking. While reviewing audiovi-
sual recordings and transcripts from the group, we noted in-
stances where individual members took limited ownership of
their learning. The group’s interactions presented as efforts
to produce canonically correct answers [1], taking up low
epistemic agency, and not identifying what may have gone
wrong or be incorrect in order to understand and resolve the
issue [27, 28]. However, pathways are emerging between
answer-seeking and sensemaking. The selected final cases
provide examples of the dynamic relations of answer-seeking
and sensemaking for the observed group [29].

IV. ANALYSIS OF TWO CASE STUDIES

Here, we present two cases: one illustrating distinc-
tive answer-seeking behaviors and the other demonstrating
emerging sensemaking. Group members previously collected
data through a fiber-optic cable and spectrometer to measure
how light interacts with chlorophyll and distilled water. Dur-
ing the cases we include, the students are learning to decipher
their data by examining spectroscopic phenomena through
the various transformations that may have occurred. The stu-
dents discuss the implications of their data with the TA (Leo)
through their visual representations (see Fig. 1). Students
are gaining experience comparing plots and recognizing how
light interacts with different substances, such as chlorophyll
and distilled water.

The first case we discuss highlights the different types of
answer-seeking. During this time, all four group members are
present and listening. The conversation, however, is primar-
ily between Leo and the student Rex, with Kai occasionally
interjecting brief affirmations like “k™ and “ok”. We observe
that Rex is not sensemaking; instead, Rex is relying on Leo to
indicate what to do and what to look at. Rex is also answer-
seeking by asking how to interpret the graph and attempting
to copy and paste ideas by mentioning UV light from un-
known sources. Codes to categorize the interactions in the
dialog follow the transcript.

TA: What you can do is compare across peaks within the
same spectrum. (Kai: k) So, like specifically talking
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FIG. 1. Relevant plots were discussed by the group during the two
cases. The upper plot shows unfiltered light, while the lower plot
shows light passing through chlorophyll. Characteristics of light
can be inferred by comparing both plots and observing the relative
heights of the peaks.

about the UV, you could compare like the primary UV
peak to the secondary peak, like the next largest. (Kai:
ok) And then see how that intensity changes between
different spectra.

Rex: Say the first one goes from say 22 to 25. [Graphical
AS]

Rex: Is that what you’re saying? [TA AS]

Rex: The first UV peak, purple one? [Graphical AS]

TA: Although, So for your question, I think really what you
should be thinking about is a.

Rex: Something it’s got to do with UV light, because UV
light is what kills stuff and if were talking about, right.
[Recall AS]

Rex: Is that the right track? Like water decreases. [TA AS]

TA: So, that’s an, that’s an interesting track. That’s not what
I was thinking of, (Rex: alright) but that’s an interesting
track to think about. What all I was going to say was,
you should you should look and see how similar the
spectra are between the, between the pure spectrum,
between the pure light and then after it passes through
chlorophyll versus after it passes through water.

We see three specific ways Rex is answer-seeking in re-
sponse to what the TA discusses. Rex prioritizes the TA in-
struction and recommendations rather than working to revise
individual understanding to resolve a gap or inconsistency.
The second case occurs moments later as the group continues
discussing the peaks in their plots. At this point, three of the
four students (Cal, Kai, Rex) in the group engage in different
varieties of answer-seeking along with moments of emerging

sensemaking. Meanwhile, the fourth student, Ash, remains
quiet. We picked case two because each student within the
group is doing different things while discussing ideas with
the TA on and off.

Cal: The purple is the UV light right? (Kai: yeah) So you
have this, you have the primary peak at 22 and then
this secondary peak at 25. Or, I'm sorry, the primary
peak at, like 400 or like 390. [TA AS]

Cal: And then like, this one. But then that same peak isn’t
there in the, is that through chlorophyll? [Emerging
SM]

Rex: Is the one on the right (see upper Fig. 1) through water
or just pure light being shined? [Graphical AS]

Kai: It’s just the regular light.

Rex: All right, so we need to get the one with the water on.

Kai: Its right here.

Cal: So both, so in both water and in the chlorophyll, this
600 nanometer wavelength disappears. Like it, like it
goes. It’s completely gone. [Emerging SM]

Rex: That’s true. I see what you're saying.

Cal: And that kind of makes sense for, for chlorophyll, where
that’s more or less the green wavelength right between
500 and 600 nanometers. So for chlorophyll to absorb,
the green part of UV light, that kind of makes sense but
then water absorbs kind of the same, wavelength. [SM]

Kai: Yeah, what I thought he was saying is, that he’s like look
here and be like. The intensity of the first UV peak is
22 the second one is 25 so that’s a 3% change and then
do the same over here and be like, instead, this one had
a, you’d say this is the second peak, had a, what, 70%
change. [TA AS]

Kai: I don’t, —(Cal: yeah)- I don’t get how, you’re not, you
can’t compare them to each other, is I think where my
confusion lies. [Emerging SM]

Cal: You can compare the ratios of them to each other. [TA
AS]

Kai: Yeah, well yeah, I guess. I don’t know. [AS]

Cal: Soifl, soifItake, if I take this, if I take this wavelengths
peak and ratio it to, say, like, the 600 wavelength peak.
And compare the ratio of that to the ratio of this, then
that can start to say something meaningful about the
property that that, that thing has versus —(Kai: yeah)—
just like —(TA: ok so, I’'m) [Emerging SM]

Cal: Can you help us guide our thoughts? (TA: yes) Cause I
feel like I'm rambling and —starting to go into nowhere.
[AS and TA AS]

TA: —No you actually, you, no there was good stuff, um. Be-
cause there is a time limit to how long we can be here.
I am going to ask a question, that hopefully will put
you on a good track, which is, when the light passed
through water, was there, very much absorption of any
of the lights? Or do their spectrum look the same as
when you, as just like the pure spectrum? And then
you should think about that same question for chloro-
phyll.

When analyzing these two example cases, we can iden-



tify instances when students are not taking ownership of their
learning. The case two transcript showcases the balance be-
tween sensemaking and merely following TA instructions.
Without looking at the granular context of this interaction,
it would be easier to assign a straightforward binary between
sensemaking and answer-seeking. When we read the dialog
in the context of the first example, where the TA directs the
students toward a formal objective, we can see the layers be-
tween TA answer-seeking and emerging sensemaking begin
to occur.

If we read just the comments from Cal, we see how quickly
they turn from answer-seeking to emerging sensemaking to
sensemaking. The conversation later ends with Cal demon-
strating emerging sensemaking type comments, but this time,
Cal shifts towards answer-seeking by asking for help. Thus,
we argue that emerging sensemaking moments are key for in-
structors to recognize whether to facilitate directing students
towards ownership of their learning [1] or providing encour-
agement.

The data also shows that Kai is primarily TA answer-
seeking as most of their dialogue involves explaining con-
fusion in the context of what Leo previously indicates. Kai
does, however, engage in moments of emerging sensemak-
ing when Kai begins to recognize where their confusion lies.
Kai does not, however, vocally work to resolve their confu-
sion and how it relates to what Cal is working to understand
in data. Meanwhile, Rex remains primarily in the answer-
seeking mode.

Across both cases, we get a sense of the types of answer-
seeking and the mix of emerging sensemaking cases beyond
a simple binary of one or the other. We see how both emerg-
ing sensemaking and answer-seeking are happening simulta-
neously. The transcript ends with the TA recognizing a time
constraint with what the group still needs to accomplish be-
fore the end of the lab, and Leo ultimately pushes them to-
wards finishing the investigation.

V. DISCUSSION AND LIMITATIONS

In the existing PER literature, sensemaking has been
widely valued in labs [6], while answer-seeking has gener-
ally been viewed as less helpful. There has been a tendency
to view answer-seeking and sensemaking as a dichotomy, of-
ten focusing on whole groups without considering variabil-
ity within the group. By recognizing that answer-seeking in-
cludes several subcategories, we conceptualize the dynam-
ics leading toward emerging sensemaking and seek produc-
tive ways to support students in sensemaking. Analyzing one
group of students, we see the precise moments where indi-
viduals follow their unique reasoning trajectories, shifting be-
tween answer-seeking and sensemaking behaviors rather than
consistently engaging in one or the other. The cases provided
show how students navigate emerging sensemaking during
small group discussions, adding to the literature that recog-
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nizes the complexity of group dynamics in a physics learning
environment [11, 30]. There are moments when one individ-
ual might engage in more answer-seeking of one type while
other students simultaneously participate in different activ-
ities, including sensemaking. Examining multiple talk turns
across various group member interactions is necessary to cap-
ture the dynamic process.

The authors note that following every idea that surfaces due
to parallel discussions in a loud lab environment is not possi-
ble. There are moments where conversation is lost when stu-
dents interact with peers in another group or stand in locations
beyond the range of audio recorders. Additionally, while the
instructor encouraged students to use classroom computers,
there were instances where individual group members en-
acted data analysis on their personal devices. Using numer-
ous, partially redundant recording devices alleviated these
limitations, allowing us to piece some meaningful interac-
tions together. Another limitation stems from our institution’s
data collection procedures, as we could not collect more nu-
anced demographics. Future work would benefit from care-
fully evaluating group dynamics with consideration of demo-
graphics, including identities, backgrounds, and gender that
may impact sensemaking and answer-seeking.

Our results, however, are essential for building a nuanced
model of the complex relationship and progression between
answer-seeking, sensemaking, and student reasoning. Rather
than focusing on answer-seeking as an undesirable behavior,
there is an opportunity to explore how answer-seeking can
be a valuable part of the process leading toward sensemak-
ing. Given that answer-seeking is ubiquitous in labs and other
learning environments, our findings suggest that instructors
can look at the nuances of answer-seeking by recognizing and
acknowledging student confusion and use it as an opportu-
nity to guide students towards sensemaking. This work raises
further questions about how the refined details of TA com-
ments influence when students engage in different types of
answer-seeking and sensemaking, knowing the impact a TA
can have on student learning. This research may especially
help support TAs, who play vital roles in the physics learning
experiences of numerous undergraduates. Future work would
benefit from focusing on how to encourage students that are
answer-seeking toward emerging sensemaking in order to re-
fine TA training along with other instructor supports.

VI. ACKNOWLEDGEMENTS

The authors thank the hard-working TA in the case study
and the student’s willingness to participate. We thank Kelby
T. Hahn as the lead instructor for ongoing suggestions and as-
sistance. We also thank the thoughtful comments from three
anonymous peer reviewers. We thank and acknowledge finan-
cial support from the Department of Educational Psychology.
This material is based upon work supported by National Sci-
ence Foundation (NSF) Grant No. 1938721.



[1] M. Sundstrom, R. K. Fussell, A. M. Phillips, M. Akubo, S. E.
Allen, D. Hammer, R. E. Scherr, and N. G. Holmes, Phys. Rev.
Phys. Educ. Res. 19, 020140 (2023), URL https://link.aps.org/
doi/10.1103/PhysRevPhysEducRes.19.020140.

[2] T. O. B. Odden and R. S. Russ, Phys. Rev. Phys. Educ.
Res. 14, 020122 (2018), URL https://link.aps.org/doi/10.1103/
PhysRevPhysEducRes.14.020122.

[3] Y. Chen, P. W. Irving, and E. C. Sayre, Phys. Rev. ST Phys.

Educ. Res. 9, 010108 (2013), URL https://link.aps.org/doi/10.

1103/PhysRevSTPER.9.010108.

R. E. Scherr and D. Hammer, Cognition and Instruction 27,

147 (2009), URL http://www.jstor.org/stable/27739907.

[5] T. O. B. Odden and R. S. Russ, Science Education 103, 187
(2019), URL https://onlinelibrary.wiley.com/doi/abs/10.1002/
sce.21452.

[6] J. M. May, L. A. Barth-Cohen, J. M. Gerton, C. De Grandi, and
A. L. Adams, Phys. Rev. Phys. Educ. Res. 18, 020134 (2022),
URL https://link.aps.org/doi/10.1103/PhysRevPhysEducRes.
18.020134.

[7] L. A. Barth-Cohen, H. Swanson, and J. Arnell, Phys. Rev.
Phys. Educ. Res. 19, 020119 (2023), URL https://link.aps.org/
doi/10.1103/PhysRevPhysEducRes.19.020119.

[8] J. M. May, C. D. Grandi, J. M. Gerton, L. Barth-Cohen,
A. Beehler, and B. Montoya, American Journal of Physics 90,
452 (2022), URL https://doi.org/10.1119/10.0009715.

[9] B. R. Wilcox and H. J. Lewandowski, Phys. Rev. Phys. Educ.
Res. 13, 010108 (2017), URL https://link.aps.org/doi/10.1103/
PhysRevPhysEducRes.13.010108.

[10] N. G. Holmes, J. Olsen, J. L. Thomas, and C. E. Wieman, Phys.
Rev. Phys. Educ. Res. 13, 010129 (2017), URL https://link.aps.
org/doi/10.1103/PhysRevPhysEducRes.13.010129.

[11] N. G. Holmes and H. J. Lewandowski, Phys. Rev. Phys. Educ.
Res. 16, 020162 (2020), URL https://link.aps.org/doi/10.1103/
PhysRevPhysEducRes.16.020162.

[12] A. Karelina and E. Etkina, Phys. Rev. ST Phys. Educ.
Res. 3, 020106 (2007), URL https://link.aps.org/doi/10.1103/
PhysRevSTPER.3.020106.

[13] AAPT Committee on Laboratories, AAPT Recommendations
for the Undergraduate Physics Laboratory Curriculum (Amer-
ican Association of Physics Teachers, College Park, MD,
2014).

[14] D. Hammer, American Journal of Physics 68, S52 (2000), URL
https://doi.org/10.1119/1.19520.

[15] R. E. Scherr, Phys. Rev. ST Phys. Educ. Res. 5, 020106
(2009), URL https://link.aps.org/doi/10.1103/PhysRevSTPER.
5.020106.

(4]

449

[16] O. Levrini and A. A. diSessa, Phys. Rev. ST Phys. Educ.
Res. 4, 010107 (2008), URL https://link.aps.org/doi/10.1103/
PhysRevSTPER.4.010107.

[17] L. A. Barth-Cohen and M. C. Wittmann, Science Education
101, 333 (2017), URL https://onlinelibrary.wiley.com/doi/abs/
10.1002/sce.21264.

[18] D. Stroupe, Science Education 98, 487 (2014), URL https://
doi.org/10.1002/sce.21112.

[19] E. Miller, E. Manz, R. Russ, D. Stroupe, and L. Berland, Jour-
nal of Research in Science Teaching 55, 1053 (2018), URL
https://doi.org/10.1002/tea.21459.

[20] S. Rosenberg, D. Hammer, and J. Phelan, Journal of the Learn-

ing Sciences 15, 261 (2006), URL https://doi.org/10.1207/

s153278091s1502_4.

American Association for the Advancement of Science, Vision

and Change in Undergraduate Biology Education: A Call to

Action (American Association for the Advancement of Science

Press, Washington, DC, 2011).

Howard Hughes Medical InstituteAAmerican Association of

Medical Colleges Committee, Scientific Foundations for Fu-

ture Physicians (American Association of Medical Colleges,

Washington, DC, 2009).

K. Moore, J. Giannini, and W. Losert, American Journal

of Physics 82, 387 (2014), URL https://doi.org/10.1119/1.

4870388.

[24] R. M. Emerson, R. 1. Fretz, and L. L. Shaw, Writing Ethno-
graphic Fieldnotes (University of Chicago Press, Chicago,
2011), 2nd ed.

[25] ATLAS.ti Scientific Software Development GmbH, Atlas.ti,
Qualitative data analysis software (2024), URL https://atlasti.
com.

[26] S. J. Derry, R. D. Pea, B. Barron, R. A. Engle, F. Erickson,
R. Goldman, et al., The Journal of the Learning Sciences 19, 3
(2010), URL https://doi.org/10.1080/10508400903452884.

[27] A. M. Pnhillips, J. Watkins, and D. Hammer, Phys. Rev. Phys.

Educ. Res. 13, 020107 (2017), URL https://link.aps.org/doi/10.

1103/PhysRevPhysEducRes.13.020107.

A. M. Phillips, M. Sundstrom, D. G. Wu, and N. G. Holmes,

Phys. Rev. Phys. Educ. Res. 17, 020112 (2021), URL https:

/Mink.aps.org/doi/10.1103/PhysRevPhysEducRes.17.020112.

R. K. Yin, Case Study Research: Design and Methods, vol. 5

of Applied Social Research Methods Series (Sage Publications,

Thousand Oaks, Calif., 2003), 3rd ed., ISBN 076192552X, in-

cludes bibliographical references (pages 167-174) and index.

R. S. Russ and T. O. B. Odden, Phys. Rev. Phys. Educ.

Res. 13, 020105 (2017), URL https://link.aps.org/doi/10.1103/

PhysRevPhysEducRes.13.020105.

(21]

[22]

(23]

(28]

[29]

(30]





