Using drawings to compare groupmates’ experiences in an introductory physics lab
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Introductory physics labs not only develop students’ conceptual learning, but they also enculturate students
into STEM as a community-oriented profession based on cooperative work around shared resources. An intro-
ductory lab can be thought of as a Community of Practice, defined as a group of members pursuing a common
set of goals by using conventional practices. Students can develop different perspectives of the community
within an introductory lab, embedded in each student’s mental model of the lab. We administered a survey in
which students drew a picture of their mental model of Introductory Physics for Life Sciences. In analyzing the
contents of these drawings, we need to establish whether students are drawing their internalized perspectives as
intended, or are drawing photographic depictions of the literal lab environment. To address this concern, here
we examine drawings from three groupmates with a shared lab experience. We arrange the contents of these
drawings in a Venn diagram and look for similarities and differences in their literal, figurative, and abstract
elements. We find that they hold only a few literal and figurative elements in common, with a broad diversity
of unique literal, figurative, and abstract elements. This diversity gives us confidence that this survey collects
information about students’ perspectives as intended.
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I. INTRODUCTION: EXPRESSING STUDENT MODELS

OF A LEARNING COMMUNITY

An introductory physics lab can be considered a Commu-
nity of Practice (COP) [1] in which students are enculturated
into authentic physics practices by learning from peers and
instructors in pursuit of a set of common goals or interests. In
this way, introductory labs offer space for students to develop
an identity and sense of belonging within the community [2—
5] in an environment characterized by trust, respect, and risk
taking [6-9].

In order for these benefits to be realized, students must
also perceive the introductory lab as a COP with these fea-
tures. For example, offering opportunities to engage in au-
thentic practices only motivates students insofar as they per-
ceive these practices as authentic. Students develop positive
identities only in labs where they feel affirmed in those iden-
tities. And students might be aware of certain goals for the
lab but not personally identify with those goals. Students, it
has been shown, can develop differing mental models of a
COP (COP model) they are a member of [10-12], suggesting
that students might respond to an introductory lab differently
based on the mental models they hold.

To explore these perceptions, we have developed a sur-
vey in which students express these COP models by draw-
ing [12] a visual representation that is both rich with meaning
and straightforward to analyze. Drawing has been used to
study the student learning experience [13—-16] by highlight-
ing differences and patterns in students’ perspectives [17—
19]. For example, the Draw-a-Scientist Test solicits stu-
dents’ and teachers’ conceptions of scientists and science
[20-22], revealing evidence of stereotypical characteristics
[23, 24]. Drawing helps the student to express abstract con-
cepts through visual elements [25-28] using a visual for-
mat of their choice [29]. By aligning a drawing survey’s
prompts with an established framework (in our case, COPs),
researchers can collect information that can be directly stud-
ied with that framework without having to invoke jargon or
insider knowledge unfamiliar to the student [30—38]. Because
drawing-based data collection expands students’ means of
representing their perspectives, it promotes equitable involve-
ment of research subjects across cultural contexts [32, 33, 39—
43], promoting the value and rights of research subjects
[37, 44]. Additionally, STEM students are already trained to
represent their ideas graphically [45-48], and we have found
that STEM students respond well to a drawing-based survey
format with little prompting or encouragement required.

Our research design involves administering a survey that
collects drawn and written responses about the introductory
lab COP (see Section II), thematically cataloging the drawing
elements for the goals, members, and practices of the COP,
and then studying patterns in these elements at a holistic scale
[12, 49]. As we have shared this emerging methodology with
the PER community, nearly all the feedback we have received
has been positive. However, one concern that could threaten
the validity of this methodology is the potential for students
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to draw a highly literal photographic recreation of the intro-
ductory lab experience. Such a response would not show us
the student’s perspective about the COP as intended, meaning
this process could over-interpret the student’s response.

To help address this concern of literality, in this paper, we
consider how students might depict literal elements as a sim-
ple statement of fact (e.g., “We sit on chairs during lab.”),
how they might depict literal elements figuratively to demon-
strate an iconic idea (e.g., “This linear graph is the type of
data we’re looking for.”) [27, 50], and how they depict ab-
stract elements (e.g., “This light bulb over my head means I
learned a lot.”). These different types of depiction point to the
decisions that students make about what elements to include.
We posit that, if students respond to the drawing-based sur-
vey primarily with literal elements as fact, we would expect
to see many literal elements in their drawings, with a high
degree of similarity between drawings from students of simi-
lar experiences; however, if their decision-making leads them
to different emphases, we would expect to see a high degree
of diversity in both literal and abstract elements even from
students with similar experiences.

Here, we address the concern of literality by examining
drawings of an introductory physics lab created by a group of
students who worked together in a lab group. These group-
mates shared a semester of lab experiences, so if their re-
sponses to the survey tend to be literal elements as fact, we
would expect similar literal elements in their drawings with
little diversity in abstract elements. We guide this investi-
gation with the following research question: How do group-
mates’ drawn expressions of an introductory lab community
differ in terms of literal elements, literal elements used figu-
ratively, and abstract elements?

In Section II, we present the introductory-lab drawing sur-
vey that we administered and discuss how we cataloged the
drawings’ elements. In Section III, we review the three
groupmates’ drawings and examine the elements they shared
in common and the elements they each uniquely depicted. In
Section IV, we discuss observations from our drawing com-
parison that help answer our research questions.

II. METHODOLOGY

We administered an introductory lab drawing survey to a
studio-format [51] first-semester introductory physics for life
sciences (IPLS) class [52] at a mid-size state university with
R2 status. The survey was developed and validated using the
Response-Process Evaluation method [12, 53] and includes
the following prompts:

1. On a sheet of paper or a digital whiteboard, draw a pic-
ture that shows your experiences learning in the studio
for Introductory Physics for Life Sciences (this course).
Feel free to draw multiple scenes to communicate your
thoughts, and show what it’s like working directly with
others and working individually in this studio. In your
picture, use labels or descriptions to identify who is



there, what they are doing, and why.

. Look over your picture and add the following if they’re
missing from your picture:

] The goals people in your lab are trying to accom-
plish.

0] Activities the people in your lab do to reach those
goals.

[ How these activities help accomplish these goals.

[J How you, individually, participate in these activities
and goals.

[ How you feel about these activities and goals.

. In the space below, describe what’s in your picture, and
give a few examples of events that inspired your pic-
ture.

. Who do you typically work with (or who did you typi-
cally work with) in studio?

Prompt 1 is designed to be open-ended and encourage stu-
dents’ free expression of their perspectives. Prompt 2 then
narrows the focus on ideas from the COP framework (goals,
members, and practices) to ensure that we are collecting in-
formation about the student’s COP model. Prompt 3 helped
us when analyzing drawing contents (described below). Our
validation study showed that this survey reached a saturated
level of detail in the student’s drawing and confirmed the stu-
dents understood the prompts as intended [12].

For this study, we used Prompt 4 to identify three stu-
dents from a common lab group to focus on students with
a common lab experience. Here, we give them pseudonyms
Karmen, Moses, and Sarah that are indicative of each group-
mate’s gender. Their drawings are depicted in Figure 1.

Following the methodology outlined in [12], we cataloged
each element in the students’ drawings using a checklist of
questions about the objects, descriptors, behaviors, and inter-
actions depicted in each drawing [54]. This iterative review
process required us to review each drawing four times and
helped us ensure we had identified each unique drawing el-
ement. We cataloged elements together, reaching consensus
through discussion. For example, we discussed when to give
similar elements similar names (such as “lab equipment”) and
when to keep elements distinguished (such as an explicitly
identified self or unspecified student figures). We found that
collaboration was key to the cataloging process as faculty
(WBL) and students (CD, GK, TS) offer complementary in-
sights into the experience of an introductory physics lab. As
has been observed in the literature [19, 36, 41, 48, 55, 56], we
found Prompt 3 helpful when cataloging drawing elements
that we did not recognize or did not see the significance of.

Once all the drawing elements were cataloged, we then cat-
egorized each element as related to a goal, member, or prac-
tice of the lab’s COP. We were able to clearly identify a cat-
egory for each element, with no element requiring multiple
categories. These categorizations are color-coded in Figure
1. For example, each drawing depicts the student and their
lab partners (members) and one or more pieces of lab equip-
ment (practice).
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III. RESULTS OF GROUPMATE DRAWING

COMPARISON

Here, we discuss the format and elements in each group-
mate’s drawing. We then compare the drawings based on ele-
ments they have in common and elements they each uniquely
contain.

A. Review of Drawing Formats and Contents

Reviewing each drawing from Figure 1 individually, we
see that Karmen, Moses, and Sarah’s drawings show a di-
versity of expressions, both in format and in content. Kar-
men’s drawing uses two scenes to show the difference be-
tween working alone and working with groupmates and the
instructor. She depicts lab equipment (cart, coffee filter,
weights) and software (VPython) that were used in different
lab activities, indicating that her drawing synthesizes differ-
ent experiences. Her rolling whiteboard includes various rep-
resentations (graph, vector arrows, text) the students would
use throughout the semester. The people she depicts have
specific facial expressions or body language to communicate
emotions. Finally, she uses abstract symbols like thought
bubbles, exclamation and question marks, and a check and x
to evaluate what each scene represents about her experience.

On the other hand, Moses’ drawing employs a comic strip
format to showcase a sequence of events. Lab equipment (a
cart and coffee filter) features in only one of the eight panels.
The people are also depicted with facial expressions and body
language to communicate emotions, and he uses abstract ele-
ments like arrows and labels to represent the sharing of ideas
and celebration of learning. In some panels, Moses depicts
the instructor and whiteboard at a larger scale than the stu-
dents, which has been found to typically indicate a sense of
importance invested in these elements [37, 57-59]. As in Kar-
men’s drawing, the lab equipment that Moses depicts were
not used in the same lab activity, indicating that his drawing
is to some extent a synthesis of his experiences.

Finally, Sarah’s drawing integrates written descriptions
more prominently. She focuses on the distribution of roles
among groupmates, which is known to impact the student
learning experience [60]. Similar to Moses, she draws some
elements at a larger scale, in this case, the computer and
whiteboard in the upper-right corner of the drawing. She
might have drawn these larger to give more detail of the
graphs displayed, but this also likely indicates an investi-
ture of importance. Of note, the graphs on the computer and
whiteboard match. Copying graphs from computer output to
the whiteboard is a common practice in this course.

B. Comparison Between Groupmates’ Drawings

To compare the contents of these drawings, we created
the Venn diagram in the center of Figure 1 to examine the



elements in common between Karmen, Moses, and Sarah’s
drawings. Each drawing element is color-coded based on its
COP category (blue for goal, green for member, red for prac-
tice). Each element includes a superscript indicating how it
seems to be used, based on the drawing context and the group-
mates’ written description: L indicates a literal depiction like
might appear exactly in lab; F indicates a literal depiction
used figuratively; and A indicates abstract depiction.

Most of the elements from these three groupmates’ draw-
ings are related to practices within the studio lab. This is
typical across the broader set of drawings from the class.
Practice-related elements include hands-on items like equip-
ment, software, and the rolling whiteboards, as well as actions
like sharing ideas, taking photos, and evaluating outcomes as
correct or incorrect. Member-related elements are also promi-
nent. These elements include people involved in the lab such
as the student, their groupmates, and their instructor. These
elements also include descriptors about these members such
as emotional states, confusion, and being alone or together.
Goal-related elements are more rare across these drawings.
While we found four goal-related elements in Sarah’s draw-
ing, we found only one in Moses’ drawing and none in Kar-
men’s. We find a similar trend in the broader set of drawings
from the class, with goal-related elements being rare and not
shared by many students.

Examining the distribution of drawing elements across the
Venn diagram, we see that these groupmates, despite sharing
a common experience in their lab group, chose only a few
common elements to depict in their drawings. The central in-
tersection of the Venn diagram shows that the only elements
included in all three drawings were lab equipment, the rolling
whiteboards, the process of writing, the student’s self, and
their groupmates. These common elements include a com-
bination of literal and figurative elements. For example, the
whiteboards and the writing upon them are fairly literal as
they might appear in lab. However, both Moses and Karmen
depicted lab equipment (a motion cart and a stack of coffee
filters) that were not used in the same activity. Therefore,
the lab equipment seems to indicate the type of activities one
might carry out in lab, but do not depict a literal lab activity
like one might see on a particular day in class.

The pairwise intersections are likewise not heavily popu-
lated. Karmen and Moses both depicted additional physical
equipment (dry erase markers and furniture), the instructor,
a state of confusion, and signs of approval or disapproval.
Moses and Sarah depicted students from other groups, a pro-
cess of sharing, and a goal of learning. Sarah and Karmen de-
picted a happy emotional state, computers, and graphs. These
intersections feature a combination of literal, figurative, and
abstract elements.

Most of the elements depicted in each drawing are unique.
Karmen, for example, places her name and a smiley face
on the whiteboard and contrasts herself working alone and
collaboratively. She also gives a detailed depiction of the
class’s use of VPython programming software. Moses in-
stead focuses on an emotional process culminating in cele-
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bration. Finally, Sarah depicts the most goal-related elements
of the three groupmates, along with the process of formal-
izing and sharing results with the class in a board meeting
(formal whole-class discussion moderated by the instructor).
Moses’ mention of a class discussion could be a formal board
meeting, or could represent informal inter-group interactions
that the instructors encouraged throughout the lab activities.
These unique elements include a combination of literal, figu-
rative, and abstract elements.

IV. DISCUSSION AND CONCLUSIONS

The groupmates employed a diversity of formats in their
drawings: Karmen depicted two scenes working alone and
with her partners, Moses used a comic strip format, and Sarah
used words and images to explain the flow of a lab activ-
ity. Even when depicting literal elements, the groupmates
arranged some figuratively. For example, both Karmen and
Moses showed carts and coffee filters in the same scene, even
though these pieces of lab equipment were never used in the
same activity. Similarly, Sarah’s depicted cart and VPython
were never used in the same activity, and VPython does not
depict a literal check or x to indicate working or erroneous
code. This diversity exemplifies the claims in the literature
on drawing-based data collection that drawing supports stu-
dents’ expression of ideas. Even in the commonalities shown
in these drawings, the groupmates framed their drawings with
different formats, which suggests differences in their perspec-
tives.

The Venn diagram highlights the diversity of expressions
that can be found with this drawing-based methodology.
These three groupmates experienced a common set of activ-
ities, barriers, interactions, and resolutions, and yet the con-
tent of their drawn expressions of this shared experience are
markedly different. The center of the Venn diagram contains
only five elements, and while three of these central items are
fairly literal, the center does not include all the literal aspects
of the studio lab. For example, Sarah chose not to depict the
instructor (who was certainly present), Moses chose not to
depict a computer (which he certainly saw even if he was not
its primary operator), and Karmen chose not to depict other
groups (who were certainly present). The pairwise intersec-
tions contain a combination of literal, figurative, and abstract
elements. These include emotional depictions such as hap-
piness, confusion, and approval/disapproval, and the overall
goal of learning. Each drawing’s unique elements (not in any
intersection) are more figurative and abstract, with thought
bubbles, exclamation points, high fives (not a frequent literal
occurrence in the course), and goals. These unique elements
also contain more detailed depictions of literal events in stu-
dio, with Karmen focusing on a VPython activity, Moses fo-
cusing on the sharing of ideas, and Sarah focusing on an ex-
periment. The fact that these groupmates chose different de-
tails to include in their drawings suggests differences in their
perspectives of these details.



FIG. 1. Drawings created by three groupmates of their lab experiences, and a Venn diagram of the elements we cataloged in each groupmate’s
drawing. Elements are color-coded by COP category, with superscripts representing how each element seems to be used (L = literal depiction,

F = literal depiction used figuratively, A = abstract depiction).

We draw two conclusions from these observations: First,
the groupmates depicted different abstract elements and em-
ployed different formats that speak to a difference in their
COP models. Second, they used literal elements differently,
speaking to a difference in what their COP models focus on.
Therefore, we conclude that this introductory lab drawing
survey can collect a diversity of student expressions around
a common experience.

We study students’ perspectives of an introductory physics
lab using a drawing survey based on the Communities of
Practice framework. Our survey asks for students to visu-
ally represent their perspectives with an eye toward the goals,
members, and practices of their introductory lab. The useful-
ness of this survey depends on students’ drawing their per-
spectives instead of a literal depiction of the lab environment.
We posit that, if students respond to the survey with primarily
literal depictions, we would see a high degree of commonal-
ity in the literal content of the drawings created by students

with similar experiences. In this exploratory study, we in-
vestigate this concern by comparing the drawings created by
three groupmates with a shared lab experience. We arrange
the individual elements depicted in each groupmate’s drawing
in a Venn diagram to examine which common and unique el-
ements their drawings depict. We find that the three drawings
have only a few literal and figurative elements in common.
The unique elements in each drawing tend to be more figu-
rative and abstract, or show details about the lab experience
that the groupmates chose to include. This diversity shows
promise for the drawing-based survey’s ability to capture stu-
dent perspectives of the introductory lab as a Community of
Practice.
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