Investigating students’ views about the role of writing in physics lab classes

Jessica R. Hoehn and H. J. Lewandowski
Department of Physics, University of Colorado, Boulder, Colorado 80309, USA and
JILA, National Institute of Standards and Technology and University of Colorado, Boulder, Colorado 80309, USA

Writing is an important aspect of experimental physics. Physics laboratory classes typically engage students
in scientific documentation and writing in the forms of lab notebooks, reports, or proposals. Instructors of these
classes may have a variety of motivations for incorporating writing. We previously developed a framework
for thinking about the role of writing in physics lab classes that lists and categorizes possible goals instructors
may have for writing. Here, we use that framework as a research tool to investigate students’ views about, and
experiences with, writing in lab classes, and experimental physics more generally. We present results of an
analysis of student responses to weekly reflection questions throughout one semester of an advanced lab class.
The results suggest that students think about writing in a variety of ways, and that the context and framing of
the course may impact student thinking about the purpose of writing.



I. INTRODUCTION

Laboratory classes are a crucial part of undergraduate
physics education. As such, physics education researchers are
increasingly investigating various aspects of student learning
within lab class environments. Physics lab classes typically
include some amount of scientific documentation and writ-
ing, which often takes the form of lab notebooks, reports, or
proposals. Given that writing plays an important role in the
process of experimental physics, it makes sense to have stu-
dents learn about and practice scientific writing in lab classes.
Indeed, many within the PER community have learning goals
for lab classes that center around writing and communica-
tion [1-5]. However, there is a dearth of specific research on
why and how we implement writing in lab classes.

Many lab classes, especially at the advanced level, give
students the opportunity to design and conduct their own
experiments [6]. Writing often plays a big role in such
classes. The Joint Task Force on Undergraduate Physics Pro-
grams suggests that lab classes with a student-designed mul-
tiweek project will prepare students for 21st century careers
by providing “authentic research and communication experi-
ences” [2]. We are interested in exploring various aspects of
student learning during these student-designed projects.

In prior work, we developed a framework for thinking
about the role of writing in lab classes; it consists of fifteen
possible goals instructors may have for incorporating writing
as part of a student-designed multiweek final project, orga-
nized into five categories [7]. Here, we use the framework as
a research tool to investigate students’ views about, and expe-
riences with, writing in physics lab classes. We present a pre-
liminary analysis of students’ reflection responses from one
semester of an advanced lab class in order to address the fol-
lowing three research questions: (/) What are students’ views
about the role of writing in lab classes? (2) What do stu-
dents report learning from writing? (3) How does the specific
course context manifest in students’ approaches to writing?

II. FRAMEWORK

The framework [7] is a result of a coding analysis of four
interviews with lab instructors that was corroborated and
supplemented by literature on writing in science. The spe-
cific goals identified in the framework are organized into five
broader categories—Communication, Writing as profession-
alization (WAP), Writing to learn (WTL), Course logistics,
and Social emotional. Each category represents a distinct ap-
proach to writing, yet they often overlap or co-exist. For the
present study, we focus our analysis at the level of these cate-
gories and conduct a course-grained investigation of students’
views about, and experiences with, writing. In this section,
we describe each of the five categories as articulated in the
framework. Then, in Section III C, we provide examples of
how we coded student reflections using the categories.

Communication. In physics and physics education, it is

common to think about and treat writing primarily as a mode
of communication. This category emphasizes the general idea
of communication skills and treats writing as packaging for
already formulated ideas, focusing largely on the final prod-
uct of writing, rather than the process. Aligned with the com-
munication category would be a view that the purpose of writ-
ing is for the writer to share what they know or what they did.
In teaching physics lab classes, we may incorporate various
forms of writing in order to help students improve their com-
munication skills. Indeed, the general idea of communication
is commonly included as a goal of physics lab classes [1, 5].

WAP. The WAP category foregrounds the importance of
writing as a professional activity. Through engaging in writ-
ing in a physics lab class, students may learn and adopt pro-
fessional discourse norms, practice disciplinary forms of rea-
soning or argumentation, and come to understand the central
role that written communication plays in the process of sci-
ence. Many physics lab classes include learning goals related
to professionalization and discipline-specific modes of com-
munication [1, 8]. While in some contexts there may be sig-
nificant overlap between the communication and WAP cate-
gories, the discipline-specific nature distinguishes WAP as its
own category. Through practicing professional norms of writ-
ten communication, students can become more central mem-
bers of the professional community of physicists [9].

WTL. The WTL approach [10] treats writing as a tool to
facilitate thinking and learning, foregrounding the process of
writing rather than the final product. While the communica-
tion category treats writing as a package for already formu-
lated ideas, the WTL category focuses on the creation, re-
finement, and articulation of those ideas. A WTL approach
frames writing for students as a messy and iterative process
that can be used to construct understanding, synthesize and
clarify ideas, figure out solutions to problems, construct and
refine arguments, and reflect on one’s own views and experi-
ences [11, 12]. As such, the act of writing can facilitate learn-
ing both content and practices of physics through “frequent
practice, effective feedback, and continual revision” [13].

Course logistics. The practical reality of physics lab
classes is that writing assignments can play a crucial role in
the structure of the class, allowing students to successfully
complete experiments and instructors to successfully guide
and evaluate the students’ work. In the framework, the course
logistics category contains two specific goals that instructors
may have for writing: facilitating the project, and grading. A
given piece of writing may be necessary to help the students
make progress on their experiments, especially in the context
of student-designed multiweek projects, by requiring them to
plan ahead or by ensuring continuity from one lab session to
the next. Or, the writing may serve as a way for instructors
to evaluate students’ progress and assign a grade. The course
logistics category encompasses these practical and structural
aspects of incorporating writing in lab classes.

Social emotional. As with any physics class, our goals for
lab classes may include things like supporting student agency
and identity, and facilitating positive affective experiences [1,



14, 15]. Writing can be a vehicle through which to address
these goals. The social emotional category refers to the role
that writing can play in supporting students’ experiences in
the social environment of the lab class. This category does
not appear in the student data we present in this paper, so we
do not include it in the analysis below.

III. METHODS

As part of a broader research project, we partner with ad-
vanced lab instructors at multiple institutions across the US,
and collect various forms of data. In this paper, we present
preliminary analysis of one stream of data (weekly student
reflections) for one semester of an advanced lab class.

A. Course context

The data we present in this paper come from an advanced
physics lab course at a large, private, predominantly white,
PhD granting research university in the western United States.
The course typically enrolls 20 junior physics majors, split
into two sections. In a 15-week semester, it covers acous-
tics, micro fabrication, optics, and vacuum systems, and cul-
minates with a 3-week student-designed final project. The
overall goal of the course is to prepare students to conduct re-
search for their senior theses (though many students have al-
ready started research by the time they take the class). In our
research, we focus on the final project portion of this class.

Writing plays a big role in the final projects. Though the
students do not actually conduct their experiments until the fi-
nal three weeks, they engage in a proposal process that begins
in week 4 (W4) of the semester. Every student selects a topic
of interest and writes a “white paper” to propose their own
experiment. They engage in peer review of the white papers
(every student reads a white paper from a student in the other
section of the class), including a class-wide panel discussion.
Then, the instructors select half of the proposed projects to
receive “funding” (i.e., they get to go forward with the exper-
iment). Funded and non-funded students team up in pairs to
carry forward the funded projects. Each team first gives an
oral presentation of the proposed project, and then submits a
written proposal. The proposals are also peer reviewed, and
the students have a chance to address reviewer feedback be-
fore submitting their final proposal and beginning to carry out
the project. The proposal is intended to expand on the white
paper and ensure that the students are prepared to conduct
the experiment. In addition to the white paper and proposal,
which comprises the bulk of the writing in the class, students
are expected to keep lab notebooks throughout the semester.

While the overall goals for writing in this course address
multiple categories in the framework, the implementation and
framing of writing for the final project is particularly aligned
with a WAP approach. The white paper and proposal process
is intended to teach students about realistic practices within

experimental physics, as well as to have the students learn and
practice professional discourse norms. The use of the term
“white paper” and the fact that some student proposals get
“funded” are indications of this focus on professionalization.
The instructors directly convey this emphasis on WAP to
the students. A final project explanation document included
in the course materials informs students that the final project
is intended, in part, “to help you learn how to identify, de-
sign, execute, and sell your ideas within a scientific commu-
nity.” In another course document that specifically outlines
the white paper and proposal process, the instructors explain
that a white paper is a “pre-proposal” required by some fund-
ing agencies. They tell the students that “The purpose of these
activities is to give you practical experience in presenting a
scientific plan in a way that is accurate, clear, and convinc-
ing. It will also give you insight into how the scientific fund-
ing process works.” The students are also encouraged to con-
sider the importance, relevance, and impact of their proposed
experiment with respect to the broader scientific community.
These course materials demonstrate that the goals for, and
framing of, writing in the class are aligned with a WAP ap-
proach. The white paper and proposal process is intended to
teach students about a mode of professional writing, give stu-
dents the opportunity to practice disciplinary norms of argu-
mentation and communication, engage students in processes
that mirror those in the professional scientific community, and
teach students about the nature of experimental physics.

B. Data collection

Throughout the semester, the students completed online
weekly reflection questions (receiving course credit for com-
pletion). There were two questions each week, and students
were encouraged to complete them in the last few minutes
of class time. The prompts varied depending on what the
students were working on each week, and there were seven
questions that asked specifically about writing:

e WI1: What role do you anticipate writing will play in this
class?

e W1: How might writing be helpful for you in conducting
the labs, completing the final project, and learning about
experimental physics?

e W7: What did you learn from the process of writing and
reviewing white papers?

e W7: In what ways did the white paper review process help
you think about your final project?

e WI11: What did you learn from the process of writing and
refining your final project proposal?

e WI11: In what ways did the proposal review process help
you think about your final project?

e W15: Why do you think writing is included in this class?

The questions in the first and last weeks of the semester ask

about students’ views of writing. In week 1 (W1), we ask

them to anticipate the role of writing. Responses to these
questions will indicate students’ expectations or views about



what role writing should or will play in learning about exper-
imental physics. In week 15 (W15), we ask the students to
reflect back on the course overall and think about why the in-
structors and course designers may have included writing in
the course. Responses to this question will indicate students’
overall impressions of, or views about, the role of writing in
the class [16]. We refer to these three general questions that
probe students’ views of writing as the “views questions.”

The other four questions (weeks 7 and 11), are more spe-
cific in that they ask students to reflect on their experiences
with the writing assignments. Responses to these questions
will indicate the ways in which students engaged with the
writing and what role the students saw the writing play in
their overall learning. We refer to these four questions as the
“experiences questions” and include them in the analysis in
aggregate since the four questions together probe the major-
ity of the writing associated with the final project in this class.

In this paper, we present results from a preliminary analysis
of the students’ reflection responses during the Winter 2020
semester. There were 21 students enrolled in the course; how-
ever, beginning in week 11 the response rate to the reflection
surveys dropped. This drop coincides with the disruption to
the class due to the COVID-19 pandemic. Because all of the
white paper and proposal writing was completed prior to this
disruption, we do not think the data are significantly impacted
beyond the lower response rate in later weeks.

C. Data analysis

The original framework describes goals that instructors
may have for incorporating writing in lab classes. We find
that the elements of the framework are also applicable to stu-
dent perspectives, but the codes may have slightly different
meaning when applied to student responses. We began with a
codebook derived from the original framework and engaged
in an iterative process of refining and operationalizing it as
we applied it to the student data for the present study. We
looked for each of the five category codes described above in
Section II, but the social emotional category did not appear in
the data, so we do not include it in the analysis. A summary
of the resulting codebook is shown in Table L.

There were 122 total responses to the seven questions, and
most responses consisted of one to two sentences. We applied
the four category codes (Table I) to the data; a code could not
be applied more than once in a given response, but there were
many instances of multiple different codes applied to a single
response, and some instances of responses that did not receive
any codes. There were a total of 108 codes applied. The re-
search team conducted confirmatory inter-rater reliability on
arandom subset of the data and ultimately reached 100% con-
sensus. With this mutual understanding of the codebook, the
first author then coded the entirety of the dataset. Upon cod-
ing the data, we looked at counts of codes by question and in
aggregate. We keep the results of the views and experiences
questions separate from one another. The results for the views

questions help us address our first research question about
students’ views of writing, and the results for the experiences
questions help us address our second research question about
the role that students see writing play in their learning.

IV. RESULTS

The results of the coding analysis are displayed in Table II.
The number of codes are presented as a percentage of total
responses for a given question, or group of questions. Be-
cause a given response could be coded with multiple different
codes (or no codes), the percentages in each column do not
sum to 100%. The responses that were not coded contained
no information about students’ approaches to, or experiences
with, writing (e.g., listing writing assignments in the course
syllabus with no elaboration of their personal opinion, inter-
pretation, expectation, or experience).

There are three main results we will focus on in this pa-
per. First, the total results for the views questions are roughly
evenly distributed across the four categories. That is, the stu-
dents did not cluster in one category, but rather viewed writ-
ing in a variety of ways. Second, the results for W15 look dif-
ferent from those in W1. Responses to the W1 questions ask-
ing students to anticipate the role that writing would play in
the class and for their learning were distributed evenly across
the four categories. The W15 question asked students to re-
flect back on the class overall and consider the purpose of
writing in the class; the majority (77%) of responses were
coded as WAP, with 8% for each of the other categories. Fi-
nally, while the communication category made up 24% of the
views responses (primarily from the W1 questions), it essen-
tially does not appear in the experiences responses. That is,
when students talked about what they learned from engaging
in the white paper and proposal writing process, they only
mentioned communication 3% of the time; the rest of the ex-
periences responses were roughly evenly distributed across
the WAP, WTL, and course logistics categories.

V. DISCUSSION AND CONCLUSIONS

We see a strong connection between the framing of writing
within the course and the results of the coding analysis. As
illustrated in Sec. III A, the messaging to students about the
purpose of writing in the class emphasizes WAP. Students are
required to learn about and engage in a professional mode of
writing, and are told that this will not only help them com-
plete their projects, but also learn about realistic scientific
practice. Correspondingly, in the final reflection, students talk
primarily about WAP-related ideas when discussing the pur-
pose of writing in the course. The fact that there was only
one response (out of 13) coded as course logistics for this
question is notable, since things like grading fall under the
course logistics category. We might expect that, at the end
of the semester, grading and other logistical matters would be



TABLE 1. Summary of the four category codes that appeared in the data—Communication, WAP, WTL, and Course logistics.

Category Description Example student response
Comm. Purpose of writing is to demonstrate what you know or what ~ Writing will help me present my ideas and findings in a way
you did; developing general communication skills that others can understand
WAP Discipline-specific; learning professional norms/practices; Experimental physicists do a lot of writing in their work.
writing as something that scientists do Projects need to be well documented for various purposes
and project proposals are another key part to their work.
WTL Writing as a tool for thinking and learning; focuses on the  Writing helps me organize my thoughts so I understand the
process of writing principles better. Anyone can jump through hoops, but writ-
ing helps you understand why you’re actually doing the labs.
Course log.  Writing as something that helps the project or class move Keeping accurate notes in a journal so that I can pick up in

forward

the next class where I left off.

TABLE II. Percentage of responses coded in each category for 3
views questions (by week, and in aggregate) and 4 experiences ques-
tions (in aggregate). Columns do not sum to 100% because a given
response could be coded with zero, one, or multiple categories.

Views Experiences

W1 (N=42) W15 (N=13) Total (N=55) Total (N=67)
Comm. 29% 8% 24% 3%
WAP 17% 77% 31% 36%
WTL 12% 8% 11% 33%
Course log. 19% 8% 16% 22%

on the forefront of students’ minds. Instead, the course em-
phasis on WAP manifests in students’ reflections. As such,
we see this course as a successful example of teaching about
professional writing and using writing to help students learn
about what it means to do experimental physics.

However, even with an emphasis on WAP in the course, the
students still exhibited a broad range of thinking about writ-
ing overall, as evidenced by the distribution across all four
categories for the views questions. Thus, instructors need not
be restricted to one approach to writing in their classes. The
results of this study suggest that students are capable of think-
ing about, and engaging with, writing in a variety of ways, but
also that if instructors have a particular goal for the way they
want students to see and engage with writing (e.g., WAP),
they can structure their course accordingly.

The idea of writing as communication is perhaps the most
salient, intuitive, and common approach within the physics
community (compared to WAP or WTL). As such, we might
expect students to gravitate towards this approach to writing.
When asked generally about their views in W1 and W15,
students talked about communication-related ideas (24% of
responses), but this category was not present when students
wrote about their experiences with writing. In describing
the actual process of writing as it unfolded (W7 and W11)
and what they gained from it, WAP, WTL, and course logis-
tics were most salient. Further, within the views questions,

there is a decrease in communication codes from W1 (29%)
to W15 (8%). In a lab class that incorporates a fair amount
of writing, we might expect some students to come in with
expectations that the sole purpose of writing is to commu-
nicate ideas, but then to realize that there is a lot more to
it—that writing can help facilitate thinking and learning, and
that writing is a professional activity with specific associated
norms and practices. The results of this analysis are aligned
with that interpretation. An alternative explanation, however,
is that the differences in percentage of communication codes
are driven by the phrasing of the questions we asked students.
The experiences questions are phrased in a way that might
lead students to focus on the process of writing rather than
general communication aspects. However, the second W1
question is also leading in that way, and 19% of responses
to that question were coded as communication. Thus, we be-
lieve the difference we see in communication responses is, at
least in part, indication of a difference between students’ gen-
eral views and their in the moment experiences with writing.

Through this preliminary analysis, we have demonstrated
that the framework, which originated from the instructor per-
spective, is also applicable to student thinking and writing.
Additionally, this paper is an example of how the framework
may be used as a research tool.

VI. FUTURE WORK

The preliminary analysis presented in this paper provides
a foundation for future work. We will expand on this ini-
tial study of students’ views of, and experiences with, writing
in three ways: 1) triangulate the reflection survey data with
interview data in which students elaborate on their thinking
around, and experiences with, writing, 2) conduct a finer-
grained analysis on this same dataset that investigates the fif-
teen specific goals from the framework [7], and 3) compare
the results from this class to other classes at other institutions.
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