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National calls to transform laboratory courses by making them more discovery based can be met by engaging
students in multi-week final projects. One plausible outcome of this approach is that students may feel own-
ership of their projects. We define ownership as a dynamic relationship between students and their projects
characterized by three student-project interactions that evolve over three project phases. Student-project inter-
actions include students’ contributions to, emotional responses to, and new understanding of the project. Phases
include choosing the topic and team, carrying out the research, and creating and presenting end-of-project de-
liverables. Drawing on interviews with students collected as part of a multi-year, multi-institutional study, this
paper will elaborate on the evolution of students’ own new knowledge about the project across different project
phases. Throughout our work, we compare the type of ownership that manifests when students work on projects
in a lab course to the type of ownership gardeners feel when tending to plots in a community garden. We end
with recommendations for instructors wishing to foster project ownership in their lab courses.
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I. INTRODUCTION AND BACKGROUND

According to the American Physical Society, providing
undergraduate students with increased opportunities to en-
gage in research-style activities is a national priority [1].
Meanwhile, project-based approaches to physics lab instruc-
tion have been gaining popularity [2]. In a 2012 report,
the President’s Council of Advisors on Science and Tech-
nology (PCAST) suggested that standard laboratory courses
could be replaced with discovery-based research courses [3].
The PCAST report framed student ownership of projects as
a plausible desirable outcome of such a shift [3]. Along
these lines, our team has been studying student ownership of
projects in upper-level physics lab courses that include multi-
week student-driven experiments.

We interpret the type of ownership that manifests among
students during project portions of lab courses as similar to
the ownership that manifests among gardeners in a commu-
nity garden. In a community garden, a gardener submits an
application to temporarily tend a plot of land, and they some-
times have access to communal tools (e.g., shovel, wheelbar-
row, and hose). Although the land they tend and the tools they
use may not be their own private property, the gardener can
choose which seeds to plant, which fertilizers or pesticides to
use, and so on. Further, it would be a violation of community
norms for other gardeners to add or remove plants from the
plot. In this sense, the gardener may view the plot as ‘their
own.’ A student working on a final project in a physics lab
may feel a similar type of ownership with their project. They
have temporary access to lab space in which they have some
control over an apparatus. Although the lab space and equip-
ment are not their own private property, classroom norms
establish boundaries that prohibit other people from making
changes to the apparatus. Thus, like the gardener and the gar-
den plot, the student may view the project as ‘their own.’ It is
this type of ownership that we explore.

Our ideas about ownership have been influenced in part
by work from beyond the science education literature [4, 5]
as well as work in physics [6, 7] and biology [8, 9] educa-
tion. For a detailed summary of literature on ownership, see
Ref. [10]. Here, we focus on three patterns in that literature.

First, ownership is commonly modeled as dynamic. For
example, Milner-Bolotin (2001) found that students’ sense
of project ownership, as measured by the Ownership Mea-
surement Questionnaire (OMQ), was low in the middle of
a project, when students were navigating challenges with
their projects, and increased toward the end of the project,
when “students started seeing the fruits of their hard work.”
(p.139) [7]. Similarly, Enghag (2006) argued that owner-
ship corresponds to students’ level of choice and control dur-
ing three project stages: choosing, performing, and present-
ing the project [6]. These features of ownership are con-
sistent with Papert and Harel’s (1991) interpretation of con-
structionism [11], in which the acts of creation followed
by presentation play key roles in the learning process. On
smaller timescales, frequent cycles of frustration and suc-

cess contribute to students’ sense of ownership, [10] and may
also support students to feel proud of their work [12]. In
our model, just as a gardener’s sense of ownership evolves
throughout planting and harvesting seasons, a student’s sense
of ownership evolves across three project phases: choice of
topic, execution of methods, and creation of deliverables [13].

Second, ownership frameworks also typically include stu-
dents’ ability to make choices about what they learn and how
they learn it. For example, Savery (1996) identified control
of the learning environment as an affective indicator of own-
ership, related to students’ intrinsic motivation and beliefs
about their own competence [4]. Similarly, Wiley’s (2009)
definition of ownership includes the right and responsibility
of students to determine the fate of their learning [5]. In
physics education, Milner-Bolotin and Enghag identify, re-
spectively, that students’ feelings of control and responsibil-
ity [7] and their influence and impact on the learning envi-
ronment [6] are features of project ownership. In biology ed-
ucation, Hanauer et al. (2012) framed project ownership as
a “complex interaction between the student and the educa-
tional environment” (p. 379) and argued that feelings of own-
ership are fostered when students’ are able to make decisions
about research questions and methods [8]. Similarly, a gar-
dener’s relationship with their garden involves the gardener
making contributions to the plants they grow, and we model
ownership as a student-project relationship in which a student
makes contributions to the experiment they carry out [13].

Third, students’ sense of ownership is related to their
pursuit and generation of knowledge. For example, Sav-
ery defined knowledge construction, motivation, and atti-
tude toward learning as factors that comprise ownership [4].
Milner-Bolotin found that students’ ownership of physics
projects was coupled to their intrinsic motivation to mas-
ter a new topic [7]. Building on these studies, Enghag
found that physics student’s motivation to work on mini-
projects was positively impacted by their sense of ownership,
which in turn had a positive impact on their holistic under-
standing of physics [6]. More recently, Dounas-Frazer and
Lewandowski (2019) used student responses to the Project
Ownership Survey (POS) [9] and the Colorado Learning At-
titudes about Science Survey for Experimental Physics (E-
CLASS) [14, 15] to show a positive correlation between stu-
dents’ sense of project ownership and their attitudes about
experimental physics [16].

In this paper, we explore one aspect of our project owner-
ship model; how students’ development of their own new un-
derstanding of the project evolves throughout all three project
phases. Our research is guided by the following questions:
When discussing their own new knowledge about the project,

1. Which types of knowledge did participants describe de-
veloping, and

2. During which phases did they describe developing each
type of knowledge?

To answer these questions, we analyzed 15 interviews in
which students discussed their experiences working on multi-
week projects in upper-level physics labs.
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II. CONTEXT, THEORY, AND METHODS

Participants were undergraduate students enrolled in, or in-
structors teaching, upper-division physics lab courses at one
of five universities: a selective, predominantly white bac-
calaureate college; two inclusive, Hispanic-serving master’s
universities; and two selective, predominantly white doctoral
universities [17] In each lab course, students were required
to work in groups of 2–4 to complete projects that lasted 4–
7 weeks. Project topics included acoustic levitation, thermal
lensing, and other topics. We administered E-CLASS and
POS to students, collected weekly project reflections from
students, collected student notebooks and reports, and con-
ducted post-project interviews with students and instructors.
In total, 87 students and 4 instructors agreed to participate in
one or more aspect of the study. Analyses of subsets of these
data have been reported elsewhere [13, 16]. Of the 87 student
participants, only 15 agreed to participate in post-project in-
terviews. Those interviews are the focus of this work.

Interviews were conducted remotely prior to the start of
the COVID-19 pandemic. They lasted 60–80 minutes, for a
total of about 17 hours. Interview protocols were developed
by DRDF, LR, and HJL and conducted by DRDF using the
life grid method. This method, which originated in medi-
cal sociology [18] and has been adapted for use in education
research [19], involves the interviewer and interviewee col-
laboratively filling out a grid for which rows correspond to
intervals of time and columns to kinds of events related to
the phenomenon being studied. The method’s purpose is to
reduce recall bias in participants and facilitate collaborative
interviews. In our application, the life grid was used to probe
student interactions with the experiment, their group mem-
bers, and instructors during each week of the project. A de-
tailed description of our approach is provided in Ref. [20].

Data analysis was guided by a model initially developed
by DRDF, LR, and HJL [13]. That model was informed by
preliminary analysis of the larger data set affiliated with the
present work. Specifically, based on instructor and student
responses to interview questions that asked interviewees to
describe what it meant to them for students to feel owner-
ship of a project, ownership was modeled as a relationship
between students and projects that consists of three types of
student-project interactions and evolves across three sequen-
tial project phases. Student-project interactions consist of stu-
dents’ own contributions to, emotional responses to, and new
knowledge about the project. Project phases refer to the peri-
ods of time during which students choose or propose projects
and teams, carry out research, and synthesize their notes, re-
sults, and new knowledge to create summative reports and
presentations [13].

The goal of the present work is to characterize one as-
pect of project ownership—namely, students’ own new un-
derstanding of the project—across all three project phases.
We refined the definition of the synthesis phase, which we
now refer to as the deliverables phase. We did so because
interviewees almost always described engaging in synthe-

sis of notes, results, and new knowledge during the execu-
tion phase. When analyzing data, we used the ownership-as-
relationship model [13] as an a priori coding scheme with the
following operational definitions:

• NEW UNDERSTANDING: student described changes in
their perspective, knowledge, or abilities.

• CHOICE: student described process of selecting topic,
team, or initial project goals.

• EXECUTION: student described carrying out the exper-
iment, including apparatus design and data analysis.

• DELIVERABLES: student described creating or modi-
fying content for end-of-project deliverables.

We used a multi-pass approach to data analysis. The
first pass was conducted via remote collaboration due to the
COVID-19 pandemic. ICL, AAE, and DRDF collaboratively
analyzed data in consultation with LR and HJL. During the
first pass, we applied the a priori coding scheme to all 15 in-
terview transcripts. ICL and AAE acted as a single rater, and
DRDF as a second rater who reviewed coded excerpts and
flagged excerpts that might not fit the definition of the code
that was assigned to them. DRDF flagged fewer than 6% of
about 700 excerpts coded according to phase and fewer than
12% of about 900 excerpts coded according to interaction.
Discrepancies were resolved through discussion. Throughout
this pass, we regularly discussed our methods and interpreta-
tions with researchers and other stakeholders in science edu-
cation [21] in order to incorporate dialogue into our process
for generating claims [22]. Early in this process, ICL and
AAE recognized that the creation of deliverables should be
the defining characteristic of the third project phase.

The second pass was conducted via in-person collabora-
tion. To reduce risk of transmission of COVID-19, ICL and
DRDF worked in a ventilated room, wore masks, and ceased
work after two hours of continuous collaboration. During
the second pass, ICL and DRDF collaboratively implemented
emergent thematic analysis for the subset of about 220 ex-
cerpts initially coded as instances of NEW UNDERSTANDING.
Emergent themes each corresponded to a type of knowledge,
including the four following types:

• DOMAIN: knowledge about the concepts, theories,
principles, and phenomena that underlie the project.

• SYSTEM: knowledge about the purpose of apparatus,
equipment, software, and components—including how
they are supposed to work versus actually work.

• MANAGERIAL: knowledge about when and how to set
or revise goals, divide labor, manage time, document
progress, solicit help, and communicate results.

• NATURE OF SCIENCE: knowledge about what experi-
mental physics entails.

In the context of a community garden, a gardener’s sense
of ownership might take the form of NEW UNDERSTANDING
about their garden plot: learning about the effect of minerals
in their soil (DOMAIN), how to use new gardening tools (SYS-
TEM), or what it feels like to be beholden to the weather (NA-
TURE OF SCIENCE). MANAGERIAL knowledge might mani-
fest when multiple gardeners collaboratively tend a plot.
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III. RESULTS

We organize the results of our emergent thematic anal-
ysis of students’ NEW UNDERSTANDING into three sec-
tions by project phase: CHOICE, EXECUTION, and DELIV-
ERABLES. In each section, we present one or more rep-
resentative excerpts of interview transcripts from students
whose self-selected pseudonyms are Jordan (she/her), Fran-
cisco (he/him), Carlos (he/him), Alyssa (he/him), and Olivia
(she/her). During interviews, each of these participants de-
scribed feeling high levels of ownership of their project.

In total, nine participants each discussed new understand-
ing in the CHOICE phase once or twice during their inter-
views. Of these, four described gaining DOMAIN knowledge,
and five students described gaining MANAGERIAL knowl-
edge. For example, when summarizing what she had learned
from her project, Jordan said,

“There should be one thing in the project that draws
strongly on at least one of every member’s—what they
might see as one of their key strengths—because I think
that feeling like you’re contributing is really impor-
tant. But then, also, that there’s at least one part of
the project that allows each group member to expand
their knowledge. So, I guess, in terms of learning, I
feel like, in the future, I’m going to be—I’m a lot more
conscious now about the ways in which work is bal-
anced in a project, and the ways in which doing prelim-
inary work in a project can determine—um, it can be
really beneficial to the long term success of the project.
I think that, actually, the stage before the preliminary
proposal was probably the most important part of the
project.” (Jordan)

In this excerpt, Jordan described criteria that could be con-
sidered when choosing a project, which is indicative of the
CHOICE phase. Specifically, she indicated that it is important
to choose a project that aligns with group members’ existing
skills and potential to “expand their knowledge.” Addition-
ally, Jordan described learning the importance of balancing
work and managing time among team members, which is in-
dicative of her own new MANAGERIAL knowledge.

When explaining why he chose his sonoluminescence
project, Francisco described DOMAIN knowledge:

“The thought of sound waves in water capturing a
micron-sized bubble and causing it, through some
mechanism, to glow, to discharge light, it sounded
very interesting. Very exciting! Especially when he
[the professor] explained that the actual mechanism be-
hind it isn’t fully, completely understood even today. I
mean, if you look up online, you don’t find any clear
answers as to what exactly is going on. . . . The esti-
mated heat range given off by these bubbles I think is,
like, thousands of Kelvin. I mean, it’s huge. It’s hotter
than the surface of the sun!” (Francisco)

In this excerpt, Francisco described his initial reaction to his
professor’s explanation of the project, which is indicative of
the CHOICE phase. Specifically, he described being inter-

ested in and excited about the topic, leading him to search
for more information online. Francisco learned about sono-
luminescence from both his professor and the internet, which
is indicative of his own new DOMAIN knowledge.

In total, all 15 participants each discussed NEW UNDER-
STANDING during the EXECUTION phase several times dur-
ing their interviews. Of these, 8 described gaining knowl-
edge about the NATURE OF SCIENCE, 9 described gaining
DOMAIN knowledge, and 15 students described gaining SYS-
TEM knowledge. For example, when describing a problem he
encountered while working on his project, Carlos said,

“It was the third trial especially that we were like—
took a step back and said, ‘Wait a second. We are not
having very repeatable results.’ And so, we struggled
for a while trying to figure out what that was. We even-
tually decided to turn off the laser, let it cool, [then]
turn it back on. One of our theories was that the heat
affected it, and that seemed to do the trick. When we
turned it back on, we measured intensities that were
similar to our first trial.” (Carlos)

In this excerpt, Carlos described a repeatability issue with
the apparatus, which is indicative of the EXECUTION phase.
Specifically, Carlos described a troubleshooting process in
which his group successfully identified, diagnosed, and re-
solved a problem. Resolving the problem involved learning
that the temperature of the laser impacted its performance,
which is indicative of his own new SYSTEM knowledge.

When recalling a memorable experience while working on
his diffraction project, Alyssa described DOMAIN knowledge:

“The parts that I think were memorable were, like,
standing in front of the whiteboard, drawing out dia-
grams, trying to figure out what was happening. Like,
are we taking the inverse, are we taking the Fourier
transform? What are our parameters? . . . That’s proba-
bly the most distinctive memory I had, was us definitely
grinding over the theory a bit.” (Alyssa)

In this excerpt, Alyssa referred to “grinding over the theory,”
or the ongoing process of understanding how to model their
project, which is indicative of the EXECUTION phase. Specif-
ically, Alyssa described working to understand the theoret-
ical background of his apparatus. This included collabora-
tively resolving questions about the mathematical aspects of
the theory underlying the project, which is indicative of his
own new DOMAIN knowledge.

Alyssa recounted a second memorable moment, in which
he described NATURE OF SCIENCE knowledge:

“Like I said, it [the project] was this ongoing process,
so I was always just making sure, like, ‘Do I really
know what’s going on?’ Just going back to the papers
because the code never seemed to work a lot of times
during the first couple weeks. So, I guess that’s more
of a negative—I wouldn’t even call it a bad thing to
happen. It’s part of the process. The ordeal, I believe,
helps you learn better.” (Alyssa)

In this excerpt, Alyssa described creating code to analyze
data, which is indicative of the EXECUTION phase. Specif-
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ically, he described the frustrating process of troubleshooting
his code and double-checking his understanding of the analy-
sis methods in reference to existing literature. Alyssa framed
“the ordeal” as part of conducting research, which is indica-
tive of his new NATURE OF SCIENCE knowledge.

In total, four participants each discussed NEW UNDER-
STANDING in the DELIVERABLES phase once or twice dur-
ing their interviews. Due to the small number of excerpts,
we were unable to identify patterns in the types of knowledge
that students described during this phase, so we avoid making
fine-grained claims about subthemes in favor of identifying
general instances of NEW UNDERSTANDING. For example,
when Olivia explained what she was working on during the
last week of her thermal lensing project, she said,

“We kind of did a few more rounds of data taking for
the beam width and beam radius just to make sure that
we were understanding the experimental setup. But,
other than that, we kind of focused on, ‘Okay, let’s get
this presentation together. What do we want to present?
What do we not want to present?’ . . . And kind of try-
ing to come together and was like, ‘What are we actu-
ally going to share with the class? What’s actually im-
portant for understanding this phenomenon and under-
standing what our experiment was all about?”’ (Olivia)

In this excerpt, Olivia described preparing a presentation,
which is indicative of the DELIVERABLES phase. Specifi-
cally, she described collecting additional data to confirm her
group’s understanding of their experiment and prioritizing
which information to present to her peers, which is indica-
tive of her NEW UNDERSTANDING.

Our results suggest that managerial and domain knowl-
edge can be developed when choosing or proposing a project,
domain knowledge and knowledge about the nature of sci-
ence can be developed when executing the project, and new
knowledge about the project can be generated when creat-
ing a final deliverable. Such instances of students developing
their own new understanding are interactional elements of the
ownership-as-relationship model.

IV. LIMITATIONS, DISCUSSION, AND IMPLICATIONS

Although our study was multi-institutional in scope, due to
its qualitative nature, we cannot make probabilistically gen-
eralizable claims. Rather, we aim for theoretical generaliz-
ability [23]. By characterizing students’ new understanding
about a project during different project phases, our work adds
nuance and complexity to the model of project ownership pre-
sented in Ref. [13]. Our findings are limited in part by our
inability to make fine-grained claims about knowledge gener-
ation during the deliverables phase. In addition, our analysis
included only interactions that were also assigned one of the
three phases, which means that atypical phase-less interac-
tions were not considered. Despite these limitations, we can
nevertheless make a few key claims.

Our work suggests that students’ sense of ownership can
entail their own new knowledge about the nature of science.

When combined with prior work that found a correlation be-
tween students’ pre-project views about experimental physics
and their post-project sense of ownership [16], this finding
suggests a reciprocal relationship between views about the
nature of science and sense of ownership: sophisticated views
may support students to view setbacks as part of what Alyssa
referred to as “the ordeal” rather than evidence of personal
failings; and, like for Alyssa, the process of working on one’s
own project may support students to develop sophisticated
views about science. Such reciprocity may be connected to
the coupled shifts in students’ self-efficacy and views about
the nature of science that sometimes happen when students
work on semester-long projects [24]. It may also be con-
nected to the reciprocal relationship between ownership and
motivation demonstrated by Milner-Bolotin [7] and the cycli-
cal relationship between ownership, motivation, and compe-
tence demonstrated by Enghag [6]. Future research could
explore how interconnections between ownership and views
about the nature of science might be mediated by students’
self-efficacy or motivation.

Additionally, we have demonstrated that all three project
phases present opportunities for students to come to view a
project as their own through developing their own new un-
derstanding about the project. For instructors who aspire to
foster a sense of ownership among students working on ex-
perimental projects, it may not be enough to teach about the
concepts, principles, and models relevant to the project do-
main and the equipment, software, and components that com-
prise students’ apparatus. It could be beneficial to also en-
sure that managerial knowledge and knowledge about the na-
ture of science are explicitly taught and valued throughout the
project. Indeed, as Jordan came to realize, students’ manage-
rial choices at the start of a project have implications for all
subsequent phases.

Comparing the type of ownership that manifests when stu-
dents work on projects in a lab course to that which man-
ifests when gardeners work on plots in a community gar-
den can provide insight into classroom dynamics and even
motivate future research directions. For example, newcom-
ers to gardening need different kinds of support during dif-
ferent seasons because each season requires the gardener to
tend their plot in unique ways; nurturing seedlings is different
from gauging the ripeness of a tomato. Similarly, physics stu-
dents need different kinds of support during different project
phases. In ongoing work, we are exploring the role of student-
instructor interactions in fostering students’ sense of owner-
ship during the choice, execution, and deliverables phases.
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