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The joint AAPT and APS PHYS21 report emphasizes preparing students for diverse career paths, including
the need for more opportunities to learn innovation and entrepreneurship in physics. To support these changes,
research is needed on students’ interest and perceptions of innovation and entrepreneurship, and suggestions
for integration into the undergraduate physics experience. We conducted semi-structured focus groups with
20 physics majors around several concepts related to innovation and entrepreneurship: technology, creativity,
design, business, communication, and leadership. Emergent and thematic coding was used to analyze students’
responses. Students have a complex view of innovation and entrepreneurship in physics perceiving creativity
as closely related to physics, especially in undergraduate research, while business and leadership skills were
distinct from physics and closer to engineering. These findings have implications for understanding students’
perceptions of physics as a disciplinary community and field of study, and can assist departments seeking to
better support students’ careers.

I. INTRODUCTION

Despite many successful efforts to improve students’ per-
sistence in physics and other STEM fields, poor retention at
colleges and universities remains a challenge [1]. While re-
tention is a complex issue with many factors, some studies
have found that departments with a strong focus on career
preparation (including resume-writing, job applications, and
access to alumni networks) are better able to recruit and re-
tain physics majors than those without such a focus [2]. Yet,
preparing physics students for careers is complex and means
going beyond measures that support students to pursue aca-
demic research careers. In fact, of the nearly 7,500 physics
bachelor’s degrees from 2013-14 who were surveyed a year
after graduating by the American Institute of Physics (AIP),
approximately 40% entered the workforce with half of these
in the private sector [3, 4].

Since physics majors often pursue careers in the private
sector, AAPT and APS in the Joint Task Force on Under-
graduate Physics Programs (J-TUPP) examined the needs and
current preparation for such pursuits. Their study found that
“...physics bachelor’s degree recipients working in the pri-
vate sector reported a desire for more programming skill de-
velopment, more experience in industrial and applied physics
environments, and a better understanding of the marketabil-
ity of their degree [5].” Overall, their findings emphasize a
strong need to develop and support opportunities for learn-
ing innovation and entrepreneurship (I&E) skills in order to
better prepare physics majors for their future careers [5].

The NSF-funded PIPELINE Network hopes to support the
development of physics innovation and entrepreneurship ed-
ucation through institutional engagement. This project recog-
nizes that with such support, physics students should be bet-
ter prepared to connect their technical, conceptual, laboratory,
and problem solving skills from physics to private sector ap-
plications that highlight creativity, technology, business and
other career-related aspects. Making physics more relevant
to students’ future careers will increase their marketability
as well as add to the career-focus preparation that has been

shown to improve retention.
Of paramount concern of the PER community is how

to facilitate institutional and department change to support
research-based educational practices. While there are a myr-
iad of challenges to effectively doing so, PER and research
on institutional change have identified several approaches to
minimize or overcome challenges (e.g., [6, 7]). In their re-
search on transforming departmental culture to encourage
educational innovation, Corbo and colleagues suggest that
efforts be 1) coordinated across three levels of the univer-
sity including faculty, department, and administration, and
2) grounded in multiple research-supported change perspec-
tives including scientific management, evolutionary, social
cognition, cultural, political, and institutional literature [8].
From these perspectives, their framework considers influenc-
ing change by attending to behavior incentives, holistic sys-
tem views, decision-making, and the underlying culture of
the department among others. While PER and department
change initiatives tend to focus on faculty-centered culture,
culture is strongly shaped by students. Students become
members of a department culture over time by participating
as members and in turn, shape the values and expectations
of that culture [11]. In our study, we apply a culture-change
framework and propose an additional level of the change fo-
cused on students.

To integrate innovation and entrepreneurship (I&E) in
physics, we need to understand and relate these concepts to
students’ existing perceptions. With this goal in mind, we
posed the following questions: (1) What aspects of I&E do
physics students value as integral to the physics curriculum?
and (2) What expectations do physics students have for learn-
ing I&E?

II. METHODOLOGY

To examine students’ perspectives of innovation and en-
trepreneurship (I&E) in physics, we conducted six semi-
structured focus groups with 20 undergraduate physics ma-
jors at a university in Western New York. Participants were
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recruited randomly in the last month of the Spring semester
from across all physics majors, while insuring that students
from each grade were represented. We elected to do focus
groups, rather than individual interviews, since these were
best suited to determine pervasive values and perspectives
across the department and most feasible given the scope and
timeline of our study.

Each focus group interview was about an hour long and
was designed to facilitate discussion around six aspects of
I&E based on the PHYS21 report [5], Epicenter’s Engi-
neering Majors Survey [9, 12], informal conversations with
faculty and students, and discussions with the PIPELINE
network. Specifically, interviews were divided into dis-
cussions on contextual background information, experiences
with I&E, and I&E values as related to physics. For context,
we asked students to discuss their majors/minors (other than
physics), career plans, and courses that have been valuable
toward these goals. To understand their perspectives of I&E,
such as communication for example, we asked students to
describe 1) what aspects of communication they have learned
as part of the physics program (or in other courses outside
of physics) and 2) should they learn communication as a
physics major. While we had tentative definitions in mind,
we focused on exploring the operational definitions of these
concepts from students’ own perspectives and only provided
prompting when necessary to initiate discussions.

Interviews were transcribed and coded using NVIVO qual-
itative analysis software. We applied an ethnographic domain
analysis coding scheme based on the work of Spradley that al-
lowed us to explore students’ constructed meanings for cover
terms based on six aspects of I&E as well as the relationship
of these terms with physics [13]. Since we selected the as-
pects of innovation and entrepreneurship a priori, focusing
on the relationships between these terms and physics as dis-
cussed in focus groups provided a systematic method for un-
derstanding the cultural meanings that students’ applied to
I&E.

III. FINDINGS

This paper explores the ways in which innovation and en-
trepreneurship (I&E) are valued in physics. Our findings are
organized by six aspects of I&E. From the domain analysis of
each aspect, we focus on three commonly discussed relations
to physics. Table I shows each aspect and the three relations.
These are then expanded on in the text below to highlight
both students values and their expectations for physics de-
partments.

Creativity. When defining creativity, students typically de-
fined this aspect as applying knowledge they already have
in order to solve more advanced problems. One student
said, “You have to be creative in a way...kind of see how
the different equations can come together to find an answer.”
This comes through when thinking of creativity’s relation to
coursework in physics. The student went on to mention that

TABLE I. Student perceptions of innovation and entrepreneurship
(I&E) in physics using domain analysis where each I&E aspect is
linked by the relation terms to physics

I&E Aspect Relation to physics
Creativity is beneficial to physics students

is present in physics coursework
is present in physics labs and research

Communication is important for interdisciplinary work and working
with other physicists
is important for presentations and writing papers in
physics
is important to physics but learned elsewhere

Technology is important to physics students when focused on
computers and software
should be available to physics students, but optional
is more of an engineering aspect than physics

Leadership is important for group work in physics
is important to learn for any career path for physics
students and others
is not important to physics

Design is more engineering than physics
should be available to physics but optional
is important to lab work and physics careers

Business is important to grant funding in physics
should be available to physics students, but optional
is not important to physics

putting equations together in such a way is like solving a puz-
zle, and the student is figuring out how to solve the problem.
The students focused on more than just creativity in course-
work. They also believe that creativity is a necessary part of
conducting research. “Yeah. I know creativity is needed for
research. And if you’re working with professors on research,
you’re building up all these new ways to attack an actual un-
known problem.” The students make the same relation about
using what they already know about physics in a new way.
Additionally, participants mentioned that using creativity to
figure things out on their own and being given the freedom to
figure things out on their own would help them in the future.

Communication Students defined communication as being
able to share ideas with each other verbally in a group setting,
as a presentation, and as written work such as papers. The
students emphasized the importance of communication and
broke it down into two separate categories, communication
through working together and communication when present-
ing work. Students believed that communication was key to
working together on homework assignments. Some students
utilized a shared physics workspace when completing assign-
ments where they could find other students doing the same
problems and work together. Others emphasized the need for
communication in upper-division courses where it was a nec-
essary part of doing homework with peers.
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When it came to presenting work, students focused on writ-
ing ability and presentation skills. In one case, students re-
lated the ability to communicate through writing by to re-
search when they said, “You’ve got to be able to share your
findings with people. And you have to be able to share your
findings accurately too. You’ve got to be able to write it.”
Others considered a wider range of career paths in physics
stating that, “I think that’s just a big part of any job or any-
thing. You’re probably going to have to give a presentation at
some point.” Presentation skills are a vital part of communi-
cation, but students differed on whether or not this aspect is
important to physics specifically, or a broader skill necessary
for any future career.

Technology According to students, technology encom-
passed any kind of hands-on experience in lab work or ex-
perimental work, as well as working with computer software
and computer coding. The students agreed that technology
was important to physics, but also felt that the subject should
be optional since many students would not want to work with
technology in their undergraduate physics courses or in their
careers. Describing technology’s importance, one student
said, “Knowing how to use a computer and how a computer
actually works is a really useful thing to know. And then also
the other side...if you get some crap piece of hardware, [you
can] figure out how it works if you know technology.” These
applications were valuable to most students. Students typi-
cally agreed that more technology-based coursework would
increase their skill set for a job in industry. However, others
reflected that even though technology is important to some,
it is not important to all undergraduate physics majors. They
felt that technology-related courses should be available, but
optional, since some students would never need the hands-on
aspects of physics. This same reasoning was seen in students
reflection that technology was more of an aspect of engineer-
ing than of physics. A few students argued that “if you wanted
to learn more about things like that you would get an electri-
cal engineering degree, or a mechanical engineering degree
to learn more about the devices.” Overall, students felt that
hands-on technology experiences should be optional, while
technology related to computer work in physics is essential.

Leadership Students defined leadership as the ability to
lead or train a group of people, though, there was no clear
consensus among the students with respect to leadership’s im-
portance in physics. Some students saw the importance of
leadership for group work or for working within hierarchies,
while others felt as though leadership had no place within the
major. The students who felt that leadership was important
in physics pointed out large group projects, such as CERN,
and the large numbers of physicists those projects employ.
In addition to physics research groups, students brought up
the importance of leadership in the workplace. Some thought
that “knowing how to lead a group, [and] knowing how to
respond to a leader in a group is what you would do in your
job no matter what you’re going to go into.” This broad view
of leadership represents the view that this aspect is impor-
tant to all physics majors. The reflection on responding to a

leader also relates back to the ability to communicate and col-
laborate in group settings. There were a number of students,
though, who said that they have never felt the need for lead-
ership in physics. Overall, students seemed to differ on their
perceptions of leadership and it’s importance to physics.

Design Students defined design in physics as figuring out
how to fix something or coming up with a solution to a
problem relating to device creation and improvement. How-
ever, they seemed to struggle with relating design to physics
without prompting from the interviewer. From their co-
constructed definition during interviews, design was classi-
fied as more of an engineering practice than a physics prac-
tice. Students went as far as saying that they wanted to be
distinguished from engineers. When it came to fixing equip-
ment in lab, one student even suggested that they would just
call an engineer to fix it, saying, “It’s like if an instrument
breaks...you can call up an engineer. It’s their job to fix these
kind of things.” Others seemed to think that design courses
should be available for physics students who wanted to learn
these practices. They surmised that students who wanted to
go into industry after college would want some sort of ex-
perience with design software and practices so they could be
more prepared for their job. Even where students did want to
learn more about design, they focused on design from a com-
puter or software perspective. “I feel like it would be useful
to have design software experience.” In only one instance,
did students seem to more broadly apply the term by say-
ing, “you have to design your solution...when you examine a
problem. You have to be able to know where to go...draw a
diagram...see what is going on.” Most students who thought
there should be options to learn design felt as though it would
be important to future careers in industry, but not necessarily
relevant to all physics majors.

Business Students defined business in physics as starting
or working in a business, or applying for grants. The stu-
dents seemed to agree that when it comes to applying for
funding, business was important to physics. One student said
directly that they “think it would be helpful knowing like
how to deal with writing a grant proposal.” This same no-
tion came up multiple times. When expanding on starting or
working in businesses though, students felt this was unimpor-
tant to physics. One student said, “I feel there are ways you
can apply business, but I don’t think it’s really core physics.”
This statement, though denouncing business as not a part of
physics, leads into another theme discussed about this aspect:
business skills should be optional for physics majors. Stu-
dents seemed to think that business was another track or mi-
nor that certain physics majors may want to pursue and that
the resources to succeed should be available to them outside
the physics department.

IV. CONCLUSIONS

Our findings show that while physics undergraduates per-
ceive creativity and communication as essential to physics,
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technology and design are seen as more engineering, and
leadership and business are different entirely. These aspects
of I&E in physics differ from the way engineers describe
them. For engineers, innovation means finding creative de-
signs for specific goals using a variety of hands-on technol-
ogy and tools [9]. Additionally, Epicenter’s research findings
show that entrepreneurship in science and engineering stems
from business while referring to customers, markets, and ven-
tures [9]. For physics students, innovation is more about
developing creative ideas or solutions to problems often us-
ing computer-based software technology. Entrepreneurship is
typically research-centered to focus on grant funding, presen-
tations to demonstrate findings, and collaborating with teams.
While our study is limited in scope to a small sample of ma-
jors in one department, we plan to scale our work by inter-
viewing undergraduates at other institutions and using results
to develop a national survey. This study, and such future re-
search, will contribute to our understanding of how physics
majors think about innovation and entrepreneurship as they
relate to their field of study.

Understanding students’ values and expectations about in-
novation and entrepreneurship has implications for initiating
department change. A culture change framework suggests
that attending to the underlying culture at multiple institu-
tional levels leads to successful transformation [8]. Students
are a key part of department culture, so their interpretation

of proposed changes can influence acceptance or rejection
of implemented solutions. Students, as members of a cul-
ture, develop common ways of thinking, knowing, and doing
physics [11]. Over time, students understand what it means to
be part of a physics department by becoming part of this so-
cial group. For example, our findings suggest that physics
students do not see design as part of the culture of doing
physics. Therefore, adding design courses or design-based
projects might be perceived as separate from learning physics
and not valued. Furthermore, though physics majors often
pursue jobs in engineering industries, the culture of physics
may make aspects of that work seem less relevant even when
we know that many physics majors will work in these types of
careers. Knowing physics majors and the meaning they apply
to cultural changes being initiated will allow departments to
better facilitate changes, support a broader range of potential
career paths, and encourage new cultural perceptions that can
make department initiatives more successful.
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