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Abstract—Student innovation competitions and programs,
hereafter called ICPs, such as hackathons, start-up incubator
competitions, design challenges, boot camps, and customer dis-
covery labs, have emerged as pipeline-builders and transforma-
tive for higher education entrepreneurial ecosystems. Moreover,
ICPs foster students’ STEM-based experiences and serve as
a gateway for career readiness. There is a disparity in ICP
participation of students underrepresented in Science, Tech-
nology, Engineering, and Math (STEM) compared to student
groups dominating STEM fields. While research supports the
importance and benefits of STEM students’ participation in
these programs, literature discussing the students’ perceptions
of these programs remains limited. In order to increase diverse
students’ motivations for participating in ICPs and make ICPs
more inclusive learning experiences for all students, this paper
will answer two research questions: (i) what are the barriers
that discourage student participation in ICPs, and (ii) what are
the costs that associate with participation in ICPs? The primary
research methodology in this paper is semi-structured interviews.
Thirty-eight students (25 females vs. 13 males and 21 participants
vs. 17 non-participants) were interviewed after a recruitment
survey. The interview questions were crafted and analyzed based
on the known scales and theories in the literature, namely the
Expectancy-Value-Cost Scale and the Theory of Planned Behav-
ior. Through student interviews, student perceptions of fitting
in these co-curricular activities, i.e., ICPs, were explored, with
a particular interest being students who are underrepresented
in STEM. The complete recordings of the interviewee responses
to interview questions were transcribed into text and analyzed
using a grounded theory approach. The research findings will
contribute to making the innovation ecosystem more inclusive
and diverse by uncovering factors that discourage students from
engaging in ICPs. Two levels of barriers were identified, insti-
tutional and individual. Institutional-level barriers include ‘“low
program awareness” and “lack of diversity and inclusiveness,”
whereas individual barriers include “not matching self-identity”
and “low expectancy of success.” As for costs, apart from
“opportunity cost,” “teamwork cost” has emerged to be another
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important cost dimension that associates with ICP participation.
The ongoing research direction is to share the findings with the
STEM educators and ICP organizers so that they are aware of
these barriers and costs of participating in ICPs, which might
be a basis for designing and testing interventions.
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sivity, innovation, underrepresented students, entrepreneurship,
extracurricular

I. INTRODUCTION AND BACKGROUND

Extracurricular and co-curricular activities play an increas-
ingly crucial role in educating well-rounded engineers. A
meta-analysis by Shulruf [1] found a significant relationship
between extracurricular activities and educational outcomes.
In addition to supporting students’ academic development,
extracurricular activities help students develop their 21st Cen-
tury skills, provide opportunities to apply their classroom
learning in real-life settings, expose them to new areas and
interests, and support them in making more informed deci-
sions about their career choices. While the industry seeks
to hire engineering students with extracurricular experiences,
many do not regularly participate in those experiences [2].
This paper focuses on innovation competitions and programs
(ICPs), such as hackathons, start-up incubator competitions,
design challenges, boot camps, and customer discovery labs,
which are special extracurricular activities that aim to increase
students’ innovation mindset. In the recent decade, engineering
programs have increased their emphasis on innovation and en-
trepreneurship to better prepare students for the complex prob-
lems posed by the global economy and climate change [3]-[5].
Innovation competitions play important roles in universities’
innovation and entrepreneurship ecosystems by serving as a
recruitment ground for many other co-curricular programs and
exposing students to entrepreneurship and innovation [6].

In the literature, a limited number of studies investigated the
obstacles that discourage students, especially underrepresented
students, from participating in ICPs. To make ICPs more
inclusive and equitable learning experiences, there is a need for



a systematic investigation of the barriers that underrepresented
students face. In this paper, we use semi-structured interviews
to answer two main research questions: (i) what are the barriers
that discourage student participation in ICPs, and (ii) what
are the costs associated with ICP participation? This paper
is a preliminary study, to develop a theoretical framework to
explore the factors that influence the participation of fewer
underrepresented students in ICPs.

Several authors indicate a lack of diversity in ICPs [7]-
[11], yet the reasons for why some students avoid participating
in these events have not been discussed based on theoretical
models. The disproportionately large number of white and
Asian male participants in hackathons make marginalized
student groups feel unwelcome at the events [12]. For example,
hackathon environments implicitly exclude women [13]. Dang
and Nguyen Viet [14] used the theory of planned behavior
to examine the factors influencing students’ intention to par-
ticipate in extracurricular activities and noted that students
with part-time jobs were less likely to join these activities
as such involvements take away students’ time to engage
in ICPs. Kulturel-Konak et al. [15] used a survey based on
the Expectancy-Value-Cost theory [16] and Self-Determination
Theory [17] to gain insight into students’ motivation for
participating in ICPs and to identify possible barriers to their
participation. Their findings identified the time demand of
ICPs, low awareness of ICPs, a lack of understanding of how
participating ICPs can help students attain their academic and
professional goals, and a preconceived notion about how ICPs
relate to their majors. For example, Art/Sciences students did
not consider participating in ICPs essential to their identity. In-
terestingly, the authors noted that students with entrepreneurial
family backgrounds valued ICPs more than others [15].

II. RESEARCH METHODOLOGY
A. Interview Procedure

The primary research methodology in this paper is semi-
structured interview to gather responses from students enrolled
in various programs at a land-grant university in the North-
eastern United States. Recruitment survey links were emailed
to targeted academic programs and clubs. Then, 249 students
responded to the survey, and 38 students were invited to par-
ticipate in the interviews. Interviews were conducted remotely
via video conferencing by two research team members, who
were trained with uniform interview objectives and skills.
Interviews were conducted independently at scheduled times
and varied from 20-40 minutes in length. Questions touched
on several areas, including barriers to participating in ICPs
and challenges experienced among the ICP participants.

Thirty-eight students (25 females vs. 13 males, 21 ICP
participants vs. 17 non-participants, and 9 whites vs. 29 non-
whites) were interviewed after a recruitment survey. About
85% of interviewed students were from STEM-related majors.
The interview questions were crafted and analyzed based
on the known scales and theories in the literature, namely
the Expectancy-Value-Cost Scale [16] and the Theory of
Planned Behavior [18]. Through student interviews, student

perceptions of fitting in ICPs were explored, with a particular
interest being students who are underrepresented in STEM.
The complete recordings of the interviewee’s responses to
interview questions were transcribed into text.

B. Analytical Approaches

Data analysis was carried out using NVivo, Release 1. Our
data analysis followed a grounded theory approach [19] and
proceeded with three distinct steps. We began by reviewing
the interview transcripts. From these data, we used an “open-
coding” approach to identify distinct concepts that were re-
peated in the data [20]. This initial coding round produced
188 distinct codes. Some examples from the first round
of coding include codes related to how students perceived
innovation competitions and programs (e.g., fun, interesting,
take too much time and so forth), codes related to time cost
(e.g., time-consuming, busy schedules with classes in major,
and so forth), and codes related to benefits (e.g., monetary
awards, learning a lot, resume building, and so forth). In
developing these codes, we iterated between the data and
theory, tentatively evaluating the appropriateness of distinct
theoretical frameworks for understanding the evolving coding
structures. We continued to code and refine the data, and
then discussed each of the codes and distilled the codes into
first-order concepts. This step in the analysis allowed us to
understand many of the key themes in our data, including
the multifaceted dimensions of time cost, variations in coding
patterns across gender, and so on. As a second step, we started
interpreting the data more closely with various theoretical
lenses. Given the importance of how students perceived costs
and benefits of ICPs, we settled on expectancy-value theory
as a specific lens [21] and started examining the data for
evidence of constructs such as barriers and costs. We found
that some of the data fit well within the existing theoretical
framework, other aspects of the data did not. Therefore, we
categorized the data using both existing and novel constructs
for our analysis. When the coding process was complete, the
categories were grouped together to form larger themes. The
third step, which includes assembling the key constructs into
theoretical arguments, is a work in progress.

III. FINDINGS

Two major categories of themes emerged from the data:
barriers to and costs of participating in student ICPs. Barriers
are conceptualized as factors that make students unmotivated
to invest time, energy, and resources [22] into ICPs and there-
fore, they did not engage in ICPs. Costs are conceptualized as
what an individual must give up doing a task, as well as the
anticipated effort one will need to put into task completion
[21].

A. Barriers

Two levels of barriers were identified, institutional and
individual. Institutional-level barriers include “low program
awareness” and “lack of diversity and inclusiveness.” Individ-
ual barriers, on the other hand, include “not matching self-
identity” and “low expectancy of success.”



1) Institutional- Low program awareness: Many students
are unaware of the benefits and availability of ICPs, which
impedes their participation and engagement. One of the pos-
sible reasons for low awareness is suboptimal communica-
tion strategies to break through the information clutter faced
by students. Students are constantly bombarded with flyers,
emails, social media, newsletters, and so on, but most of the
promotional materials go unnoticed.

“Basically lack of information, since I know there’s
Jjust so many things going on around campus, differ-
ent things to do. You can get kind of lost in all of
it.” (Female, Black, 4th year agriculture major)

2) Institutional- Lack of diversity and inclusiveness: Under-
represented students may have personal and academic issues
associated with demonstrating grit and overcoming institu-
tional racism over the course of their lives [23]. When the
campus environment is not socially or culturally supportive
of underrepresented students, they may not feel comfortable,
visible, or represented in student life as they are not included
in the conversations and decisions that affect them [24].

“I am a woman of color. It was obvious sometimes
where my ideas would be cut short or undermined...”
(Female, Black, 4th-year engineering major)

3) Individual- Not matching self-identity: As students
progress in their academic careers, their self-identities form
and enact accordingly. Students put differential levels of
importance on various tasks and activities that tie to their
identities (e.g., gender-role identity, professional identity) [21].
Underrepresented students who perceived ICPs as irrelevant
to their self-identity formation are not motivated to engage in
them.

“I think (ICPs) are for students of engineering
students, that are constantly being bombarded by
the flyers, everything that’s around that. .. ” (Female,
Hispanic, 4th-year science major)

4) Individual- Low expectancy of success: Behavioral
choices, such as education and occupation, are influenced by
students’ expectancy of success and the perceived importance
the students attach to the various available options. If one has
a low expectancy of success, i.e., having low confidence in
one’s skills, characteristics, and competencies to succeed, s/he
is unmotivated to engage in the activity [25].

“I think maybe it’s like lack of competence or
lack of a specific idea that could gear me towards
like... having a feeling like 1 have a fair shot...
And if I knew that wasn’t going to be as fruitful. ..
because I don’t have the necessary skills, talents, or
whatever in order to succeed in that endeavor. Like
I just haven’t really wanted to pursue that or invest
time in that.” (Female, Hispanic, 4th-year science
major)

5) Disconfirming subjective norms: Subjective norm is an
individual’s perception that most people who are important to
them think they should (or should not) perform a particular
behavior [26]. If the students believe that their social referents

do not support their participation, they are less motivated to
engage in ICPs.

“No one really ever encouraged me to go into it, or
really related to any of my studies.”(Female, Black,
4th-year agriculture major)

B. Costs

Every activity has costs as well as benefits, and individuals
avoid those that cost too much relative to their benefits, partic-
ularly when compared to alternative tasks with higher benefit-
to-cost ratios [21]. Three types of costs are conceptualized in
the expectancy-value theory framework: 1) effort cost — the
perceived amount of effort needed to complete it and whether
it is worth the time and energy; 2) opportunity cost — the extent
to which doing one task reduces the ability or time to do other
activities that are valued; 3) psychological cost — the emotional
costs of pursuing the activity, particularly anticipated anxiety
and the emotional and social costs of failure [27].

Nevertheless, teamwork cost has emerged to be another
important cost dimension among students [28]. Students men-
tioned that they had challenges in forming teams:

“It’s hard to... make a big enough group because we
didn’t have that many people that wanted to do like
interests. . . because they have a different priority for
the weekend.” (Female, White, 4th year engineering
major)
Students also complained about free riders in the team, as
they had little control over the process, and they could not
force anyone to engage intensively in ICPs.

“We were in a group and maybe everyone in the
group didn’t participate at the full extent in which
they should have.” (Female, Black, Graduate science
major)

C. Gender Comparison

We used a crosstab query to examine the distribution of
emergent themes across gender. Table I presents the crosstab
query results. Based on the interview data, “not matching self-
identity” and “low expectancy of success” are the most men-
tioned barriers. However, female students were more likely
to mention “low program awareness” and “not matching self-
identity” as barriers to participation. As for the themes related
to costs, “opportunity cost” and “teamwork cost” were the
most mentioned cost dimensions. Female students were more
likely to associate “opportunity cost” with participating in
ICPs.

“I just don’t have a lot of time...I'm doing my class
work, my lab work, so I don’t have time to do
other things that might also be interesting.” (Female,
Black, Graduate science education major)

IV. CONCLUSION AND FURTHER RESEARCH

Innovation competitions and programs (ICPs) play impor-
tant roles as a recruitment ground for many other co-curricular



TABLE I
THE EXTRACTED THEMATIC CONCEPTS AND NUMBER OF PARTICIPANTS
MENTIONING THE CONCEPTS

Female (N=25) Male (N=13)

Barriers 20 (80%) 9 (69%)
Low program awareness 5 (20%) 1 (8%)
Lack of diversity or inclusiveness 2 (8%) 1 (8%)
Not matching self-identity 9 (36%) 2 (15%)
Low expectancy of success 6 (24%) 3 (23%)
Disconfirming subjective norms 2 (8%) 0

Costs 15 (60%) 7 (54%)
Effort cost 4 (16%) 2 (15%)
Opportunity cost 9 (36%) 3 (23%)
Psychological cost 0 1 (8%)
Teamwork cost 7 (28%) 3 (23%)

programs and expose students to entrepreneurship and innova-
tion. In this paper, barriers to and costs of participating in stu-
dent ICPs are found to be the two major categories of themes
that emerged from student interview data. Furthermore, two
levels of barriers were identified, institutional and individual.
Institutional-level barriers include “low program awareness”
and “lack of diversity and inclusiveness,” whereas individual
barriers include “not matching self-identity” and “low ex-
pectancy of success.” As for costs, apart from “opportunity
cost,” “teamwork cost” is found to be an important factor that
affects students’ involvement in ICPs. The ongoing research
direction is towards compiling our findings in the ‘theoretical’
and ‘inductive’ thematic analyses and sharing them with the
STEM educators and ICP organizers so that they are aware of
these barriers and costs of participating in ICPs, which might
be a basis for designing and testing interventions.
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