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Overview of Student Innovation Competitions and Their Roles in
STEM Education

Abstract

Student innovation competitions have long been an essential part of Science, Technology,
Engineering, and Mathematics (STEM) education. Higher education institutions and foundations
have expanded their co-curricular program offerings to recruit and support student innovators,
such as design challenges, hackathons, start-up incubator competitions, boot camps, customer
discovery labs, and accelerator programs. Therefore, student innovation competitions and
challenges are increasingly playing a role in educating the next generation of innovators and
critical thinkers. This paper focuses on student innovation competitions, which are usually non-
credit, co-curricular, and team-based programs in which student teams aim to solve open-ended
problems. The benefits and challenges of student innovation competitions for the participants in
STEM education are summarized. Hence, the specific focus and details of the reviewed
competitions are not in this paper’s scope.

Introduction

STEM education literature often mentions students’ experiential learning experiences in college
settings and their roles in curricular interventions. In particular, student innovation competitions
have long been an essential part of STEM education [1]. Research suggested that student
competitions provide many benefits and experiences, such as experiencing teamwork, peer
interactions and leadership, gaining self-efficacy and enthusiasm, building a growth mindset,
working on real-world applications, accessing informal mentorship, and connecting with
employers [2], [3], [4]. It is crucial to practice some skills, such as leadership within a technical
domain, and participation on an engineering competition team is a popular activity in this regard
[5]. Traditional classroom teaching is often based on lecturing and examinations; therefore, they
might lack going beyond teaching students technical and discipline-specific skills.

On the other hand, student competitions go beyond and offer students soft skills, which are the
key to successful experiential learning [6]. In engineering education, senior capstone projects
have become typical venues for teaching soft skills as well; however, these are often still limited
with class-time and curriculum expectations [7]. Capstone projects, by nature, are towards the
end of students’ educational careers, and therefore, students may not have time to practice the
soft skills they just have exposure. Earlier research shows that students’ ability to understand
ethical dilemmas [8] and global issues [9], [10] as well as apply teamwork skills [11] develop
rather slowly during their education. However, students with experiential learning experiences
demonstrate more significant gains in these soft-skill areas. Student competitions, therefore, play
an essential role in engaging students in further design activities that go beyond the curriculum

[4], [7].



Student Innovation Competitions- Benefits and Challenges

The focus of this paper is more specifically on innovation competitions and competition-like
challenges. More and more universities add innovation hubs to their entrepreneurship ecosystems
and run competition-like challenges to attract students working on innovative projects and
eventually turning them into start-ups. These innovation hubs and programs, such as training and
competitions, help students build entrepreneurial mindsets [12]. Innovation competitions also
attract employers, and large corporations even sponsor these competitions. Therefore, students
can connect with top employers, such as Google, Facebook, or IBM, that are otherwise not easy
to reach [13]. James and Brookfield [14] suggested that students were more likely to engage their
curiosity and imagination when they felt socially supported within the learning environment.
Student innovation competitions provide a valuable learning tool that exposes students to critical
thinking skills applied to problem-solving and managing projects. In addition, these competitions
offer students the opportunity to showcase their skills in a wide variety of areas. For example,
hackathons nurture the approach that no idea is bad and give team members the confidence to
explore any idea, no matter how unlikely it seems, fostering innovation and creativity to develop
supportive communities that allow outside-the-box solutions [15]. The learning opportunities in
innovation competitions are unique because these competitions enable students to work on their
innovations “from conception through presentation—the whole process” [16].

Furthermore, competitions encourage students to adopt innovative techniques and develop their
ideas and skills throughout the process. Competitions and challenges can play an important role
as facilitators of start-ups in economically distressed regions [17] as well as innovation activity
for a larger spectrum of the economy [18], [19].

The majority of the published literature on competition-like challenges and competitions
introduced competitions and summaries of student projects [20], [21], [22], [23], [24], [25], [26].
These studies usually concluded that competition-like challenges and competitions have a
positive effect on participants. According to Wankat’s findings [27], institutional support and
competition legacy were important factors affecting the outcomes of participating student teams.
Wankat [27] also surveyed many advisors for successful teams in undergraduate student
competitions. One survey respondent stated that “Students that have competed consider it one of
the highlights of their education. Even those that did not win value the experience.” Many team
advisors believed that there were long-term benefits from involvement in the experience. It is
also worthy of mentioning that even those students who did not win value the experience.

A few studies [28], [29] showed that participating in competitions did not always transfer to
learning, and some students failed to gain critical professional skills. Only a few papers pointed
out a few adverse effects of participating in competitions, such as the feeling of frustration,
depression, or inferiority by low performing students [30], focusing too much on winning rather
than learning [4], and social responsibility [31], and misplaced motivations, disappointments and
poor academic performance because of poor time management [4].

Table 1 depicts the benefits and challenges of participating in those competitions mentioned in
the literature. It is noted that this table is only listing the highlights in the literature summarized
in this paper.



Table 1. Benefits and challenges of participating in student competitions, especially in
competitions with an innovation focus.

Benefits References
experiencing teamwork, peer interactions, and leadership; [2], [3], [4], [5]
gaining self-efficacy and enthusiasm; working on real-world

applications; accessing informal mentorship

networking opportunity with potential future employers [2], [3], [4], [13]
engaging students in further design activities 41, [7]

building innovative/growth mindsets [12]

raising seed capital [13]

testing ideas in a risk-free environment [13]

providing practices for critical thinking skills [14], [16]
fostering innovation and creativity [15]

fostering economy [17],[18], [19]

providing long-lasting valuable experience, i.e., sustainability  [27], [32]

Challenges
having a poor academic performance as a result of poor time [4]
management

focusing too much on winning rather than learning and social [4], [31]
responsibility

having experience which is not transferrable [28], [29]
feeling frustration, depression, or inferiority by low performing [30]
students/teams

Conclusions

In conclusion, as summarized above, research suggests many benefits of students participating in
innovation competitions as co-curricular activities. Students should often be reminded that this is
not time wasted even if they do not win; instead, it is time spent learning and growing.
Innovation competitions provide students an enriching and stimulating experience that allows
them to apply what they learned and are passionate about throughout the process to a specific
and often practical problem. In order to enhance the role of student innovation competitions on
cultivating an entrepreneurial mindset, developing a theoretical model that explains how students
build an innovation mindset as an outcome of participating in innovation competition has been
worked by our research team. The factors affecting the success of these innovation competitions
in acquiring specific soft skills, i.e., innovative mindset, is another future research agenda.



Acknowledgment

This research is sponsored by the National Science Foundation (NSF) Grant (DUE 2120936).
Any opinions and findings expressed in this material are of the authors and do not necessarily
reflect the views of the NSF.

References

[1]
[2]

[3]

[4]
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]
[14]
[15]
[16]

[17]

T. L. Riley and F. A. Karnes, "Problem-solving competitions: Just the solution!," Gifted Child
Today, vol. 28, no. 4, pp. 31-64, 2005.

A. Adorjan and G. Matturro, "'24 hours of innovation' - A report on students' and teachers'
perspectives as a way to foster entrepreneurship competences in engineering," in 2017 IEEE
World Engineering Education Conference (EDUNINE), 2017: IEEE, pp. 43-46.

R. O. Buchal, "The educational value of student design competitions," Proceedings of the
Canadian Engineering Education Association (CEEA), 2004,

P. Schuster, A. Davol, and J. Mello, "Student competitions-The benefits and challenges," 2006.
K. G. Wolfinbarger, R. L. Shehab, D. A. Trytten, and S. E. Walden, "The influence of
engineering competition team participation on students' leadership identity development,” (in
English), Journal of engineering education (Washington, D.C.), vol. 110, no. 4, pp. 925-948,
2021, doi: 10.1002/jee.20418.

M. Gadola and D. Chindamo, "Experiential learning in engineering education: The role of student
design competitions and a case study," International Journal of Mechanical Engineering
Education, vol. 47, no. 1, pp. 3-22, 2019.

D. R. Mikesell, D. R. Sawyers, and J. E. Marquart, "External engineering competitions as
undergraduate educational experiences," in 2012 ASEE Annual Conference & Exposition, 2012,
pp. 25.624. 1-25.624. 14.

L. E. Esparragoza, A. Konak, S. Kulturel-Konak, G. Kremer, and K. Lee, "Assessing engineering
students' ethics learning: Model of domain learning framework," Journal of Professional Issues
in Engineering Education and Practice, vol. 145, no. 1, pp. 04018015: 1-12, 2019.

S. Kulturel-Konak, A. Konak, G. E. Kremer, and 1. Esparragoza, "Assessment of engineering
students' global awareness knowledge, strategic processing and interest," International Journal of
Engineering Education, vol. 35, no. 2, pp. 519-534, 2019.

S. Kulturel-Konak, "Person-centered analysis of factors related to STEM students' global
awareness," International Journal of STEM Education, vol. in print. , 2020.

A. Konak, S. Kulturel-Konak, and W. Cheung Gordon, "Teamwork attitudes, interest and self-
efficacy between online and face-to-face information technology students," Team Performance
Management: An International Journal, vol. 25, no. 5/6, pp. 253-278, 2019, doi: 10.1108/TPM-
05-2018-0035.

V. Bodolica and M. Spraggon, "Incubating innovation in university settings: building
entrepreneurial mindsets in the future generation of innovative emerging market leaders,"
Education+ Training, 2021.

L. Bridgestock, "Six reasons to participate in student competitions," 2021. [Online]. Available:
https://www.topuniversities.com/blog/six-reasons-participate-student-competitions.

A. James and S. D. Brookfield, Engaging imagination: Helping students become creative and
reflective thinkers. San Francisco: John Wiley & Sons, 2014.

C. Kayastha, "Enabling innovation through community and competition," in 2017 I[EEE Women
in Engineering (WIE) Forum USA East, 2017: 1IEEE, pp. 1-4.

K. Samson, "NerveCenter: MIT competition a catalyst for student innovation," Annals of
neurology, vol. 6, no. 68, pp. A13-A14, 2010.

R. Caiazza, A. Richardson, and D. Audretsch, "Knowledge effects on competitiveness: from
firms to regional advantage," The Journal of Technology Transfer, vol. 40, no. 6, pp. 899-909,
2015.




[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

J. Owen-Smith and W. W. Powell, "Knowledge networks as channels and conduits: The effects
of spillovers in the Boston biotechnology community," Organization Science, vol. 15, no. 1, pp.
5-21, 2004.

P. Mueller, "Entrepreneurship in the region: breeding ground for nascent entrepreneurs?," Small
Business Economics, vol. 27, no. 1, pp. 41-58, 2006.

N. Taylor and L. Clarke, "Everybody’s hacking: participation and the mainstreaming of
hackathons," in CHI 2018, 2018: Association for Computing Machinery, pp. 1-2.

P. McGowan and S. Cooper, "Promoting Technology-Based Enterprise in Higher Education: The
Role of Business Plan Competitions," Industry and Higher Education, vol. 22, no. 1, pp. 29-36,
2008, doi: 10.5367/000000008783876968.

J. Zimmerman, "Using business plans for teaching entrepreneurship," American Journal of
Business Education (AJBE), vol. 5, no. 6, pp. 727-742, 2012, doi: 10.19030/ajbe.v516.7395.

C. W. Mui Yu, "Capacity building to advance entrepreneurship education: Lessons from the teen
entrepreneurship competition in Hong Kong," (in English), Education & Training, vol. 55, no. 7,
pp. 705-718, 2013 2013, doi: http://dx.doi.org/10.1108/ET-01-2013-0001.

R. Laud, S. Betts, and S. Basu, "The 'Business concept' competition as a ‘business plan'
alternative for new and growing entrepreneurship programs: What's the big idea?," Journal of
Entrepreneurship Education, vol. 18, no. 2, pp. 53-58, 2015.

S. Fulton, D. Schweitzer, and J. Dressler, "What are we teaching in cyber competitions?," in 2012
Frontiers in Education Conference Proceedings, 3-6 Oct. 2012 2012, pp. 1-5, doi:
10.1109/FIE.2012.6462480.

J. Straub, "Assessment of cybersecurity competition teams as experiential education exercises,"
in ASEE's Virtual Conference, June 22-26 2020, pp. 1-13.

P. C. Wankat, "Undergraduate Student Competitions," Journal of Engineering Education, vol. 94,
no. 3, pp. 343-347, 2005.

S. E. Walden, C. Foor, R. Pan, R. Shehab, and D. Trytten, "Leadership, management, and
diversity: Missed opportunities within student design competition teams," in 2015 ASEE Annual
Conference and Exposition, 2015.

C. Brentnall, I. D. Rodriguez, and N. Culkin, "The contribution of realist evaluation to critical
analysis of the effectiveness of entrepreneurship education competitions," Industry and Higher
Education, vol. 32, no. 6, pp. 405-417, 2018, doi: 10.1177/0950422218807499.

H. N. Cheng, W. M. Wu, C. C. Liao, and T.-W. Chan, "Equal opportunity tactic: Redesigning and
applying competition games in classrooms," Computers & Education, vol. 53, no. 3, pp. 866-876,
2009.

P. Labossiére and L. A. Bisby, "Lessons learned from a design competition for structural
engineering students: The case of a pedestrian walkway at the Université de Sherbrooke," Journal
of Professional Issues in Engineering Education and Practice, vol. 136, no. 1, pp. 48-56, 2009.
X. Yan, D. Gu, C. Liang, S. Zhao, and W. Lu, "Fostering sustainable entrepreneurs: Evidence
from China college students’ “Internet Plus” innovation and entrepreneurship competition
(CSIPC)," Sustainability, vol. 10, no. 9, p. 3335, 2018, doi: 10.3390/su10093335.




