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Abstract 

 

Innovation Competitions and Programs (ICPs), such as design challenges, hackathons, startup 

incubator competitions, boot camps, customer discovery labs, and accelerator programs, are 

informal learning experiences that supplement the formal education of Science, Technology, 

Engineering, and Mathematics (STEM) students. As learning dynamics are shifting toward 

becoming more personalized, location-unbounded, and spontaneous, informal learning is also 

becoming increasingly important for achieving the broader objectives of STEM education. ICPs 

are important in educating the next generation of innovators, and they serve as a gateway to 

innovation and entrepreneurial ecosystems in many colleges. The current literature provides 

limited quantitative and qualitative evidence on student learning because of participation in ICPs. 

This paper summarizes the findings of a study to investigate the learning and experiences of 

students who participated in ICPs. The results showed that overall, students rated technical and 

problem-solving skills higher than some innovation mindset skills, such as understanding 

people’s needs and pains. Furthermore, the results demonstrated relationships among student 

backgrounds, learning experiences, and ICP types. Findings suggested that incorporating more 

entrepreneurial elements in ICPs may improve the innovation mindset learning outcomes of 

ICPs.     
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Introduction and Background 

 

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 essential to STEM education [1]. Research suggests that student competitions 

provide many benefits and experiences: experiencing teamwork [2], peer interactions and 

leadership, promoting creativity [3], gaining self-efficacy and enthusiasm, building a growth 

mindset, working on real-world applications, accessing informal mentorship, and connecting 

with employers [4-6]. 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 

[7].  

 

Another objective of student competitions is to foster an entrepreneurial and innovative mindset 

among engineering students. A mindset is a set of attitudes, behaviors, and beliefs that determine 

how individuals establish and pursue goals, their likelihood of achieving those goals, and how 



they react to challenges they encounter [8]. In a more extensive sense, an entrepreneurial mindset 

is characterized by the attitudes and behaviors commonly seen in entrepreneurs. According to 

Ireland et al. [9], an entrepreneurial mindset is “the ability to quickly detect, act, and mobilize, 

even in unpredictable situations.” The Kern Entrepreneurial Engineering Network (KEEN) 

defines the entrepreneurial mindset with three components: curiosity, connections, and creating 

value, also known as the “3Cs.” After an extensive literature survey, London et al. [10] defined a 

framework comprising 12 attitudes and 17 behaviors that align with the 3Cs. 

 

Parallel to the entrepreneurial mindset, we can define an innovation mindset as a set of beliefs 

and attitudes that lead to developing the capacity to produce valuable novelty. There is also a 

distinction between individual innovativeness and the innovation mindset. For example, Hunter 

et al.’s conceptual model of innovativeness [11] includes constructs such as knowledge, skills, 

and abilities, while the innovation mindset emphasizes dispositions, attitudes, and propensities 

[12]. Couros [13] describes eight characteristics of an innovator’s mindset: empathic, problem 

finders/solvers, risk takers, networked, observant, creators, resilient, and reflective. 

 

This paper investigates the role of student ICPs in developing students’ innovation mindset from 

the perspective of students. While the number of academic publications about student 

competitions has grown recently, most of these papers focus on introducing competitions with 

limited data on student learning outcomes related to an innovation mindset. In this paper, we 

present findings from an empirical study to investigate the benefits of ICPs. The primary 

contribution of this paper is to gain a more comprehensive understanding of the benefits that 

students perceive during ICPs and how ICPs can be better designed to foster an innovation 

mindset.  

 

Student Innovation Competitions and Their Benefits 

 

Most of the published literature on competition-like challenges and competitions introduced 

competitions and summaries of student projects [14-20]. These studies usually concluded that 

competition-like challenges and competitions positively affect participants, as summarized by 

Kulturel-Konak [21]. Additionally, an increasing number of higher education institutions 

organize competition-like challenges to attract students to work on innovative projects. This 

increased interest in ICPs is illustrated by Figure 1, which presents the number of journal or 

conference proceedings publications indexed by the Web of Science since 2001. The number of 

publications exponentially increased from 2001 to 2019. It went down in 2020 when many 

institutions canceled their extracurricular activities or conducted them virtually due to the 

COVID-19 pandemic. The frequency for 2022 could be too early to be compiled when this 

analysis was performed. 

 

We performed a topical analysis of the publications. The main objective of this topical analysis is 

to investigate the focus areas and expected student learning outcomes of these ICPs. The dataset 

for the topical analysis was obtained from the Web of Science by performing a topic search using 

the terms “hackathon,” “student competition,” “student contest,” or “pitch competition,” or its 

derivatives considering only STEM fields since 2001. Preliminary data cleaning involved 

deleting duplicate records, and publications without keywords, opinion pieces, and news articles. 

The final data set included only journal articles and conference proceedings. Initially, 1139 



keywords were extracted from 501 publications. We post-processed the keywords by replacing 

similar words with the same keyword (e.g., replacing contest, contests, international student 

competition, competitions by competition) or merging terms into broader concepts (e.g., merging 

machine learning and deep learning into artificial intelligence). However, we limited the number 

of keyword mappings to reduce subjectivity.  

 

 
Figure 1. Frequency of publications (Web of Science) related to ICPs. 

 

We used the merged keywords that occurred more than four times and clustered them according 

to how frequently they cooccurred in the publications. Figure 2 illustrates how 59 final keywords 

clustered into the six groups based on the frequency with that they occurred together as a cluster 

density plot. In Figure 2, the keywords’ sizes indicate their occurrence frequency. The keywords 

that occurred together are located nearby compared to those that did not. For the clarity of 

network presentation, the links were not plotted. In the literature review section, we omit the 

citations of the publications unless they explicitly discuss the concepts and themes emerging in 

our analysis. 

 

The cluster analysis identified two large clusters formed around the two most frequent keywords: 

hackathon and competition, as indicated by the green and blue clusters in Figure 2. These two 

keywords group together with different topics of ICPs. The term hackathon was associated with 

the terms app development, participatory design, capstone, smart city, community in the green 

cluster, software, artificial intelligence, cyber security in the red cluster, and healthcare, open 

source in the light green cluster, and the term competition was more frequently associated with 

the terms vehicle, Formula SAE, and robotics in the blue cluster. In a sense, the term competition 

appeared to be more frequently used in the context of traditional student engineering 

competitions that require project-based, long-term engagements, such as Formula SAE, Mini 

Baja, Robotics, and other vehicle design competitions. Interestingly, the keywords project-based 

learning, active learning, and experiential learning were more frequently associated with the 

term competition. In contrast, the terms informal learning and collaborative learning were more 

strongly linked to the term hackathon. Based on these observations, we can argue that ICPs 

support student learning by providing experiential learning opportunities outside the traditional 

classroom setting. 



 

 
 

Figure 2. Cluster density plot of the extracted keywords. 

 

Another emerging keyword group was related to diversity, equity, and inclusion (DEI), and the 

underrepresentation of females (gender) in STEM fields (stem), as shown in the purple cluster in 

Figure 2. Particularly, the terms DEI and gender were strongly connected to the term hackathon. 

Two contradictory phenomena could explain this strong relationship. Firstly, some hackathons 

specifically aimed to recruit females and other underrepresented students into STEM programs 

[22]. Secondly, many papers indicated barriers to and challenges ensuring diversity in 

hackathons [14, 23-27]. For example, our analysis showed weak associations between the 

DEI/gender cluster and competition cluster that represents more traditional engineering student 

competitions. Although concerns related to DEI issues were raised in the literature [28-31], 

strategies for enhancing diversity in ICPs still need to be explored. Currently, a very small 

percentage of underrepresented students participate in ICPs [14, 26, 27, 32, 33]. ICPs are an 

integral part of higher education innovation and entrepreneurial ecosystems to make students 

interested in innovation and entrepreneurship and help them build entrepreneurial mindsets [34]. 

In our analysis, the terms entrepreneurship, idea generation, design thinking, prototyping, and 

problem-solving were clustered together (in the red cluster) and strongly linked to the term 

hackathon.  



 

 
Figure 3. Average citation age of keywords. (The circle’s center represents 2004, and the outer 

circle represents 2022.) 

 

Another way ICPs promote innovation is by introducing students to processes or toolboxes of 

innovation and providing practices for critical thinking skills [35, 36]. ICPs engage students in 

further design activities and enable them to apply their classroom learning [6, 37]. In our 

analysis, the terms design thinking, prototyping, problem-solving, and creativity were clustered 

together and linked to the term hackathon. Learning the innovation process can help students 

build innovative/growth mindsets [34]. In addition, ICPs enable students to raise seed capital to 

bring their ideas to the marketplace [38].  

 

Our analysis showed that ICPs increasingly incorporate entrepreneurship concepts as keywords 

related to innovation and entrepreneurship frequently appear in recent years’ citations. In Figure 

3, we plot the average citation of the extracted keywords. The terms such as multidisciplinary, 

idea generation, impact, design thinking, entrepreneurship, and innovation had an average 

citation age higher than 2018, indicating some of the trends in ICPs. Practicing teamwork and 

collaboration skills has been noted as another beneficial learning outcome of ICPs [4-7]. In our 

analysis, teamwork, collaboration, and multidisciplinary were grouped with and linked strongly 

to the hackathon term. We also observed another trend coined by the term outside collaboration, 

representing merged keywords such as community engagement, industry collaboration, public 

collaboration, etc. These terms also appeared in recent years, indicating ICPs play a growing 

role in engaging students in their local communities and industry projects. Top employers, 



particularly those in information technology fields [38], support or co-organize ICPs to identify 

and recruit talented students. Thereby, ICPs allow students to network with employers that are 

otherwise not easy to reach [4-6, 38].  

 

Methodology  

 

Procedures and Participants   

A survey instrument was designed and sent to engineering students who participated in ICPs at a 

target institution. The survey had the following sections. The first group questions asked students 

their motivations for participating in ICPs using questions based on the value-cost model given 

in [39]. In the second group of questions, students were asked to select and rank three 

skills/abilities they developed the most due to participating in ICPs among the skills/abilities 

given in Figure 4. Subsequently, the students were instructed to select (ranking was not required) 

up to three skills/abilities that they developed the least among the given skills/abilities. The 

survey concluded with demographical questions. Students were invited to participate in the 

survey via emails or campus signage. Participation was voluntary. 

 

Analysis of Student Responses  

Since the students were asked to select and rank the given items of skills/ability, statistical 

analyses focused on evaluating the consistency of selections. Figure 4 provides the percentage of 

respondents (n=144) who ranked the skills/abilities as their three most improved and the three 

least improved ones in descending order according to the most improved ones. We evaluated the 

consistency of the ranks of the items in the most and least groups using Kendall’s tau-b. The 

Kendall’s tau-b correlation between the ranks of the items in the most and least improved 

categories was -0.481 (p-value=0.032) for the skills/abilities. This statistically significant, 

negative correlation suggested that the rankings of the items were consistent across the most- and 

least-improved categories. In other words, if an item was ranked high in the most-improved 

category, then the item should be ranked low in the least-improved category. 

 

 
Figure 4. Students’ responses to the most and least improved skills due to the ICP participation 

(n=144). 



Discussions  

 

As shown in Figure 4, the respondents more frequently selected “Learning new technical skills 

and knowledge,” “Learning through trial and error,” and “Analyzing a situation and identifying 

areas for improvement” among their top three most improved skills/abilities compared to the 

other items. These results indicated that students valued technical and problem-solving skills the 

highest among the learning outcomes of the ICPs they participated in. The respondents rated 

impact-related skills, “Assessing the performance of a solution from my stakeholder's 

perspective,” and “Understanding peoples’ needs and pain points” lowest among the most 

improved skills. Clearly, technical and problem-solving skills are critical for the formation of 

engineers, but they alone are not enough to prepare engineers to make a change. Engineering 

students need to understand how their solutions create value and for whom. Students do not 

normally value these skills as much as they are not valued in most of their traditional classes. 

Hence, even if they are given exposure to them by ICPs they are essentially ignored as they do 

not fit what students identify as skills needed for success, and students aren't evaluated on these 

skills directly in the vast majority of their academic experiences.  

 

To better present student rankings trends, we categorized the skills/abilities into three stages of 

engineering skill sets, Opportunity, Design, and Impact according to the Entrepreneurially 

Minded Learning (EML) Framework [40]. We calculated an importance index for each 

skill/ability by taking the difference between how many times students listed them as the most 

improved and least-improved ones. This importance index indicates how much students value 

the skills/abilities that they gained during ICPs. Figure 5 illustrates the average importance index 

in each stage of the EML Framework. Clearly, the students ranked the skills/abilities related to 

the design stage as more valuable than the other stages. The skills/abilities related to the impact 

stage received a negative score, indicating that they were more frequently ranked as least-

improved than most-improved.  

 

 
Figure 5. Students valued skills/abilities mapped to the Entrepreneurially Minded Learning 

(EML) Framework. 

 

To increase participation in ICPs, higher education institutions may consider organizing ICPs 

with a limited time commitment and targeting students at their institutions early in their 



education when they typically have more time available. For example, low-stake ICPs could be a 

part of students’ first-year engineering experience. This intervention can also introduce students 

to engineering skills across the whole spectrum of the EML Framework early in their education.  

 

Conclusion 

 

Our systemic literature review and empirical results showed that student innovation competitions 

and programs are instrumental in fostering an innovation mindset among students. These 

extracurricular programs allow students to learn new technical skills, practice classroom 

learning, and develop entrepreneurial skills. To increase the impact of ICPs on building an 

innovation mindset, ICPs may incorporate entrepreneurship concepts such as designing 

compelling value propositions, understanding people’s needs and problems, and the societal 

implications of their solutions. Therefore, further investigation of the impacts of ICPs on 

cultivating an innovation mindset is necessary. In addition, the challenges that students face 

during these ICPs need to be analyzed.     
 

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] T. L. Riley and F. A. Karnes, "Problem-solving competitions: Just the solution!," Gifted 

Child Today, vol. 28, no. 4, pp. 31-64, 2005. 

[2] R. W. Habash, C. Suurtamm, and D. Necsulescu, "Mechatronics learning studio: from 

“Play and Learn” to industry-inspired green energy applications," IEEE Transactions on 

Education, vol. 54, no. 4, pp. 667-674, 2011. 

[3] H. Hassan, C. Dominguez, J.-M. Martínez, A. Perles, J.-V. Capella, and J. Albaladejo, "A 

multidisciplinary PBL robot control project in automation and electronic engineering," 

IEEE Transactions on Education, vol. 58, no. 3, pp. 167-172, 2014. 

[4]  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.  

[5] R. O. Buchal, "The educational value of student design competitions," Proceedings of the 

Canadian Engineering Education Association (CEEA), 2004. 

[6]  P. Schuster, A. Davol, and J. Mello, "Student competitions-The benefits and challenges," 

in American Society of Engineering Education Annual Conference & Exposition, Chicago, 

Illinois, June 18-21 2006, pp. 11.1155.1-11.  

[7] 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, vol. 110, no. 4, pp. 925-948, 2021, doi: 

10.1002/jee.20418. 

[8] C. S. Dweck, Mindset: The new psychology of success. Random House Digital, Inc., 2008. 

[9] R. D. Ireland, M. A. Hitt, and D. G. Sirmon, "A model of strategic entrepreneurship: The 

construct and its dimensions," Journal of Management, vol. 29, no. 6, pp. 963-989, 2003. 



[10] J. S. London, J. M. Bekki, S. R. Brunhaver, A. R. Carberry, and A. F. McKenna, "A 

Framework for Entrepreneurial Mindsets and Behaviors in Undergraduate Engineering 

Students: Operationalizing the Kern Family Foundation's" 3Cs"," Advances in Engineering 

Education, vol. 7, no. 1, p. n1, 2018. 

[11] S. T. Hunter, L. Cushenbery, and T. Friedrich, "Hiring an innovative workforce: A 

necessary yet uniquely challenging endeavor," Human Resource Management Review, vol. 

22, no. 4, pp. 303-322, 2012. 

[12] S. Fitri and A. Pertiwi, "Innovation Mindset Model at the Early Stage Startup With 

Berkeley Innovation Index Approached," Technology Management, vol. 4, no. 13, pp. 57-

70, 2019. 

[13] G. Couros, The innovator's mindset. Dave Burgess Consulting, Incorporated, 2016. 

[14]  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.  

[15] 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. 

[16] 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.v5i6.7395. 

[17] 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, doi: http://dx.doi.org/10.1108/ET-01-2013-0001. 

[18] 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. 

[19]  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.  

[20]  J. Straub, "Assessment of cybersecurity competition teams as experiential education 

exercises," in ASEE's Virtual Conference, June 22-26 2020, pp. 1-13.  

[21]  S. Kulturel-Konak, "Overview of Student Innovation Competitions and Their Roles in 

STEM Education," in 2021 Fall ASEE Middle Atlantic Section Meeting, Volume, Nov 12-

13 2021, pp. 1-6.  

[22] J. R. Byrne, K. O’Sullivan, and K. Sullivan, "An IoT and wearable technology hackathon 

for promoting careers in computer science," IEEE Transactions on Education, vol. 60, no. 

1, pp. 50-58, 2016. 

[23]  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.  

[24]  G. T. Richard, Y. B. Kafai, B. Adleberg, and O. Telhan, "StitchFest: Diversifying a 

College Hackathon to broaden participation and perceptions in computing," in Proceedings 

of the 46th ACM Technical Symposium on Computer Science Education, 2015, pp. 114-

119.  

[25] M. Htun, "Promoting Diversity and Inclusion through Engagement: The APSA 2018 

Hackathon," PS: Political Science & Politics, vol. 52, no. 4, pp. 677-683, 2019. 

http://dx.doi.org/10.1108/ET-01-2013-0001


[26] P. Pusey, M. Gondree, and Z. Peterson, "The outcomes of cybersecurity competitions and 

implications for underrepresented populations," IEEE Security & Privacy, vol. 14, no. 6, 

pp. 90-95, 2016. 

[27]  S. E. Walden, C. E. Foor, R. Pan, R. L. Shehab, and D. A. Trytten, "Advisor Perspectives 

on Diversity in Student Design Competition Teams," in American Society for Engineering 

Education Annual Conference, New Orleans, LA, June, 2016, pp. 26-29.  

[28] C. Brush, L. F. Edelman, T. Manolova, and F. Welter, "A gendered look at 

entrepreneurship ecosystems," Small Business Economics, vol. 53, no. 2, pp. 393-408, 

2019, doi: 10.1007/s11187-018-9992-9. 

[29] B. Ozkazanc-Pan, K. Knowlton, and S. Clark Muntean, "Gender inclusion activities in 

entrepreneurship ecosystems: The case of St. Louis, MO and Boston, MA," Louis, MO and 

Boston, MA (June 7, 2017), 2017. 

[30] P. A. Gompers and S. Q. Wang, "Diversity in innovation," National Bureau of Economic 

Research, 2017.  

[31] Q. Wang, "Higher education institutions and entrepreneurship in underserved 

communities," Higher Education, pp. 1-20, 2020, doi: 10.1007/s10734-020-00611-5. 

[32]  S. J. Kuyath and L. Yoder, "Diversity in Engineering Technology: Competitions," in 

Proceedings of the 2004 American Society for Engineering Education Annual Conference 

& Exposition, 2004, pp. 1-11.  

[33]  S. J. Kuyath and L. Yoder, "Recruiting Under Represented Minorities To Engineering And 

Engineering Technology," in Proceedings of the 2006 American Society for Engineering 

Education Annual Conference & Exposition, Chicago, Illinois, 2006, pp. 1-8.  

[34] 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. 

[35] A. James and S. D. Brookfield, Engaging imagination: Helping students become creative 

and reflective thinkers. San Francisco: John Wiley & Sons, 2014. 

[36] K. Samson, "NerveCenter: MIT competition a catalyst for student innovation," Annals of 

neurology, vol. 6, no. 68, pp. A13-A14, 2010. 

[37]  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.  

[38] L. Bridgestock, "Six reasons to participate in student competitions," 2021. [Online]. 

Available: https://www.topuniversities.com/blog/six-reasons-participate-student-

competitions. 

[39]  S. Kulturel-Konak, A. Konak, N. Webster, and K. Murphy, "Building Inclusive Student 

Innovation Competitions, Exhibitions, and Training Programs," in Hawaii International 

Conference on System Sciences (HICSS), Maui, Hawaii, January 3-6 2023, pp. 1-10.  

[40] K. Network. "The Framework for Entrepreneurially Minded Learning." https://orchard-

prod.azurewebsites.net/media/Framework/KEEN_Framework_v5.pdf (accessed 3/10, 

2023). 

 

https://www.topuniversities.com/blog/six-reasons-participate-student-competitions
https://www.topuniversities.com/blog/six-reasons-participate-student-competitions
https://orchard-prod.azurewebsites.net/media/Framework/KEEN_Framework_v5.pdf
https://orchard-prod.azurewebsites.net/media/Framework/KEEN_Framework_v5.pdf

