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Abstract

This study compares the impact of informal education (hackathons) and formal education
(project-based learning) on entrepreneurial education. Analysing data on both approaches,
gathered through practical experience at the University of Belgrade, the research reveals pos-
itive effects on entrepreneurial behaviour and mindset. The study tracks various learning indi-
cators by examining strengths, challenges, and differences in students' intentions, attitudes,
and teachers' perspectives. Results show hackathons foster creativity and entrepreneurial
skills, while project-based learning excels in subject mastery and soft skill development.
Both approaches enhance networking and innovation, but students prioritise hackathons for
personal promotion, resulting in varying levels of commitment.

Keywords: Entrepreneurial learning model, Entrepreneurial education, Hackathon, Project-
based learning, Sustainable entrepreneurship
JEL Codes: 123 Higher education, L26 Entrepreneurship

1. Introduction

The problem addressed in this article is bridging the gap between academic stud-
ies and practical entrepreneurship during studies and offering a unique opportu-
nity for students to gain both formal degrees and experience with real-world
challenges, potentially leading to their entrepreneurial careers.

Entrepreneurship education is a complex and fragmented field that is undergoing
continuous evolution. Despite the growth of research, consolidation is needed,
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especially in pedagogy and curriculum integration. Studies highlight the positive
impact of entrepreneurship education on skill development, emphasising peda-
gogical models of collaboration in technology-rich environments. Common ap-
proaches include experiential, problem-based, and project-based learning (PBL),
along with methods such as peer assessment, design thinking, formative feed-
back, and service learning. This diversity emphasises the interdisciplinary nature
of entreprencurship education. While existing research focuses on the outcomes
of entrepreneurship education, there is still a lack of emphasis on "education"
itself, and its pedagogy is still a black box. Therefore, it is necessary to reconsid-
er the goals, content, teaching and learning methods as assessment strategies
(Rodrigues, 2023).

Previous studies have demonstrated the effectiveness of experiential programs
in university extracurricular settings. However, there has been inconsistent im-
plementation of Entrepreneurship Education in educational institutions, both
within curricula and real-world contexts. Additionally, there has been a lack of
promotion for necessary pedagogical innovations in this field (Rodriguez, 2023).
European articles dedicated to Entrepreneurship Education exclusively interpret
learning outcomes, neglecting the discussion of pedagogical aspects related to
the teaching and learning of entrepreneurship (Tiberius & Weyland, 2023).

Entrepreneurial education is a common practice in formal and informal settings,
with various models and formats to encourage entrepreneurial thinking and
behaviour among students. Its significance is reflected in fostering the idea of
entrepreneurship as a career choice and in empowering students to implement
entrepreneurial ideas. However, it is still questionable how to ensure a closer
engagement between educational theory and pedagogical practice and how edu-
cators can manage some educational theories and philosophies to consolidate the
adequate provision of quality experiential entrepreneurship education (Bell &
Bell, 2020).

One of the ways of bringing formal education closer to the needs of en-
trepreneurial learning is related to innovations in pedagogical approaches. This
includes combining methods, such as PBL and various active learning methods,
with traditional assessment approaches. The goal is to overcome the limitations
of a standardised educational process and provide flexibility that supports the
development of entreprencurial skills. These innovations allow students to ac-
tively participate in learning, apply knowledge to real problems and develop
creativity, which is critical to preparing future entrepreneurs.

An alternative approach to making formal education more relevant to en-
trepreneurial learning is derived from the philosophy of open innovation de-
veloped in industry. In this approach, the academic community is included as
one of the spirals in the triple, quadruple, or quintuple helix models. (Carayannis
& Campbell, 2010). Student competitions and hackathons are used to implement
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open innovation in non-formal education, with companies recognising their val-
ue in generating ideas and prototypes. However, the limitation of this model is
that it exclusively focuses on the innovation capacity of educational institutions
or technology transfer and ignores educational goals and learning outcomes.
While PBL is a recognised method for fostering innovative competencies, its
shortcoming for open innovation lies in translating classroom results to potential
investors, consumers or markets (Stojanovi¢ et al., 2023).

The research gap is observed in the concrete educational environment at the
University of the Belgrade — Faculty of Organizational Sciences (FON), where
two different approaches to learning are implemented and practised: PBL in the
formal and hackathon in the informal education process. The aim is to examine
the contribution of two learning approaches to entrepreneurship education. The
analysis of motivational factors refers to the views of PBL and hackathon partic-
ipants on the contribution of motivational factors to entrepreneurial intention,
with the final goal of preparing students to take entrepreneurial action.

The paper is structured as follows: Section 2 reviews the literature on
hackathons and PBL in entrepreneurial learning. Section 3 outlines the method-
ology applied in this research. Section 4 analyses the results, while Section 5
provides discussion and concluding remarks.

2. Literature Overview

In the Literature Review section, we explore the different theories that form
the foundation of our research. We also introduce carefully formulated research
questions designed to build upon and support the existing theoretical framework.
By outlining our research questions here, we aim to emphasise the close connec-
tion between our study and the current body of knowledge.

2.1. Bridging the gap to entrepreneurial education through innovative
pedagogical approaches

According to the European Entrepreneurship Competence Framework, "Entre-
Comp", developing an entrepreneurial mindset requires skills to generate ideas
and recognise opportunities, resources, and actions (Garcia-Castanedo & Cor-
rales-Garay, 2024). Entrepreneurial behaviour refers to the mindset and actions
of individuals aimed at creating a positive impact in the workplace. This in-
cludes taking the initiative, being innovative and taking calculated risks for
success, identifying opportunities and developing creative solutions (Toding et
al., 2023). Strategies such as interdisciplinary problem-based learning courses,
internships, and teamwork assignments are needed to achieve this. However,
entrepreneurship learning strategies in colleges usually apply to a certain level
of entrepreneurship training adapted to the early stages, focusing mainly on de-
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veloping business ideas or prototypes. While there is no agreement on whether
entrepreneurship can be stimulated through education, it is acknowledged that
entrepreneurship education positively impacts the development of knowledge
and skills and improves entrepreneurial attitudes and intentions (Lina et al.,
2019; Muthumeena & Yogeswaran, 2022). An entrepreneurial and innovative
Higher Education Institution (HEI) should provide diverse learning opportuni-
ties to facilitate innovative teaching and learning across all faculties. Such an
institution must encourage innovation and diversity in its approach to teaching
and learning across all faculties and departments. Moreover, it should devel-
op entrepreneurial mindsets and skills across all academic programs. Several
practices can be implemented to promote the development of an entrepreneurial
mindset across the student and teaching staff, including internships, business
competitions, case studies, hackathons, games, and simulations. Additionally,
teaching staff can receive training to acquire interdisciplinary teaching and
research methods that support the development of an entrepreneurial mindset
(Marin et al., 2018).

Universities have made significant efforts to incorporate entreprencurship ed-
ucation into their academic programs. These measures include introducing
theoretical courses on entrepreneurship and organising events that promote en-
trepreneurship (Lina et al., 2019). Despite the large number of existing models
of entrepreneurial education, there is currently a lack of adequate models that
are applied in higher education institutions and are tailored to help in the estab-
lishment of startups (Santoso et al., 2023). There is no coherent framework
for entrepreneurship education, although there are frameworks in individual
HEIs (Marin et al., 2018). However, the Entrepreneurship 2020 Action Plan pro-
posed by the European Union suggests introducing entrepreneurship education
in schools, colleges, and universities, aiming to promote students' entrepreneur-
ship as a driving force for overall social welfare (Simovi¢ & Ili¢, n.d.). Still,
entrepreneurship education faces the challenge of determining the content and
methodology (Organ et al., 2022). Another critical factor that can impact the
effectiveness of entrepreneurship education is the "fear of failure".

Fear of failure is a psychological phenomenon defined by concern or anxiety
over not reaching desired results or goals. Entrepreneurship might show concern
about the potential negative repercussions of business failure, such as financial
loss, reputational damage, or personal disappointment. Recognising and address-
ing this challenge within educational frameworks can help institutions better
prepare students for the uncertainties of the entrepreneurial environment. (Cac-
ciotti et al., 2016).

In further analysis, we focus on two different pedagogical approaches for im-
proving entrepreneurial education, namely, hackathon-based and project-based
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learning approaches, and the outcomes related to students’ readiness for an en-
trepreneurial environment.

2.11. Hackathons in Entrepreneurial Education

Hackathons bring together people with diverse skills to solve real-world chal-
lenges through collaboration and problem-solving. These events promote cross-
disciplinary teamwork, rapid prototyping, practical problem-solving, and effect-
ive networking. Hackathons are also great experiential learning opportunities
that prioritise user-centric solutions and open collaboration to fuel unexpected
innovation. They validate ideas, cultivate an innovation-driven culture, leverage
open-source contributions from technical challenges to benefit the wider com-
munity, and provide recognition for winning solutions that enhance visibility
and attract potential investments. Ultimately, hackathons accelerate open inno-
vation and yield concrete outcomes (Cobham et al., 2017).

A hackathon is a gathering where individuals collaborate to create inventive
technological solutions addressing diverse challenges in various industries. This
event encourages creativity, problem-solving, and the incorporation of cutting-
edge technologies while showcasing a feasible business concept as the proposed
solution. Although hackathons were initially centred around programming and
exclusively for hackers, they have now transformed into a distinct innovation
model with a broader scope, such as finance, food, climate, healthcare, space ex-
ploration, music, sports, fashion, and tourism (Lionaite, 2020). Private com-
panies host 48.5 % of hackathons globally, with the academic sector responsible
for 30.3 % of these events (HackerEarth, 2017).

Hackathons can enhance performance, drive innovation, and foster intrapreneur-
ship by encouraging creative thinking and risk-taking, promoting cross-func-
tional collaboration, and empowering participants to take ownership of their
ideas. They facilitate rapid prototyping and iteration, boost engagement and
motivation, and serve as a talent identification and development tool. Ultimately,
hackathons create a culture of innovation, foster collaboration, encourage in-
trapreneurial behaviour, enable quick learning and adaptation, and help identify
and nurture potential talent within organisations (Szymanska et al., 2020; Wall-
wey et al., 2022). Hackathons contribute to entrepreneurial skills and self-effica-
cy. Effective entrepreneurial learning also significantly improves the ability to
identify viable entrepreneurial concepts and launch new ventures (Szymanska et
al., 2020).

Communication and collaboration are essential in hackathons. Participants form
teams, brainstorm ideas, divide tasks, share knowledge, receive feedback, iterate
on their work, and present their projects. Hackathons foster a collaborative
environment where effective communication and collaboration are crucial for
successful project development, problem-solving, and innovation (Szymanska et
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al., 2020). The educational hackathon is an interactive and collaborative learning
method that involves students, educational organisations, industry, and society. It
fosters multidisciplinary learning and networking (Jussila et al., 2020).

Examples of hackathon usage in academic environments for entrepreneurial
learning are numerous, focusing on different aspects, such as training pro-
grams and Minimum Viable product generation (Avila-Merino, 2019; Feder,
2021; Temiz, 2021). Minimum Viable Product (MVP) is the most basic product
version that can be released with the minimum features necessary to satisfy early
adopters. The concept is rooted in the lean startup methodology, which aims to
validate a business idea by building and launching a simplified product version.
By releasing an MVP, startups can gather valuable customer feedback, test
hypotheses, and iterate on the product, reducing the risk of investing significant
resources into developing features that may not meet market demands (Blank &
Bob Dorf, n.d.; Hart, 2012).

The hackathon events held at FON gained much attention from sponsors, part-
ners, companies, and governmental and non-governmental entities over time.
By 2010, the hackathon had become a university-wide event. In the following
years, hackathons became accessible to all students across Serbia, extending
their reach beyond the initial faculty (Naumovi¢ et al., 2022). FON student
organisation “FONIS” extended hackathons to high school students in 2018. The
international hackathon W3 Algorand Hackathon 2023 was hosted at the FON
in April 2023, welcoming students at every academic level from the USA and
Serbia (Bogdanovi¢ et al., 2023; Milicevi¢ et al., 2024).

2.1.2. Project-based learning in entrepreneurial education

PBL is an approach to teaching that emphasises active, context-specific learning
to equip students with competencies to solve real-world problems. It is widely
recognised as an effective method for developing innovation competencies in
engineers (Charosky Larrieu-Let, 2021; Cortés et al., 2022; Isomdttonen &
Kérkkéinen, 2016). Under the PBL model, students can generate a range of
products, from prototypes to commercially viable products, thereby fostering the
success of startups (Santoso et al., 2023). The PBL approach emphasises collab-
orative learning, where teachers and students work together to solve problems
and develop projects. It involves students working in groups to share knowledge
and skills and encourages effective communication through interactions with
peers and teachers. The PBL approach has been found to enhance student
engagement, improve learning outcomes, and develop essential skills such as
collaboration and communication (Almulla, 2020).

Examples of PBL usage in academic environments for entrepreneurial learning
are various. For example, PBL can deliver an entrepreneurial curriculum to
software development students (Organ et al., 2022) or for creating startups at
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higher education institutions (Santoso et al., 2023). The Department of E-Busi-
ness at FON has used the PBL approach for a few years. This approach involves
students working in multidisciplinary teams to develop business models, digi-
tal products and intelligent environments. The teams consist of members with
various roles, such as Scrum Masters, Product Development Team, Software
Developers, and Testers. DevOps tools are used to facilitate communication and
collaboration among the teams. Students actively engage in classes and practical
exercises and work on concrete projects for final exams (Bogdanovi¢ et al.,
2023).

2.1.3. Entrepreneurial readiness in local startup ecosystem: navigating
preparedness for professional environments

Specific traits of the local startup ecosystem identified during the previous year
indicate that almost 80 % (Ivanovic et al., 2023) of startup founders have a high-
er education degree. This shows that academia has the potential to contribute to
the growth of an entrepreneurial mindset and support entrepreneurial activities.
However, Startup Skener (Ivanovic et al., 2023; Tomi¢-Brkusanin, 2022) con-
cluded that the educational system does not motivate and prepare students for
future entrepreneurial endeavours and that it does not educate future profession-
als in areas needed for the development of the digital economy. Lack of relevant
knowledge and skills from formal education directly influences the number of
startup teams and hinders the employment of new team members in many areas
crucial for their growth. Analysis of local support organisations indicates these
programs are insufficiently aligned with startup needs.

Entrepreneurship education has a significant positive impact on the performance
of established businesses by helping entrepreneurs improve their perceived ca-
pabilities and opportunities. These findings extend the current research on the
effects of entrepreneurship education on entrepreneurial activities at different
stages of development for entrepreneurial businesses (He et al., 2024). On the
other hand, it examines design thinking as a method of project-based education
used in university-level ideation (Garcia-Castanedo & Corrales-Garay, 2024).

In addition to the above initiatives, many Erasmus, EIT, EIC and HEI projects
deal with similar challenges in an international context, e.g., UPM, ELTE, and
Universite de Rennes, which provide extensive programs for students with an
entrepreneurial orientation. These opportunities involved FON staff and student
teams participating in workshops, mentoring programs, and panel discussions.
One example of good international practice is the Danube Cup, an international
network of universities along the Danube that enhances entrepreneurship educa-
tion and supports student startups. It brings together student startups with educa-
tors, startup ecosystems, and one another to help them succeed in international
markets.
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Based on the previous analysis and comparison of the hackathon and PBL
learning approaches, and having in mind the analysed aspects of the startup
environment given in sections 2.1.1, 2.1.2 and 2.1.3, we have formulated three
research questions:

>

RQI: Does implementing hackathon and PBL approaches enhance students
technological and business knowledge and skills?

RQ2:  How do students' perceptions of the impact of hackathons and PBL on
their entrepreneurial behaviour reflect the influence of these approaches
on their attitudes and actions towards entrepreneurship?

RQ3:  Which factors drive students' motivation and active engagement in pro-
posed learning approaches?

2.2. The role of teachers in cultivating stimulating learning environments

Supporting the development of students' entrepreneurial skills requires the spe-
cial participation and efforts of the teaching staff. The attitude of teaching
staff towards entrepreneurship education refers to the way of thinking and be-
haviour of teachers to create a climate, adopt, apply, and monitor the effects
of different approaches (in this case, PBL and Hackathon) for focused learning
and supporting entrepreneurial attitudes and behaviours of students. As coach-
ing and mentoring are used to develop students' startup talents, the ability to
teach students becomes an enabling factor for action-based learning methods in
entrepreneurship education (Somia et al., 2023). Still, the relationship between
teacher thinking and creating a student-centred learning environment is under-
researched in entrepreneurship education (Santoso et al., 2023; Toding et al.,
2023). This study aims to shed light on two different approaches of formal
and informal training, the possibility of combining them to achieve influence
and encourage entrepreneurial thinking and behaviours of students during their
studies at the level of the early phases of development of ideas and solutions.
Based on this analysis, the fourth research question was formulated:

RQ4: How do student engagement, learning outcomes, and instructional ease
of implementation influence teachers' evaluations of the effectiveness
and preferences for different learning methods?

3. Methodology
3.1. Research context

Both approaches (PBL and Hackathon) were considered and implemented with-
in the educational process of the Department of e-business at FON.
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Project-based learning occurred in subjects such as the Internet of Things, Digi-
tal Marketing, and E-business Risk Management. Students proposed solutions
as exam projects without special prizes. The data presented in this article were
gathered during the school year 2022-23 (Bogdanovic¢ et al., 2023).

The hackathon approach was implemented within the same context but as
an informal activity. The Algorand Hackathon 2023, hosted in April 2023,
aimed to foster innovation in Web3 projects based on blockchain technologies.
Participants proposed e-business solutions across various sectors, guided by
a structured program encompassing a blockchain boot camp, design thinking
workshops, and a WEB3 hackathon. The hackathon allowed students to apply
their knowledge and present their creations to an international jury, earning
recognition and prizes from sponsors.

3.2. Assessing the impact of hackathons and project-based learning
initiatives: A comparative analysis

To compare PBL, which is incorporated in the classroom, with hackathons,
which are typically extracurricular, and to assess their contributions to en-
trepreneurial learning, the effects of both approaches on students were reviewed
using identified indicators and literature reviews.

It is important to emphasise that these two approaches are not directly compara-
ble in an educational context. However, they were evaluated from the point of
view of indicators related to learning, project value, career development, profes-
sional networks, after-work experiences, and perceived shortcomings, consider-
ing factors such as the number of participants, motivation, management model,
incentives, collaboration methods, learning outcomes, quality and applicability
of solutions. (Avila-Merino, 2019; Bogdanovi¢ et al., 2023; Byrne et al., 2018;
Garcia, 2023; Milicevi¢ et al., 2023).

When assessing the impact of hackathons or PBL initiatives, several critical
indicators are considered (Bogdanovic et al., 2023; Butt et al., 2021; Milic¢evic¢
et al., 2024; Nolte et al., 2018; Pe-Than et al., 2018). One of the most impor-
tant is skills development, which refers to how these initiatives enhance partic-
ipants' technological skills, soft skills, and problem-solving abilities. Another
crucial factor is project value, which includes participants' satisfaction with the
challenges and solutions, their overall perception of the experience, and their
commitment to advancing the project during hackathons or PBL initiatives.

Additionally, career development plays a crucial role, as participants often view
hackathons or PBL initiatives as opportunities to open doors for future jobs or
internships. Participants also see these initiatives as a platform for nurturing
business ideas with the potential to lead to startup ventures. Networking oppor-
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tunities are another critical consideration, as these events allow participants to
connect with professionals and like-minded individuals.

Finally, the impact of engagement in post-event activities is considered, along
with any perceived drawbacks. These drawbacks may include challenges from
the fast-paced environment, issues within team dynamics, or unmet expectations
related to mentoring or the event's structure.

3.3. Data collection and Instruments

This study utilised data from surveys conducted after PBL courses and during
and after the hackathon. The research and data collection occurred while imple-
menting PBL during the 2022-2023 school year. A survey, titled "Survey Sheet
for the Evaluation of Work on the Project," was distributed to gather pertinent
information from all students who participated in classes from the e-business
department using this learning approach during this period. The survey included
six demographic questions, 61 questions about perceived benefits and sacrifices
for participation in PBL, and two open-ended questions. Only the questions
related to indicators presented in the previous subsection were considered for
analysis.

The hackathon data collection was conducted in two stages. The first stage
involved initial data collection immediately after the hackathon, focusing on
participants' experiences and feedback. Four months later, a follow-up data
collection took place, including input from participants and organisers, specifi-
cally the teaching staff. To facilitate this research process, three distinct ques-
tionnaires were developed: the Participants Survey Hackathon (Survey 1), the
Participants Survey Post-Hackathon (Survey 2), and the Teaching Staff Survey
(Survey 3).

Survey 1 was conducted immediately after the hackathon, while Survey 2 and
Survey 3 were conducted separately for participants and teachers four months
later. The research questions focused on the readiness of the participants for new
technical knowledge, the initiation of the development of business ideas, and the
effects after the hackathon on learning and professional development, while the
teachers pointed out which model they see as more suitable in acquiring knowl-
edge, skills and motivation of entrepreneurial thinking and behaviour among
students. Survey 2 was designed for participants, aligning with the principles of
the initial questionnaire. Specifically, it aimed to capture the perspectives and
insights of participants four months after the hackathon's conclusion. Survey 3,
designed for the hackathon and PBL teachers, investigated the impact of these
methods on pre-entrepreneurial learning aspects, including fostering creativity,
enhancing specific knowledge, refining soft skills, promoting an entrepreneuri-
al mindset, and elevating solution quality. Additionally, the survey explored
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teachers' openness to adopting hackathons in education and their inclination to
enhance formal pedagogical approaches and methodologies.

3.4. Survey participants

In April 2023, Hackathon Survey 1 targeted 34 students from Serbia, represent-
ing diverse faculties, primarily with backgrounds in IT. The cohort comprised 16
females and 18 males, including 9 with bachelor's degrees, 13 undergraduates, 9
master's students, and 3 high school students. During Survey 2, which took place
four months after the final hackathon, 30 participants from Serbia completed the
questionnaire. Survey 3 was conducted exclusively for the hackathon and PBL
teaching staff of the FON, and six teachers filled it.

Conversely, the PBL survey involved 111 students from FON, consisting of
44 males and 67 females. These participants actively participated in the PBL
learning process and contributed to developing a mandatory project.

4. Results And Discussion

4.1. RQI: Empowering students with new tech and business knowledge and
skills

In analysing Learning and skill acquisition indicator based on feedback from
PBL and Hackathon participants, students emphasise that both approaches foster
knowledge and skill development. PBL notably impacts mastering specific sub-
jects and curriculum knowledge (rated 4.41). Hackathons, scoring an average
of 3.87, are highly effective in students' acquisition of technical expertise. PBL
significantly contributes to soft skills development alongside subject knowledge
acquisition (rated 4.30). According to student perspectives, the implementation
of PBL in teaching subjects has a very positive influence on accepting and mas-
tering specific subject knowledge during lessons (see Figure 1). The differences
between the two approaches are statistically significant for the tech knowledge
aspect: t(40) = 3.38, p = 0.0008, but not statistically significant for the soft skills
aspect.

Furthermore, participants in the hackathon assessed the speed at which they
could apply the acquired technical knowledge post-event, giving it an average
score of 3.13, indicating a moderate pace with noticeable progress. The level of
comprehension of working with technologies after the hackathon was rated at
3.68, representing a satisfactory understanding of how technology operates.

https://dol.org/10.5771/9783748949602-83 - am 18.01.2026, 06:16:02. - [



https://doi.org/10.5771/9783748949602-83
https://www.inlibra.com/de/agb
https://creativecommons.org/licenses/by/4.0/

94 Ana Milicevi¢, Milica Simi¢, Zorica Bogdanovi¢, Marijana Despotovi¢-Zraki¢, Marko Suvajdzic

4,30
Soft skills
‘ 4,10

Tech knowledge/ 4,41

concrete knowledge from classes

PBL Hackathon

Figure 1. Comparison of average impact approaches of learning and skill acquisition.

4.2. RQ2: Students’ perception of the impact of hackathons and PBL on their
entrepreneurial behaviour

To perceive and analyse both approaches as forms of entrepreneurial learning,
their influence on altering students' thinking and entrepreneurial behaviour was
examined. This evaluation encompassed various indicators, including Learning
and skill acquisition as problem-solving ability, Project Value in terms of partici-
pant satisfaction with the solutions created by the perception of the hackathon or
PBL as an opportunity to initiate and inspire business ideas and launch startups,
and the assessment of Networking with professionals to expand professional
connections and mentorships. Post-project engagement was also considered (see
Figure 2). For all three compared aspects, the differences between the intention
to continue, start a business idea, and ability to cope with real problems when
applying PBL and hackathon approaches are statistically significant, respective-
ly: t (50) =-2.61, p = 0.006, t(70) = -3.16, p = 0.001, t(43) = -7.32, p < 0.001.

How effectively can hackathon participants address actual problems and chal-
lenges faced by companies? Students evaluated this capability with a score
of 3.83, emphasising that participation in hackathons significantly enhances
their readiness to tackle real-world issues and propose solutions. Conversely,
PBL participants rated this ability at 2.50, particularly noting challenges in
formulating proposed solutions. Hackathon participants, with an average score
of 4.60, believed that the hackathon effectively enables students to develop
their business ideas. They also noted its role in mastering the fundamentals
of entrepreneurship and cultivating a startup mindset. PBL students gave this
opportunity a score of 4.26, which is very good. In addition, PBL students
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pointed out that they can develop their ideas more easily and quickly by partic-
ipating in group innovation development projects and acquiring the basics of
entrepreneurship and start-ups.

How do siudents perceive the impact of hackathons and PBL
on their entrepreneurial behavior?

Intention to continue with project or 3,82
proposed a new one 4,24

Start with a business idea development
and acquire the basics of entrepreneurship 4,26

and start-up [ 4,6
Ability to cope with real world problem and 2,5
provide solutions | 3,83
0 1 2 3 4 5]

PBL: Hackathon

Figure 2. Comparison of the average impact of both approaches on students' en-
trepreneurial behaviour.

Examining the Post-project engagement indicator, hackathon participants were
surveyed on their likelihood of continuing to work on the project. The results
showed a grade of 4.24 for hackathon students and 3.82 for PBL students,
indicating a positive attitude toward continuing to work on the project.

Additionally, participants were asked to rate the importance of hackathon or-
ganisers offering events after the hackathon to support project continuation.
Participants expressed strong enthusiasm for this idea, deeming it very important
and assigning it a score of 3.97.

A vital benefit of those two learning approaches as entrepreneurial education
is transforming entrepreneurial intention into entrepreneurial behaviour. En-
trepreneurial intention is essential in entrepreneurship, as it influences actual be-
haviour. Nevertheless, there are concerns that it may not translate to behaviour.
Commitment and internal locus of control provide favourable boundary condi-
tions for an individual to transition from entrepreneurial intention to actual
behaviour (Neneh & Dzomonda, 2024).

The mechanism for transitioning from entrepreneurial intention to actual be-
haviour involves understanding how different learning experiences, such as
hackathons and PBL, contribute to this process, especially in fostering partici-
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pant commitment and internal locus of control. According to the study results
(Kong et al., 2020), the connection of Entrepreneurial intention is positively
correlated with entrepreneurial behaviour, while the fear of failure acts as a
barrier among students. Having business role models improves entrepreneurial
intentions. The study recommends implementing measures to address students'
fear of failure and enhance entrepreneurship education to nurture creative talent.

Hackathons offer intensive, hands-on environments where participants face re-
al-world challenges under tight deadlines. They connect intention with action
through design, prototyping, and competitive solution presentation. Participants
rate the experience highly, attributing it to initial entrepreneurial knowledge
that encourages them to participate again. This environment reduces the fear of
failure and guides participants with the support of mentors.

PBL involves students in long-term, collaborative projects that delve deeply
into complex challenges, where the participants rate the ability to solve real
problems with an average score of 2.5. They positively evaluate acquiring basic
entrepreneurial knowledge and creating business ideas through their project
tasks, which encourages the intention to continue with the baiting project.
Long-term engagement with the project enables longer mentoring and guidance
through learning and creating solutions, facilitating the fundamental transition
from intention to behaviour.

4.3. RQ3: Students” motivation and drivers of active engagement

Both entrepreneurial learning approaches (hackathon and PBL) motivate partici-
pants through Project Value, which generates positive emotions, sparks activity,
and instils a sense of usefulness by creating innovative solutions. Hackathon
students also perceive it positively, grading it by 4.25. The highly positive
evaluations for hackathon students 4.12. and PBL students 4.48. indicate that
students are motivated by the project's value as they find it gratifying to con-
tribute to developing new innovative services and fulfilling project expectations.
Students engaged in PBL conveyed that their curiosity, coupled with addressing
real-world problems in PBL projects, motivated them to propose and develop
new solutions. They assigned an average score of 4.30 to this mindset, under-
scoring the significance of curiosity as a motivating factor during project work,
an integral component of their educational and examination experience. Enthusi-
asm and curiosity form essential aspects of the Project Value indicator, reflecting
the value students derive from engaging with PBL. Developing innovative solu-
tions is deemed worthwhile and offers a pleasant experience; for the hackathon,
students were graded 4.64, and PBL students were evaluated by 4.40 (see Figure
3). There is no statistically significant difference regarding the aspect of curiosi-
ty. However, for both feeling useful and enjoyment aspects, there are statistically
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significant differences between PBL and hackathon, respectively: t(61) = -2.14,
p=0.02, t(48) =2.25, p = 0.03.

believe that participating in developing
innovative solutions is worth the effort
and it provided enjovable & fun

| feel useful witen | contribute to the Coriosity and working on the real
development of new innovative services problems encourage me to propose and

and my project expectations were fulfilied. develop new solutions.
experience
P8L 4,48 48 44
Hackhaton 4,12 4,25 4.64

PBL M Hackhaton

Figure 3. Project Value indicator and impact on Hackathon and PBL students' motiva-
tion

Although PBL is a compulsory learning approach integrated into the formal edu-
cational process, encompassing task preparation and exam completion, students'
attitudes and additional motivations for participation were explored. Students
in PBL highly appreciate the experience, viewing it as a valuable addition to
their resumes and a beneficial aspect for their future careers. They are motivated
by the opportunity to work on real corporate challenges, which enhances their
societal recognition and reflects positively on their efforts to contribute to the
local community, see Table 1.

Table 1. Motivational Factors for Increasing Student Engagement in PBL

Motivational factors description AVG STDEV
Better preparation for the final exam in the course 4.4 0.7
Benefit for further development and career 4.39 0.75
Participation in projects assigned by companies. 413 0.91
Contribution to the local community. 4n 0.94
Individual reputation in society. 3.98 1.01
CV enrichment 3.89 1.21

Table 2 presents the average ratings of various motivational factors influencing
participants' decisions to engage in hackathons. Participants were asked to rate
the importance of these factors, and the values ranged from the highest-rated
factor, having an enjoyable experience, to the least-rated factor, funding a
hackathon project (solution), but still highly evaluated, see Table 2.
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Table 2. Motivational Factors for Increasing Student Engagement in hackathon.

Motivational Factors for Increasing Student Engagement in hackathon AVG  STDEV
Have enjoyable experience 464 049
Improve tech knowledge 459 05
Connect with professionals 4.57 0.69
Network with like-minded individuals 446 074
Learn new soft skills 4.27 0.83
Work on real-world problems 425 1M
Employment 407 1M
Internships 404 119
Validate ideas (business or tech) 395 105
Win prizes 3.85 123
Funding hackathon project (solution) 375 1.21
Prizes 317 0.49

The average rating for the importance of prizes was 3.17. The score indicates the
collective perception among participants regarding the role of rewards, where
cash and merchandise prizes, while important, are not central. Additionally,
comparing participants' assessments before and after the hackathon, the influ-
ence of prizes (both material and monetary) on their decision to participate
ranged from 3.85 to 3.23. This suggests that while prizes hold a moderate
significance, they are not the primary motivation for students.

Based on the Career Development indicator, students rated the impact of partic-
ipating in the hackathon as 3.89, indicating that it significantly enhances their
chances of securing internships and professional offers. The PBL influence was
even higher at 4.33. The Network with Professionals indicator provides insight
into the opportunities for students to connect with industry professionals and
work on projects assigned by companies. The hackathon received a high average
score of 4.57 in this category (see Figure 4). However, only the difference
regarding the opportunity to connect is statistically significant: t(53) = -2.85, p =
0.003.
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Opportunity to connect with professionals and 413

to work on the companies assign topics | 457

Get internship and professional offers 4,83

8,89

PBL Hackathon

Figure 4. Impact of Hackathons and PBL on Career Development and Network with
Professionals.

Additionally, regarding drawbacks such as evaluated attitudes about sharing
ideas and opportunities to validate ideas, among the potential disadvantages,
hackathon participants reported experiencing a sense of loss and mistrust arising
from exchanging ideas. Hackathon students are rated 3.95, meaning they feel
that they are not open to sharing ideas, while PBL students showed a neutral
attitude about it and evaluated it by 2.66.

4.4. RQ4: Teachers’ evaluation

Teachers observed indicators Exploring New pedagogical approaches and Ex-
periential learning outcomes. They emphasised the high importance of innova-
tiveness in student solutions from both approaches, giving it a rating of 5.00.
When evaluating Perceived drawbacks and the practicality of learning outcomes,
teachers rated the applicability of hackathon solutions to real-world problems
higher at 4.00. Teachers who actively engage in hackathons within PBL consider
this participation highly significant. It motivates them to enhance teaching meth-
ods and experiential learning (see Figure 5). Considering the small sample, we
did not examine if there was a statistically significant difference between the
samples.
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Applicability of student solutions to 3
real-world problems a4

The importance of student solutions 5,00
being innovative and original 5,00

Teachers' drive to enhance teaching 4
methods and experimental learning. 4,67

PBL m Hackathon

Figure 5. How teachers view the influence of hackathons and PBL as methods for en-
trepreneurial education on students and enhance teaching methods and experimental
learning.

How do teachers compare and evaluate the effectiveness and preference of
hackathons and PBL as learning methods? Experienced teachers in both ap-
proaches have found that hackathons promote creativity, problem-solving, and
an entrepreneurial spirit. On the other hand, PBL focuses on developing con-
crete knowledge and soft skills. In the case of the hackathon, the development
and improvement of the entrepreneurial spirit and behaviour of the students
were rated with 100 % preference, with which all participating teachers unani-
mously agreed. Both learning approaches equip students with the capacity to
produce high-quality solutions.

The teachers underscore that the fundamental distinction between these two
formats lies in their operational dynamics. PBL is an essential and obligatory
element of the formal academic process, requiring mandatory participation
throughout study and course completion. On the other hand, the hackathon is
an extra, non-compulsory, and informal activity that appeals to participants.

In the realm of higher education, significant transformations in university frame-
works and educational settings are essential for fostering critically reflective,
inter/transdisciplinary, experiential, and place-based learning. This necessitates
a pivotal focus on interdisciplinarity and transdisciplinary within sustainability
education, calling for proactive engagement with diverse stakeholders and pro-
viding students with opportunities beyond traditional classroom experiences.
(Fernando, 2020).

While the teachability of entrepreneurship is debated, schools embrace diverse
pedagogical approaches. Contrasting "traditional" and "entrepreneurial" methods
reveals a shift from standardized, passive models to active, experiential, and
collaborative approaches. This aligns with progressive education and connects
entrepreneurship education to various learning concepts, including experiential,
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situational, service, problem/project-based, cognitive, and social constructivist
learning. The global trend of incorporating entrepreneurship as a distinct course
in college and university curricula underscores the evolution of educational
strategies (Rodrigues, 2023).

5. Discussion And Conclusion
5.1. Learning and skill acquisitions derived from hackathon and PBL

Analysing students’ feedback related to RQI, it can be concluded that both
methods foster knowledge and skill development. Students assert that imple-
menting PBL in teaching subjects positively influences accepting and mastering
specific subject knowledge during lessons. Hackathon participants assessed their
ability to apply acquired technical knowledge post-event as progressing at a
moderate pace. Their understanding of how technology works was deemed
satisfactory according to their post-hackathon evaluation.

5.2. Learning outcomes of hackathon and PBL approaches for
entrepreneurial behaviour

Examining both approaches concerning RQ2, we can conclude that students'
perceptions of the impact of hackathons and PBL were generally positive. The
evaluation revealed that hackathon students experienced enhanced readiness,
while PBL participants faced challenges in proposing solutions. Hackathon in-
volvement proved highly effective for developing business ideas and mastering
entrepreneurship basics. PBL students found value in this approach during group
projects. Participants also expressed appreciation for post-project engagement,
highlighting the importance of organizers' support in creating opportunities to
continue working on their projects.

The study shows that hackathons can be valuable for incubating startups and
teaching practical entrepreneurship, provided they are well-designed with clear
themes, challenges, and stakeholder goals. Hackathons foster an entrepreneurial
mindset and can confirm assumptions about the viability of solutions in pre-in-
cubation stages, encouraging participants to learn startup principles. However,
while hackathons are crucial for developing business ideas and fostering en-
trepreneurial thinking, they may require additional programs and mentoring for
more profound, market-tested startup development. Despite market insight and
user testing limitations, hackathons still provide valuable learning environments,
facilitating the understanding of product/service creation based on specific tech-
nologies.

Both hackathons and PBL are vital in translating entrepreneurial intent into
action by providing hands-on learning, skill development, and exposure to
real-world problems. They complement each other by offering short bursts of
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creativity (hackathons) and sustained project engagement (PBL), preparing indi-
viduals to pursue entrepreneurial goals effectively.

Hackathons and PBL serve as valuable mechanisms for transitioning from en-
trepreneurial intention to actual behaviour by providing experiential learning op-
portunities, fostering skill development, and exposing participants to real-world
challenges. They complement each other by offering intensive, short-term bursts
of creativity and problem-solving (hackathons) and sustained, in-depth project
work (PBL), collectively preparing individuals to act on their entrepreneurial
ambitions effectively.

These platforms facilitate dynamic idea exchange, encouraging teams to exper-
iment, iterate, and develop creative solutions collaboratively. Hackathons and
PBL foster an entrepreneurial mindset within organisations by emphasising
teamwork and open communication, empowering participants to drive innova-
tion forward.

Hackathons are a more effective and efficient model for developing en-
trepreneurial skills and confidence than traditional semester-long courses. They
boost entrepreneurial self-efficacy more rapidly and with fewer resources.
Hackathons are a powerful tool for improving entreprencurial self-efficiency
and developing students' skills (Szymanska et al., 2020).

In conclusion, from a collaborative learning and communication point of view
learning through PBL and hackathons significantly impacts better performance
in innovative environments and being intrapreneurs by enhancing critical think-
ing skills, fostering creativity, promoting cross-functional collaboration, building
intrapreneurial skills, increasing engagement, and enabling rapid prototyping
and practical application. These benefits collectively prepare individuals to
thrive and drive innovation within organizations.

These collaborative learning methods foster multidisciplinary learning, bridge
academia and industry, and prepare students for entrepreneurship by allowing
them to apply and enhance their skills in real-life situations. It could be sum-
marized that hackathons and PBL benefit all participants. For participants and
team members, it refers to team engagement and teamwork, working together
on a project, playing specific roles in a team and a creative way of approaching
problem-solving, learning technology together, but also business and manage-
ment skills. On the other hand, organisers and sponsors realise benefits such
as recognition and visibility, a source of innovation, community building and
engagement, corporate branding, recruitment, and even IP development (Calco
& Veeck, 2015; Pe-Than et al., 2022).
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5.3. Motivational forces of student engagement in hackathons and PBL

Regarding the motivational drivers considered in RQ3, both approaches to en-
trepreneurial learning motivate participants through the value of the project,
which is assessed in terms of generating positive emotions, encouraging activity,
and instilling a sense of usefulness through the creation of innovative solutions.
Although PBL is a compulsory learning approach integrated into the formal
educational process, it has been observed that, in addition to gaining practical
knowledge and exam requirements, students in PBL highly value the experience
itself, viewing it as a valuable addition to their resumes and a useful aspect for
their future careers.

Key motivational factors highly esteemed in hackathons include having enjoy-
able experiences, enhancing tech knowledge, and connecting with professionals
and like-minded individuals. Participants collectively perceive rewards, such as
cash and merchandise prizes, as important but not central in influencing their
decision to engage in hackathons.

Students observed a notable increase in opportunities for internships, profession-
al offers, and connections with industry professionals through both PBL and
hackathons. Additionally, they acknowledged the potential to work on projects
assigned by companies.

Potential drawbacks of engaging in hackathons encompass the fast-paced and
dynamic work environment, challenges arising from hackathon regulations,
difficulties in team dynamics, and the absence of teaching or mentoring that
may impede team progress. Hackathon participants also voiced concerns about
idea loss or imitation during collaborative efforts with team members and other
participants.

5.4. Teachers' perspectives

Regarding the teachers’ perspectives considered in RQ4, we can conclude that
teachers observe that hackathons foster creativity, problem-solving, and an en-
trepreneurial spirit. At the same time, PBL emphasises concrete knowledge and
soft skills development. Hackathons, unanimously rated with 100 % preference
by teachers, significantly enhance students' entrepreneurial spirit and behaviour.
Both approaches empower students to generate high-quality solutions, motivat-
ing teachers engaged in hackathons within PBL to improve teaching methods
and experiential learning.

Teachers note that students see the hackathon as an optional chance for personal
advancement, motivating them to invest more effort in finding solutions. Con-
versely, students participate in PBL primarily because it is mandatory, leading
to less effort and minimal exam preparation. The key distinction lies in the
operational dynamics, with PBL being an essential and obligatory academic
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element, while the hackathon is an extra, non-compulsory, and informal activity
appealing to participants.

5.5. Future work and challenges

Solving the identified challenges and future work will involve additional ef-
forts in research and establishing an environment for the practical application
of realistic entrepreneurial approaches to sustainable learning. To thoroughly
understand the lasting impact and value of the ideas and solutions in both
approaches, in-depth longitudinal studies are necessary. A research methodology
that supports monitoring both approaches while enabling adequate comparisons
must be developed for these. Practical evidence is crucial for identifying optimal
practices in using formal and informal learning methods in entrepreneurship
education. In addition, there is a need to address additional issues related to
aspects of intellectual property.

5.6. Implications

The main implications of the research results are directed to teachers and
educational institutions that want to improve entrepreneurial education. The
research findings could potentially contribute to developing effective pedagog-
ical strategies and educational policies to drive student engagement in these
initiatives, thereby enhancing their learning experience. The findings of this
study emphasise that if educators want to improve the effectiveness of education
focused on developing entrepreneurial skills, it should be implemented in formal
education and include blended formal and informal processes based on different
entrepreneurial learning formats.

Both hackathons and PBL were highly regarded by students for enhancing
their knowledge and skills. Hackathons were preferred for their hands-on, en-
trepreneurial, and employability experiences. At the same time, PBL students
prioritised building team trust and did not express concerns about idea loss or
imitation, unlike hackathon participants. Lecturers noted that hackathons foster
creativity, problem-solving, and entrepreneurship, while PBL emphasises the
development of concrete knowledge and soft skills. The research also delved
into students' motivations for participating in hackathons and found that pleasant
experiences, technological knowledge, and networking were the top drivers.
However, the rewards were significant but not as expected.

In formal education, it is indicated that if teachers want to improve the effec-
tiveness of education aimed at developing entrepreneurial skills, postgraduate
programs should be adjusted to students in business and students who are not;
accordingly, their basic foundations are entirely different. These approaches to
learning affect these two groups differently (Muthumeena & Yogeswaran, 2022).
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The findings highlight the significant advantages of hackathon-based learning,
showcasing its capacity to enhance educational experiences, stimulate innova-
tion, and motivate students and educators to excel in their roles within academia.
These insights contribute to a comprehensive understanding of the benefits and
potential of hackathon-based learning in educational settings. The research af-
firms that hackathons effectively introduce new technologies and IT knowledge,
as evidenced by positive feedback from participants without prior experience in
technology.

The integration of hackathons into curricula will be explored in future studies,
with the expectation that they will become a standard part of the university
experience in the "next normal."” While there is no universal approach to design-
ing impactful hackathon events, educators are encouraged to experiment with
this emerging pedagogy. Following the hackathon concept, there is an opportu-
nity to revolutionise the traditional higher education model, fostering creativity,
entrepreneurial thinking, and the development of graduates prepared for the
evolving demands of the future workforce.

Assessment is a critical factor in shaping student learning, guiding their ap-
proach to a course and supporting the achievement of learning objectives. Evalu-
ation provides essential feedback, helping students close the gap between their
current performance and learning goals (Gratchev, 2023). Replacing traditional
exams with project-based assessments centred on real-life site investigations
leads to higher average grades and enhanced learning experience (Gratcheyv,
2023). The Faculty of Organizational Sciences has a long-standing tradition of
working with students through hackathons, PBL, and solving case studies. It
is common for these formats to be used in teaching, and teachers and students
are used to their application. However, learning and taking exams through these
work formats has not yet become common and widely accepted in the Euro-
pean academic space as a model of knowledge transfer, practical learning and
comprehensive assessment of student engagement. FON's experience working
with students through hackathon formats and PBL methods is available as a
recommendation for considering the introduction of this way of working and
testing students at other faculties and institutions of higher education.

Standards-based grading effectively evaluates and conveys student progress,
facilitating transparent communication between educators, students, and parents
regarding learning objectives and achievements. However, it often leads to a
compartmentalised approach to instruction, focusing solely on individual con-
tent standards to ensure comprehensive coverage. This isolated teaching and as-
sessment neglects opportunities for interdisciplinary learning and limits student
engagement, resulting in passive participation in knowledge-building. Educators
need to integrate interdisciplinary, project-based learning into standards-based
grading frameworks (Yokom, 2020). This requires the agility and readiness of
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academic institutions to improve the standardisation of the educational system,
overcome traditional methods of student evaluation, and move to learning and
evaluation models based on practical work and delivery of project results.
Changing the grading system is crucial to adapt the educational process to
the real needs of entrepreneurship, enabling students to acquire the necessary
competencies.

In summary, this paper presents results from practical experiences in applying
hackathons and PBL, leading to several key conclusions. First, the research
highlights that integrating pedagogical strategies such as PBL and hackathons
can significantly enhance students' entrepreneurial attitudes and intentions by
improving their knowledge and skills while fostering creativity and problem-
solving abilities.

Additionally, educational institutions and policymakers are encouraged to adopt
blended formal and informal processes in entrepreneurial education, as this
integration can effectively engage students and enrich their learning experiences,
thus preparing them for both traditional career paths and entreprencurial ven-
tures. Although this approach is based on one country (Serbia), it can be
generalised and implemented in other countries with similar educational sys-
tems. Notably, educational systems in many countries in the region, such as
Croatia, Montenegro, Bosnia and Herzegovina, and North Macedonia, share
a common conceptual foundation. These systems have evolved from similar
frameworks, maintaining many of the same practices. This compatibility and
minimal language barriers facilitate greater collaboration among students across
these nations (Panti¢ et al., 2011). As a result, regional startup competitions
frequently feature teams comprising students from various countries in the re-
gion, fostering a collaborative entrepreneurial spirit. Moreover, there is a notable
number of competitions and projects within the Danube region, including initia-
tives like Danube Cap and various Erasmus projects. These programs focus
on entrepreneurship and aim to enhance compatibility among educational insti-
tutions across borders. Therefore, the results of this research can potentially be
applied, with minimal modifications, to other countries in the region. However,
it is essential to recognise that the implementation of PBL may vary due to
differing educational regulations across countries. While some nations allow
for more flexible inclusion of PBL in assessment, the European Union, mainly
through programs like Erasmus, provides frameworks supporting such projects'
realisation. These frameworks ensure that innovative pedagogical strategies can
be effectively integrated into regional educational practices.

Furthermore, hackathons are identified as particularly effective in providing
hands-on experiences that enhance students' entrepreneurial skills and employ-
ability while also contributing to team trust and fostering creativity and criti-
cal thinking. The paper also notes the differential impact of various learning
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formats, as PBL tends to emphasise the development of concrete knowledge
and soft skills. In contrast, hackathons excel in stimulating innovation and en-
trepreneurship. This suggests that tailoring educational programs to meet diverse
student needs and interests is essential for maximising learning outcomes.

Finally, the study underscores the importance of fostering a genuine interest in
entrepreneurship among students; programs designed to enhance entrepreneurial
skills should focus on skill development and aim to cultivate students' passion
and engagement with entrepreneurship as a viable career path.

The research highlights the transformative potential of integrating innovative
pedagogies into entrepreneurial education, emphasising their role in preparing
students for dynamic career paths and fostering a culture of innovation within
educational institutions.
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