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ABSTRACT ARTICLE HISTORY

The transformation to the bioeconomy requires entrepreneurs who Received 2 August 2024
can turn ideas and research into innovations. Entrepreneurship Accepted 19 February 2026
education plays a significant role in equipping higher education

) . -~ h S KEYWORDS
students with competencies that facilitate idea commercialisation Bioeconomy;
and technology transfer. This study examines bioeconomy stu- entrepreneurship education;
dents’ motivation to enter extracurricular entrepreneurship educa- motivation; entrepreneurial

tion, goals they set for it, and the impact it has on their knowledge knowledge; entrepreneurial
and skills. The qualitative and quantitative data was collected from skills
students coming from seven European countries and attending

a blended entrepreneurship course tailored for the needs of bioec-

onomy. The mixed method analyses revealed multifaceted set of
motivations and objectives relating to sustainability, and hard and

soft skills needed in entrepreneurship and work life. A comparison

of pre- and post-tests showed a significant improvement in the
entrepreneurial knowledge and skills of the students. The results

posit that it is important to consider the target group, so that
generalised entrepreneurship education is not offered regardless

of the study field. Universities and educators should be aware of

specific motivations and objectives of the students interested in
entrepreneurship education, so that they can develop the content

and instructional design to better meet the needs of the target

group in the form of embedded entrepreneurship education.

1. Introduction

The bioeconomy has a central role in mitigating climate change, and to maintain sustain-
able economic growth and human wellbeing (Philp 2018) as it ‘encompasses the produc-
tion of renewable biological resources and the conversion of these resources and waste
streams into value added products’ (European Commission European Commission,
Directorate-General for Research and Innovation 2012, 9). Since bioeconomy is frequently
referred to being essential for finding solutions to wicked problems (e.g. Urmetzer et al.
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2020), policymakers have included it in many key strategies (Ferreira et al. 2022), where
they have also recognised entrepreneurs as drivers for bioeconomy transformation (White
House 2012; European Commission; 2018).

The transformation to bioeconomy is still in the early stages (Ronzon, lost, and
Philippidis 2022) and calls for innovations that are incremental, radical, or even disruptive
(Losacker et al. 2023). Consequently, there is a need for innovative entrepreneurs
(Kuckertz, Berger, and Brandle 2020). Prior research has identified the role of entrepre-
neurship in sustainable development being to discover, create, and exploit opportunities
that both sustain the natural and social environment and deliver economic and non-
economic benefits (Urbaniec et al. 2022).

Nevertheless, there is much more to know and understand about the entrepreneurship
in the bioeconomy (Kuckertz, Berger, and Brandle 2020). A few recent studies have
examined entrepreneurial activity relating to bioeconomy on micro, meso and macro
levels (Kuckertz, Berger, and Bréndle 2020), and discussed business strategies (Urbaniec
et al. 2022) and business models (Broring and Vanacker 2022) relevant to the field.
Moreover, it has been acknowledged that entrepreneurship in bioeconomy requires
specific knowledge and competencies (Hinderer and Kuckertz 2022). However, there is
a lack of research on the role of universities and entrepreneurship education in fostering
bioeconomy entrepreneurship.

The bioeconomy is still a relatively new concept and only recently established in
university degree programmes. However, universities are significant in facilitating bioec-
onomy innovations and entrepreneurship, for example via technology transfer (Borge and
Broring 2020), knowledge commercialisation, and developing human capital required to
generate better solutions (Bejinaru et al. 2018). To turn ideas or research into innovations
that can serve the larger society, entrepreneurial skills are needed (O'Brien and Hamburg
2019). Bioeconomy degree programmes vary in their inclusion entrepreneurship educa-
tion (EE). Learning economic, business or entrepreneurship basics differs from cultivating
an entrepreneurial mindset and skills (Liguori and Winkler 2020), and EE focuses more on
the latter. Regarding the importance of entrepreneurship in bioeconomy, surprisingly
little is known on how to encourage higher education students in bioeconomy to con-
sider entrepreneurship or develop their entrepreneurial mindsets.

Entrepreneurship education can be considered as a means to improve students
innovative abilities (Li, Cao, and Salarzadeh Jenatabadi 2023), and to develop their
entrepreneurial mindsets (Wang, Mundorf, and Salzarulo-McGuigan 2022). Studies have
evinced that EE can affect university students’ intention, aspiration and attitude to start
businesses and by providing necessary knowledge and skills, enhance their self-efficacy
and, consequently, their perception of the viability of entrepreneurship (Hasan, Ahmed
Khan, and Noor Un Nabi 2017). Although the impact of EE is quite extensively studied (e.g.
see review of Nabi et al. 2017), a literature search by the authors revealed that there is
a research gap in examining the motivation to enter EE, and the objectives students set
for participation. In view of the big potential of entrepreneurship, and the demand for
entrepreneurial solutions to social problems, there is a strong need for further research
and review of the evidence on EE (Carpenter and Wilson 2022).

The present study addresses the call for more research on EE and the identified
research gap by aiming at extending the understanding of 1) the drivers behind bioec-
onomy students’ decisions to engage in EE, 2) the goals students intend to achieve
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through their coursework and activities, and 3) the outcomes of EE. The research ques-
tions are formulated as follows: What motivates bioeconomy students to study entrepre-
neurship? What kind of objectives do they set for themselves regarding EE? What kind of
impact does EE has on students regarding objective achievement, and the development
of both their entrepreneurial knowledge and skills?

To answer the research questions, the authors gathered both qualitative and quanti-
tative data from bioeconomy students that attended an EE course in bioeconomy. The
results indicate students having motivations and objectives regarding EE that are related
to the society at large, as well as their own prospects and development. The study sheds
light to what needs and expectations bioeconomy students have on EE. The research
setting in which the present study combines data from two subsequent student cohorts
from seven countries strengthens the validity of its conclusions.

The paper is structured as follows: Section 2 elaborates the relevant literature on EE,
motivation and objectives to enter extracurricular EE. Section 3 details the research design
and Section 4 presents the results. Section 5 discusses the implications of the results for
theory and practice, and Section 6 draws conclusions.

2. Literature review
2.1. Entrepreneurship education

Entrepreneurship can be defined as the process of identifying and exploiting business
opportunities to introduce new products or services into the market (Shane and
Venkataraman 2000). Entrepreneurs are skilled to realise innovative products, services
or processes that potentially lead to technological advancements (Li, Cao, and Salarzadeh
Jenatabadi 2023). But entrepreneurship can also be understood as a way of thinking and
behaving (Kirby and Ibrahim 2011). Therefore, entrepreneurship includes both skills and
specific attitudes (Fayolle, Gailly, and Lassas-Clerc 2006). Regarding bioeconomy, entre-
preneurship has the potential to tackle market failures relating to environmental issues
(Urbaniec et al. 2022).

EE assumes that entrepreneurs are not born but made (Klein and Bullock 2006). EE can
be defined as ‘any pedagogical program or process of education for entrepreneurial
attitudes and skills” (Fayolle, Gailly, and Lassas-Clerc 2006, 702). EE shapes students to
be responsible and enterprising, and to act as entrepreneurs or entrepreneurial thinkers
who benefit economic development and create sustainable communities (Hasan, Ahmed
Khan, and Noor Un Nabi 2017). Furthermore, EE allows students to update their beliefs
about how suitable an entrepreneurial career is for them (von Graevenitz, Harhoff, and
Weber 2010). The aims of EE extend to improve students’ employability and preparation
for work and life (Ustav and Venesaar 2018). Several studies (e.g. Barba-Sanchez- and
Atienza Sahuquillo 2018; Pham and Loan Le 2023; Saadat et al. 2021; Tang et al. 2014)
underline the importance to integrate EE into higher education, one reason being that it
can help universities to become significant engines of technological development and
economic growth.

Because of its perceived importance, researchers have been interested in examining
the impact of EE. Studies show, for example, that EE can have a positive impact on self-
efficacy (Li, Cao, and Salarzadeh Jenatabadi 2023), knowledge of entrepreneurship,
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entrepreneurial skills (Ripollés and Blesa 2023), developing competencies that are needed
to discover business opportunities (White and Hertz 2022) and on entrepreneurial mind-
set (Cui, Sun, and Bell 2021; Yan, Huang, and Xiao 2023). Research indicates also that
students’ entrepreneurial intention is positively affected by the participation in EE,
although other factors, such as prior entrepreneurial intention (Bae et al. 2014) or whether
students engage in elective or compulsory EE influence the effect (Karimi et al. 2016).

Another line of EE research concentrates on effective teaching modes or formats.
Kakouris and Liargovas (2021) examined the modes of teaching about, for and through
entrepreneurship to show how they differ, e.g. in terms of objectives, worldview, teaching
tools and learning effect. The embedded approach of EE aims to advance the students
awareness and experience of the form of entrepreneurship that is relevant to the field of
interest (Pittaway and Edwards 2012). Lately, a growing attention has been paid to the
format of teaching since the COVID-19 pandemic sped up the creation of online courses.
Although some aspects of EE lend themselves more nicely to online instruction than
others (Liguori and Winkler 2020) and students vary in the way they adapt to it, online
formats have shown to have a positive impact on entrepreneurial mindset, attitudes
towards entrepreneurship and on entrepreneurial intention (Malik et al. 2023; Moberg
2021; Munawar et al. 2023). Also, majority of studies on blended EE report positive
outcomes (Viebig 2022).

2.2. Student motivation and objectives for extracurricular entrepreneurship
education

How students select courses is a complex process with several factors affecting the
outcome (Moogan, Baron, and Bainbridge 2001; Mourey, Markley, and Koernig 2022).
Course selection usually includes several sequential, interdependent decisions, where
each choice affects the next choice, making the process messy and disorganised for
many students (Babad and Tayeb 2003). Furthermore, as the process moves forward,
different factors dominate the related decisions (Moogan, Baron, and Bainbridge 2001).

Often the factors affecting course selection are grouped based on motivation type:
Ryan and Deci (2020) discuss self-determination theory in the context of education,
defining extrinsic motivation to concern behaviour that is dependent on external incen-
tives or pressure, while intrinsic motivation relates to behaviour that is inherently satisfy-
ing and enjoyable. Examples of rewards linked to extrinsic motivation are achieving
grades and career opportunities while examples of intrinsic motives include learning for
its own sake and satisfying inner needs, like curiosity (Davies et al. 2016). Another
categorisation includes two major classes: academic considerations (e.g. academic and
intellectual quality, mode of teaching, lecturer’s personality, workload, exams, and grad-
ing) and personal/contextual considerations (e.g. relating to personal situation, specific
needs and pressures) (Babad and Tayeb 2003).

Student motivation to take part in EE is not yet extensively studied. However, initial
studies have revealed a myriad of motivational factors. Shekhar and Huang-Saad (2021)
found that the participation is influenced by entrepreneurial self-efficacy, entrepreneurial
intent, goals, attitude, subjective norm, academic transitions, information and resources,
social capital, opportunities and challenges, as well as earlier participation in EE. Galvao,
Marques, and Ferreira (2020) discovered that the participation is influenced by
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motivations related, e.g. to professional achievement, family incentives, personality traits,
higher income, attraction to risk-taking, self-realisation, and a need for autonomy and
independence. Finally, the intention to start a company is noted as a key reason to enter
EE, while experience and prior knowledge of EE encourage further involvement (Shekhar
and Huang-Saad 2021; McCartan et al. 2023).

When discussing the motivation to take part in EE it is important to consider the fact
that EE is typically offered as an elective and non-compulsory activity (Shekhar and
Huang-Saad 2021). Universities offer extracurricular EE to equip students with the employ-
ability skills that companies demand (Chapman, Emambocus, and Obembe 2023).
Because the conditions under which compulsory and voluntary EE emerge are rather
different, it is worth to distinguish between the two types to specify motivation, objec-
tives and the effect on students. Regarding extracurricular activities, Chapman,
Emambocus, and Obembe (2023) found that both extrinsic, e.g. monetary gain, improved
employability, and intrinsic motivation, such as enjoyment and interest, drive higher
education students to engage in them. In addition, pro-social motivation (e.g. solving
broader social problems) and social motivation (e.g. meeting people and making friends)
encouraged participation in extracurricular activities (Chapman, Emambocus, and
Obembe 2023).

Regarding objectives, prior research postulates that setting learning goals can have
a positive association with student performance and satisfaction (Latham and Brown
2006). However, very little is known about the objectives the students set for themselves
regarding EE, and their perceptions of attaining those objectives. Instead, for example
Tang et al. (2014) examined students’ needs and expectations related to EE in a Chinese
context. The findings showed that content-wise students expected to learn, for example,
about entrepreneurial opportunities and environments, interpersonal communication
and negotiation, and real-world case studies. Regarding personal competencies, student
expectations included negotiation skills, problem-solving skills, and marketing skills.
Kirkwood, Dwyer, and Gray (2014) asked students to reflect on the value of EE and
found that the main perceived benefits of EE comprise increased confidence, insights
into the feasibility of their business ideas, entrepreneurial knowledge and skills, an
appreciation of being an entrepreneur, and solutions to practical problems.

3. Methodology
3.1. Research setting, data collection and methods of analyses

The research design included the collection of both qualitative and quantitative data
before (pre-test) and after (post-test) an intervention, that was completing an extracurri-
cular entrepreneurship course. The EE course was developed in a collaboration between
seven European universities that are active in European Bioeconomy University (EBU)
alliance. The aim of the course was to equip bioeconomy students with tailored entre-
preneurial skills and to encourage them to become entrepreneurs or intrapreneurs in the
field of bioeconomy. Two cohorts of bioeconomy students at master and doctoral levels
from seven different European countries completed the course sequentially in 2022 and
2023.
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The EE course was offered as an extracurricular activity. It was promoted via different
channels, such as teachers’ personal promotion, emails, university newsletters, and social
media. The students were asked to apply by sending a CV and writing a motivational
letter. Each university selected five of their students to participate in the course, aiming
altogether at 35 students in both cohorts.

The EE course covered the following eight topics: introduction to bioeconomy, accelerated
entrepreneurship, design thinking, knowledge management, business management and
finance, leadership and execution, marketing, and digitalisation. In addition to entrepreneurial
hard skills, the course design supported the development of soft skills, such as cooperation,
communication and argumentation, social and cultural skills. The course was implemented in
a blended learning format, including online training on a Moodle-platform, and an in-person
intensive study week at the end of the course. The online training lasted for 16 weeks and
consisted of independent study with diverse online materials, groupwork and biweekly online
classes. In the in-person study week, the students worked in groups on their final projects
(business ideas), and teachers provided mentoring and lessons on different topics. On the
final day, the students pitched their ideas and received feedback. The study week also included
visits to local bioeconomy companies.

Before (pre-test) and after (post-test) the course, the students were sent
a questionnaire. The pre-test was meant to identify the students’ starting points. The
questionnaire included open questions regarding personal motivations to take the
course, and their objectives set for the course. In addition, it contained structured
questions about entrepreneurial knowledge and entrepreneurial skills. Entrepreneurial
knowledge was measured by six items with a 5-point Likert-type scale (1-strongly dis-
agree to 5-strongly agree) adopted from Saptono et al. (2020) and Roxas (2014).
Entrepreneurial skills were measured by nine items with a 5-point Likert-type scale (1 -
very low competence to 5 - very high competence) adopted from Hahn et al. (2020), and
complemented with two items on the themes in the course. In the post-test, the students
were asked to answer the same structured questions, and an open question about their
perceptions whether they had achieved their personal objectives for the EE course.

The analysis included respondents from two student cohorts who completed both pre-
test and post-test questionnaires. Participants were informed about the purpose of the
research and given the opportunity to opt out of the study. Based on these criteria, 27
students were included, and their responses were anonymised. The analysis applied
a mixed method approach to build a more comprehensive understanding and to track
the process and outcome of the intervention. The qualitative data from the open ques-
tions regarding motivation and objectives were analysed by content analysis to identify
focal themes in the answers. The quantitative data relating to entrepreneurial knowledge
and skills were analysed by non-parametric tests of Wilcoxon signed-rank test to conduct
a paired difference test of repeated measurements on a single sample.

3.2. Respondents

The data was gathered from two sequential cohorts of bioeconomy students at master and
doctoral levels. A total of 37 students were selected to participate in the first cohort. Of them,
28 completed the course. For the second cohort, 35 students were selected, of which 24
completed the course. Of these participants, 14 students of the first cohort and 13 students of
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Table 1. Background information of the respondents.
Respondents (N = 27)

Gender

Men/Women/Other 12 (44%)/14 (52%)/1 (4%)
Age

<25 years 13 (48%)

25 - 30 years 10 (37%)
>30 years 4 (15%)
Min/Max/Mean 20/37/26
Study year

1st 6 (22%)

2nd 6 (22%)

3rd 3 (11%)
Missing 12 (44%)
Previous entrepreneurship courses

Yes/No 8 (30%)/19 (70%)
Currently or previously an entrepreneur

Yes/No 6 (22%)/21 (78%)
Entrepreneurs in close relatives or friends

Yes/No 21 (78%)/6 (22%)

the second cohort answered both pre-test and post-test questionnaires and gave permission
to use the responses in research. That brings the response rates of 50% in the first cohort and
54% in the second cohort of the students that completed the course.

The sociodemographic information of the respondents and their prior contact to
entrepreneurship are presented in Table 1. Of the 27 respondents, little over half
were women, and a great majority was between 20 and 30years of age, the
average age being 26. When taking the course, six respondents (22%) had been
or were entrepreneurs. Most of the respondents (70%) had not completed any
prior entrepreneurship courses, but a great majority (78%) had entrepreneurs
among close relatives or friends. For those who had previously completed entre-
preneurship courses, the number of credits earned ranged from 1,5 ECTS to 12
ECTS depending on their individual opportunities and interest in incorporating
these courses into their studies.

4. Results
4.1. Motivation to take the course

The content analysis of the open questions on student motivation and why they were
interested in the course revealed seven broad themes (Table 2). The prime motivation

Table 2. Themes in the answers on motivation, objectives, and objective achievement. Number of
respondents in the brackets.

Motivation Objectives

Objective achievement

Entrepreneurship (15, incl.

commercialisation 6)
Sustainable economy (11)
Environment (8)
Networking (6)

Future career (6)
New things (5)
Development/growth (2)

Entrepreneurship (17, incl.

commercialisation 2)
Sustainable economy (11)
Environment (3)
Networking (12)

Future career (3)
New things (7)
Development/growth (8)

Entrepreneurship (17, incl.
commercialisation 1)
Sustainable economy (8)

Networking (9)

Future career (1)

New things (2)
Development/growth (3)
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related to entrepreneurship (n = 15) on a general or a personal level. Some were eager to
learn the fundamentals of entrepreneurship or learn more about the entrepreneurial
ecosystem. Some contemplated becoming an entrepreneur and wanted to develop
their knowledge and skills to achieve that goal.

My motivation is that in the future | would like to start up businesses which deal with
bioeconomy ... However, | come from purely scientific background, and | lack the skills
needed to start a business [on] my own.

Some wanted to explore their entrepreneurial interests, or to acquire skills that would
help them to develop solutions to achieve environmental goals. Commercialisation
featured in the answers. It was recognised, for example, that there is a need for individuals
who can transform their knowledge into practise. It was mentioned that the development
of expertise in entrepreneurship and bioeconomy was needed to bridge the gap between
scientific research and the business sector, and to transform technology into entrepre-
neurship. Also, gaining knowledge about intellectual property rights was deemed
important.

The theme of sustainable economy (n=11) encompassed references to both
bioeconomy and circular economy. Students wanted to advance their knowledge
and skills in bioeconomy and circular economy in general, or more specifically in
relation to Europe. One respondent saw the course as a means to keep up with the
latest trends in circular and biobased economy and, consequently, to grow in the
field. Some were interested in examining bioeconomy from an entrepreneurial or
business perspective, or in understanding the practices needed to achieve circular
economy.

The third most frequently mentioned theme related to environmental issues (n = 8).
The students wrote about environmental protection, sustainability, contribution to cli-
mate change mitigation, making an impact, and keeping ‘our planet safe’. One respon-
dent wrote:

My motivation for this course is to find required tools and methods to establish and
cooperate with individuals to build a better world.

The fourth theme that respondents (n =6) mentioned was networking. Students were
motivated by the opportunity to meet new people from various universities across
Europe, to get inspired and exchange experience, and to learn from the experience of
fellow students with similar interests. One respondent wrote about the possibility to
support someone with similar plans.

The fifth theme concerned one’s own future career (n=6). The students deemed
knowledge and skills developed during the EE course useful for intrapreneurs. Although
not planning to become an entrepreneur, the students recognised the demand for
entrepreneurship and sustainable solutions. Also, competence development regarding
project management was mentioned.

Theme six related to learning new things (n=5). Students mentioned that
acquiring new knowledge about entrepreneurship, new fields of interest, new
experiences, and new skills motivated them to take part in the course. Finally,
two students referred to personal growth. One wanted to come out of the comfort
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zone, and the other wanted to develop through the opportunity to relate to
international students.

4.2. Personal objectives for the course and their achievement

In the pre-test questionnaire, the students were asked to state their personal objectives
for the course, while the post-test questionnaire included a question about whether they
had achieved their goals. The broad themes that emerged from the answers were the
same as regarding motivation, but the emphasis and perspectives were slightly different
(Table 2).

Of the respondents, 17 mentioned objectives related to entrepreneurship and business
operations. Some students formulated their objectives in general terms, like learning
about entrepreneurs, entrepreneurship, creating a startup, and gaining entrepreneurial
skills. However, more students named specific areas of interest, that related, for example,
to management, marketing, product development, sustainable supply/value chain,
human resources, business models and planning, and innovation management. Some
students also mentioned wanting to learn how to run a company in a more sustain-
able way.

Some students had their current or potential future business in mind. They wanted to
know how to apply their knowledge in bioeconomy as an entrepreneur, discover new
useful tools, and learn how to start a business, or to develop it to be more successful and
scalable.

My objectives are to learn everything that is necessary to be able to accomplish my future
goal of starting companies.

When asked about the achieved objectives, the most frequently mentioned theme was
entrepreneurship and business operations (n = 17). The students stated, for example, that
they had learned about entrepreneurship and every aspect that must be considered to
create a business. While entrepreneurship in general, and starting a business, were the
most common subthemes, students also detailed more specific areas, such as intellectual
property, innovation management, identifying problems, business models, business ana-
lysis, and marketing.

The subtheme of commercialisation, that was quite prominent in the responses about
the motivation, was not so pronounced in those of objectives. Only two students referred
to launching or introducing an innovation, biobased products, or solutions to the markets.
When asked about achieved objectives, only one student mentioned commercialisation.

Sustainable economy was present in the objectives of 11 respondents. They wanted to
learn more about the bioeconomy and its current trends, gain skills required in the
bioeconomy, and understand how to apply the theoretical knowledge of circular and
biobased economy into practice. Some students wanted to know about bioeconomy
business opportunities, or they had specific bioeconomy business ideas that they wanted
to explore further. Relating to achieved objectives, students (n = 8) reported expanding
their bioeconomy knowledge or learning new aspects of it. However, they did not detail
these new aspects or how their prior knowledge was enhanced, except in relation to
entrepreneurship.
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In rather strong contrast to their motivation, environmental issues were hardly brought up
in the responses about objectives. Some students (n = 3) aimed at gaining knowledge about
creating a startup for accelerating the transition of our society to a more sustainable and
environmentally friendly lifestyle. However, none referred to environmental issues when
writing about the achieved objectives. One reason for this could be that environmental issues
were not treated separately in this EE-course.

Networking was a significant objective (n =12, versus six students regarding motiva-
tion). In the networking objective, the international perspective was important.

The opportunity to connect with colleagues from several different countries all over Europe is
unique. Networking is one of the most important things. Considering the ongoing interna-
tionalization and digitalization, knowing people in various countries of the European Union
becomes even more important.

In addition to meeting new people and making (long lasting) connections, the objectives
included the wish to collaborate, exchange knowledge, and listen and learn from other’s
experiences. These were considered to help to see different perspectives of the same
problem. Networking was a key achieved objective for nine students. From the interna-
tional aspect, one student highlighted meeting new people and making friends across
Europe, while others mentioned exchanging experiences and learning from different
perspectives and mentors.

Interestingly, merely three students referred to their future careers when setting their
objectives for the course. The students hoped that the synergy of the course themes (bioec-
onomy and entrepreneurship) as well as the skills and connections gained during the course
would create an asset and additional opportunities for their individual professional career.
When asked about the objectives achieved, only one respondent referred to a future career by
stating that knowing how to create a business should be very useful in the future.

A quarter of the respondents (n=7) aimed to achieve something new. Some students
expressed this simply by wanting to learn new things, such as learning new skills and new
points of view. Regarding objective achievement, just two students wrote that they had
learned a lot, without specifying what. Finally, a quite prominently raised objective by students
(n = 8) was personal development and growth. More than in relation to motivations, there was
a widespread wish to grow personally and/or professionally. The students wanted to improve
their language skills, digital skills, presentation skills and leading abilities. Regarding objective
achievement, three students mentioned this theme, writing, for example, about coming out of
their comfort zone, and getting more proficient in English. To summarise, all respondents
stated that they had achieved their goals, although three respondents expressed that they had
not met them fully. One of them wrote:

| know the toolbox needed to start a business now, but | have not got deep knowledge yet!

4.3. Entrepreneurial knowledge and skills

Both in pre-test and post-test, the students were asked to assess their knowledge
regarding six focal aspects of entrepreneurship (Table 3). They scored how well they
agreed with the presented statements, on a scale from 1 (strongly disagree) to 5 (strongly
agree).
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Table 3. Entrepreneurial knowledge (results in bold are statistically significant).

Wilcoxon

Pre or Difference  Std.  Signed-Rank

Variables post-test N Mean in means Dev. test

| have adequate knowledge of the legal essentials to  pre-test 27 2,33 1,11 1,144 Z=-3,218,
start a venture. post-test 27 3,44 1,155 p=0,001

I understand how to look for resources needed to set up pre-test 27 2,52 1,41 1,051 Z=-4,198,
a business (e.g. financial support). post-test 27 3,93 0958 p<0,001

| have adequate knowledge of how to organise pre-test 27 2,41 1,26 1,083 Z=-3,638,
a venture. post-test 27 3,67 1,038 p <0,001

| have adequate knowledge of how to promote pre-test 27 2,74 1,22 1,059 Z=-3,822,
products and services. post-test 27 3,96 0,854 p<0,001

| have adequate knowledge in presenting a business pre-test 27 3,07 1,15 1,207 Z=-3,830,
idea. post-test 27 4,22 0,892 p <0,001

| have adequate knowledge of how to manage pre-test 26 2,58 0,98 0,945 Z=-3,245,
a business. post-test 27 3,56 0974 p=0,001

Regarding the pre-test questionnaire, the mean ratings imply a moderate level of
knowledge. The means on the listed variables range from 2,33 (statement related to
knowledge of legal essentials to start a business) to 3,07 (statement related to knowledge
in presenting a business idea). The results of the post-test show significant increases in the
means of each of the knowledge statements: the post-test means range from 3,44
(statements related to legal essentials and managing a business) to 4,22 (statement
related to presenting a business idea).

The differences in means between the pre- and post-tests are mostly equal or above
one, suggesting that the development in all these knowledge areas is considerable. The
largest improvement was found in understanding how to look for the resources needed
to set up a business (the difference in means being 1,41). Still a substantial, but the
smallest improvement occurred relating to having knowledge of how to manage
a business (means increase being 0,98). When comparing the results of the pre- and post-
tests, the Wilcoxon Signed-Rank test show that the increase in entrepreneurial knowledge
is statistically significant regarding each of the six knowledge areas.

Similarly to entrepreneurial knowledge, the pre- and post-test questionnaires included
pre-structured questions about entrepreneurial skills. The statements comprised ten skills
that are deemed relevant to bioeconomy entrepreneurship and were part of the course
content. The respondents were asked to evaluate their abilities in relation to these skills
on a scale from 1 (very low competence) to 5 (very high competence). The results are
presented in Table 4.

Regarding the pre-test, the means of the items range from 2,56 (statement related to
being proficient at marketing) to 4,26 (statement related to being creative and able to
solve problems). Overall, these means imply moderate or already good level of skills. The
results of the post-test show increases in all the means. The means range from 3,70
(statement related to commercialising a new idea) to 4,30 (statement related to being
creative and able to solve problems). These means indicate a good level of skills.

Based on the differences in means measured in the pre- and post-tests, the biggest
improvements during the EE course have occurred regarding the skills of successfully
managing a business (the difference in means being 1,23), and being proficient at
marketing (difference in means 1,22). The smallest improvement occurred in being
creative and able to solve problems (difference in means being 0,04). It is notable that
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Table 4. Entrepreneurial skills (results in bold are statistically significant).

Pre or post- Difference in Std. Wilcoxon Signed-Rank
Variables test N Mean means Dev. test

Identifying new business pre-test 27 3,30 0,74 1,103 Z=-3,115, p=0,002
opportunities post-test 27 4,04 0,808

Being creative and able to solve pre-test 27 4,26 0,04 0,712 Z=-0,243, p=0,808
problems post-test 27 4,30 0,912

Creating new products and services pre-test 27 3,44 0,45 1,050 Z=-2,024, p=0,043
post-test 27 3,89 1,121

Managing innovation within a firm pre-test 27 3,26 0,78 1,023 Z=-3,377, p<0,001
post-test 27 4,04 0,898

Being a leader and communicator  pre-test 27 3,74 0,41 1,059 Z=-2,114,p=0,034
post-test 27 415 0,770

Building a professional network pre-test 27 3,48 0,59 1,051 Z=2,980, p=0,003
post-test 27 4,07 0,874

Commercialising a new idea or pre-test 27 293 0,77 1,207 Z=-2,805, p=0,005
development post-test 27 3,70 0,869

Being proficient at marketing pre-test 27 2,56 1,22 1,155 Z=-3,884, p<0,001
post-test 27 3,78 0,974

Successfully managing a business  pre-test 26 2,58 1,23 1,065 Z=-3,515, p<0,001
post-test 26 3,81 0,801

Being digitally competent pre-test 27 3,19 0,66 1,111 Z=-2,743, p=0,006
post-test 27 3,85 0,989

the differences in means regarding the entrepreneurial skills are generally smaller than
those regarding entrepreneurial knowledge, indicating a perceived stronger develop-
ment in knowledge than in personal skills. This result may be caused by the largely online
structure of the EE course, as it is noted that teaching entrepreneurial competencies
online at scale can pose challenges (Liguori and Winkler 2020).

Nevertheless, when comparing the results of the pre- and post-tests, the Wilcoxon
Signed-Rank test show that there are statistically significant differences regarding nine
skills. All other skills have improved significantly, except the skills related to being creative
and able to solve problems which were already at high level in the pre-test.

5. Discussion

The results show that students’ motivation to participate in the studied EE course was
multifaceted. The bioeconomy students were motivated to engage in EE to learn more
about entrepreneurship in general or more specifically in relation to creation of their own
ventures. By means of this EE course they wanted to understand more about circular and
bioeconomy; to address the wicked problems related to sustainable economy and the
environment. Also, networking and perceived requirements of future careers were drivers
to participate in the EE course.

As in Chapman, Emambocus, and Obembe (2023), the motivational factors found in the
present study can be divided into extrinsic, intrinsic, pro-social and social motivations.
Extrinsic motivation related to future employability as an expert or an entrepreneur. In
line with prior research (Shekhar and Huang-Saad 2021; McCartan et al. 2023), the
prospect of an own business formed a significant reason to participate in EE. Intrinsic
motivation was shown especially in wanting to experience and learn something new and/
or grow personally. Pro-social motivation emerged in relation to solving environmental
problems. The prominence of environmental issues as a motivational factor suggests
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bioeconomy students being inclined to sustainable entrepreneurship, or ecopreneurship,
that strive for better environmental goals (Urbaniec et al. 2022), or more environmentally
friendly economic development (Gibbs 2006). Finally, regarding social motivation, the
students wanted to connect with likeminded people.

Although the factors related to extrinsic motivation were mentioned most often,
intrinsic, pro-social and social motivation appeared significant for the students. It is
noteworthy to recognise that these latter three motivational types have not been
emphasised in prior research on student participation in EE. Furthermore, unlike prior
studies (Shekhar and Huang-Saad 2021; McCartan et al. 2023), the present study did not
find that earlier knowledge or experience of EE played a significant role in encouraging
further involvement. However, many of the students had connection to entrepreneurship
through personal experience or having entrepreneurs in close family or friends.

The overall objective of this EE course was to address the lack of entrepreneurship
training tailored to the needs of the bioeconomy sector and to equip advanced bioec-
onomy students with sustainable entrepreneurial skills, considering the European
approach and context. This objective reflects the embedded form of EE. The course
objectives students set for themselves were in line with the overall objective of the
course. Students’ objectives contained specific areas of interest in entrepreneurship or
business management, and goals referring to bioeconomy and circular economy. To
network with (foreign) peers in bioeconomy and to learn new things were even more
prominent as objectives than as motivations. Students showed an openness of mind and
eagerness to develop, and they embraced the European approach.

In the answers to open questions, students stated that they had achieved their
personal objectives quite well. This was supported by the results of the quantitative
data, which showed significant improvement in their entrepreneurial knowledge and
skills. Therefore, in line with prior studies (e.g. Galvdo, Marques, and Ferreira 2020;
Matlay 2008; von Graevenitz, Georg, and Weber 2010) the results support EE’s significant
positive impact on entrepreneurial knowledge and skills. This is important as prior
research has identified the linkage from EE equipping students with entrepreneurial
knowledge and skills to entrepreneurial intention, and finally to entrepreneurial beha-
viour (Alakaleek, Harb, and Abdo Harb 2023). Of the soft skills, networking was a focal
achievement. Networks are considered central for the success of careers (Wolff and Moser
2009), entrepreneurial ventures (van Burg, Elfring, and Cornelissen 2022), and leadership
(Carter et al. 2015). The encounter of students from many countries during this EE course,
provided a great opportunity to develop network leadership skills that can, for example,
facilitate spreading, embedding and further development of social innovations (Strasser,
De Kraker, and Kemp 2022).

When comparing motivations and objectives, the themes related to improving exper-
tise, employability and entrepreneurial knowledge and skills are prominent in both.
However, environmental issues get less attention in objective setting than in motivation,
while the opposite happens to aspirations of networking and personal development. This
may be due to the perceptions of achievability. Goals related to networking and personal
growth can be perceived more feasible in the frame of an individual course than those
related to solving environmental problems.

Prior studies have identified barriers such as fear of failure (Ukil and Jenkins
2023), financial and market-related obstacles as well as lack of experience, training
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(Arranz, Arroyabe and de Arroyabe 2019) and industry contacts (Smith, Hamilton,
and Fabian 2020) to hinder university students to become entrepreneurs. As
a contribution to encourage entrepreneurship in universities, the present study
posits that when designing EE it is important to consider the target group.
Students may benefit more from EE that is adjusted contextually to their disci-
plines and professions (Ramsgaard and Blenker 2022). Consequently, embedded EE
has a potential to significantly lower the barriers of entrepreneurship by providing
the students possibilities to learn and experience (the form of) entrepreneurship
relevant to the field of their study (Pittaway and Edwards 2012). Based on our
findings, bioeconomy students want to learn about entrepreneurship in the field of
bioeconomy.

Entrepreneurship has a practical and theoretical component enabling cross-
disciplinarity and contributing to the diverse ways entrepreneurship is understood
and implemented in university settings, where in one study field the emphasis is on
new venture creation and in another on innovative way of thinking (Jones et al.
2021). Different forms of EE with distinct worldviews, focus (e.g. on knowledge, skills
or attitudes), and teaching tools, have disparate learning effects (Kakouris and
Liargovas 2021). Therefore, it is important for universities and educators to be
aware of the specific motivations and objectives of the students entering EE, so
that they can develop the content and instructional design to better meet the needs
of their target group.

Studies indicate that younger generations may lack soft skills that are crucial for
entrepreneurship, such as communication and social skills, highlighting the need to
enable the development of both hard and soft skills (Bauman and Lucy 2021). Even in
online or blended EE courses, it is important to provide opportunities for the students to
connect with each other and network with peers. In the course at hand, this was achieved
by online group work and the intensive study week at the end of the course. The
environmental wicked problems the bioeconomy addresses are global, underscoring
the importance to cooperate across country-borders. This is something that should be
carefully considered and incorporated into EE programmes. The present study showed
that European bioeconomy students interested in studying entrepreneurship share simi-
lar motivations and aspirations concerning EE.

Although a strength of this study is that the data were collected in an international
setting and include two distinct student cohorts, the key limitation is the small sample
size. Future research could involve a larger sample of bioeconomy students to further
examine, their expectations and takeaways of EE. Longitudinal studies may also help
reveal the long-term impacts of EE on students’ thinking and behaviour. Notably,
a relatively few participants, recognised the significance of EE for their future careers,
despite its potential to influence both entrepreneurial paths and employment within
established organisations. Therefore, it would be valuable to investigate how EE can
better prepare them for their professional futures either as entrepreneurs or as employees
through the lens of career theories. In addition, to strengthen the EE it is important to
study bioeconomy educators, their attitudes and aptitudes towards EE, and how their
involvement in EE influences their perspectives on entrepreneurship.
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6. Conclusions

There is a lack of research on the role of universities and EE in fostering bioeconomy
entrepreneurship. This study addresses this gap by examining the motivations for entering
EE, the objectives set by students for participation, and their achievements. Bioeconomy
students exhibit a diverse array of motivations and objectives for engaging in EE, encom-
passing sustainability and the hard and soft skills requisite for entrepreneurship and
professional life. The results underscore the significant positive impact of EE on entrepre-
neurial knowledge and skills, with networking highlighted as a key soft skill achievement.
This study demonstrates that embedded EE, tailored to the target group and the field of
study, effectively facilitates the acquisition of knowledge and skills essential for successful
entrepreneurship. It is imperative for universities and educators to recognise the specific
motivations and objectives of the student groups interested in EE, enabling them to tailor
content and instructional design to better meet the needs of their target audience.
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