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A B S T R A C T

Science and technology-based entrepreneurship education (SBEE) is crucial for the valorisation of newly

developed fundamental knowledge and innovative technology in science faculties. This is an important factor

in enabling science to respond to societal challenges related to sustainability. However, its didactics are cur-

rently underdeveloped. Experiential learning plays an important role in SBEE. Against this background, the

current study addresses the following research question: What are the specifications of experiential learning

for further developing the didactics of SBEE, as identified through systematic assessment? The study reveals

that significant improvement is possible when systematic attention is paid to the implementation of four

core activities of experiential learning: bringing real-worldness into the learning setting, recognising the ill-

defined nature of management problems and entrepreneurial challenges, encouraging involvement in the

execution of management interventions, and highlighting the importance of reflection. Furthermore, we

draw upon the literature stating that for a transformative experiential learning effect, the sole focus on a busi-

ness logic in current SBEE needs to be transcended to enable such entrepreneurship and sustainability educa-

tion to contribute to the kind of out-of-the-box technological innovation solutions required for the current,

pressing sustainability challenges that society faces. This study provides the first evidence that dedicated

attention to critical reflection is a crucial component in the design of the experiential learning process for sci-

ence- and technology-based entrepreneurship and sustainability education.

© 2024 The Authors. Published by Elsevier España, S.L.U. on behalf of Journal of Innovation & Knowledge. This

is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Introduction

Science- and technology-based entrepreneurship education

(SBEE) at the bachelor’s and master’s levels is crucial for the valorisa-

tion of newly developed fundamental knowledge and innovative

technology in science faculties. It is an important, if not essential, ele-

ment in university policy strategies and governance to empower sci-

ence to respond to societal challenges related to sustainability. SBEE

is also a relatively new phenomenon compared to classic

management and entrepreneurship education. While traditional

management and entrepreneurship education is often provided by

business schools and, to a lesser extent, via engineering education at

polytechnical universities, SBEE is offered by faculties of science

(Blankesteijn et al., 2021).

As an academic endeavour, SBEE is closer to the ambitions of tech-

nology transfer offices, science hubs, and start-up accelerators than to

the aims of business schools. Business schools have increasingly

adopted a purely academic identity with limited connections to the

‘outside’ professional world, thus inducing - according to critics such as

Gosling andMintzberg (2006) and Bennis andO’Toole (2005) - an ‘insti-

tutionalized irrelevance’ of their work in society: ‘It [their sole focus on* Corresponding author.
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scientific reputation because of, what the same paper dubs provoca-

tively as “physics envy”] gives scientific respectability to the research

they enjoy doing [..]. In short, the model advances the careers and satis-

fies the egos of the professoriate’ (Bennis & O’Toole, 2005, p. 4).

SBEE seeks to escape this logic and the ‘institutionalized irrele-

vance’ that follows from it, and aims to contribute to the valorisation

and sustainability agenda that nowadays, in addition to education

and research as two primary missions, often defines the ‘third pri-

mary mission’ of many universities (Blankesteijn et al., 2019). These

co-existing and interrelated three missions in today’s universities

have been the subject of considerable debate, as noted by Heller

(2022, chapter 1).

While many universities currently shape the three missions

simultaneously, the development of universities towards this multi-

mission approach over time can also be interpreted as a development

of generations of universities. The first generation of universities

focuses mainly on education; the second generation builds on this by

adding and integrating research; and the third generation adds and

incorporates a broader soci(et)al function (Heller, 2022, chapter 1).

This evolution arguably calls for the development of a ’fourth-genera-

tion university’ that addresses the tensions arising from the current

emphasis on further developing multiple-mission universities; this is

particularly relevant with regard to the third mission, which entails,

for example, the involvement of entrepreneurial thinking in and

around universities, opinions about the university’s role in serving

society, and the associated value in addressing societal issues stem-

ming from a request for increased environmental and social sustain-

ability (Heller, 2022, chapter 1).

Not only are the locus and long-termacademic ambitions of science-

based entrepreneurship education different, so are its practical goals.

Science-based entrepreneurship serves, amongst other objectives, to

develop and transfer technological innovation from a science/R&D con-

text to one of practical application (Boh et al., 2016). SBEE is built upon

the notion that there is a gap between fundamental science and applica-

tion, and that university-industry technology transfer needs to be facili-

tated via entrepreneurship education (Lackeus & Williams-Middleton,

2015). Students in SBEE are taught to cross this ‘valley of death’: the gap

between research and commercialisation of research, between

researchers and entrepreneurs and tech investors. Students need to

experience first-hand the drivers and barriers in turning science into

commercial application (Barr et al., 2009).

Experiential learning is a central teaching method to cross the val-

ley of death (Van Ewijk et al., 2020). This teaching method has been

increasingly employed in management education to essentially bring

the real world into the classroom (Yardley et al., 2012). Learning

about ‘wicked’ management problems based on experience is an

important component of experiential management education. Expe-

riential learning facilitates an in-depth understanding of real-world

entrepreneurship and management challenges.

SBEE programmes hence hold the promise of unlocking the huge

innovative potential of science and technology for the betterment of

society, especially given current societal challenges in the field of sus-

tainability (Klofsten et al., 2019). This raises questions about the

teaching methods adopted in these programmes, especially regarding

the extent to which they enable experiential learning, which is cru-

cial for management and entrepreneurship education. Some form of

experiential learning is required in entrepreneurship education, as

research has shown that the creative and innovative abilities needed

to develop an entrepreneurial skill set and attitude require experien-

tial educational methods (Van Ewijk et al., 2020).

However, little is known about experiential learning as part of the

didactics of science-based entrepreneurship education (Dhliwayo,

2008; H€agg & Kurczewska, 2020; Mujuru et al., 2022; Politis, 2005).

Strikingly, the basic principles of experiential learning are often

implicitly applied in the design of entrepreneurship educational pro-

grammes, which raises the question of how and to what extent

experiential learning contributes to the established learning out-

comes of SBEE. This has immediate academic and practical relevance

since, as Spence (2001, p. 2) puts it, ‘We won’t meet the needs for

more and better higher education until professors become designers

of learning experiences, and not teachers’. The current study aimed

to fill the abovementioned gap in the literature. Drawing on the liter-

ature on experiential learning, we aimed to analytically determine

how this type of learning contributes to SBEE programmes, and what

needs to be considered and eventually deserves dedicated attention

from teachers and coordinators involved in such programmes.

The following research question guided the study: What are the

specifications of experiential learning for further developing the

didactics of SBEE, as identified through systematic assessment? The

remainder of the paper is structured as follows. First, we present the

theoretical background focused on experiential learning. Then, we

describe four analytical categories that were developed in the study,

rooted in the scientific literature on experiential learning in manage-

ment and entrepreneurship education. These categories were used to

assess, in a conceptual-analytical and exploratory fashion, the contri-

bution of experience-based teaching to developing entrepreneurial

intention and action rooted in fundamental, exact science. Next, in

the methodology section, we describe the bachelor’s and master’s

programmes in Science, Business, and Innovation (SBI) at Vrije Uni-

versiteit Amsterdam, analysed as a representative case study of SBEE.

The design of a set of courses is presented in the results section. In

the discussion section, we further explore and interpret the results.

By way of conclusion, we discuss the extent to which experiential

learning and its didactics contribute to the learning outcomes of SBEE

and present lessons and recommendations drawn from this study for

other SBEE programmes.

Experiential learning in management and entrepreneurship

education

Kolb (2003) developed the classic and still dominant approach to

experiential learning already in the nineteen eighties, drawing upon

the rich and classic learning philosophy tradition, forwhich JohnDewey

(amongst others) laid the basis at the beginning of the 20th century (Jar-

vis, 1987). Kolb’s theory is theoretically grounded in educational psy-

chology. Kolb’s experiential learning cycle consists of the mental

movement of the learner from the translation of concrete experience to

reflective observation, abstract conceptualisation, and active experi-

mentation. He defines learning as follows: ‘the processwhereby knowl-

edge is created through the transformation of experience’ (Kolb, 2003,

p. 45). Thus, learning is enabled, and new knowledge is constructed.

This is widely acknowledged as the first comprehensive understanding

of experiential learning in developmental psychology. It is comprehen-

sive in the sense that it departs from the assumption that humans have

an innate capacity to learn, whereby experience acts as a catalyst for

learning (Kayes, 2002, p. 139).

Experiential learning theory defines four phases in the learning

process: concrete experience, reflective observation, abstract concep-

tualisation, and active experimentation (Fig. 1). In the concrete expe-

rience stage, the experiential learning cycle emphasises personal

involvement with people in everyday situations. In this stage, the

learner tends to rely more on feelings than on a systematic approach

to problems and situations. In a learning situation, the learner relies

on their ability to be open-minded and adaptable to change. Through

reflective observation, people understand ideas and situations from

different perspectives. In a learning situation, the learner relies on

patience, objectivity, and careful judgement, but would not necessar-

ily take any action. The learner relies on their own thoughts and feel-

ings in forming opinions. In the abstract conceptualisation stage,

learning involves the use of theories, logic, and ideas, rather than

feelings, to understand problems or situations. Typically, the learner

relies on systematic planning and develops theories and ideas to
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solve problems. In the fourth stage of active experimentation, learn-

ing takes an active form, namely, experimenting with changing situa-

tions. The learner takes a practical approach and is concerned with

what really works, as opposed to simply observing a situation. Learn-

ing starts at one of these four stages, not necessarily with the first

stage. Per phase, Kolb distinguishes four learning styles that optimise

its learning effect, which are related to the different phases of experi-

ential learning: diverging or the diverger (preference for feeling and

watching), belonging to the phase between concrete experience and

reflective observation; assimilating or the assimilator (preference for

thinking and watching), belonging to the phase from reflective obser-

vation to abstract conceptualisation; converging or the converger

(preference for thinking and doing), belonging to the phase between

abstract conceptualisation and active experimentation; and accom-

modating or the accommodator (preference for feeling and doing),

from active experimentation to concrete experience (Mainemelis et

al., 2002; McCarthy, 2016). Learners thereby either horizontally iter-

ate on the axis from active experimentation to reflective observation,

which, in theory, allows for a transformative experiential learning

process, or iterate between concrete experience and abstract concep-

tualisation, which allows for an experiential learning experience that

enhances their grasp of the experience. These learning styles and

related processes are arguably relevant in the didactical choices of a

teacher, in each phase of the experiential cycle.

Several authors have further refined Kolb’s interpretation of expe-

riential learning. Politis (2005) deduced three main components of

entrepreneurial learning based on a comprehensive review of experi-

ential learning: entrepreneurs’ career experience, the transformation

process, and entrepreneurial knowledge in terms of effectiveness in

recognising and acting on entrepreneurial opportunities and coping

with the liabilities of newness. Healey and Jenkins (2000) emphasise

the learning styles of students and the importance of matching these

styles with teachers’ teaching styles. Further, as Tomkins and Ulus

(2016) emphasise, experiential learning can be considered to mark a

shift from student-centred learning to relationship-centred learning.

Understood as such, it can be seen as a form of sensemaking. Lisko

and O’dell (2010) emphasise its constructionist perspective, focusing

on social interaction, which makes it especially valuable in medical

and nursing education. Specific types of action learning, such as prob-

lem-based learning and case-based teaching, have been developed

and tested against the background of experiential learning (Perusso

& Baaken, 2020; Perusso et al., 2021). Kayes (2002) considers the

development of the theory in the context of the linguistic turn in the

social sciences and humanities and the role of language in construct-

ing experience. Kayes (2002) refines the experiential learning theory

by connecting personal learning to social learning. Tan and Vicente

(2019) combine student-centric learning with experiential learning

and define experiential learning as constituting work with real-life

clients. McClellan and Hyle (2012) emphasise the importance of an

unfamiliar context in sensitising students to the experiences in a

research context in an anthropological sense.

Meanwhile, the experiential learning theory has also been

criticised. Kolb arguably does not pay enough attention to reflection,

especially to cognition and emotion as mediating factors in this pro-

cess (Boud et al., 2013). Kolb also pays relatively little attention to the

importance of including a diverse team of teachers in the experiential

learning process to do justice, especially with regard to reflecting-on-

action, to the diverse perspectives and backgrounds of teachers and

learners (Anderson, 2019). Garner (2000) criticised the theoretical

underpinnings of learner types and questioned whether learning is

confined solely to these learning types (De Ciantis & Kirton, 1996). An

important question raised by Smith et al. (2004) is whether learning

can indeed be typified in stages. Fenwick (2001) criticises the con-

structivist outlook of the theory and its lack of attention to context

and the role of the teacher. Ord and Leather (2011) doubt the absence

of other proven learning styles such as abstract experience, passive

learning, and secondary learning. Other criticisms are of a psychody-

namic, social, and institutional nature, raising the following questions

and concerns: How does his theory reflect psychodynamic processes?

What role does the social context and background play (Reynolds,

1998)? How can experiential learning be institutionally facilitated in

the educational system (Vince, 1998)?

Despite these refinements and criticisms, Kolb’s theory on experi-

ential learning remains immensely influential in research on man-

agement education (Fielding, 1994; Robotham, 1995), and has,

because of its impact, even been denoted at a certain point in time as

‘taken for granted’ due to its common and widespread acceptance

(Beard & Wilson, 2006). It is generally perceived as one of the most

influential theories in management learning (Vince, 1998). Blaylock

et al. (2009) analyse experiential learning as part of the ‘relevance

turn’ in management education: away from the ‘scientification’ of

management practice (cf. Bennis & O’Toole, 2005) towards ‘business

skills laboratories’. In management education, experiential learning

relies on the idea that managers learn, by 1. recognising and 2.

responding to a diverse set of environmental and personal demands

(Kayes, 2002, p. 140). In business schools, experiential learning the-

ory has been gaining solid ground, for approximately ten years, as an

explicitly acknowledged teaching method (Berglund & Verduyn,

2018; Kayes, 2002). From the nineteen sixties until nearly ten years

ago, management education mainly focused on teaching theoretical

approaches to address management problems (Bridgman et al., 2018;

Raelin, 2007). This has changed only in the last decade because of a

growing recognition of the need for managers who are better

equipped to solve problems in professional practice. Experiential

teaching methods are increasingly included in management educa-

tion in order to close the ‘relevance gap’ between education and prac-

tice − that is, the extent to which management education prepares

students for real professional life as an (R&D) manager; for instance,

for solving complex management problems for which a traditional

theory-based management education programme does not prepare

them sufficiently (Perusso et al., 2020).

SBEE, one of the newest fruits on the tree of management educa-

tion, emerged due to a shift in the perception of the relevance of aca-

demic research and education in society. The main task of academic

education has long been understood as preparing students for an aca-

demic research career only. However, the position and task

Fig. 1. Experiential learning: Phases, learning styles, and types of learners (adapted

from McCarthy, 2016).
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perception of universities has shifted to include research and educa-

tion that makes references to and is conducted in a real-life context of

application (Blankesteijn et al., 2019). An important driver of this

development is the idea that economic progress can be achieved

through scientific innovation. However, despite increasing scientific

knowledge, commercialisation based on innovative findings in sci-

ence generally remains limited, especially in Europe (Anon., Deal-

room, 2023).

Entrepreneurship education is widely perceived as the missing

link here, which is manifested in a growth of academic programmes

focusing on teaching (science-and tech-based) entrepreneurship

(Barr et al., 2009) and increasing attention to thematising entre-

preneurship at strategic levels (Blankesteijn et al., 2019). Experiential

teaching, based on Kolb’s understanding, has proven to be a highly

effective teaching method in entrepreneurship education (Pryor,

2016). Experiential learning is a requirement in entrepreneurship

education (Van Ewijk et al., 2020), as discussed above. Although

many task-related skills can be taught through a traditional didactic

approach, the creative and innovative abilities needed in entre-

preneurship education presuppose and require experiential educa-

tional methods (Henry et al., 2005).

Experiential learning in teaching praxis

The following are relevant questions for teaching praxis: What

does learning that starts with experience mean, on a fundamental,

epistemological level, for our understanding of the development of

new knowledge, skills, and attitudes? How is new knowledge devel-

oped and constructed by learners in experiential learning, and how

does this process differ from a classical, cognition-focused idea of

learning? What does this mean for teaching practices? Indeed, the

mechanisms underlying learning and knowledge development in the

context of experiential learning praxis are fundamentally different

from those based on the common-sensical understanding of how

learning is achieved. Raelin (2007) argues that teaching methods for

experiential learning in management education build upon an episte-

mology that moves away from the classical, strict division between

thinking and acting. Experiential learning assumes that through act-

ing, we enrich our thinking - and vice versa. Reflection is pivotal in

this process, to optimise the learning effect of moving along this spec-

trum (H€agg & Kurczewska, 2020).

Experiential learning thus requires a new epistemological vantage

point, different from the common-sensical one based on the assump-

tion of a strict Cartesian distinction (‘cogito ergo sum’) between

thinking and acting − and consequently, a rethinking of classic teach-

ing methods such as lecturing and in-classroom assignments focusing

on enhancing cognition based on assessment of the teachers only.

This type of thinking about praxis and experiential learning has its

foundation in the ‘practice turn’ in social theory on knowledge devel-

opment (Schatzki et al., 2001). This epistemology that experiential

learning reflects and builds upon also contrasts with the common-

sensical and often implicit theory of learning and knowledge devel-

opment that many teachers hold. The commonsense way in which

we assume we understand the world, based on the Cartesian split

between thinking and acting, legitimises the classical higher educa-

tion teaching methods of unidirectional teacher-to-student knowl-

edge transfer, such as lectures. Teachers thereby convey ‘information

to a captive and passive student body’ (Raelin, 2007), focusing on the

development of intellect and cognition only.

The underlying epistemology of experiential learning, starting

from experience instead of cognition, implies that the extent to

which the four consecutive aspects manifest in teaching practices

needs to be evaluated. These aspects are derived from an extended

literature review of research on teaching praxis in experiential learn-

ing. The literature, as discussed in the following paragraphs and sum-

marised in Table 2, emphasises the importance of 1. involving an

element of real-worldness in education, as referring to the phase of

experience; 2. its explicit acknowledgement and understanding of

management problems as being in their very essence ill-defined, as

referring to the phase of abstract conceptualisation; 3. involvement

in the execution of the designed solutions/recommendations, which

reflects the phase of active experimentation; and 4. the importance

of reflection in the learning process. This study examines educational

practices from these four perspectives.

Our research relates to discussions on methods for experiential

learning as such, which are indeed currently actively applied in man-

agement education practices such as action learning, problem-based

learning, and case-based teaching (Bridgman et al., 2018; Perusso &

Baaken, 2020; Perusso et al., 2021). However, in the relatively new

field of SBEE, considerations regarding tapping into students’ learning

styles have not yet been explicitly guiding didactical choices in teach-

ing practice.

The literature has often focused on researching learning styles per

experiential learning stage and emphasises the need to diversify

work forms to optimise alignment with the diverse learning styles of

student groups (e.g. Manolis et al., 2013; Kolb & Kolb, 2006). Before

making systematic decisions on appealing to learning styles and

diversifying work forms, we aim to return to the fundamentals. A

thorough understanding of the basic starting point is essential - spe-

cifically, it is important to grasp the specifications of experiential

learning for further developing the didactics of SBEE in the first place.

We analyse these teaching practices from the aforementioned

four perspectives, which are further explored by delving into the

bodies of literature that focus on them and are presented in the liter-

ature review below. We identified related literature by searching the

Web of Science for the most cited papers on the four phases of expe-

riential learning. We then selected papers with a specific focus on

their application in the classroom, via concrete interventions. Each

body of literature identified in this way circumscribes a phase of

experiential learning and proposes and tests certain didactical for-

mats and interventions that operationalise experiential learning. We

use these four bodies of literature to construct analytical categories

to conceptually analyse the case (Boeije, 2009; Yin, 2009).

Experience: bringing real-worldness into the classroom

The first type of teaching praxis concerns the teacher’s recognition

of the importance of bringing the real world into the classroom. This

is referred to as the teacher attempting to replicate the ‘real-world-

ness’ of management and entrepreneurship practices (Dollinger,

2008). Students learn to deal with elements of uncertainty, pressure,

moral judgement, and risk.

Becoming acquainted with an authentic work environment allows

learners to acquire ‘the dynamic and culture of the practice’. Sharing

of such insights of the learner with other learners could facilitate dis-

cussions of both the broad and specific implications of acquired theo-

retical knowledge for the practice of university-industry technology

transfer.

Carriger (2015) specifically focuses on the role of problem-based

learning here, as opposed to lecture-based teaching − whereby the

problem is located in the real world. To convey real-worldness, a spe-

cific focus on real-world problems that can be encountered in man-

agement praxis is needed.

Case-based teaching also uses the real world as a vantage point.

Cases can be brought into the classroom via guest lectures, (game-

based) simulations, and portfolios of source materials that inform the

definition of a real-world case as the basis for case-based teaching

(Farashahi & Tajeddin, 2018; Sachau & Naas, 2010; Theroux, 2009).

Real-worldness serves to research a case in its full complexity.

This serves as a starting point for detangling the case and moving

from wicked, ill-defined management issues to a more conceptual

delineation. It is about invoking a joint process between students and

teachers, whereby they start to consecutively recognise and fully
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acknowledge the messiness of management problems in the real

world. Bringing the real world into the classroom serves as an experi-

ential alternative to the soloistic teacher’s act of boiling this complex-

ity down into a neatly ordered theoretical-conceptual problem in

classical management education (Druckman & Ebner, 2018; Rosen-

thal, 2016; Theroux, 2009). It depends on a process of co-creation of

the problem definition by both students and teachers.

Abstract conceptualisation: recognition of the ill-defined nature of

management problems

The second body of literature posits that experiential learning

occurs when students recognise the inherently ill-defined nature of

management problems (Dehler & Welsh, 2014; Gosling & Mintzberg,

2006; Raelin, 2009). Students often struggle to grasp a situation at an

abstract conceptual level, as they have traditionally been taught.

Traditionally, management education cases have clear (learning)

goals to help students learn, understand, and synthesise theory. The

relevant information and answers can be found in the learning mate-

rials. This use of cases has been criticised by Raelin (2009, p. 407) as a

practice of ‘spoon-feeding’ ‘information to a captive and passive stu-

dent body’ that ‘tries to make neat an activity that is normally messy’.

However, the nature of management problems in the real world is

often complex and unstructured and might disrupt current logic.

They are, in their very essence, ill-defined. In experiential learning,

this impossibility of defining a problem is perceived as a given. This

represents an important starting point for management and entre-

preneurship education.

Gosling and Mintzberg (2006) emphasise the importance to teach

management education ‘as if both matter’, by which they mean that

management education should not aim to overly theorise manage-

ment to teach students the subject. ‘Education’ is just as crucial as

‘management’ in the learning process. This highlights the importance

of making deliberate choices in educational design to acknowledge

the inherently ill-defined nature of management problems. Instead

of encouraging an immediate reflex to theorise management prob-

lems - often a misleading way to make them seem controllable - the

focus should be on acknowledging the impossibility of conceptualis-

ing the problem, at least without direct involvement in it, that is, the

execution phase of experiential learning. Starting with acknowledge-

ment of the ill-defined nature of the problem in the classroom guar-

antees effective experiential learning (Dehler &Welsh, 2014).

Second, a clear delineation of the problem is required. Socratic

methods for questioning, whereby fundamental assumptions are

researched via a particular way of posing questions by the teachers,

as well as conceptualisation techniques, methods of brain mapping,

and structured group discussions serve as means to move from ill-

defined problems to abstract conceptualisation. Another technique

that Sachau and Naas (2010) discuss are ‘case competitions’, which

emphasises the importance of pre-discussing cases in their full com-

plexity before enabling learners to design and execute effective solu-

tions.

Key learning goals that acknowledge the ill-defined nature of

management problems include developing research skills and con-

ceptualising these problems as manageable ones. This involves refor-

mulating empirical situations into conceptual frameworks. The

process is most effective when exercises in abstract conceptualisation

are designed as co-creative efforts to define the problem, with sup-

port from students, teachers, and even professionals, in case they are

involved.

Involvement in execution as part of management and entrepreneurship

education

The third aspect in experiential teaching praxis researched and

discussed in the literature is the execution phase (Blaylock et al.,

2009; Farashahi & Tajeddin, 2018). In experiential learning, students

need to be challenged not only to define problems and design

solutions, but also to test these solutions. This phase involves execut-

ing the envisioned solution and experimenting with different out-

comes. This phase of experiential learning focuses on execution by

encouraging students to adopt a learning approach characterised by

seeking solutions to problems.

Blaylock et al. (2009, p. 583) discuss the use of ‘business skills labora-

tories’ in this context, to ‘peel away layers to reveal hidden strategic,

economic, competitive, human and political complexities’. Students are

immersed in the reality of a business and are mentored by a staff mem-

ber − differing from simulation as a teaching method, which is often

supported by software tools (Hyams-Ssekasi & Taheri, 2022).

Farashahi and Tajeddin (2018) researched how students develop

problem-solving skills through experiential learning methods such as

case-based teaching, based on a sample of 194 students who partici-

pated in simulations of management problems. They confirm the

great added value of such methods, as opposed to lecturing alone.

Scott (2017) studied how experiential learning methods contrib-

ute to management education, finding a strong positive effect of

action learning and problem-based learning on both leadership

development and problem-solving skills. Internships and project

education provide contexts in which students can experiment with

problem definitions and subsequent solutions, enabling experiential

learning.

These teaching methods acknowledge the importance of being

involved in active experimentation and emphasise the importance of

hands-on involvement in the execution of the envisioned solution.

Project education is often implemented to provide students with

exercises related to developing recommendations and executing pro-

posed solutions.

Reflection as a means to translate experience into new knowledge, skills,

and attitudes

The fourth research stream on experiential learning in teaching

praxis focuses on the importance of reflection on experience in the

classroom (Ajjawi & Boud, 2018; Berglund & Verduyn, 2018; Boud et

al., 2013; Cajiao & Burke, 2016; Moon, 2013; Nicol et al., 2014; Sadler,

2014; Sch€on, 2017). Through reflection, students learn that the pro-

cess leading to a solution requires stepping back from experience,

even while still being immersed in learning at the cognitive level.

Boud et al. (1987) identify reflection as crucial in enabling a pro-

cess whereby lessons are drawn from experiences, such as through

internships. Coaching and providing feedback during experiential

learning can serve to stimulate reflection.

Sch€on (2017) conducted seminal work on reflection, reflective

practitioners in particular, highlighting the important role of tacit

knowledge in professional practice, developed through experience.

Ajjawi and Boud (2018) have also confirmed the importance of reflec-

tion. They show that feedback dialogues may be seen as a form of

reflection, as they aim to have an effect on learners that extends

beyond learners’ immediate tasks. It thus stimulates self-regulatory

learning.

Cajiao and Burke (2016) additionally emphasise the importance of

psychological safety in social interactions to facilitate learner reflec-

tion in management education. Grey (2004) perceives reflection as

an antidote to management education as an elitist endeavour and

prioritises reflection in what has been dubbed ‘critical management

education’ (cf. Berglund & Verduyn, 2018). Nicol et al. (2014) add

reflection as a central element in peer feedback processes as a means

to optimise the effect of feedback. Sadler (2014) sees a similar role for

reflection in feedback, addressing and acknowledging its higher-

order effect as compared to feedback only.

Perusso et al. (2020) distinguish three types of reflection that

enable such systematic reflection through coaching and feedback:

first-order reflection-in-action, second-order reflection-on-action,

and third-order critical reflection. First-order reflection-in-action

requires students to re-think rules, facts, and theories, and invent
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and experiment with their new understanding during the experien-

tial learning project. The coaching teacher might point out inconsis-

tencies during the interactions and suggest new directions.

Therefore, the teacher creates an active learning environment that

stimulates the reflection and development of competencies. As sec-

ond-order reflection, reflection-on-action considers what happened

during the execution but discusses the experiences after the same.

The teacher helps students move beyond the intuitive actions that

have been taken and develop competencies by understanding their

behaviour and considering alternative behaviours that might be

more effective. Finally, third-order critical reflection focuses students’

attention on personal and hidden assumptions and aims to stimulate

thinking about how personal influences shape their experiences.

Feedback and coaching are aspects that a teacher can directly control

and consider while designing the educational context.

Hibbert (2013) emphasises the importance of reflexivity in

informing thoughtful, responsible, and ethical management practices.

He sees reflexive dialogue as valuable to address and make use of

diversity in the classroom. It is a means to address power issues, and

on a deeper level, spark new perspectives on the ‘sociological imagi-

nation’, ideally enabling ‘ideological exploration’ (p. 820).

Further, it assists in, as Bridgman et al. (2018) point out, moving

away from the use of cases in experiential learning, as ‘profit maximi-

zation toolkits’ only. Hibbert et al. (2010) examined the implications

of reflexivity for research practice. They emphasise its importance as

part of the research process to rule out bias and develop new princi-

ples for understanding.

Reflection can be stimulated through formative feedback practi-

ces; reflective conversations with, for example, mentors; and a focus

on competence development and professional development. Reflec-

tion is crucial as it systematically exercises the skill of critical think-

ing. Reflection potentially contributes to transformative learning

experiences (Frisk Redman & Larson, 2011; Lans et al., 2014; Wals &

Jickling, 2002).

Method

This empirical research involved a case study with embedded units

(Baxter & Jack, 2008). The embedded units in the case study were two

programmes for SBEE: the bachelor’s and master’s programmes in SBI

at Vrije Universiteit Amsterdam in the Netherlands. These programmes

have been developed over a period of fifteen years.

In our methodology, we combined interviews, observations, and

document analysis to gather comprehensive data on experiential

learning exercises offered to students in the different programmes.

The collected data were meticulously organised in our custom case

study databases (Yin, 2009).

The dataset included course guides specifically stating the learn-

ing goals of each course, annual reports of both programmes, over-

views and discussions of intended learning outcomes, examination

files and plans, teachers’ (first-hand) experiences, and digital learning

environments and tools (e.g. teaching materials such as lecture

slides). The data represent course materials and official documents as

well as the first-hand experiences of the authors involved in the pro-

gramme in crucial management positions.d

These documents represent formal statements on the content and

position of the educational programmes at Vrije Universiteit Amster-

dam. They have been used in formal government-ordered accredita-

tions of the educational programmes, events aimed at providing

information to prospective students, and yearly management and

control cycles of the university. The documents have been written

and compiled by key professors, directors, and advisors involved in

building, implementing, and managing the programmes.

Data triangulation was performed to validate our findings. The

data were triangulated by cross-comparing these documents (Farqu-

har et al., 2020). We also sought feedback from those involved in the

programmes. We conducted fact checking of different versions of this

paper by these key actors and/or related academic staff members to

ensure the reliability and validity of the outcomes of this study and

their corresponding descriptions (Yin, 2009).

Case study

The case study with its two embedded units focused on the bache-

lor’s and master’s programmes in SBI at the Faculty of Science at Vrije

Universiteit Amsterdam in the Netherlands. SBI students study how

(natural) science can be developed into economically, socially, and

ecologically viable opportunities, in turn contributing to commer-

cially and socially valuable products, services, processes, methods,

and approaches. First, students gain natural scientific knowledge in

the disciplinary fields of chemistry and physics, related to topics in

the sustainable energy sciences and life sciences. Second, they learn

about the social and scientific fundamentals of innovation sciences,

business processes, and organisational sciences. Entrepreneurship is

a central theme in both programmes. The programmes are offered in

the Faculty of Science by the Department of Chemistry and Pharma-

ceutical Sciences and the Department of Physics and Astronomy.

Both the programmes have been formally accredited by the Accredi-

tation Organisation of the Netherlands and Flanders (NVAO), a

Dutch-Flemish organisation accrediting higher education programs

in the Netherlands and Belgium. Additionally, the bachelor’s pro-

gramme holds the Special Feature Entrepreneurship of the NVAO, a

national quality mark that highlights dedicated attention in the pro-

gramme for the development of students’ knowledge, skills, and atti-

tudes related to entrepreneurship. These programmes distinguish

themselves from similar programmes taught in other regions of the

Netherlands by teaching innovation management at the firm level,

together with a strong focus on science-based, technological product

innovations stemming from knowledge and insights from the fields

of physics and chemistry.

The basic concept of the educational programmes is that students

can choose their learning modules, by taking elective natural science

courses, social science courses, or courses with an interdisciplinary

character. The design of the programmes is such that students have a

solid to good background in the natural sciences, social sciences, and

innovation sciences, as well as experience with settings in practice in

which science-based innovation through valorisation takes place.

The emphasis is on two domains: ‘life and health’, focusing on valor-

isation of drug development, medical technology, and medical treat-

ment, and ‘energy and sustainability’, concentrating on valorisation

of clean and renewable energy technology and circular products and

production processes. Examples of natural science courses are ‘Mate-

rials for Energy and Environmental Sustainability’ and ‘Biomedical

Modelling and Simulation’. Social sciences are, for example, covered

in the course ‘Business, Innovation and Value Creation in the Life Sci-

ence Industry’ and ‘New Ways of Working’. Innovation sciences are,

for example, represented in courses including ‘Management and

Organization of Technological Innovation’ and ‘Entrepreneurship and

Innovation’.

Students work on projects in and for companies during the pro-

grammes. In the bachelor’s programme, students engage in innova-

tion projects and the bachelor’s project, making up for a total of 48

study credits according to the European Credit Transfer and Accumu-

lation System (ECTS) of the 180 ECTS devoted to project-based, case-

based education. Half of the SBI master’s programme (60 ECTS of the

120 ECTS), that is, the last part of the first, second, and final years, is

dedicated to applying natural science and business and innovation

science in the empirical field: the science project of 24 ECTS in the

first year, and the master’s project of 36 ECTS in the second and final
d An overview of the data can be found in the appendix.
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years. In the last part of the first year, students apply the appropri-

ated knowledge in the science project. The master’s project is dedi-

cated to studying the integration of natural sciences in commercial

business trajectories in practice. Students learn about integration in

theory and practice. They gain practical experience through the sci-

ence project and the master’s project.

Data collection

Table 1 presents a selection of courses from the SBI bachelor’s and

master’s programmes that generate both theoretical and practical

student experiences linked to science- and technology-based entre-

preneurship. The courses meet the fundamental basis of elements

discussed in Section 2. Experiential learning is especially important

in SBEE (Henry et al., 2005; Pryor, 2016; Van Ewijk et al., 2020). As

previously discussed, factors supporting experiential learning in the

classroom assist in constructing and reconstructing experiential

learning processes in teaching praxis in these programmes. As such,

lessons drawn from these programmes could be useful for similar

academic educational programmes in other settings.

Analytical framework

Below, we present a literature-based analytical framework con-

structed to enable a structured and literature-guided empirical case

study. Table 2 presents an overview of the four aspects discussed in

the literature review. The analytical framework serves as an instru-

ment for systematically studying, categorising, and discussing find-

ings from the empirical cases (Yin, 2009). By identifying themes in

the existing literature and analysing them in the two embedded

cases, we were able to recognise the broader meanings and implica-

tions of the experiential learning exercises in the case study (Boeije,

2009).

Analytical validity and transferability

This study was based on an in-depth, single case study design

with two embedded units. This case study generates an in-depth,

fine-grained understanding of a situation, phenomenon, and/or

setting (Baxter & Jack, 2008). The case study is exploratory, as the

didactics of SBEE are relatively under-researched. To aim for gen-

eralisability of the findings to comparable cases in universities,

that is, to realise analytical validity of the findings for comparable

cases (Yin, 2009), an educational programme was chosen that fits

within a relatively new and growing landscape of similar educa-

tional tracks focusing on entrepreneurship education, as shown

by Audretsch and Caiazza (2016), Audretsch (2017) and Clarysse

et al. (2009) for entrepreneurship education in general, and more

specifically for SBEE, by Barr et al. (2009), Lackeus & Williams-

Middleton, 2015 and Maresch et al. (2016).

Appendix 1 provides an overview of the data sources. Each

source in the appendix is referred to by a number, which is used

for referencing in the results section. Data were analysed using

qualitative content analysis (Hsieh & Shannon, 2005). Accuracy

with regard to representation of the data in the results section

was verified by key informants involved in the building and man-

agement of the bachelor’s and master’s programmes, thus apply-

ing the principle of data triangulation, which enhances the

internal reliability of the data and study (Creswell & Miller,

2000).

Results

The results are introduced per embedded unit. First, the bachelor’s

programme in SBI is introduced, followed by the master’s programme

in SBI. The courses introduced in Table 1 are discussed according to

each element of experiential learning.

Table 1

Experiential learning in the bachelor’s and master’s programmes in SBI at Vrije Universiteit Amsterdam.

Course name, amount of ECTS Brief course description

Bachelor Essentials of Science, Business, and Innovation, 6 ECTS General introduction of natural science-driven innovation and the role of actors such as the technology

entrepreneur. Team-based project of a self-defined ‘innovation X project’ consisting of a natural sci-

ence base and business application.

Innovation Project Medicine, 6 ECTS Acquiring knowledge and insight into the drug discovery and development process of newmedicines.

The assignment involves working in a team comprising students from both science, business, and

innovation and pharmaceutical sciences on the drug development trajectory for a predefined illness.

Entrepreneurship and Innovation, 6 ECTS Basic knowledge about entrepreneurship by analysing cases on the opportunity-development process,

and the role of resources and the environment. Interviewing an entrepreneur and reflecting on

entrepreneurial competencies. Using theories and teacher guidance to develop, as a team, a self-

defined business opportunity.

Innovation Project Energy, 6 ECTS Develop a self-defined science-based opportunity for an energy company. Work as a team to develop

and evaluate competitive business ideas by talking to the innovation manager of an energy company

and use company documents, pitching the idea to the innovation manager and delivering a business

report.

Innovation Project Health and Diagnostics, 6 ECTS Work as an entrepreneurial team in consultation with an early-stage science and tech-based entrepre-

neur to develop a business idea, and evaluate elements of the project context by developing science

and business criteria and, finally, pitch the idea using a poster.

Innovation Project Energy Transition, 6 ECTS Develop a business opportunity as a team starting with exploring a specific transition context for an

alternative fuel and related production technologies. This is followed by conducting a long-term sce-

nario planning assessment, finally leading to business opportunity assessment, which presents a

business opportunity in relation to an economic, business, and innovation context.

Bachelor’s Project, 24 ECTS Students conduct an independent research project within a company. The project includes determining

a research question, company description, literature review, research method, empirical study rele-

vant for the company setting, and discussion and conclusion.

Master Science Project, 24 ECTS Methodological design and execution of an independent research project on R&D from a science, busi-

ness, and innovation perspective.

SBI Project and Master’s Thesis, 36 ECTS Students conduct an independent research project within a company, including defining the problem

and value of the project context in relation to the relevant SBI elements, designing the project to reach

both business and academically valid research results to contribute to solving the problem and create

value, and executing the project through data acquisition and written and oral reporting of the results.

Abbreviation Meaning: ECTS, European Credit Transfer and Accumulation System; SBI, Science, Business, and Innovation; R&D, Research and Development.
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Bachelor’s programme in SBI

Essentials of science, business, and innovation

Essentials of Science, Business, and Innovation (ESBI) is the first

course students take in the bachelor’s programme in SBI [1]. It offers

an overview of the main theories and proceeds to apply them in the

practical domain, thus introducing real-worldness. It focuses on

developing an active learning attitude and collaboration competen-

cies through the execution of group assignments [3]. For example,

students can choose a case to study - at a rudimentary level - the

extent to which a technology is commercially viable. Through a self-

defined team-based project, students are stimulated to define a prob-

lem and solution for a topic from a predefined list of topics [4]. Here,

the element of ill-defined problems comes into play. The teams are

mentored during five sessions by academic staff who provide imme-

diate feedback on the intuitively designed business cases by connect-

ing the idea with theories discussed during lectures, stimulating

reflection-in-action [2]. Moreover, guest lectures are conducted to

bring practice into the class, thereby enhancing real-worldness [5].

Although reflection is part of the course, there is no systematic

approach to reflection in the form of a learning activity, and it there-

fore only takes place in an informal fashion [6].

Innovation project medicine

The context of the course is provided by the development of a

medicine for an illness such as COVID-19 or malaria, which is

informed by real-world incidents. A unique feature is that the student

team consists of both SBI and pharmaceutical science students [7].

Therefore, students have the opportunity to work with people from a

different knowledge community [8]. Both types of students have fol-

lowed similar mono-disciplinary science background courses; how-

ever, SBI students also have knowledge of and experience with

business and innovation. This allows for a comprehensive process of

developing a joint problem definition [12]. Together, they execute a

team-based task [7]. During the project, coaching sessions are essen-

tial. They are oriented towards the execution of practical tasks, but

also encourage reflection in- and on-action. Because of the nature of

the case, in some instances, it can be noted to contribute to transfor-

mative learning, whereby students become aware of the type of logic

at play at a deeper, personal level. In addition, a lecturer-coach facili-

tates and guides interaction [11]. This coach plays a key role during

the meetings by focusing on the task and ensures that all tasks have

been completed and feedback has been incorporated [10]. Another

example is the final coaching session, in which the coach makes sure

that everybody follows a constructive approach to talking about

peer feedback and that all individual students formulate experience-

grounded learning goals for the next project. After the final

session, the students discuss their most important learning moments

in a reflection report. Reflection is thus a central element in this

course [9].

Entrepreneurship and innovation

The course covers several topics such as the entrepreneurial

mindset, the entrepreneur, resources and their development, and the

influences of the context in which entrepreneurship takes place [15].

Students are also required to interview an entrepreneur of their

choice, whereby the professional network of teachers is activated to

guarantee input from the professional domain [12]. Such entrepre-

neurs serve as important role models for students and, in some cases,

act as mentors [16]. When students share their interview experien-

ces, they often remark that they acquired a different understanding

of what it means to be an entrepreneur − which sensitises them to

the ill-defined nature of the phenomenon ‘entrepreneurship’. A more

practical perspective in the course involves students developing a

Table 2

Experiential learning in management education.

Aspects of experiential learning Facilitates experiential learning in

management education

Related didactical interventions in the

literature

Literature

1. Involving the real-world context in the

classroom

Real-world problems carry elements of

uncertainty, pressure, moral judge-

ments, and risk-situations managers

handle in real life. Additionally, they

offer contact with authentic work

environments, allowing learners to

acquire the ‘culture of practice’.

Use of guest lectures

Use of case-based work forms

Use (on a programme level) of inputs

from professional domains

Carriger, 2015; Dehler &Welsh, 2014;

Raelin, 2007, 2009; Reynolds and

Vince, 2007; Sch€on, 1987; Scott, 2017.

2. Acknowledging ill-defined nature of

real-world management problems,

conceptualisation phase

Real managerial problems are complex

and unstructured; future managers

need to work with challenges that

require more than a straightforward

application of theoretical models on

ill-defined problems.

Focus on development of research

skills, especially conceptualisation

Focus on importance of problem

definition

Translating an empirical situation to a

conceptual problem

Co-creation of problem definition

amongst students (teams), teachers,

and professionals

Kilbane, Theroux et al., 2004; Gosling &

Mintzberg 2006; Baaken et al., 2015;

Boud & Solomon, 2001; Lave &

Wenger, 1991; Raelin, 2007; Smith,

2005; Tan & Vicente, 2019.

3. Developing means to act upon the

problem, execution phase

Business solutions are not conceived

neatly in the mind of managers but are

the result of a process of adaptation.

Therefore, it is not enough to be

informed of potential solutions. Stu-

dents need to execute ideas in real life

to capture the complexity of manage-

ment issues.

Design of internships

Design and use of project education

Hands-on involvement in designing

recommendations

Hands-on involvement in implement-

ing solutions

Argyris & Sch€on, 1992; Blaylock et al.

2009; Mintzberg, 2004; Raelin, 2007;

Brook, Pedler & Burgoyne, 2012); Scott,

2017, Farashahi & Tajeddin, 2018.

4. Reflection on the process outcomes

and its meaning for the solution and

eventually (personal) development

Reflection supports the transformation of

experience into learning. The literature

distinguishes between reflection-in-

action, or cognitive processes that take

place amidst a complex activity, and

reflection-on-action, or the process of

stepping back from experience to

review and draw lessons from it. Both

are essential to learning.

Formative feedback practices

Reflective conversations, individually

and in teams

Competence development

Development of a professional attitude

Focus on transformative learning

experiences and the aspect of ‘bildung’

of education through dedicated coach-

ing and mentoring

Grey 2004; Gosling & Mintzberg 2006;

Ajjawi & Boud, 2018; Cajiao & Burke,

2016; Hibbert, 2012; Mintzberg, 2004;

Moon, 2004; Nicol, 2010; Sadler, 2010;

Sch€on, 1987.
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team-based business idea [17]. Starting with problem and solution

ideation, followed by analysing the business idea with information

and models, such as Business Model Canvas and Value Proposition

Canvas, they end by pitching their ideas to a jury [13]. The course

deepens their knowledge base by requiring them to read and discuss

articles that link the models with theoretical concepts such as

‘dynamic capabilities’, ‘pivoting’, and ‘legitimacy’ [14]. Teachers pur-

posefully design the learning activities to first generate experiences

and then guide students’ reflections on theoretical topics through

dialogue and assignments. Students reflect on their own practical

experiences and compare them with the insights gained from the

interview with an entrepreneur [14].

Innovation project energy

The company at the centre of this innovation project specialises in

charging electric cars and works on balancing the electric grid. Stu-

dents are encouraged to think like business-developers [17]. They are

provided with insights and data about the products, services, and

company and they interview the innovation manager to learn more

about business opportunities, thus providing a real-world basis for

their course [19]. The interview contributes to the demarcation of cri-

teria, and subsequently, students conduct an analysis and substanti-

ate this analysis with documents and calculations. A unique aspect of

the course is the participation of a stock-exchange listed, commercial

company that defines the challenge, thus ensuring real-worldness

and participation in the execution of the proposed solutions for the

given management problem.

The business developer conducts a lecture about the company and

explains what they look for in the business case. Based on the knowl-

edge base of the company, students come up with several business

ideas and conduct an interview to gain insight into which opportu-

nity fits best [19]. During the remaining time, the teams search for

information and make calculations that support business opportu-

nity. In addition, several guest lectures provide information on rele-

vant business and innovation topics. For example, a sustainable

energy consultancy firm provides insight into stakeholder manage-

ment, or a power grid operator shows how changing energy sources

could affect load balancing, thus guaranteeing real-worldness and

allowing for a problem-searching and problem-defining strategy

related to recognising the problem as an ill-defined problem, one

requiring better understanding before designing a solution that can

be executed [20].

During the project, the coaching provided focuses on guiding the

teams over well-known innovation hurdles. Key elements in the

course include focusing on developing business ideas, conducting an

interview for the early-stage evaluation of the idea, developing and

assessing relevant criteria for the business case, and presenting the

business case [17]. Each step is coupled with a coaching session dur-

ing which the students receive feedback or prepare for an interview

or presentation. These topics are connected to parts of the team

assignment. Complementary to the team assignment, a multiple-

choice exam and writing assignment are included to ensure that each

student actively participates [18]. This contributes to the acknowl-

edgement of the ill-defined nature of the problem before actual rec-

ommendations and solutions can be designed.

It is important to highlight the focus on skill development through

coaching, which is an indicator of reflection in this conceptual analy-

sis [21]. The teams are required to autonomously develop initiatives,

for example, by reaching out to the coach and planning sessions, but

also in their interpretation of the tasks. Thus, although clear tasks are

assigned, the teams have considerable freedom when working on the

tasks as long as the deadlines are reached. At the end of the innova-

tion project, the team members conduct a presentation for the busi-

ness developer of the company. Together with academic staff, the

business developer awards a prize to the team that came up with the

best business idea, thereby loosely referencing the idea of ‘case

competitions’ as described by Sachau and Naas (2010) as a means for

experiential learning. The final business report is graded by academic

staff and sent for notification to the company. The project concludes

with a reflection session [18]. This consists of providing feedback, a

session to discuss the feedback and define learning points (and if

needed, adjusting grades to align with effort), and handing in a reflec-

tion report.

Innovation project health and diagnostics

The Innovation Project Health and Diagnostics module consists of

a team-based project concerning the development of a business case

in the life sciences [22]. Students develop a project as academic

entrepreneurs, meeting two criteria: (1) a natural science-driven

knowledge base informs the development of the value proposition,

and (2) the value proposition context in the broadest sense appeals

to the domain of health and diagnostics [23]. The course progresses

over three weeks, with assignments starting from the science base

and macro-level trends to the organisation level. The teams are

explicitly instructed to iterate in business case development by gen-

erating hypotheses, finding information, testing hypotheses, and

developing a grounded understanding [24]. Being information

grounded is an important assessment criterion for both the presenta-

tion and final report [23]. To support progress in learning, each week

begins with a lecture that briefly repeats potentially useful models

and theories to generate hypotheses. Immediately after the lecture,

the teams start with the assignments. The assignments consist of

potentially relevant topics and research questions that stimulate the

teams to consider business case development in the broadest scope.

The assignment is a broad template that needs to be adjusted to the

specific project and context, thus helping students to recognise the

essentially ill-defined nature of their case and narrow it down to a

manageable size [25].

The project begins with the entrepreneur providing documenta-

tion (often scientific articles) highlighting the science and technology

base [26]. Moreover, the students define the topics that they want to

learn more about. The teams start by interviewing the entrepreneur

to gain an understanding of the boundaries of the business case, the

questions, and the most important topics to take the next step

towards commercial viability. The entrepreneur acts as a role model,

adding real-worldness and focusing on the importance of execution

[24]. At the end of the first week, the teams must present ideas for

technological application using information from the interview and

provide insights regarding potentially relevant stakeholders [22]. In

the following three weeks, each team member conducts an interview

with a stakeholder, which might add new insights for developing the

value proposition. The stakeholders could be, for example, medical

doctors, insurance companies, technicians, investors, and potential

clients. At the end of the course, the teams pitch their results through

a poster and discuss the business case with an academic staff member

(and sometimes an entrepreneur). In addition, the teams reflect on

the individual execution of the project by providing feedback, discus-

sing the feedback and defining learning points, and writing a reflec-

tion report. Coaching during this last week’s session supports the

reflection-in-action process [22]. In addition, in the first three weeks,

coaching mainly focuses on tracking progress and providing support

for networking. The final business report is graded by academic staff

and sent for notification to the entrepreneurs involved.

Innovation project energy transition

The innovation project Energy Transition takes place at the end of

the second year. The project context is sustainable energy transition.

The first week consists of an individual assignment to study a policy

report and apply it to an alternative fuel use context, such as with

hydrogen. For the team assignments in weeks two, three, and four,

the teachers determine the team composition [30]. The teams start

with a macro-level system analysis of the specific energy transition
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context. This is followed by a long-term scenario planning assess-

ment. The first two assignments allow for an exploratory investiga-

tion of the main problems in upscaling innovative energy technology.

In the final week, teams develop and assess a business opportunity,

which reflects the execution phase [28]. Each assignment requires

the application of theoretical literature and builds upon knowledge

gained from previous assignments. Academic staff, together with pro-

fessionals, provide insight into how the alternative fuel of the first

week (hydrogen) might be studied using the theory. Three support-

ing coaching sessions are conducted. These sessions take place after

one day and the teams present their initial information and how it

might relate to the theoretical model. The sessions require the team

members to quickly apply themselves and move from solely gather-

ing information to presenting an overarching picture [30]. Teachers

focus their feedback on the conceptualisation and use of information

that stimulates adjustments aligned with the theory. The teams

improve the conceptualisation and gather additional information to

substantiate the claims further. A day later, they hand in their report

for student peer feedback, which is based on discussions with student

peers under the supervision of an academic staff member [31]. In the

final week, the teams present their business opportunity. In addition,

they ask student peers for feedback and write a reflection report,

thereby concluding the project. This accounts for the element of

reflection [29].

Bachelor’s project (Thesis)

The bachelor’s project takes place at the end of the bachelor’s pro-

gramme and consists of an individual research project within a com-

pany, business, or governmental or non-governmental organisation

[34,39]. Students must find an internship location and are coached

throughout the process by the internship coach [37]. During the proj-

ect, students are mainly guided by an internship coach and by aca-

demic staff [37]. The internship context enables contact with the real

world, as a primary aspect of experiential learning. Students then

start to define their project [36]. Steps include determining a research

question; project and company description; science, business, and

innovation literature review; research method formulation; empiri-

cal study in a relevant company setting; and discussion and conclu-

sion in relation to the research question. Moreover, the steps help to

design the project to reach both business-related and academically

valid research results that contribute to solving the problem and cre-

ating value, thus contributing to the execution of the designed solu-

tion for the problem [37,38]. Finally, the steps help to acquire data

and present the results of their study, in writing and orally. In earlier

assignments, coaching often involves providing creative inspiration

or supporting the adaptation to new information by (re)conceptualis-

ing the project in different ways. The project is concluded with a

reflection report and dialogue with the internship coordinator [35].

Master’s programme in SBI

Science project

The science project is full-time and consists of three modules to

design and execute a research project that includes science, business,

and innovation perspectives and is assessed through an exam and a

scientific paper. The first and second modules run parallelly [40]. In

these modules, students develop in-depth knowledge on the natural

science background and research methodology. Students study the

natural physical, chemical, and material science literature. The topics

for sustainable energy include (non-)renewable energy sources,

energy efficiency, and storage. The topics for health and life include

personalised medicine, eHealth, molecular diagnostics, and medical

imaging. In addition, students study the methodology and explore

how to integrate business and innovation theories into a research

project. During the project, students have a high degree of choice in

the focus on natural scientific aspects of technological innovation as

well as on business and innovation − as long as the focus is on a real-

world problem related to science-to-business conversion [41]. This is

applicable to, for example, their choice of focus on strategy, structure,

culture, or the environment of a laboratory research group. The inte-

gration of the natural scientific perspective is achieved through inter-

active workgroups and an interdisciplinary team of teachers

comprising an expert in management, a teacher with a physics back-

ground, and a teacher with a chemistry background [40]. Academic

staff guide, participate in, and provide immediate formative feedback

on the early-stage design ideas. Through discussion and cooperation

in both modules one and two, the focus and boundaries of the case

become tangible, leading to a research plan. This helps them define

the actual problem at hand. The third module involves the execution

of the research plan [44]. During this part of the project, the students

gather data and employ methods for data analysis. Data are often

derived by interviewing experts from the field and collecting docu-

ments, which require coding for analysis [43,45]. Through interviews,

students often acquire insights into the real-life practice of develop-

ing the business case for an innovative technology. Using these

insights, students must iterate their project design and create a

coherent analysis [42]. One example is a research project on organic

photovoltaics and the challenges associated with upscaling this inno-

vative energy technology [45].

SBI project and master’s thesis

The SBI master’s project thesis is the final research project in the

master’s programme as part of which students individually design,

execute, and report on the research project. The project is also known

as an ‘aptitude test’, meaning that the acquired knowledge, skills, and

attitudes as learning outcomes of the master’s programme in SBI are

reflected in the learning goals [46]. The project takes place at and in

the context of a science- and/or R&D-driven company, and an intern-

ship coach is the main contact person for the student, thus covering

the aspect of real-worldness [48]. The project requires that each stu-

dent carefully manages the research project and deadlines (digital

learning environment). At the final stage of the programme, project

coaching and support by academic staff are aimed at stimulating

autonomy and ownership [41]. The project starts with a project plan.

The plan consists of actions and processes related to the preliminary

literature review, research questions, research methods and techni-

ques, time schedules, and research goals [47]. Through the choices in

the plan, students develop the focus of their project. During the proj-

ect, three lectures are delivered at the university, together with three

question-and-answer sessions about the project. These sessions are

essential for providing feedback, so that students can adjust their

project accordingly [49]. In addition, students usually consult a wide

variety but relevant set of stakeholders to ensure that their answers

are valid [50]. At the end of the project, the students write a reflection

report consisting of both the business analysis and self-reflection

components.

Summary

Table 3 summarises the findings for each embedded unit of the

case study.

Discussion

SBI programmes enable students to learn about and engage with

management issues that science and technology entrepreneurs

encounter in the real world (e.g. Carriger, 2015; Reynolds & Vince,

2007), define these issues from ill-defined to defined problems (e.g.

Boud & Solomon, 2001; Tan & Vicente, 2019), design and execute sol-

utions (e.g. Scott, 2017; Farashahi & Tajeddin, 2008) and reflect on

them as an integral part of the learning experience and effect (e.g.

Nicol, 2010; Sadler, 2010).
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The application of experiential learning principles has evolved in

an organic manner in these programmes over the years. It moves

from a first encounter with the messiness of innovation processes

and science and technology entrepreneurship to making this messi-

ness manageable through the conceptualisation of the problem at

hand, and to the design and execution of an intervention in a real-

world context. Finally, reflection on the effects of the intervention

enables learning from experience.

The following section discusses the conceptual-analytical frame-

work of experiential learning developed following the literature

review to structure and discuss the results in a systematic manner.

Experience: bringing real-worldness into the classroom

Students are thoroughly confronted with real-world contexts

throughout the programme. Currently, real-worldness is stimulated

in classrooms through interactions with professionals, guest lectures,

and real-world consultancy assignments. In the bachelor’s pro-

gramme, teachers ensure that the cases are embedded in the real

world. Real-worldness is an aspect of entrepreneurship education

teaching in the more advanced courses, towards the end of the bach-

elor’s programme. The didactical choice here is that the more stu-

dents progress through the programme, the more they need to be

prepared for the world of work, as Boud and Solomon (2001) dis-

cussed in their publication on the importance of real-time involve-

ment in the workplace. In bachelor’s programmes, paying constant

attention to this has become part of their professional identity

(Sachau & Naas, 2010).

At the master’s level, SBI students learn that they are able and, in

some cases, even responsible, for leveraging the multi-disciplinary

backgrounds of all team members to produce effective recommenda-

tions for upscaling innovative technology. Theroux (2009) has dis-

cussed the importance of leveraging diverse backgrounds in case-

based teaching. In the master’s programme, both the science project

and the master’s project and thesis depart from a real-world situa-

tion. Students are encouraged to develop an initial understanding of

real cases, optionally grounded in management practice in the sci-

ence project and obligatorily embedded in the master’s project and

thesis. In the master’s programme, the science project and the mas-

ter’s project and thesis, in which internships are optional and obliga-

tory, respectively, a real-world context is crucial for the approval and

successful development of the project. The level of these courses is

advanced, and the goal is for students to develop a scientific research

report that is useful for practice and relevant for academia.

This project-based education involving real-world cases and

internships can best be seen as real-time cases, whereby teachers can

make use of the real-time case method (Theroux, 2009), which pro-

vides students with a more realistic and integrated view of business

processes. However, this method creates vulnerabilities in pro-

grammes. The dependency on the availability of professional entre-

preneurs for experiential learning activities creates potential practical

issues when organising education based on real-world cases. Teachers

must pay constant attention to their access to suitable professional

networks, whereby reflexivity on responsible collaboration is crucial.

Abstract conceptualisation: recognition of the ill-defined nature of

management problems

In the science project, students are actively encouraged to experi-

ment with fitting conceptual-analytical categories to develop an in-

depth understanding of the underlying management problem. In the

master’s project and thesis, they repeat this exercise in a more auton-

omous fashion to test their skills in autonomous decision-making as

researchers and professionals. Gosling and Mintzberg (2007) discuss

this as an antidote to the disengagement of management education

from practice. The students then choose a theory to further dive into

an ill-defined problem and apply it to the case, to get a better sense

of the underlying mechanisms at work in the innovation process,

either driving or hampering the upscaling of science- and technol-

ogy-based innovation. The aspect of ill-defined problems and the

need for abstract conceptualisation come strikingly to the fore in the

master’s programme, which is an intended learning outcome in the

final term.

Co-creation of a joint problem definition is not part of the chosen

teaching methods in either programme. However, it is critically

important in this type of education to stimulate eventual reflection

on students’ backgrounds and biases. Experiential learning prevents

the practice of ‘spoon-feeding’ in entrepreneurship education, which

hampers processes of autonomous learning (Raelin, 2009; Dehler &

Welsh, 2014). It justifies the focus on (experiential) education in man-

agement education, as if ‘both matter’ (Gosling & Mintzberg, 2006).

Through experiential learning and co-creation of problem defini-

tions, students generally become aware that many of their own ideas

on entrepreneurship differ from other students’ ideas, often in a fun-

damental sense, depending on the ethnic, cultural, professional, and

personal settings they are used to act in (Druckman & Ebner, 2018).

This may be partly culturally determined, which allows for a plea

towards using cultural diversity in the classroom as a departure point

Table 3

Summary of findings.

Case: Bachelor’s programme in SBI Case: Master’s programme in SBI

Real-worldness

Appears mostly in project education

Part of innovation projects

Case-based methods

Internships, optional and obligatory

Ill-defined problems

Complexity of wicked problems conveyed mostly through experience

Less dedicated attention to abstract conceptualisation

Latent awareness of wickedness of technology management problems −

scaffolding in understanding the nature of these problems at a concep-

tual-analytical level

Exercise of translating ill-defined problems into abstract concepts part

of intended learning outcomes

Explicit part of science project

Execution

Increasingly part of the courses from the Essentials SBI course to the end

of the project/bachelor’s project

Intrinsic to innovation projects

Integral part of assessment of the final bachelor’s project

Part of courses, autonomy increases

Part of science project in case internship is chosen

Part of the master’s project

Reflection

Reflection part of innovation projects and the bachelor’s project Informal reflection due to higher level of maturity

Part of the master’s project

Abbreviation Meaning: SBI, Science, Business, and Innovation.
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to experience the implications of differences in the ideas and defini-

tions of entrepreneurship (Rosenthal, 2016; Theroux, 2009).

Rosenthal (2016) succinctly describes the use of cases in educa-

tion and recommends, for example, that the length and complexity of

the cases need to match the level and purpose of the course, as well

as dedicated ‘case teachers’ that partly function as coaches. The rec-

ognition of the essentially ill-defined nature of management prob-

lems and the need for subsequent theorising and conceptualising

distinguishes the programmes researched as academic programmes,

as opposed to programmes offering professional education at poly-

technical universities. Theorising and conceptualising is an academic

exercise that may nonetheless inform evidence-based action in man-

agement praxis (Rosenthal, 2016) and thus enhance the learning

effects of SBEE programmes.

Baggen et al. (2022) stress the importance of increasing the level

of complexity and autonomy here as part of experiential learning in

entrepreneurship education. The use of well-defined cases, which are

defined in a process of co-creation of their definitions, in which

autonomy and critical reflection are stimulated, is critically impor-

tant. Through exercises to define the underlying problem and make

the ill-defined problem explicit and thus manageable, students

become involved in the design and execution of an intervention in

the real world.

Involvement in execution as part of management and entrepreneurship

education

Project education is offered in the bachelor’s programme, wherein

students’ independence in the execution of case-driven research

projects and the incorporation of information from industry experts

slowly increases. The early bachelor’s courses focus on developing an

active learning attitude and collaborative competencies through the

execution of group assignments, emphasised by Brook et al. (2012) as

relevant factors. The interaction with industry experts has only lim-

ited implications for the assignments. They primarily function as a

source of inspiration. Execution is facilitated throughout the intern-

ship at the end of the bachelor’s programme.

The execution phase is facilitated throughout the internship and

the master’s project and thesis at the end of the master’s programme.

In the master’s project and thesis, students contribute to the imple-

mentation of their recommendations within the companies them-

selves, and thus experience this process first hand. They do so in the

context of their internship (cf. Scott, 2007). During these internships,

students learn to develop recommendations to improve, for example,

R&D management and, especially in the six-month master’s project,

contribute to the implementation of these management solutions as

well. They present their results to both the company providing the

internship and the university, which allows them to enhance this

learning curve on execution.

By the time they start their internship, students have thus

acquired a high degree of independence and responsibility in the

execution of research projects. Especially in the master’s project, the

grading depends heavily on dedicated attention to work execution,

as a form of ‘deliberate praxis’ that preambles performance by stu-

dents to create new habits and a certain state of mind as Schinde-

hutte and Morris (2016) discuss, preparing them for their role as a

‘science-to-business professional’ (Retra et al., 2016).

Well-designed project education is crucial here, as Bennis and

O’Toole (2005, p. 181) suggest: ‘the best classroom experiences are

those in which professors with broad perspectives and diverse skills

analyse cases that have seemingly straightforward technical chal-

lenges and then gradually peel away the layers to reveal hidden stra-

tegic, economic, competitive, human, and political complexities’. In

the execution phase, students come to understand, based on experi-

ence with innovation processes, that the bias that innovation pro-

cesses start with exact science is fundamentally flawed, as technical

feasibility and market feasibility, as well as the need to create societal

value through science, are inextricably intertwined in the processes

of innovation introduction and upscaling.

Experiential learning shields the programme from too much

emphasis on a (linear) focus on science and technology push, since

through its albeit implicit adoption of the four aspects of experiential

learning, students quickly learn that there is more to the story than

meets the eye in terms of developing and upscaling innovative tech-

nological developments and R&D. Throughout the experiential learn-

ing process, they experience the messiness of innovation - being in

its very essence far from linear and of a far more complex, cyclical,

and iterative nature (Berkhout et al., 2010). Based on experiential

learning, they start to recognise the discrepancy between a strict ‘sci-

ence logic’ and an ‘entrepreneurial logic’.

Currently, project education is mostly offered for practical rea-

sons, but its design in both programmes could be further refined

based on, for example, making explicit the messiness of innovation

processes and potential responses to that messiness in the execution

phase, to reap the full benefit of the potential of project education.

Thus, project-based education fosters deep learning by engaging stu-

dents in the execution of evidence-based interventions in their full

complexity. This approach, recommended by Mintzberg (2004), helps

prevent the over-theorisation of management problems, which can

create the illusion of solving them without practical application.

Currently, the execution of interventions in these programmes is

largely driven by the wishes and goals of external partners, who aim

to integrate real-world experiences into the classroom. However, stu-

dents are not explicitly taught to approach these partners’ agendas

critically. For students to make meaningful contributions to sustain-

ability interventions, it is crucial for them to develop a critical per-

spective. Without it, they risk contributing to ’profit maximization

toolkits’ (Bridgman et al., 2018) and supporting corporate agendas

tainted by greenwashing. Therefore, fostering critical reflection is of

utmost importance.

Reflection as a means for translating experience into new knowledge,

skills, and attitudes

Reflection received dedicated attention at the end of each innova-

tion project and bachelor’s project. Reflection is introduced more

prominently towards the end of the bachelor’s programme as an

essential element in the last phase of the experiential learning pro-

cess, to enable structured rethinking of the extent to which a student

further develops competencies and a certain entrepreneurial attitude

(cf. Sadler, 2010; Cajiao & Burke, 2016). In the bachelor’s pro-

grammes, the first two forms of reflection are implemented: reflec-

tion-in-action and reflection-on-action. It is fundamental to learn

from the project and internship experiences offered. Reflection-on-

action is part of the master’s project and thesis, and reflecting on the

internship experience is the last step before graduating. In bachelor’s

programmes, reflection is a crucial activity that enables students to

learn from their experiences and involvement in the real world.

Perusso et al. (2020) emphasise that without such reflection, a signifi-

cant portion of the learning potential from the experience is lost.

In the master’s programme, these two forms of reflection are also

implemented. It is fundamental to learn from experience and concep-

tualise the outcomes of initial learning goals. Reflection-in-action and

reflection-on-action (Sch€on, 1987.; Perusso et al., 2020) are both part

of the assessment of the master’s project and thesis. Reflecting on the

internship experience is the last step before graduating. Reflection is

an important part of the work execution grade in the SBI master’s

project and thesis. By adding reflective sessions to mirror this experi-

ence and drawing out lessons, the development of entrepreneurial

skill sets and attitudes can be enriched through experiential learning

and can spark a process of ‘deep learning’. Systematic attention to a

three-layered form of reflection (Perusso et al., 2020), including
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critical reflection, could contribute to the development of students’

personal sense-making.

Third-order critical reflection is largely absent as an exercise in

the programmes. However, in terms of providing a transformative

learning experience, improvement is possible by adding third-order

critical reflection as well, as has been pointed out in the literature on

reflection (Ajjawi & Boud, 2018; Berglund & Verduyn, 2018; Boud et

al., 2013; Cajiao & Burke, 2016; Hibbert, 2013; Hibbert et al., 2010;

Moon, 2013; Nicol et al., 2014; Sadler, 2014; Sch€on, 2017). Consider-

ably less attention has been paid to third-order, systematic, expert-

guided reflection on the learning outcomes of the previous phases of

experiential learning. Yet, third-order critical reflection is crucial for

deep learning. Numerous didactical means can function as inspiration

to encourage such critical reflection in the programmes. Ajjawi and

Boud (2018) suggest, for example, the use of feedback dialogues that

allow students to learn from experience, whereby the level of the

immediate task is transcended.

Towards transformative SBEE

Table 4 summarises the results of the exploratory analysis.

Practices in which real-worldness is central may benefit from

game-based simulations and case-based methods (Blankesteijn &

Houtkamp, 2022). The phase in which recognition of the inherent

wickedness of management problems plays a role, as part of the

experiential learning process, is the most ‘academic’ phase of experi-

ential learning in a university environment, as it asks from the stu-

dent to conceptually delineate the research problem, based on

theory. The execution phase can be enhanced in both programmes by

focusing on the principles of and literature on project-based learning,

such as in business skills laboratories (Blaylock et al., 2009). The over-

view of the results shows that the adoption of these four elements in

these programmes does not yet reflect comprehensive and dedicated

didactical attention to the full experiential learning cycle. Paying due

and balanced attention to the phases of the learning cycle would

allow for an increased focus on the diversity of learning styles in

choices of teaching methods as well as provide clues as to which type

of experiential learning method would best fit the chosen learning

goals, such as case-based teaching or problem-based learning.

Experiential learning potentially enables students to identify and

even co-create new types of business models, which allows them, in

the context of SBEE, to bypass neoliberal logics of cases in manage-

ment education as ‘profit-maximization toolkits’. Bridgman et al.

(2018) argue that experiential learning methods should also be used

to critically evaluate the relationship between business and society,

to overcome a bias towards the importance of creating new markets

and businesses in entrepreneurship education. This is particularly

important because innovation for sustainability requires the entre-

preneur to think creatively and out of the box (Olalla & Merino,

2019). To achieve these goals, one must be willing to interrogate the

current behavioural patterns in society and overcome the neoliberal

emphasis on market dynamics only.

Experiential learning, with special attention to not only the devel-

opment of knowledge and skills but also a particular entrepreneurial

attitude, enables students to develop their own personal missions by

rethinking their cultural contexts and cognitive biases. Critical reflec-

tion is crucial, as the literature has shown (Ajjawi & Boud, 2018; Ber-

glund & Verduyn, 2018; Boud et al., 2013; Cajiao & Burke, 2016;

Hibbert, 2013; Hibbert et al., 2010; Moon, 2013; Nicol et al., 2014;

Sadler, 2014; Sch€on, 2017). It allows learners to adopt entrepreneur-

ship not only at the level of knowledge and skills but also as an atti-

tude in life that allows them to develop a value-driven

entrepreneurial attitude. It enables a new generation of students to

find a place in the world that serves as a point of departure from

which they formulate and work on their personal and value-driven

contributions to make it a better place to work and live. Paying

Table 4

Summary of findings.

Cross-case analysis Assessment

Real-worldness Real world-ness is stimulated by interaction with professionals, guest

lectures, and real consultancy assignments.

Owing to the nature of the programme, more attention is on real-world-

ness in the bachelor’s programme than in the master’s programme

Dependence on teacher’s networks provides a potential challenge and

raises ethical considerations that ask for reflexivity

As the level of education progresses, real-worldness becomes less

prominent; focus shifts on abstract conceptualisation as the first phase

of the experiential learning cycle

Real-worldness can be assured by emphasis on case-based methods in

both programmes

Ill-defined problems Throughout the master’s programme, conceptualisation becomes

increasingly important

Not part of experiential learning praxis in the bachelor’s programme

Less focus on co-creation of joint problem definitions

Phase wherein design solutions for wicked problems comes into the

picture

Emphasis on abstract conceptualisation increases as level in pro-

grammes increases

Need for co-creation of problem definitions of students and teachers,

whereby awareness is created of cognitive bias implicit in processes of

problem definitions

Execution Heavy focus on execution in both programmes

High level of autonomy in determining case at hand

Execution becomes less playful, more serious in the master’s pro-

gramme, to prepare students well for the world of work (‘scaffolding’)

Practice with developing evidence-based recommendations and

entrepreneurial strategies and thus develop a personal toolkit of knowl-

edge, skills, and attitudes at the level of execution

In the master’s project, the grading process includes grading of work

execution

Shift to focus on central question in SBEE: How to valorise?

Use of the principle of scaffolding by including abstract conceptualisa-

tion in the execution of solutions

Student’s awareness of innovation as a non-linear process grows; they

experience the messiness of innovation processes first hand

Students develop evidence-informed interventions in upscaling

processes

Integration of knowledge and skills development

Currently not guided by awareness of overarching sustainability goals

that students contribute to via their projects, and potential bias and

organisational models underlying their interventions

Reflection Deserves attention, only first- and second-order reflection

No dedicated attention for critical reflection

Need for third-order, critical reflection to develop personal take on

entrepreneurship as an attitude to make explicit and critically reflect on

agendas of partners that provide the real-world experiences

Transformative experiential learning for technological, out-of-the-box

innovations for sustainability

Entrepreneurship as citizenship

Abbreviation Meaning: SBI, Science, Business, and Innovation.
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dedicated attention to the choice of didactics in a programme to

increase third-order critical reflection could enhance the impact of

science- and technology-based entrepreneurship programmes in aca-

demic settings.

In the literature on entrepreneurship education, this rather differ-

ent and broader idea of entrepreneurship, encompassing a focus on

teaching an entrepreneurial attitude, has been dubbed the ‘big’ per-

spective on entrepreneurship, as opposed to the ‘small’ perspective

on it (Baggen et al., 2022). Entrepreneurship education in a scientific

context has value that adds to and transcends the sole value created

by classic science and technology entrepreneurs who start their own

businesses, and can be seen as a form of citizenship (Berglund & Ver-

duyn, 2018). This is relevant given that SBEE can only reach its ambi-

tious goals of contributing to technological innovation for

sustainability when the rather narrow ambition of inspiring

entrepreneurial intent in students to start a business is abandoned

(Bridgman et al., 2018). Not every student aims to start a business,

but every student who commences dedicated SBEE programmes

aims to contribute to the valorisation of the latest scientific insights

and innovative technology to contribute to out-of-the-box, radical

sustainable solutions (Berglund & Verduyn, 2018; Frisk Redman &

Larson, 2011; Lans et al., 2014; Wals & Jickling, 2002). This requires

an entrepreneurial attitude that is valuable in and for itself, and can

be fostered through critical reflection on the experiential learning

process. In our case study, we found that adding third-order critical

reflection in a systematic manner to the programmes and the

intended learning outcomes would allow for a truly transformative

learning trajectory whereby learners are prepared to contribute to

science- and technology-based sustainable innovation and, with their

entrepreneurial knowledge, skills, and attitude, make a real and sub-

stantial difference to society. This is the main empirical contribution

of this research project.

The theoretical contribution of this work to the literature on SBEE

is that reflection-in-action and reflection-on-action are not sufficient

for creating full awareness of such implicit, value-laden agendas and

act upon it in an ethical way, driven by reflection on personal mis-

sions and goals as the basis for their entrepreneurship (Barab & Lueh-

mann, 2003; Sipos et al., 2008). First- and second-order reflections do

not sufficiently allow for deep learning at the level of personal values

and missions as the basis for inspiring entrepreneurial intent among

students. Critical reflection is crucial in SBEE for sustainable innova-

tion and forms the basis of entrepreneurial sustainability education.

Adding the component of critical reflection to programmes would

allow for further refinement of the didactics of SBEE, to enhance the

impact of science on society in a responsible manner.

Limitations and avenues for further research

This study presents how an analysis of the praxis of experiential

learning based on the aspects discussed provides direction for sys-

tematically improving experiential learning as a crucial component

of SBEE programmes. The empirical outcomes of this exploratory

conceptual analysis can be generalised to guide or modify similar

SBEE programmes (Tsang, 2014).

One limitation of our research is that it did not analyse the evolu-

tion of the methodologies used in teaching each programme course

and their implications vis-�a-vis the final outcomes. The experience

gained from teaching these courses over several years significantly

impacts the learning process, making third-order reflection more fea-

sible. This is a limitation of our research. Future research should first

explore how the progression of teaching methodologies contributes

to critical reflection as part of experiential learning, as this could pro-

vide valuable insights and enhance the overall understanding of

these educational approaches.

As this is a qualitative, single case study research, it may be

enriched by a mixed-methods approach that includes quantitative

elements. Dedicated research focusing on the use of methods and

learning styles in experiential learning is needed to evaluate how

experiential learning in the typical context of entrepreneurship edu-

cation in science and technology environments can contribute to the

learning goals of educational programmes. A second avenue for fur-

ther research is to develop a (psycho-)metric, quantitative methods

to assess the extent to which principles of experiential learning have

a measurable effect on the achievement of the intended learning out-

comes, analogous to the work of De Ciantis and Kirton (1996), but in

the context of experiential learning in SBEE.

Another example of how a quantitative assessment of the extent

to which experiential learning contributes to envisioned learning

outcomes is derived from Harms and Schwery’s (2020) study. In this

study, the researchers aimed to operationalise Lean Startup Capabil-

ity (LSC) by identifying five key dimensions based on phenomenolog-

ical interviews: customer orientation, hypothesis testing, iterative

experimentation, validation, and learning. They translated these

dimensions into specific, measurable items and evaluated the initial

model for reliability and validity. This study used a multi-item, multi-

dimensional approach to reduce measurement errors and compre-

hensively capture the LSC. This approach can be replicated as a future

research avenue.

In particular, at the level of reflection, experiential learning didac-

tics for SBEE are not adequately developed, rendering it challenging

for teachers to make succinct, evidence-informed choices in appeal-

ing to a range of learning styles and teaching methods for further

optimising the experiential learning process in SBEE for sustainable

innovation. A third avenue for further research is to design didactical

means of implementing such elements of critical reflection in SBEE,

adding non-economic goals to such education.

For example, service learning - an innovative teaching format

encompassing experiential learning, volunteer work, community ser-

vice projects, field studies, and internships - shows significant poten-

tial for sustainability entrepreneurship education (Halberstadt et al.,

2019). This approach combines field education with community serv-

ices to create a rich form of experiential learning. This type of learn-

ing adds non-economic goals to sustainability education by

emphasising social and environmental responsibilities, fostering

community engagement, and encouraging students to address real-

world problems using sustainable solutions that benefit society at

large. A similar approach to experiential learning with a specific focus

on critical reflection in science- and technology-based entrepreneur-

ship could be developed.

Conclusion

Experiential learning is useful for introducing, addressing, and

effectively working with the complexities of technology, innovation

management, and entrepreneurship in an educational context. To

optimise the learning effect of experiential learning, the four aspects

discussed in this paper need to be incorporated in education courses

that make up the programmes in a balanced and sophisticated man-

ner, appealing to different learning styles using different experiential

learning methods, with an emphasis on the real-worldness of cases

and systematic reflection; in doing so, special attention must be paid

to repeated critical reflection as a form of ‘academic Bildung’, facili-

tating out-of-the-box, creative entrepreneurial thinking and acting

for sustainable technological innovation. Currently, the element of

reflection, particularly critical reflection, appears to receive little

attention in the case discussed. To turn experiential learning into a

transformative learning experience, reflection on personal missions

and critical thinking is crucial to overcome an overt focus on market

development and business opportunities only and prevent the reiter-

ation of thought patterns and biases in the minds of all stakeholders

involved in such educational programmes.
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Appendix: Data sources

Course name, ECTS Data Source Source [#]

Bachelor’s programme Essentials of Science, Business, and innovation 6 ECTS Course guides 1.

Annual report bachelor’s programme SBI 2016−2021 2.

Examination files 3.

Interviews with teachers 4.

Digital learning environment 5.

Teaching materials, such as lecture slides. 6.

Innovation Project Medicine, 6 ECTS Course guides 7.

Examination files 8.

Interviews with teachers 9.

Digital learning environment 10.

Teaching materials, such as lecture slides 11.

Entrepreneurship and innovation, 6 ECTS Course guides 12.

Examination files 13.

Interviews with teachers 14.

Digital learning environment 15.

Teaching materials, such as lecture slides. 16.

Innovation Project Energy, 6 ECTS Course guides 17.

Examination files 18.

Interviews with teachers 19.

Teacher’s experience in redesign of innovation projects learning line 20.

Teaching materials, such as lecture slides. 21.

Innovation Project Health and Diagnostics, 6 ECTS Course guides 22.

Examination files 23.

Interviews with teachers 24.

Teacher’s experience in redesign of innovation projects learning line 25.

Digital learning environment 26.

Teaching materials, such as lecture slides 27.

Innovation Project Energy Transition, 6 ECTS Course guides 28.

Examination files 29.

Teacher’s experience in redesign of innovation projects learning line 30.

Digital learning environment 31.

Teaching materials, such as lecture slides 32.

Bachelor’s Project, 24 ECTS Course guide SBI Project & Master thesis 33.

File Senior Teaching Qualification of bachelor’s coordinator 34.

Examination files 35.

Course material such as lecture slides 36.

First-hand experiences of the coordinators and supervisors 37.

Interview with programme director 38.

Workshop ‘How to organize thesis supervision as a team-effort 39.

Master’s programme Science Project, 24 ECTS Course guide Science Project 40.

File Senior Teaching Qualification of master’s coordinator 41.

Annual reports master’s programme 2016−2021 42.

Examination files 43.

Digital learning environment on Canvas 44.

Teaching materials such as lecture slides 45.

SBI Master’s Project, 36 ECTS Course guide SBI Project & Master thesis 46.

Examination files 47.

Course material such as lecture slides 48.

First-hand experiences of the coordinators and supervisors 49.

Programme director 50.

Abbreviation Meaning: B.Sc., Bachelor of Science; SBI, Science, Business, and Innovation; ECTS, European Credit Transfer and Accumulation System.
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