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Abstract: Technology entrepreneurship, together with its subfields such as digital health entrepreneurship, is gaining
increasing attention, with digital transformation playing a pivotal role in shaping its landscape. This transformation has the
potential to revolutionize various industries. However, technology entrepreneurship, in particular, demands a unique set of
entrepreneurial competencies. To address this, we designed a seminar focused on the healthcare sector, enabling graduate
students to explore the field of digital health entrepreneurship. The seminar guides students through the process of
developing a Software as a Medical Device (SaMD) business model with a focus on the European Union (EU). This paper
presents the conceptual design of the seminar and evaluates its effectiveness based on seminar results and participant
feedback. In the seminar, students work in teams, assuming the role of an early-stage startup team in the digital health
industry. Through a multi-stage design process, they identify healthcare needs, apply creative ideation techniques to
generate business ideas, and refine them into comprehensive business models. The final stage involves pitching their
business concept to potential investors. Additionally, seminar participants are introduced to EU medical device regulations
and reimbursement pathways to develop viable revenue models. The seminar is structured around an action-based learning
approach. Students first receive theoretical input, which they then apply practically to their case studies. Their work is
presented in intermediate sessions, where they receive feedback from peers as well as supervisors. To support collaboration
and interactive learning, several custom-designed canvases are integrated into digital interactive tools. Seasoned
entrepreneurs hold guest talks to give a complementary perspective through their experience. Having been conducted over
multiple semesters, the seminar has received positive feedback from participants. This work offers valuable insights into the
key aspects of developing a seminar for the entrepreneurial journey of building a SaMD in the EU. It may serve as inspiration
for other researchers and facilitators in the fields of technology entrepreneurship and broader entrepreneurship education.
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1. Introduction

Technology entrepreneurship is a tool that supports growth for individuals, businesses, regions, and nations
(Bailetti, 2012). Bailetti (2012) defines technology entrepreneurship as: “..an investment in a project that
assembles and deploys specialized individuals and heterogeneous assets that are intricately related to advances
in scientific and technological knowledge for the purpose of creating and capturing value for a firm.” (Bailetti,
2012, p.5). A central outcome of technology entrepreneurship is the emergence of new technology-based firms
(NTBFs). These NTBFs are particularly important in tackling issues prevalent in today's world (Presse and Terzidis,
2017). They are acknowledged for their strong potential to drive growth and make a substantial impact on the
broader economy (Ferguson and Olofsson, 2004). NTBFs play a key role in spreading technological innovations
and driving industrial development (Arantes et al, 2019). In healthcare, technology entrepreneurship can be
described as the process of creating, initiating, and growing ventures that design new technologies, products,
and services aimed at delivering value to patients and various stakeholders such as medical staff, healthcare
institutions, and insurers (Kulkov et al, 2023). With healthcare systems worldwide facing challenges such as rising
costs (Wulfovich, 2020) and a lack of qualified healthcare staff, in recent years, digital health technologies have
provided the potential to tackle them. Nowadays, digital health solutions can provide treatment support for
diseases, they can help track fitness, make diagnoses, and support the prevention of diseases. Digital health can
be seen as an umbrella term (WHO, 2019). It encompasses concepts such as mobile health and telemedicine
(WHO, 2019).

However, despite its potential, entrepreneurs in the digital health sector are confronted with several challenges,
especially if they develop Software as a Medical Device (SaMD). These include strict regulatory requirements,
complex stakeholder landscapes, and difficulties in securing funding to cover pre-market expenses. In addition,
aspiring founders should have unique knowledge and entrepreneurial competencies to successfully establish a
startup. University-based educational programs can equip prospective entrepreneurs with the knowledge and
competencies needed to address these challenges. They can guide entrepreneurs in the development of a
sustainable business model, which is crucial for success. In complex industries where many startups are not able
to bring their solutions into the market successfully, a university seminar can provide essential preparation for
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navigating early-stage challenges. To our knowledge, there is no existing literature that explores how seminars
can be designed for highly-regulated, multi-stakeholder environments, and less specifically for the SaMD
domain. Therefore, we formulate the following research question (RQ):

e RQ: How can we design a university seminar on digital health entrepreneurship that enables
participants to develop a business model for a SaMD in the European Union?

The seminar focuses on the SaMD industry of the European Union (EU) as a subfield of the digital health sector.
The focus was chosen for several reasons. First, the growing SaMD sector offers opportunities to tackle pressing
healthcare issues, including the lack of quality care and the shortage of skilled medical personnel. Second, the
SaMD industry is perceived as particularly complex, especially due to strict regulations and multiple
stakeholders. This is exactly where a seminar can provide the most valuable support. Lastly, a specialization
allows for in-depth coverage of the topic and the delivery of detailed information.

Our work provides valuable insights into structuring a digital health entrepreneurship seminar focusing on the
EU SaMD industry. Researchers and facilitators in the fields of digital health entrepreneurship and, in a broader
sense, entrepreneurship education can benefit from the seminar design approach and apply it in similar
industries. Additionally, our work is of value to the literature on entrepreneurship education. By focusing on the
development of a SaMD business model in the EU, our seminar fills a crucial gap and stands out as a unique
contribution.

The following work is structured as follows: In the subsequent subsection, we will provide an overview of related
work. Thereafter, we will focus on the methodological approach followed in this work. The third section gives
an overview of the results. In the fourth section, we discuss the results before we conclude the work.

1.1 Fundamentals and Related Work

SaMD is software intended to be used for at least one medical purpose that is performed without being part of
a hardware medical device (IMDRF, 2014). In the EU, SaMD is regulated under European Union medical device
regulations. SaMD includes a wide range of software, from apps used by private individuals to manage conditions
like migraines to clinical tools used by physicians for disease diagnosis.

Several papers focus on the design of entrepreneurship seminars, with some of them focusing on
entrepreneurship in the medical device industry. For example, Suryavanshi et al (2004) describe a course
designed to promote entrepreneurship among students interested in medical informatics. Yock, Brinton, and
Zenios (2011) focus on teaching biomedical technology innovation. Greven et al (2020) developed a course
designed for studies that focuses on teaching entrepreneurial fundamentals in combination with the challenges
of home healthcare for older adults, enabling students to develop practical solutions. One of the most well-
known processes of innovating medical technologies is the Biodesign Program at Stanford (Yock et al, 2015).
Stanford Biodesign's goal is to educate future pioneers in health tech innovation (Fuerch, Wang and Wert, 2021).
The process consists of three phases: identify, invent, and implement (Yock et al, 2015). The Identify phase
involves finding and screening needs. Based on the selected needs, concepts are generated in the Invent phase.
The generated concepts undergo a screening process, after which the optimal solution is chosen. In the final
phase, the Implement phase, a strategy for the selected concept is developed as well as a business plan. The
process is iterative, allowing for adaptations along the way (Yock et al, 2015). Despite these works, to our
knowledge, there is no seminar explored in the literature that specifically focuses on teaching the development
of a SaMD business model in the context of digital health entrepreneurship.

2. Method

This paper adopts the case study methodology by Yin (2009). We build upon a single holistic case study design
to report on the design of a university seminar focused on digital health entrepreneurship. In the following, we
provide the five key components of a case study design according to Yin (2009), including the study’s question,
proposition, unit of analysis, the logic for linking data to the proposition, and criteria for interpreting the findings.

Based on the previously introduced research question, the proposition of this case study is that a seminar on
digital health entrepreneurship can be designed to enable students to develop a business model for a SaMD in
the EU. The unit of analysis is a seminar conducted at Karlsruhe Institute of Technology (KIT), a technical
university located in the south of Germany. In three seminar runs, a total of 58 graduate students from
disciplines such as industrial engineering and computer science participated. To link data to the proposition, we
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collected two types of data during the seminar. Primary, session artifacts such as student pitch decks and
business plans were analysed. These data were subsequently triangulated with the results from the standardized
KIT seminar evaluation questionnaire collected for all three seminar sessions. The evaluation focused on
dimensions such as perceived learning outcomes, relevance of seminar content, and overall satisfaction. This
triangulation enables the establishment of patterns consistent with or diverging from the initial proposition.
Criteria for interpreting the findings included the quality and completeness of the pitch decks and the business
plans. Additionally, criteria include frequency and consistency of positive student evaluations and alignment
between the intended learning outcomes and student-reported gains. Patterns of improvement or consistent
challenges across both seminar runs were also used as indicators of effectiveness and reproducibility.

3. Results

3.1 Seminar Design

The overarching goal of the seminar was to teach graduate students from various disciplines on the topic of
digital health entrepreneurship, thereby enabling them to develop entrepreneurial competencies to found a
startup in digital healthcare. The following learning objectives should be achieved through the seminar. First,
students should be encouraged to take on the role of entrepreneurs to develop relevant competencies and
entrepreneurial thinking. According to Stagars (2014), entrepreneurship is rather a mindset than a job. Students
should be taught and experience the required mindset in a simulated environment. Therefore, they identify
unmet needs and use ideation methods to find solutions. Second, students should be taught the basics of the
digital health industry, in particular the SaMD industry. The SaMD sector is highly complex. Therefore, topics
include the EU medical device regulations, reimbursement strategies, besides classical entrepreneurship topics
such as business models and pitching. Lastly, the students learn soft skills that are important for founders. By
working in teams and regularly pitching their ideas and current status to all seminar participants, the students
improve their presentation and communication skills as well as teamwork capabilities.

3.1.1 Pedagogical Framework

The seminar builds on an action-based learning approach, which is grounded in the work of Revans (1957). One
aspect of this approach is that students work in teams throughout the seminar. The seminar, therefore, functions
as a simulator for developing a potential SaMD business model. It consists of short theoretical input sessions
from the facilitators, followed by time-boxed group work and intermediate presentations of the results, during
which facilitators and other team members can provide feedback. Warm-up elements are integrated within the
seminar so that students get comfortable with the setting and to encourage participation. Outside the seminar,
students were expected to complete assignments that were started in the seminar. Digital collaboration tools
are used to document the work within and outside the seminar and enable remote teamwork. These digital
collaboration tools were set up with a mixture of custom and established canvas-like tools to support the work.
Custom tools focused especially on SaMD-specific elements, such as medical device regulations and essential
business model elements. Additionally, the seminar is supplemented by input talks from seasoned
entrepreneurs.

3.1.2 Seminar Structure

The seminar consists of six full days, held every one to two weeks. It begins with an introduction to digital health
entrepreneurship, followed by a team-building activity designed to foster collaboration among participants.
Research shows that larger, more personality-diverse startup teams show an increased likelihood of success
(McCarthy et al, 2023). Therefore, diverse teams are formed based on individual personality traits.

After this initial session, the seminar proceeds through a structured five-phase approach, which includes the
phases: Identify, Invent, Decide, Define, and Sharpen. These phases are inspired by the Biodesign process (Yock
etal, 2015), a methodology traditionally used for commercializing medical technologies. Much like the principles
of design thinking, this approach encourages an iterative process, allowing participants to revisit and refine
previous phases as needed. This flexibility supports deeper insight and more effective problem-solving, as
illustrated in Figure 1.

Towards the conclusion of the seminar, each team presents their project pitch in front of a jury, showcasing the
results of their work. Additionally, a comprehensive written business plan must be submitted.
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Figure 1: Overview of the five-phase approach applied in the seminar

In the first phase, Identify, the topic of digital health is introduced by stating its origin and showing a selected
number of successful digital health startups. Thereby, it is already shown which startup develops a SaMD to
foster initial understanding of the concept. Subsequently, the goal of the seminar is introduced, which is to
develop a business model for a SaMD. Next, the concept of need statements was presented, which is inspired
by Biodesign (Yock et al, 2015). Therefore, healthcare problems are identified by students, which can be
summarized in a specific need that can potentially be addressed by a digital solution.

In the Invent phase, which is the second phase, the focus lies on ideation. Here, students are required to use
creative techniques such as brainstorming to develop first draft solutions for each of their problem statements.
This ideation process is time-boxed and supported through ideation anchors, which are used to take a certain
perspective on the solution space. Therefore, different ideation anchors are introduced, such as different digital
technologies, the healthcare cycle of care, and the specific medical speciality levels, which can serve as a focused
perspective to generate ideas. Participants cluster their ideas thematically after the ideation.

In the third phase, Decide, goodness criteria are used to create a ranking of the best to worst idea. Ideas should
be precise enough so that they can be rated. Rating is conducted within the startup team and with experts from
the domains of business, medicine, regulatory, and engineering. Finally, the top three ideas are selected, and
the best idea is followed for the consecutive steps. Still, at a later stage, the startup team can make the decision
to return and continue the process with another idea, if deemed necessary.

In the subsequent phase, Define, potential customers are identified through the persona concept. Additionally,
frameworks like the jobs-to-be done framework (Ulwick, 2016) are utilized to empathize with potential
customers and ultimately develop a value proposition through the Value Proposition Canvas (Osterwalder et al,
2014). Additionally, the understanding of medical devices and the regulatory requirements of EU medical device
regulations are discussed and identified by the students for their selected ideas.

In the final phase, Sharpen, a key consideration is potential revenue models, including self-payer options,
business-to-business models, and reimbursement pathways. Students are introduced to various reimbursement
pathways through which revenue can be generated from payers such as health insurers. This is a crucial element
of the entire process. Additionally, other essential elements in this phase include competitors, market potential,
relevant stakeholders, and core activities within the scope of the idea.

Finally, after going through these phases, the students put their learning together into a business model. Once
the business model is set, a pitch preparation session helps the students to understand relevant aspects of an
investor pitch. The final pitch takes place in a more official setting in front of a jury of experts. Within this seminar
element, students pitch their idea and then have to answer the jury's questions before the seminar concludes.

3.2 Evaluation

To evaluate the seminar's outcomes, two researchers reviewed the pitch decks and business plans. For the
evaluation, the researchers followed the structure and key section points outlined in the EXIST Business Start-
up Grant template (EXIST, 2025). Furthermore, specific elements relevant to digital healthcare were considered,
including revenue models such as reimbursement and the medical device strategy. In addition to content, the
presentation itself was assessed: the pitch needed to follow a coherent narrative and be delivered in a
persuasive and engaging manner. The visual design of the pitch deck was also considered as part of the overall
evaluation.

The analysis of the pitch decks showed that the teams were able to generate viable business models, containing
the typical elements of pitch decks just mentioned.

The seminar itself was evaluated through the standard seminar evaluation questionnaire of the KIT. Within this
guestionnaire, Likert-scaled questions are used to assess the seminar. The results from the three evaluation
rounds are described below. The questions most relevant for this work from the KIT evaluation questionnaire
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are shown below in Figure 2 for a sample of 58 participants. Some participants omitted responding to all
questions. Participants provided feedback on aspects such as learning outcomes, course structure, clarity of
objectives, presentation feedback, instructional support, and discussion opportunities. The mean ratings ranged
from 1.98 to 2.44, indicating consistently positive responses across items, especially for the overall course rating.
Standard deviations ranged from 0.71 to 1.04, reflecting moderate dispersion in participant responses. The
results are visualized using horizontal reference lines and error bars to represent mean scores and standard
deviations.

I learn a lot during this course
° (1 = Completely true, 5 = Not at all)
(n = 58)

How is the course structured?
L ] (1 = Very well, 5 = Very badly)
(n =58)

The abjectives and requirements of the course were cutlined clearly.
L (1 = Completely true, 5 = Not at all)
(n =58)

After my presentation, | met with constructive criticism.
[ ] (1 = Completely true, 5 = Not at all)
(n =52)

The presentations were complemented helpfully by the seminar director's contributions.
] (1 = Completely true, 5 = Not at all)
(n=57)

During the seminar, | have improved my presentation, communication, and argumentation skills.
[ ] (1 = Completely true, 5 = Not at all)
(n=57)

The seminar is a good mix of conveying knowledge and discussion.
L ] (1 = Completely true, 5 = Not at all)
(n=57)

The learning aids (e.g. literature, websites, individual support) are well-suited for active participation in the seminar.
L J (1 = Completely true, 5 = Not at all)
(n =58)

The course left much room for discussion.
] (1 = Completely true, 5 = Not at all)
(n =58)

The amount of work required for this course is...

L ] (1 = Adequate, 5 = Inadequate)
(n = 58)
® Mean Please rate the course as a whole.
L4 Standard Deviation {1 = Very good, 5 = Very bad)
{n = 58)
1 2 3 4 5

Likert-Scale Rating

Figure 2: Results from the Karlsruhe Institute of Technology seminar evaluation questionnaire
4. Discussion

4.1 Key Findings

Based on the data collected, a key finding was that both the pitch decks and the business plans were of high
quality. Several factors may explain this outcome. First, the seminar provided students with a strong foundation
for developing their business models. Second, the students participated in a dedicated pitch training session
before the final presentations. In this session, they practiced their pitches in front of the facilitators and received
targeted feedback.

To continue, the evaluation of the seminar showed that its design is effective in preparing students to potentially
become SaMD founders. Students reported that they acquired substantial knowledge and particularly
appreciated the constructive feedback provided by the facilitators. Accordingly, the seminar design offers a
transferable model for facilitators in this field, supported by its proven success in multiple prior
implementations.

The action-based learning approach proved to be effective and was highly appreciated by the students. Applying
newly acquired theoretical knowledge immediately in team settings was perceived as both efficient and
engaging. To support this, theoretical inputs were deliberately kept short to maintain students' attention,
allowing more time for group work, discussions, and questions. In the subsequent student presentations, the
content was directly linked to their practical work, making the discussed topics more tangible and easier to
understand.
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For the last two seminar rounds, the final pitch took place at the facilities of a health insurer, which also had a
representative on the jury. In addition to the students and the jury, the event was open to external guests,
creating a broader and more diverse audience. This setting gave the final pitch the character of a professional
event, with refreshments and a realistic presentation environment. The format has proven effective, as students
tend to take the situation more seriously, and the involvement of a health insurer in the jury adds a layer of
authenticity through relevant and practical questions.

4.2 Theoretical and Practical Contributions

From a theoretical perspective, this work contributes to the field of entrepreneurship education within the
context of technology entrepreneurship. We demonstrate that it is feasible to design a university seminar on a
complex topic, which is the development of business models for SaMD in the EU context. In doing so, we
expand existing knowledge by identifying key elements that such a seminar should include. These include
effectively integrating often underestimated but highly relevant aspects of entrepreneurship, such as
regulatory requirements and diverse revenue models. Practically, the seminar could serve as a blueprint for
other seminars in the domain of digital health entrepreneurship, as well as other technology entrepreneurship
seminars that are highly regulated and have multiple stakeholders.

4.3 Limitations

This work is not without limitations. One limitation is that we report on a case study in which we are facilitators.
This can induce potential bias. We tried to reduce this bias by collecting sufficient data regarding the pitch decks
and from students themselves. Furthermore, we discussed potential biases within the team and followed the
case study methodology of Yin (2009) to reduce biases further. Additionally, the data reported within this study
do not enable the study of group differences between the three seminars.

4.4 Next Steps

Next steps for this work could be to run an additional round of this seminar to gather additional data, or to even
let external experts rate the pitch decks to gather more objective data. Lastly, the transition from problem
description to ideation was sometimes perceived as too abrupt by seminar participants. In future iterations,
dedicating more time to preselecting and refining need statements could help, although this remains challenging
given the seminar's six-session format.

5. Conclusion

This study demonstrates that a university seminar can be effectively designed to foster understanding of the key
aspects relevant for developing a business model for a SaMD. By combining action-based learning,
interdisciplinary teamwork, and structured content grounded in the Biodesign process, students were able to
gain entrepreneurial competencies, digital health knowledge, and essential soft skills. The seminar outcomes,
including high-quality pitch decks and positive student evaluations, support the proposition that such a course
structure is both effective and reproducible. The findings contribute to both theory and practice by offering a
blueprint for entrepreneurship education in regulated and complex fields such as SaMD and digital health.
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