
ScienceDirect

Available online at www.sciencedirect.com

Procedia CIRP 119 (2023) 127–133

2212-8271 © 2023 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer review under the responsibility of the scientific committee of the 33rd CIRP Design Conference
10.1016/j.procir.2023.02.129

© 2023 The Authors. Published by Elsevier B.V. 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer review under the responsibility of the scientific committee of the 33rd CIRP Design Conference

Keywords: Technology Application Selection; Spin-off; Action-based learning; Entrepreneurial Education

1. Introduction

In recent years, great emphasis has been placed on 
transferring technological innovations from science to the 
industry through commercialization [1]. One of the main 
sources of such technological innovations are universities and 
other public research organizations [2], which are seen by 
policymakers as increasingly conducive to technology transfer
[3]. Universities benefit from the translation of knowledge 
gained through research into practice by means of financial 
gains or other non-monetary benefits. One way for a university 
to commercialize technology and transfer it to industry is 
through spin-offs [4]. Therefore, a narrow definition of a 
university spin-off is a company that exploits intellectual 
property or patented inventions from university research [5].
However, this exploitation is only successful if the technology 
is transformed into a product or service that creates value and 
can be introduced to the market [2]. Although the relevance of 
knowledge creation and distribution at universities is 

emphasized as an important driver of technological innovation 
and economic growth, and commercialization is pursued [6],
many newly developed technologies remain untouched. One of 
the main reasons for this problem is the lack of detecting 
suitable applications for technologies [7]. Several approaches 
can be found in the literature that aim to convert technologies 
or technological knowledge into value by identifying 
applications for technologies and selecting the most promising 
ones [8]. One method is Technology Application Selection 
(TAS), which can be understood as a crucial part of technology 
transfer, as it focuses on the identification and selection of 
suitable applications for new technologies [9], making it a 
highly relevant topic that should be pursued fostering university 
spin-offs [8]. In addition, research has shown that previous 
studies have focused on testing parts of TAS, but consistent, 
systematically reviewed, and scientifically evaluated studies 
are lacking [10, 11].

Research shows that incorporating entrepreneurship into 
education has led to outcomes such as commercialization of 
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innovations [12, 13]. To support the process of 
commercialization in the form of spin-offs in the university 
context by incorporating the identification of applications for 
technologies developed and patented at the university, a 
practically oriented teaching format was developed. As a result, 
university researchers bring in their patented technologies, 
which students work on during the seminar to identify
applications and convert them into viable business models. The 
researchers act as experts to the students throughout the process 
and can use the results to launch a spin-off.

To this end, the TAS process will be integrated at the 
beginning of the seminar to understand the technology in detail, 
identify multiple and diverse applications and select the most 
promising ones. Manthey et al. [2] state, through this process, 
“the strategy-idea fit can be verified and a strategy for the 
following process can be set”. Consequently, the seminar 
follows various steps of the entrepreneurial journey, such as 
prototyping, defining the value proposition and business model, 
and drafting a compelling pitch to provide students with the 
fundamentals of transforming the original patented technology 
into a promising business model. As action-based learning 
activities in university contexts are getting increasingly 
important in entrepreneurship education the seminar has been 
structured according to this approach [14]. Rather than teaching 
about entrepreneurship and aligning it with the entrepreneurial 
process, the seminar is about educating for and through 
entrepreneurship [15].

The goal of the seminar is threefold: students get the 
opportunity to develop entrepreneurial intention and skills, 
researchers get the opportunity to explore the potential of their 
technologies, and the TAS process can be systematically tested 
and evaluated. The paper aims to demonstrate this design of a 
practical approach to transform a university's patented 
technologies into promising business models, paving the way 
for technology commercialization. Due to the previously 
described problematic nature of this process, the seminar 
incorporates the identification of applications for patented 
technologies through the integration of TAS. To this end, an 
introduction to the subject is first given in Section 2. The course 
itself, its description, structure, and evaluation are described in 
Section 3. Finally, the conclusion of the paper is presented in 
Section 4.

2. Theoretical Part

TAS is an innovation approach aiming to transform
technological knowledge into value [16]. Thereby, it is a 
technology-push approach that is not often used, as the market-
pull innovation approaches gain more attention [17, 9, 18]. It 
was developed by Larsen et al. who modified a general market-
pull model, resulting in the first TAS model [19]. The TAS 
process is designed to understand a technology at a very deep 
level so that several alternative applications for it can be 
identified, which must then be evaluated to select the most 
promising application, see Fig. 1. Within the process the 
technology must be first characterized to ensure a deep and 
comprehensive understanding of the technology. Based on this 
technology characterization, multiple and alternative 
applications for the technology must be identified. After 

identifying several alternative applications, they are evaluated 
to finally decide on one application to pursue.

Fig. 1: Technology Application Selection (TAS) process [19]

The current state of research shows that there are several 
TAS approaches, with most studies mainly examining parts of 
the TAS process using theoretical and practical approaches. Of 
these studies, few are concerned with developing and testing 
practical approaches to promote the discovery of new 
technological applications. Moreover, there is a great need for 
a systematic and scientifically tested TAS process, but most 
studies are inconsistent and lack scientific evaluation [10, 11].
Accordingly, the paper conceptualizes, implements, and 
evaluates the TAS process in a seminar to develop a practical 
approach to foster technology application discovery.

The KIT is an elite university and is considered one of the 
most prestigious universities in Germany [20]. In 2021 it
contributed to innovations with 120 notices of inventions, 51 
patent applications and 37 spin-offs [21]. KIT in Karlsruhe is a 
key player in making the city an attractive location for startups. 
Karlsruhe offers a great network with the largest regional active 
high-tech entrepreneur network in Europe, the largest 
university group for founders and the largest university 
incubator in Germany. KIT sees itself as an active part of this 
stronghold of knowledge and offers various curricular formats 
to this end. In this regard, the Startup Experience seminar was 
first initiated three semesters ago. While it was initially a pilot 
project with freely chosen technologies of the university to test 
the framework conditions of the seminar, researchers of the 
KIT can now bring in their patented technologies who are 
interested in a spin-off.

A frequently tested framework for seminars in
entrepreneurship education at KIT, in particular at the Institute 
for Entrepreneurship, Technology Management and 
Innovation, is shown in Fig. 2.

Fig. 2: Seminar framework [22].

The framework comprises mainly four elements. Starting 
with the awareness for entrepreneurship, presentations are held 
that tune into the respective topic. With the element theory, in 
which theories of entrepreneurship are taught, students should 
receive an orientation to the topic. Build upon those elements 
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an in-depth training is realised by action learning. The goal is 
to apply theory to a simulated context. Research has proven that 
such active learning improves student learning outcomes [23]. 
This evidence can also be cited in the case of entrepreneurship 
education [24], especially when students apply what they learn 
in a real-world context. Real-world learning not only helps 
them develop new skills, but also ways of thinking [25]. 
According to Bell and Bell [15], this structured learning 
activities should be consistent with the entrepreneurial process.
Within the approach of these last two elements in figure 2, 
entrepreneurship education is carried out. Finally, the approach
is to promote entrepreneurship by supporting the application 
process with coaches and mentors.

To address the need to transform patented technologies from 
universities into spin-offs by emphasizing the identification of 
the application as a crucial point of technology transfer, we 
have developed a hands-on seminar based on the described 
framework. We present our course material of “Startup 
Experience” with the following principles:

• Real-life-simulation
• TAS process integration
• Action-based learning
• Mentoring
• Learning diaries 

3. The course

3.1. Course description

Startup Experience is a one-semester master's seminar that 
allows up to 24 students to experience firsthand the life of a 
founder by simulating a real-world context. Participants go 
through an entrepreneurial journey with a team of three to five 
students over a six-month period. It is simulated that the teams 
work together on their own startup ideas, which they have 
developed based on a patented KIT technology to achieve the 
foundation of a potentially successful spin-off. Fig. 3 shows 

For this purpose, the participants are given a technology 
developed from researchers at the KIT to work on, find 
applications, and develop a promising business model for it, see 
Fig. 3. This technology-driven innovation strategy aims at 
using new or emerging technologies and thus commercializing 
university research. Meanwhile the researchers act as external 
consultants to ensure technological feasibility and to obtain 
feedback for the development of the application and business 
model. To take a systematic and consistent approach to identify
an application for KIT technologies, the TAS method is used
and integrated at the beginning into the seminar process.

Fig. 3: Course description Startup Experience.

In terms of content, students start by finding and deciding 
on an application for the presented patented technology and 
move on to prototyping, defining the value proposition and 
business model. In the end, they design a convincing pitch for 
their developed idea and present it in front of the researcher and 
several stakeholders of the Karlsruhe entrepreneurial 
ecosystem. This entrepreneurial journey is supported by 
learning-by-doing activities in a group and networking context. 
Within six one-day sessions, students become familiar with 
relevant theory and apply it at once. The action-based learning 
approach is realized by providing a stimulus with a theoretical 
presentation and then asking the entrepreneurial teams to apply 
the theory to their own idea. In the various sessions, students 
are given not just one stimulus, but several, to give students, 
the opportunity to put the content instantly into practice.

In addition, the student teams are paired with two mentors 
who already have their own entrepreneurial experience, such as 
having founded their own startup or working in a startup. This 
allows the mentors, to help and navigate the students through 
their entrepreneurial journey and develop the foundations for a 
potentially successful spinoff. Teams are obliged to meet with 
the two mentors at least after each of the six sessions but can 
also contact them at any time if they need feedback or 
assistance.

Not only is mentoring an opportunity for student teams to 
further elaborate and validate their ideas but writing a learning 
diary also supports this process. After each session, each 
participant must reflect on the session itself and the 
development of the previous entrepreneurial journey. Hägg
[26] shows that this reflective thinking plays an important role 
in the educational process and, moreover, provides the link 
between theory and practice in an experiential pedagogical 
approach.

At the end of the seminar the students and their teams will 
be evaluated on the following components:

• Business report
• Pitch Presentation
• Mentoring Sessions
• Learning Diary
• Active participation

The first three components are group-based assessments. 
The student teams have to present their developed application 
for the technology and respective business model in a business 
report of maximum 20 pages. In addition to this report, the 
teams have to give a 5 minutes pitch presentation on their 
business model in front of a jury: the researcher of the patented 
KIT technology, several stakeholders of the Karlsruhe start-up 
ecosystem such as professors, industry representatives, and 
entrepreneurs. As mentioned earlier, teams will also be 
evaluated on their participation in the mentoring sessions after 
each day of the seminar.

The other two components focus on the individual 
performances of the students. The learning diary is to be 
submitted two to three pages after each session of the seminar
with guiding questions on the respective topics of the sessions. 
Students' active participation in the six sessions of the seminar 
is also part of their evaluation. Research shows that active 
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participation as part of the entrepreneurial experience is 
important in developing students' entrepreneurial interest and 
potential for business creation [27]. Accordingly, not only 
active participation in the seminars is required, but also 
participation in entrepreneurial events within the Karlsruhe 
ecosystem. 

The seminar is led by two EnTechnon lecturers in charge, 
who follow a co-teaching approach and provide the main 
content, but also act as the primary contact person. Co-teaching 
in this context means that two lecturers work together to teach 
a heterogeneous group of students [28]. In addition, the seminar 
content is also taught by other stakeholders who are experts in 
the field they teach.

3.2. Course structure

The course is mainly divided into six sessions over the 
period of one semester, see Table 1. It begins with an 
introduction to the seminar and getting to know each other. 
This also sets the spirit for the topic of entrepreneurship with a 
presentation. After that, there is a special focus on team 
building, as participants will work in teams throughout the 
whole seminar. This is to ensure that teams are working 
together effectively and not bogged down by conflict or other 
problematic issues [29]. After the teams have been formed and 
the students have gotten to know each other, an introduction to 
the TAS process is given, which in turn is divided into five 
phases. 

The first phase is for "understanding" the patented 
technology and to familiarize students with the technology for 
which an application needs to be identified during the seminar. 
Accordingly, the patented technology is to be characterized and 
its features assessed. Since the seminar is designed to spin-off 
university research, at this point the researcher of the 
technology will be involved, invited to the session to present 
the technology in detail and answer questions from the 
students. Based on this, students subsequently explore first 
application ideas through different creativity techniques and 
enter the second phase of the TAS process “ideate”. To 
encourage creativity, students are presented with three ideation 
anchors, based on which they develop different application 
ideas for the technology. The numerous ideas collected must 
then be clustered according to their originality and feasibility, 
i.e., from a subjective perception. Therefore, in the following, 
the ideas are additionally grouped thematically, and duplicates 
are eliminated.

Phase three “decide” is given as homework, which allows 
the students for more creative freedom and gives them enough 
time to elaborate their ideas in detail based on extensive 
research and renewed consultation with the researcher and to 
check it against four to seven criteria such as technical 
feasibility, market attractiveness and profitability. Further it is
important for the students to exchange their ideas with experts 
and other stakeholders already at this stage, which is part of 
their homework [30, 31]. Therefore, the teams also meet with 
their mentors. These discussions feed into a decision matrix, 
which the teams use to finally settle on the three best-ranked 
and most promising ideas. 

The second day of Startup Experience is about “defining”
the three ideas that the students have chosen, phase four of 
TAS. It aims to understand the underlying problems and also 
the customer. In addition, the jobs that the product or service 
will perform must be defined, and the desired outcomes need
also to be monitored. The final step of this phase is to determine 
the critical hypotheses for the ideas to be tested in the next step. 
The hypotheses created must be validated by the teams by the 
next meeting with their stakeholders through interviews, 
surveys and expert discussions in order to adapt their ideas 
according to the lean startup approach [32].

“Sharpening” the idea is the goal of the third day and thus 
also the last phase of the TAS process. Here, students need to
identify trends and competitors in relation to their idea and their 
industry. With this preliminary work, the participants can then 
clearly differentiate their idea from other products and services 
and work out its added value. The result is a well-formulated 
value proposition statement. This statement is a common and 
acknowledged practice in entrepreneurship to support the 
development of an idea, as you are able to present the idea to 
others in a simple and quick way [33]. After these two and a 
half days, the TAS process is complete and with it the 
development of a promising application for the patented 
technology in terms of various types of feasibility, superficial 
financial considerations, and a comprehensive analysis of the 
customer. The decision is also supported by several feedback 
sessions with experts and potential customers. This is not the 
end as the idea still needs to be thought through further to be 
solid.

Table 1. Startup Experience content.

Seminar 
day

Curriculum Homework

1 Introduction

Team Building

TAS Phase 1

TAS Phase 2

TAS Phase 3

Expert and stakeholder 
discussions

2 TAS Phase 4 Validation of hypotheses

3 TAS Phase 5

Impact

Prototyping

Decision-Making

Customer interviews

4 Market + Marketing

Vision + Mission

5 Financial Planning

Business Model Canvas

Pitching

Pitch Presentation

6 Pitch Presentations

The teams are sensitized to think about the impact of their 
idea in the short and long term, not only on an economic level, 
but also on an environmental and social level. To further 
elaborate the idea, the first prototype is built using different 
techniques and presented to the group to get feedback and 
improve the Minimum Viable Product (MVP). An MVP should 
attract first customers as it has enough features and thus 
validates the product [34]. The day ends with an introduction 
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to decision making. Entrepreneurs need to make decisions all 
the time, and often with limited information [35]. For this 
reason, students will be introduced to the Effectuation Decision 
Canvas, which was developed specifically to support early-
stage startup decision-making [36].

On the fourth day, the participants deal again with the 
market and its competitors, because it is very important as an 
entrepreneur to be well informed about current market events.
Therefore, the market must be segmented according to 
customers, sales channels identified, and a marketing strategy 
developed based on this. With all the information students now 
have about their idea, teams need to explore how to make it 
happen. What are the possible revenue streams, what are the 
core activities and processes of the startup, and how can they 
implement them as a team. Together, the teams finish by 
defining a vision and mission.

The fifth day will provide an introduction to financial 
planning as a very important element of success. Afterwards, 
the information gathered so far are summarized in the Business 
Model Canvas. This supports the students in getting an overall 
picture of their idea and develop a pitch [37]. An introduction 
to pitching is also part of the fifth day. The seminar ends with 
the students’ pitches in front of a jury composed of the 
researcher of the patented technology and various stakeholders 
of the Karlsruhe entrepreneurial ecosystem such as professors, 
industry representatives and entrepreneurs. 

3.3. Evaluation

The university has developed an own standardized 
evaluation form which is scientifically proven and used as a 
measurement instrument for each lecture and seminar. The 
students are asked to provide feedback on the course itself, the 
premises, the lecturers, and general information about their 
studies. There is also a free text passage at the end for students 
to comment on the seminar. Students who complete this 
assessment give favorable ratings, but the instrument is not 
designed to assess a newly developed course.

For this reason, after completing the entire seminar, 
participants were asked to answer a survey, but also to give an 
interview. An overall positive picture of the seminar and the 
TAS process was painted. It was helpful for the students to start 
with a patented technology presented by a researcher rather 
than follow a market-pull approach. Meanwhile, it was also a 
challenge for the students to start with a technology they did 
not know yet and with which they first had to familiarize 
themselves, for which they would have liked to have had more 
time.

The TAS process was rated as simple and understandable 
due to the step-by-step instructions provided to the participants. 
Nevertheless, not all students strictly adhered to them, as in 
some cases a different order of items was felt to be more 
appropriate. On the one hand, TAS supported the consideration 
of all alternatives, gave some helpful tools for the whole 
process and encouraged learning new approaches. On the other 
hand, there was some criticism that students had unclear tasks 
and did not understand the difference between tasks within the 
process. Also, some information for the TAS process was 

missing and students were dissatisfied with the limitations of 
the process.

The students also mentioned the triple feedback they kept 
getting during the seminar: from the researcher, from the 
mentors and from the stakeholders. This was helpful for them 
to constantly develop and adapt their idea and to be able to react 
quickly to changing stakeholder needs.

With regard to the seminar organization, they particularly 
stressed the support and helpful information provided to them. 
At the same time, they criticized that they received too little 
information and wished for more opportunities to consult the 
supervisors. Nevertheless, seminar participants were positive 
about the impact of the lecturers. In addition, the students 
would like to emphasize the good interpersonal atmosphere 
they perceived in Startup Experience, as it ensures good 
cooperation and mutual motivation. The majority of the 
students seemed to be very satisfied with the seminar and 
confirmed that they would choose this seminar again. 

Examination of the students' Business Report and personal 
reflection journals, provided some evidence of the impact of 
the course on the students. The quality of reflection was 
generally quite high and showed good personal insight and 
learning. Furthermore, the final pitches showed interesting and 
partly promising business models. The stakeholders of the 
Karlsruhe entrepreneurship ecosystem were fascinated by the 
quality of the ideas developed. 

The evaluation is still ongoing, but the first impressions of 
the researchers are very positive as they are involved in the 
process and can observe the progress. They also appreciated the 
opportunity to contribute their knowledge and technology to a 
course, as they were concerned that the technology would not 
be utilized because they lacked the necessary startup-related 
knowledge needed to develop a business plan.

Based on the feedback received, the seminar will be adapted 
accordingly. First of all, more time should be allocated to give 
students the opportunity to familiarize themselves with the 
patented technology. Even though the three-way feedback is of 
great value in developing students' ideas, the session is 
extended with research to help students understand the 
technology better and more easily. Also, differentiation 
between the tasks given to the students should be made clearer 
for the students and provide them with more relevant 
information. Therefore, a booklet could be helpful to support 
the teams in their entrepreneurial journey. However, flexibility 
in the application of the TAS process should be maintained. 
Besides other forms of communication will be taken in to 
consideration to consult the lecturer at any time. 

4. Conclusion

This paper presented a concept for a teaching format at a 
university that supports the transformation of patented 
technologies from a university into a spin-off, thus enabling the 
commercialization of patented technologies. To this end, 
university researchers can bring in their patented technologies 
to be exploited by students into mature business models during 
the seminar and use the results to establish a spin-off. 

The problem with leaving most of these technologies 
untouched is that suitable applications for them are not found, 
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which is why TAS was part of the conceptualization of the 
seminar. TAS is a process for converting technologies or 
technological knowledge into value, which makes it an 
appropriate method for the expressed need. TAS was placed at 
the beginning of the seminar to ensure a deep understanding of 
the patented technology, but also to support the process of 
finding an application for an existing patented technology to 
realize its potential. The seminar developed was used to 
systematically test and evaluate the TAS process.

After this starting point, and with the most promising 
applications that the participants could think of, the seminar 
followed an entrepreneurial journey to further simulate the 
real-life context of an entrepreneur. The entire seminar was 
designed for action-based learning, so that students could 
immediately apply the presented content to the patented 
technology and its applications. Based on this design of the 
seminar, we were able to provide a format for researchers to 
develop applications and business models for their patented 
technologies. So far, the feedback has been that this type of 
opportunity is appreciated, and the applications and business 
models developed seem promising. Nevertheless, a limitation 
of this research is that no predictions can be made about how 
many spin-offs will result from this seminar. 

The students got the opportunity to experience the life of a 
founder firsthand by getting to work on a patented technology 
from the university, which was very motivating for them. They 
indicated that it was helpful to start with such technology, and 
according to their feedback, the university should offer the 
seminar every semester, as participation was only 
recommended by the students. In addition, students highlighted 
the three-way feedback they received. The researcher's close 
involvement with the patented technology itself made it easy 
for students to get feedback, especially if the application is 
feasible. Interaction with stakeholders and the entrepreneurial 
ecosystem in Karlsruhe allowed to assess the status quo of the 
business model and adapt it according to requirements. Finally, 
the feedback from the participants was valued by the mentors 
to get an independent perspective on the developed application 
and business model. The feedback was also a valuable source 
to develop the seminar accordingly and make it more suitable 
and effective in the next semester. This shows that this format 
needs even more validation. Even if a real-life-simulation is 
aimed at, it is limited by the time the seminar takes place, as 
only 6 sessions are held within 6 months.

The integration of the TAS process into the seminar 
provided initial insights into the effectiveness of promoting 
university spin-offs through this method. TAS proved to be a 
convenient approach for developing applications for a 
technology because it was easy for participants to understand 
and implement, but becoming familiar with the technology 
seems to be the crucial part within the process for which the 
seminar participants need enough time. So far, research on the 
suitability of this format is limited as it has only been conducted 
three times.

Nevertheless, the distinction between the phases of the 
process should be made clearer in further concepts, as the 
participants had the impression of working on the same task 
again. Although a systematic and scientifically evaluated TAS 
process has been tested, further studies need to focus on such a 

practical approach to further assess the suitability of TAS. As 
part of this the transfer of the concept to other smaller 
universities with limited resources or even to another context, 
such as an accelerator program, also needs to be explored. This 
shows that future researches should incorporate TAS combined 
with an entrepreneurial journey to support technology 
commercialization.
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