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This study aims to design and validate a business incubation model based on a
technopreneurship learning factory, addressing the gap between academic
learning and industry demands in the context of Industry 4.0. The increasing
unemployment rate among university graduates, exacerbated by a lack of
practical skills and industry alignment, highlights the urgency for innovative
educational approaches. The proposed model integrates theoretical knowledge
with entrepreneurial simulations, fostering design thinking and competitive
advantage in technopreneurship. Employing a developmental research approach,
the model was evaluated through expert validation involving specialists in
education, business, and technology. The validation process emphasized content
and construct validity, ensuring the model's alignment with both academic and
industrial requirements. The results confirmed its theoretical soundness and
practical relevance, marking a significant step in revitalizing entrepreneurship
education programs. This model provides a framework for universities to bridge
the skills gap and enhance their role in preparing students for the modern labor
market. Future research should focus on piloting the model across diverse
disciplines and institutions to assess its adaptability and long-term impact. By
fostering industry-academic collaboration, this study contributes to the
development of a sustainable technopreneurship ecosystem, advancing
innovation while addressing the challenges of traditional entrepreneurship
education.
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INTRODUCTION

The increasing unemployment rate among university graduates has become a major
concern in many developing countries, including Indonesia. Data from Indonesia’s Central
Bureau of Statistics (CBS) in January 2023 revealed that the Open Unemployment Rate (OUR)
based on education level stood at 36.92% of the total unemployment rate in Indonesia (Badan
Pusat Statistik, 2023). University graduates, particularly those holding diplomas and
bachelor’s degrees, contributed to 9.39% of the OUR, a figure significantly higher than the
3.59% unemployment rate for elementary school graduates. This high rate of unemployment
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among university graduates has also been reported in numerous countries worldwide (Abid
et al., 2023; Dayaratna-Banda & Dharmadasa, 2022; Qiwang & Xiaorui, 2020; Yirenkyi et al.,
2023). The unemployed face numerous psychological challenges, exacerbated by their
difficulty in securing jobs (Okpako et al., 2021). Graduates are expected to be agents of change
within society, yet they have fallen short of this expectation, as a university degree no longer
guarantees the career advancement and improved quality of life that many once believed it
would (Suhirman & Muliadi, 2023).

The growing unemployment issue among graduates has been linked to a significant gap
between academic learning in universities and the practical skills demanded by the labor
market (Aljohani et al., 2022). Previous studies explored how the weak connection between
education and the skills required by industry contributes to this rising unemployment rate
(Yirenkyi et al., 2023). In the era of Industry 4.0, labor market demands have shifted towards
technology adoption across all aspects of life, including education (Sahidu et al., 2019; Sharma
et al., 2023), network systems (Husin et al., 2023; Indriaturrahmi, 2017), and business and
industrial sectors (Castagnoli et al., 2022; Indriaturrahmi & Sudiyatno, 2016). The necessity of
technology-based entrepreneurship (technopreneurship) is seen as a crucial strategy for
technological development (Oukil, 2011). This scenario creates an opportunity for students to
embark on entrepreneurial ventures that address society's technological needs. However, a
major issue arises as students struggle to translate theoretical knowledge into practical
applications.

The first challenge relates to students' lack of soft skills, particularly design thinking,
which is vital for innovation (Indriaturrahmi et al., 2023). Design thinking fosters students’
ability to develop innovative ideas and commercialize technology (Lynch et al., 2021). The
second problem is the insufficient technopreneurship training during their university
education. Previous research indicates a lack of efforts by universities in developing
technopreneurial skills in students (Oukil, 2011), with universities serving merely as academic
service providers (Indriaturrahmi et al.,, 2022). Even in countries with top-tier education
systems, like Finland, the entrepreneurial ecosystem at universities remains underdeveloped
(Lahikainen et al., 2019). On the other hand, technopreneurship programs in universities offer
students opportunities to enhance their entrepreneurial and innovative skills (Amante &
Ronquillo, 2017). Nevertheless, the failure of university education in preparing students to
engage in and manage technopreneurial ventures leaves them unprepared to meet modern
labor market demands.

To bridge these gaps, many universities have initiated entrepreneurship programs
aimed at fostering students' soft skills within an academic environment. These programs are
intended to align academic learning with the practical skills required by the labor market.
Ideally, these entrepreneurship programs would enable universities to play a significant role
in shaping the technopreneurship ecosystem. However, most universities have failed to
provide the infrastructure necessary to create this ecosystem, and entrepreneurship programs
remain largely theoretical, with little impact on students' entrepreneurial spirit and interest
(Setyawati et al., 2021). Adopting education systems from developed countries, the alignment
of academic education with practical skills required by the labor market and modern
industries is achieved through the concept of learning factories (Baena et al., 2017; Jing et al.,
2023; Louw & Deacon, 2020). These learning factories are adaptable to both academic and
practical skills, particularly in growing fields such as information technology.

The concept of a technopreneurship learning factory aims to revitalize university
entrepreneurship programs by embedding practical and theoretical knowledge in a simulated
business environment. This model allows students to apply theoretical concepts in real-world
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entrepreneurial settings, fostering innovation and technology commercialization. Moreover,
the technopreneurship learning factory seeks to improve students” design thinking skills,
which are essential for identifying and solving complex problems in technological and
business contexts. Design thinking encourages a mindset of creativity and problem-solving,
helping students to approach challenges from multiple perspectives and develop innovative
solutions. This skill is crucial for technopreneurs who must navigate the complexities of
launching and scaling technology-based businesses (Lynch et al., 2021).

The development of a business incubation model based on a technopreneurship
learning factory also aligns with the goals of fostering competitive advantages in students.
Competitive advantage in technopreneurship is driven by students' ability to create and
sustain innovative solutions that meet the needs of the market. By engaging in real-world
business challenges through the learning factory, students enhance their entrepreneurial
capabilities, improving their readiness to compete in the fast-paced, technology-driven global
market (Amante & Ronquillo, 2017). Furthermore, the model aims to address the lack of
technopreneurship training in university curricula by providing students with hands-on
experience in running technology-based businesses. This practical experience is crucial in
preparing students to meet the demands of the modern labor market, where employers
increasingly seek candidates with both technical skills and entrepreneurial mindsets.

Expert validation of the technopreneurship learning factory model is a critical step in
ensuring its theoretical soundness and practical relevance. Experts from the fields of
education, business, and technology provide valuable insights into the model’s design and
implementation. Their feedback helps refine the model to ensure it meets the needs of
students and aligns with industry expectations. Moreover, expert perspectives contribute to
the ongoing development of the model, ensuring that it remains adaptable to evolving market
conditions and technological advancements. The integration of expert feedback also ensures
that the model is robust, addressing the key challenges identified in previous research, such
as the disconnect between academic learning and practical skills, the lack of design thinking
skills among students, and the insufficient technopreneurship training in universities
(Lahikainen et al., 2019; Indriaturrahmi et al., 2022).

The urgency of developing such a model cannot be overstated. As global economies
continue to shift towards technology-driven industries, the demand for technopreneurs who
can innovate and lead in these fields will only increase. Without the proper training and
support, university graduates will struggle to meet these demands, contributing to higher
unemployment rates and limiting their potential to drive technological progress. The
technopreneurship learning factory offers a solution by providing a structured environment
where students can develop the skills, knowledge, and mindset necessary to succeed in the
modern economy.

The development and validation of a business incubation model grounded in a
technopreneurship learning factory mark a substantial advancement in tackling the
challenges experienced by university graduates. This model is designed to bridge the
persistent gap between theoretical academic instruction and the practical skills required by
modern industries. It aims to equip students with critical competencies needed to excel as
technopreneurs in increasingly dynamic and technology-driven marketplaces. By
incorporating essential elements such as design thinking and competitive advantage into its
framework, the model not only promotes creativity and problem-solving but also builds a
solid foundation for entrepreneurship and innovation. It equips students to thrive in a
dynamic global economy, fostering resilience and adaptability.
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Study Objectives
The primary objective of this study is to develop a business incubation model based on

a technopreneurship learning factory that enhances students' design thinking and competitive
advantage in technopreneurship. This business incubation model is intended to revitalize
entrepreneurship programs in universities, addressing the gap between academic learning
and the practical skills required for technological entrepreneurship. By integrating academic
and practical knowledge through the learning factory, the model seeks to equip students with
the necessary capabilities to innovate and succeed in competitive digital and technological
markets. The model will be designed and validated through expert feedback, assessing its
theoretical validity in improving students' design thinking and technopreneurial
competitiveness. The following objectives will guide the study:

1. To design a business incubation model based on technopreneurship learning factory that
bridges the gap between theoretical academic learning and practical entrepreneurship
skills.

2. To validate the model through expert evaluation, ensuring that it aligns with both
academic standards and industry requirements.

Novelty of the Study

The proposed model responds to the need for innovative problem-solving in
revitalizing entrepreneurship programs at universities. Current programs lack practical
engagement, failing to develop critical entrepreneurial competencies in students, particularly
those needed to thrive in technopreneurship. By integrating the concept of a learning factory
into the business incubation process, the model creates an ecosystem that nurtures both
theoretical and practical entrepreneurship skills within the academic environment.
Specifically, the learning factory aims to combine the academic knowledge of students with
practical, hands-on experience in a manufacturing incubation unit. This unit serves as a
simulated business environment where students can apply their academic understanding of
technology and entrepreneurship to real-world problems.

The model’s novelty lies in its focus on design thinking and competitive advantage as
core competencies for technopreneurs. Design thinking is critical in fostering innovative
solutions to complex problems, enabling students to develop creative approaches to business
and technology challenges. In addition, the model emphasizes building a competitive
advantage in students, equipping them with the skills and mindset required to succeed in the
fast-paced digital economy. This innovative approach has not been previously explored in
university entrepreneurship programs, particularly in developing students' ability to think
critically, innovate, and compete in the modern business environment.

The validation of the business incubation model by experts is a crucial step. Experts
from various fields, including education, business, and technology, will provide insights into
the model’s design, helping to refine it to better meet the needs of both students and the
industry. Their perspectives will contribute to understanding how the model can be applied
in real-world settings, ensuring that it not only meets academic goals but also prepares
students for the challenges of the modern labor market. By incorporating expert feedback, the
study will ensure that the model is robust, adaptable, and capable of evolving alongside the
rapidly changing technological landscape.

The model is expected to create a sustainable technopreneurial ecosystem within the
university, where students are encouraged to innovate and apply their knowledge in practical
settings. This ecosystem, supported by the incubation unit, will serve as a bridge between the
university and the broader digital and industrial sectors, fostering partnerships with
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businesses that require modern digital platforms and technological solutions.

By addressing the shortcomings of traditional entrepreneurship programs, this study
introduces a novel and potentially transformative approach to technopreneurship education.
The technopreneurship learning factory, as a core component of the business incubation
model, represents a significant advancement in preparing students for the demands of the
digital economy. The integration of academic and practical learning through this model
promises to enhance students' entrepreneurial skills, fostering a new generation of
technopreneurs who are equipped to drive technological innovation and economic growth.
The long-term impact of this model, if successful, could extend beyond the university,
contributing to the broader development of digital industries and creating new opportunities
for graduates in the rapidly evolving global market.

LITERATURE REVIEW
Business Incubation Model in Universities

The business incubation model within universities or campuses is a program designed
to support and accelerate the growth of startups and small businesses initiated by students,
faculty, or members of the campus community. This program can provide various resources
such as access to educational facilities, research, mentorship from experienced professionals,
and networking with investors and industries. Additionally, campus incubators may offer
training and workshops focused on developing business skills. The primary goal of this model
is to foster innovation, create jobs, and bridge the gap between academia and industry,
creating a dynamic entrepreneurial ecosystem within the academic environment.

University business incubators are crucial for fostering entrepreneurship on campus,
facilitating technology transfer, and supporting the commercialization of educational or
research outputs. University-affiliated incubators can offer various services to help new
businesses grow and develop (Wonglimpiyarat, 2014). As universities increasingly prioritize
commercialization activities alongside research and teaching, the implementation of business
incubation models becomes vital to stimulating academic-based entrepreneurship (Lyken-
Segosebe et al., 2020). Several studies have demonstrated the effectiveness of campus business
incubators in supporting the development of new ventures with promising growth potential,
nurturing startups, and promoting innovation (Barugahara et al., 2019).

One of the primary goals of university business incubators is to bridge the gap between
the academic and industrial sectors by transferring knowledge and research outcomes into
practical applications. These incubators can serve as platforms for technology transfer,
enabling the translation of fundamental research conducted at universities into commercial
products and services (Wonglimpiyarat, 2014). By establishing these incubators, higher
education institutions aim to foster innovation, encourage the creation of new ventures, and
provide support for entrepreneurial initiatives (Prabowo, 2022). Additionally, university
incubators can establish relationships with academia, business, and government sectors,
significantly impacting the growth of entrepreneurship (Daniel & Porkolab, 2021).

The presence of university business incubators is crucial for supporting small and
medium-sized enterprises (SMEs) and startups. These incubators create a conducive
environment for entrepreneurs to develop their ideas, access resources such as shared
facilities, counseling, training, and receive financial and technical support services (Bismala et
al., 2020). Through the incubation process, university business incubators aim to generate
spin-offs and startups with successful growth potential (Tritoasmoro et al., 2024).
Furthermore, these incubators play a key role in job creation, promoting economic well-being,
and supporting the commercialization of new ideas (Lobacz & Niedzielski, 2015).
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University business incubators not only benefit startups but also the universities
themselves. They serve as tools for accelerating entrepreneurship within the academic
community, promoting sustainability beyond the classroom, and contributing to the
development of entrepreneurial ecosystems (Hassan, 2020). By nurturing companies
originating from university incubators, institutions can leverage their strengths to promote
sustainable practices and support the growth of innovative ventures (Brito et al., 2018).
Additionally, university-based incubators offer advantages in helping companies overcome
challenges associated with new ventures, contributing to their long-term survival and success
(Lasrado et al., 2016).

In conclusion, university business incubators play a vital role in fostering
entrepreneurship, facilitating technology transfer, and supporting the commercialization of
research outputs. These incubators act as a bridge between academia and industry, providing
essential support to startups, SMEs, and entrepreneurial ventures. Through the establishment
and optimization of business incubation models, universities can create a conducive
environment for innovation, economic growth, and job creation within campus communities.

Entrepreneurship and Technopreneurship

Entrepreneurship involves exploring and utilizing value-added product opportunities
based on economic, social, and cultural analysis (Suacamram, 2019). Developing
entrepreneurship offers dual benefits to both entrepreneurs and society (Fortunato & Alter,
2017). Entrepreneurship serves as a path to self-employment, an opportunity for independent
learning, and a context for leadership development and group achievement responsibility
(Taks et al., 2014). It helps entrepreneurs recognize their self-worth, increases employment
levels, and fosters creativity and social innovation. Therefore, entrepreneurship is considered
a vital competence for students to develop in the 21st century (Obschonka et al., 2017).

Researchers have proposed an entrepreneurial competencies (EC) framework to define
entrepreneurship as a transversal skill (Bacigalupo et al., 2016). This framework suggests three
domains of entrepreneurship: (a) ideas and opportunities: identifying opportunities,
evaluating ideas, and considering ethical and sustainable thinking; (b) resources: self-
awareness, perseverance, and mobilizing others; and (c) action: planning and managing,
collaborating with others, and learning through experience. Seikkula-Leino et al. (2021)
studied how EC has been integrated into educational and training development across
various countries, stating that entrepreneurship competencies are widely recognized as
essential drivers of competence in entrepreneurship education.

Morselli and Gorenc (2022) applied EC in a case study to evaluate two entrepreneurship
education classes using a problem-based learning approach for high school students. In
developing entrepreneurial learning activities, emphasis on practice is highly recommended.
Entrepreneurial activities should be designed with diverse features, such as promoting
creativity skills essential for entrepreneurial behavior and thinking, as well as advocating for
a “learning by doing” approach so that students can gain real-world business experience
(Suacamram, 2019).

The concept of entrepreneurship in the field of technology is known as
technopreneurship. Technopreneurship is a dynamic concept that involves blending
technology and entrepreneurship to create, develop, and manage new business ventures or
opportunities (Patnaik, 2023). It has become increasingly prominent, particularly as
technological advancements have laid the foundation for new business models (Tajvidi &
Tajvidi, 2021). Technopreneurship requires a strong willingness to master technology and a
deep understanding of entrepreneurial concepts, emphasizing the synergy between
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technological expertise and entrepreneurial intelligence (Putri et al., 2019). It involves
leveraging technology-based ventures to drive innovation, performance, and competitiveness
in business (Chinagozi et al., 2023).

At the heart of technopreneurship lies the intention to launch technology-based
ventures, where individuals or organizations utilize technological innovations to establish
new businesses (Salhieh & Al-Abdallat, 2021). This intention includes a combination of
inherent innovation, academic self-efficacy, and a proactive approach to identifying and
seizing business opportunities (Salhieh & Al-Abdallat, 2021). The commercialization research
process in technopreneurship involves several stages, including business opportunity
assessment, technology exploitation, and sustainable development, highlighting the
comprehensive nature of technopreneurship (Phuthong, 2023). Technopreneurship education
plays a crucial role in equipping individuals with the knowledge, skills, and competencies
needed to create ventures through technological innovation (Ayeni & Killian, 2023). Higher
education institutions, such as universities, play a pivotal role in fostering technopreneurial
intentions among students by offering non-traditional curriculum approaches and enhancing
technological infrastructure (Koe et al., 2020). Additionally, developing technopreneurship
skills is essential for preparing individuals to thrive in the Industry 4.0 era (Raharjo et al,,
2022).

The concept of technopreneurship not only involves individual ventures but also
encompasses socio-technopreneurship, which focuses on social missions, technology
adoption, and economic development (Pratiwi et al., 2022). By integrating social goals with
technological advancements, socio-technopreneurship aims to address social issues, create
jobs, and contribute to national economic growth (Pratiwi et al.,, 2022). Moreover, the
application of technopreneurship exemplifies how technology can bridge economic interests
and drive innovation in specific sectors (Nurnida & Wicaksono, 2018). Technopreneurship is
closely linked to information and communication technology (ICT), where self-efficacy in ICT
plays a crucial role in fostering technopreneurial interest and competence (Belmonte et al.,
2022). The relationship between entrepreneurial characteristics and intention underscores the
importance of traits such as creativity, innovation, and the need for achievement in driving
technopreneurial efforts (Saral & Alpkan, 2017).

Technopreneurship represents a dynamic and innovative entrepreneurial approach that
leverages technology to drive business creation, innovation, and sustainable development. By
combining technological expertise with entrepreneurial intelligence, individuals and
organizations can harness the power of innovation to build successful ventures and contribute
to economic growth and societal advancement.

Learning Factory

The term learning factory (LF) or teaching factory (TEFA) refers to a system that
integrates educational elements into a realistic production environment (Wagner et al., 2012),
thereby applying the concept of "factory-to-classroom" (Rentzos et al., 2015). The teaching and
learning process is brought closer to real manufacturing problems through a simplified shop-
floor emulation (Miiller et al., 2017), allowing learners to be tested under concrete industrial
conditions while practicing hands-on activities (Rentzos et al., 2015). The learning factory
supports experiential learning processes (Miiller et al., 2017), as defined by Kolb's theory (in
Monetti et al., 2023), where concrete experiences facilitate knowledge transfer. This cycle
involves students (a) actively engaging in practical tasks, (b) observing, reflecting, and
discussing activities with peers, (c) abstract conceptualization (analysis) and generalizing
events to suggest improvements (conclusions), and (d) attempting to practice the knowledge,
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ensuring that information is retained. The learning factory represents an approach adhering
to experiential learning theory, where students' learning processes require laboratory
experiences to enhance their understanding of theoretical concepts learned during regular
classroom activities (Jasti et al., 2021).

Learning factories have garnered significant attention in both vocational and academic
education, aiming to bridge the gap between theoretical knowledge and practical industry
needs. This innovative approach integrates real-world production environments into the
classroom, providing students with hands-on experience and practical skills (Hasanah &
Malik, 2018). By bringing the factory environment into educational settings, learning factories
enable students to work on, analyze, and produce quality products that meet market demands
(Kusmintarti et al., 2021). This model emphasizes production-based training, aligning
learning with industry standards and procedures to enhance graduates' competitiveness in
the job market (Hasanah & Malik, 2018).

The learning factory model is designed to simulate industrial practices in an educational
environment, offering students the opportunity to engage in authentic production/service-
based learning experiences (Wahjusaputri et al., 2019). This approach facilitates two-way
knowledge exchange between educational institutions and industries, ensuring that students
acquire the skills and competencies required by the job market (Rahmadan et al., 2022). By
immersing students in realistic work environments, the learning factory aims to improve their
employability skills and readiness for the workforce (Suranto et al.,, 2022). Through the
implementation of learning factories, educational institutions can provide students with
practical experiences that reflect real-world industry demands, thereby enhancing their job
readiness (Amaliah & Irfan, 2022).

One key aspect of learning factories is their focus on competency-based learning, where
students actively participate in workshops, laboratories, and business partnerships to develop
practical skills (Kusmintarti et al., 2021). This model emphasizes the importance of integrating
educational activities, research, and innovation to create a holistic learning experience that
prepares students to meet industrial demands (Heriyati et al.,, 2023). By applying learning
factory principles, educational institutions can foster students' entrepreneurial spirit, instill
industry-specific skills, and cultivate a mindset conducive to success in the business world
(Hardiyanto et al., 2022). Additionally, the learning factory model is structured through a
series of steps, including receiving orders, analyzing them, working on orders, quality control,
and delivery, equipping students with a comprehensive understanding of the production
process (Kusmintarti et al., 2021).

The concept of learning factories is not merely a theoretical framework but is actively
implemented in various schools to improve students' competencies and employability
(Dwijayanthi & Rijanto, 2022). This model serves as a platform for students to collaborate,
innovate, and solve real-life problems, thereby deepening their understanding of industrial
practices and academic knowledge (Suranto et al., 2022). Through learning factories, students
can gain practical experience, develop skills, and contribute to the production of goods and
services that meet market standards (Fahmi, 2019). This hands-on learning approach prepares
students for the challenges of the working world by equipping them with relevant skills and
experience (Komarudin et al., 2017).

The application of learning factories requires a structured approach that considers
factors such as management, human resources, marketing, workshops, laboratories, and
industrial partnerships (Wahjusaputri et al., 2019). By adopting the learning factory model,
educational institutions can create dynamic learning environments that mirror industry
standards and procedures, thereby enhancing students' readiness for the job market (Hasanah
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& Malik, 2018). This approach not only benefits students by providing them with practical
skills but also supports institutions in generating additional revenue through the sale of
products and services produced within the learning factory (Perdana, 2019). Additionally,
learning factories can contribute to institutional sustainability by enabling independent
financial management and healthy business practices (Kautsar et al., 2022).

Design Thinking

The demand for skilled human resources to meet the needs in all fields of work has
positioned information technology education as a platform to nurture innovative talents,
particularly in creating digital innovations (Huang & Looi, 2021; Northrup et al., 2022).
Producing digital innovations is not easy; it begins with how individuals can creatively design
innovative works, or in other words, every innovation starts from design thinking (Smith et
al., 2015). Therefore, design thinking has become an essential skill for individuals in the
current era of digital transformation within the context of Industry 4.0. Several developed
countries also emphasize design thinking as a core competency in information technology
education curricula (Falkner et al., 2019).

Although design thinking is considered a foundation for innovation, training it in the
learning process remains a challenge (Lin et al., 2024). Evidence from previous research shows
that traditional teaching methods are insufficient in enhancing students' design thinking
competencies (T. Li & Zhan, 2022; Prayogi et al.,, 2023). Specifically, in the context of
information technology education, studies indicate that traditional expository teaching, which
is not oriented toward design thinking, fails to improve students' design thinking skills in
creating creative technology products (Ardi et al., 2024). A recent descriptive study of 30
information technology education students also revealed that their design thinking skills were
categorized as poor (Indriaturrahmi et al., 2023).

Design thinking has become a crucial component in various educational contexts,
particularly in technopreneurship education. Integrating design thinking into
technopreneurship education can significantly enhance students' ability to innovate, solve
problems, and create impactful solutions (Y. Li et al., 2019). Design thinking is not just a
process but a mindset that fosters creativity, critical thinking, and user-centered problem-
solving (Aflatoony et al., 2018). Its potential has been recognized to transform teaching
approaches and curriculum development in entrepreneurship education, aligning with the
principles of designing effective learning environments (Gong, 2020).

In the field of entrepreneurship education, design thinking is increasingly utilized to
foster a culture of innovation and social impact. By integrating design thinking principles into
educational programs, educators can empower students to tackle real-world challenges
through creative problem-solving and collaboration (Pizarro & Graybeal, 2022). This
approach not only enhances students' design thinking skills but also equips them with the
tools to meaningfully contribute to social innovation initiatives (Novak & Mulvey, 2021).
Moreover, design thinking has proven to be an effective framework for supporting innovation
in various educational and workplace settings, emphasizing the importance of experiential
learning and hands-on design activities (Razali et al., 2022).

The integration of design thinking into technopreneurship education offers unique
opportunities to bridge the gap between theoretical knowledge and practical application. By
engaging students in the design thinking process, educators can nurture their creativity, build
essential skills, and encourage them to think innovatively (J. Li et al., 2022). This approach
goes beyond traditional teaching methods by involving students in real-world challenges and
encouraging them to develop viable solutions to address local, national, and global problems
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(Sandars & Goh, 2020). Additionally, design thinking can play a key role in transforming
entrepreneurship education curricula by incorporating its key characteristics into the course
content and delivery (Gong, 2020).

In an educational context that prioritizes practical skills and hands-on experience,
design thinking provides a valuable tool for fostering innovation and creativity among
students, where schools can equip them with the mindset and skills necessary to thrive in
technopreneurship (Selvaha, 2022). This innovative approach not only enhances students'
problem-solving abilities but also encourages them to approach challenges from both logical
and creative perspectives (Zi, 2022). Furthermore, design thinking has been identified as a
means to promote purposeful problem-solving in technology education, emphasizing the
importance of practical applications and user-centered design (Kriiger, 2019).

The importance of design thinking in technopreneurship education goes beyond
individual skill development and encompasses broader educational transformation. By
integrating design thinking principles into curricula, educators can create more engaging and
interactive learning environments that foster creativity and critical thinking (Hidayat et al.,
2019). This approach not only prepares students to meet the demands of the modern business
landscape but also instills a mindset of continuous innovation and adaptation (Elyta et al.,
2021). Moreover, design thinking can serve as a catalyst for academic transformation by
incorporating technological innovation and capacity building into the core of
technopreneurship education (Mulyany et al., 2023).

METHOD

This study aimed to develop a business incubation model based on technopreneurship
learning factory to enhance students' design thinking and competitive advantage in
technopreneurship. The research employed a developmental approach to design and validate
the model, following the methodology established for learning factory development to
enhance competency (Tisch et al., 2019). This study marks a new initiative in revitalizing
university entrepreneurship programs by integrating theoretical and practical knowledge
within a simulated business environment. The expected outcome is a validated model that
meets the program’s goals, with validity criteria drawn from prior research (Huizinga et al.,
2019; Nieveen et al., 2023).

Model Design

The design of the business incubation model based on technopreneurship learning
factory was grounded in both theoretical and empirical studies from past research. This
included a comprehensive literature review on technopreneurship, design thinking, and
learning factories. The design framework was also informed by previous models of learning
factory-based educational interventions and business incubation programs. The initial stage
of the study involved identifying key components that align with the study objectives,
particularly enhancing students' design thinking skills and competitive advantages in
technopreneurship.

Based on this research, a hypothetical framework was developed that serves as the
foundation of the technopreneurship learning factory. This model integrates theoretical
learning from the university curriculum with practical entrepreneurial experiences within a
simulated business environment. The learning factory approach enables students to engage
in real-world challenges, promoting hands-on learning and the application of design thinking
to solve complex problems.
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The model specifically targets two core competencies: (1) design thinking, which is
essential for fostering creativity and innovation, and (2) competitive advantage, which focuses
on developing students' entrepreneurial mindset and equipping them with the skills needed
to succeed in the competitive, technology-driven business landscape. These competencies are
integrated into the business incubation process, ensuring that students gain both practical
experience and entrepreneurial acumen.

Model Validation

Following the design of the hypothetical framework, the model underwent content and
construct validation. Validation involved a focus group discussion (FGD) with six expert
validators and practitioners from the fields of institutional development, technology, learning,
and entrepreneurship education. These experts were selected based on their experience and
expertise in technopreneurship, business incubation, and educational innovation. The experts
provided feedback on the conceptual framework of the technopreneurship learning factory,
evaluating the model's alignment with industry needs, educational goals, and its potential for
enhancing students' competencies.

The validation process was divided into two stages: (1) content validation, where
experts assessed the model's relevance, accuracy, and comprehensiveness in addressing the
study objectives, and (2) construct validation, where the logical consistency and theoretical
foundations of the model were evaluated. The FGD provided an interactive platform for
experts to discuss the strengths and weaknesses of the proposed model, offering constructive
criticism and suggestions for improvement.

Instruments and Data Collection

The primary instrument for collecting validation data was a validation sheet, designed
to gather feedback from the expert validators. This instrument contained a series of statements
aligned with the study objectives, allowing experts to rate various aspects of the model on a
Likert scale. The validation sheet covered multiple dimensions of the model, including its
design thinking framework, competitive advantage mechanisms, alignment with
technopreneurship goals, and overall feasibility for implementation in university
entrepreneurship programs. Experts were also encouraged to provide qualitative feedback in
the form of open-ended comments. This feedback was vital for understanding the practical
applicability of the model and identifying areas that required further refinement. The
qualitative data collected from the FGD and validation sheets were analyzed descriptively to
identify common themes and patterns in expert feedback.

Data Analysis

The validation data were analyzed using descriptive statistics to assess the overall
validity of the technopreneurship learning factory model. Quantitative data from the
validation sheets were compiled and averaged to determine the overall validity score of the
model, while qualitative data were categorized and coded to identify key themes and expert
recommendations. The criteria for determining the validity of the model followed the
standards established in previous research (Prayogi et al., 2018), focusing on content,
construct, and practical applicability. Specifically, the model was considered valid if it met the
following criteria: (1) alignment with the theoretical foundations of technopreneurship and
design thinking, (2) feasibility for implementation in university entrepreneurship programs,
and (3) potential for enhancing students' design thinking and competitive advantage in
technopreneurship.
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Improvement and Refinement of the Model

Based on the feedback from expert validators, revisions were made to improve the
conceptual framework of the model. Suggestions and inputs were accommodated to refine
the model's design, ensuring that it addressed the gaps identified by the experts and aligned
with the current trends in technopreneurship education. For instance, experts recommended
enhancing the integration of real-world business challenges into the learning factory
experience, ensuring that students gain hands-on experience in addressing practical
problems. Additionally, adjustments were made to the model's design thinking component to
ensure that it effectively fosters creativity and innovation among students.

The refined model was re-evaluated by the expert validators to ensure that the revisions
addressed the issues raised during the initial validation phase. The final version of the
technopreneurship learning factory model was then finalized for implementation, ready to be
tested in future research involving university students and faculty members.

The developmental research employed a rigorous design and validation process to
develop a business incubation model based on a technopreneurship learning factory. By
integrating design thinking and competitive advantage into the business incubation process,
the model aims to enhance students' entrepreneurial competencies and prepare them for
success in the modern, technology-driven labor market. The expert validation process ensured
that the model is both theoretically sound and practically relevant, addressing the challenges
faced by university entrepreneurship programs and contributing to the broader goal of
fostering technopreneurial innovation among students.

RESULTS AND DISCUSSION
Design of the Business Incubation Model

In the context of higher education reform, this research proposes a significant
revitalization of entrepreneurship programs. Through the business incubation model based
on technopreneurship learning factory, the study addresses current and future demands of
increasingly connected and rapidly changing business and industrial sectors (DUDI). By
integrating the technopreneurship learning factory concept into entrepreneurship programs,
these initiatives become more adaptive and relevant. The policy implications of this research
include a rethinking of how higher education institutions can support the development of
technopreneurship among students. A summary of the state of the art and the novelty position
of the research is presented in Figure 1.

As depicted in Figure 1, the business incubation model based on technopreneurship
learning factory is initiated to create an entrepreneurial ecosystem within the campus through
a production unit, specifically a business incubation unit. The competitive advantage in the
field of information technology entrepreneurship (technopreneurship) is built from academic
learning (theoretical) and practical skills (manufacturing) within the campus, which are then
downstreamed (commercialized products) to society or to the business and industrial sectors
(DUDI) that require digital platforms and modern digital industrial companies.

Literature from previous studies indicates that the issue of entrepreneurship education
has evolved and remains debated, particularly regarding how entrepreneurship should be
taught and what outcomes are expected (Ayed, 2020; Fayolle, 2013; Indriaturrahmi &
Sudiyatno, 2016). Traditional teaching at universities is no longer adequate to build students'
competitive advantage in entrepreneurship, particularly in the field of technopreneurship.
Consequently, their competitiveness in technopreneurship has become hindered (Halim et al.,
2023). Government-initiated entrepreneurship programs have had little impact on reducing
the open unemployment rate among higher education graduates, improving soft skills, or
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building students' technopreneurship competitive advantages. This research is at the forefront
of modern higher education development, combining the latest paradigms in
technopreneurship, design thinking, and learning factories.

University
Entrepreneurs-
hip Program

Revitalization of
Entrepreneurship

Program
Technopreneur-
Entrepreneurs- /_ ship x .
hip Ecosystem Tel:_ nopreneur
+ -ship Learning

in Academic Facto
Education . Y
Learning Factory

Business Incubation Based on
Technopreneurship Learning Factory

Design Thinking and
Technopreneurship
Competitive Advantage

Downstreaming commercial
products to the community

Figure 1. State of the art of the incubation model as a form of revitalization of
entrepreneurship programs

The state of the art of this research leverages the concept of learning factories, which
have proven effective in bridging theory and practice across various industries (Baena et al.,
2017; Jing et al., 2023; Louw & Deacon, 2020). The novelty of this research lies in applying
learning factories exclusively within the context of design thinking and technopreneurship
competitive advantage, allowing students to gain hands-on experience in creating and
managing technology businesses. This approach addresses the gap between classical learning
and market needs, making this research a breakthrough in shaping future technopreneurs
who meet current industry demands. Previous studies on technopreneurs have shown that
individuals highly skilled in technology taught within the education sector are 34.4% more
likely to escape unemployment than those without technological skills (Yirenkyi et al., 2023).
Technological skills can provide a pathway for technopreneurs to reduce student
unemployment following formal university education.

Design thinking is a crucial context that must be trained in the realm of technology
innovation and commercialization (Indriaturrahmi et al., 2023; Lynch et al., 2021). Classical
education that relies solely on technological knowledge is no longer sufficient for students'
future success; they must be equipped with critical thinking skills (Passow & Passow, 2017),
particularly design thinking, which is considered a fundamental mindset in entrepreneurship
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education (Daniel, 2016; Huq & Gilbert, 2017; Lahn & Erikson, 2016; Nielsen & Stovang, 2015).
This study introduces innovation by integrating design thinking into the technopreneurship
context. By applying design thinking principles, students not only gain conceptual
understanding but also a competitive edge in designing innovative solutions that meet market
needs.

Phases of the Business Incubation Model

The business incubation model based on technopreneurship learning factory to enhance
students' design thinking and technopreneurship competitive advantage is presented in
Figure 2.

Business Incubation
(Faculty)

o
11

N

O

A Co—i?o AN
o)
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Technopreneurship
Learning Factory
Design Thinking & Supporting Resources
Technopreneurship (Lecture, Students,
25 (1) Planning Curriculum)
& =
(5) Remodeling (2) Implementing
(4) Improvement {3) Evaluation

Marketing & Sustainable Production
Downstreaming of technology products to the
community

Figure 2. The business incubation model based on technopreneurship learning factory

The business incubation model based on the technopreneurship learning factory is
initiated to foster an entrepreneurial ecosystem within universities through a production unit,
known as the business incubation unit. The competitive advantage in technopreneurship,
especially in the field of information technology, is built from both academic (theoretical)
learning and practical (manufacturing) skills on campus, which are later commercialized to
society and to industries that demand modern digital platforms and companies.

Various business incubation models are offered in the literature, demonstrating their
flexibility for implementation in universities, as highlighted in previous studies (Hassan, 2020;
Nicholls-Nixon et al., 2021). The core principle of university-based business incubation
models is to support and accelerate the development of startups and small businesses initiated
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by students, faculty, or the campus community. Campus incubators offer training and
workshops that focus on business skill development (Lahikainen et al., 2019).

The development of this business incubation model is aimed at fostering campus-based
entrepreneurship, facilitating technology transfer, and supporting the commercialization of
products resulting from educational programs in technology through the learning factory
cycle. As illustrated in Figure 2, the business incubation prototype starts at the faculty level,
analyzing available resources and is run through the technopreneurship learning factory
scheme. This model operates through five life cycle phases, adapted and expanded from "The
Life Cycle of Learning Factories for Competency Development" (Tisch et al.,, 2019) and
specifically tailored to enhance students' design thinking and competitive advantage in
technopreneurship. The phases are outlined as follows:

1) Planning
This phase focuses on planning all aspects required to run the technopreneurship

learning factory-based incubator.

e Needs analysis: Identifying relevant market and technological needs.

e Goal setting: Establishing long-term and short-term goals for the incubator.

e Resource allocation: Identifying and allocating necessary resources, including tutors,
experts, facilities, etc.

e Curriculum development: Creating a lesson plan based on collaborative project work
(adjusted to relevant courses).

e Partnership building: Establishing collaborations with research institutions, industries,
and other supportive partners.

2) Implementation
This phase involves up-skilling students and designing technology in the incubation
process.

e Up-skilling: Enhancing students' skills and knowledge in technology, technopreneurship,
technological innovation, marketing strategies, leadership, and collaboration. The goal is
to ensure that participating students are equipped to innovate, manage projects
effectively, and develop competitive, sustainable businesses. Up-skilling is achieved
through education and training programs based on collaborative project work involving
internal (faculty experts) and external (industry partners) resources.

e Designing: Designing technological products or digital platforms through collaborative
project work, utilizing internal and external resources to simulate a real-world business
environment.

3) Evaluation
The evaluation phase assesses the effectiveness of the program's implementation.

e Implementation evaluation: Evaluating the effectiveness of up-skilling efforts on
improving students' design thinking and the success of designing competitive technology
products.

e TFeedback loop: Gathering feedback from students, mentors, and partners to assess
successes and areas for improvement.

4) Improvement
Based on the evaluation results, this phase focuses on program improvement.
e Program enhancement: Modifying the curriculum, education, and training based on
performance analysis and feedback.
e Mentor capacity: Increasing the quality and quantity of mentors and providing training to
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ensure optimal support.

5) Remodeling

This phase involves reviewing and adjusting the incubation model to ensure its long-
term relevance and effectiveness.
e Product adjustment: Adjusting product designs based on market needs and technological

developments.

e Strategy adaptation: Adapting incubation strategies to technological trends and market
demands.

e Continuous innovation: Integrating new innovations into the program and incubation
methods.

Upon completing one cycle, the next step involves entering the marketing phase and
ensuring sustainable production. At this stage, the technological products developed (goods
or services) are not only commercialized to the public but also introduced and marketed to
industries. This commercialization process involves effective marketing strategies to ensure
the products are widely accepted and used. Collaboration with industries (DUDI) becomes
crucial for expanding distribution networks and maximizing the commercial potential of the
products. Additionally, maintaining sustainable production is essential to ensure the quality
and quantity of the products remain stable and meet market demand.

In this context, technopreneurship students will learn how to face dynamic market
challenges and continuously innovate to maintain their products' competitive edge. Thus, the
business incubation model based on a technopreneurship learning factory focuses not only on
product development but also on applying sustainable business strategies to create added
value and a competitive advantage for young technopreneurs from the student community.

Expert Perspectives on the Business Incubation Model

The results of validity tests of the model are presented and discussed in the context of
relevant literature. The data from the validation of the business incubation model based on
technopreneurship learning factory are shown in Table 1.

Table 1. The results of validity tests

Aspect of validity Mean SD Criteria

Content validity — Needs 4.333 0.300  Very valid
Content validity — State of the Art 4.610 0.251  Very valid
Construct validity 4.332 0.470  Very valid
Average 4.425 0.340  Very valid

The data in Table 1 indicate that the business incubation model based on
technopreneurship learning factory has a very high level of validity based on three key aspects
measured: content validity and construct validity. For content validity, specifically related to
needs, the average score obtained was 4.333 with a standard deviation of 0.300, categorized
as "Very Valid." This suggests that the model has been well-adapted to meet relevant needs.
Additionally, content validity assessing the state of the art achieved an average score of 4.610
with a standard deviation of 0.251, also categorized as "Very Valid," confirming that the model
aligns with the latest developments in the field. Regarding construct validity, the average
score was 4.332 with a standard deviation of 0.470, also falling within the "Very Valid"
category. Overall, the model's average validity score was 4.425 with a standard deviation of
0.340, indicating that the model is considered highly valid from the various perspectives
tested.
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This research successfully achieved its main objective: to develop and validate business
incubation model based on technopreneurship learning factory aimed at enhancing students'
design thinking skills and technopreneurial competitive advantage. The results of the validity,
practicality, and effectiveness tests indicate that this model can make a significant contribution
in addressing challenges faced by higher education, especially regarding the gap between
academic learning and the practical skills required by modern industries (Aljohani et al., 2022;
Yirenkyi et al., 2023). Additionally, the model provides a solution to the challenges posed by
a lack of soft skills, particularly design thinking, which often hinders innovation and students'’
competitiveness in the field of technopreneurship (Indriaturrahmi et al., 2023; Oukil, 2011).
Hence, this research confirms that revitalizing entrepreneurship programs through this
incubation model is essential.

The validity of the business incubation model based on a technopreneurship learning
factory demonstrated excellent results. The strong content validity reinforces that the model
was designed based on real-world needs, both from the perspectives of students and
industries (Husin et al., 2023; Suacamram, 2019). These findings align with literature that
states that an effective learning model must be relevant to industry developments, particularly
in the era of the Fourth Industrial Revolution (Roblek et al., 2016). The high construct validity
further shows that the model's components were systematically organized and aligned with
the underlying theories of technopreneurship and learning factories (Baena et al., 2017; Tisch
et al., 2019). This means that the model is grounded not only in intuition but also in a solid
theoretical framework.

CONCLUSION

The development and validation of the business incubation model based on
technopreneurship learning factory presented in this study offer significant progress in
addressing the challenges faced by higher education. By integrating academic learning with
practical entrepreneurial experiences, the model successfully bridges the gap between
theoretical knowledge and the practical skills demanded by the modern labor market. The
emphasis on design thinking and competitive advantage enhances students' ability to
innovate and compete in the fast-paced, technology-driven business environment. Validation
results confirm the model's effectiveness, with high scores in both content and construct
validity, demonstrating that it aligns with industry needs and academic standards.

This model provides a solution to the prevalent issues in traditional entrepreneurship
education, which often fails to equip students with the necessary soft skills and practical
experiences required for technopreneurship. The technopreneurship learning factory
approach fosters hands-on learning, promoting innovation, technology commercialization,
and industry readiness. The findings underscore the importance of adapting educational
programs to meet the demands of Industry 4.0, ensuring that students not only gain
knowledge but also develop the entrepreneurial mindset and skills required to thrive in the
modern economy. This model holds the potential to transform entrepreneurship education
and better prepare students for future challenges.

LIMITATION

One limitation of this study is that the business incubation model based on
technopreneurship learning factory was validated primarily through expert feedback rather
than comprehensive, real-world testing involving students and industry partners. While the
expert validation ensured the model's theoretical soundness, its practical application and
long-term effectiveness in diverse university settings were not fully explored. Additionally,
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the study focused on a specific context within information technology education, which may
limit the generalizability of the model to other academic disciplines or industries. Future
research should involve pilot implementations across various universities and sectors to
assess the model’s adaptability, scalability, and impact on students' entrepreneurial success
and market readiness.

RECOMMENDATION

It is recommended that future research and implementation of the business incubation
model based on technopreneurship learning factory include extensive pilot programs across
multiple universities and industries to assess its practical effectiveness and adaptability in
real-world settings. Institutions should consider integrating the model into their
entrepreneurship curricula to provide students with hands-on experience in design thinking
and business development. Collaborations with industry partners are essential to ensure the
model aligns with evolving market needs and technological advancements. Additionally,
continuous feedback from students, educators, and industry professionals should be
incorporated to refine and enhance the model's relevance, scalability, and long-term impact
on students' entrepreneurial skills and career readiness.
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