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ABSTRACT
Received: 10 May 2026 This study aimed to develop a comprehensive model for evaluating the effectiveness of
Accepted: 18 Aug 2026 entrepreneurship education courses in higher education by identifying, prioritizing, and dynamically

modeling the factors that determine their effectiveness. This applied, descriptive-survey study
employed a mixed qualitative-quantitative design. Data were collected through a literature review,
Final Publication: 21 Mar 2027 exploratory interviews, and a questionnaire. First, a research synthesis was conducted to identify the
principal factors, components, and indicators associated with the effectiveness of entrepreneurship
education, while the exploratory interview findings informed the development of the quantitative
Keywords instrument. The identified components were subsequently weighted and prioritized using the Fuzzy
Analytic Network Process (FANP) based on pairwise judgments. In the next stage, causal
relationships among the variables were incorporated into a system dynamics model developed in
Higher Education, Educational Vensim using a stock-and-flow approach. Structural and behavioral tests were employed to assess
model validity, and sensitivity analysis and simulation were performed to examine system behavior
under alternative conditions and to identify appropriate educational policies. FANP results indicated
Fuzzy Analytic Network Process, ! that managerial skills had the greatest contribution to entrepreneurship education effectiveness, with
a weight of 0.411769, followed by individual skills (0.291013), experiential skills (0.206090), and
business skills (0.089656). The overall consistency ratio was 0.0903, below the 0.10 threshold,
confirming acceptable consistency of the pairwise judgments. At the subcriterion level, opportunity
identification, ambiguity tolerance, and risk-taking; organization and team building, group activity,
and learning about business; opportunity recognition and training in real-world environments; and
project management, future-oriented leadership, and business planning received the highest priorities
within their respective dimensions. System dynamics simulation further demonstrated that the
simultaneous development of all four skill domains generated greater effectiveness than concentrating
on only one or two dimensions and produced stronger long-term improvements in entrepreneurial
intention and behavior, innovation, organizational performance, and the entrepreneurial environment.
The effectiveness of entrepreneurship education in higher education is a multidimensional and
dynamic phenomenon that requires the integrated development of managerial, individual,
experiential, and business competencies.
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EXTENDED ABSTRACT
INTRODUCTION

Higher education institutions increasingly operate in environments characterized by
technological transformation, labor-market uncertainty, intensified expectations for
innovation, and growing pressure to contribute directly to economic and social
development. Universities are therefore expected not only to transmit disciplinary
knowledge but also to cultivate capabilities that enable students to recognize opportunities,
solve complex problems, innovate, and generate economic and social value. The
effectiveness of higher education depends on the interaction between institutional
structures, educational processes, governance arrangements, curricula, and the behavior of
organizational actors, which makes educational performance a multidimensional rather
than a purely instructional phenomenon (1). Questions concerning centralization and
decentralization in higher education curricula similarly highlight the importance of
institutional flexibility and the distribution of decision-making authority in responding to
emerging educational requirements (2).

Within this changing landscape, entrepreneurship education has become an
increasingly important component of higher education. Contemporary entrepreneurship
education extends beyond teaching business start-up procedures and involves the
development of individual, managerial, experiential, interpersonal, and business-related
competencies. Modern entrepreneurship education models therefore emphasize
competency development and the integration of theoretical knowledge with practical
capabilities (3). University-based entrepreneurship education designed around innovative
approaches has likewise demonstrated the importance of linking curriculum content,
instructional methods, entrepreneurial competencies, and real-world requirements (4).
Evidence from lIranian universities also suggests that entrepreneurship education can
contribute to the development of students’ entrepreneurial capabilities and strengthen
competencies required for entrepreneurial action (5). Such education may consequently
contribute not only to individual development but also to broader regional and economic
development, particularly where universities function as important mechanisms for
creating employment opportunities and local entrepreneurial capacity (7).

A major development in entrepreneurship education has been the transition from
predominantly lecture-based instruction toward experiential, problem-oriented,
collaborative, and practice-based learning. Transformative experiential learning in science-
and technology-based entrepreneurship education emphasizes active engagement with



authentic entrepreneurial problems and the translation of knowledge into sustainable
technological innovation (9). Experiential learning has also been recognized as particularly
relevant to academic technology entrepreneurship because it allows students to practice
opportunity identification, decision-making, experimentation, and venture development
(10). More recently, experiential learning has increasingly been integrated with digital
transformation, creating learning environments in which students interact with digital tools,
virtual entrepreneurial activities, and technology-supported business development
processes (16, 18).

Digital transformation has consequently added another layer of complexity to
entrepreneurship education. Digital entrepreneurship, emerging technologies, virtual
education, and digitally mediated learning environments have changed both the nature of
entrepreneurship and the methods through which entrepreneurial competencies are
developed (13, 14). Emerging technology-based education can enhance entrepreneurial
skills, while innovation in digital teaching requires universities to redesign learning
experiences rather than simply transfer conventional classroom content to digital platforms
(19, 29). The effectiveness of virtual education is also influenced by educational quality,
instructional design, and the capacity of higher education institutions to support meaningful
learning interactions (20). Differences between face-to-face and online education further
indicate that the educational environment can influence entrepreneurial intentions and
outcomes (21).

These developments make the evaluation of entrepreneurship education increasingly
difficult. Conventional evaluations frequently examine isolated outcomes or rely on static
indicators, although entrepreneurial education operates through interconnected factors
whose effects may develop gradually and reinforce one another over time. Systems
thinking and system dynamics provide an alternative approach by emphasizing causal
relationships, feedback mechanisms, delays, and the longitudinal behavior of complex
systems (33). System dynamics has also been applied specifically to higher education as a
methodology for understanding complex interactions among educational components (34).
Its application to evaluating educational effectiveness further demonstrates its potential for
moving beyond static assessment toward simulation of alternative policies and their
consequences (36). A systems approach is particularly relevant in contemporary higher
education, where technological and organizational changes can simultaneously affect
teaching, institutional structures, decision-making, and performance (28). Accordingly,
there is a need for an integrated framework capable of identifying influential components,
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determining their relative importance, and representing their dynamic interactions. The
present study therefore aimed to develop a system dynamics-based model for evaluating
the effectiveness of entrepreneurship courses in higher education by identifying and
prioritizing influential competencies and modeling their dynamic interrelationships.

METHODS AND MATERIALS

This study was applied in terms of utilization, descriptive-survey in terms of
purpose, and employed a mixed qualitative-quantitative approach. The research process
was conducted sequentially to identify the factors associated with the effectiveness of
entrepreneurship education, determine their relative priorities, and construct a dynamic
model capable of representing their interactions over time.

Data were collected through library studies, exploratory interviews, and
guestionnaires. In the first stage, a research synthesis approach was employed to identify
the principal factors, dimensions, components, and indicators relevant to a comprehensive
system for assessing the effectiveness of entrepreneurship courses in higher education.
Existing studies were synthesized to identify recurring concepts and organize the variables
considered relevant to entrepreneurship education effectiveness. Exploratory interviews
were then conducted, and their results were used in developing the questionnaire and
refining the conceptual structure of the study.

In the quantitative stage, the identified components and subcomponents were
assessed through pairwise comparisons. Twenty respondents participated in the
guantitative evaluation. Fuzzy Analytic Network Process (FANP) was used to calculate
fuzzy weights, defuzzify the resulting values, and prioritize the identified dimensions and
subcriteria. Consistency ratios were calculated to assess the logical consistency of the
pairwise judgments.

Following the prioritization stage, the relationships among the identified variables
were translated into an integrated causal model. System dynamics modeling was performed
using Vensim. The model represented causal relationships among individual, managerial,
experiential, and business competencies and their expected consequences for
entrepreneurial  intention, entrepreneurial behavior, innovation, organizational
performance, and the broader entrepreneurial environment. Model equations were
constructed using quantitative data derived from the questionnaire and interview stages.
Structural and behavioral validation procedures were applied to assess model adequacy.
These procedures included examination of structural validity, boundary adequacy,
behavioral plausibility, and sensitivity to changes in model parameters. Finally, alternative



policy conditions were simulated to determine how different patterns of competency
development could influence the long-term effectiveness of entrepreneurship education.

FINDINGS

The FANP analysis identified four principal dimensions contributing to the
effectiveness of entrepreneurship education. Managerial skills received the highest overall
weight (0.411769) and were therefore ranked first. Individual skills received a weight of
0.291013 and ranked second, experiential skills received a weight of 0.206090 and ranked
third, and business skills received a weight of 0.089656 and ranked fourth. The overall
consistency ratio was 0.0903, which was below the accepted threshold of 0.10 and
indicated satisfactory consistency in the pairwise judgments.

Analysis of the individual-skills dimension showed that opportunity identification
was the highest-ranked subcriterion. Ambiguity tolerance ranked second and risk-taking
ranked third. These findings indicated that the ability to recognize entrepreneurial
opportunities, operate under uncertain conditions, and accept calculated risk constituted
the most influential individual competencies within the model. Communication skills,
individual attitudes, independence, creativity and innovation, and achievement orientation
were also included within this dimension but received lower relative priorities.

Within managerial skills, organization and team building obtained the highest
priority, followed by group activity and learning about business. Other managerial
competencies included listening, employee management, decision-making, discussion and
communication, knowledge acquisition, encouragement of effort, self-management, and
technical skills. The ranking therefore placed particular emphasis on the capacity to
coordinate people, participate effectively in collective activities, and understand the
organizational realities of business.

Within experiential skills, opportunity recognition achieved the highest priority,
while training in a real-world environment was ranked second. Improvement of resource,
financial, marketing, and sales management competencies occupied the next position,
followed by entrepreneurial alertness, learning about business management, and
development of group organization and leadership skills. The experiential dimension
therefore emphasized practical exposure to entrepreneurial conditions and active
engagement with business-related problems.

In the business-skills dimension, improvement and development of project
management received the highest priority. Development of future-oriented leadership
ranked second, and business planning ranked third. Other components included idea
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creation and opportunity discovery, enterprise growth management, strengthening the
entrepreneurial spirit, talent and skill development, and development of an orientation
toward change.

The integrated causal model further demonstrated that the four major competency
domains were interconnected rather than independent. System dynamics simulation
showed that simultaneous development of managerial, individual, experiential, and
business skills produced the strongest improvement in the overall effectiveness of
entrepreneurship education. Under this integrated scenario, entrepreneurial intention and
behavior improved together with innovation, productivity, organizational performance,
and the entrepreneurial environment. In contrast, concentrating educational interventions
on only one or two competency categories did not generate the same level of effectiveness.
Simulation behavior therefore supported a comprehensive competency-development
policy rather than a fragmented training strategy.

DISCUSSION AND CONCLUSION

The findings indicate that the effectiveness of entrepreneurship education is
primarily determined by the interaction of multiple competency domains, with managerial
skills occupying the most influential position. The prominence of managerial skills
suggests that entrepreneurial knowledge has limited practical value unless students can
organize resources, coordinate teams, make decisions, manage uncertainty, and translate
opportunities into structured action. Organization and team building, group activity, and
learning about business emerged as particularly important because entrepreneurial activity
rarely occurs in isolation. Successful entrepreneurial action requires individuals to combine
human, informational, financial, and organizational resources and direct them toward
defined objectives.

The second-ranked position of individual skills emphasizes the personal foundations
of entrepreneurial behavior. Opportunity identification, ambiguity tolerance, and risk-
taking represent essential capabilities for operating in uncertain and rapidly changing
environments. Opportunity recognition is particularly important because it connects
environmental awareness with entrepreneurial action. However, the results also indicate
that individual characteristics alone cannot ensure educational effectiveness. Their impact
becomes stronger when supported by managerial capabilities, practical experience, and the
ability to implement business processes.

The importance assigned to experiential skills reinforces the need to move
entrepreneurship education beyond predominantly theoretical instruction. Real-world



training enables students to encounter uncertainty, market constraints, teamwork, resource
limitations, and decision consequences in contexts that approximate actual entrepreneurial
activity. Practical experience can therefore serve as the mechanism through which
conceptual knowledge becomes usable competence. The high ranking of opportunity
recognition within the experiential dimension further suggests that students need repeated
exposure to authentic problems and market situations in order to develop entrepreneurial
judgment.

Although business skills received the lowest aggregate weight among the four
dimensions, they remain an essential component of the overall model. Project management,
future-oriented leadership, and business planning provide the operational mechanisms
required to transform entrepreneurial intention and opportunity recognition into sustained
action. Their lower relative weight should therefore not be interpreted as evidence of
limited importance; rather, the results suggest that business techniques are most effective
when they are supported by managerial, individual, and experiential foundations.

The system dynamics results provide the central conclusion of the study.
Entrepreneurship education should not be designed as a collection of independent
instructional components. The four competency domains form an interconnected system in
which improvement in one domain can reinforce or constrain development in others.
Consequently, interventions that narrowly emphasize business-plan writing, theoretical
entrepreneurship knowledge, or isolated personal traits are unlikely to generate the
strongest outcomes. A more effective model combines managerial capability development,
personal entrepreneurial competencies, experiential learning, and business skills within a
coordinated educational process.

Overall, the proposed FANP-system dynamics framework offers a structured
method for identifying priorities while simultaneously accounting for dynamic
relationships among the determinants of entrepreneurship education effectiveness. The
model suggests that higher education institutions can improve entrepreneurial intention,
behavior, innovation, productivity, and organizational outcomes by designing integrated
programs rather than fragmented courses. Entrepreneurship education should therefore be
treated as a dynamic competency-development system in which students progressively
acquire the personal, managerial, experiential, and business capacities required to convert
entrepreneurial opportunities into sustainable action.
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