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This study investigates how Generative Artificial Intelligence Supported Entrepreneurship Education
(GAISEE) influences university students’ entrepreneurial intentions through a quantitative analysis
of Chinese higher education institutions. Using structural equation modeling with data from 346
university students, we demonstrate that GAISEE significantly enhances both entrepreneurial self-
efficacy (3 =0.523, p<0.001) and entrepreneurial intention (B =0.244, p<0.001). The research reveals
that entrepreneurial self-efficacy mediates the relationship between GAISEE and entrepreneurial
intention, while the university entrepreneurial environment moderates these relationships.
Notably, an optimized university environment strengthens the positive effects of GAISEE on both
entrepreneurial self-efficacy (B=0.333, p<0.001) and entrepreneurial intention (B=0.207, p<0.001).
These findings provide empirical evidence for the effectiveness of integrating generative Al technology
in entrepreneurship education and highlight the importance of supportive university ecosystems in
fostering student entrepreneurship.
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The integration of artificial intelligence (AI) in higher education, especially in entrepreneurship education, is
undergoing a transformative shift, driven by advancements like generative AI'~*. Generative AL, with its capacity
to create novel content, including text, images, code, and even business simulations’offers unprecedented
opportunities to enhance the learning experience and foster entrepreneurial capabilities®. This evolution is crucial
as entrepreneurship education must adapt to the rapidly changing demands of the modern business world,
characterized by increasing complexity and the need for innovative solutions’. Therefore, Generative Artificial
Intelligence Supported Entrepreneurship Education (GAISEE) has emerged as a focal point of research, with its
potential to revolutionize educational practices and significantly impact students’ entrepreneurial intention®.

Entrepreneurial intention is widely recognized as a critical precursor to entrepreneurial action’. While
prior research has explored various factors influencing entrepreneurial intention, there remains a significant
gap in understanding the specific role of GAISEE. Existing studies have predominantly focused on traditional
entrepreneurship education methods. These methods, while valuable, may not fully leverage the potential of
generative Al to personalize learning, simulate real-world entrepreneurial challenges, and provide immediate,
tailored feedback>!°. Our study directly addresses this gap by investigating whether GAISEE, with its unique
capabilities, truly enhances students’ entrepreneurial intention and how it interacts with the university
entrepreneurial environment'!. We further explore the mediating role of entrepreneurial self-efficacy, a factor
often overlooked in its interaction with Al-enhanced education, to provide a more nuanced understanding of
the formation of entrepreneurial intention'2. By examining these relationships, this study offers both theoretical
innovation and significant socio-economic value, guiding universities in formulating effective educational
policies and optimizing the entrepreneurial education environment!*!4,
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This study is situated within the context of Chinese higher education, a sector undergoing rapid transformation
and facing unique challenges related to technological adoption and the cultivation of an entrepreneurial mindset.
China’s commitment to innovation-driven development has led to significant investments in Al and a growing
emphasis on entrepreneurship education!’. However, the adoption of Al in education is still in its nascent
stages, and there are variations in technological infrastructure and pedagogical approaches across institutions'.
Moreover, cultural factors, such as the strong emphasis on academic achievement and risk aversion, may
influence students’” entrepreneurial intentions!>. For instance, parental and societal pressures to pursue stable
career paths in established companies might dampen entrepreneurial aspirations. Additionally, while China
has made strides in promoting entrepreneurship, the entrepreneurial ecosystem is still developing, and students
may face challenges related to funding, mentorship, and navigating complex regulatory environments'®. These
contextual factors underscore the importance of investigating the effectiveness of GAISEE in the Chinese higher
education landscape. This will help identify potential barriers and facilitators to fostering entrepreneurial
intention among Chinese university students.

The application of generative Al in entrepreneurship education is a relatively new field, with limited research
specifically examining its impact on students’ entrepreneurial intention®!”!8. Generative AI’s ability to create
new content, such as text, images, and code, is rapidly transforming various industries, including education®.
In academic settings, generative AI tools are being used to personalize learning experiences, automate
administrative tasks, and provide students with interactive and engaging learning environments>!°. The
global market for Al in education is projected to reach $32 billion by 2030, growing at a CAGR of 31.2% from
2025 to 2030, showcasing its increasing adoption and perceived value in enhancing educational outcomes®.
In entrepreneurship education, generative Al can simulate business scenarios, generate innovative ideas, and
provide personalized feedback on students’ entrepreneurial projects, potentially fostering their entrepreneurial
intentions’. While existing research focuses on the relationship between traditional entrepreneurship education
methods and entrepreneurial intention, there is a need to address how integrating advanced technologies
like generative AI can enhance educational quality and outcomes. Furthermore, while the importance of the
entrepreneurial context in stimulating students’ entrepreneurial intention is recognized!® it is often overlooked
in the literature, lacking sufficient theoretical support and empirical investigation, especially in the context of
Al-enhanced education'”.

This study aims to provide new perspectives for understanding and improving entrepreneurship education
practices in higher education, offering potential theoretical innovation and significant socio-economic value!?.
Building upon the Theory of Planned Behavior (TPB)!* we specifically investigate how GAISEE influences
students’ entrepreneurial intention. TPB posits that intention is a key determinant of behavior, and in the context
of entrepreneurship, entrepreneurial intention is a crucial precursor to entrepreneurial action. We further
integrate the concept of entrepreneurial self-efficacy, which aligns with TPB’s perceived behavioral control, to
explore its mediating role in the relationship between GAISEE and entrepreneurial intention. Entrepreneurial
self-efficacy, defined as an individual’s belief in their ability to successfully perform entrepreneurial tasks, has
been shown to be a significant predictor of entrepreneurial intention. By providing interactive and engaging
learning experiences, GAISEE can enhance students’ entrepreneurial self-efficacy, thereby strengthening their
entrepreneurial intention. Furthermore, we examine the moderating effect of the university entrepreneurial
environment, recognizing that a supportive ecosystem can amplify the positive impact of both GAISEE and
entrepreneurial self-efficacy on entrepreneurial intention'. To address these gaps and advance the understanding
of GAISEE’s impact on entrepreneurial intention, this study aims to answer the following research questions:

RQ1: How does GAISEE affect university students’ entrepreneurial intention?

RQ2: What is the mediating role of entrepreneurial self-efficacy in the relationship between GAISEE and
entrepreneurial intention?

RQ3: How does the university entrepreneurial environment moderate the relationship between GAISEE and
entrepreneurial intention, as well as the relationship between entrepreneurial self-efficacy and entrepreneurial
intention?

The remainder of this paper is structured as follows. Section 2 outlines the theoretical background
underpinning our research, detailing the Theory of Planned Behavior, the concept of GAISEE, and the roles of
entrepreneurial self-efficacy and university entrepreneurial environment, culminating in the development of
our research hypotheses. Section 3 describes the research methodology, including data collection, measurement
scales, and data analysis techniques. Section 4 presents the results of our empirical analysis. Section 5 discusses
the findings, highlighting their theoretical and practical implications. Finally, Sects. 6 and 7 conclude the paper,
acknowledging limitations and suggesting avenues for future research.

Theoretical background and hypothesis development
Theory of planned behavior
The Theory of Planned Behavior (TPB) provides a robust and widely validated framework for deciphering
the antecedents of individual behavior, particularly within the domain of entrepreneurial intention!>%. In its
foundational form, TPB postulates that an individual’s behavioral intention is the most proximal determinant
of actual behavior, and this intention, in turn, is shaped by a confluence of three factors: attitudes toward
the behavior, subjective norms, and perceived behavioral control!®>. When applied to the context of nascent
entrepreneurship, these factors can be operationalized as an individual’s personal evaluation of entrepreneurial
activities, the perceived social pressure to engage in (or refrain from) such activities, and a self-assessment of
one€’s capability to successfully execute the tasks inherent in launching and managing a new venture?!.

However, while traditional applications of TPB have provided valuable insights into the formation of
entrepreneurial intention?? the rapidly evolving landscape of higher education, particularly the advent of
GAISEE, necessitates a more nuanced and expanded theoretical perspective. This study, therefore, extends the
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traditional TPB model in two critical ways. First, it explicitly incorporates the construct of entrepreneurial self-
efficacy, conceptualized as an individual’s belief in their ability to successfully perform the multifaceted tasks
associated with entrepreneurship®®. This is not merely a semantic adjustment; entrepreneurial self-efficacy aligns
closely with TPB’s perceived behavioral control but provides a more granular and domain-specific lens through
which to examine the individual’s perceived capabilities within the entrepreneurial context. As such, we posit
that accurately measuring entrepreneurial self-efficacy enhances the predictive power of the model, particularly
in a technology-infused educational setting. Second, recognizing the profound influence of the institutional
context on student behavior, we introduce the university ecosystem as a critical moderating variable. This
expansion acknowledges that the university environment, encompassing factors such as resource availability,
programmatic support, and cultural norms, can significantly amplify or dampen the effects of both GAISEE
and entrepreneurial self-efficacy on entrepreneurial intention. By integrating these elements, the study pushes
beyond a purely individual-level analysis of entrepreneurial intention formation, acknowledging that intention
is not formed in a vacuum but is instead deeply embedded within a broader socio-technical ecosystem?:.
This expanded theoretical lens, therefore, underscores the novelty and adaptability of TPB to the exigencies
of the new technological era, demonstrating its continued relevance in understanding the complex interplay
between individual cognition, technological advancements, and institutional support in shaping entrepreneurial
behavior. This new approach is important because it helps us understand how technology and support systems
can work together to encourage more students to become entrepreneurs.

Generative artificial intelligence supported entrepreneurship education

GAISEE represents a fundamental departure from conventional pedagogical approaches, marking a paradigm
shift in how entrepreneurship is taught and learned in higher education institutions!?>. Unlike traditional
entrepreneurship education, which often relies heavily on passive knowledge transfer through lectures and case
studies, GAISEE leverages the unique capabilities of generative Al to create a dynamic, interactive, and highly
personalized learning environment®. This is not merely an incremental improvement but a qualitative shift in
educational methodology. The core innovation of GAISEE lies in its “generative” nature. Instead of pre-packaged
content and predetermined learning pathways, students actively engage with Al tools that can generate realistic
business simulations, create novel product ideas, simulate market scenarios, and provide tailored feedback on
student-generated business plans®.

This immersive and experiential approach fosters a deeper level of cognitive engagement, enabling students
to not only learn theoretical concepts but also apply them in a simulated environment that closely mirrors
the complexities of real-world entrepreneurship, moving from abstract concepts to concrete application. For
example, students can use generative Al to develop and test marketing campaigns, analyze competitor strategies,
and even simulate the process of securing funding. Such activities were rarely feasible with traditional methods
and only available to a select few through internships or specialized programs. Furthermore, GAISEE’s inherent
adaptability, driven by continuous content generation and Al-powered feedback loops, allows for real-time
adjustments in teaching strategies based on individual student progress and learning styles?’. This stands in stark
contrast to the relatively static and uniform curricula characteristic of conventional entrepreneurship education.
The flexibility afforded by GAISEE allows educators to personalize learning paths, catering to the unique needs
and strengths of each student, thereby fostering a more inclusive and effective educational experience. This
personalized approach accelerates learning and deepens understanding.

By providing these immersive, adaptive, and personalized learning experiences, GAISEE not only enhances
students’ technical knowledge of entrepreneurship but also cultivates their problem-solving skills, critical
thinking abilities, and entrepreneurial mindset, preparing them to navigate the uncertainties and challenges
of the modern business environment?$. This transformative potential of GAISEE, therefore, extends beyond
simply improving existing educational practices; it opens up entirely new avenues for cultivating entrepreneurial
intention and nurturing a new generation of entrepreneurs equipped with the skills and mindset to thrive in an
increasingly complex and dynamic world'4.

Generative artificial intelligence supported entrepreneurship education and entrepreneurial
self-efficacy

The advent of GAISEE is reshaping the pedagogical landscape of higher education, offering a transformative
approach to nurturing entrepreneurial competencies among students”’. By integrating the capabilities of
generative A, GAISEE transcends traditional didactic methods, creating a multifaceted learning ecosystem
where students can actively engage with simulated entrepreneurial challenges®. This innovative educational
model not only enriches the curriculum but also profoundly influences students’ attitudes and confidence toward
entrepreneurial endeavors?. The adaptive and creative nature of generative Al provides a distinctive advantage
for GAISEE in bolstering students’ entrepreneurial self-efficacy. Grounded in social cognitive theory, which
posits that self-efficacy significantly influences behavioral outcomes? GAISEE serves as a potent instrument for
enhancing students’ entrepreneurial knowledge, skills, and ultimately, their self-efficacy®.

Moreover, heightened entrepreneurial self-efficacy, cultivated through GAISEE, signifies substantial
advancements in students’ mastery of entrepreneurial knowledge, their ability to apply this knowledge in practical
scenarios, and their capacity for opportunity recognition?>. This comprehensive development lays a robust
foundation for the formation of strong entrepreneurial intentions. Specifically, GAISEE facilitates immersive
engagement with cutting-edge AI technologies and contemporary entrepreneurial theories. More critically,
it enables students to solidify their understanding and skills through hands-on operation and project-based
learning. As students navigate complex problem-solving tasks, identify viable entrepreneurial opportunities,
and develop comprehensive business plans, their self-efficacy is continuously challenged and enhanced?3!.
Through practical applications such as using Al to simulate market scenarios or generate innovative product
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ideas® students gain a deeper understanding of entrepreneurial processes. For example, utilizing generative Al
resources, including hardware, data, software tools, an innovative culture, and skilled personnel, can significantly
enhance entrepreneurial performance by fostering internal integration and external collaboration!®. This
experiential learning approach allows students to see the tangible results of their efforts, reinforcing their belief
in their abilities to succeed as entrepreneurs. This process elevates entrepreneurship education beyond mere
knowledge transfer, transforming it into an active, engaging, and self-empowering journey. Consequently, based
on these enriched educational experiences, this study posits the following hypothesis:

H1: Generative artificial intelligence supported entrepreneurship education positively influences
entrepreneurial self-efficacy.

Generative artificial intelligence supported entrepreneurship education and entrepreneurial
intention

GAISEE, characterized by its interactive and immersive features, presents a novel and dynamic learning
platform for students, significantly influencing their entrepreneurial intentions'!. In alignment with the Theory
of Planned Behavior, which underscores that behavioral intentions are direct precursors to actual behavior,
GAISEE exerts a substantial influence on students’ attitudes, subjective norms, and perceived behavioral control
regarding entrepreneurship?!. Through GAISEE courses, students are afforded the opportunity to engage in
realistic business simulations, thereby enhancing their problem-solving and decision-making capabilities and
fostering greater confidence in their ability to succeed in entrepreneurial ventures?”. For instance, students can
use generative Al tools to develop and refine business models, simulate market entry strategies, and even practice
pitching their ideas to virtual investors, receiving immediate, tailored feedback®. This hands-on experience not
only equips them with practical skills but also reinforces their belief in their entrepreneurial potential. The
design of these courses aligns with the latest understanding of generative learning principles, encouraging
students to actively explore, experiment, and learn through a self-directed process®. The application of Al to
enhance experiential learning and authentic assessment through realistic scenarios and feedback mechanisms
further improves the relevance of the educational content for students®.

Furthermore, interaction with AI technology within the GAISEE framework enables students to better
perceive and assess the risks and opportunities inherent in the entrepreneurial process, thereby cultivating a
more positive and proactive entrepreneurial attitude?®. According to social cognitive theory, such a positive
attitude is a critical driver of entrepreneurial behavior?. The implementation of GAISEE also reinforces
subjective norms; students often collaborate in teams within simulated environments, which enhances their
teamwork skills and creates a perception of social support for entrepreneurial actions through peer interactions
and mentorship from experienced entrepreneurs facilitated by the platform’. Consequently, students may feel
recognized and encouraged by their peers and mentors to pursue entrepreneurial paths, further bolstering their
entrepreneurial intention. From the perspective of perceived behavioral control, the AI components within
GAISEE courses deliver real-time feedback and personalized assistance, empowering students to effectively
address entrepreneurial challenges and mitigating self-doubt about their ability to execute entrepreneurial
activities successfully?®. This targeted support enhances students’ self-perception of possessing the necessary
skills and resources to undertake and complete entrepreneurial tasks, thus strengthening their control over
entrepreneurial behavior. As an innovative and transformative approach to entrepreneurship education, GAISEE
significantly enhances students’ entrepreneurial intention by positively influencing the psychological factors
associated with entrepreneurship'. Therefore, this study proposes the following hypothesis:

H2: Generative artificial intelligence supported entrepreneurship education positively influences
entrepreneurial intention.

Entrepreneurial self-efficacy and entrepreneurial intention

Entrepreneurial self-efficacy stands as a cornerstone in the formation of an individual’s entrepreneurial intention,
reflecting a robust belief in one’s own capabilities to successfully navigate the entrepreneurial landscape®. Within
the framework of the Theory of Planned Behavior, entrepreneurial self-efficacy aligns closely with the concept
of perceived behavioral control, which is a critical determinant of behavioral intention??. A strong sense of
entrepreneurial self-efficacy has been empirically demonstrated to exert a positive influence on an individual’s
entrepreneurial intention®. This is because heightened confidence in one’s entrepreneurial abilities enhances the
motivation and resolve to engage in entrepreneurial activities. Individuals with high entrepreneurial self-efficacy
are more likely to perceive entrepreneurial challenges as surmountable and view entrepreneurship as a viable
and attractive career path'®.

Conversely, a deficiency in entrepreneurial self-efficacy can significantly dampen one’s entrepreneurial
aspirations and intentions. A primary objective of effective entrepreneurship education is to cultivate and
strengthen students’ entrepreneurial self-efficacy, thereby building their confidence and fostering positive
expectations regarding their entrepreneurial capabilities®. GAISEE plays a crucial role in this process by
providing students with simulated entrepreneurial experiences and personalized feedback, which effectively raise
their entrepreneurial self-efficacy®. Through these immersive and interactive learning experiences, students
gain practical insights and develop a stronger belief in their ability to succeed, which in turn, strengthens their
desire and plans to pursue entrepreneurial activities in the future. For instance, by engaging in Al-simulated
business challenges, students can test their decision-making skills and receive immediate feedback on their
performance, reinforcing their confidence in their entrepreneurial abilities. Therefore, this study proposes the
following hypothesis:

H3: Entrepreneurial self-efficacy positively influences entrepreneurial intention.
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The mediating effect of entrepreneurial self-efficacy
The relationship between GAISEE and entrepreneurial intention cannot overlook the concept of entrepreneurial
self-efficacy, which is the confidence in one’s ability to execute entrepreneurial activities’». Entrepreneurial
self-efficacy plays a crucial role in the formation of entrepreneurial intention* and is considered a psychological
state reflecting an individual’s self-assessment of their ability to identify opportunities, mobilize resources, and
apply strategies for effective entrepreneurship?®. While the foundational Theory of Planned Behavior (TPB)
introduced Perceived Behavioral Control (PBC) - a construct closely related to self-efficacy - as a direct
antecedent of intention'’and some recent discussions have explored its potential moderating influences, the
specific role of entrepreneurial self-efficacy in the context of educational interventions is strongly supported in
the literature as a mediator. Educational programs, particularly innovative approaches like GAISEE, are designed
to directly build and enhance specific competencies and the belief in oné’s ability to perform related tasks™?’.
In this vein, GAISEE provides students with simulated entrepreneurial experiences, personalized feedback, and
opportunities to apply generative Al tools, all of which are posited to directly enhance their entrepreneurial self-
efficacy?®. This newly acquired or strengthened entrepreneurial self-efficacy then serves as a critical psychological
mechanism that translates the educational experience into a heightened entrepreneurial intention. Numerous
contemporary studies within entrepreneurship education empirically support this mediational pathway. For
instance, Al-Qadasi et al.>> and Amani et al.*® found that entrepreneurial self-efficacy significantly mediates
the relationship between entrepreneurship education and entrepreneurial intentions. Similarly, Wang et al.3¢
and Taneja et al.>* demonstrated the mediating effect of entrepreneurial self-efficacy in linking educational or
experiential inputs to entrepreneurial outcomes. Bachmann et al.!! also highlighted entrepreneurial self-efficacy
as a key mediator in the process through which digital competencies translate into entrepreneurial intention.
Therefore, conceptualizing entrepreneurial self-efficacy as a mediator aligns with the logic that GAISEE fosters
a belief in one’s capabilities (entrepreneurial self-efficacy), which subsequently fuels the intention to pursue
entrepreneurial endeavors. This psychological mechanism enables GAISEE to stimulate and enhance students’
entrepreneurial intention by improving their self-efficacy. Based on the theoretical and practical understanding
of entrepreneurial self-efficacy, this study proposes:

H4: Entrepreneurial self-efficacy mediates the relationship between generative artificial intelligence supported
entrepreneurship education and entrepreneurial intention.

The moderating effect of university entrepreneurial environment

A supportive university entrepreneurial environment plays a critical role in amplifying the effectiveness of
entrepreneurship education and catalyzing students” entrepreneurial potential by providing essential resources,
mentorship, and a nurturing culture?®. The optimization of the university ecosystem, encompassing factors such
as a vibrant entrepreneurial atmosphere, supportive policies, and strategic resource allocation, significantly
enhances students’ engagement with GAISEE. This, in turn, deepens their understanding of entrepreneurial
concepts and cultivates their ability to apply these concepts in practical settings®’. By fostering a positive learning
atmosphere and offering ample opportunities for hands-on experience, a strengthened entrepreneurial context
enables GAISEE to more effectively nurture students’ entrepreneurial self-efficacy®. Functioning as an external
catalyst in generative Al-based education, the entrepreneurial environment provides students with increased
access to enterprise collaborations, mentorship opportunities, and crucial resources’!. These supportive
measures facilitate students’ mastery of entrepreneurial knowledge and significantly boost their confidence in
applying this knowledge to real-world entrepreneurial practice.

When universities actively encourage entrepreneurial activities, provide necessary resources, and foster
collaborations with businesses, students are more inclined to transform the knowledge and skills acquired
through GAISEE into concrete entrepreneurial motivations and actionable plans®. The entrepreneurial
context not only offers educational resources and cultivates an entrepreneurial culture, thereby enriching and
practicalizing the entrepreneurship education process, but it also provides valuable networks and platforms
that promote the integration of students’ innovative thinking with their practical abilities®®. This integration is
crucial for helping students develop a clearer and more robust entrepreneurial intention. A supportive university
ecosystem can significantly enhance the educational impact of GAISEE, ensuring that the experiences and
learning gained in the course have a more profound and lasting influence on students’ future entrepreneurial
decisions*. Moreover, an exemplary university entrepreneurial environment can inspire students to actively
participate in entrepreneurial competitions, workshops, and other extracurricular activities, which further
strengthens the entrepreneurial knowledge and skills obtained through GAISEE and paves the way for their
future entrepreneurial endeavors*’.

The university entrepreneurial environment exerts a direct influence on students’ perceptions of
entrepreneurial behavior and indirectly impacts the development of their entrepreneurial capabilities and the
formation of their entrepreneurial intention by providing essential resources and support*!. Key supportive
aspects of the university ecosystem include fostering an encouraging entrepreneurial spirit on campus, providing
readily available entrepreneurial resources and guidance, and establishing close ties with business practices.
These elements collectively create a robust ecosystem that reinforces students” entrepreneurial experiences and
skill development, enabling entrepreneurship education to achieve superior practical outcomes?'. An optimized
environment facilitates the effective transformation of entrepreneurial self-efficacy into entrepreneurial intention,
increasing the likelihood that students will put the entrepreneurial skills and mindsets they have learned into
practice®®. In a positive entrepreneurial context, the entrepreneurial support and confidence students perceive
are more likely to translate into actual entrepreneurial action intentions. Therefore, this study posits:

H5: University entrepreneurial environment positively moderates the relationship between generative
artificial intelligence supported entrepreneurship education and entrepreneurial self-efficacy.
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Hé6: University entrepreneurial environment positively moderates the relationship between generative
artificial intelligence supported entrepreneurship education and entrepreneurial intention.

H7: University entrepreneurial environment positively moderates the relationship between entrepreneurial
self-efficacy and entrepreneurial intention.

Research model

The research model constructed in this study aims to explore the mechanisms through which GAISEE affects
university students’ entrepreneurial intention and the moderating role of the university entrepreneurial
environment. Figure 1 presents an integrated model that includes independent, dependent, mediating,
moderating, and control variables, striving to comprehensively reveal how GAISEE influences students’
entrepreneurial intention through entrepreneurial self-efficacy and examines how university entrepreneurial
environment optimizes this process. To account for potential confounding factors and enhance the robustness
of our findings, we included several control variables in our analysis: gender, age, academic discipline, and family
background in entrepreneurship. The inclusion of these variables was based on existing literature suggesting
their potential influence on entrepreneurial intentions and related constructs. Prior research has indicated that
gender differences may exist in entrepreneurial intentions, self-efficacy, and perceptions of the entrepreneurial
environment'’. Including gender as a control variable allows us to isolate the effects of GAISEE while accounting
for potential gender-based variations. Age has also been identified as a factor that can influence entrepreneurial
intentions, with younger individuals often exhibiting higher levels of entrepreneurial aspiration. Controlling
for age helps ensure that the observed effects are not merely due to age-related differences. Students from
different academic disciplines may have varying levels of exposure to entrepreneurship concepts and varying
predispositions toward entrepreneurial careers*?. For instance, business students might inherently possess higher
entrepreneurial intentions compared to those from other fields. Controlling for academic discipline allows us
to account for these potential differences. Prior exposure to entrepreneurship through family businesses can
significantly influence an individual’s entrepreneurial intentions and self-efficacy. Individuals with a family
background in entrepreneurship may have different motivations, resources, and support systems compared to
those without such a background. Controlling for this variable helps isolate the unique impact of GAISEE*.

Methodology

Data collection

We employed a purposive sampling method to recruit participants for this study, specifically targeting Chinese
university students who had participated in GAISEE*>. While acknowledging that random sampling is often
preferred for generalizability, we opted for purposive sampling due to the nascent nature of GAISEE adoption
in Chinese higher education. This approach allowed us to specifically target the population of interest—students
with direct experience in this innovative educational model. We initially aimed for a representative sample of
universities offering GAISEE. However, given the limited number of institutions implementing GAISEE at the
time of data collection, we collaborated with entrepreneurship associations at several leading universities known
for their pioneering efforts in integrating Al into entrepreneurship education. These associations facilitated the
distribution of our survey within their online student communities. However, we believe this approach was
the most feasible and appropriate given the exploratory nature of our study and the specific population we
aimed to investigate. To further mitigate potential biases associated with this sampling strategy, we ensured
diversity within our sample by reaching out to multiple universities and encouraging participation across

Entrepreneurial self-efficacy
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University .entrep reneurial HT
environment * Gender
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Entrepreneurial intention
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Fig. 1. Research model.
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various disciplines (see Table 1). The adoption of this method can also increase the response rate of potential
participants to a certain degree.

All methods employed in this study were carried out in accordance with relevant guidelines and regulations,
including the Declaration of Helsinki for research involving human subjects. The survey-based data collection
methodology adhered to international standards for ethical research conduct in educational settings.
Confirmation that informed consent has been obtained from all subjects. The Ethics Committee of the Student
Affairs Department, Zhejiang Wanli University reviewed the experimental protocols for this survey research,
given the nature of this educational research, which involved anonymous surveys about entrepreneurial
intentions and educational experiences without collecting sensitive personal data or involving vulnerable
populations. The Ethics Committee of the Student Affairs Department, Zhejiang Wanli University (Institutional
Review Board), Ningbo, Zhejiang Province, China, has reviewed this study and granted an exemption from
requiring formal written ethical approval (Review Reference: ZWU2024XYY). This exemption decision
(Review Reference: ZWU2024XYY) was based on the minimal-risk nature of the study and its compliance with
institutional guidelines for educational research.

The survey was meticulously constructed to include independent, dependent, mediating, moderating, and
control variables based on the theoretical framework and research hypotheses. A seven-point Likert scale
was used, allowing respondents to rate a series of statements from “strongly disagree” to “strongly agree”
based on their views and experiences!®. A pilot test was conducted with 29 university students to ensure the
survey’s validity and operability. The pilot test feedback led to wording and structure adjustments to enhance
comprehension and efficiency®. The formal data collection was facilitated by university entrepreneurship
associations in China, which distributed the survey through online student communities, ensuring a diverse
sample coverage. Participation criteria were clearly defined, and only students who had undergone GAISEE
were eligible for the survey. Incentives, such as the opportunity to participate in a raftle, were offered to improve
response rates and data quality. Data collection spanned from February to April 2024, with the research team
ensuring respondent anonymity and information confidentiality, encouraging candid responses, and ensuring
data quality and credibility'. After excluding 39 incomplete or non-compliant surveys, 346 valid responses were
obtained (Table 1 for respondent information), providing a solid foundation for subsequent data analysis and
conclusions. In addition to obtaining ethical approval, we took several measures to mitigate potential biases:

« Social Desirability Bias: To minimize social desirability bias, where participants might provide responses they
perceive as socially acceptable rather than their true beliefs, we emphasized the anonymity and confidentiality
of the survey in the introductory statement and consent form. Participants were assured that their responses
would be used for research purposes only and would not be linked to their identities. The online survey for-
mat also helped reduce potential interviewer effects that could contribute to social desirability bias.

« Non-Response Bias: To address potential non-response bias, which could arise if those who chose to partici-
pate differed systematically from those who did not, we employed several strategies. First, we used a clear and
concise survey instrument to minimize participant burden and encourage completion. Second, we collabo-
rated with university entrepreneurship associations to promote the survey within their networks, leveraging
their credibility and influence to increase participation rates. Third, we offered a small incentive (the oppor-
tunity to participate in a raffle) to further motivate responses. While we cannot completely eliminate non-re-
sponse bias, these measures were implemented to maximize participation and minimize potential differences
between respondents and non-respondents.

Measurement scales

To accurately measure the constructs in the research model, validated scales were adapted to fit the study’s
needs?. These scales, derived from existing research and theoretical frameworks, ensured reliability and
validity®.

The GAISEE scale was refined based on expert reviews and a pilot test?®. It measures students’ perceptions and
experiences with this innovative educational method, including understanding entrepreneurship, recognizing
new opportunities, enhancing innovation and entrepreneurial capabilities, reducing risks and uncertainties, and
analyzing business models and market trends.

Variables Characteristic | Frequency | %
Male 231 66.8
Gender
Female 115 332
<20 50 14.5
Age 20~23 239 69.0
>24 57 16.5
Business 269 77.7
Discipline
Non-business 77 223
Yes 125 36.1
Family background in entrepreneurship activities
No 221 63.9

Table 1. Participants profiles.
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The entrepreneurial self-efficacy scale was adapted from Al-Qadasi et al.* incorporating aspects relevant

to the entrepreneurial field. It covers individuals’ confidence in identifying business opportunities, creating
products or services, using innovative thinking to solve problems, commercializing ideas, and managing
entrepreneurial challenges.

The entrepreneurial intention scale, based on Ajzen’s'. Theory of Planned Behavior and Martin-Navarro
et al.3? assesses individuals’ motivation and plans to become entrepreneurs. It includes the desire to be an
entrepreneur, the intention to pursue entrepreneurship, and perseverance in facing challenges.

The university entrepreneurial environment scale focuses on the university’s performance in encouraging
student entrepreneurship, providing education and resources, fostering an entrepreneurial culture, and offering
guidance and practical opportunities?®. These items help us understand the potential impact of the university
environment on students” entrepreneurial intentions and efficacy.

The pilot test not only refined the scale items but also provided evidence for the scales’ reliability and
validity'®. This rigorous design and testing process ensures that the scales reliably capture the key variables in the
research model, laying the groundwork for structural model analysis.

Data analysis

The study utilized Partial Least Squares Structural Equation Modeling (PLS-SEM) as the primary tool for data
analysis to reveal the effects of GAISEE, entrepreneurial self-efficacy, and university entrepreneurial environment
on entrepreneurial intention. PLS-SEM is particularly advantageous for exploratory research and initial model
development, especially when dealing with small sample sizes and models that do not assume multivariate
normality®®. Given the complexity of the theoretical model involving multiple mediators and moderators, PLS-
SEM’s flexibility was well-suited for the study’s analytical needs?**.

The analysis began with validating the measurement scales to ensure the accuracy and stability of variable
measurements?®. Both internal and external models were assessed, with the internal model including path
coeflicients, R-squared values, and adjusted R-squared values. In contrast, the external model assessment covered
indicator loadings, cross-loadings, and Average Variance Extracted (AVE) to ensure good discriminant validity.
Variance Inflation Factor (VIF) was used to assess potential multicollinearity issues within the model. These
steps were crucial to ensure the reliability and validity of the subsequent structural equation model estimates.
Bootstrap resampling was employed to obtain standard errors and statistical significance for path coefficients,
aiding in accurately estimating the strength and direction of relationships. The study further utilized effect size
analysis (f*) to evaluate the impact of relationships between variables and redundancy analysis (Q?) to assess the
model’s predictive power for data variance. Combined with importance-performance map analysis (IPMA), this
method not only revealed the relative importance of variables to the target construct (Entrepreneurial Intention)
but also provided their performance levels in the sample, deepening the understanding of model effects®.
Applying PLS-SEM deepened the understanding of the relationships between GAISEE, entrepreneurial self-
efficacy, entrepreneurial intention, and university entrepreneurial environment and provided a robust analytical
tool for future research.

Common method variance, normality and multicollinearity

Common Method Variance (CMV) refers to systematic error in variable correlations due to measurement
method commonality, which can lead to over- or underestimation of variable correlations. In this study, several
measures were taken to assess and control for potential CMV?**%. An anonymous survey was conducted to
minimize potential response biases, and questions were designed to be clear and concise to reduce confusion and
misinterpretation. Harman’s single-factor test was employed, where all items were entered into an exploratory
factor analysis to check if a single factor accounted for the majority of the variance. The results indicated that
no single factor explained a majority of the variance, suggesting that CMV was not a significant issue in this
study. Additionally, the unmeasured latent variable technique proposed by Podsakoff et al. was used by including
a method factor in the model to assess its impact on the measurement variables. The method factor’s path
coeflicients were insignificant (P> 0.05), confirming that CMV did not significantly affect the study results. The
preventive and testing measures indicated that CMV’s impact on the study’s conclusions is limited, providing
additional confidence in the findings and enabling a more reliable interpretation of the relationship between
GAISEE and entrepreneurial intentions among university students.

While PLS-SEM does not have strict distributional assumptions like covariance-based SEM. Although
PLS-SEM is less sensitive to non-normality than covariance-based SEM** we assessed the data for deviations
from normality using skewness and kurtosis values. The results indicated that while some variables showed
slight deviations, they were within acceptable ranges for PLS-SEM analysis*!. We assessed multicollinearity
using the Variance Inflation Factor (VIF). As reported in Table 2, all VIF values were below the commonly
accepted threshold of 5, indicating that multicollinearity was not a concern in our model*!. This provides further
confidence in the stability and reliability of our parameter estimates. By addressing these considerations, we aim
to provide a more transparent and rigorous analysis using PLS-SEM.

Results

Measurement model

The assessment of the measurement model indicates that the scales used in this study exhibit high reliability and
validity, effectively reflecting the theoretical constructs of GAISEE, entrepreneurial self-efficacy, entrepreneurial
intention, and university entrepreneurial environment>>**. The scales demonstrate high internal consistency,
with Cronbach’s alpha (a) and Composite Reliability (CR) values exceeding the recommended threshold of
0.7 (Table 2). Specifically, the a value for GAISEE is 0.909, and the CR is 0.899, indicating excellent reliability
in measuring students” perceptions of the entrepreneurship education course. In terms of validity, the Average
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Scales [viF [x Ja [cr [AVE
Generative artificial intelligence supported entrepreneurship education (GAISEE)
Participation in GAISEE deepens my understanding of entrepreneurship. 2.531 | 0.854
The content of GAISEE courses has made me aware of new opportunities that may arise during the entrepreneurial process. 2.139 | 0.816
I believe using generative artificial intelligence technology in entrepreneurship education enhances my innovation and entrepreneurial 2239 | 0.829
capabilities. ’ :
I trust that the generative artificial intelligence tools provided in the entrepreneurship education course will assist in reducing risks and 2265 | 0.826 0.909 | 0.899 | 0.663
uncertainties in future entrepreneurial endeavors. : :
The artificial intelligence models used in the course offer valuable insights for analyzing business models and market trends. 2.432 | 0.837
Through learning in the entrepreneurship education course, I am convinced that I can employ artificial intelligence support to develop 2180 | 0.815
effective entrepreneurial strategies. : :
Entrepreneurial self-efficacy (EE)
I'am confident in identifying new business opportunities. 2.195 | 0.817
I can create innovative products or services. 2.196 | 0.826
T'am good at using innovative thinking to solve problems. 2.140 | 0.809
0.899 | 0.922 | 0.716
I can commercialize a creative idea or invention. 2.181 | 0.819
I can effectively manage the various challenges in the entrepreneurial process. 2.160 | 0.814
I believe I can successfully establish an enterprise. 2.067 | 0.801
Entrepreneurial intention (EI)
I plan to establish my enterprise within five years of graduating. 2.621 | 0.851
T aspire to be an entrepreneur. 2.390 | 0.834
People important to me support my entrepreneurial ambition. 2.067 | 0.801
0.92 | 0.911 | 0.688
Compared to other career choices, I prefer entrepreneurship. 3.670 | 0.904
Even if I may encounter setbacks in the entrepreneurial process, I will keep trying. 2.509 | 0.848
Becoming an entrepreneur is my career goal. 2.454 | 0.836
University entrepreneurial environment (UEE)
My university strongly encourages student entrepreneurship. 2.294 | 0.830
My university provides good entrepreneurship education for students to start their businesses. 2.261 | 0.830
My university provided the resources I needed to start a business. 2.273 | 0.811
0.914 | 0.917 | 0.698
My university has created a supportive campus culture for entrepreneurship. 2.395 | 0.836
I can easily find guidance for entrepreneurship at my university. 2.558 | 0.856
My university collaborates closely with enterprises to offer practical opportunities for student entrepreneurs. 2.522 | 0.849

Table 2. Measurements, reliability and variance inflation factor.

EE EI GAISEE | UEE
Fornell-Larcker criterion
EE 0.814
EL 0.644 | 0.846
GAISEE 0.567 | 0.525 | 0.830
UEE 0.326 | 0.310 | 0.356 0.836
HTMT matrix
EE
EI 0.707
GAISEE 0.624 | 0.572
UEE 0.358 | 0.335 | 0.386

Table 3. Discriminant validity. The bold value indicates VAVE.

Variance Extracted (AVE) values surpass the standard of 0.5, confirming good convergent validity. The AVE for
entrepreneurial self-efficacy is 0.716, well above the acceptance criterion, suggesting that the scale accurately
reflects the construct of entrepreneurial self-efficacy. Discriminant validity is further confirmed through the
Fornell-Larcker criterion and the Heterotrait-Monotrait (HTMT) matrix (Table 3), ensuring no excessive overlap
between constructs. The results of the cross-loadings (Table 4) also support the discriminant validity of the
scales. Variance Inflation Factor (VIF) results indicate no multicollinearity issues, with all scale items having VIF
values below 5, ensuring the accuracy of model estimates. The VIF values for entrepreneurial self-efficacy items
range from 2.067 to 2.196, supporting the assumption of variable independence within the model. Evaluating
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EE EI GAISEE | UEE
EE1 0.817 | 0.528 | 0.466 0.307
EE2 0.826 | 0.526 | 0.535 0.287
EE3 0.809 | 0.514 | 0.420 0.254
EE4 0.819 | 0.542 | 0.458 0.226
EE5 0.814 | 0.518 | 0.467 0.294
EE6 0.801 | 0.517 | 0.417 0.222
Enl 0.529 | 0.851 | 0.424 0.198
EI2 0.541 | 0.834 | 0.448 0.256
EI3 0.514 | 0.801 | 0.409 0.272
El4 0.586 | 0.904 | 0.472 0.284
EI5 0.577 | 0.848 | 0.432 0.236
El6 0.517 | 0.836 | 0.476 0.329
GAISEE1 | 0.512 | 0.471 | 0.854 0.299
GAISEE2 | 0.470 | 0.435 | 0.816 0.259
GAISEE3 | 0.490 | 0.449 | 0.829 0.338
GAISEE4 | 0.476 | 0.406 | 0.826 0.328
GAISEE5 | 0.436 | 0.424 | 0.837 0.237
GAISEE6 | 0.433 | 0.422 | 0.815 0.306
UEE1 0.282 | 0.265 | 0.305 0.830
UEE2 0.265 | 0.281 | 0.279 0.830
UEE3 0.250 | 0.187 | 0.217 0.811
UEE4 0.279 | 0.242 | 0.320 0.836
UEE5 0.296 | 0.283 | 0.338 0.856
UEE6 0.259 | 0.283 | 0.308 0.849

Table 4. Cross loadings. Significant values are in bold.
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Fig. 2. Structural model.
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the measurement model provides a solid foundation for the study, ensuring the reliability and effectiveness of
the subsequent structural model analysis.

Structural model
As illustrated in Fig. 2, the structural model demonstrates the significant relationships between GAISEE,
entrepreneurial self-efficacy, entrepreneurial intention, and the moderating role of the university entrepreneurial
environment?*. The significant positive effect of entrepreneurial self-efficacy on entrepreneurial intention
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(B=0.366, p<0.001) supports Hypothesis H3, implying that students who believe in their abilities to perform
entrepreneurial tasks are more likely to intend to become entrepreneurs. This finding underscores the importance
of designing educational interventions that bolster students’ confidence in their entrepreneurial capabilities*%. The
positive influence of GAISEE on entrepreneurial self-efficacy (f =0.523, p <0.001) is also significant, confirming
Hypothesis H1. This suggests that the integration of generative Al tools in entrepreneurship education enhances
students’ belief in their ability to identify opportunities, innovate, and manage entrepreneurial challenges. For
example, GAISEE can provide personalized feedback and simulations that allow students to practice and refine
their entrepreneurial skills in a low-risk environment, thereby increasing their self-efficacy”.

The data supports the direct positive effect of GAISEE on entrepreneurial intention (f=0.244, p<0.001),
validating Hypothesis H2. This suggests that exposure to generative Al in entrepreneurship education not
only enhances students’ skills but also directly increases their desire to pursue entrepreneurial ventures. This
may be due to the innovative nature of Al tools, which can inspire students to think creatively and explore
new entrepreneurial possibilities'. The mediating role of entrepreneurial self-efficacy between GAISEE and
entrepreneurial intention aligns with Hypothesis H4 (Table 5), indicating entrepreneurial self-efficacy’s bridging
role. This means that the positive effects of GAISEE on entrepreneurial intention are partially explained by the
increase in students’ self-efficacy. In practical terms, GAISEE’s ability to enhance students’ confidence in their
entrepreneurial skills acts as a catalyst for their entrepreneurial intentions?>?’.

The moderating effect analysis shows that the university entrepreneurial environment positively moderates
the relationship between GAISEE and entrepreneurial self-efficacy (p=0.333, p <0.001), supporting Hypothesis
H5. This implies that a supportive university environment, characterized by resources, mentorship, and an
encouraging culture, can amplify the positive impact of GAISEE on students’ self-efficacy. Universities that
invest in creating such environments are likely to see greater returns on their investment in Al-enhanced
entrepreneurship education®?. Similarly, the university entrepreneurial environment positively moderates the
relationship between GAISEE and entrepreneurial intention ($=0.207, p<0.001), supporting Hypothesis He.
This suggests that the positive impact of GAISEE on entrepreneurial intention is stronger in universities that
actively promote entrepreneurship. For example, universities that provide incubator programs, seed funding, and
networking opportunities can enhance the effectiveness of GAISEE in fostering entrepreneurial intentions®®4.

Furthermore, the university entrepreneurial environment also strengthens the relationship between
entrepreneurial self-efficacy and entrepreneurial intention ($=0.180, p <0.001), further confirming Hypothesis
H7. This finding highlights the synergistic effect of a supportive environment in translating students’ confidence
into actual entrepreneurial intentions. When students believe in their abilities and are supported by a conducive
university environment, they are more likely to take concrete steps toward starting their own ventures?*. The
effect size (f*) of GAISEE on entrepreneurial self-efficacy (f=0.442) indicates a substantial impact, highlighting
the critical role of GAISEE in enhancing students’ entrepreneurial self-efficacy. This substantial effect size suggests
that GAISEE is a powerful tool for entrepreneurship education, capable of significantly boosting students’
confidence in their entrepreneurial abilities, which, in turn, can lead to higher entrepreneurial intentions and
actions®. These structural model analyzes not only validate the theoretical model’s hypotheses but also provide
empirical evidence for understanding the potential of GAISEE in enhancing university students’ entrepreneurial
intentions.

Moderating effect of university entrepreneurial environment

The university entrepreneurial environment significantly moderates the relationship between GAISEE and
entrepreneurial self-efficacy®®. Figure 3 visually depicts the moderating effect of the university entrepreneurial
environment on the relationship between GAISEE and entrepreneurial self-efficacy, as discussed earlier. This
visual representation complements the statistical results presented in Table 5 (f =0.333, p <0.001) and provides a
clearer understanding of how a supportive environment amplifies the positive impact of GAISEE. Similarly, Figs. 4

Hypotheses Original sample (O) | STDEV | T statistics ((O/STDEV]) | p 2

EE = EI 0.366 0.051 7.175 0.000 | 0.160
GAISEE = EE 0.523 0.039 13.440 0.000 | 0.442
GAISEE = EI 0.244 0.049 5.017 0.000 | 0.071
Age = EE 0.060 0.036 1.668 0.095
Gender = EE 0.039 0.087 0.446 0.656

Family background in entrepreneurship activities = EE | -0.110 0.081 1.371 0.170
Discipline = EE 0.201 0.094 2.142 0.032
Mediating effects

GAISEE = EI 0.244 0.049 5.017 0.000
GAISEE = EE = EI 0.191 0.032 6.054 0.000
Moderating effects

UEE x GAISEE = EE 0.333 0.038 8.706 0.000 | 0.191
UEE x GAISEE = EI 0.207 0.047 4.387 0.000 | 0.059
UEE x EE = EI 0.180 0.047 3.806 0.000 | 0.045

Table 5. Path coefficients for the structural model.
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Fig. 3. Moderating effect of university entrepreneurial environment on the relationship between GAISEE and
entrepreneurial self-efficacy.
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Fig. 4. Moderating effect of university entrepreneurial environment on the relationship between GAISEE and
entrepreneurial intention.
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and 5 illustrate the moderating effects on the relationships between GAISEE and entrepreneurial intention, as
well as entrepreneurial self-efficacy and entrepreneurial intention. These figures, in conjunction with the data in
Table 5, provide a comprehensive overview of the moderating role of the university entrepreneurial environment.
When the university entrepreneurial environment is more encouraging and supportive, the positive influence
of GAISEE on students’ entrepreneurial intention is strengthened, validating Hypothesis H6. This highlights
the pivotal role of university entrepreneurial environment in fostering students’ entrepreneurial intention,
especially when employing emerging technologies in entrepreneurship education. Figure 5 further reveals the
moderating effect of university entrepreneurial environment on the relationship between entrepreneurial self-
efficacy and entrepreneurial intention. An optimized university entrepreneurial environment strengthens the
positive influence of entrepreneurial self-efficacy on entrepreneurial intention, aligning with Hypothesis H7.
In a vibrant and resource-rich university entrepreneurial environment, students’ entrepreneurial self-efficacy
is more effectively translated into motivation for entrepreneurial action. The moderating role of university
entrepreneurial environment is significant, enhancing the effects of GAISEE and providing a conducive backdrop
for the relationship between entrepreneurial self-efficacy and entrepreneurial intention.

Interestingly, Figs. 3 and 4 suggest that at very low levels of GAISEE, students in a high-support UEE report
marginally lower entrepreneurial self-efficacy and intention compared to those in a low-support UEE. A similar
pattern is observed in Fig. 5 for entrepreneurial self-efficacy and entrepreneurial intention. As depicted in
Fig. 3, the positive relationship between GAISEE and entrepreneurial self-efficacy is significantly stronger when
the university entrepreneurial environment (UEE) is high (UEE at +1 SD). However, the plot also reveals a
conditional effect: this strengthening influence of a high UEE becomes particularly evident as levels of GAISEE
increase. At very low levels of GAISEE, the lines for high and low UEE are much closer, and the pronounced
divergence, indicating a stronger positive slope for the high UEE condition, emerges as GAISEE surpasses a
certain threshold.“Similar nuanced interpretations have been incorporated for Fig. 4 (UEE x GAISEE -> EI) and
Fig. 5 (UEE x EE -> EI), emphasizing that the amplification effect of a supportive university environment is most
prominent at moderate to high levels of the predictor variable (GAISEE or EE).

Importance-performance map analysis (IPMA)

Importance-performance map analysis (IPMA) offers unique insights into the importance and actual
performance of variables related to entrepreneurial intention®. The IPMA, presented in Fig. 6, further elaborates
on the relative importance and performance of the key constructs. This figure provides a visual comparison of
the constructs’ contributions to entrepreneurial intention, enhancing the interpretation of the structural model
results. IPMA demonstrates the importance and performance levels of entrepreneurial self-efficacy, GAISEE, and
university entrepreneurial environment in influencing students’ entrepreneurial intention. The IPMA results,
depicted in Fig. 6, indicate that although the importance of entrepreneurial self-efficacy (0.368) is slightly lower
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Fig. 5. Moderating effect of university entrepreneurial environment on the relationship between
entrepreneurial self-efficacy and entrepreneurial intention.
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than that of GAISEE (0.438), its performance level is slightly lower (58.196 compared to 58.625), suggesting
that entrepreneurial self-efficacy plays a crucial role in practically promoting entrepreneurial intention. Despite
university entrepreneurial environment having the lowest importance score (0.190) in this analysis, it scores
the highest in performance (60.975), implying that the quality of university entrepreneurial environment is
relatively good in the current sample and significantly impacts entrepreneurial intention. This phenomenon
points to the importance of strengthening university entrepreneurial environment, particularly when combined
with GAISEE, as it may have a more profound positive effect on students’ entrepreneurial intention.

Discussion

This study’s findings indicate that GAISEE significantly enhances both students’ entrepreneurial self-efficacy
and their entrepreneurial intention. Crucially, we found that entrepreneurial self-efficacy serves as a pivotal
mediator in the GAISEE-EI relationship. These results resonate with and extend the Theory of Planned Behavior
(TPB)!346 by situating it within the rapidly evolving context of Al-driven entrepreneurship education, a domain
experiencing burgeoning scholarly interest*. While traditional applications of TPB have long informed our
understanding of entrepreneurial intention, the advent of sophisticated technologies like generative AI
necessitates a re-examination of how its core constructs—attitudes, subjective norms, and perceived behavioral
control (PBC)—are shaped and interact®*. Our research aligns with prior work underscoring the power of
innovative educational methodologies in bolstering entrepreneurial confidence?**°and the direct positive effect
of GAISEE on entrepreneurial intention supports the argument that engagement with advanced technologies
can indeed ignite entrepreneurial aspirations among students’. However, the integration of GAISEE is not
merely an incremental enhancement; it represents a qualitative shift, suggesting that the very nature of PBC, as
reflected in entrepreneurial self-efficacy, may be transformed when students learn to leverage Al as a cognitive
and operational partner.

The mediating role of entrepreneurial self-efficacy offers a more granular understanding of how GAISEE
influences students’ career trajectories towards entrepreneurship, building upon established research that
identifies entrepreneurial self-efficacy as a cornerstone of entrepreneurial intention®*?°. Qur distinct contribution
lies in empirically demonstrating that a generative Al-enriched learning environment—characterized by its
capacity for personalized learning pathways, dynamic content generation, and interactive simulations>**—acts as
a potent catalyst for entrepreneurial self-efficacy. This AI-driven enhancement of entrepreneurial self-efficacy, in
turn, fuels students’ intentions to pursue entrepreneurial ventures. For instance, GAISEE can empower students
to develop and test marketing campaigns or simulate funding processes, activities that build tangible skills and,
more importantly, the conviction in their ability to navigate complex entrepreneurial tasks'®?’. This aligns with
recent work by Somia and Vecchiarini®*who found that tools like ChatGPT enhance specific entrepreneurial
competencies such as opportunity spotting and creativity, which are foundational to entrepreneurial self-efficacy.
The experiential learning fostered by GAISEE allows students to not only apply concepts but also to witness the
outcomes of their Al-assisted efforts, thereby reinforcing their belief in their entrepreneurial capabilities** and
potentially cultivating a unique, digitally-augmented form of entrepreneurial self-efficacy.
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Our research further illuminates the critical moderating influence of the university entrepreneurial
environment on the relationships between GAISEE, entrepreneurial self-efficacy, and entrepreneurial intention.
An optimized university entrepreneurial environment—rich in resources, mentorship, and a supportive
culture—significantly amplifies GAISEE’s positive impacts. This finding concurs with studies emphasizing
the enabling role of supportive ecosystems in entrepreneurial endeavors®*® and extends this understanding
to the context of Al-enhanced education. A conducive university entrepreneurial environment does more
than just provide resources; it fosters a milieu where the skills and confidence gained through GAISEE can
be more effectively translated into actionable entrepreneurial intent. As universities evolve into sustainable
entrepreneurial hubs**their role in providing robust digital infrastructure*”*! and ethical guidance for Al use
becomes paramount. This suggests that the interplay between advanced pedagogy like GAISEE and a nurturing
university entrepreneurial environment is synergistic, creating an environment where technological potential
and human aspiration can converge to foster a new generation of entrepreneurs. The efficacy of university
offerings in translating intention to action is also noted by Lyu et al.*®underscoring the importance of a well-
structured university entrepreneurial environment.

An intriguing and somewhat counterintuitive pattern emerged from our moderation analyzes (Figs. 3, 4
and 5). Specifically, at very low levels of GAISEE (or entrepreneurial self-efficacy in the case of its interaction
with university entrepreneurial environment on entrepreneurial intention), a highly supportive university
entrepreneurial environment was associated with slightly lower, rather than higher, entrepreneurial self-efficacy
and intention. While our study did not pre-emptively hypothesize this, several potential explanations could be
considered. It is plausible that in a high-support environment, students with very limited GAISEE exposure
(or low initial self-efficacy) might become more acutely aware of the entrepreneurial standards, resources, and
expectations, which could paradoxically temper their immediate self-assessment or intentions if they perceive
a significant gap between their current standing and the perceived requirements®>>*. Alternatively, the nature
of support in high-university entrepreneurial environment settings might be tailored to individuals who
already possess a baseline level of engagement or skill, potentially making these resources seem less relevant
or even overwhelming for those at the very nascent stages of GAISEE exposure. This could lead to a temporary
discouragement or a more cautious articulation of intentions or self-efficacy.

The IPMA complements our structural model by offering a pragmatic lens on the relative leverage of
GAISEE, entrepreneurial self-efficacy, and university entrepreneurial environment in fostering entrepreneurial
intention®?. While both GAISEE and entrepreneurial self-efficacy are identified as highly important, the IPMA
may also reveal nuances in their current performance levels within the sampled institutions. For instance, a
high importance yet moderate performance for GAISEE could suggest that while its potential is recognized, its
implementation could be further optimized. The university entrepreneurial environment’s strong performance
in our sample, despite a comparatively lower direct importance score for entrepreneurial intention in the IPMA,
underscores its foundational role in enabling the translation of educational impacts into tangible entrepreneurial
outcomes, aligning with findings by Suguna et al.* who highlight incubators and partnerships as key drivers. This
reinforces the necessity for a holistic strategy that not only deploys innovative educational tools like GAISEE
but also meticulously cultivates individual entrepreneurial self-efficacy and the broader supportive university
entrepreneurial environment.

Situating our findings within the broader discourse on Al-enabled entrepreneurship education, this study
responds to urgent calls for more empirical investigations into how generative Al is reshaping this field*">.
While the potential of Al in education is widely discussed?®and conceptual frameworks for Al integration
are emerging>!7our work provides specific empirical evidence on the cognitive (entrepreneurial self-efficacy)
and environmental (university entrepreneurial environment) pathways through which GAISEE influences
entrepreneurial intention. This is particularly salient given the rapid proliferation of GenAlI tools and the need
for educators to understand their pedagogical implications®. We move beyond general discussions of Al in
entrepreneurial self-efficacy by focusing on generative AI's unique affordances, such as content creation and
simulation, which differentiate GAISEE from earlier forms of technology-enhanced learning. However, the
embrace of GAISEE is not without its complexities. We must critically consider potential downsides, such as the
risk of AI dependency if students do not develop critical evaluation skills alongside Al tool usage®. As Weng et
al.’® articulate in their SWOT analysis, while Al-empowered entrepreneurial self-efficacy offers strengths like
personalized learning and efficiency, it also presents weaknesses such as potential for imprecise information and
threats including over-reliance and ethical concerns. Effective GAISEE pedagogy, therefore, must actively foster
critical thinking and digital literacy to mitigate these risks, ensuring Al serves as an empowerment tool rather
than a crutch.

Our study also contributes to understanding the cognitive architecture of entrepreneurial development
in an Al era. The enhancement of entrepreneurial self-efficacy through GAISEE aligns with socio-cognitive
theory?’suggesting that GAISEE provides mastery experiences and vicarious learning opportunities that are
potent sources of self-efficacy. The capacity of generative Al to generate novel scenarios and provide tailored
feedback?® offers students a unique “practice field” for complex entrepreneurial tasks like opportunity recognition
and strategic planning. This experiential learning, augmented by Al, can reinforce critical cognitive skills.
For example, the creative potential of GenAl, as highlighted by Hubert et al.'can be directly leveraged within
GAISEE for ideation exercises, pushing students beyond conventional thinking. However, it is also important to
consider findings from studies like Nguyen and Nguyen?!whose research on digital entrepreneurship education
in Vietnam showed an inverse effect of digital entrepreneurship education on the PBC-DEI relationship. While
our findings on GAISEE’s positive impact (mediated by entrepreneurial self-efficacy, which is conceptually
close to PBC) appear to differ, this could be attributed to the specific nature of GAISEE—which is highly
interactive and generative—compared to broader digital entrepreneurship education, or due to distinct socio-
cultural and institutional contexts between China and Vietnam. Such discrepancies underscore the need for
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further contextualized research into how specific Al applications interact with diverse learner populations and
educational settings, including considering factors like parental psychological control prevalent in the Chinese
context which might interact with GAISEE’s impact®.

Finally, the effective deployment of GAISEE is inextricably linked to the availability and quality of digital
infrastructure and the broader AI ecosystem. As prior research indicates, inadequate digital infrastructure
can severely hamper the benefits of digital entrepreneurship and innovation*>*”>!. The promise of GAISEE to
personalize learning and provide sophisticated simulations hinges on students having reliable access to these AI
tools and the requisite digital literacy to engage with them. This not only impacts the direct efficacy of GAISEE
but also has equity implications, as unequal access can exacerbate existing digital divides®®. Moreover, the broader
Al talent ecosystem, including the availability of AI-savvy educators and the potential “brain drain” of Al talent
from universities’could influence the sustainable implementation of GAISEE programs. This calls for strategic
investment in both technological and human capital within universities, ensuring that GAISEE initiatives are
both cutting-edge and inclusively implemented. The ethical integration of GAI, as advocated by Celik'® through
an “Intelligent-TPACK” framework, also becomes a critical consideration for institutions, ensuring that GAISEE
promotes responsible entrepreneurship. Furthermore, GAISEE may play a role in developing skills pertinent
to entrepreneurial resilience, a critical asset in today’s turbulent markets where GenAl is already being used by
SMEs to cope with crises™.

Theoretical implications

This study offers several theoretical contributions to the entrepreneurship education literature, particularly at
the intersection of technology, pedagogy, and cognitive psychology. Firstly, we extend the Theory of Planned
Behavior (TPB)!** by empirically examining its applicability and nuances in the context of GAISEE. While
TPB provides a robust framework for understanding intention formation, our findings illustrate how a
technologically advanced educational intervention like GAISEE directly influences entrepreneurial intention
and, more significantly, enhances entrepreneurial self-efficacy — a key proxy for perceived behavioral control
within the TPB model?*?. This integration of a specific, AlI-driven pedagogical approach (GAISEE) into the
TPB framework provides a more contemporary understanding of how antecedents to entrepreneurial intention
are shaped in an era of intelligent technologies, responding to calls for research that explore technology’s role in
TPB dynamics®.

Secondly, our research illuminates the mediating mechanism of entrepreneurial self-efficacy in the
GAISEE-EI nexus. By demonstrating that GAISEE enhances entrepreneurial intention through the cultivation
of entrepreneurial self-efficacy, we provide empirical weight to the argument that advanced educational
technologies can foster the psychological prerequisites for entrepreneurship!®3. This responds to calls for a
deeper understanding of how entrepreneurship education translates into entrepreneurial intention by specifying
a critical cognitive pathway!”. GAISEE, with its interactive and generative capabilities, appears uniquely
positioned to provide the mastery experiences that Bandura identified as central to self-efficacy development,
thereby offering a novel theoretical lens on how entrepreneurial self-efficacy is cultivated in digital learning
environments. This deepens our understanding beyond general entrepreneurship education effects!*?* by
specifying the role of a particular technological intervention.

Thirdly, the study contributes by empirically validating the multi-faceted moderating role of the university
entrepreneurial environment. We demonstrate that the university entrepreneurial environment does not just
independently influence entrepreneurial intention but also conditions the effectiveness of GAISEE on both
entrepreneurial self-efficacy and entrepreneurial intention, and the entrepreneurial self-efficacy—entrepreneurial
intention link itself. This finding underscores the theoretical importance of considering the interplay between
pedagogical innovations and their contextual embeddedness®. It suggests that theories of entrepreneurship
education must account for the synergistic effects that arise when advanced educational tools are deployed
within supportive and resource-rich ecosystems. This nuanced understanding of moderation enriches TPB by
highlighting how environmental factors can amplify or dampen the cognitive processes leading to entrepreneurial
action, especially when these processes are themselves being shaped by new technologies.

Finally, through the use of IPMA, this study offers a methodological extension that provides nuanced
insights into the practical leverage of different theoretical constructs'®*®. While SEM identifies significant
pathways, IPMA allows for a more strategic interpretation of which factors (GAISEE, entrepreneurial self-
efficacy, university entrepreneurial environment) offer the most impactful intervention points relative to
their current performance. This contributes to a more actionable theoretical understanding, bridging the gap
between identifying significant relationships and prioritizing them for practical application in fostering future
entrepreneurs through the integration of generative Al in education.

Practical implications

The empirical findings of this study carry significant practical implications for higher education institutions,
educators, and policymakers aiming to cultivate entrepreneurial talent in the age of generative Al Our results
underscore GAISEE’s transformative potential in fostering both entrepreneurial self-efficacy and intention,
offering a data-driven roadmap for designing more effective entrepreneurship education programs.

Firstly, the demonstrated capacity of GAISEE to significantly enhance entrepreneurial self-efficacy offers
crucial guidance for educators. Rather than treating AI as a mere supplementary tool, we recommend the
active integration of specific generative Al applications (e.g., ChatGPT for ideation and business plan drafting,
Synthesia for pitch development, Jasper for marketing content creation) into the core curriculum®®. Curriculum
modules should be explicitly designed around the application of generative Al in diverse entrepreneurial
scenarios, such as market analysis, financial projection, and competitive strategy development®’. These hands-
on, Al-augmented experiences are vital for bridging the theory-practice gap. Moreover, fostering a collaborative
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learning environment where students experiment with Al tools and engage in peer-assisted learning can amplify
GAISEE’s benefits?®. However, this integration must be coupled with pedagogical strategies that promote critical
thinking and ethical AI use, mitigating risks like AI dependency or the uncritical acceptance of Al-generated
content>>*°. Continuous professional development for educators is therefore essential, equipping them not only
with technical skills but also with the pedagogical knowledge to guide students in the responsible and effective
use of these evolving tools!®%,

Secondly, the pivotal role of the university entrepreneurial environment in amplifying GAISEE’s positive
effects necessitates a holistic institutional strategy. University administrators should prioritize the creation
of a vibrant entrepreneurial ecosystem that extends beyond formal coursework. This involves establishing
robust university-industry partnerships for real-world data access, mentorship, and potential seed funding’.
Developing university incubators and accelerators with dedicated resources, co-working spaces, and specialized
training tailored to student startups is also crucial*’. These initiatives must be embedded within a campus culture
that actively celebrates entrepreneurial pursuits and provides strong support networks’. Critically, a modern
university entrepreneurial environment must also ensure robust digital infrastructure, including high-speed
internet, access to Al platforms, and technical support, to ensure equitable access to GAISEE for all students*7->%51,

Thirdly, from a policy perspective, our findings advocate for increased investment in the digital transformation
of higher education institutions, specifically to support GAISEE. Policymakers should champion funding for
technological infrastructure and Al software access, alongside comprehensive technical and pedagogical support
for educators and students®>*5!. It is equally crucial to develop clear guidelines and ethical frameworks for the
responsible use of generative Al in educational settings, addressing concerns such as data privacy, algorithmic
bias, academic integrity, and the societal impact of Al-driven innovations'®*. Fostering collaborations between
universities, industry, and ethics experts can help establish best practices, ensuring GAISEE is implemented
effectively and responsibly. Given the diverse institutional landscape, policies should also encourage flexible,
adaptable GAISEE implementation strategies tailored to institutional resources and student demographics?2.

Finally, the insights from our IPMA offer a quantitative basis for the continuous improvement of
entrepreneurship education. Universities should regularly assess their GAISEE programs, evaluating not
only student outcomes (entrepreneurial self-efficacy, entrepreneurial intention) but also the performance
of key enabling factors like the quality of GAISEE implementation and the supportiveness of the university
entrepreneurial environment. This data-driven approach facilitates timely adjustments and strategic resource
allocation, ensuring that programs remain effective and responsive to evolving student needs and technological
advancements®’. By embracing a culture of continuous evaluation and improvement, incorporating feedback
from students, educators, and industry partners, universities can maximize the socio-economic benefits of
GAISEE, contributing to a more innovative and entrepreneurial workforce®!”. This includes monitoring for and
mitigating unintended negative consequences, ensuring GAISEE truly empowers students.

Conclusions

This research provides new theoretical and empirical support for the field of entrepreneurship education by
examining the influence of GAISEE on university students’ entrepreneurial intention and the moderating role
of the university entrepreneurial environment. The findings demonstrate that GAISEE significantly improves
students’ entrepreneurial self-efficacy and entrepreneurial intention, with entrepreneurial self-efficacy acting as a
mediator between GAISEE and entrepreneurial intention. Additionally, an optimized university entrepreneurial
environment significantly enhances the positive effects of GAISEE on both entrepreneurial self-efficacy and
entrepreneurial intention. These insights enrich the application of the Theory of Planned Behavior in the context
of entrepreneurship education and provide valuable guidance for higher education institutions in designing
entrepreneurship courses. This study makes a significant contribution to the field by being among the first to
empirically investigate the impact of GAISEE on entrepreneurial intention. It extends the existing literature
on entrepreneurship education by highlighting the potential of generative Al as a powerful tool for enhancing
students’ entrepreneurial self-efficacy and intention. Furthermore, it underscores the importance of a supportive
university entrepreneurial environment in maximizing the effectiveness of GAISEE, offering a nuanced
understanding of the interplay between technology, education, and the broader institutional context. The study
highlights the importance of integrating generative Al technology into entrepreneurship education to enhance
students’ entrepreneurial skills, market insights, and confidence. Policymakers are encouraged to optimize
the university entrepreneurial environment to foster students’ entrepreneurial aspirations, suggesting policy
support and funding to promote collaboration between universities and industry, providing rich entrepreneurial
resources and practical opportunities. Engaging in GAISEE can enhance students’ entrepreneurial skills and
unleash their entrepreneurial potential, laying a solid foundation for their future entrepreneurial path. This
study offers new perspectives for theoretical research and concrete recommendations for entrepreneurship
education practice.

Limitations and future agenda

Despite the insights provided, this study has limitations that present directions for future research. Firstly, the
cross-sectional survey data used needs to capture the long-term impact of GAISEE on changes in entrepreneurial
intention. Future research could employ a longitudinal study design to track the entrepreneurial process of
respondents over time, observing the long-term effects of entrepreneurship education interventions on
entrepreneurial behavior and intention. Secondly, the limited sample scope, focused on university students in
China, restricts the generalizability of the findings. While the focus on a Chinese context provides valuable
in-depth insights, we acknowledge the need to consider the implications of our findings for non-Eastern and
non-Chinese institutions. Although the core principles of integrating generative Al into education and fostering

Scientific Reports |

(2025) 15:24079 | https://doi.org/10.1038/s41598-025-09545-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

a supportive entrepreneurial environment are likely to be universally beneficial, the specific implementation
strategies may need to be adapted to different cultural and institutional contexts. For example, Western institutions
might place a greater emphasis on individualistic entrepreneurial pursuits, while Eastern institutions might
prioritize collective or collaborative entrepreneurial models. The availability and acceptance of Al technologies,
as well as the structure of support systems for entrepreneurship within universities, may also vary across regions,
necessitating tailored approaches. To enhance the external validity of the conclusions, future studies could expand
the sample to include students from different countries and cultural backgrounds, exploring the role of cultural
diversity in GAISEE. Thirdly, this research focused on the rational aspect of entrepreneurial intention, and future
studies could incorporate emotional factors into the theoretical model. Investigating the relationship between
students’ emotional states, such as passion, fear, and optimism, and their entrepreneurial intention and behavior
could provide a more comprehensive understanding of entrepreneurial intention. Building a more holistic
theoretical model of entrepreneurial intention will also offer richer guidance for designing and implementing
entrepreneurship education. These suggestions deepen the field’s theoretical understanding while advancing
entrepreneurship education’s development and guiding future educational reforms. The counterintuitive
finding that a high-support university environment might be associated with slightly lower self-efficacy and
intention at very low levels of GAISEE warrants more in-depth investigation. Future research could employ
qualitative methods or more granular quantitative measures to explore the psychological mechanisms behind
this observation, such as perceived pressure, resource misalignment, or heightened awareness of competency
gaps in high-support environments for individuals with minimal initial exposure or efficacy.

Another important limitation of this study concerns the potential causal ambiguity between GAISEE and
the university entrepreneurial environment. While our current model positions the university entrepreneurial
environment as a moderator, we acknowledge that the relationship between these constructs may be more
complex and bidirectional. Universities with stronger entrepreneurial environments may be more likely to adopt
innovative educational approaches like GAISEE, while the implementation of GAISEE may simultaneously
contribute to strengthening the university’s entrepreneurial ecosystem. Future research could explore alternative
model specifications, such as testing the interaction effect of GAISEE in the relationship between university
support and entrepreneurial intention. This reverse moderation approach would provide valuable insights into
whether GAISEE amplifies the impact of existing university support structures on student entrepreneurial
outcomes. Additionally, longitudinal studies could help disentangle the temporal dynamics and potential
reciprocal relationships between GAISEE implementation and the evolution of university entrepreneurial
environments. We acknowledge a potential conceptual overlap between our GAISEE construct and the
university entrepreneurial environment measurement. Specifically, the university entrepreneurial environment
scale includes an item related to entrepreneurship education (‘My university provides good entrepreneurship
education for students to start their businesses’), which could be perceived as overlapping with GAISEE, as
GAISEE represents a specific form of entrepreneurship education. While we maintained these as separate
constructs based on their distinct theoretical foundations—with GAISEE focusing specifically on Al-enhanced
pedagogical approaches and the university entrepreneurial environment encompassing broader institutional
support systems—future research should consider developing more refined measurement instruments that
clearly delineate between specific educational interventions and general institutional support. This limitation
does not invalidate our findings, as discriminant validity tests confirmed the empirical distinctiveness of these
constructs (see Table 3), but it highlights an area for methodological improvement in future studies.

Our study has primarily conceptualized and tested entrepreneurial self-efficacy as a mediating variable
between GAISEE and entrepreneurial intention. This approach is well-grounded in a substantial body of
entrepreneurship education literature which emphasizes the role of educational interventions in building
efficacy, which, in turn, drives intentions, regarding Ajzen’s46 discussion on the potential for Perceived
Behavioral Control (and by extension, domain-specific self-efficacy like entrepreneurial self-efficacy) to also
function as a moderator within the TPB framework. While our focus was on the efficacy-building nature of
GAISEE, future research could fruitfully explore a more complex model that simultaneously investigates the
dual roles of entrepreneurial self-efficacy — both as a mediator and a moderator. This could provide an even
more nuanced understanding of how individual self-perceptions of capability interact with educational inputs
to shape entrepreneurial intentions, particularly in the context of rapidly evolving Al-augmented learning
environments. Such investigations could further refine the application of TPB in predicting entrepreneurial
outcomes stemming from technology-enhanced education.

Data availability
The datasets used or analysed during the current study are available from the corresponding author (Shaofeng
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