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ABSTRACT 

The present study aimed to validate a proposed entrepreneurship-oriented curriculum model 

incorporating an artificial intelligence approach in universities of Mazandaran Province. In 

terms of purpose, this study was applied, and in terms of methodology, it employed a 

descriptive-survey design conducted as the quantitative phase of the sequential exploratory 

mixed-methods design of the main research project. The statistical population consisted of 

2,578 faculty members from universities and higher education institutions in Mazandaran 

Province. Using Cochran’s formula and proportionate stratified random sampling, 334 

participants were selected as the study sample. The research instrument was a researcher-

developed 72-item questionnaire derived from the seven-dimensional conceptual model 

obtained in the qualitative phase of the study. The reliability of the instrument was confirmed 

at a satisfactory level, with a Cronbach’s alpha coefficient of .949 for the total scale and 

coefficients ranging from .850 to .961 for the seven dimensions. Data were analyzed using 

the one-sample t test, Friedman test, and confirmatory factor analysis (CFA). The results of 

the one-sample t test indicated that the means of all seven model dimensions were 

significantly higher than the theoretical criterion mean of 3 (p < .001 in all cases), providing 

empirical support for the content and empirical validity of the proposed model from the 

perspective of faculty members. The Friedman test further showed that the dimensions of 

“Infrastructure, Faculty, and Organizational Support Ecosystem” (mean rank = 3.22) and 

“Smart Curriculum Design and Structure” (mean rank = 3.59) received the highest priorities, 

whereas “Active and Applied Learning” (mean rank = 4.82) received the lowest relative 

priority among the seven dimensions, χ² = 114.60, p < .001. The findings of the confirmatory 

factor analysis also provided relative support for the factor structure of the model. Based on 

the findings, the seven-dimensional entrepreneurship-oriented curriculum model 

incorporating an artificial intelligence approach possesses the necessary empirical validity 

for use in curriculum policymaking and design in universities of Mazandaran Province. 

Keywords: validation, curriculum, entrepreneurship, artificial intelligence, confirmatory 

factor analysis, higher education 

 

Introduction 

Higher education systems are increasingly expected to prepare graduates for economic environments characterized by 

technological disruption, rapid knowledge obsolescence, changing occupational structures, and growing uncertainty in labor 

markets. Within this context, entrepreneurship education has moved beyond the narrow objective of preparing students to 
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establish new businesses and has increasingly been conceptualized as a means of developing opportunity recognition, 

innovation, initiative, problem-solving, risk management, adaptability, and value-creation capabilities. Universities are 

therefore under growing pressure to reconsider the extent to which their curricula cultivate entrepreneurial competencies that 

enable students not only to enter existing labor markets but also to actively shape new forms of economic and social activity. 

Recent studies have consequently emphasized that entrepreneurship education should be embedded systematically in 

curriculum goals, content, pedagogical practices, learning experiences, assessment processes, and institutional support 

mechanisms rather than being treated as an isolated course or extracurricular activity (1-3). 

The importance of curriculum in entrepreneurship education stems from the fact that entrepreneurial behavior does not 

emerge merely through exposure to theoretical knowledge. A curriculum capable of fostering entrepreneurship must create 

coherent relationships among learning objectives, disciplinary and interdisciplinary content, active learning strategies, authentic 

entrepreneurial experiences, assessment practices, faculty competencies, and the broader university ecosystem. Research on 

entrepreneurship curricula has shown that students’ entrepreneurial intentions and behavioral orientations are influenced by the 

quality and relevance of curricular support, particularly when formal instruction is accompanied by experiential opportunities 

and a supportive institutional environment (4, 5). Similarly, the effectiveness of entrepreneurship education depends 

substantially on the pedagogical competence of instructors and their ability to move from conventional transmission-oriented 

teaching toward facilitation, mentoring, problem-based learning, and experience-centered instruction (6). Curriculum 

development in entrepreneurship thus requires a systemic perspective in which individual curriculum elements operate as an 

integrated configuration rather than as disconnected instructional activities. 

This systemic understanding has also been reflected in attempts to construct curriculum models specifically suited to 

entrepreneurship education. For example, entrepreneurship curriculum design has been examined through models that 

emphasize coherence among curriculum components and their contextual relationships, including frameworks derived from 

Akker’s curriculum spider-web approach (7). In the Iranian higher education context, efforts have likewise been made to 

identify appropriate models of entrepreneurial teaching and to adapt educational strategies to the institutional, cultural, and 

pedagogical characteristics of universities (8). More recent research has extended this line of inquiry by emphasizing 

entrepreneurial thinking as a foundational orientation that should permeate curriculum design and learning processes rather 

than being limited to business-startup knowledge (9). These developments indicate an ongoing shift from teaching “about 

entrepreneurship” toward designing curricula that enable students to think, act, collaborate, experiment, and create value 

entrepreneurially. 

Nevertheless, entrepreneurship curricula remain subject to important conceptual and practical debates. One concern is 

whether contemporary curriculum reforms represent a substantive transformation in the educational purposes and learning 

architecture of entrepreneurship education or merely incremental modifications to existing business and management education 

structures (10). If entrepreneurship education is reduced to conventional instruction in business plans, finance, marketing, and 

management techniques, its capacity to develop adaptive entrepreneurial agency may remain limited. Conversely, curricula 

that excessively emphasize general entrepreneurial attitudes without sufficient disciplinary, technological, analytical, and 

practical foundations may fail to prepare students for the complexity of contemporary innovation ecosystems. Evidence from 

practitioners suggests that effective entrepreneurship education requires stronger connections between universities and real 

entrepreneurial environments, greater use of authentic challenges, interaction with entrepreneurs and industry actors, and 

continuous revision of curriculum content in response to emerging economic realities (11). Furthermore, student characteristics 

and preferences may influence how entrepreneurship curriculum experiences are perceived and how learners engage with 

educational content, suggesting that flexible and learner-responsive curriculum design is increasingly important (12). 



Volume 5, Issue 1 

 3 

These curriculum challenges have become considerably more complex with the rapid expansion of artificial intelligence 

(AI). AI is no longer simply an auxiliary digital technology used to automate isolated educational functions; it is becoming a 

transformative force affecting the production, organization, personalization, delivery, and evaluation of knowledge across 

higher education. Global evidence indicates that AI can influence numerous dimensions of curriculum development, including 

learning objectives, content selection, teaching methods, personalized learning pathways, assessment practices, faculty roles, 

and institutional decision-making (13). Accordingly, curriculum development in the AI era requires universities to reconsider 

both what students need to learn and how learning itself should be organized. The accelerating integration of generative AI, 

intelligent tutoring systems, learning analytics, adaptive educational environments, and data-driven decision-support 

mechanisms has generated new possibilities for responsiveness and personalization while simultaneously raising challenges 

related to academic integrity, human agency, ethics, data governance, and educational equity. 

From a curriculum-theory perspective, AI therefore cannot be adequately understood merely as an instructional tool added 

to an otherwise unchanged educational system. A broader conceptualization regards AI as part of a changing social, 

technological, and civilizational context in which the assumptions underlying curriculum, knowledge, learning, and human 

development must be reconsidered (14). This perspective is particularly relevant because curriculum adaptation in the age of 

AI involves continuous negotiation between technological capabilities and educational values. Curriculum designers must 

determine which learning processes can beneficially be supported or augmented by AI, which human competencies should 

remain central, and how students can develop the critical capacity to interact with intelligent systems responsibly and 

productively. Research on curriculum adaptation has accordingly highlighted the need for responsive, context-sensitive models 

capable of incorporating AI-related changes while preserving pedagogical coherence and educational purpose (15). 

The emerging literature further demonstrates that AI offers significant opportunities for curriculum personalization. AI-

supported curriculum design can facilitate the analysis of learner characteristics, educational needs, prior performance, and 

learning patterns, enabling differentiated learning pathways and more individualized educational experiences (16). Meta-

synthesis research has similarly identified multiple roles for AI in curriculum design, including needs assessment, content 

organization, learning-resource selection, instructional adaptation, assessment, and feedback (17). At the level of specific 

disciplinary curricula, research has also examined the requirements for integrating AI into science education and has 

emphasized the importance of infrastructure, teacher readiness, content redesign, ethical considerations, and organizational 

preparation (18). Other research syntheses concerning science curricula have likewise demonstrated that AI integration affects 

several interrelated curriculum components and therefore requires systematic rather than piecemeal implementation (19). 

At the same time, the integration of AI into educational curricula is accompanied by significant challenges. Reviews of AI-

based teacher education curricula have identified both opportunities and constraints related to technological infrastructure, 

professional preparedness, pedagogical knowledge, ethical concerns, unequal access, resistance to change, and institutional 

capacity (20). These issues are particularly consequential in higher education because successful curricular transformation 

depends not only on access to AI technologies but also on the readiness of faculty members to redesign learning experiences 

around them. Faculty must be capable of understanding the pedagogical affordances and limitations of AI, guiding students in 

critical and ethical use, interpreting data generated by intelligent systems, and redesigning assessment in ways that maintain 

authentic learning. Thus, AI-based curriculum innovation requires simultaneous attention to technology, human expertise, 

organizational policy, and educational culture. 

The convergence of AI and entrepreneurship education creates an especially significant field for curriculum innovation. 

Contemporary entrepreneurship is increasingly mediated by digital platforms, data analytics, intelligent automation, 

algorithmic decision-making, and emerging technologies. AI can reduce informational barriers, support opportunity 
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identification, improve market analysis, facilitate product and service design, automate routine entrepreneurial tasks, and enable 

novel business models. Emerging technologies such as AI and blockchain are also reshaping intermediary organizations and 

mechanisms that support entrepreneurship development, further changing the competencies expected of future entrepreneurs 

(21). Consequently, entrepreneurship curricula that remain disconnected from AI-related knowledge and capabilities risk 

becoming increasingly misaligned with the realities of entrepreneurial activity. 

The relationship between AI learning and entrepreneurship is not limited to technical proficiency. Evidence suggests that 

AI learning and digital literacy may contribute to entrepreneurial behavior through psychological and behavioral mechanisms 

such as entrepreneurial self-efficacy (22). This relationship is important because entrepreneurial competence in AI-intensive 

environments requires a combination of technical, cognitive, behavioral, interpersonal, and ethical capabilities. Students need 

to understand how AI and data can support entrepreneurial decision-making while simultaneously developing creativity, critical 

thinking, initiative, communication, teamwork, resilience, ethical judgment, and the ability to identify and evaluate 

opportunities. An entrepreneurship-oriented curriculum with an AI approach should therefore not be interpreted as merely 

adding AI-related content to traditional entrepreneurship courses; rather, it should integrate technological and data 

competencies with entrepreneurial and human capabilities in a coherent curriculum architecture. 

The pedagogical implications of this integration are equally important. Entrepreneurship is fundamentally action-oriented, 

and AI-related competence also develops most effectively through active engagement rather than exclusively through lectures 

or conceptual instruction. Project-based learning, problem-based learning, simulation, prototyping, case analysis, 

interdisciplinary teamwork, interaction with entrepreneurial ecosystems, and technology-supported experimentation can 

provide students with opportunities to apply both entrepreneurial and AI-related knowledge to authentic problems. Integrated 

educational frameworks, including those drawing upon interdisciplinary STEAM approaches, have highlighted the potential 

value of combining creativity, technology, problem-solving, and entrepreneurship through coherent curriculum structures (23). 

In such settings, students can move from passive recipients of information toward active designers of solutions and 

entrepreneurial opportunities. 

However, active and technology-intensive curricula cannot be implemented successfully without supportive organizational 

conditions. AI-integrated entrepreneurship education requires access to appropriate digital infrastructure, data resources, 

software platforms, laboratories, networks, technical support, and flexible learning environments. Equally important are faculty 

development, managerial commitment, supportive regulations, institutional incentives, and connections with external 

entrepreneurial actors. A technically sophisticated curriculum may remain ineffective if instructors lack the competence or 

motivation to implement it, just as competent instructors may be constrained by inadequate infrastructure or rigid institutional 

processes. This implies that curriculum validity should be examined not merely in terms of content relevance but also with 

regard to the feasibility and perceived importance of institutional and ecosystem conditions necessary for implementation. 

Another important concern is evaluation. Traditional assessment approaches based primarily on examinations and 

reproduction of information are often inconsistent with the intended outcomes of entrepreneurship and AI education. If curricula 

are expected to cultivate opportunity recognition, problem-solving, innovation, AI literacy, data-informed reasoning, 

collaboration, and entrepreneurial action, assessment must capture these complex competencies through performance-based 

and authentic methods. Curriculum evaluation should therefore encompass both learning processes and multidimensional 

outcomes, including students’ entrepreneurial competencies, self-efficacy, technological capability, innovative behavior, and 

capacity to transfer learning to real-world settings. The validation of entrepreneurship-oriented curriculum models is especially 

important because conceptual desirability alone does not establish that a proposed framework is sufficiently coherent, relevant, 

or acceptable to those responsible for its implementation. Previous research validating entrepreneurship education curriculum 
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models has demonstrated the value of empirical assessment in determining whether theoretically derived curriculum structures 

are supported by educational stakeholders (24). 

Research on higher education entrepreneurship also indicates that entrepreneurial outcomes are influenced by interactions 

among curriculum, learner characteristics, mindset, opportunities, and perceptions of risk. Entrepreneurial intention can be 

strengthened when curriculum experiences are combined with optimism, opportunity perception, and appropriate awareness of 

entrepreneurial risk (25). Similarly, the effects of entrepreneurship education and curriculum may depend partly on students’ 

entrepreneurial mindsets, demonstrating that curriculum design should consider not only the transmission of content but also 

the development of cognitive orientations that shape entrepreneurial action (5). Such findings reinforce the need for 

multidimensional curriculum models that incorporate competency development, learning processes, contextual supports, and 

intended outcomes rather than relying on a narrow content-based conception of entrepreneurship education. 

Despite the growing bodies of scholarship on entrepreneurship curricula and AI-supported curriculum development, these 

two domains have frequently evolved along parallel rather than fully integrated trajectories. Entrepreneurship curriculum 

research has concentrated on entrepreneurial intention, pedagogy, experiential learning, curriculum components, and 

institutional support (4, 6), whereas AI curriculum research has emphasized technological integration, personalization, digital 

literacy, instructional adaptation, and the changing role of educators (13, 15). The intersection of these fields remains 

comparatively underdeveloped, especially with respect to empirically validated models that specify how entrepreneurial 

competencies, AI and data competencies, curriculum structure, active learning, human and professional competencies, 

organizational infrastructure, and evaluation can operate within a unified framework. This gap is particularly consequential for 

universities attempting to respond simultaneously to digital transformation and expectations regarding employability, 

innovation, entrepreneurship, and regional development. 

The need for contextual validation is also critical. Curriculum models developed in one national, institutional, or disciplinary 

environment cannot automatically be assumed to possess equal relevance in another context. Universities differ in technological 

readiness, faculty capabilities, organizational culture, governance arrangements, student characteristics, industry relationships, 

and access to entrepreneurial ecosystems. Iranian higher education has its own institutional and educational conditions, and 

previous national studies have emphasized the importance of constructing entrepreneurship-oriented teaching and curriculum 

models compatible with these conditions (8, 9). At the same time, the growing national interest in AI-supported curriculum 

design has generated research addressing personalized curricula, disciplinary applications, and curriculum requirements (16, 

18, 19). Yet empirical evidence concerning an integrated entrepreneurship-oriented curriculum incorporating AI at the 

university level remains limited. 

Mazandaran Province provides a meaningful setting for examining this issue because its higher education system 

encompasses diverse universities and institutions with different missions, disciplinary orientations, organizational structures, 

and technological capacities. A curriculum model intended for application across this environment must therefore demonstrate 

not only conceptual coherence but also empirical acceptability among faculty members who possess direct knowledge of 

educational practices and institutional conditions. Faculty perspectives are particularly important because instructors function 

as key agents of curriculum implementation: they interpret curriculum goals, select pedagogical practices, integrate 

technologies, assess learning outcomes, and mediate between formal curriculum intentions and students’ actual educational 

experiences. Empirical validation from the perspective of faculty members can therefore provide essential evidence regarding 

whether the dimensions identified through qualitative inquiry are perceived as sufficiently important and relevant for university 

curriculum development. 
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Moreover, the contemporary complexity of entrepreneurship and AI requires curriculum validation at multiple levels. 

Internal reliability can indicate whether the dimensions are measured consistently; comparisons of dimension scores against a 

theoretical criterion can indicate the extent to which stakeholders endorse the proposed components; priority analysis can 

identify which dimensions are regarded as more urgent for implementation; and factor-analytic evidence can determine the 

degree to which empirical data support the hypothesized multidimensional structure. Bringing these forms of evidence together 

provides a more defensible basis for curriculum policymaking than relying exclusively on qualitative conceptualization or 

expert judgment. Such validation is particularly necessary when a proposed model is intended to inform institutional planning, 

faculty development, technological investment, instructional redesign, and assessment policies. 

Accordingly, the emerging literature points toward a clear need for entrepreneurship curricula that are technologically 

informed, pedagogically active, competency-based, human-centered, context-sensitive, and institutionally supported. AI can 

expand the capacity of universities to personalize learning, analyze educational data, create adaptive experiences, and expose 

students to technologies increasingly central to entrepreneurial activity, but its educational value depends on purposeful 

curriculum design rather than technology adoption alone (14, 17). Entrepreneurship education, in turn, can foster the agency, 

innovation, opportunity orientation, and value-creation capabilities needed to apply technological knowledge meaningfully in 

changing economic environments (3, 11). Integrating these two domains therefore represents not merely an addition of new 

content but a substantive reconsideration of curriculum objectives, learning experiences, competencies, institutional resources, 

faculty roles, and educational outcomes. 

Therefore, the present study aimed to validate the proposed entrepreneurship-oriented curriculum model incorporating an 

artificial intelligence approach in universities of Mazandaran Province. 

Methods and Materials 

In terms of purpose, the present study was applied, and in terms of data collection, it employed a descriptive-survey design. 

This study constituted the quantitative phase of the sequential exploratory mixed-methods design of the broader research 

project. In this phase, the conceptual structure obtained from the qualitative phase—comprising seven dimensions, 22 

components, and 72 indicators—served as the basis for designing the quantitative instrument and was subsequently tested and 

validated using inferential statistical methods. The statistical population included all 2,578 faculty members of universities and 

higher education institutions in Mazandaran Province. This population consisted of faculty members from 10 universities and 

higher education institutions in the province, including Islamic Azad University, Sari Branch (250 faculty members), National 

University of Skill (75), Mazandaran University of Medical Sciences (602), Babol University of Medical Sciences (297), 

Mazandaran Industrial Higher Education Institute, Babol (139), Mazandaran University of Science and Technology, Behshahr 

(40), Shomal University, Amol (70), Babol Noshirvani University of Technology (200), Islamic Azad University, Babol Branch 

(625), and Islamic Azad University, Qaemshahr Branch (280). Using Cochran’s formula at a 95% confidence level and a 5% 

margin of error, the required sample size was estimated at 334 participants. Subsequently, proportionate stratified random 

sampling was employed to determine the sample size for each university based on its proportion in the statistical population, 

and participants were randomly selected from among the faculty members of each university (Table 1). 

Table 1. Population and Sample Size by University 

University Population Sample Proportion (%) 

Islamic Azad University, Sari Branch 250 32 9.7 

National University of Skill 75 10 2.9 

Mazandaran University of Medical Sciences 602 78 23.3 

Babol University of Medical Sciences 297 39 11.5 
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Mazandaran Industrial Higher Education Institute, Babol 139 18 5.4 

Mazandaran University of Science and Technology (Behshahr) 40 5 1.6 

Shomal University (Amol) 70 9 2.7 

Babol Noshirvani University of Technology 200 26 7.8 

Islamic Azad University, Babol Branch 625 81 24.2 

Islamic Azad University, Qaemshahr Branch 280 36 10.9 

Total 2,578 334 100 

 

The data collection instrument was a researcher-developed questionnaire consisting of 72 items rated on a five-point Likert 

scale, designed directly on the basis of the seven-dimensional conceptual model derived from the qualitative phase. The items 

were organized into 22 components under seven main dimensions, including 12 items for Entrepreneurial and Smart 

Competencies, 12 items for Artificial Intelligence and Data Competencies, 12 items for Smart Curriculum Design and 

Structure, eight items for Active and Applied Learning, 10 items for Human and Professional Competencies, 10 items for 

Infrastructure, Faculty, and Organizational Support Ecosystem, and eight items for Program Evaluation and Outcomes. The 

content and face validity of the instrument were confirmed by the expert panel involved in the qualitative phase. 

The data collection instrument was a researcher-developed questionnaire consisting of 72 items rated on a five-point Likert 

scale, designed directly on the basis of the seven-dimensional conceptual model derived from the qualitative phase. The items 

were organized into 22 components under seven main dimensions, including 12 items for Entrepreneurial and Smart 

Competencies, 12 items for Artificial Intelligence and Data Competencies, 12 items for Smart Curriculum Design and 

Structure, eight items for Active and Applied Learning, 10 items for Human and Professional Competencies, 10 items for 

Infrastructure, Faculty, and Organizational Support Ecosystem, and eight items for Program Evaluation and Outcomes. The 

content and face validity of the instrument were confirmed by the expert panel involved in the qualitative phase. The content 

validity of the questionnaire was established through two procedures. First, because the items were derived directly from the 

open codes and axial categories extracted from interviews with 20 experts, the content of the instrument was inherently 

grounded in the lived experiences and specialized knowledge of the target population. Second, the initial draft of the 

questionnaire was provided to five members of the expert panel from the qualitative phase to evaluate the clarity of the items, 

the absence of conceptual overlap among the components, and the comprehensive coverage of the identified dimensions. The 

feedback received was incorporated into the final version of the questionnaire through minor linguistic revisions. Moreover, to 

reduce response error and enhance data accuracy, the questionnaire was administered in person to the sampled faculty members, 

accompanied by a brief explanation of the purpose of the study, and respondents were asked to complete the questionnaire in 

its entirety. Examination of the collected data indicated that none of the 334 questionnaires contained missing data. Both 

descriptive statistics (mean and standard deviation) and inferential statistical methods were employed for data analysis. First, 

the internal reliability of the overall instrument and its dimensions was assessed using Cronbach’s alpha coefficient. 

Subsequently, to address the first research question—whether the mean of each dimension was significantly higher than the 

theoretical criterion mean of 3—a one-sample t test was conducted. To address the second question concerning the relative 

priority of the dimensions, the nonparametric Friedman test was used to simultaneously compare the rankings of the seven 

dimensions. Finally, to address the third research question concerning the fit of the model’s factor structure, confirmatory factor 

analysis was conducted on the scores of the 22 components within the hypothesized seven-factor structure. 

Findings and Results 

Before conducting the inferential analyses, the internal reliability of the questionnaire and its seven dimensions was assessed 

using Cronbach’s alpha coefficient (Table 2). The Cronbach’s alpha coefficient was .949 for the overall instrument and ranged 



Hashemi et al. 

 8 

from .850 for Human and Professional Competencies to .961 for Infrastructure, Faculty, and Organizational Support 

Ecosystem. All coefficients were substantially above the acceptable threshold of .70, confirming the satisfactory reliability of 

the instrument for validating the proposed model. 

Table 2 presents the descriptive statistics (mean and standard deviation) and the results of the one-sample t test for each of 

the seven dimensions of the model against the theoretical criterion mean of 3, representing the midpoint of the five-point scale. 

Table 2. Descriptive Statistics, Reliability, and One-Sample t-Test Results for the Model Dimensions Against the 

Criterion Mean of 3 (N = 334) 

Dimension Mean SD Cronbach’s α t p 

Entrepreneurial and Smart Competencies 3.64 0.65 .934 17.90 < .001 

Artificial Intelligence and Data Competencies 3.60 0.76 .905 14.47 < .001 

Smart Curriculum Design and Structure 3.83 0.59 .859 25.97 < .001 

Active and Applied Learning 3.49 0.80 .926 11.13 < .001 

Human and Professional Competencies 3.74 0.65 .850 20.91 < .001 

Infrastructure, Faculty, and Organizational Support Ecosystem 3.94 0.93 .961 18.51 < .001 

Program Evaluation and Outcomes 3.73 0.74 .940 17.92 < .001 

Overall model score 3.71 0.45 .949 28.59 < .001 

 

As shown in Table 2, the mean scores of all seven dimensions were significantly higher than the theoretical criterion mean 

of 3 (p < .001 in all cases). The highest mean was observed for “Infrastructure, Faculty, and Organizational Support Ecosystem” 

(M = 3.94), followed by “Smart Curriculum Design and Structure” (M = 3.83), whereas the lowest mean—although still 

significantly above the criterion mean—was observed for “Active and Applied Learning” (M = 3.49). The overall model score 

(M = 3.71, SD = 0.45) was also significantly higher than the theoretical criterion mean, t = 28.59, p < .001, collectively providing 

strong empirical support for the content and empirical validity of the proposed seven-dimensional model from the perspective 

of faculty members at universities in Mazandaran Province. It is also noteworthy that the statistical effect sizes underlying these 

differences appear substantial. Given the large t statistics, ranging from approximately 11 to 29, together with the relatively 

large sample size (N = 334), it can be inferred that these statistically significant differences are not merely attributable to the 

large sample size but represent meaningful and substantive effects within the population of faculty members at universities in 

Mazandaran Province. In particular, the difference between the mean score for “Infrastructure, Faculty, and Organizational 

Support Ecosystem” (M = 3.94) and the criterion mean amounted to 0.94 points, representing the largest difference among all 

dimensions and indicating relatively stronger consensus among respondents regarding the importance of this dimension. To 

determine the relative priorities assigned by respondents to the seven dimensions, the nonparametric Friedman test was 

conducted. The results indicated a statistically significant difference among the rankings of the seven dimensions, χ² = 114.60, 

df = 6, p < .001. Table 3 presents the mean rank for each dimension. 

Table 3. Results of the Friedman Test for Prioritizing the Model Dimensions 

Rank Dimension Mean Rank 

1 Infrastructure, Faculty, and Organizational Support Ecosystem 3.22 

2 Smart Curriculum Design and Structure 3.59 

3 Program Evaluation and Outcomes 3.93 

4 Human and Professional Competencies 4.01 

5 Entrepreneurial and Smart Competencies 4.26 

6 Artificial Intelligence and Data Competencies 4.17 

7 Active and Applied Learning 4.82 

 

According to Table 3, “Infrastructure, Faculty, and Organizational Support Ecosystem,” with a mean rank of 3.22, received 

the highest priority among the seven dimensions. This finding indicates that faculty members regard the provision of 
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technological infrastructure, faculty development, and university managerial support as fundamental prerequisites for the 

successful implementation of any entrepreneurship–artificial intelligence curriculum. In contrast, “Active and Applied 

Learning,” with a mean rank of 4.82, received the lowest relative priority. This finding may be interpreted to mean that although 

this dimension was still statistically and significantly endorsed, it was not regarded by faculty members as the foremost 

implementation priority relative to the other dimensions, possibly because the implementation of project-based learning itself 

depends on the prior availability of adequate infrastructure and faculty capabilities represented by the first dimension. To assess 

the fit of the proposed seven-dimensional factor structure to the collected data, confirmatory factor analysis was performed on 

the mean scores of the 22 components under the seven hypothesized latent factors. The model fit indices are presented in Table 

4. 

Table 4. Goodness-of-Fit Indices for the Confirmatory Factor Analysis of the Seven-Dimensional Structure 

Fit Index Obtained Value Acceptable Criterion 

Normed chi-square (χ²/df) 10.30 < 3 desirable / < 5 acceptable 

Comparative Fit Index (CFI) .77 > .90 

Tucker–Lewis Index (TLI) .71 > .90 

Root Mean Square Error of Approximation (RMSEA) .17 < .08 

Goodness-of-Fit Index (GFI) .75 > .90 

 

The results of the confirmatory factor analysis indicated that the absolute and comparative fit indices of the seven-factor 

model did not reach fully satisfactory levels and remained below conventional criteria for excellent model fit. Nevertheless, 

the overall direction of the component factor loadings on the hypothesized factors was positive and conceptually consistent 

with the qualitative structure of the model. This finding, together with the strong support obtained from the exploratory factor 

analysis reported in the first article of this research series (KMO = .871; explained variance = 69.1%), suggests that the seven-

dimensional conceptual structure receives relative empirical support. However, achieving satisfactory fit in the confirmatory 

model requires further model refinement because of the relatively high complexity of the model, including the large number of 

parameters estimated relative to the sample size at the subcomponent level, as well as the natural correlations among several 

conceptually related dimensions, particularly the competency-oriented dimensions. Future studies should therefore consider 

reducing the number of freely estimated parameters or employing hierarchical or bifactor factor-analytic approaches. 

Nevertheless, the combined evidence obtained from three independent sources—the qualitative–quantitative convergence 

observed in the first phase, exploratory factor analysis, and the t and Friedman tests conducted in the present phase—

collectively provides acceptable support for the construct validity as well as the content and empirical validity of the proposed 

seven-dimensional model. 

It should be noted that an important methodological consideration must be taken into account when interpreting the 

confirmatory factor analysis fit indices. The 22 components, rather than the original 72 individual items, were used as indicators 

of the latent factors in this analysis. Although this approach—commonly referred to as “item parceling” or parceling—is 

frequently employed in complex models to reduce the parameter-to-sample-size ratio, it may cause some component-specific 

variance to be overlooked in the calculation of model fit indices. Accordingly, the reported fit indices should be interpreted as 

conservative estimates of the adequacy of the model’s factor structure rather than as definitive evidence for either complete 

rejection or complete confirmation of the proposed model. Combining these findings with the stronger evidence obtained from 

the exploratory factor analysis conducted at the level of the original questionnaire items provides a more comprehensive and 

balanced assessment of the construct validity of the model. 
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Discussion and Conclusion 

The present study aimed to validate a proposed entrepreneurship-oriented curriculum model incorporating an artificial 

intelligence approach in universities of Mazandaran Province. The findings provided substantial empirical support for several 

aspects of the proposed seven-dimensional model. First, the instrument demonstrated high internal consistency, with a 

Cronbach’s alpha of .949 for the total scale and coefficients ranging from .850 to .961 across the seven dimensions. Second, 

the mean scores of all seven dimensions were significantly higher than the theoretical criterion mean of 3, indicating that faculty 

members generally endorsed all dimensions as relevant and important components of the proposed model. Third, the Friedman 

test showed significant differences in the relative priorities assigned to the dimensions, with “Infrastructure, Faculty, and 

Organizational Support Ecosystem” ranked first, followed by “Smart Curriculum Design and Structure,” whereas “Active and 

Applied Learning” received the lowest relative priority. Finally, the confirmatory factor analysis provided only partial support 

for the hypothesized seven-factor structure because the principal fit indices did not meet conventional thresholds for satisfactory 

model fit. Taken together, these findings suggest that the proposed model enjoys strong content-related and empirical 

endorsement from faculty members, although its latent structural configuration requires further refinement before it can be 

regarded as fully confirmed. 

The significant endorsement of all seven dimensions indicates that faculty members perceive entrepreneurship-oriented 

curriculum development in the age of artificial intelligence as a multidimensional undertaking rather than as a narrow addition 

of entrepreneurship or technology courses to existing programs. This result is consistent with contemporary research 

emphasizing that entrepreneurship curricula must integrate multiple elements, including competencies, curriculum content, 

pedagogy, assessment, faculty capacity, institutional support, and connections with the entrepreneurial environment (1-3). It is 

also compatible with curriculum models that conceptualize entrepreneurship education as an interconnected system rather than 

a collection of isolated instructional components (7). The overall mean score of 3.71 suggests that respondents regarded the 

seven-dimensional framework as more than moderately relevant and that the conceptual model derived from the qualitative 

phase retained considerable validity when examined quantitatively. This qualitative–quantitative convergence strengthens the 

argument that entrepreneurship education in higher education should be embedded across curriculum design, instructional 

processes, competency development, and institutional structures rather than treated as an extracurricular or peripheral activity. 

The high score obtained for “Entrepreneurial and Smart Competencies” supports the growing view that entrepreneurship 

education should develop opportunity recognition, creativity, initiative, adaptive thinking, problem-solving, and value creation 

alongside more conventional entrepreneurial knowledge. Recent work has emphasized entrepreneurial thinking as a 

foundational curricular orientation capable of preparing students to respond more effectively to uncertainty and rapidly 

changing socioeconomic environments (9). Similarly, research has shown that curriculum support can contribute to students’ 

entrepreneurial intentions, especially when it is aligned with broader educational experiences and opportunities for 

entrepreneurial engagement (4). The current finding also aligns with evidence that curriculum, awareness of entrepreneurial 

risk, optimism, and opportunity perception jointly contribute to entrepreneurial intention (25). Thus, the endorsement of 

entrepreneurial and smart competencies indicates that faculty members recognize that future-oriented entrepreneurship 

curricula must cultivate not only business knowledge but also cognitive and behavioral capacities that enable learners to identify 

opportunities, make informed decisions, and act innovatively under conditions of uncertainty. 

The significant endorsement of the “Artificial Intelligence and Data Competencies” dimension is equally important. AI is 

rapidly transforming curriculum development and higher education by altering how knowledge is produced, accessed, 

analyzed, personalized, and assessed (13). Therefore, the finding that faculty members rated AI and data competencies 
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significantly above the criterion mean suggests an awareness that entrepreneurship graduates increasingly require familiarity 

with AI-enabled tools, data interpretation, digital decision-making, and intelligent systems. This result is compatible with 

studies showing that AI can support multiple stages of curriculum design, including needs assessment, learning personalization, 

content organization, assessment, and feedback (16, 17). It is also consistent with research indicating that AI learning and 

digital literacy can strengthen entrepreneurial behavior through mechanisms such as entrepreneurial self-efficacy (22). In 

entrepreneurial contexts increasingly shaped by platform economies, automation, data analytics, and intelligent technologies, 

the ability to use AI critically and strategically is becoming an integral component of entrepreneurial competence rather than 

an optional technical skill. 

The relatively high mean and second-place ranking of “Smart Curriculum Design and Structure” further demonstrates that 

respondents regarded curriculum architecture as a central condition for successful integration of entrepreneurship and AI. This 

result is consistent with research arguing that AI requires curriculum adaptation at the structural level rather than the simple 

insertion of new technological content into existing courses (15). Curriculum adaptation in the AI era requires reconsideration 

of objectives, content sequencing, learning pathways, assessment procedures, interdisciplinary connections, and the 

relationship between human and machine-supported learning. The finding is also consistent with broader theoretical arguments 

that AI should be regarded not merely as an educational tool but as part of a changing educational and civilizational context 

that necessitates curriculum reconceptualization (14). Similarly, research synthesis in science education has demonstrated that 

meaningful AI integration depends on alignment among learning goals, content, technological resources, instructional 

approaches, and assessment (19). The strong endorsement of smart curriculum design in the present study therefore suggests 

that faculty members understand AI integration as a curriculum design problem rather than merely a technology adoption 

problem. 

The highest priority assigned to “Infrastructure, Faculty, and Organizational Support Ecosystem” is one of the most 

consequential findings of the study. Although curriculum innovation often focuses on content and pedagogy, the respondents 

placed greatest importance on the technological, human, and organizational conditions necessary for implementation. This 

result strongly aligns with studies emphasizing that AI-based curricula require adequate technological infrastructure, faculty 

readiness, institutional support, governance mechanisms, and sustained professional development (18, 20). Without reliable 

technological infrastructure, access to AI tools, data resources, technical support, and appropriate institutional policies, even 

well-designed curricula may remain difficult to implement. Likewise, without faculty competence, AI-related educational 

innovations may be used superficially or inconsistently. The prominence of this dimension also accords with research 

highlighting lecturer competency as a key determinant of entrepreneurship education effectiveness (6). In this respect, the 

findings suggest that respondents view curriculum reform as inseparable from organizational capacity building. 

The emphasis on faculty and organizational support also reflects the broader shift from traditional entrepreneurship 

education toward more ecosystem-oriented models. Entrepreneurship learning increasingly depends on interaction with 

external stakeholders, mentors, entrepreneurial organizations, technology providers, and real-world innovation environments. 

Practitioner-based research has shown that higher entrepreneurship education can be improved by strengthening connections 

between curricula and entrepreneurial practice, integrating authentic experiences, and involving external actors in teaching and 

learning (11). Emerging technologies may also reshape intermediary organizations and the structures through which 

entrepreneurship is facilitated (21). Therefore, the first-place ranking of infrastructure, faculty, and organizational support 

indicates that the success of entrepreneurship–AI curriculum reform depends not only on what is taught but also on whether 

the university can establish an enabling ecosystem for implementation. 
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The “Human and Professional Competencies” dimension was also significantly endorsed, indicating that faculty members 

do not view AI-based entrepreneurship education as primarily technological. This finding is important because effective 

entrepreneurship in AI-rich environments still depends on capacities such as communication, teamwork, ethical judgment, 

creativity, responsibility, adaptability, and critical thinking. Research on AI-supported curriculum development has repeatedly 

warned that curriculum transformation should not subordinate human educational goals to technological efficiency (14, 15). 

Similarly, research on personalized AI-based curricula suggests that personalization must remain aligned with meaningful 

educational objectives and learner development rather than becoming a purely algorithmic process (16). The present finding 

therefore supports a balanced model in which technological competence is complemented by human and professional 

capabilities that allow graduates to use AI responsibly, critically, and creatively. 

The significant endorsement of “Program Evaluation and Outcomes” likewise confirms the importance of aligning 

assessment with the intended competencies of entrepreneurship and AI education. Entrepreneurship curricula are expected to 

generate complex outcomes extending beyond factual knowledge, including entrepreneurial intention, mindset, self-efficacy, 

innovation, opportunity recognition, and applied problem-solving. Prior studies have shown that entrepreneurship education 

and curriculum can influence entrepreneurial intention, although these effects may depend on individual and contextual factors 

such as mindset, support, and learning opportunities (4, 5). The current finding suggests that evaluation systems should 

therefore move beyond conventional examinations and assess multidimensional outcomes more directly. The endorsement of 

this dimension is also consistent with previous efforts to validate entrepreneurship curriculum models empirically rather than 

relying solely on conceptual or expert-based judgments (24). Effective curriculum evaluation is particularly important in AI-

integrated settings because both intended and unintended consequences of technological adoption require monitoring. 

The lowest relative priority assigned to “Active and Applied Learning” requires careful interpretation. Importantly, this 

dimension was still significantly above the criterion mean, indicating that respondents did not reject its importance. Rather, 

they considered it relatively less urgent than the other dimensions. This finding may reflect an implementation sequence rather 

than a judgment about intrinsic educational value. Active and applied learning methods such as project-based learning, 

problem-solving, simulation, interdisciplinary teamwork, entrepreneurial experimentation, and authentic task performance 

typically require adequate faculty competence, institutional flexibility, technological resources, and supportive infrastructure. 

Therefore, respondents may have perceived infrastructure and curriculum design as prerequisites that must be established 

before active learning can be implemented effectively. This interpretation is consistent with studies emphasizing experiential 

and active pedagogies in entrepreneurship education (6, 11). It also aligns with integrated entrepreneurship curriculum 

frameworks that emphasize problem-solving, interdisciplinarity, and experiential learning, including STEAM-oriented 

approaches (23). 

The finding regarding active and applied learning may also be understood in relation to student diversity and curriculum 

responsiveness. Engagement with entrepreneurship education can vary according to learner characteristics and preferences, 

suggesting that a single pedagogical approach may not be equally effective for all students (12). In AI-supported environments, 

however, adaptive and personalized learning technologies may provide new possibilities for differentiating active learning 

experiences according to student readiness, interests, and learning pathways. This creates an important connection between the 

relatively lower-ranked active-learning dimension and the highly endorsed smart curriculum and AI dimensions. Rather than 

treating active learning as separate from AI, future curriculum development may benefit from integrating AI-supported 

simulations, intelligent feedback, adaptive project scaffolding, and data-informed learning activities into entrepreneurship 

education. 
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The CFA findings require a more cautious interpretation than the other results. The obtained values of χ²/df = 10.30, CFI = 

.77, TLI = .71, RMSEA = .17, and GFI = .75 do not satisfy commonly accepted criteria for good model fit. Consequently, the 

seven-factor structure cannot be regarded as fully confirmed on the basis of the present CFA. However, this result does not 

necessarily negate the conceptual relevance of the seven dimensions. Instead, it indicates that the empirical relationships among 

the 22 components may be more complex than represented in the specified first-order seven-factor model. Conceptual overlap 

among entrepreneurship, human competencies, AI competencies, active learning, and curriculum design may generate 

substantial cross-factor relationships. This is theoretically plausible because modern entrepreneurship and AI curricula are 

increasingly interdisciplinary and interconnected (3, 13). The finding may therefore point toward the need for alternative 

structural representations, such as second-order, hierarchical, bifactor, or partially correlated models. 

The partial CFA support should also be interpreted alongside the stronger exploratory and criterion-based evidence obtained 

in this research program. The previously reported exploratory factor analysis yielded a KMO value of .871 and explained 69.1% 

of the variance, suggesting that the underlying data structure is sufficiently coherent for multidimensional interpretation. At the 

same time, all seven dimensions were significantly endorsed in the present phase and the overall scale showed high reliability. 

The convergence of these findings suggests that the main issue concerns the precise structural specification of the relationships 

among dimensions rather than the substantive relevance of the dimensions themselves. This distinction is important in 

curriculum validation. A model may contain highly relevant and internally consistent domains while still requiring re-

specification of the covariance structure among those domains. Similar complexity is evident in the broader literature, where 

entrepreneurship curriculum design is increasingly conceptualized as multidimensional, interconnected, and influenced by 

contextual, pedagogical, technological, and institutional factors (2, 10). 

The results also reinforce the contextual character of curriculum validation. Iranian higher education possesses specific 

institutional structures, faculty roles, resource constraints, governance arrangements, and educational traditions that influence 

how entrepreneurship and AI-related curriculum reforms can be implemented. Previous Iranian research has highlighted the 

importance of contextually appropriate entrepreneurial teaching models and curriculum structures (7, 8). Similarly, recent 

Iranian studies on AI-related curriculum design have emphasized the need to account for infrastructure, curricular requirements, 

personalization, faculty readiness, and educational context (17, 18). The current study extends this literature by combining 

entrepreneurship and AI within a unified higher education curriculum model and subjecting that model to empirical validation 

among faculty members across multiple universities in Mazandaran Province. 

Overall, the findings suggest that an entrepreneurship-oriented curriculum incorporating AI should be developed as an 

integrated system composed of entrepreneurial and smart competencies, AI and data competencies, intelligent curriculum 

design, active learning, human and professional competencies, institutional infrastructure and support, and evaluation and 

outcomes. This conclusion is consistent with the broader direction of recent scholarship, which increasingly emphasizes the 

interdependence of entrepreneurship education, digital transformation, learner-centered curriculum design, faculty competence, 

and institutional ecosystems (11, 13, 22). At the same time, the relatively weak confirmatory fit indicates that the proposed 

seven-dimensional architecture should be regarded as a promising but still developing model. Its substantive dimensions appear 

strongly supported, whereas its exact statistical configuration requires additional testing and refinement. Thus, the principal 

contribution of the present study lies not in claiming definitive structural confirmation but in providing an empirically informed 

foundation for the continued development of an AI-integrated entrepreneurship curriculum adapted to the context of higher 

education in Mazandaran Province. 

The present study has several limitations that should be considered when interpreting its findings. First, the study was 

conducted exclusively among faculty members of universities and higher education institutions in Mazandaran Province; 
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therefore, the findings cannot automatically be generalized to all Iranian universities or to higher education systems in other 

national contexts. Second, the study relied on self-reported questionnaire data, which may be influenced by respondents’ 

perceptions, expectations, or socially desirable responses. Third, although the sample size was adequate for the principal 

statistical analyses, the complexity of the proposed factor structure and the number of parameters estimated may have 

contributed to the relatively poor CFA fit. Fourth, the use of the 22 component scores rather than all 72 original items as 

indicators in the confirmatory analysis reduced model complexity but may also have obscured item-level variance and cross-

loadings. Finally, the cross-sectional design provided evidence of perceived validity at a single point in time and did not 

examine whether implementation of the proposed curriculum would actually improve entrepreneurial competencies, AI 

literacy, entrepreneurial intention, academic outcomes, or post-graduation entrepreneurial behavior. 

Future research should replicate the validation process with larger and more diverse samples drawn from universities in 

multiple Iranian provinces and from different types of higher education institutions. The model should also be tested separately 

across disciplinary fields to determine whether its dimensional structure is invariant across areas such as engineering, 

humanities, management, medical sciences, and basic sciences. Future studies are encouraged to conduct item-level CFA using 

larger samples and to compare alternative specifications, including second-order factor models, bifactor models, exploratory 

structural equation modeling, and models allowing theoretically defensible cross-loadings. Longitudinal and quasi-

experimental studies could examine whether implementation of the curriculum leads to measurable changes in AI competence, 

entrepreneurial self-efficacy, opportunity recognition, innovation, entrepreneurial intention, and actual entrepreneurial 

behavior. Future research should also incorporate the perspectives of students, university administrators, curriculum specialists, 

entrepreneurs, technology-sector actors, and policymakers so that validation is not limited to faculty perceptions. 

From a practical perspective, universities seeking to implement the proposed model should prioritize the creation of 

technological and organizational conditions before attempting large-scale curricular transformation. Investment is needed in 

reliable digital infrastructure, access to appropriate AI platforms and data resources, technical support, and policies governing 

ethical and responsible use of AI. Faculty development should be treated as a central implementation strategy and should 

include both technical AI literacy and pedagogical training in project-based, problem-based, interdisciplinary, and 

entrepreneurship-oriented teaching. Curriculum committees should redesign programs so that entrepreneurial and AI 

competencies are progressively developed across courses rather than concentrated in isolated modules. Partnerships with 

businesses, startups, incubators, accelerators, technology firms, and entrepreneurial support organizations should be 

strengthened to provide authentic learning experiences. Assessment systems should also be revised to evaluate applied problem-

solving, innovation, teamwork, AI-supported decision-making, entrepreneurial initiative, and real-world project outcomes. 

Implementation should proceed incrementally through pilot programs, continuous feedback, and periodic curriculum 

evaluation so that the model can be refined in accordance with institutional capacity and emerging technological developments. 
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