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This study aimed to assess the validity and effectiveness of a Teaching Factory 

(TEFA) model based on scientific creativity in enhancing students’ soft skills and 

fostering sustainable entrepreneurship. The TEFA approach was validated 

through expert evaluations and tested through two production processes 

involving 15 university students. The research focused on improving soft skills 

such as communication, teamwork, creativity, leadership, and time management, 

alongside sustainable entrepreneurship skills like opportunity identification, 

resource utilization, and entrepreneurial action. Data were collected using 

observation sheets and analyzed through descriptive statistics and ANOVA to 

compare students' performance across the two production processes. The results 

showed significant improvements in students' soft skills and sustainable 

entrepreneurship, with the TEFA approach based on scientific creativity proving 

highly effective. Average soft skill scores increased from "Poor" to "Good" after 

the intervention, and similar improvements were observed in sustainable 

entrepreneurship scores. The structured pedagogical cycle employed—

encompassing need identification, curriculum development, implementation, 

evaluation, and reflection—successfully bridged the gap between theoretical 

knowledge and practical application in entrepreneurship education. However, a 

limitation of the study was its small sample size, indicating the need for further 

research with larger and more diverse populations. These findings suggest that 

the TEFA approach based on scientific creativity can be a valuable addition to 

university entrepreneurship programs, better preparing students for the 

challenges of the global business landscape. 
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INTRODUCTION 

The increasing emphasis on university entrepreneurship programs aligns with the 

evolving demands of contemporary educational landscapes, which require more dynamic 

teaching approaches. The primary objective of these programs is to develop students’ soft 

skills, which are necessary for thriving in competitive business environments, and to create a 

space for fostering sustainable entrepreneurship. Sustainable entrepreneurship is essential for 
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long-term business success and economic resilience, as it integrates environmental, social, and 

economic considerations into entrepreneurial practices. However, previous studies have 

highlighted numerous challenges impeding the effectiveness of entrepreneurship education 

in higher education institutions, indicating the need for more innovative pedagogical 

interventions (Liu, 2023). These challenges include gaps in soft skill acquisition and limited 

opportunities for students to apply entrepreneurial concepts in real-world contexts. 

Research in higher education settings has revealed that the current entrepreneurship 

programs have not been adequately implemented, particularly in preparing students for real-

world entrepreneurial endeavors (Samsuri et al., 2023). In many cases, university curricula 

prioritize academic achievement over the development of soft skills, such as creativity, critical 

thinking, and problem-solving, which are essential for entrepreneurship (Bhakti et al., 2022). 

Additionally, the pedagogical strategies employed in entrepreneurship education often fail to 

provide students with the necessary tools to succeed in business ventures. This pedagogical 

gap has contributed to low levels of entrepreneurial interest among university students, as 

evidenced by recent studies (Setyawati et al., 2021). 

One of the most important soft skills for students to acquire as a foundation for 

entrepreneurship is creativity (Sanda, 2024). Creativity is vital for identifying opportunities, 

developing innovative solutions, and adapting to changes in the marketplace. Previous 

research has demonstrated a positive association between creativity and entrepreneurial 

mindset, highlighting the role of creative thinking in driving business success (Machali et al., 

2021; Škare et al., 2022). However, creativity and entrepreneurship cannot fully develop in 

students without innovative interventions in the educational systems of universities. Current 

entrepreneurship programs are often too theoretical and lack practical applications that 

would allow students to hone their creative skills and apply them to entrepreneurial contexts 

(Kakouris, 2021). Several studies have recommended the implementation of educational 

systems that promote creativity as a key to developing sustainable entrepreneurship (An et 

al., 2018; Hulyadi et al., 2022; Sarooghi et al., 2015). 

Universities are uniquely positioned to act as hubs for entrepreneurship, especially 

when they adopt innovative educational models that foster creativity and entrepreneurial 

skills. By creating an ecosystem that nurtures creativity and provides students with the 

opportunity to apply their skills in practical settings, universities can significantly enhance 

the entrepreneurial capabilities of their students (Allahar & Sookram, 2019; Samsuri et al., 

2023; Wang & Ma, 2022). The motivation for students to develop their entrepreneurial 

potential is further amplified when the learning environment encourages experimentation, 

creativity, and the application of skills to real-world problems (Subari et al., 2022). In this 

regard, the TEFA emerges as a promising educational model that can bridge the gap between 

theoretical knowledge and practical application, thereby supporting the development of 

sustainable entrepreneurship. 

In the context of innovation strategies, TEFA offers a framework for integrating 

students' disciplinary knowledge with the soft skills and industry needs required for 

entrepreneurship (Mashur et al., 2022; Xu, 2022). This educational model aligns with the 

demands of Industry 4.0, where the integration of theoretical knowledge, creativity, and 

practical application is critical for preparing students for the challenges of the modern 

business world (Mourtzis et al., 2023). TEFA has been recognized as a best practice in 

industrial education, providing students with hands-on experiences that reflect the realities 

of industrial processes and entrepreneurial ventures. Despite its potential, there has been little 

effort to develop TEFA programs that incorporate scientific creativity as a core element for 

enhancing students' soft skills and sustainable entrepreneurship. 
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Research Problem 

Despite the growing implementation of entrepreneurship programs in universities, 

several challenges persist in cultivating the soft skills required for sustainable 

entrepreneurship. Research has shown that these programs often focus more on academic 

achievement than on developing the practical skills students need to succeed in 

entrepreneurial ventures (Samsuri et al., 2023). This imbalance limits the students' ability to 

adapt to real-world business challenges, particularly in areas requiring creativity and 

innovation (Bhakti et al., 2022).  

Furthermore, entrepreneurship education in universities is frequently not supported by 

pedagogical innovations that would allow students to develop essential skills like creativity 

and problem-solving, which are crucial for successful entrepreneurship (Setyawati et al., 

2021). As a result, students often graduate without the necessary capabilities to pursue 

entrepreneurship in a sustainable manner. The limited integration of practical skills, 

creativity, and real-world applications within entrepreneurship programs continues to be a 

significant barrier to the effectiveness of these programs (Sanda, 2024). 

Thus, the need arises to explore innovative teaching methods, such as the TEFA, that 

can integrate scientific creativity into entrepreneurship programs to enhance soft skills and 

support sustainable entrepreneurship development. By bridging the gap between theory and 

practice, TEFA has the potential to address these challenges and provide students with the 

tools they need to succeed in the modern entrepreneurial landscape (Mourtzis et al., 2023).  

Problem Solving Approach 

The primary issue in the failure of university entrepreneurship programs to foster soft 

skills and sustainable entrepreneurship stems from inadequacies in their infrastructure. 

Specifically, traditional pedagogical methods have not been successful in aligning with the 

modern needs of the industry. As a solution, this study proposes the implementation of a 

TEFA pedagogical model integrated with scientific creativity. TEFA, a pedagogical approach 

designed to synchronize teaching and learning processes with industrial manufacturing 

practices, has gained recognition as an effective means to address the mismatch between 

academic training and industry demands (Chryssolouris et al., 2016; Weyand et al., 2023). 

However, TEFA alone is insufficient for the development of soft skills and sustainable 

entrepreneurship among students. The integration of scientific creativity into this model is 

crucial for achieving these educational objectives. 

Scientific creativity, as defined in educational and entrepreneurial research, is a form of 

innovative thinking that encourages the design of creative products and solutions (Wahyudi 

et al., 2019). It has been shown to mediate the development of entrepreneurial skills, fostering 

a mindset that is capable of navigating the complexities of modern markets (Barnard & Herbst, 

2019; Kumar & Shukla, 2022; Zhou & Verburg, 2020). By incorporating scientific creativity into 

TEFA, students are not only exposed to hands-on industrial experience but are also 

encouraged to develop innovative problem-solving abilities. This combination is expected to 

produce graduates who are well-equipped with the soft skills necessary for sustainable 

entrepreneurship. 

A bibliometric analysis by Jing et al. (2023) highlighted the potential of TEFA to produce 

human resources with the necessary soft skills to achieve sustainable development goals. 

Similarly, the implementation of TEFA in vocational education has been linked to successful 

entrepreneurship training (Hasanah & Malik, 2018). However, the lack of scientific creativity 

in many of these programs remains a significant limitation. Scientific creativity is not merely 

about innovation in product design but encompasses broader skills such as negotiation, 
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problem-solving, and the ability to adapt to changing industrial landscapes (Rua & Maia, 

2023). Prior studies have already demonstrated the effectiveness of creative techniques in 

stimulating these soft skills, which are essential for both individual and organizational success 

in entrepreneurship (Kumar & Shukla, 2022; Zhou & Verburg, 2020). 

The pedagogical model of TEFA integrated with scientific creativity, as adapted from 

Chryssolouris et al. (2016), follows a structured cycle, which can be divided into five distinct 

phases (see Figure 1). These phases ensure a comprehensive approach to education, from 

problem identification to continuous improvement, thereby addressing the current 

shortcomings of entrepreneurship programs. 

 

Figure 1. Teaching factory cycle 

Phase 1: Need Identification and Problem Definition 

The first phase involves identifying industry and societal needs, which forms the basis 

for the definition of the problems that the educational program aims to address. This step is 

critical for aligning educational goals with real-world challenges, ensuring that students are 

prepared to tackle contemporary issues in their respective fields. By analyzing industrial and 

societal needs, universities can determine the specific skills and knowledge that are most 

relevant. This phase ensures that the focus of the educational experience is on solving pressing 

industrial problems, thus enhancing the practical relevance of the curriculum. 

Phase 2: Curriculum Development 

In the second phase, the curriculum is developed based on the needs identified in the 

first phase. This involves creating a lesson plan that integrates academic theory with practical 

application in an industrial context. The curriculum is designed around creatively oriented 

project work, which is both realistic and aligned with the demands of modern industries. By 

integrating theory with practice, students are given the opportunity to apply their knowledge 

in real-world settings, thereby developing the critical soft skills required for sustainable 

entrepreneurship. This phase also emphasizes the importance of scientific creativity, which is 

woven into the curriculum to encourage students to approach problems from innovative 

perspectives. 

Phase 3: Implementation 

The third phase is the implementation of the curriculum, where students engage in 

hands-on learning through collaborative projects. This phase is characterized by the 

organization of practical, real-world projects that are closely linked to industrial needs. 

During this phase, students work under the guidance of expert mentors from the industry, 
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who provide feedback and insights into the practical aspects of the projects. This collaboration 

ensures that the learning process is deeply connected to the realities of industrial practices. 

The end goal of this phase is for students to produce small-scale creative products that have 

the potential to be commercialized. The development of these prototypes allows students to 

gain practical experience in entrepreneurship, while also encouraging innovation and 

creativity. 

Phase 4: Evaluation 

The fourth phase involves the evaluation of student performance. This evaluation is 

based on both practical skills and theoretical knowledge, ensuring that students are assessed 

holistically. The evaluation process focuses on how well students have been able to apply their 

learning to solve real-world problems. It also includes a performance assessment that 

measures the effectiveness of their creative solutions and entrepreneurial mindset. The 

inclusion of practical, performance-based assessments in this phase ensures that students' soft 

skills, such as negotiation and problem-solving, are also evaluated. This approach aligns with 

previous research that has shown the importance of soft skills in entrepreneurial success (Rua 

& Maia, 2023). 

Phase 5: Reflection and Improvement 

The final phase is reflection and improvement, which involves a feedback loop based 

on the results of the evaluations conducted in the fourth phase. This phase collects feedback 

from both students and industry partners to identify areas for improvement in the curriculum. 

Continuous improvement is a key component of this phase, as it ensures that the educational 

program remains relevant to the evolving needs of industry and society. By incorporating 

feedback from both students and industry experts, the curriculum can be continuously refined 

to better meet the needs of future cohorts. This phase also serves as an opportunity to reinforce 

the importance of scientific creativity in solving industrial problems and fostering 

entrepreneurship. 

In summary, the proposed solution to the problem of inadequate entrepreneurship 

education in universities involves the implementation of a TEFA pedagogical model 

integrated with scientific creativity. This approach not only addresses the shortcomings of 

current programs but also provides a comprehensive framework for developing students' soft 

skills and fostering sustainable entrepreneurship. Through a structured cycle of need 

identification, curriculum development, implementation, evaluation, and continuous 

improvement, this model ensures that students are well-prepared for the challenges of 

modern entrepreneurship. By integrating scientific creativity into TEFA, universities can 

create a more dynamic and effective learning environment that equips students with the skills 

they need to succeed in today's competitive business world. 

Research purposes 

This study aims to assess the validity and effectiveness of a Teaching Factory (TEFA) 

model based on scientific creativity to improve students' soft skills and foster sustainable 

entrepreneurship within university-level entrepreneurship education. The objective is to 

determine how the integration of scientific creativity into the TEFA model can enhance 

students’ practical skills, bridging the gap between theoretical knowledge and real-world 

application. 

Research Novelty 

The novelty of this research lies in the integration of scientific creativity within the TEFA 

framework for entrepreneurship education. While TEFA has been widely recognized for its 
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ability to align educational practices with industry demands, the incorporation of scientific 

creativity represents a novel approach aimed at enhancing the development of soft skills and 

sustainable entrepreneurship. Previous studies have primarily focused on TEFA’s role in 

vocational education and its contribution to hands-on learning, but there has been limited 

exploration of how scientific creativity can be systematically embedded within this model to 

foster innovative thinking and entrepreneurial capabilities among university students.  

Furthermore, this research introduces a unique pedagogical cycle that blends creative 

project-based learning with real-world industrial challenges, promoting sustainability as a 

core element of entrepreneurship education. This approach transcends traditional 

entrepreneurship training by encouraging students to think beyond immediate market 

demands and focus on long-term business viability that aligns with societal and 

environmental goals. By combining the practical, hands-on experience of TEFA with the 

innovative mindset fostered by scientific creativity, this study contributes to the creation of 

an educational model that prepares students for the complexities of modern 

entrepreneurship, emphasizing both economic and sustainable development. 

METHOD 

This study employed a modified research and development methodology, based on the 

TEFA pedagogical cycle, as adapted from Tisch et al. (2019), to assess the validity and 

effectiveness of a TEFA enhanced with scientific creativity. The purpose of this approach was 

to evaluate the potential of the TEFA model based on scientific creativity to improve students' 

soft skills and foster sustainable entrepreneurship. The research was conducted in two stages: 

validation of the TEFA model and empirical testing through two production processes, where 

the first cycle (production process I) acted as an empirical trial and the second cycle 

(production process II) served as the implementation phase. 

Design and Validation of the TEFA Model 

The first step in the research was to design the pedagogical framework of the TEFA 

model, as described in Figure 1, integrating scientific creativity into the traditional TEFA cycle. 

This framework was designed to support students’ development of soft skills such as 

communication, teamwork, creativity, leadership, and time management. Additionally, it 

aimed to enhance sustainable entrepreneurship skills, focusing on opportunity recognition, 

resource utilization, and entrepreneurial action. 

The TEFA model’s validity was assessed by involving six expert validators in two 

domains: content validity and construct validity. Content validity refers to how well the 

model represents the key aspects of TEFA and scientific creativity relevant to the research 

objectives. Construct validity was used to ensure that the model adequately measured the 

constructs it was designed to assess, namely the soft skills and sustainable entrepreneurship 

of students. Validation data were collected using validation sheets that were structured 

according to pre-established criteria. The experts evaluated the TEFA model based on the 

appropriateness, comprehensiveness, and clarity of its components, including the integration 

of scientific creativity and the practical application of entrepreneurship education. The 

evaluation results were analyzed descriptively, with the mean validation scores calculated to 

determine the overall validity of the model. The scoring criteria were based on standards set 

by previous studies (Prayogi et al., 2018). 

Testing the Effectiveness of the TEFA Model 

Once the TEFA model was validated, its effectiveness in enhancing students' soft skills 

and fostering sustainable entrepreneurship was tested in two cycles of production-based 
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learning. A total of 15 students from Universitas Pendidikan Mandalika participated in this 

phase. The participants were actively involved in the TEFA-based learning process, which 

focused on hands-on, project-based activities that simulated real-world industrial production 

and entrepreneurial challenges.  

During both the first and second production processes, students engaged in various 

tasks designed to foster creativity, teamwork, and entrepreneurial thinking. Each production 

process lasted for approximately 6 weeks, during which students worked in teams to design 

and develop a product that addressed a specific market need. The process required students 

to apply both their disciplinary knowledge and the soft skills necessary for successful 

entrepreneurship. 

The aspects of soft skills measured in this study included communication, teamwork, 

creativity, leadership, and time management. Meanwhile, sustainable entrepreneurship was 

evaluated through indicators such as identifying opportunities, resource usage, and 

entrepreneurial actions. Data collection for these aspects was conducted using observation 

sheets filled out by trained observers who monitored students' participation and performance 

throughout the learning activities. 

The students' soft skills and sustainable entrepreneurship were scored on a scale from 1 

to 5, with 1 being the lowest and 5 the highest. The criteria for evaluating student performance 

are detailed in Table 1, where scores greater than 4.21 were categorized as "Very Good," 3.40 

to 4.21 as "Good," 2.60 to 3.40 as "Fair," 1.79 to 2.60 as "Poor," and scores below 1.79 as "Very 

Poor." 

Table 1. Criteria for evaluating soft skills and sustainable entrepreneurship 

No Interval Calculating Criteria 

1. X > Xi + 1,8 Sbi X > 4,21 Very Good 

2. Xi + 0,6 Sbi < X ≤ Xi + 1,8 Sbi 3,40 < X ≤ 4,21 Good 

3. Xi - 0,6 Sbi < X ≤ Xi + 0,6 Sbi 2,60 < X ≤ 3,40 Fair 

4. Xi - 1,8 Sbi < X ≤ Xi - 0,6 Sbi 1,79 < X ≤ 2,60 Poor 

5. X ≤ Xi − 1,8 Sbi X ≤ 1,79 Very Poor 
Annotation: x (empirical score), Xi (ideal mean), Sbi (ideal standard deviation),  

Data Analysis 

The data collected during both production processes were analyzed to evaluate the 

effectiveness of the TEFA model. First, descriptive statistics were employed to calculate the 

average scores for each soft skill and sustainable entrepreneurship indicator. These average 

scores were used to classify the students' performance into the appropriate criteria (as shown 

in Table 1). To assess the improvement in soft skills and sustainable entrepreneurship from 

the first to the second production cycle, a comparative analysis was conducted. The mean 

scores from production process I and production process II were compared using a one-way 

Analysis of Variance (ANOVA) test, with a significance level set at 0.05. This statistical test 

was chosen to determine whether the differences in the mean scores between the two 

production processes were statistically significant, indicating an improvement in student 

performance after implementing the TEFA model based on scientific creativity. 

The effectiveness of the model was judged based on the extent of improvement in 

students' scores between the two production cycles. A significant increase in the scores would 

suggest that the TEFA-based pedagogical model, with its integration of scientific creativity, 

effectively enhanced the soft skills and sustainable entrepreneurship of the students. 
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RESULTS AND DISCUSSION 

The results of the validation for the TEFA model based on scientific creativity are 

presented in Table 2, outlining the validation outcomes in terms of content validity (including 

needs and state of the art) and construct validity. 

Table 2. Validation data for the TEFA model based on scientific creativity 

Validation aspect Validation score Criteria 

Content Validity- Needs 4.57 Very Valid 

Content Validity- State of the Art 4.60 Very Valid 

Construct Validity 4.53 Very Valid 

Average score 4.57 Very Valid 

The results of the validation for the TEFA model based on scientific creativity, presented 

in Table 2, show that all evaluated aspects received very high average scores. For content 

validity in terms of needs, the average score was 4.57, while the score for the state of the art 

was also very high at 4.60. The construct validity aspect received a score of 4.53. Overall, the 

average total score for the validation of the TEFA model based on scientific creativity was 

4.57, indicating that this pedagogy was considered highly valid by expert validators. This 

strong validation suggests that the TEFA model has high relevance and feasibility in terms of 

both content and conceptual framework for enhancing students' soft skills and sustainable 

entrepreneurship within university entrepreneurship programs. 

The effectiveness test was measured across two processes: an empirical trial (production 

process I) and implementation (production process II). These processes assessed students' soft 

skills and sustainable entrepreneurship. The results of the soft skills data analysis are 

presented in Table 3 and Figure 2, followed by the ANOVA test results in Table 4. 

Table 3. Results of students' soft skills data analysis 

Aspects Group N Mean SD Criteria 

a. Communicatin Production-I 15 2.133 0.640 Poor 

Production-II 15 4.267 0.799 Very Good 

b. Teamwork Production-I 15 2.067 0.799 Poor 

Production-II 15 4.467 0.834 Very Good 

c. Creativity Production-I 15 1.333 0.488 Very Poor 

Production-II 15 4.133 1.060 Good 

d. Leadership Production-I 15 2.267 0.704 Poor 

Production-II 15 3.800 1.082 Good 

e. Time management Production-I 15 2.200 0.676 Poor 

Production-II 15 4.000 0.845 Good 

Average score 
Production-I 15 2.000 0.330 Poor 

Production-II 15 4.133 0.816 Good 

Table 3 shows significant differences in students' soft skills between production process 

I and production process II. In production process I, students' communication skills were 

categorized as "Poor," with an average score of 2.133, while in production process II, these 

skills improved to "Very Good," with a score of 4.267. Similarly, students' teamwork skills 

increased from "Poor" (2.067) in production process I to "Very Good" (4.467) in production 

process II. Creativity, which was initially categorized as "Very Poor" in production process I 

with a score of 1.333, improved to "Good" in production process II (4.133). Leadership skills 

also showed improvement, rising from "Poor" (2.267) to "Good" (3.800). Additionally, time 
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management skills improved from "Poor" (2.200) to "Good" (4.000). Overall, the average soft 

skills score for students in production process I was 2.000 ("Poor"), which increased to 4.133 

("Good") in production process II. 

 

 

Figure 2. Descriptive plot of students' soft skills assessment 

The descriptive plot in Figure 2 shows significant differences in the average soft skills 

of students between production process I and production process II. In production process I, 

the average soft skills scores ranged from 1 to 3, indicating low performance. However, in 

production process II, the average scores increased significantly, with many students 

achieving scores in the 4 to 5 range. This indicates a clear improvement in students' soft skills 

after the second learning process, including communication, teamwork, creativity, leadership, 

and time management.  

Table 4. ANOVA test results for soft skills 

Cases Sum of Sqrs. df Mean Sqr. F p η² 

Group 34.133 1 34.133 88.059 < .001 0.759 

Residuals 10.853 28 0.388    

between production process I and production process II (F = 88.059, p < 0.001, η² = 0.759). 

With a very small p-value (< 0.001), it can be concluded that the improvement in soft skills 

between the two groups (production process I and II) was not due to chance but resulted from 

a significant intervention. The eta-squared value (η² = 0.759) shows that the effect size was 

large, with 75.9% of the variance in the data explained by the differences between the 

production groups. 

Next, the results of the students' sustainable entrepreneurship data analysis are 

presented in Table 5, Figure 3, and the ANOVA test in Table 6. 

Table 5. Data results of students' sustainable entrepreneurship assessment 

Aspect Group N Mean SD Criteria 

a. Opportunity identification  Production-II 15 3.373 0.271 Fair 

Production-I 15 1.467 0.247 Very Poor 

b. Resource utilization Production-II 15 3.501 0.378 Good 

Production-I 15 1.445 0.163 Very Poor 

c. Entrepreneurial action Production-II 15 3.166 0.251 Fair 

Production-I 15 1.377 0.147 Very Poor 

Average score 
Production-II 15 3.346 0.104 Fair 

Production-I 15 1.430 0.111 Very Poor 
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The results in Table 5 show a significant improvement in students' sustainable 

entrepreneurship aspects between production process I and production process II. In 

production process I, the aspect of "Identifying Ideas and Opportunities" received an average 

score of 1.467, categorized as "Very Poor," but this increased to 3.373, categorized as "Fair," in 

production process II. Similarly, the "Resource Utilization" aspect improved from "Very Poor" 

in production process I, with a score of 1.445, to "Good" in production process II, with a score 

of 3.501. Additionally, the "Entrepreneurial Action" aspect, which initially scored 1.377 ("Very 

Poor") in production process I, increased to 3.166 ("Fair") in production process II. Overall, the 

average score for students' sustainable entrepreneurship increased from 1.430 ("Very Poor") 

in production process I to 3.346 ("Fair") in production process II. 

 

 

Figure 3. Descriptive plot of students' sustainable entrepreneurship assessment 

Figure 3 presents a descriptive plot showing a significant increase in the average scores 

of students' sustainable entrepreneurship between production process I and production 

process II. In production process I, the average scores ranged from 1 to 1.5, indicating low 

performance in sustainable entrepreneurship aspects. However, in production process II, the 

average scores increased significantly to a range of 3 to 3.5, reflecting a substantial 

improvement in students' sustainable entrepreneurship abilities after the learning 

intervention, particularly in idea generation, resource utilization, and entrepreneurial actions. 

Table 6. ANOVA test results for sustainable entrepreneurship 

Cases Sum of Sqrs. df Mean Sqr. F p η² 

Group  27.533 1 27.533 2385.573 < .001 0.988 

Residuals 0.323 28 0.012    

The ANOVA test results indicate a significant difference between production process I 

and II in students' sustainable entrepreneurship (F = 2385.573, p < 0.001, η² = 0.988). The very 

low p-value (< 0.001) suggests that the improvement in students' sustainable entrepreneurship 

between the two groups (production process I and II) resulted from a significant learning 

intervention. The eta-squared value (η² = 0.988) indicates a very large effect size, with 98.8% 

of the variance in the data explained by differences between the production groups. 

The validation results of the TEFA model based on scientific creativity show that this 

model is highly valid and relevant for university entrepreneurship programs. Expert 

validation yielded very high average scores for both content validity and construct validity, 

indicating that this model effectively meets students' needs in enhancing soft skills and 

sustainable entrepreneurship. This strong validation aligns with previous literature, which 

emphasizes that practice-based pedagogy like TEFA is an effective educational approach for 
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bridging the gap between theoretical knowledge and the practical skills needed in the 

industry (Chryssolouris et al., 2016; Rentzos et al., 2015). With adequate validation, this 

pedagogy holds potential for increasing the relevance of higher education to the needs of 

business and industry, as suggested by previous studies (Allahar & Sookram, 2019). 

The effectiveness of the TEFA model based on scientific creativity in enhancing students' 

soft skills is also clearly demonstrated by the research findings. Prior to implementation, 

students' abilities in various soft skill aspects were categorized as "Poor" and "Very Poor." 

However, after the application of this pedagogy, students' skills in communication, 

teamwork, creativity, leadership, and time management significantly improved, with most 

aspects categorized as "Good" and "Very Good." This improvement reflects the effectiveness 

of the TEFA model in encouraging students to work in collaborative and creative 

environments, which are crucial in modern industry contexts (Hasanah & Malik, 2018). Other 

studies have also shown that experiential learning approaches like TEFA help students 

develop essential soft skills, such as communication, time management, and collaboration, 

which are critical in the workplace (Wagner et al., 2012). 

The ANOVA test results show significant differences between production process I and 

II in students' soft skills, with an eta-squared value (η² = 0.759) indicating a large effect of the 

intervention. These findings align with Kolb's experiential learning theory, which suggests 

that direct experience-based learning helps students apply theoretical knowledge in practical 

contexts, thereby strengthening skill mastery (Monetti et al., 2023). Furthermore, project-

based TEFA model aligns with the "learning by doing" approach, which is highly effective in 

equipping students with industry-relevant skills (Müller et al., 2017). By placing students in 

situations that simulate real industry conditions, they develop practical skills that cannot be 

fully taught through conventional classroom learning (Kusmintarti et al., 2021). 

In the aspect of sustainable entrepreneurship, the research shows significant 

improvement after the implementation of the TEFA model based on scientific creativity. 

Aspects such as identifying ideas and opportunities, resource utilization, and entrepreneurial 

actions, which were initially categorized as "Very Poor," improved to "Fair" and "Good" after 

the intervention. This is consistent with literature stating that entrepreneurship not only 

depends on understanding theoretical concepts but also on practical skills in identifying 

opportunities and effectively utilizing resources (Bacigalupo et al., 2016). Practice-based 

approaches to entrepreneurship education have been shown to improve students' 

entrepreneurial competencies, as demonstrated by research conducted by Fortunato & Alter 

(2017). 

The integration of scientific creativity in TEFA model also plays an important role in 

enhancing students' sustainable entrepreneurship abilities. Scientific creativity enables 

students to develop new and innovative ideas that can be applied in entrepreneurial contexts 

(Kharkhurin, 2014). This is consistent with research that suggests creativity is a key element 

in entrepreneurial development, as it allows students to adapt to changes and tackle complex 

challenges in the business world (Kumar & Shukla, 2022). Thus, the TEFA model based on 

scientific creativity not only enhances students' technical skills but also helps them develop a 

creative and innovative entrepreneurial mindset (Sternberg & Karami, 2022). 

The ANOVA test results for the sustainable entrepreneurship aspect also show a highly 

significant difference between production process I and II, with an eta-squared value (η² = 

0.988) indicating a very large effect. This means that nearly all the variation in the 

improvement of students' entrepreneurship skills can be explained by the differences in the 

interventions provided. These findings support the literature, which suggests that creativity 

plays a mediating role in entrepreneurship development, where creative thinking is essential 
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for identifying opportunities and developing innovative products or services (Zhou & 

Verburg, 2020). In the context of higher education, integrating scientific creativity with 

sustainable entrepreneurship through the TEFA model can be an effective strategy for 

equipping students with skills relevant to the demands of the modern job market (Wang & 

Ma, 2022). 

Overall, this study demonstrates that the TEFA model based on scientific creativity can 

be an effective model for enhancing students' soft skills and sustainable entrepreneurship. 

These findings are consistent with previous research suggesting that practice-based and 

creativity-driven learning approaches can help students develop the skills required in the 

workplace and entrepreneurship contexts (Bhakti et al., 2022; Sarooghi et al., 2015). With 

strong empirical evidence, universities in Indonesia can consider adopting this model as part 

of their entrepreneurship curriculum, particularly in entrepreneurship programs. The broader 

implementation of the TEFA model based on scientific creativity could help create graduates 

who are not only technically competent but also possess the creative and innovative thinking 

skills needed to address global challenges in the era of Industry 4.0 (Mourtzis et al., 2023). 

In conclusion, the prototype of the TEFA model based on scientific creativity has been 

successfully developed, validated, and effectively tested in the context of teaching 

entrepreneurship programs. This pedagogical model was designed with a learning cycle 

approach consisting of five key phases: need identification and problem definition, 

curriculum development, implementation, evaluation, and reflection and improvement. The 

validation results show that this pedagogy is highly relevant and has strong validity, both in 

content and concept, supporting its feasibility for widespread implementation in higher 

education. 

The effectiveness tests of this TEFA model also showed significant improvements in 

students' mastery of soft skills such as communication, teamwork, creativity, leadership, and 

time management. After participating in this learning cycle, students’ performance in these 

aspects significantly improved from the "Poor" category to the "Good" and "Very Good" 

categories. In addition, the TEFA model based on scientific creativity also significantly 

enhanced students' sustainable entrepreneurship abilities, including their capacity for 

identifying ideas and opportunities, resource utilization, and entrepreneurial actions, which 

were previously underdeveloped. The effectiveness of the TEFA model based on scientific 

creativity in enhancing soft skills and sustainable entrepreneurship aligns with the literature 

that emphasizes the importance of practice-based and creativity-driven learning approaches 

in preparing students for the demands of the modern workforce and industry. This model 

allows students to learn through realistic, hands-on experiences, creating an environment that 

supports the development of critical thinking, problem-solving, and innovation skills. 

In summary, the development and testing of the TEFA model based on scientific 

creativity demonstrate that this model can be an effective solution for addressing the 

challenges of implementing university entrepreneurship programs. This pedagogy not only 

serves as a bridge between theory and practice but also has the potential to become a strong 

foundation for developing graduates who are both technically competent and possess a 

creative and sustainable entrepreneurial spirit. Thus, the implementation of the TEFA model 

based on scientific creativity in higher education is expected to produce graduates who are 

better equipped to compete in the era of Industry 4.0 and the dynamic global economy. 

CONCLUSION 

This study successfully developed and validated a TEFA model based on scientific 

creativity to enhance students' soft skills and foster sustainable entrepreneurship. The 
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integration of scientific creativity within this pedagogy proved highly effective in improving 

students' communication, teamwork, creativity, leadership, and time management, as well as 

their ability to identify entrepreneurial opportunities, utilize resources, and take 

entrepreneurial action. The structured learning cycle, which includes phases of need 

identification, curriculum development, implementation, evaluation, and reflection, offers a 

comprehensive pathway for bridging the gap between theoretical knowledge and practical 

application in entrepreneurship education. 

The results demonstrate that the TEFA model based on scientific creativity significantly 

enhances both soft skills and sustainable entrepreneurship, meeting the evolving needs of 

modern industry and entrepreneurship. This highlights the importance of creativity-driven, 

hands-on learning in university entrepreneurship programs, contributing to the development 

of graduates who are not only technically proficient but also equipped with innovative 

thinking, which are essential for addressing the challenges of today's dynamic and 

competitive global marketplace.  

LIMITATION 

One limitation of this study is the relatively small sample size of 15 students, which may 

restrict the generalizability of the findings to a wider range of university settings. While the 

results are promising, further research involving larger and more diverse student populations 

across different universities would be beneficial to validate the effectiveness of the TEFA 

model based on scientific creativity in various educational contexts. Additionally, the study 

primarily focused on short-term outcomes related to soft skills and entrepreneurship; it would 

be valuable to conduct longitudinal studies to assess the long-term impact on students' 

entrepreneurial success and career development. 

RECOMMENDATION 

Based on the findings, it is recommended that universities adopt the TEFA model based 

on scientific creativity in their entrepreneurship curricula. This approach can better prepare 

students for the demands of the global economy by fostering critical skills such as creativity, 

innovation, and sustainable entrepreneurship. Future research should aim to expand this 

pedagogy to larger, more diverse educational contexts, and investigate its long-term impact 

on students' entrepreneurial success. 
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