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Developing entrepreneurial competencies is essential for science students 

to effectively transform scientific knowledge into economically valuable 

innovations. However, existing instruments for measuring entrepreneurial 

competencies remain generic and insufficiently aligned with the scientific 

context. This study aimed to evaluate the validity and reliability of an 

entrepreneurial competency measurement instrument, particularly within 

the context of biotechnology, for science university students in Indonesia. 

This study involved 346 students from 17 higher education institutions 

across Indonesia. The instrument comprised 52 items representing three 

core constructs: entrepreneurial knowledge, skills, and attitudes. 

Construct validity and reliability were assessed using item-total 

correlation, Cronbach’s Alpha, and Confirmatory Factor Analysis (CFA). 

The findings indicate that, this instrument demonstrates good fit, 

established convergent and discriminant validity, and satisfactory internal 

reliability. Most indicators exhibit significant factor loadings, with AVE 

values ranging from 0.51 to 0.68 and CR values ranging from 0.60 to 

0.90. However, one construct had an CR below the recommended 

threshold of 0.7 (Knowledge Competency) and one indicator showed a 

factor loading below the threshold of 0.196 (Entrepreneurial Knowledge). 

Additionally, the three entrepreneurial competency constructs 

demonstrate significant positive correlations. These findings provide an 

instrument for measuring entrepreneurial competencies in the context of 
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Indonesian science students. Further refinement of the indicators is 

recommended to improve greater validity and reliability. 

Introduction  

The increasingly competitive global economic environment necessitates that higher 

education graduates possess both strong academic mastery and well-developed 

entrepreneurial competencies (Mapanga & Faleni, 2025; Pedroza & Salayandia, 2025; Villa 

& Gordon-Isasi, 2025). Entrepreneurship has been widely recognized as a key driver of 

economic growth, job creation, and science- and technology-based innovation (Acs et al., 

2016; Pham et al., 2023; Zarkua et al., 2025). Within the context of higher education, 

particularly in science-related disciplines, strengthening entrepreneurial competencies has 

become increasingly critical, as it directly contributes to graduates’ readiness to navigate a 

dynamic labor market, promotes the commercialization of research outputs, and supports 

sustainable development (Fayolle & Gailly, 2015; Liu et al., 2025; Nabi et al., 2017; Park & 

Kim, 2025). 

Entrepreneurial competency is a multidimensional framework including knowledge, attitudes, 

and skills that interact to shape entrepreneurial behavior (Man et al., 2002; Morris et al., 

2013). However, in the context of science education, the literature emphasizes the need to 

redefine entrepreneurship as a cross-disciplinary competency that integrates scientific 

capacity, creativity, and a values-based orientation in creating innovation (Lackéus, 2020). 

Within the framework of STEM education, entrepreneurship is no longer limited to business 

activities but encompasses research-based problem-solving, sustainable innovation, social 

value creation (Bybee, 2013), real-world application, critical thinking (Ozyazici et al., 2025), 

and creativity (Kaya‑Capocci et al., 2024). In this context, entrepreneurial competencies are 

understood as the ability to transform scientific ideas into environmental, economic, and 

social value through the integration of disciplinary knowledge, innovation skills, and ethical 

and regulatory considerations (Bacigalupo et al., 2016; OECD, 2018). Entrepreneurial 

competencies in biotechnology include the capacity to recognize opportunities, think 

creatively, solve problems, and develop research-based innovations. These competencies also 

involve transforming research outcomes into commercial products or practical solutions 

(Tittel & Terzidis, 2020; Treanor et al., 2021). 

In Indonesia, higher education policies encourage the integration of entrepreneurship into the 

curriculum across various academic programs, including science. As an integral part of the 

science curriculum, biotechnology provides a relevant learning context for developing 

entrepreneurial competencies. Biotechnology education not only focuses on mastering 

scientific concepts but is also geared toward developing students’ ability to solve contextual 

problems and generate innovative, science-based solutions. Science students are increasingly 

prepared solely as researchers or professional practitioners, but also as sciencepreneurs who 

are capable of transforming scientific knowledge into commercially viable products, services, 

and innovative solutions with social impact (Etzkowitz, 2014; Guerrero et al., 2016; 

Guindalini et al., 2021). Therefore, biotechnology can be viewed as a concrete example of 

science education focused on strengthening entrepreneurial competencies. Entrepreneurial 

competencies constitute a key factor in ensuring that biotechnology research outcomes do not 

remain confined to laboratory settings but are further developed into innovations with 

economic value (Nielsen et al., 2022).  

Several studies have shown that entrepreneurial competence has been measured using various 
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instruments encompassing a range of dimensions, including behavioral indicators (Schelfhout 

et al., 2016); as well as conceptual, strategic, relational, opportunity, organizing, and 

commitment competencies (Minimol, 2021); entrepreneurship competence, business & 

management, interpersonal, and human resource (Silveyra et al., 2020); identifying 

opportunities, developing solutions, learning from failure, and entrepreneurial awareness (del 

Arco Bravo & Gimeno, 2024); multidimensional (Kyndt & Baert, 2015; Riyanti et al., 2022); 

experience, risk-taking propensity, perceived capability, micro-business performance, and 

need for accomplishment (Al Mamun et al., 2016); personal, social, and professional 

competencies (Tittel & Terzidis, 2020); general entrepreneurial competencies based on 

personal characteristics (Schneider & Albornoz, 2018). 

However, recent literature reviews indicate that research on entrepreneurial competencies in 

higher education continues to face conceptual and methodological challenges, particularly 

with regard to instrument validation and cross-disciplinary contextualization (Pedroza & 

Salayandia, 2025). For instance, most existing instruments for measuring entrepreneurial 

competencies remain generic and are designed for broad student populations, without 

adequately accounting for the distinctive characteristics of specific disciplines such as science 

or biotechnology (Riyanti et al., 2022; Silveyra et al., 2020). In fact, science students operate 

within different learning contexts, career orientations, and problem-solving approaches, 

especially in integrating scientific knowledge, technological innovation, and market 

opportunities (Etzkowitz, 2014; Guerrero et al., 2016). The gap becomes increasingly 

apparent in studies focusing on science students in developing economies, including 

Indonesia, where the adaptation of international instruments often fails to sufficiently consider 

local characteristics and disciplinary specificities (Nabi et al., 2017; Pedroza & Salayandia, 

2025). As a result, existing instruments may inadequately capture the entrepreneurial 

competencies possessed by science students. 

The need to develop instruments that are not only statistically valid but also contextually 

relevant to the field of study and cultural setting in which they are applied has been widely 

highlighted in earlier studies (Nabi et al., 2017; Riyanti et al., 2022). To ensure measurement 

quality, instruments for assessing entrepreneurial competencies must meet key psychometric 

criteria, namely content validity, construct validity, and reliability (Karakuş & Akbaş, 2026; 

Özdemir et al., 2025). Content validity indicates how effectively the measurement items 

comprehensively reflect the relevant construct domain, as evaluated through expert judgment 

(Polit & Beck, 2006). Construct validity tests the suitability of theoretical factor structures 

with empirical data, typically analyzed using Confirmatory Factor Analysis (Brown, 2015; 

Kline, 2016). Reliability denotes an instrument’s ability to consistently capture the same 

construct in a stable manner (Hair Jr et al., 2021). Systematic testing of validity and reliability 

constitutes an indispensable psychometric prerequisite for entrepreneurial competency 

measurement instruments (Riyanti et al., 2022). Effective validation helps identify 

shortcomings, address them, and ultimately improve the quality of education and public 

literacy (Fidiastuti et al., 2026). 

The issues outlined above offer a solid justification for the current study. This study is 

intended to assess the validity and reliability of a measurement instrument for entrepreneurial 

competencies specifically tailored to science students, particularly in the context of 

biotechnology. The instrument tested is a contextually adapted version of previous research 

(Al Mamun et al., 2016; Kyndt & Baert, 2015) that includes the dimensions of knowledge, 

skills, and attitudes. The findings may support a more effective evaluation of entrepreneurial 

competencies among science students pursuing biotechnology courses. 
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Methods 

Research Design 

This study used a quantitative cross-sectional approach to evaluate the psychometric 

quality of an entrepreneurial competency instrument for science students in the field of 

biotechnology, through validity and reliability testing. The study was conducted between 

January and June 2024. 

Participants 

A total of 346 respondents were included from 17 private and state universities in 

Indonesia. Purposive sampling was used as the sampling strategy in this study, with inclusion 

criteria consisting of students enrolled in science-related study programs who had received 

instruction in entrepreneurship and biotechnology. The respondents’ characteristics in this 

study are presented in Table 1. 

Table 1. Respondent Characteristics 

Variables Category Frequency Percentage (%) 

Study programs Science education 46 13.3 

 Biology education 260 75.14 

 Biology 40 11.56 

Semester 5 202 58.38 

 7 144 41.62 

Gender Male 69 19.94 

 Female 277 80.06 

Note: n = 346    

Research Instrument 

The instrument design was grounded in a theoretical review of entrepreneurial 

competency frameworks (Man et al., 2002; Morris et al., 2013) and existing measurement 

models proposed by Al Mamun et al. (2016); Kyndt & Baert (2015). The instrument 

comprised 52 items encompassing three dimensions: entrepreneurial knowledge, skills, and 

attitudes. The knowledge dimension consists of 15 items related to self-knowledge and 

entrepreneurial knowledge. The skills dimension includes 16 items addressing planning for 

the future, results orientation, learning orientation, and independence. The attitudes 

dimension comprises 21 items associated with building networks, risk-taking, and seeing 

opportunities. Each measurement item was rated on a five-point Likert scale, ranging from 1 

(‘strongly disagree’) to 5 (‘strongly agree’). 

Data Collection 

The instrument confirmed to be content-valid was subsequently administered through 

Google Forms and shared with respondents via WhatsApp. All participants provided 

voluntary consent to participate. The collected data were then analyzed anonymously. 

Data Analysis 

The instrument’s content validity was evaluated through expert judgment using 

structured criteria that covered several aspects, such as alignment with the construct, clarity of 

wording, and representativeness of the indicators. Each item was assessed by three experts 

with expertise in entrepreneurship, biotechnology, and learning assessment to ensure that the 



Measuring Entrepreneurial Competencies of Science University Students in Ind…  N. Hayati, H. Susilo, I. Ibrohim, B. Balqis 

 

Participatory Educational Research (PER)  

-218- 

instrument met conceptual validity before being tested empirically. The assessment results 

were used as the basis for revising and refining the instrument items. In the context of this 

study, the involvement of experts with such expertise provided a solid foundation for 

assessing item validity prior to further empirical testing. 

Subsequently, construct validity and reliability analyses were conducted in two stages. First, 

the data were analyzed using IBM SPSS software employing Pearson’s product-moment 

correlation to compute item-total correlations and the instrument’s internal reliability, 

measured by Cronbach’s alpha. Based on a sample of 346 students, the critical r-value 

(r{344;0.05}) was 0.103. An item was considered valid if its correlation coefficient exceeded 

the critical r-value. The instrument was deemed reliable when the Cronbach’s alpha 

coefficient was ≥ 0.60. Next, data analysis was conducted using AMOS software with 

Confirmatory Factor Analysis (CFA) to examine the adequacy of the measurement model fit 

and its construct validity. Model fit was evaluated based on the following criteria: χ²/df < 3, p 

> 0.05, RMSEA ≤ 0.08, and CFI, NFI, GFI, and AGFI values ≥ 0.90. Convergent validity was 

assessed using factor loadings of ≥ 0.70 and AVE values of ≥ 0.50, whereas discriminant 

validity was evaluated based on construct correlation coefficients of 0.85–0.90, and construct 

reliability was examined using CR values of ≥ 0.70 (Hair Jr et al., 2021; Hanseler et al., 

2009). 

The two analytical methods were conducted sequentially and in a complementary manner. 

The initial analysis employing item-total correlations and Cronbach’s alpha aimed to screen 

problematic indicators and to ensure basic internal consistency prior to testing the 

measurement model. Subsequently, CFA was applied to evaluate whether the factor structure 

aligned with the underlying theoretical model. This two-stage approach is widely 

recommended in instrument development, as CFA requires indicators that satisfy basic 

statistical quality criteria to enhance the measurement model’s precision (Brown, 2015; Hair 

Jr et al., 2021; Kline, 2016). 

Results 

The results of item-level validity and reliability evaluations for the entrepreneurial 

competency instrument are presented below. 

Validity and Reliability Testing Using Pearson’s Product–Moment Correlation 

 

The outcomes of the validity and reliability assessments for the knowledge, skills, and 

attitude dimensions, as evaluated through Corrected Item-Total Correlation and Cronbach’s 

Alpha, are summarized in Tables 2–4. 
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Table 2. Validity and Reliability Test Results for The Knowledge Competency Dimension 

Indicators Item Code  Corrected Item-Total 

Correlation 
Cronbach's Alpha 

Self-knowledge (SK) P23 0.610 0.802 

P24 0.589  

P25 0.659  

P26 0.624  

Entrepreneurial Knowledge 

(EK) 

P42 0.359 0.861 

P43 0.722  

P44 0.378  

P45 0.628  

P46 0.489  

P47 0.674  

P48 0.596  

P49 0.692  

P50 0.464  

P51 0.520  

P52 0.564  

Based on Table 2, all items within the knowledge dimension, encompassing the Self-

knowledge and Entrepreneurial Knowledge indicators, exhibited Corrected Item-Total 

Correlation values exceeding the critical r-value (0.103), thereby meeting the validity criteria. 

In addition, a Cronbach's alpha coefficient above 0.60 indicates acceptable internal reliability. 

Table 3. Validity and Reliability Test Results for The Skill Competency Dimension 

Indicators Item Code  Corrected Item-Total 

Correlation 
Cronbach's Alpha 

Planning for the Future (PF) P14 0.698 0.814 

P15 0.692  

P16 0.656  

P17 0.494  

Results Orientation (RO) P18 0.642 0.829 

P19 0.672  

P20 0.704  

P21 0.670  

P22 0.456  

Learning Orientation (LO) P27 0.625 0.755 

P28 0.650  

P29 0.484  

Independence (ID) P30 0.571 0.758 

P31 0.597  

P32 0.589  

P33 0.479  

Based on Table 3, all items within the skill competencies dimension, encompassing the 

indicators of Planning for the Future, Results Orientation, Learning Orientation, and 

Independence, exhibited Corrected Item-Total Correlation values exceeding the critical r-

value (0.103), thereby satisfying the validity criteria. Furthermore, Cronbach’s alpha 

coefficients above 0.60 reflect a good level of internal reliability. 
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Table 4. Validity and Reliability Test Results for The Attitude Competency Dimension 

Indicators Item Code  Corrected Item-Total 

Correlation 
Cronbach's Alpha 

Building Networks (BN) P1 0.600 0.849 

P2 0.590  

P3 0.625  

P4 0.466  

P5 0.577  

P6 0.572  

P7 0.508  

P8 0.537  

P9 0.580  

P10 0.441  

Risk-taking (RT) P11 0.689 0.804 

P12 0.721  

P13 0.551  

Seeing Opportunities (SO)  P34 0.737 0.945 

P35 0.738  

P36 0.798  

P37 0.803  

P38 0.834  

P39 0.813  

P40 0.838  

P41 0.838  

As shown in Table 4, all items within the attitude competencies dimension, encompassing the 

indicators of Building Networks, Risk-taking, and Seeing Opportunities, exhibited Corrected 

Item-Total Correlation values exceeding the critical r-value (0.103), thereby meeting the 

validity criteria. Furthermore, Cronbach’s Alpha coefficients above 0.60 indicate good 

internal reliability. Accordingly, all items across the three core dimensions of entrepreneurial 

competence demonstrate satisfactory validity and reliability. 

Validity and Reliability Testing Using CFA 

The CFA produced the measurement model of entrepreneurial competencies, as 

presented in Figure 1. 

Table 5. Fit Indices of the Measurement Model Fit 

Fit Criteria χ2 
df 

p RMSEA NFI CFI GFI AGFI 

Model Value 24.983 21 0.248 0.023 0.988 0.998 0.984 0.966 

The findings presented in Table 5 indicate that the measurement model is demonstrates good 

fit. The χ²/df value is 1.19, which meets the recommended criterion (< 3), and the p-value is 

0.248 (p > 0.05). Additionally, the RMSEA value of 0.023 indicates a low level of 

approximation error. Other fit indices also show adequate results, with an NFI value of 0.988 

and a CFI of 0.998, both of which exceed the threshold of ≥ 0.90. Furthermore, the GFI and 

AGFI values of 0.984 and 0.966, respectively, are also above the recommended cutoff. In 

general, these findings suggest that the measurement model achieves acceptable goodness-of-

fit criteria.  
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Figure 1. CFA Results for the Entrepreneurial Competency Measurement Model 

 

Furthermore, the values of factor loadings, AVE, and CR are presented in Table 6. 

Table 6. Standardized Factor Loadings, AVE, and CR 

Construct 

Variables 

Indicator Variables Standardized AVE CR 

Knowledge Self-knowledge 0.993 0.51 0.60 

Entrepreneurial knowledge 0.196   

Skill Planning for the future 0.826 0.68 0.90 

Results oriented 0.812   

Learning orientation 0.83   

Independence 0.839   

Attitude Building networks 0.763 0.62 0.83 

Risk taking 0.774   

Seeing opportunities 0.826   

Table 6 shows that most indicators had adequate and significant factor loadings; however, one 

indicator from the Knowledge Competency construct—specifically, the Entrepreneurial 

Knowledge indicator—had a low factor loading of 0.196. Furthermore, the values of AVE 

range from 0.51 to 0.68, meeting the minimum requirement of 0.50. Although the Knowledge 

Competency construct showed a Cronbach's alpha value above the minimum acceptable level 

(α ≥ 0.60), its Composite Reliability (CR = 0.60) was below the recommended threshold of 

0.70, indicating that the construct reliability was not fully supported. 

Table 7. Correlations among Entrepreneurial Competency Constructs 

Construct Variables Construct Variables 
Correlation 

estimate 

Covariance 

estimate 
p-value 

Knowledge Competency  Attitude Competency  0.870 10.745  < .001 

Knowledge Competency  Skill Competency  0.817 4.926  < .001 

Skill Competency  Attitude Competency  0.955 9.450  < .001 
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 Table 7 shows strong positive correlations among the entrepreneurial competency constructs, 

namely Knowledge Competency, Skill Competency, and Attitude Competency. The inter-

construct correlation values range from 0.817 to 0.955, indicating significant relationships 

among the constructs within the measurement model. All correlation coefficients were 

statistically significant, indicating strong relationships among the three entrepreneurial 

competency constructs. The highest correlation was observed between the Skill Competency 

and Attitude Competency constructs (r = 0.955). However, this value exceeded the 

recommended range of 0.85–0.90 for correlations among constructs. 

Discussion 

Validity and reliability evaluation of the entrepreneurial competence measurement 

instrument in this study were assessed through Pearson’s product-moment correlation 

analysis, followed by CFA. CFA is essential for assessing the internal structural validity of 

educational measurement instruments (Rogers, 2024). Preliminary analysis results reveal 

strong internal consistency for all constructs, as evidenced by Cronbach’s Alpha values ≥ 0.60 

(Hair Jr et al., 2021). Thus, all indicators had met the basic statistical quality requirements for 

conducting measurement model testing. 

Informed by CFA analysis, the formulated measurement model demonstrates a good fit with 

the empirical data. The values for χ²/df < 3; p > 0.05 indicated that the model-implied 

covariance matrix did not differ significantly from the observed covariance matrix, suggesting 

an acceptable model fit. Thus, the proposed construct structure is statistically acceptable and 

consistent with the obtained data. High NFI (0.988) and CFI (0.998) values indicated that the 

proposed model adequately captured the relationships among the latent variables and 

demonstrated a good fit to the data (Hair Jr et al., 2021; Hu & Bentler, 1999). Additionally, 

the low RMSEA value (0.023) confirms that the model has a low approximation error. This 

indicates that the model fits the sample data well and provides support for the adequacy of the 

proposed factor structure (Browne & Cudeck, 1992). Furthermore, the GFI (0.984) and AGFI 

(0.966) values, which are above the 0.90 cutoff, further reinforce that the model has an 

adequate overall fit and is suitable for use in further analysis (Fornell & Larcker, 1981; Hair 

Jr et al., 2021).  

The CFA findings indicate that all constructs have AVE values exceeding the minimum 

criterion of 0.50, and most indicators exhibit factor loadings of ≥ 0.70. However, there is one 

indicator within the Knowledge Competency construct—Entrepreneurial Knowledge—that 

exhibits a relatively low factor loading (0.196). Despite its relatively low magnitude, the 

factor loading may still be statistically significant. As noted by Cheung et al. (2024), CFA 

often involves relatively large sample sizes to ensure convergence and produce reliable 

estimates, allowing even small standardized factor loadings to become statistically significant. 

However, this must be interpreted with caution. In this study, relatively low factor loadings 

indicate that these indicators have a weak contribution in representing the latent construct. 

Standardized factor loadings below 0.7 indicate that the factor explains less than 50% of the 

item variance (Hair Jr et al., 2021), highlighting the need for careful evaluation of the 

indicator's contribution to the construct. However, as noted by Hair Jr et al. (2021), the 

presence of indicators with low loadings is not always viewed as a weakness, but rather as 

part of the empirical evaluation process to identify indicators that need to be refined or 

reconstructed. Furthermore, the Composite Reliability (CR) value of 0.60 for the Knowledge 

Competency construct indicates that the construct’s internal consistency remains below the 

recommended threshold (≥ 0.70). Therefore, these results should be interpreted as an 
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indication of the need to strengthen the construct, either through revising the indicators or 

developing additional, more representative items. 

From a theoretical perspective, entrepreneurial knowledge functions as a fundamental basis 

for individuals to understand their personal potential, market opportunities, and the dynamics 

of complex business environments (Man et al., 2002; Morris et al., 2013). In the context of 

biotechnology, mastery of entrepreneurial knowledge is particularly critical, as students are 

expected to transform scientific knowledge into economically valuable innovations (Guerrero 

et al., 2016; Nielsen et al., 2022). This study’s results corroborate the findings of Silveyra et 

al. (2020), which indicate that entrepreneurial knowledge is one of the core competencies; 

however, the low contribution of the Entrepreneurial Knowledge indicator to the Knowledge 

Competency construct suggests that science students rely more on self-knowledge than on 

formal business knowledge. This is consistent with the context of biotechnology students, 

who have a stronger background in science than in management. 

The CFA results also revealed strong positive correlations among the knowledge, skill, and 

attitude competency constructs. Evidence from this study demonstrates that the three 

dimensions of entrepreneurial competencies are interrelated and jointly contribute to students’ 

overall entrepreneurial competencies. This finding aligns with the perspective that 

entrepreneurial competencies constitute a multidimensional construct in which knowledge, 

skills, and attitudes develop in a mutually reinforcing manner (Man et al., 2002; Morris et al., 

2013). The strong correlation between knowledge and skill competencies indicates that 

mastery of entrepreneurial knowledge contributes significantly to the formation of 

entrepreneurial skills, especially among science students who are oriented toward applying 

scientific knowledge in innovative practices. Similarly, the strong relationship between skill 

and attitude competencies suggests that entrepreneurial action capacity is closely linked to 

attitudes such as risk-taking and opportunity recognition, consistent with findings from prior 

studies on entrepreneurial learning in university-level education (Nabi et al., 2017; Sánchez, 

2013). 

Nonetheless, the literature indicates that the correlation coefficient between constructs should 

not exceed the threshold of 0.85–0.90 to ensure adequate discriminant validity (Hanseler et 

al., 2009). This study revealed a high correlation between the Skill Competency and Attitude 

Competency constructs (r = 0.955), indicating a potential issue with discriminant validity. A 

very high correlation between constructs suggests that the two constructs are strongly 

interrelated, making them empirically difficult to distinguish (Cheung et al., 2024). In other 

words, the high correlation value indicates a high conceptual overlap between attitude and 

skill within the current item structure (Fidiastuti et al., 2026). In SEM literature, discriminant 

validity requires that each construct be unique and not show excessively high associations 

with other constructs. Fornell & Larcker (1981) assert that a construct must be able to explain 

a greater proportion of its indicator variance than its correlation with other constructs.  

This situation may be due to the similarity of the indicators used or to respondents’ tendency 

to view skills and attitudes as closely interrelated aspects within the context of entrepreneurial 

competence. Related findings have been reported in several studies, suggesting that constructs 

with very high correlations may represent broader dimensions. Consequently, further 

evaluation of the proposed model structure (Voorhees et al., 2015) and additional theoretical 

refinement are needed, particularly to clarify the operationalization of the affective dimension 

(Fidiastuti et al., 2026). 
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Conclusion 

In general, according to the outcomes of validity and reliability evaluations, this 

instrument has demonstrated satisfactory performance regarding validity (convergent and 

discriminant) and reliability. Therefore, it can be concluded that the instrument is adequate for 

use as an instrument for measuring entrepreneurial competency, encompassing the 

dimensions of knowledge, attitudes, and skills. Nevertheless, some findings indicate the need 

for further refinement of indicators with low factor loadings to better represent the specific 

constructs being measured. Additionally, future applications of the instrument should 

carefully consider the translation process, adaptation to the science context, and alignment 

with the curriculum. The clarity of the operational definitions of the constructs needs to be 

strengthened to minimize ambiguity and ensure that each indicator measures the appropriate 

dimension. The addition of relevant, theory-based indicators may be considered to enhance 

the representativeness of the constructs.  

Although this study makes a significant empirical contribution, it has several limitations. 

First, the data were collected using a questionnaire, which may introduce respondent bias. 

Second, instrument validation was conducted using a CFA approach on a sample of science 

students who had taken biotechnology courses; therefore, generalizing the findings to broader 

populations should be done with caution. Third, the application of the instrument to different 

disciplines or cultural contexts requires retesting to ensure the suitability and stability of the 

construct structure. 

The findings of this study contribute to a more contextual understanding of entrepreneurial 

competencies, particularly in the field of science (biotechnology). These findings also support 

the application of entrepreneurial theory within science-based disciplines. Despite some 

limitations of this study, these findings not only contribute to the development of an 

entrepreneurial competency instrument that meets most validity and reliability criteria, but 

also provide empirical evidence regarding indicators that require further refinement. The 

resulting instrument may provide a valid, reliable, and contextually appropriate tool for use in 

both research and entrepreneurial education practices in Indonesia. Practically, the instrument 

tested in this study can be employed to evaluate entrepreneurial competencies of science 

students. Findings regarding the strong interrelationships among constructs also imply that 

entrepreneurship learning approaches need to be designed in an integrated manner so that they 

can develop knowledge, skills, and attitudes simultaneously. 
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Appendix 1. Statement Description  

 
No. Item Code Statement Item 

1 P23 If I am unable to understand an issue related to the biotechnology business 

field, I seek assistance from others. 

2 P26 I am able to enhance my capability to develop biotechnology-based 

business products. 

3 P42 A biotechnology entrepreneur builds networks with diverse business 

communities. 

4 P43 In my opinion, a biotechnology business must clearly identify the firm and 

its target market. 

5 P25 I am able to develop biotechnology products with economic value. 

6 P14 I am able to adjust my business activity plans when conditions change. 

7 P17 I am able to develop new business activity plans when the plans I am 

implementing differ from expectations. 

8 P18 I strive to remain focused on the outcomes I intend to achieve when 

operating a biotechnology-related business. 

9 P44 I believe that the use of computers is useful for systematically managing 

business information in the biotechnology sector. 

10 P45 In my opinion, many local biotechnology businesses are developing new 

products and services that are marketed beyond their local regions. 

11 P20 I am capable of pursuing biotechnology-based business targets through 

innovative and responsible approaches. 

12 P22 I am able to complete all stages of biotechnology-based business 

development. 

13 P28 I keep myself informed about the latest developments in biotechnology to 

ensure that my entrepreneurial competencies remain up to date. 

14 P15 I am able to adjust my business activity plans when I do not achieve 

optimal results. 

15 P46 In my opinion, the biotechnology business I run possesses a competitive 

advantage over other competitors. 

16 P47 Entrepreneurs in the biotechnology sector build networks by seeking new 

members with whom to share information. 

17 P30 I am able to determine independently what I do and do not do when 

running a biotechnology-related business. 

18 P1 I am able to communicate effectively with various stakeholders in 

biotechnology business development, not solely for personal interests. 

19 P11 I have the courage to take risks while operating a biotechnology-related 

business. 

20 P31 I am able to resolve problems independently that arise while running a 

biotechnology-related business. 

21 P4 I can easily meet new individuals who possess specific expertise in 

biotechnology-based entrepreneurship. 

22 P36 I am aware of biotechnology products that have the potential to be 

developed into business ventures. 

23 P13 I am able to identify work-related risks involved in running the 

biotechnology-based business I undertake. 

24 P9 I am able to meet individuals who may be important in supporting my 

biotechnology-based business. 

25 P2 I am able to approach various stakeholders spontaneously and 

professionally to develop a biotechnology-based business. 

26 P21 I have a high level of responsibility in managing and developing a 

biotechnology-based business. 

27 P35 I am aware of biotechnology business products that have not yet been 

marketed. 

28 P37 I have original ideas for creating new biotechnology products in the 

market. 

29 P24 I am able to clearly understand my capabilities in creating biotechnology 

product innovations. 
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30 P48 In my opinion, unmet societal needs for particular products can open up 

new business opportunities in the biotechnology field. 

31 P16 I am able to adjust my planned approach when new opportunities arise in 

the biotechnology sector. 

32 P29 I learn from others who are more experienced in biotechnology 

entrepreneurship. 

33 P49 In my opinion, current technologies for marketing biotechnology products 

are highly diverse. 

34 P50 Relationships within a biotechnology-based business network can 

encourage new members. 

35 P33 I am responsible for my own actions while operating a biotechnology-

related business. 

36 P3 I regularly attend biotechnology-based entrepreneurship events where I can 

meet interesting individuals. 

37 P7 I have the courage to approach others when I need information related to 

the development of a biotechnology-based business. 

38 P12 I am able to manage risks in running a biotechnology-related business. 

39 P38 I know when consumers demand new biotechnology-based products. 

40 P41 I am able to respond creatively to business opportunities in the 

biotechnology sector. 

41 P8 I help others by connecting them with my colleagues and biotechnology 

business networks. 

42 P51 Government policies influence the biotechnology business I operate. 

43 P19 I consistently maintain my commitment throughout every stage of 

biotechnology-based product development in order to achieve optimal 

results. 

44 P52 Relationships established in biotechnology-related business activities aim 

to solve problems. 

45 P32 When I feel free, I do my best to develop a biotechnology-based business. 

46 P5 I undertake various necessary efforts to maintain professional relationships 

with business partners in the biotechnology sector. 

47 P34 I provide solutions to market needs through the development of a 

biotechnology-based business. 

48 P27 I participate in training programs to better manage a biotechnology-based 

business. 

49 P10 I am able to easily establish relationships with others to develop my 

biotechnology-based business. 

50 P40 I am able to easily establish relationships with others to develop my 

biotechnology-based business. 

51 P6 I know the appropriate parties to contact when support is needed in 

developing a biotechnology-based business. 

52 P39 I am able to think ahead about emerging developments in the 

biotechnology sector. 

 


