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 This research aims to develop a valid and reliable measurement tool for 
teachers’ STEAM (Science, Technology, Engineering, Art, and Mathematics) 
and entrepreneurship skills. While STEAM education aims to develop 
students’ 21st-century skills, such as problem-solving, creativity, and 
collaboration, with an interdisciplinary approach, entrepreneurship 
education encourages transforming these skills into value-added products. 
Research: It was conducted with 146 teachers in Turkey, Spain, Portugal, 
Greece, Lithuania, and Italy who are actively teaching in branches in the field 
of STEAM. The study used the expert opinion method to ensure appearance 
and scope validity, and Exploratory Factor Analysis (EFA) and Confirmatory 
Factor Analysis (CFA) were used to ensure construct validity because of EFA 
obtained a measurement tool consisting of 37 items and four factors 
(interdisciplinary cooperation, entrepreneurial skills, risk-taking and 
decision-making, creativity and innovation), which explains 72.42% of the 
total variance value. As a result of CFA, it was determined that 37 items and 
the four-factor model obtained in EFA had the desired and sufficient fit 
indices. Cronbach’s Alpha coefficient confirmed the reliability of the scale. 
Cronbach’s Alpha coefficients of interdisciplinary cooperation, 
entrepreneurial skills, risk-taking and decision-making, creativity, and 
renewal factors in the scale were determined as .935, .935, .960, and .961, 
respectively, and Cronbach’s Alpha coefficient for the whole scale was 
determined as .977. Considering these findings, it can be said that the 
STEAM+E (Entrepreneurship) Skills Scale for Teachers is a valid and reliable 
measurement tool.  
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INTRODUCTION 

With the rapid advancements occurring across multiple domains in today’s fast-evolving world, 
the ability of individuals to generate creative ideas and develop innovative solutions has become 
increasingly significant (OECD, 2018). As societies transition into a digital era dominated by information 
and communication technologies (ICT), individuals must acquire essential skills that enable them to 
access, analyze, and effectively utilize high-quality information necessary for their personal, academic, 
and professional lives (Kardeş, 2020). The contemporary era, often referred to as the "age of 
technology," necessitates a unique set of competencies that empower individuals to thrive in a highly 
competitive and dynamic global landscape. These competencies, collectively termed "21st-century 
skills," have been extensively studied by researchers and organizations worldwide, highlighting their 
role in preparing individuals for the challenges and opportunities of the modern world (O’Neal et al., 
2017). 

Despite the widespread recognition of 21st-century skills, researchers and institutions have 
faced difficulties in establishing a universally accepted framework that precisely defines these 
competencies (Beers, 2011; Geisinger, 2016). While various organizations have proposed differing 
conceptualizations of these skills, the overarching objective remains the same: to equip individuals 
with the competencies needed to navigate and succeed in the 21st century (Voogt & Roblin, 2012). 
Among the diverse frameworks proposed, the Partnership for 21st-Century Learning (P21) framework 
stands out as one of the most widely adopted due to its comprehensive and structured approach to 
categorizing these skills in a globally applicable manner (Beers, 2011). 

The P21 framework (2008) categorizes 21st-century skills into three broad domains: learning 
and innovation skills, literacy skills, and life and career skills. The learning and innovation skills category 
includes competencies such as creativity and innovation, problem-solving, critical thinking, 
communication, and collaboration, all of which are fundamental for fostering adaptability and 
ingenuity in an ever-changing world. The literacy skills category encompasses information literacy, 
media literacy, and technology literacy, which are crucial for individuals to critically assess information 
sources, engage responsibly with digital content, and navigate the complexities of the digital age. 
Lastly, the life and career skills category comprise essential attributes such as flexibility and 
adaptability, social and cultural awareness, leadership, productivity, accountability, and responsibility, 
which contribute to an individual’s personal and professional growth, enabling them to work 
effectively in diverse environments. 

Further expanding on the P21 framework, Lamb et al. (2017) proposed the inclusion of 
metacognitive thinking and motivation as critical components of 21st-century skills, emphasizing the 
importance of self-regulated learning and intrinsic drive in academic and professional success. In 
alignment with this perspective, the OECD (2018) report, "Education 2030: The Future We Want 2030," 
introduced a broader classification of essential skills, incorporating knowledge, skills, attitudes, and 
values. According to the OECD, knowledge should be categorized into disciplinary, interdisciplinary, 
and epistemic knowledge, while skills should encompass cognitive, metacognitive, social-emotional, 
and physical/practical abilities. Additionally, the report underscores the necessity of cultivating 
attitudes and values at multiple levels, including personal, local, societal, and global dimensions. 

The OECD (2018) further highlights the importance of basic literacy competencies, including 
traditional literacy, health literacy, information literacy, and digital literacy, as foundational elements 
of education systems. Beyond literacy, the report calls for fostering a sense of responsibility, the ability 
to develop new values, and the capacity to generate practical solutions to complex global challenges. 
This holistic approach to education reflects the growing consensus that 21st-century skills extend 
beyond academic proficiency to include the development of well-rounded individuals who can 
contribute meaningfully to their communities and the global society. 
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Nowadays, STEAM education is a significant focus for educators and various specialists, along 
with 21st-century skills. STEAM education has been formed by integrating art into STEM education, 
which consists of four basic disciplines. STEAM (Science, Technology, Engineering, Arts, and 
Mathematics) stands out as one of the effective teaching methods in modern education and offers an 
interdisciplinary approach based on the principles of experiential learning (Tsuprus et al., 2009). This 
educational model combines knowledge and methods from different disciplines, allowing students to 
integrate this knowledge into problem-solving (Glass & Wilson, 2016; Herro et al., 2017). STEAM 
education aims to develop students’ skills to produce solutions to real-world problems by giving them 
a chance to combine this knowledge with practical applications (Honey et al., 2014). It significantly 
contributes to developing essential critical thinking and problem-solving skills by enriching students’ 
physical, intellectual, and cultural worlds (Çorlu & Aydın, 2016). Through project-based, collaborative, 
and experiential learning methods, students participate in an active learning environment and can 
better understand real-world problems by connecting with them (Kardeş, 2020). This approach 
provides students with knowledge and the ability to use this information effectively and produce 
solutions. By combining the fundamentals of mathematics and science with the fields of engineering 
and technology, the STEAM education model allows students to develop creative and original 
solutions, helping students to develop an interdisciplinary perspective while developing critical 
thinking and creativity skills (Yakman & Lee, 2012; Kennedy & Odell, 2014). One reason the arts are 
included in STEM education is that it offers students a wide range of jobs. The art sector includes many 
occupational groups, such as musicians, artists, dancers, actors, directors, graphic designers, architects 
and photographers. In addition, there has been significant growth in computer technologies, digital 
video, visual technologies, animation, and game sectors. For a country to stand out in global 
competition, it needs to show itself in areas with this growth potential, and art plays an important role 
for STEAM in this context (Mercin, 2019). 

In light of all this information, Yakman (2008) developed the STEAM pyramid to understand better and 
analyze the interactive nature of science, technology, engineering, mathematics, and art. This pyramid 
is designed to visualize how these disciplines interact and how their applications can be structured. 
Below is the framework for interdisciplinary teaching of STEAM education created by Yakman (2008) 
in Figure 1: 

 
Figure 1. STEAM Education Scheme Framework for Interdisciplinary Teaching (Yakman, 2008) 

Yakman (2008) aims to classify various fields of study broadly and show how these fields are 
interconnected. This approach aims to teach subjects more comprehensively and integratively by 
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providing inter-curricular integration. Yakman (2008) revealed these connections by classifying fields 
such as science, technology, engineering, mathematics, and art in detail in the pyramid. For example, 
science includes sub-disciplines such as biology, chemistry, and physics, while technology covers 
various application areas such as agriculture and energy. Engineering includes a wide range from 
architecture to computing, while mathematics includes subjects such as algebra and geometry. Art, on 
the other hand, includes fine arts, language, and other social sciences. STEAM education aims to 
develop student’s academic and life skills by using the relationships between these fields in an 
objective and personal context in teaching settings. This educational approach is underpinned by 
various recognized educational philosophies and classroom management strategies, thus enabling a 
deeper understanding and knowledge transfer between subjects. STEAM aims to provide a more 
effective and lasting learning experience by increasing the competencies of students and educators 
(Liao, 2016). 

In addition to contributing to the development of various skills of students, STEAM education also 
attaches importance to teachers’ acquisition of new competencies beyond their traditional roles. A 
study by Hunter-Doniger and Sydow (2016) stated that teachers should have the following roles in the 
STEAM education process: 

Ø Guidance 

Ø Facilitator 

Ø Focus on learning methods based on interdisciplinary connections and critical approaches, 

Ø To show students that the problems they face are opportunities for them to demonstrate their 
skills, 

Ø Providing constructive feedback without judgment, 

Ø Conducting evaluations in a process-oriented manner, not product-oriented. 

As can be seen from these items, STEAM education aims to encourage self-directed learning, to 
bridge the gap between students’ daily life experiences and their education, and to enable teachers to 
carry out the process effectively with feedback as a guide for students.  

STEAM and Entrepreneurship 

One of the main goals of STEAM education is to equip individuals with the skills that can 
respond to the needs of the 21st century (Sanders, 2009). In today’s world, individuals need various 
competencies such as creative thinking, problem-solving, critical thinking, and collaborative learning 
(OECD, 2005; P21, 2009; HERE, 2007). These skills are desired to be acquired through multidimensional 
learning processes supported by interdisciplinary teaching methods (Smith & Karr-Kidwell, 2000). By 
integrating science, technology, engineering, art, and mathematics, the STEAM approach enables 
students to structure knowledge, relate it to their daily lives, and produce more flexible and creative 
solutions to their problems (Wiles & Bondi, 2011). STEAM education is a model that requires students 
to solve problems with an interdisciplinary approach by using different disciplines together and 
developing innovative solutions in this process. This process improves students’ problem-solving skills 
and emphasizes their entrepreneurial skills. Students should be able to market the multidisciplinary 
solutions they have developed and transform these solutions into value-added products by following 
the problem-solving steps. Thus, STEAM education encourages students who are successful in different 
fields to work together, enables students to complete each other’s deficiencies, and allows original 
solutions to be produced following scientific processes. These solutions are supported by 
entrepreneurial skills and transformed into high-value-added products. 

As a result, STEAM education plays a critical role in training the qualified workforce that 
countries increasingly need due to rapidly developing technologies and communication tools, and in 
this context, it substantially contributes to developing 21st-century skills. This close relationship with 
entrepreneurship ensures that STEAM has a privileged place among today’s education models. STEAM 
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education provides a foundation for identifying opportunities (Flanagan, 2014), while 
entrepreneurship is the ability to explore and evaluate these opportunities (Nambisan, 2014). 

When the relevant literature is examined, the primary motivation for this research is that no 
quantitative measurement tool measures teachers’ STEAM and entrepreneurship skills. The aim of this 
research, which is based on filling the relevant gap identified in the literature, is to develop a 
measurement tool that measures teachers’ STEAM and entrepreneurship skills and to examine the 
validity and reliability of this measurement tool. Since there is no measurement tool in this context in 
the literature, it is expected that the relevant scale will measure the skills of teachers in terms of STEAM 
and entrepreneurship and identify the deficiencies at this point. By offering a new perspective on 
STEAM standards, this scale aims to base the place of STEAM and entrepreneurship in education on a 
firmer foundation and to meet the measurement needs of teachers in this field.  

METHOD  

This section aims to develop the STEAM + E scale using quantitative methods. Information 
about the research working group, data collection tools, data collection process, data analysis, and 
other stages of scale development are included.  

STUDY GROUP 

During the research process, data were collected online through Google Forms. The descriptive 
information of 146 participants in the study group of the study according to some variables is 
presented in Table 1 below:  

Table 1. Percentages and distributions of the working group according to some variables 
Variable Sub-dimensions of the 

variable 
Number of People 

(N) 
Weight (%) 

Gender Woman 
Male 

109 
37 

74.6 
25.4 

Sum 146 100 
Professional Experience 1-5 Years 

6-10 Years 
10+ Years 

37 
26 
83 

25.3 
17.9 
56.8 

Branch Science 
Mathematics 
Engineering 

English 
Information Technologies 

Other 

78 
15 
12 
7 
4 

30 

53.4 
10.3 
8.2 
4.8 
2.7 

20.6 
How to apply a scale Online 146 100 

 Sum 146 100 
 

The participants in the study were selected based on the voluntary participation of the 
teachers using a random sampling method. 

DATA COLLECTION PROCESS 

In this study, Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) were 
applied to different study groups following the research purpose. When the literature is examined, it 
is seen that the application of EFA and CFA to different study groups will affect the validity and 
reliability of the study more positively (Fabrigar et al., 1999; Worthington and Whittaker, 2006). Of the 
146 participants in Turkey, Spain, Portugal, Greece, Lithuania, and Italy who constituted the research 
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study group, EFA processes were carried out with 110 and CFA processes with the remaining 36. The 
adaptive validity and reliability study was conducted with all 146 participants. Then, the tests of the 
participants who did not participate in the first or any of the second test-retests, which were applied 
at intervals of 15 days, were eliminated, and the analyses were continued on 34 teacher forms of the 
remaining participants. In order to increase the reliability of the analyses, in the first and second 
applications, each teacher was given a four-digit code to match the forms without using the teachers’ 
names, and these codes were asked to be written while filling out the forms. In Table 2 below, the 
number of participants in the EFA-CFA and Test-Retest reliability of the study group is included in the 
analysis, and the branches of the participants are given. 

Table 2: Branches and numbers of participants included in the analyses 
Analysis Type Branches f % 

Construct Validity Exploratory Factor 
Analysis 

Science 60 54.5 
Mathematics 12 10.9 
Engineering 10 9.1 
English 5 4.5 
Information Technologies 3 2.7 
Other 20 18.2 
Sum 110 100 

Confirmatory Factor 
Analysis 

Science 18 50 
Mathematics 3 8.4 
Engineering 2 5.6 
English 2 5.6 
Information Technologies 1 2.7 
Other 10 27.7 
Sum 36 100 

Test-Retest Reliability Analysis Participating Teachers 34 100 

 

Ensuring the validity and reliability analyses are conducted properly in the scale development 
process requires determining an appropriate sample size. Various perspectives have been proposed 
regarding the adequate sample size for Exploratory Factor Analysis (EFA). Tabachnick et al. (2019) 
suggest that the required sample size for factor analysis depends on factors such as the data structure 
and the number of variables, while Field (2013) emphasizes that a sufficient sample size is essential for 
producing reliable results in factor analysis.  

DATA COLLECTION TOOL 

The STEAM+E (Entrepreneurship) Skills Scale for Teachers has been developed in light of up-
to-date information obtained after a detailed literature review on STEAM and Entrepreneurship. 
According to the examination, the prominent concepts are creativity and innovation, risk-taking and 
decision-making, interdisciplinary cooperation, and entrepreneurship skills. Along with the concepts, 
a detailed literature review was carried out for these concepts, considering the skills (cooperation, 
problem-solving, communication, creativity, analytical and critical thinking, digital literacy skills, etc.) 
desired by the students in STEAM education. A pool of 45 items was created, and appropriate items 
were decided upon due to the literature review. The answer key for the scale in which these items will 
be included has been prepared in five-point Likert type, and the “Strongly Disagree-1, Disagree-2, 
Undecided-3, Agree-4, Strongly Agree-5” system was used in the scoring. 

SCALE DEVELOPMENT PHASES 
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As the first of the scale development stages, the content of the items was created by 
conducting a detailed literature review on the above-mentioned entrepreneurship concepts and the 
skills expected to be gained by students with STEAM. After the literature review, the substance pool 
of the items was revealed. Preliminary interviews were held with 2 experts working in Curriculum and 
Instruction, 2 experts working in STEAM Education, and 2 experts working in Entrepreneurship with 
the prototype material pool created. According to the opinions received from the experts, a positive 
consensus has been reached that the items in the item pool of the scale include the concepts of 
creativity and renewal, risk-taking and decision-making, interdisciplinary cooperation, and 
entrepreneurship skills and that there are items for all of the skills that are desired to be gained by 
students with STEAM education. 45 items in the item pool were transferred to the Expert Opinion 
Form prepared by the researchers to be submitted for expert opinion. Then, expert opinions were 
collected from 6 people, including 2 teachers, 2 experts working in Curriculum and Instruction, and 2 
experts working in Measurement and Evaluation. After the expert opinions were obtained through the 
expert opinion form, 5 items were eliminated from the item pool, and the corrections among the rest 
were revised in line with the experts’ opinions. The draft of the 40-item scale was finalized and 
presented to a Turkish grammar expert, and errors in expression disorders, spelling mistakes, grammar 
rules, and punctuation marks in the scale were identified and corrected.  

In the second phase of scale development, the scale was piloted to the participant list detailed 
in the study group. At this stage, the scale was delivered to the participants online via Google Forms.  

ANALYSIS OF DATA 

After the end of the process of applying the scale to the participants, data analysis was carried 
out through the SPSS 27.0 package program. Validity analyses of the scale were examined by dividing 
it into subcategories within the scope of structure, appearance, scope, and compliance validity. In 
order to analyze the construct validity for the scale, an exploratory factor analysis (EFA) and a 
confirmatory factor analysis (CFA) were performed first. The structural features of the pilot form 
prepared for the scale with EFA were examined, and its sub-dimensions were revealed. After the CFA 
was performed, this structure’s accuracy level was measured. The CFA phase is implemented to 
conform the structure unearthed in EFA with scientific processes and to ensure that the structure is 
built on more solid foundations. In order to interpret appearance and scope validity, the expert opinion 
method was used. Regarding fit validity, since there is no other scale with a similar quality in the 
literature review, the correlation values between the overall scale and its subcategories were 
examined. In terms of reliability, the Cronbach Alpha internal consistency coefficient of the scale was 
analyzed, and factor eigenvalue analyses were performed to determine the scale’s factors.  

RESULTS  

In order to test the construct validity of the STEAM+E (Entrepreneurship) Skills Scale for 
Teachers, Exploratory Factor Analysis (EFA), which is the most basic analysis among factor analyses, 
was used to determine the construct validity in scale development studies, and Confirmatory Factor 
Analysis (CFA) was used to determine the accuracy of this structure. 

EXPLORATORY FACTOR ANALYSIS 

Before performing the factor analysis of the scale, it is necessary to determine whether the 
data obtained are suitable for this analysis. For this purpose, according to the results of the KMO and 
Barlett Test conducted on 40 items in the scale, the KMO value was determined as .948 and the Barlett 
Test as 5.616. After the evaluation, the items that did not create the desired factor load in any factor 
and the items that were distributed to two factors and whose load values were less than .1 were 
eliminated from the scale within the scope of validity and reliability measures (Büyüköztürk, 2016; 
Kline, 2011). At this point, three items were removed from the scale after factor analysis. Then, the 
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analysis was made once again on the remaining 37 items. As a result of the findings obtained from the 
factor analysis applied for the second time, the KMO coefficient and Barlett’s Sphericity test were 
performed to examine the correlation matrix and to understand whether items still need to be 
removed. At this stage, the KMO coefficient was determined as .951, while the Barlett Sphericity test 
values produced statistically significant results (χ²=6.091, p<.01). 

Table 3. KMO and Barlett Test Findings 
KMO Sampling Adequacy Measurement .951 

 
Barlett Sphericity Test 

x² 5616.72 
sd 666 
p .000 

 

Considering the findings obtained from the second KMO and Barlett’s Test, where the 
STEAM+E (Entrepreneurship) Skills Scale was applied for teachers, it was deemed appropriate to apply 
EFA with the remaining 37 items on the scale. Then, factor analysis was started, and the principal 
component analysis (Varimax rotated) was applied to determine whether the items were distributed 
to independent factors. As a result of the analysis, the items related to the scale were distributed under 
four factors. The number of items distributed by factors: 10 for the first factor, 10 for the second factor, 
9 for the third factor, and 8 for the last factor. These items are named after considering the basic 
concepts of STEAM and entrepreneurship. According to this nomenclature, the name of the first factor 
is “Interdisciplinary Cooperation,” the name of the second factor is “Entrepreneurial Skills,” the name 
of the third factor is “Risk Taking and Decision Making,” and the name of the last factor is “Creativity 
and Innovation.” The values related to the factor loads of the items collected under these four 
headings are given in Table 4.   
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Table 4. Principal Component Analysis of the STEAM+E (Entrepreneurship) Skills Scale for Teachers Rotated 
concerning Prime Axes Item Factor Loads 

Item No Factor 1 
Interdisciplinary 

Collaboration  

Factor 2 
Entrepreneurship 

Skills  

Factor 3  
Risk-taking and 

Decision-Making  

Factor 4 
Creativity and 

Renewal  
IC2 .905    
IC8 .820    
IC4 .816    
IC1 .814    
IC3 .801    
IC6 .768    
IC5 .762    
IC7 .706    

IC10 .637 .327   
IC9 .622    
E9  .949   
E8  .926   
E6  .870   
E7  .849   
E4  .797   
E5  .788   
E3  .754 .372  
E2  .736   

E10  .708   
E1  .633   

R1   .725  
R2   .681  
R4   .655  

R10   .618  
R3   .576  
R5 .344  .557  
R8   .496  
R9   .489  
R6   .421  

Y7    .804 
Y8    .764 
Y9    .737 
Y5    .662 

Y10    .583 
Y6    .569 
Y1 .302   .508 
Y3 .317   .482 

Variance Explained 
(Total: 72.42%) 

 
%56.39 

 
%9.23 

 
%3.95 

 
%2.83 
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Looking at Table 3, four scale factors were formed due to the varimax rotated rotation process 
in the EFA process in the STEAM+E (Entrepreneurship) Skills Scale for Teachers. These factors explain 
72.42% of the total variance value for the scale. When the load values of the factors formed are 
examined, the factor loads of the items that make up factor 1 (Interdisciplinary Cooperation) vary 
between .622 and .905, the factor loads of the items that make up factor 2 (Entrepreneurship Skills) 
vary between .633 and .949, the factor loads of the items that make up factor 3 (Risk Taking and 
Decision Making) vary between .421 and .725. The factor loads of the items that make up factor 4 
(Creativity and Renewal) vary between .482 and .804. After the factor analysis, the STEAM+E 
(Entrepreneurship) Skills Scale for Teachers was developed with 37 items that met the desired and 
sufficient conditions.  

In order to test the reliability of the data obtained after the scale application, Cronbach Alpha 
reliability coefficient analysis was performed. Cronbach’s Alpha coefficient is a reliability coefficient 
applied to test the internal consistency levels of the entire scale and its sub-factors (Büyüköztürk, 
2016).  

Table 5. Cronbach’s Alpha internal consistency coefficient values for the scale 
Dimension Name Cronbach’s Alpha Coefficient Number of items 

Factor 1 .935 10 
Factor 2 .935 10 
Factor 3 .960 9 
Factor 4 .961 8 

Sum .977 37 

 

As a result of the reliability analysis, Cronbach’s Alpha coefficient of the whole scale was 
determined as .977. In addition, Cronbach’s Alpha coefficient for each factor of the scale was also 
calculated. Accordingly, it was found to be .935 for Factor 1 (Interdisciplinary Cooperation), .935 for 
Factor 2 (Entrepreneurship Skills), .960 for Factor 3 (Risk Taking and Decision Making) and .961 for 
Factor 4 (Creativity and Renewal). In order to say that the data obtained from a scale are reliable, 
Cronbach’s Alpha coefficient must be above .70 (Bernardi, 1994). As a result of the values obtained at 
this stage, the STEAM+E (Entrepreneurship) Skills Scale for Teachers has proven reliable.  

CONFIRMATORY FACTOR ANALYSIS 

Confirmatory factor analysis (CFA) was conducted to confirm the structure obtained in 
exploratory factor analysis with a different study group and an alternative statistical method. Various 
fit indices are used in the CFA process to assess the tested model’s adequacy. In this study, the fit 
indices proposed by Hu and Bentler (1999) were included. These indices include CMIN/DF (Χ²/sd), GFI 
(Goodness Fit Index), AGFI (Adjusted Goodness Fit Index), CFI (Comparative Fit Index), NNFI 
(Unstandardized Fit Index), IFI (Redundancy Fit Index), RMSEA (Square Root Mean Value of 
Approximate Errors) and SRMR (Square Root Mean of Standardized Error Squares) adjusted for sample 
size. These indices are important metrics for determining how well the model fits the data.  

The fit indices examined within the scope of Confirmatory Factor Analysis, the best and 
acceptable value ranges of these indices, and the values obtained from the scale as a result of CFA are 
presented in Table 6.  
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Table 6. CFA Index Value Ranges (Çokluk, Şekercioğlu & Büyüköztürk, 2010; Hu & Bentler, 1999) and CFA Results 
Reviewed Compliance 
Indices 

Perfect Fit Measure Acceptable Fit Criterion Values for Scale 

Χ²/sd (CMIN/DF) 0 ≤ Χ²/sd ≤ 2 2 ≤ Χ²/sd ≤ 3 1,68 
GFI .95 ≤ GFI ≤ 1.00 .80 ≤ GFI ≤ .95 ,842 
AGFI .90 ≤ AGFI ≤ 1.00 .85 ≤ AGFI ≤ .90 ,806 
CFI .95 ≤ CFI ≤ 1.00 .90 ≤ CFI ≤ .95 ,924 
YOUTH .95 ≤ IFI ≤ 1.00 .90 ≤ IFI ≤ .95 ,925 
RMSEA .00 ≤ RMSEA ≤ .05 .05≤ RMSEA ≤.08 ,068 
SRMR .00 ≤ SRMR ≤ .05 .05 ≤ SRMR ≤ .10 ,050 

 

When the findings obtained as a result of the CFA analysis are examined, it is seen that the 
Χ²/sd (CMIN/DF) compliance index is excellent, and the GFI, CFI, IFI, RMSEA, SRMR values are within 
the acceptable range. These results prove that the level of compliance with the four factors of the scale 
is at the desired and sufficient level. However, the factor loads for the four-factor model that emerged 
as a result of CFA are presented in Figure 2.  
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Figure 2. Standardized Factor Loads of Scale 

Figure 2 shows factor loads between .61 and .94 but at a high level with general density. These 
results prove the suitability of the model. In the figure, it is seen that the error variances of some items 
are apportioned. This sharing was carried out by taking expert opinions to improve the items with high 
modification index values from the findings obtained from the analysis.  

DISCUSSION AND CONCLUSION  

This study was conducted by following systematic scale development methodologies (DeVellis, 
2021; Boateng et al., 2018) to design the STEAM+E (Entrepreneurship) Skills Scale for Teachers. The 
study aimed to establish a valid and reliable measurement tool to assess teachers' competencies in 
integrating Science, Technology, Engineering, Arts, Mathematics, and Entrepreneurship (STEAM+E) 
into their teaching practices, a growing emphasis in global education systems (Yakman & Lee, 2012; 
Beers, 2011). The scale development process followed widely accepted psychometric analysis steps, 
including Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) to determine the 
underlying structure and factor loadings (Tabachnick & Fidell, 2019). Furthermore, the scale’s 
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construct validity, face validity, and content validity were assessed, ensuring alignment with previous 
research in educational measurement (American Educational Research Association [AERA], 2014). The 
Cronbach’s Alpha reliability coefficient (Cronbach, 1951) was applied to assess the internal consistency 
of the instrument, confirming the scale’s reliability. 

The initial version of the scale included 45 items, which were reduced to 40 items following 
expert panel reviews, ensuring content validity through qualitative evaluation (Lawshe, 1975; Creswell 
& Poth, 2016). The number of items was further refined to 37 after conducting EFA, which identified 
redundant or low-loading items (Worthington & Whittaker, 2006). As a result of comprehensive 
validity and reliability analyses, a four-factor model emerged, establishing a robust and empirically 
validated tool for assessing STEAM+E competencies among teachers. The final version of the scale 
consists of 37 positively worded items, eliminating the need for reverse coding, which improves clarity 
and response accuracy (Nunnally & Bernstein, 1994). The scale follows a five-point Likert-type 
response format, where 1 = Strongly Disagree, 2 = Disagree, 3 = Undecided, 4 = Agree, and 5 = Strongly 
Agree (Likert, 1932). 

Participants can achieve a maximum score of 185 and a minimum score of 37, with factor 
scores analyzed both collectively and individually, depending on the specific research focus. The 
finalized version of the STEAM+E Skills Scale is included in the appendices for further reference. Given 
that the scale was explicitly designed for teachers, it is recommended that additional validity and 
reliability analyses be conducted when applying it to different sample groups such as preservice 
teachers, administrators, or STEM educators in international contexts (OECD, 2018; Voogt & Roblin, 
2012). This study contributes to the growing body of literature on STEAM education assessment tools 
and aligns with global efforts to enhance teachers' entrepreneurship and innovation skills in 21st-
century learning environments (Lamb et al., 2017; Blaschke, 2012). 
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APPENDIX  

STEAM and Entrepreneurship Skills Scale for Teachers 

(There is no substance to be reverse-coded.) 

No Read the items below and select the 
option that suits you. 

Strongly 
disagree Disagree I am 

undecided Agree Strongly 
agree 

1 I feel empowered to come up with new 
ideas.      

2 I can come up with creative solutions to 
problems.      

3 I think I have a talent for developing 
innovative projects.      

4 I can combine knowledge and ideas from 
different disciplines when I am inspired.      

5 I can turn my innovative thoughts into 
practical applications.      

6 I can lead innovation processes.      

7 I can develop a project or product by 
making use of different perspectives.      

8 My innovative way of thinking adds value 
to my projects.      

9 I can develop creative approaches to 
solving complex problems.      

10 My ability to think innovatively influences 
the success of my projects.      

11 I am confident in taking risks.      

12 I can make bold decisions when bringing 
new ideas to life.      

13 Instead of giving up in the face of my 
difficulties, I look for solutions.      

14 I can think strategically when assessing 
risks.      

15 I can be determined and motivated even 
under changing circumstances.      

16 I can develop effective strategies to 
minimize risks.      

17 When assessing risks, I can also consider 
opportunities.      

18 I make a detailed plan before taking a 
risk.      

19 I am not afraid to take risks.      

20 I enjoy collaborating with people from 
different disciplines.      

21 I can share knowledge and skills with 
people from different disciplines.      

22 By combining ideas from different 
perspectives, I can achieve better results.      

23 
I can bring people from different 
disciplines together in projects or 
problem-solving processes. 

     

24 I can develop creative projects by 
combining different perspectives.      

25 I can effectively integrate knowledge and 
skills from a variety of disciplines.      
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26 
I can take advantage of the opportunities 
that arise from combining different 
disciplines. 

     

27 
We can achieve common goals by 
combining people’s strengths in different 
disciplines. 

     

28 I can develop new ideas by synthesizing 
different fields of knowledge.      

29 I can coordinate people from different 
disciplines on projects or initiatives.      

30 I am confident in turning my ideas into a 
business plan.      

31 I have an entrepreneurial spirit and am 
not afraid to take risks.      

32 I can effectively manage resources for 
entrepreneurial projects.      

33 I think I am keen to start or run my own 
business.      

34 I can make decisions in line with my 
entrepreneurial vision.      

35 I have experience in creating and 
implementing business strategies.      

36 I can evaluate business opportunities by 
doing market analysis.      

37 I can be successful in turning innovative 
ideas into commercial potential.      

 


