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The purpose of this study was to adapt a survey developed by Chai, Jong et al. (2019) on 

technological pedagogical STEM (TP-STEM) knowledge into Turkish and to determine the 

knowledge of pre-service and in-service teachers about TP-STEM. The original survey 

consisted of four factors and a total of 17 items. These factors included Technological 

Pedagogical Knowledge in Science (TPSK), Technological Pedagogical Knowledge in 

Mathematics (TPMK), Technological Pedagogical Knowledge in Engineering (TPEK), and 

Integrative STEM (iSTEM) knowledge. The participants of the study were 520 pre-service 

and in-service teachers. The analysis showed that the model fit indices for the validity of 

the factor structures were acceptable with a value of RMSEA=0.0621 and showed excellent 

agreement with the values SRMR=0.0346, CFI =0.961, TLI=0.953. The Cronbach's alpha 

values for the factors ranged from 0.80 to 0.84 (α-value >.70). These results mean that the 

survey adapted to Turkish language was reliable and valid for further research. The results 

showed that pre-service and in-service mathematics teachers had lower self-efficacy on the 

subfactors (TPSK, TPMK, TPEK, and iSTEM) than pre-service and in-service science and 

computer teachers. 
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 INTRODUCTION  

The only constant in life is change (Heraclitus). Time brings change, and a change in 

one area can bring about other changes. The need for individuals to acquire new skills over 

time has led to exploring educational approaches and models that are thought to develop 

those skills more effectively. In recent years, educational models that integrate multiple 

disciplines have attracted the interest of scholars (Aranda et al., 2020; Bybee, 2013; English, 

2015). The approach STEM, which includes science, mathematics, engineering, and 

technology, is one of the unique approaches today. STEM Education is mainly expressed as 

integrated STEM education, which links all disciplines together (Blackley & Howell, 2015). 

STEM is the integration of knowledge built between the fields of science, mathematics, 

engineering, and technology (Chai, Jong et al., 2020; Wang & Fan, 2018). Integrated STEM 

education aims to improve the quality of education of individuals who use science and 

technology to achieve specific goals and have problem-solving skills in daily life (Bybee, 

2013). It is mainly concerned with learners' explorations and problem-solving in everyday 

life (Bagiati & Evangelou, 2015), encourage their creativity, and enables them to apply the 

learned information more in other fields (Tseng et al., 2013). It encourages learners to 

express their thoughts and learn cooperatively with other class students to solve problems 

requiring knowledge in science, mathematics, engineering, and technology (Kuo et al., 

2019). It also aims to provide students with holistic development (Breiner et al., 2012; Smith 

& Karr-Kidwell, 2000; Tsupros et al., 2009), increase their curiosity and interest in all areas, 

and promote the production of innovative technologies (Thomas, 2014). 

Researchers have pointed out that pre-service and in-service teachers should have 

specific STEM teaching competencies to conduct effective instruction. Many researchers 

have pointed out that teaching STEM can pose pedagogical challenges to many teachers, 

especially if they do not have adequate knowledge in engineering, technology, and design 

thinking (Chai, Jong et al., 2019; Faikhamta et al., 2020). For example, Akgündüz et al. (2015) 

found that teachers with inadequate knowledge, experience, and skills related to STEM 

education negatively affected students' performance in STEM education. Research studies 

have shown that teachers feel inadequate concerning STEM (Karademir-Coşkun et al., 2020; 

Köse & Ataş, 2020; Yıldırım & Türk, 2018) and have an insufficient knowledge base because 

they have not received professional development courses or induction programs for STEM 

teaching (El-Deghaidy & Mansour, 2015; Hossain & Michael, 2012; Karademir-Coşkun et al., 

2020). These studies also showed that teachers lacked technological pedagogical content 

knowledge (TPACK) related to STEM education (Karademir-Coşkun et al., 2020; Yanış-

Kelleci, 2020). From these findings, there is a need for pre-service and in-service teachers to 

identify and develop their pedagogical competencies related to STEM. 

Given that STEM education is an approach that covers the process from preschool to 

college (Gonzalez & Kuenzi, 2012), it requires that pre-service and in-service teachers need 

to have a knowledge base and competencies in all areas of STEM. In addition, pre-service 
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and in-service teachers are expected to implement STEM education in the classroom. From 

this perspective, it is important to identify and develop the STEM competencies of pre-

service and in-service teachers in STEM disciplines. For students in the STEM classroom to 

be successful, creative, critical thinkers, designers, and producers, teachers must have a 

certain level of knowledge about integrated STEM education and use technology during 

their classroom instruction. TPACK is teachers' knowledge of incorporating technology into 

the classroom (Schmidt et al., 2009). Technology is also an integral part of integrated STEM 

education. From this perspective, STEM and TPACK have a common element of technology 

(Chai, Jong et al., 2020). In the current research literature, a few studies examined pre-service 

and in-service teachers' knowledge and skills related to STEM education and their TPACKs 

from a holistic perspective (Chai, 2019; Chai, Jong et al., 2019; Chai, Jong et al., 2020; Chai, 

Rahmawati et al., 2020; Çayak, 2019; Rahman et al., 2017; Wang & Fan, 2018). For example, 

Dadacan (2021) found that the self-efficacy of pre-service science teachers and classroom 

teachers regarding STEM instruction was better than that of mathematics teachers. The 

recent studies by Koçak et al. (2019) and Karışan and Bakırcı (2018) found that the 

orientations of pre-service science teachers toward STEM were better than those of pre-

service and in-service mathematics teachers. In a recent study, Chai, Jong et al. (2019) found 

that science teachers performed better than pre-service mathematics teachers. Their results 

also showed that science teachers had higher scores than mathematics teachers in all factors, 

including TPMK in TPSK, TPEK, and iSTEM. 

All of the knowledge and practices inherent in each STEM discipline have complex 

structures. The interconnectedness of integrated STEM disciplines and practices makes this 

structure more complex and dynamic (Chai, Jong et al., 2019; Kelley & Knowles, 2016; Wells, 

2016). In this regard, useful, reliable measurement tools that determine teachers' or pre-

service teachers' TPACKs concerning this complex structure are expected to contribute to 

the literature. The purpose of this study was to adapt the TP-STEMK survey developed by 

Chai, Jong et al. (2019) into Turkish language and to determine the self-efficacy level of 

teachers and pre-service teachers at TP-STEMK. The research questions guiding this study 

are as follows. 

1-) What is the validity and reliability of the adapted TP-STEMK survey in Turkish? 

2-) Are there statistically significant differences in the subfactors of the TP-STEM 

knowledge survey according to the program studied by the pre-service teachers? 

3-) Are there statistically significant differences in the subfactors of the TP-STEM 

knowledge survey according to the branches of the study of the in-service teachers? 

 Theoretical Background  

 Teachers' Competencies in STEM Education        

 Teachers' competencies are one of the most important factors affecting the quality of 

teaching, motivation, and student achievement (Baumert et al., 2010; Park & Oliver, 2008). 
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Considering the importance of this factor, it is crucial for the implementation of STEM that 

teachers have a certain level of STEM content knowledge and skills for teaching knowledge. 

Research has shown that teachers with insufficient STEM knowledge and skills negatively 

affect their students' STEM achievement (Çorlu et al., 2014; Williams, 2011) and have 

positive attitudes toward STEM (NRC, 2013; Dönmez, 2020). For example, El-Deghaidy and 

Mansour (2015) found that teachers could not reflect the essence of integrated STEM 

instruction in their classrooms because they could not adopt the technology concept. In 

another study, Akgündüz et al. (2015) found that high school students could not 

successfully use STEM technology because math and science teachers lacked experience and 

knowledge of STEM education. In addition, Moore and Smith (2014) found that teachers in 

STEM practices focused on teaching science and mathematics and ignored technology and 

engineering in their instruction. From this perspective, integrating integrated STEM 

education in the classroom and teachers' participation in STEM-related professional 

development activities is very important for the implementation and success of integrated 

STEM education (NRC, 2013; Srikoom et al., 2017). 

Teachers' Self-Efficacies in STEM Education 

The concept of self-efficacy was first introduced by Bandura (1977). Bandura defined 

self-efficacy as a person's individual belief in doing something to be successful. Tschannen-

Moran and Woolfolk-Hoy (2001) emphasized that by fostering self-efficacy in teachers, they 

can be trained to be willing teachers who are successful in their profession. In recent 

research, Chai, Jong et al. (2019) found that teacher self-efficacy has a multidimensional 

structure. Teachers' self-efficacy affects their performance, teaching practices, and attitudes 

toward innovative teaching approaches (Deehan et al., 2017). Studies conducted by 

researchers show that pre-service and in-service teachers with high self-efficacy are very 

diligent in training and professional development activities (Usher & Pajares, 2008; 

Pendergast et al., 2011), open to new ideas and technologies, and willing to use technology 

in the classroom (Charalambous & Philippou, 2011; Lunenburg, 2011; Smith et al., 2012; 

Tschannen-Moran & Woolfolk-Hoy, 2001). Hacıömeroğlu (2020) emphasized that teachers 

with low self-efficacy cannot respond to students' needs. For this reason, it is important to 

determine teachers' self-efficacy and knowledge levels about integrated STEM instruction 

(Honey et al., 2014). 

STEM Education and Technological Pedagogical Content Knowledge  

TPACK is teachers' knowledge of how to integrate technology into the classroom. 

Researchers have highlighted that a knowledge base for teaching shapes teachers' 

instruction while teaching a subject using technological and pedagogical knowledge 

(Schmidt et al., 2009). The integrated STEM approach reveals an understanding of educating 

individuals with knowledge and skills by sharing science, design, production, technological 

tools, and devices (Directorate General of Private Educational Institutions [ÖÖKGM], 2019). 

Therefore, integrated STEM is important for understanding teachers' technological 



                                                                                                                                                                                         

 
291 

International Journal of Modern Education Studies 

knowledge in curriculum and pedagogy (Lin et al., 2021). The role of technology in 

strengthening STEM education is emphasized by most educators (Chai, Jong et al., 2019). 

Specifically, integrated STEM is an integrated knowledge base to improve teachers' TPACK 

awareness and integration of technology in the classroom (Chai, Jong et al., 2019). Thus, 

TPACK and integrated STEM complement each other in pedagogical goals and STEM 

disciplines (Parkeret et al., 2015; Milner-Bolotin, 2018; Chai, 2019). integrated STEM 

education and TPACK highlight the importance of learning in the 21st century (Chai, 2019; 

Milner-Bolotin, 2018). In addition, researchers have emphasized that TPACK provides a 

conceptualized knowledge base for instruction (Chai, Koh et al., 2019). This knowledge base 

requires teachers to know how to use technology to create STEM out-of-school projects, 

implement strategies to allow students to participate in online activities (TPB), and use 

subject-specific computer-based activities (TAB). In this context, it is important to identify 

teacher self-efficacy regarding STEM and TPACK. However, understanding the 

relationships between STEM and TBAP will facilitate the development of teachers' 

knowledge, skills, and pedagogical competencies (Chai, Jong et al., 2019). In this regard, 

technology integration will increase meaningful learning in the STEM classroom. A limited 

number of research studies have examined teachers' knowledge, skills, and competencies 

for integrating STEM and TPACK (Chai, 2019; Chai, Jong et al., 2019; Parker et al., 2015). 

Teachers' Knowledge of TP-STEMK  

In reviewing the literature, qualitative studies have been mainly used to identify 

STEM-TPACK -related knowledge of pre-service and in-service teachers. Some studies that 

have used quantitative measurement tools (Çayak, 2019; Phanprom et al., 2021) are limited. 

To date, researchers have used different instruments to collect data, including different 

subfactors of STEM-TPACK measurement. TPACK is a seven-factor model (Mishra & 

Koehler, 2006). Given that each discipline is in the STEM field and technology, a seven-factor 

model STEM-TPACK does not seem very practical to use in research. With its practical 

application, this problem will reduce the usefulness of the data collection tools developed. 

In this regard, the four-factor survey Chai, Jong et al. (2019) developed is very useful. In this 

survey, the factors TPSK (Technological Pedagogical Knowledge in Science), TPMK 

(Technological Pedagogical Knowledge in Mathematics), and TPEK (Technological 

Pedagogical Knowledge in Engineering) provide information about teachers' competencies 

in the technologies they use. The fourth factor was named "integrative STEM" (iSTEM) 

because integrating these factors contains information about teachers' holistic view of STEM 

education. The same survey developed by Chai, Jong et al. (2019) has been used by many 

researchers (Love, & Hughes, 2022; Solina, 2021; Barba-Sánchez et al., 2021). In this study, 

we aimed to translate the survey developed by Chai, Jong et al. (2019) into Turkish. 
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 METHOD  

Research Model  

This research is an adaptation study of a survey. This type of research involves the 

process of adapting a survey developed in one language to another language by conducting 

validity and reliability analyzes (Kılıçer & Odabaşı, 2010; Seçer, 2015). In this study, the TP-

STEMK survey developed by Chai, Jong et al. (2019) was adapted to the Turkish language. 

  Participants  

The study group was formed using the "appropriate sampling" method, one of the 

non-probabilistic sampling methods. Appropriate sampling is a technique with voluntary 

participants that is easily accessible and applicable to researchers due to time, labor, and 

cost constraints (Canbazoğlu-Bilici, 2019; Teddlie & Yu, 2007). The participants in the study 

consisted of 657 pre-service and in-service teachers. Of the participants, 54 were involved in 

the pilot study, and 612 participated in the main study. After identifying missing and 

extreme values, data was collected from 466 pre-service and in-service teachers. During the 

adaptation process, one Turkish language expert commented on the first draft of the 

translated survey, three English language experts, and six experts with a Ph.D. in 

mathematics and science education. According to the feedback of experts, corrections to the 

translated survey were done by researchers. The characteristics of the participants are 

shown in Table 1. 

Table 1 

The characteristics of the participants 

 Teachers  Freque

ncy (f) 

Percenta

ge(%) 
Pre-service Teachers  Freque

ncy (f) 

Percenta

ge (%) 

Gender Woman 211 67.63 Woman 115 74.68 

Man  101 32.37 Man  39 25.32 

Branch 

Science  144 46.15 Science  54 35.06 

Mathematics   106 33.97 Mathematics    66 42.86 

Computer  62 19.87 Computer  34 22.08 

Taking courses 

or attending 

professional 

development 

courses related 

to STEM   

Science 

Teachers 

Yes 66 45.83 Pre-service 

science 

teachers 

Yes 34 62.96 

No 78 54.17 No 20 37.04 

Mathematics 

Teachers 

Yes 39 36.79 Pre-service 

Maths 

teachers 

Yes 12 18.19 

No 67 63.21 No 54 81.81 

Computer 

Teachers   

Yes 38 61.29 Pre-service 

computer 

teachers 

Yes 27 79.41 

No 24 38.71 No 7 20.59 

Total  Teachers 312 100 Pre-service 

Teachers 

154 100 
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Data Collection Tools  

TP-STEMK Survey   

 The TP-STEMK developed by Chai, Jong et al. (2019) was designed to assess pre-

service and in-service teachers' self-efficacy in integrated STEM education in technological 

pedagogical content knowledge (TPACK). The original version consisted of four factors and 

17 items. Each sub-dimension of the survey, i.e., technological pedagogical knowledge in 

science (TPSK), technological pedagogical knowledge in engineering (TPEK), and 

integrative STEM (iSTEM), consisted of four items, while another sub-dimension, 

technological pedagogical knowledge in mathematics (TPMK), consisted of five items. The 

survey consists of seven Likert-type items. These items include disagree-1, disagree-2, 

partially disagree-3, undecided-4, partially agree-5, agree-6, and agree-7. In addition, there 

is no item in the survey with a negative meaning on the survey TP-STEMK. 

Survey's Adaptation to the Turkish Language 

After reviewing the relevant literature on STEM education and TPACK, it was 

determined that there was a need for a data collection tool to assess teacher self-efficacy 

from a TPACK perspective in the context of holistic education STEM. The researchers 

searched the literature for the existing instruments based on this finding. After determining 

the appropriateness of the TP-STEMK self-efficacy survey for research, the researchers 

asked permission from the authors of the TP-STEMK survey and received permission from 

Chai, Jong et al. (2019) via email. The researchers initially translated the TP-STEMK 

developed in English into Turkish. After the first draft of the translation, the researchers 

received feedback from one Turkish language expert, three English language experts, and 

two STEM field experts, who formed a six-member translation team and received support. 

During the translation assessment, cross-checks were conducted to determine whether 

differences in the survey were independently translated into Turkish, and a consensus was 

reached on the common translation. In addition, a Turkish language expert checked the 

compatibility of the translation with Turkish in terms of spelling and semantic integrity. 

During the back translation into the original language, the translation was supported by a 

bilingual expert and compared and reviewed with the original version. Through the expert's 

feedback, the items' incomprehensible expressions and expression errors were corrected, 

and the stages of assessing the survey's structural, content, linguistic, and cultural 

conformity were completed. The survey was translated into a Likert-type format and 

presented to 54 pre-service teachers in a pilot study to assess its comprehensibility. The 

results of the pilot study showed that the factors and item distribution were consistent with 

those of the original survey. Later, the final version of the translated survey was 

administered to 612 participants. Participants were asked to answer all items in the survey. 

All surveys answered by participants were included in the analysis. No data loss occurred. 

The stages of the survey adaptation process to the Turkish language are shown in Figure 1. 
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Figure 1. The stages of the survey adaptation process to the Turkish language 

The following steps were followed in the Turkish adaptation of the TP-STEMK self-

efficacy survey: 

 Data Analysis  

The Jamovi program (version 1.6) was used to adapt the survey TP-STEMK (Jamovi 

Project, 2021). For the survey results administered to the participants, the researchers used 

the program SPSS 22.0. Regarding the validity of the survey, analyzes were conducted to 

ensure content validity (content), linguistic validity (linguistic equivalence), and structural 

validity (concept). For construct validity, confirmatory factor analysis (CFA) was conducted. 

The choice between exploratory factor analysis (EFA) and confirmatory factor analysis 

(CFA) methods in adjustment studies is one of the most common problems. While CFA is 

used to test the correspondence of items to the defined structure, EFA is used to determine 

which structures the items cover (Brown, 2015; Karaca et al., 2015; Myers, 2000). In this 

context, the use of CFA seems appropriate due to the fixed factor structures of the original 

survey (Byrne & van de Vijver, 2014; Fabrigar et al., 1999; Güngör, 2016). In addition, 

Cronbach's alpha (α)-coefficient, item-total correlation value, and test-retest reliability 

coefficient (r) were calculated to test the internal consistency of the factors identified in the 

original survey, and finally, reliability was tested. As a result of the analysis, it was 

examined whether the items in the survey could measure the sub- factors. Mahalanobis 

value and deviant outliers were checked in the data set and removed from the data file. 

Since extreme values lead to errors, it is recommended to remove them from the data file 

(Tabachnick & Fidell, 2013). In addition, the degree of freedom and the chi-square value 
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affect the interpretation of the CFA result as the sample grows (Çokluk et al., 2021). This 

situation may lead to misinterpretation. Therefore, the fit indices x²/df, CFI, TLI, RMSEA, 

and SRMR were calculated instead. 

Later, the descriptive (arithmetic mean and standard deviation) and inferential 

statistical data for each variable were calculated. First, we checked whether the distribution 

was normal by looking at the skewness and kurtosis values (in the range of ±1.96). To reduce 

the type 1 error and to reveal the significance of the dependent variable (Alpar, 2003), a one-

way MANOVA test was used in the analysis. The "Scheffe and Tukey" post hoc test was 

used as a multiple comparison test. First, the analyzes tested the assumptions of the 

MANOVA test. For the assumption of the equality of covariance matrices, Box's M test was 

applied, and in the cases where homogeneity was achieved (Allen et al., 2014; Pallant, 2005), 

the Wilks-Lambada test was suggested for multivariate test results, and in the cases where 

homogeneity was not achieved, Pillai's Trace test was recommended (Tabachnick & Fidell, 

2013). Assuming equality of Levene error variances, it is assumed that there is no difference 

between error variances at p >.01 or p >.025 (Tabachnick & Fidell, 2013). In addition, partial 

eta squared (η2) was used to determine the influence of the independent variable on the 

dependent variable. Partial Eta squared η2 = .01 small effect value, η2 = .06 medium effect 

value, and η2 = .14 large effect value (Cohen, 2013). 

 Ethical considerations  

During the study, all guidelines outlined in the Ethics of Scientific Research and 

Publication in Higher Education Policy were followed, and no actions were taken to the 

contrary. Faculty members, pre-service, and in-service teachers participated in the study by 

declaring their voluntary participation via the informed consent form submitted via Google 

Form. Responsibility for ethical violations in the research rests with the authors. 

In this study, all rules stated to be followed within the scope of the "Higher Education 

Institutions Scientific Research and Publication Ethics Directive" were followed. None of the 

actions stated under the title "Actions Against Scientific Research and Publication Ethics", 

which is the second part of the directive, were taken. 

Ethical review board name: Scientific research and publication ethics committee of 

science and engineering Instıtute of Alanya Alaaddin Keykubat University   

Date of ethics review decision: 09/03/2021 

Ethics assessment document issue number: 9679 
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 RESULTS  

Results of the Adaptation 

Content Validity 

To determine the content validity of the adapted survey in Turkish, the researchers 

obtained feedback from three language experts on the first draft of the translated survey. 

The researchers asked these experts to review the translation of each item. The experts 

reviewed the items and responded to a control form that was given to them. They indicated 

their feedback on the form as "the item is appropriate or should be corrected as ...". As a 

result of these feedbacks and reviews, ten items were accepted in their original form. The 

researchers modified seven items to ensure semantic integrity, linguistic validity, and 

cultural conformity. For example, the original statement "I can design lessons to integrate 

interdisciplinary STEM content and technology for student-centered learning 

appropriately." was translated as "I can design lessons to appropriately integrate holistic 

STEM content and technology for a student-centered learning approach." translated. 

However, in light of expert feedback, the same item was changed to "I can design student-

centered courses that appropriately integrate interdisciplinary STEM content and 

technology." 

Language Validity  

After modifying the first draft of the survey based on the experts' feedback, the 

researchers used the back-translation method to determine the language equivalence of the 

survey. In the back-translation process, experts who knew the original language of the 

survey (English) but did not work on the survey (N=3) translated the items from Turkish to 

English. As a result of this back-translation, consistency and harmony were found between 

the original survey and the second draft of the survey after the back-translation. Then, the 

researchers conducted a pilot study with six pre-service and in-service teachers of science, 

elementary mathematics, and computer. This pilot study showed that the participants had 

no difficulty understanding the items. 

Construct Validity 

Since the original survey has a specific factor structure, the use of the CFA seems 

appropriate (Fabrigar et al., 1999; Güngör, 2016). 

Confirmatory Factor Analysis 

The purpose of confirmatory factor analysis (CFA) is to test the fit of the model 

advocated by exploratory factor analysis (EFA) using some values, to test the same model 

and verify its validity (Brown, 2015; Myers, 2000; Tabachnick & Fidell, 2013; Yaşaroğlu, 

2017). The path diagram showing the factor structure obtained as a result of CFA is shown 

in Figure 2. The translated survey has four factors, like the original version developed by 

Chai, Jong et al. (2019). 
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 Figure 2. Analysis of item-structure relationships of the STEM-TPACK self-efficacy survey 

Looking at Figure 2, the factor loadings of the items on the science dimension of the 

survey vary from .64 to .79, in the math dimension from .68 to .80, in the engineering 

dimension from .75 to .88, and in the integrative dimension STEM from .84 to .89. The 

correlation between the factors is as follows: Science and mathematics dimension .72; 

Science and engineering .64; .61 between science and integrative STEM; .72 between 

mathematics and engineering; .55 between mathematics and integrative STEM; .75 between 

engineering and integrative STEM. According to Kline (2015), the effect value is 'moderate' 

around .30 and 'high' from .50 and above. In this context, values above .50 mean the effect 

value between factors is high. 

In the confirmatory factor analysis, the model fit indices were examined for the 

validity of the factor structure of the survey TP-STEMK. The model fit index values (x²/df, 

RMSEA, SRMR, CFI, and TLI) obtained by CFA are shown in Table 2. 

Table 2  

CFA's Compliance values for the TP-STEMK self-efficacy survey 

Model Fit 

Indices 

Model Fit 

Values 
Acceptable Fit Perfect Fit Conclusion 

x² 316 - - - 

x²/df 2.8 0<  x²/df <5 0<  x²/df <3 Perfect Fit 

RMSEA 0.0621 0.00≤ RMSEA≤0.10 0.00≤ RMSEA≤0.05 Acceptable Fit 

SRMR 0.0346 0.05 ≤ SRMR ≤ 0.10 0 ≤ SRMR <0.05 Perfect Fit 

CFI 0.961 0.90 ≤CFI ≤ 1.0 0.95 ≤ CFI ≤ 1.0 Perfect Fit 

TLI 0.953 0.90≤TLI≤1.0 0.95≤TLI≤1.0 Perfect Fit 
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According to the research (Sümer, 2000), the chi-square test (x²/df) evaluates the 

model's compatibility with the real data, and the p-value should be significant. Table 2 

showed that the values of chi-square and p (x²/df=2.8, p <.001) were significant. When the 

ratio of chi-square value to degrees of freedom is between 0 and 3 (0 < x²/df < 3; x²/df=2.8), 

the model has a perfect fit index (Kline, 2015; Meydan & Şeşen, 2015; Tabachnick & Fidell, 

2013). According to Table 2, RMSEA=0.0621 shows an acceptable fit, SRMR=0.0346, CFI 

=0.961, TLI=0.953 shows a perfect fit (Meydan & Şeşen, 2015; Brown, 2015). 

Analysis of the validity of the subfactors 

An analysis of Pearson product-moment correlation coefficients for the relationships 

among the knowledge types formed in the subfactors of the TP-STEMK survey is presented 

in Table 3. 

Table 3 

Pearson Moments Product Correlation Coefficients for Subfactors of the TP-STEMK Survey 

Subfactors  TPSK TPMK TPEK iSTEM 

TPSK 
r 1    

p     

TPMK 
r .606** 1   

p .000    

TPEK 
r .568** .650** 1  

p .000 .000   

iSTEM 
r .531** .497** .695** 1 

p .000 .000 .000  

**p<0.01 

Examination of Table 3 reveals moderate correlation between the survey subfactors 

(r=.695, r=.650, r=.606 r=.568 and r=.531, r=.497 p < 0.01). In addition, the subfactors that make 

up the survey are not at extreme values, and the absence of a high correlation level indicates 

the survey's reliability (Gündüz & Coşkun, 2012). 

Results of Reliability Analyses 

Internal Consistency  

The coefficients of internal consistency (Cronbach's alpha 'α') calculated for a complete 

survey or its factors are α > 0.70, which means that the survey is reliable (Nunnally & 

Bernstein, 1994; Büyüköztürk, 2020). The internal consistency coefficients (α) of the 

subfactors in the original TP-STEMK survey and this study are shown in Table 4. 

Table 4 

Cronbach Alpha (α) internal consistency coefficients for the survey and its factors 

 

Number of 

Items  

Cronbach alfa (α) 

Coefficients for 

Reliability   

Cronbach's alpha 

(α) Coefficients 

of the Original 

Survey 

      STEM -TPACK self-efficacy survey           17 0.937  
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According to Table 4, Cronbach's alpha coefficient for the TP-STEMK survey was 

calculated as 0.937. The internal consistency coefficients for the factors TPSK, TPMK, TPEK, 

and iSTEM were 0.81; 0.80; 0.83, respectively; a value of 0.84 was obtained. Moreover, the 

Cronbach alpha (α)-coefficients of the factors of the adapted and the original survey are 

close. Based on these results, it can be said that the reliability value of the survey is high. 

Analyses for Item-Total Correlation  

The overall correlation coefficients of the items calculated for the Turkish version of 

the survey TP-STEMK ranged from .66 to .91 (Table 5). Researchers recommend that items 

with an item correlation coefficient of less than .20 should be removed from the 

measurement instrument (Büyüköztürk, 2020). Since .20 is not a golden value for survey 

items, the item was not released. Moreover, according to Büyüköztürk (2020), an item with 

an item correlation coefficient of 0.3 and above is called a good item. So, the results show 

that all items in the translated survey are good.  

Table 5  

Item-total correlation values of the items 

     (TP-STEMK) 

F
ac

to
rs

 
Technological Pedagogical 

Knowledge in Science 

(TPSK) 

4 0.81 0.87 

Technological Pedagogical 

Knowledge in Mathematics 

(TPMK) 

5 0.80 0.89 

Technological Pedagogical 

Knowledge in Engineering 

(TPEK) 

4 0.83 0.89 

Integrative STEM 

Knowledge (iSTEM) 
4 0.84 0.91 

Factors Items Item-total Correlations 

T
P

S
K

 

 M1  .67 

M2  .76 

M3 .78 

M4 .66 

T
P

M
K

 

M5 .69 

M6 .73 

M7 .79 

M8 .80 

M9 .73 

T
P

E
K

 

M10 .69 

M11 .85 

M12 .87 

M13 .79 

iS
T

E
M

 M14 .87 

M15 .89 

M16 .91 
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The results in Table 5 show that the positive correlation between the item-total 

correlation scores indicates that internal consistency is high and that the items measure 

similar behaviors (p <.05). 

Test-Retest Reliability 

To determine the degree of stability of the translated survey, it was administered again 

to 54 pre-service teachers at four-week intervals. The relationship between the scores 

obtained on both applications was examined regarding the overall survey, items, and 

factors, and how stable the final survey was measured. In addition, Büyüköztürk (2020) also 

indicated that the Pearson moment product correlation coefficient was low between 0.0-0.3, 

moderate between 0.30 and 0.70, and high between 0.70 and 1.0. The test-retest correlation 

coefficient regarding the stability level of the survey showed a positive, high, and significant 

relationship between the two applications [r₍₅₄₎ = .831, p <.01]. 

Results of the Administration  

Results on Preservice teachers 

To answer the research question, "Are there statistically significant differences in the 

subfactors of the TP-STEM knowledge survey according to the program studied by the pre-

service teachers?" data were analyzed using a one-way MANOVA. The descriptive results, 

including the number of data (N), means, and standard deviations (SD) of the variables 

TPSK, TPMK, TPEK, and iSTEM, depending on the program of study pre-service teachers, 

are presented in Table 6. 

Table 6 

Descriptive statistical results of the subfactors of the TP-STEMK survey by pre-service teacher program 

Dependent Variable 
Studied Program (Independent 

Variable) 
N         x̄ SS 

TPSK 

Preservice Science Teacher 54 23.24/5.81 2.76 

Pre-service Mathematics Teacher 66 22.25/5.56 2.81 

Preservice Computer Teachers 34 24.17/6.04 2.63 

TPMK 

Preservice Science Teacher 54 27.77/5.55 3.49 

Pre-service Mathematics Teacher 66 28.22/5.64 4.43 

Preservice Computer Teachers 34 29.52/5.90 4.02 

TPEK 

Preservice Science Teacher 54 21.59/5.39 3.49 

Pre-service Mathematics Teacher 66 18.07/4.51 3.65 

Preservice Computer Teachers 34 22.50/5.62 3.78 

iSTEM 

Preservice Science Teacher 54 21.64/5.41 3.16 

Pre-service Mathematics Teacher 66 17.77/4.44 3.55 

Preservice Computer Teachers 34 21.79/5.44 3.41 

Table 6 shows that the mean scores of TPSK, TPMK, TPEK, and iSTEM5 are higher 

among the pre-service computer teachers than pre-service teachers of science and 

elementary mathematics. In addition, the skewness and kurtosis values of the TPSK, TPMK, 

M17 .87 
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TPEK, and iSTEM subfactors in the pre-service teacher programs show a distribution close 

to the normal distribution. In this context, the condition of equality of covariance matrices, 

one of the assumptions of one-factor MANOVA, was tested with Box's test of equality of 

matrices, and the other assumption, equality of error variances, was tested with Levene's 

test. In analyzing the Box's M test to assess whether the covariances are equal, Sig. If the p-

value in the line p > is .001, the null hypothesis is accepted (Allen et al., 2014; Pallant, 2005). 

This result means that there is no significant difference between the matrices. The fact that 

there is no significant difference between the covariance matrices of the dependent variable 

(p= .029, p >.001) indicates that the assumption of one-way MANOVA is met 

The other postulate of one-way MANOVA was tested using Levene's test to determine 

if there was a significant difference between the error variances. Levene's test was used in 

the analysis Sig. If the p-value in the p > row is .01 or p > is .025, the null hypothesis is 

accepted (Tabachnick & Fidell, 2013). This result means that there is no significant difference 

between the error variances. When testing the error variances of the dependent variables 

TPSK (p= .213, p >.01), TPMK (p= .056, p >.01), TPEK (p= .943, p >.01), and iSTEM (p= .01). 

651, p >.01) showed that the hypothesis "There is no significant difference between the error 

variants" can be accepted. 

The analysis determined that the assumptions of the MANOVA test were met, and a 

one-way MANOVA analysis was performed. In this context, a multivariate test analysis was 

performed to determine if there was a difference depending on the program studied. Wilk's 

Lambada analysis, a type of multivariate analysis (Büyüköztürk, 2020; Green & Salkind, 

2005; Tabachnick & Fidell, 2013), was performed. 

The Manova results on the TPSK, TPMK, TPEK, and iSTEM responses of pre-service 

teachers depending on the program they studied showed a significant difference between 

the dependent variables of the combined TPSK-, TPMK, TPEK, and iSTEM scores 

depending on the program studied by the pre-service teachers [F₍₈, ₂₉₆₎=9.74, p <.05, Wilk's 

lambda (Λ)= .627, partial ƞ2=.208]. The results of the one-way ANOVA analysis to determine 

the effects of the independent variables on the dependent variables are shown in Table 7.  

Table 7 

ANOVA results of TPSK, TPMK, TPEK, and iSTEM scores depend on the pre-service teacher program 

Dependent  

Variable 

Type III Sum of 

Squares 
Df 

Average 

Square 
F Sig. 

Partial Eta-

Squared 

TPSK 86.463 2 43.232 5.689 .004 .070 

TPMK 65.962 2 32.981 2.025 .136* .026 

TPEK 581.270 2 290.635 22.051 .000 .226 

iSTEM 583.477 2 291.739 25.325 .000 .251 

       *p<.05 

Table 7 shows a significant difference in the pre-service teachers' TPSK, TPEK, and 

iSTEM scores according to the course of study (p <.05). It was found that there was no 

significant difference in TPMK scores according to a degree program (p >.05). In addition, 
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the partial eta squared indicates how much of the change in the dependent variable is 

explained by the independent variable (Pallant, 2005; Rosenthal & Rosnow, 2008). It can be 

concluded that the largest effect is for the dependent variables TPEK (partial ƞ2=0.226) and 

iSTEM (partial ƞ2=0.251). In addition, supplemental analyzes were performed, and a Scheffe 

posthoc analysis was performed to determine which groups had a significant difference as 

a function of the program variable examined (Table 8). 

Table 8 

Post-hoc Scheffe test results of TPSK, TPEK, and iSTEM scores depending on the pre-service teacher program 

Subfactors Program  Program  X̄ − X̄ Shₓ Sig.  p<0,05 

TPSK  

Pre-service 

Mathematics 

Teacher (B) 

Preservice Computer 

Teacher (C) 
-1.91 .58 .005 B-C 

TPEK  

Preservice 

Science Teacher 

(A) 

Pre-service 

Mathematics Teacher 

(B) 

3.51 .67 .000 A-B 

Pre-service 

Mathematics 

Teacher (B) 

Preservice Computer 

Teacher (C) 
-4.42 .77 .000 B-C 

iSTEM 

Elementary 

Science Teacher 

Education (A) 

Pre-service 

Mathematics Teacher 

(B) 

3.87 .62 .000 A-B 

Pre-service 

Mathematics 

Teacher (B) 

Preservice Computer 

Teacher (C) 
-4.02 .72 .000 B-C 

Table 8 shows that pre-service computer teachers have higher self-efficacy in the TPSK 

subdimension than pre-service teachers in the primary mathematics program (p <.05). On 

the TPEK and iSTEM subfactors, pre-service teachers in the science and computer had 

higher self-efficacy than pre-service teachers in the Primary Mathematics program (p <.05). 

Results on In-Service Teachers 

A one-way MANOVA analysis was conducted to answer the research question, "Are 

there statistically significant differences in the subfactors of the TP-STEM knowledge survey 

by in-service teachers' majors?" The descriptive results, including the number of data (N), 

mean, and standard deviation (SD) of the TPSK, TPMK, TPEK, and iSTEM variables by 

teachers' fields of study, are presented in Table 9. 

Table 9 

Descriptive statistical results for survey subfactors by teacher branch   

Dependent 

Variable 
Branch (Independent variable) N X̄ SS 

TPSK 

Science Teacher 144 22.34/5.85 3.07 

Mathematics Teacher  106 20.53/5.13 2.90 

Computer Teachers 62 23.64/5.91 2.66 

TPMK Science Teacher 144 25.02/5.00 5.09 
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Mathematics Teacher 106 25.18/5.03 3.98 

Computer Teachers 62 27.61/5.52 4.25 

TPEK 

Science Teacher 144 19.71/4.92 4.74 

Mathematics Teacher 106 17.30/4.32 4.68 

Computer Teachers 62 22.1675.54 3.86 

iSTEM 

Science Teacher 144 19.99/4.99 4.83 

Mathematics Teacher 106 16.61/4.15 4.99 

Computer Teachers 62 20.95/5.23 3.98 

Table 9 shows that the TPSK, TPMK, TPEK, and iSTEM scores of computer teachers 

are descriptively higher than those of science and elementary math teachers. In addition, 

the skewness and kurtosis values of the TPSK, TPMK, TPEK, and iSTEM scores by teacher 

branch also show a distribution that is close to the normal distribution. In this context, the 

condition of equality of the covariance matrices, one of the assumptions of the one-factor 

MANOVA, was tested with the Box test for equality of the matrices, and the other 

assumption, equality of the error variances, was tested with Levene's test. 

The null hypothesis is accepted in the analysis of Box's M-test to determine if the 

covariances are equal if the p-value in the line p > is .001 (Allen et al., 2014; Pallant, 2005). 

This result means that there is no significant difference between the matrices. Accordingly, 

it was found that there is no significant difference between the covariance matrices of the 

dependent variable (p= .011, p >.001), and the assumption of one-way MANOVA is satisfied. 

The other postulate of one-way MANOVA was tested using Levene's test to determine 

if there is a significant difference between the error variances. If the p-value in Levene's test 

analysis is p >.01 or p >.025, the null hypothesis is accepted (Tabachnick & Fidell, 2013). This 

result means that there is no significant difference between the error variances. Examination 

of the values for TPSK (p= .566, p >.01), TPMK (p= .036, p >.01), TPEK (p= .057, p >.01), and 

iSTEM ( p= .200, p >.01) shows that the hypothesis "There is no significant difference between 

error variances" can be accepted. Based on the analysis, it was determined that the 

assumptions of MANOVA were met, and a one-way MANOVA analysis was performed. In 

this context, a multivariate test analysis was performed to determine if there was a 

difference depending on the program studied. Wilk's Lambada analysis of multivariate 

analysis of research (Büyüköztürk, 2020; Green & Salkind, 2005; Tabachnick & Fidell, 2013) 

was conducted. 

When the Manova results of teachers' TPSK, TPMK, TPEK, and iSTEM scores were 

examined together by teacher branch, there was a significant difference in the subfactors of 

TPSK, TPMK, TPEK, and iSTEM together by teacher branch [F₍₈,₆₁₂₎ = 13.609, p <.05, Wilk's 

lambda (Λ)= .721, partial ƞ2=.151]. Indeed, it was found that teachers' TPSK, TPMK, TPEK, 

and iSTEM ratings by their branches were not similar when considered together. The results 

of the one-way analysis ANOVA, which was conducted to determine the effect of the 

independent variables on the dependent variables, are presented in Table 10. 
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Table 10 

ANOVA test results of teachers' TPSK, TPMK, TPEK, and iSTEM scores by their branches. 

Dependent 

Variable 

Type III Sum of 

Squares 
Df Average Square F Sig. 

Partial Eta-

Squared 

TPSK  411.080 2 205.540 23.815 .000 .134 

TPMK  317.431 2 158.715 7.578 .001 .047 

TPEK  953.559 2 476.780 22.891 .000 .129 

iSTEM 981.623 2 490.811 21.888 .000 .124 

   *p<.05 

Table 10 shows a significant difference in teachers' TPSK, TPMK, TPEK, and iSTEM 

scores depending on their branch (p <.05). Teachers' branches significantly impact on all 

subfactors. In addition, the partial eta squared indicates how much of the change in the 

dependent variable is explained by the independent variable (Pallant, 2005; Rosenthal & 

Rosnow, 2008). It can be concluded that the smallest effect is due to the dependent variable 

TPMK (partial ƞ2=0.047). Furthermore, supplemental analyses were conducted, and a 

Scheffe post hoc analysis was performed to determine which groups had a significant 

difference concerning the program variable under study (Table 11). 

Table 11 

Post-hoc Scheffe test results of teachers' TPSK, TPMK, TPEK, and iSTEM scores by Branch. 

Subfactors Branch   Branch  X̄ − X̄ Shₓ Sig.  p<0,05 

TPSK  

Science 

Teacher (A) 

Mathematics 

Teacher (B) 
1.80 .38 .000 A-B 

Science 

Teacher (A) 

Computer Teachers 

(C) 
-1.30 .45 .015 A-C 

Mathematics 

Teacher (B) 

Computer Teachers 

(C) 
-3.10 .47 .000 B-C 

TPMK  

Science 

Teacher (A) 

Computer Teachers 

(C) 
-2.59 .69 .001 A-C 

Mathematics 

Teacher (B) 

Computer Teachers 

(C) 
-2.42 .73 .005 B-C 

TPEK  

Science 

Teacher (A) 

Mathematics 

Teacher (B) 
2.41 .58 .000 A-B 

Science 

Teacher (A) 

Computer Teachers 

(C) 
-2.44 .69 .002 A-C 

Mathematics 

Teacher (B) 

Computer Teachers 

(C) 
-4.85 .73 .000 B-C 

iSTEM 

Science 

Teacher (A) 

Mathematics 

Teacher (B) 
3.38 .61 .000 A-B 

Mathematics 

Teacher (B) 

Computer Teachers 

(C) 
-4.34 .76 .000 B-C 

    p<.05 

Table 11 shows a significant difference between computer teachers and elementary 

school mathematics and science teachers on the TPSK, TPMK, and TPEK subfactors in favor 

of computer teachers (p <.05). Computer teachers were found to have higher self-efficacy in 

TPSK, TPMK, and TPEK. In addition, science teachers were found to have higher self-
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efficacy in the TPSK, TPEK, and iSTEM subfactors than elementary mathematics teachers (p 

<.05). In the iSTEM subdimension, computer teachers were found to have significantly 

higher self-efficacy than elementary mathematics teachers. 

 DISCUSSION AND CONCLUSION  

Discussion and conclusion on Survey Adaptation  

In this research, an attempt was made to translate the TP-STEMK survey into Turkish by 

conducting validity and reliability studies. For the construct validity of the questionnaire, 

the use of DFA was preferred due to the factor structure of the original scale (Fabrigar et al, 

1999; Güngör, 2016). The purpose of the DFA is to test the significance and accuracy of the 

factor structure identified by the AFA and to determine whether the results confirm the 

model (Brown, 2015; Hair et al, 2010). As a result of the CFA analyses undertaken to ensure 

the survey's construct validity, it was found that the fit indices (x²=316, x²/df=2.8, CFI=0.961, 

TLI=0.953, SRMR=0.0346) were fully compatible (Kline, 2015; Meydan & Şeşen, 2015; 

Tabachnick & Fidell, 2013) and (RMSEA=0.0621) acceptable (Brown, 2015; Meydan & Şeşen, 

2015). Values close to the fit indices of the original survey TP-STEMK were obtained [x² = 

211.45, x²/df = 1.99, CFI = 0.97, TLI = 0.96, RMSEA = 0.067, SRMR = 0.047, (Chai, Jong et al., 

2019)]. These values indicate that the survey structure was suitable for the Turkish 

participants. At the same time, a positive and significant relationship was found between 

the subfactors of the TP-STEMK survey (see Table 3). 

To determine the reliability of the survey, analyses of internal consistency (Cronbach's 

alpha), item-total correlation, and test-retest reliability were performed. Researchers have 

pointed out that if the reliability of a survey is low, its scientific value is also low (Ercan & 

Kan, 2004). The Cronbach's alpha coefficients (α>0.70) calculated for internal reliability show 

that the reliability value of the survey TP-STEMK is high [see Table 4 (Büyüköztürk, 2020; 

Nunnally & Bernstein, 1994)]. It was found that the item-total correlation coefficients of the 

survey were positive and statistically significant, and the internal consistency between item 

values was high. These results indicate that the items measure similar features. The test-

retest method used to determine the stability of the survey showed a high, positive, and 

significant relationship between the scores [see Table 7, (Büyüköztürk, 2020)]. In light of these 

results, the researchers conclude that the TP-STEMK self-efficacy survey is a measurement 

tool used by scholars with high validity and reliability. 

Based on the analysis results, it can be concluded that the TP-STEMK survey is useful 

because it integrates the seven-factors structure of TPACK advocated by Mishra and 

Koehler (2006) into STEM education. In this study, the TPCK framework was not limited to 

one subject. It was examined in an interdisciplinary context. As Chai, Rahmawati et al. 

(2020) stated, this context shows that the survey predicts teacher competencies in integrative 

STEM instruction. All the research results show that the survey used in this research will 

contribute to the literature. 



                                                                                                                                                                                                     

 
306 

Güngör & Köse 

Discussion and conclusion on the Application of the Survey 

While the TPSK, TPEK, and iSTEM self-efficacy factors differed according to pre-

service teachers' program variables, no differentiation was found for the TPMK dimension. 

It was found that pre-service elementary mathematics teachers' TPSK, TPMK, TPEK, and 

iSTEM scores were lower than those of other programs. It can be speculated that pre-service 

elementary mathematics teachers did not receive STEM or interdisciplinary training during 

their studies at the college may be a reason for this result. Another finding supporting this 

result is that less than one-fifth of the pre-service elementary mathematics teachers involved 

in this study reported that they had taken courses or training related to STEM or 

interdisciplinary teaching (see Table 1). The TPEK and iSTEM factors found that the 

knowledge levels of pre-service science and pre-service computer teachers were similar. 

This result may be due to courses taken or STEM activities in college classes (see Table 1). 

Some studies in the literature indicate that pre-service teachers' knowledge and awareness 

of science and computers in STEM are at a higher level (Yenilmez & Balbağ, 2016; Karışan 

& Bakırcı, 2018). This result is consistent with the findings of the related research. 

When looking at the branches of in-service teachers, there were differences in self-

efficacy of TPSK, TPMK, TPEK, and iSTEM. The research results showed that computer 

teachers performed better than other teachers in all knowledge factors, while elementary 

mathematics teachers had the lowest self-efficacy level in all knowledge factors. It was also 

found that science teachers' self-efficacy was better than mathematics teachers in all sub- 

factors. It is suggested that this result may have implications for theoretical and practical 

training for teaching STEM. Because if we look at the characteristics of the participants, we 

can find that the percentage of STEM training for computer and science teachers is higher 

than that of elementary mathematics teachers, who conducted more STEM activities in their 

courses. 

For this reason, they have a better STEM knowledge level than elementary school 

mathematics teachers (see Table 1.) In the study conducted by Chai, Jong et al. (2019), it was 

found that the knowledge self-efficacy of science teachers was higher than that of 

mathematics teachers in TPEK, TPSK, and iSTEM factors. The results of this study are 

similar to those of Chai, Jong et al. (2019). In addition, Chai, Jong et al. (2019) reported that 

science teachers in China mainly conduct STEM activities. They also pointed out that science 

teachers' implementation was due to the professional development courses they attended. 

However, Chai, Jong et al. (2019) concluded that computer teachers' knowledge self-

efficacy was higher than that of mathematics teachers on all factors, including the TPMK 

subdimension. They explained that this result was since the teachers had received computer 

training and had degrees in technology. In this regard, the study supports our research 

findings. Chai, Jong et al. (2019) used the original survey to show that mathematics teachers 

have a lower level of TP-STEM knowledge than science and computer teachers, similar to 

the result of this research. Özbilen (2018) found that science teachers had higher STEM 
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educational awareness than mathematics and technology design teachers in elementary 

school because they do STEM activities in the classroom. Hiğde et al. (2020) found that 

computer teachers had higher STEM educational awareness than elementary science, 

mathematics, and classroom teachers. He explained that such a result could be since 

computer teachers may have learned more about STEM during professional development 

courses and college. Wang et al. (2011) concluded that the branch variable impacts teachers' 

perceptions and orientations toward STEM education. In this regard, the research findings 

support the findings of previous studies. On the other hand, contrary to the results of this 

study, some studies in the literature report that the branch variable is ineffective (Demirkol 

et al., 2022). 

When all pre-service and pre-service teachers were compared on the TPSK, TPMK, 

TPEK, and İSTEM subfactors by branch and program variable, it was found that they had 

the lowest mean scores on the TPEK and iSTEM factors. Similar to the result in this research, 

Chai, Jong et al.'s (2019) study also revealed that the engineering knowledge of integrated 

STEM education teachers was not at the desired level. From this perspective, this result is 

consistent with the findings of Chai, Jong et al. (2019). Chai, Jong et al. (2019) proposed 

collaboration between professors of engineering faculties and teacher educators to improve 

the engineering knowledge of teachers in undergraduate education. In short, it was 

emphasized that interdisciplinary collaboration is important. The correlation between TPEK 

and iSTEM in the subfactors is the highest compared to the others. It can be said that training 

that increases TPEK also will increase iSTEM knowledge.  

 RECOMMENDATIONS  

This study also has some limitations. The first limitation is that the TP-STEMK survey 

used in the study is of Likert type. Based on the results of this research, it can be stated that 

the data collection instrument, including a test consisting of open or multiple-choice 

questions, can be developed to assess teachers' knowledge in training TP-STEM. The second 

limitation is that this study was conducted with a group of participants consisting of 

mathematics, science, computer science, and instructional technology teachers and pre-

service teachers. Future studies may be conducted with pre-service teachers and teachers 

from other disciplines. After having these findings, the researchers believe that providing 

teachers with professional development courses focusing on STEM teaching by 

incorporating engineering and technology will improve their self-efficacy related to TP-

STEMK. The study found that pre-service teachers' engineering knowledge was lower than 

their knowledge in the other subfactors. It is believed that courses developed by scientists 

studying engineering education will help them improve their knowledge level of 

engineering. Considering the results of this study, the inclusion of STEM in the curriculum 

will positively impact the TP-STEMK of pre-service teachers. Finally, this study is a cross-

sectional survey with quantitative data collection. Qualitative or mixed methods research 
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can be conducted by diversifying the data collection instruments that can be used to explore 

further the knowledge of technology education STEM of pre-service and in-service teachers. 
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APPENDIX 

Survey of Technological Pedagogical STEM Knowledge 

Teknolojik Pedagojik STEM Bilgi (TP-STEMB) Ölçeği 

Bu ölçek sizlerin Teknolojik Pedagojik STEM Bilgi öz-yeterliliğinizi belirlemeyi 

amaçlanmaktadır. Ölçekteki her madde kesinlikle katılmıyorum, katılmıyorum, kısmen 

katılmıyorum, kararsızım, kısmen katılıyorum, katılıyorum ve kesinlikle katılıyorum 

şeklinde derecelendirilmiştir Lütfen ölçekteki her maddede düşüncelerinizi en iyi ifade 

eden tek seçeneği işaretleyiniz.  
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1 Öğrencilerin bilimsel kavramlarla ilgili 

bağlantılı anlayışlarını çeşitli teknoloji 

yöntemleriyle ifade etmelerini 

sağlayabilirim (ör. Google sitesi, 

kavram haritaları). 

       

2 Öğrencilerimin bilim araştırmaları için 

çeşitli web tabanlı kaynaklardan 

bilgileri eleştirel bir şekilde 

sentezlemelerine yardımcı olma 

konusunda yetkinim. 

       

3 Öğrencileri özgün araştırmalara teşvik 

etmek için bilim konularına dayalı 

uygun teknolojileri nasıl seçeceğimi 

biliyorum. 

       

4 Öğrencilerin bilimsel sorgulama için 

sınıf dışında da devam eden işbirliğini 

kolaylaştırmada teknolojiyi 

kullanabilirim.  
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5 Öğrencilerin gerçek yaşam 

problemlerini çözmek için 

matematiksel ifadeleri teknolojiyle 

formüle etmelerini destekleyebilirim.  

       

6 Öğrencilere karşılaştıkları gerçek yaşam 

problemlerini çözmek için ihtiyaç 

duydukları geçerli ölçüm verilerini 

uygun teknolojilerle (ör. veri 

kaydediciler, uzaklıkölçer) toplamaları 

konusunda rehberlik edebilirim.  

       

7 Gerçek yaşam problemleri hakkında 

olası matematiksel modelleri 
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oluşturmada, uygun teknolojileri 

kullanarak, öğrencilerin etkin 

olmalarını sağlayabilirim (ör. 

simülasyon yazılımı).  

8 Öğrenciler grup üyeleriyle birlikte 

bilgisayarda olası ürünler oluştururken, 

matematiksel bilgi içeren tartışmalarını 

yönlendirmede yetkinim.  

       

9 Öğrencilere bir olgu için kararlarını 

destekleyen bir dizi mantıklı 

matematiksel çıktılar (ör. çizelgeler 

kullanarak) oluşturmalarında rehberlik 

edebilirim.  
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10 Çeşitli dijital teknolojileri kullanarak, 

öğrencilerin mühendislik tasarım 

süreciyle ilgili bilgilerle etkileşimini 

sağlarım (örneğin, Powerpoint sunumu, 

online videolar).  

       

11 Mühendislerin fikirlerini geliştirmek 

için kullandıkları çeşitli yazılım 

araçlarını; öğrencilerin, öğrenmelerini 

kolaylaştırmada kullanmaya yetkinim 

(ör. Bilgisayar destekli tasarım araçları).  

       

12 Karmaşık mühendislik problemlerini 

çözmede öğrencileri desteklemek için 

teknolojiler kullanabilirim. 
       

13 Mühendislik projelerinde öğrencilerin 

arasındaki online iş birliğini 

desteklemede daha önceden yapılan 

çalışmaların veri, analiz ve sonuçlarını 

kullanabilirim. 
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14 Disiplinler arası STEM içerikleri ile 

teknolojiyi uygun şekilde entegre eden 

öğrenci merkezli dersler 

tasarlayabilirim.  

       

15 Öğrencileri disiplinler arası öğrenmeye 

teşvik eden iyi STEM problemleri 

tasarlayabilirim. 
       

16 STEM projelerinde yer alan farklı 

konular için farklı öğrenme, öğretme 

etkinlikleri planlayabilirim.  
       

17 Öğrencilerin STEM uygulamalarında 

çeşitli bilgi-iletişim teknoloji araçlarını 

kullanarak bilgiyi yapılandırmalarını 

kolaylaştırabilirim.  

       

 

 


