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Abstract
Computational thinking (CT) skills are accepted as fundamental literacy. Although the idea that K-12
teachers should teach students CT skills in an interdisciplinary context is heavily expressed, there is a
need for a measurement tool in Turkish that measures teachers' self-e�cacy in this regard. This study,
Boulden et al. (2021), it is aimed to adapt the T-STEM CT scale developed by Turkish and to carry out
validity and reliability studies of the scale. The original scale consists of a 5-point Likert scale and 20
items. The participants of this study consisted of 168 teachers from different branches working in K-12. It
was carried out by selecting for application purposes and a convenient sampling method. Various validity
and reliability methods were used to validate the scale. As a result of the research, the validity and
reliability of a Turkish tool measuring teaching e�cacy beliefs for computational thinking skills were
con�rmed.

Introduction
Concepts

Computational thinking (CT)  is one of the fundamental skills that all individuals need to learn and
develop today (Wing, 2006, 2008). There are many de�nitions, learning contexts, and assessments
studies on this concept (Aho, 2012; Durak & Saritepeci, 2018; Saritepeci, 2020; Wing, 2014; Yadav et al.,
2014; Yildiz Durak et al., 2021). Although there is no consensus de�nition in the literature, CT is
concerned with the effective use of information technology concepts and procedures in solving complex
problems (Hsu et al., 2018; Shute et al., 2017). CT skills help individuals understand issues in various
�elds and use their solutions to cope with the challenges posed by the complicated digital world (Zhao et
al., 2022). In summary, CT skill is the problem-solving process and way of thinking, in which designs
produced with and communication technologies supported or unplugged activities to the solution of
problem situations (ISTE, 2016b; Wing, 2014). CT refers to a context that includes the use of various high-
level skills such as algorithmic thinking, problem-solving, abstract thinking, creative thinking, and critical
(Basogain et al., 2012; Sarıtepeci & Durak, 2017). Bundy (2007) claims that CT is used in many learning
areas through problem-solving processes and is indispensable for every discipline. Barr and Stephenson
(2011) emphasized that CT is a skill associated with self-con�dence and perseverance in problem-solving
skills.

The interest of policymakers and educators regarding CT and the view that CT should be included in the
curriculum (Boulden et al., 2021; Grover & Pea, 2013; Lai et al., 2021; Lindberg et al., 2019; Mohaghegh &
McCauley, 2016) and with the wide acceptance of this view, it has become important to develop
standards for teachers and students for the use of technology in learning and teaching processes (e.g.
ISTE, 2016a, 2016b) and to include CT among the basic skills that students should acquire.

Sanford and Naidu (2016) accentuate the expectations of today's society and the need to train
individuals who are competent in terms of CT skills to solve complex 21st-century problems. While
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Boulden et al. (2021) state that CT is an integral part of the 21st-century life skill required for digital
citizenship, Zhao et al. (2022) highlight CT as an essential skill for the daily life of every citizen in the age
of information technology. The concurrence that CT is a core skill to acquire requires (Atmatzidou &
Demetriadis, 2016; Barr et al., 2011; Papadakis, 2022; Saritepeci, 2020; Wing, 2006, 2008) that K-12 level
in-service teachers have the competence to teach and integrate CT into their classrooms (Saritepeci,
2021). In this context, teachers' self-e�cacy in integrating technology in the learning and teaching
processes is of great importance (Özgün & Saritepeci, 2021; Yildiz Durak, 2021). Therefore, assessing
teachers' self-e�cacy in this subject is critical for effective teaching of CT. Indeed, self-e�cacy is the level
of belief that one has the competence to perform a task. We consider that this tool will provide practical
bene�ts for teacher education policymakers and pre-service teacher training.         

Purpose of the Study

The current study aims to adapt the T-STEM CT scale developed by Boulden et al. (2021) into Turkish and
carry out validity and reliability studies of the scale. In this context, we sought a response to the following
research question.

How is the validity and reliability of the "T-STEM CT Scale" adapted into Turkish?

Method
Participants

The participants consist of 168 in-service teachers who are actively working in K12 in various regions of
Turkey. All of the participants work in public schools.48.80% of the participants are female, and 51.20%
are male. The average age is 34.80, the age range varies between 23 and 61, and the average seniority is
11.1 years. 

The T-STEM CT scale consists of 13 items. It is substantial to determine the item-responder ratios in
determining the sample size. For this reason, we reviewed the suggestions in the literature. There are
different suggestions in the literature regarding the number of respondents for each item in the scale: For
example, three-six respondents according to Cattell (2012), at least �ve respondents according to
Gorsuch (1983), �ve-ten respondents according to Bryman and Cramer (2002) are enough. In this context,
we found it su�cient for each item in the scale to be answered by 12.92 respondents. Considering the
relevant literature, the determined number of respondents means a su�cient and generalizable sample
size for the current study. 

Research Instruments and Data Analysis

The T-STEM CT scale, developed by Boulden et al. (2021), was adapted into Turkish in this study. The
original scale consists of 2 factors (teachers' self-e�cacy and outcome expectancy beliefs for teaching
CT) and 13 items. There are seven items on the scale for the CT self-e�cacy factor and six items on the
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CT outcome expectancy factor. These items are in a 5-point Likert structure: Strongly disagree (1),
disagree (2), neither agree nor disagree (3), agree (4), and strongly agree (5). 

To adapt the scale, we �rst requested permission to use the scale from Danielle Cadieux Boulden's
correspondence address via e-mail. Following this, two �eld experts who know both Turkish and English
languages translated the scale into Turkish, and two different translators translated the Turkish version
back into English. In this process, we discussed the contextual meaning and intelligibility of each item of
the scale with experts. We compared the three lists of items that emerged with the translation-re-
translation processes, made the necessary adjustments, and created a draft form. After this process, two
experts and two teachers who had experience with the subject area evaluated the scale form in terms of
meaning and intelligibility. As a result of these reviews and evaluations, we created the �nal scale form.

We used con�rmatory factor analysis (CFA) in the analysis of the data in the study. CFA is an analysis
that tests a model related to an existing theory or a prede�ned structure (Çokluk et al., 2014; Hair, 2009).
In this study, since T-STEM CT is a scale with a previously de�ned factor structure, we decided to test the
factorial validity of the scale with CFA in adapting it to Turkish. In the study, descriptive statistics and CFA
analyzes were performed in Jamovi 2.2.5(R Core Team, 2020; Rosseel, 2018; The Jamovi Project, 2021).

Results
We tested the factorial structure of the CT T-STEM scale, which consists of two factors and 13 items, with
CFA. According to the CFA results, the RMSA ( =2.469, CFI=.948, TLI=.938, SRMR=.0398, RMSA=.0938)
values were outside the acceptable range (Browne & Cudeck, 1993). As a result of Thereupon, residual
covariance - modi�cation indices review, we combined the error variances of item pairs SE03-SE06 and
SE05-SE07. Following this, the goodness of �t values ( =1.984, CFI=.966, TLI=.957, SRMR=.0397,
RMSA=.0767) shows that the measurement model, which includes the relationship between scale factors
and items, has an acceptable �t or/and a perfect �t (Bentler & Bonett, 1980; Browne & Cudeck, 1993;
Kline, 2016; Tabachnick & Fidell, 2007). In addition, item factor loads are between .66-.91 (see Figure 1).

To determine the reliability and convergent validity level of the scale, we reviewed the average variance
extracted (AVE), composite reliability, and Cronbach alpha values (see Table 1). For both factors, AVE is
higher than .50, composite reliability greater than .70, and Cronbach Alpha greater than .70. The results
indicate that the scale has good reliability, and convergent validity is achieved (Bagozzi & Yi, 1988; Gefen
et al., 2000; Hair, 2009).

According to descriptive statistics, the mean score of the CT T-STEM scale is 46.10. CT Self-e�cacy
factor mean score is 21.30, and CT outcome expectancy factor is 21.30 (see Table 1). Accordingly, the
participants' perceptions of CT self-e�cacy and CT outcome expectancy are relatively high.

Table 1.
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Factor loading, AVE and reliability

Sub-scale M Sd Factor loading AVE Composite Reliability Cronbach Alpha
CT Self-efficacy 24.80 6.68   0.761 .957 .957
SE01     0.847      
SE02     0.905      
SE03     0.894      
SE04     0.884      
SE08     0.869      
SE06     0.859      
SE07     0.846      
CT Outcome Expectancy 21.30 3.55   0.567 0.886 .883
OE01     0.782      
OE02     0.659      
OE03     0.678      
OE04     0.768      
OE05     0.802      
OE06     0.814      
Notes: The CT T-STEM scale is a 5-point Likert scale (“strongly disagree” …. “strongly agree”) structure.

According to Table 2, the diagonal values (square roots of AVEs) are higher than the value in the rows and
columns. These results show that discriminant validity is provided.

Table 2.

Discriminant Validity

    [1] [2]

CT Self-efficacy [1] .872  

CT Outcome Expectancy [2] .550 .753

Discussion
Integration of learning-teaching activities into different courses for the teaching and development of CT
skills is included in the literature as a considerable requirement (Grover & Pea, 2013; Lee et al., 2014;
Qualls & Sherrell, 2010; Weintrop et al., 2016). As a matter of fact, in recent years, studies on the
integration of CT-related concepts and skills in different disciplines into the curriculum have found more
space in the literature (Bell & Bell, 2018; Gadanidis, 2017; Rubinstein & Chor, 2014; Wolz et al., 2011). One
of the substantial elements of such integration activities in learning-teaching processes is teachers. In
this context, teachers' self-e�cacy and outcome expectancy beliefs are two critical factors in integrating
CT skills into course processes. The level of self-e�cacy in any subject is one of the most fundamental
indicators of whether the individual will ful�ll the task related to this subject. The weak self-e�cacy belief
in integrating CT into the course processes will cause the teacher to be distant from such integration
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efforts. Another determinant of the successful performance of a task is the expectations regarding the
results (Guo et al., 2015). The expectancy-value theory considers the expectation about the outcome and
the values attributed to this task as the main ingredients in explaining the motivation of individuals to
perform a task (Wig�eld & Eccles, 2000). Accordingly, teachers' self-e�cacy and outcome expectancy
levels are essential determinants in integrating CT into their course processes. In this context, in this
study, we aimed to adapt the T-STEM CT scale, developed by Boulden et al. (2021), into Turkish and to
carry out validity and reliability studies of the scale.

We used CFA for the Turkish adaptation of the T-STEM CT instrument since it has a prede�ned structure.
According to the results, the two-factor and thirteen-item structure had an acceptable �t with the data.
This structure provided convergent and discriminant validity and had high internal consistency.

Declarations
Ethic

In this study, all scienti�c ethical rules were followed.

Author Contributions

All stages of the study were organized and conducted by the authors.

Con�ict of Interest

In addition, the authors declare that they have no con�ict of interest.

Funding

This work has not received funding from any institution.

References
Aho, A. V. (2012). Computation and computational thinking. The Computer Journal, 55(7), 832-
835. https://doi.org/10.1093/comjnl/bxs074 

Atmatzidou, S., & Demetriadis, S. (2016). Advancing students’ computational thinking skills through
educational robotics: A study on age and gender relevant differences. Robotics and Autonomous
Systems, 75, 661-670. 

Bagozzi, R. P., & Yi, Y. (1988). On the evaluation of structural equation models. Journal of the academy of
marketing science, 16(1), 74-94. 

Barr, D., Harrison, J., & Conery, L. (2011). Computational thinking: A digital age skill for everyone. Learning
& Leading with Technology, 38(6), 20-23. 

https://doi.org/10.1093/comjnl/bxs074


Page 7/11

Barr, V., & Stephenson, C. (2011). Bringing computational thinking to K-12: What is involved and what is
the role of the computer science education community? Acm Inroads, 2(1), 48-54. 

Basogain, X., Olabe, M., Olabe, J., Maiz, I., & Castaño, C. (2012). Mathematics Education through
Programming Languages. 21st Annual World Congress on Learning Disabilities, 

Bell, J., & Bell, T. (2018). Integrating computational thinking with a music education context. Informatics
in Education, 17(2), 151-166. 

Bentler, P. M., & Bonett, D. G. (1980). Signi�cance tests and goodness of �t in the analysis of covariance
structures. Psychological bulletin, 88(3), 588. 

Boulden, D. C., Rachmatullah, A., Oliver, K. M., & Wiebe, E. (2021). Measuring in-service teacher self-
e�cacy for teaching computational thinking: development and validation of the T-STEM CT. Education
and Information technologies, 26(4), 4663-4689. 

Browne, M. W., & Cudeck, R. (1993). Alternative ways of assessing model �t. In K. A. Bollen & J. S. Long
(Eds.), Testing structural equation models (Vol. 154, pp. 136). SAGE Publications. 

Bryman, A., & Cramer, D. (2002). Quantitative data analysis with SPSS release 10 for Windows: A guide for
social scientists. Routledge. 

Bundy, A. (2007). Computational thinking is pervasive. Journal of Scienti�c and Practical
Computing, 1(2), 67-69. 

Cattell, R. (2012). The scienti�c use of factor analysis in behavioral and life sciences. Springer Science &
Business Media. 

Çokluk, Ö., Şekercioğlu, G., & Büyüköztürk, Ş. (2014). Sosyal bilimler için çok değişkenli istatistik: SPSS ve
LISREL uygulamaları. Pegem Akademi. 

Durak, H. Y., & Saritepeci, M. (2018). Analysis of the relation between computational thinking skills and
various variables with the structural equation model. Computers & Education, 116, 191-202. 

Gadanidis, G. (2017). Arti�cial intelligence, computational thinking, and mathematics education. The
International Journal of Information and Learning Technology. 

Gefen, D., Straub, D., & Boudreau, M.-C. (2000). Structural equation modeling and regression: Guidelines
for research practice. Communications of the association for information systems, 4(1), 7. 

Gorsuch, R. L. (1983). Factor analysis. Lawrence Erlbaum. 

Grover, S., & Pea, R. (2013). Computational thinking in K–12: A review of the state of the �eld. Educational
researcher, 42(1), 38-43. 



Page 8/11

Guo, J., Marsh, H. W., Parker, P. D., Morin, A. J., & Yeung, A. S. (2015). Expectancy-value in mathematics,
gender and socioeconomic background as predictors of achievement and aspirations: A multi-cohort
study. Learning and Individual Differences, 37, 161-168. 

Hair, J. F. (2009). Multivariate data analysis. 

Hsu, T.-C., Chang, S.-C., & Hung, Y.-T. (2018). How to learn and how to teach computational thinking:
Suggestions based on a review of the literature. Computers & Education, 126, 296-310. 

ISTE. (2016a). ISTE Standards for Educators. https://www.iste.org/standards/for-educators

ISTE. (2016b). ISTE Standards for Students. http://www.iste.org/docs/Standards-Resources/iste-
standards_students-2016_one-sheet_�nal.pdf?sfvrsn=0.23432948779836327

Kline, R. B. (2016). Principles and practice of structural equation modeling (4 ed.). Guilford publications. 

Lai, Y.-H., Chen, S.-Y., Lai, C.-F., Chang, Y.-C., & Su, Y.-S. (2021). Study on enhancing AIoT computational
thinking skills by plot image-based VR. Interactive Learning Environments, 29(3), 482-495. 

Lee, I., Martin, F., & Apone, K. (2014). Integrating computational thinking across the K--8 curriculum. Acm
Inroads, 5(4), 64-71. 

Lindberg, R. S., Laine, T. H., & Haaranen, L. (2019). Gamifying programming education in K‐12: A review of
programming curricula in seven countries and programming games. British Journal of Educational
Technology, 50(4), 1979-1995. 

Mohaghegh, D. M., & McCauley, M. (2016). Computational thinking: The skill set of the 21st century.
International Journal of Computer Science and Information Technologies, 7(3), 1524-1530. 

Özgün, Z., & Saritepeci, M. (2021). Determination of the Factors Affecting Teachers’ Perceptions of
Classroom Management Competence in Technology Assisted Courses. Technology, Pedagogy and
Education, 30(5), 673-691. https://doi.org/10.1080/1475939X.2021.1956579 

Papadakis, S. (2022). Apps to promote computational thinking concepts and coding skills in children of
preschool and pre-primary school age. In Research Anthology on Computational Thinking, Programming,
and Robotics in the Classroom (pp. 610-630). IGI Global. 

Qualls, J. A., & Sherrell, L. B. (2010). Why computational thinking should be integrated into the curriculum.
Journal of Computing Sciences in Colleges, 25(5), 66-71. 

R Core Team (2020). R: A Language and environment for statistical computing. (Version 4.0) [Computer
software]. Retrieved from https://cran.r-project.org. (R packages retrieved from MRAN snapshot 2020-08-
24).

https://www.iste.org/standards/for-educators
http://www.iste.org/docs/Standards-Resources/iste-standards_students-2016_one-sheet_final.pdf?sfvrsn=0.23432948779836327
https://doi.org/10.1080/1475939X.2021.1956579
https://cran.r-project.org/


Page 9/11

Rosseel, Y., et al. (2018). lavaan: Latent Variable Analysis. [R package]. Retrieved from https://cran.r-
project.org/package=lavaan.

Rubinstein, A., & Chor, B. (2014). Computational thinking in life science education. PLoS computational
biology, 10(11), e1003897. 

Sanford, J. F., & Naidu, J. T. (2016). Computational thinking concepts for grade school. Contemporary
Issues in Education Research (CIER), 9(1), 23-32. 

Saritepeci, M. (2020). Developing Computational Thinking Skills of High School Students: Design-Based
Learning Activities and Programming Tasks. Asia-Paci�c Education Researcher, 29(1), 35-
54. https://doi.org/10.1007/s40299-019-00480-2 

Saritepeci, M. (2021). Modelling the Effect of TPACK and Computational Thinking on Classroom
Management in Technology Enriched Courses. Technology, Knowledge and Learning, 1-
15. https://doi.org/10.1007/s10758-021-09529-y 

Sarıtepeci, M., & Durak, H. (2017). Analyzing the Effect of Block and Robotic Coding Activities on
Computational Thinking in Programming Education. In G. D. Irina Koleva (Ed.), Educational research and
practice. St. Kliment Ohridski University Press. 

Shute, V. J., Sun, C., & Asbell-Clarke, J. (2017). Demystifying computational thinking. Educational
Research Review, 22, 142-158. 

Tabachnick, B. G., & Fidell, L. S. (2007). Using multivariate statistics (6 ed.). Pearson. 

The jamovi project (2021). jamovi. (Version 1.6) [Computer Software]. Retrieved
from https://www.jamovi.org.

Weintrop, D., Beheshti, E., Horn, M., Orton, K., Jona, K., Trouille, L., & Wilensky, U. (2016). De�ning
computational thinking for mathematics and science classrooms. Journal of Science Education and
Technology, 25(1), 127-147. 

Wig�eld, A., & Eccles, J. S. (2000). Expectancy–value theory of achievement motivation. Contemporary
educational psychology, 25(1), 68-81. 

Wing, J. M. (2006). Computational thinking. Communications of the ACM, 49(3), 33-35. 

Wing, J. M. (2008). Computational thinking and thinking about computing. Philosophical transactions of
the royal society of London A: mathematical, physical and engineering sciences, 366(1881), 3717-3725. 

Wing, J. M. (2014). Computational thinking bene�ts society. 40th Anniversary Blog of Social Issues in
Computing, 2014, 26. 

https://cran.r-project.org/package=lavaan
https://doi.org/10.1007/s40299-019-00480-2
https://doi.org/10.1007/s10758-021-09529-y
https://www.jamovi.org/


Page 10/11

Wolz, U., Stone, M., Pearson, K., Pulimood, S. M., & Switzer, M. (2011). Computational thinking and
expository writing in the middle school. ACM Transactions on Computing Education (TOCE), 11(2), 1-22. 

Yadav, A., May�eld, C., Zhou, N., Hambrusch, S., & Korb, J. T. (2014). Computational thinking in
elementary and secondary teacher education. ACM Transactions on Computing Education, 14(1), 5. 

Yıldız-Durak, H., Sarıtepeci, M., & Aksu-Dünya, B. (2021). Examining the Relationship between
Computational Thinking, Lifelong Learning Competencies and Personality Traits Using Path Analysis.
Bartın University Journal of Faculty of Education, 10(2), 284-294. 

Yildiz Durak, H. (2020). The effects of using different tools in programming teaching of secondary school
students on engagement, computational thinking and re�ective thinking skills for problem solving.
Technology, Knowledge and Learning, 25(1), 179-195. 

Yildiz Durak, H. (2021). Modeling of relations between K-12 teachers’ TPACK levels and their technology
integration self-e�cacy, technology literacy levels, attitudes toward technology and usage objectives of
social networks. Interactive Learning Environments, 29(7), 1136-1162. 

Yildiz Durak, H., Saritepeci, M., & Durak, A. (2021). Modeling of Relationship of Personal and Affective
Variables With Computational Thinking and Programming. Technology, Knowledge and Learning, 1-20. 

Zhao, L., Liu, X., Wang, C., & Su, Y.-S. (2022). Effect of different mind mapping approaches on primary
school students’ computational thinking skills during visual programming learning. Computers &
Education, 104445.

Figures



Page 11/11

Figure 1

CFA model for CT T-STEM


