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Abstract

Purpose: This study aims to thematically analyze STEM studies published in the
field of science education in Tiirkiye from 2013 to 2022.

Design and Methodology: The thematic content analysis research method was
used in the study. The identified journals in SSCI and ERIC indexes were
searched with the criteria of focusing on science education and conducted in Tii-
rkiye. 70 articles were analyzed with parameters such as aims, dependent varia-
bles, learning models integrated with STEM, research methods, sample groups,
sample sizes, data collection tools, number of data collection tools, duration of
instruction, data analysis methods, and results.

Results: The findings revealed that the majority of the studies aimed to determine
opinions and the effect on skill development. Moreover, it was determined that
achievement, attitudes, scientific creativity, and critical thinking were utilized as
dependent variables and STEM was predominantly integrated with project-based
learning. Additionally, it was established that the majority of studies employed a
case study approach, utilized secondary school students as a sample population,
included between 11 and 50 participants, employed interview methods for data
collection, utilized a singular data collection instrument, four weeks as instruc-
tional duration, and content analysis as data analysis method in STEM studies.
Moreover, the findings revealed that the proportion of dependent variables exhib-
iting positive effects of STEM education was 86.49%, while 13.51% did not
demonstrate a positive effect.

Implications & Suggestions: Researchers engaged in studies within the STEM
field were provided with recommendations regarding the study.

Késen, 1., & Dede, H. (2024).Thematic content analysis of stem studies published in the field of science
education in Tirkiye. International Journal of Education and Artificial Intelligence, 1(1), 4-24.
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1. INTRODUCTION

Nowadays, it is evident that there are rapid and significant changes and developments in science and
technology. Competition among countries has increased as a result of these changes. It is essential for
countries to have scientifically literate people who can use information effectively, think creatively and
critically, solve problems, and have scientific process skills to keep up with and contribute to this rapid
change and to compete with other countries in science and technology (Akgiindiiz et al., 2015; Ceylan, 2014;
Ciftci, 2006). Furthermore, the importance of integrating science, technology, engineering, and mathematics
(STEM) across disciplines to promote scientific and technological progress has been recognized by nations
around the world (Akgiindiiz et al., 2015). In this context, countries aim to update and improve their
education policies and to develop and renew their curricula (Irkigatal, 2016).

In 2001, STEM emerged in the United States of America (USA) as an interdisciplinary education model.
STEM is an acronym for Science, Technology, Engineering and Mathematics (Bybee, 2010; Sanders, 2009).
The acronym STEM has been defined in academic literature as an interdisciplinary approach that does not
adhere to the traditional, subject-specific learning that deals with science, technology, engineering, and
mathematics disciplines in isolation. Instead, it integrates four or more disciplines with an overarching
teaching and learning paradigm (Ejiwale, 2013; Morrison, 2006). STEM education aims to equip students at
all levels, from preschool to higher education, with the ability to identify problems using an interdisciplinary
approach and to develop appropriate solutions (Altunel, 2018). STEM education aims to develop students'
literacy in science, technology, engineering, and mathematics, fostering creativity, collaboration, problem-
solving, and competitiveness, while promoting the acquisition of 21st century skills. 21st Century Skills are
some skills individuals need to have to keep up with rapid 21st century innovation and succeed. These skills
were identified as creativity and innovation, communication and collaboration, critical thinking and problem-
solving, and information, communication, and technology literacy (Partnership for 21st Century Learning
[P21], 2015). STEM is to equip students with the requisite skills to thrive in the 21st century global economy
(English, 2016). According to Thomasian (2011), STEM education has two primary objectives: firstly, to
expand the number of students who have professional choices among these disciplines in higher education,
and secondly, to improve students' fundamental knowledge levels in STEM disciplines, thereby enabling
them to develop innovative solutions to problems related to these disciplines in their daily lives.

The STEM approach, which has gained considerable traction globally, was first introduced in Tiirkiye in the
2014 report published by the Turkish Industry and Business Association (TUSIAD). The report states that
there is a need for individuals trained in STEM fields and with 21st century skills. It therefore recommends
the creation of employment opportunities in STEM fields, an increase in the number of students receiving
STEM education, and an enhancement of STEM skills at all levels of education (Akgiindiiz et al., 2015;
TUSIAD, 2014). Furthermore, Tiirkiye's consistently low performance in international examinations such as
PISA, TIMMS and PIAAC has highlighted the necessity for innovative approaches to educational reform
(MoNE, 2016). As a consequence, the STEM approach was incorporated into the 2018 science curriculum as
a discrete element, designated as "Science, Engineering, and Entrepreneurship Applications” (MoNE, 2018).

A review of existing literature reveals a considerable body of work analysing the current state of STEM
education within Tiirkiye (Aydin-Giinbatar & Tabar, 2019; Bolat & Saltan, 2020; Ceylan, 2021; Caliskan &
Okusluk, 2021; Dagdemir et al., 2018; Duran & Sar1, 2021; Elmali & Balkan Kiyici, 2017; Eren & Ddkme,
2022; Ergiin, 2020; Gokgen, 2021; Giilhan, 2022; Kalemkus, 2020; Kaya & Ayar, 2020; Kizilay, 2018;
Mandev & Yavuz, 2022; Ormanci, 2020; Ozcan & Karabas, 2019; Piiskiillii, 2019; Sarica, 2020; Ultay et al.,
2021; Yaman, 2020; Yildirnm & Gelmez Burakgazi, 2020; Yildirim, 2016; Yilmaz et al., 2018). Some of
these studies seek to identify trends in specific areas of STEM education. For instance STEM studies with
students in the fourth and fifth grades (Duran & Sari, 2021), STEAM studies (Giilhan, 2022), STEM studies
about opinions of teachers and teacher candidates (Ultay et al., 2021), postgraduate theses on STEM (Ceylan,
2021; Caligkan & Okusluk, 2021; Ergiin, 2020; Ormanci, 2020), STEM studies on teacher education
(Kizilay, 2018), experimental research on STEM education (Kalemkus (2020); STEM studies in science
education (Eren & Dokme, 2022; Piiskiillii, 2019), and STEM studies in science and mathematics education
(Gokgen, 2021).
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In examining these studies, it became evident that there were fewer instances of studies utilizing the method
of meta-synthesis (thematic) content analysis than those employing descriptive content analysis (Kaya &
Ayar, 2020, Ormanci, 2020; Sarica, 2020; Yildirim & Burak Gelmezgazi, 2020; Yilmaz et al, 2018). Upon
examination of these studies, Kaya and Ayar (2020) sought to elucidate the patterns of STEM studies by
analyzing 50 qualitative articles published in the ULAKBIM database in Tiirkiye between 2016 and 2019.
The study examined the evolution of STEM studies within the context of publication year, research topic,
research method, sample group, and research findings. The study primarily utilized teachers as its sample
population, with the majority of studies published in 2018. The case study method was the most prevalent
research method employed. Additionally, it was determined that opinions on STEM education were the most
extensively researched topic, with the findings indicating that STEM education has the potential to enhance
students' 21st-century skills. In a related study, Yildirim and Burak Gelmezgazi (2020) conducted a review
of 12 qualitative studies conducted in Tirkiye between 2014 and 2019. The studies were identified through
an examination of the ERIC, Scopus and Web of Science databases. The analysis revealed that the studies
examined focused on the results of STEM applications carried out inside or outside the school, the current
situation at the cognitive level regarding STEM education, and prospective teachers' relationships between
STEM disciplines. In contrast to the aforementioned studies, Sarica (2020) and Ormanci (2020) conducted
thematic content analysis of postgraduate theses in the field of STEM education in Tiirkiye. Furthermore,
Yilmaz et al. (2018) used thematic content analysis and document analysis together and examined 20 articles
about STEM education in Tiirkiye that were placed in the ULAKBIM database between 2010 and 2017. A
review of these studies reveals that studies in STEM fields conducted up to 2020 have been the subject of the
majority of research. Furthermore, the studies that have been examined are not solely focused on science but
also encompass other disciplines, including mathematics and engineering.

In this study, it was aimed to conduct a thematic content analysis of STEM studies conducted in only science
field in Tirkiye and included in journals with Turkish addresses accessed in Social Sciences Citation Index
(SSCI) and Education Resources Information Center (ERIC) databases. SSCI is a reliable source of the most
significant journals in the international humanities and social sciences (Chen & Du, 2015). ERIC is one of
the international field indexes (Ultay & Ultay, 2018). In thematic content analysis, a limited number of
studies are examined to gain a deeper understanding of the general framework of the subject under
investigation (Calik & Sozbilir, 2014). Accordingly, it was deemed appropriate to scan the journals of
Tiirkiye origin included in these SSCI and ERIC indexes and to examine the studies of STEM education
published in these journals. The problem of this study is to determine the general trend in STEM education
research in Tirkiye. The sub-problems related to this problem are as follows:

What were the aims of STEM studies?

What dependent variables were employed in STEM studies?
What learning models were integrated with STEM in these studies?
Which methods did STEM studies employ?

What sample groups did STEM studies utilize?

Which sample sizes did STEM studies exploit?

What data collection tools did STEM studies utilize?

How many data collection tools did STEM studies utilize?
What instructional duration did STEM studies prefer?

10 What data analysis methods did STEM studies employ?

11. What were the results of STEM studies?

©CoNo~wWNE

2. METHOD
2.1. Method

This study utilized the thematic content analysis (meta-synthesis) method, which is a qualitative research
approach. Thematic content analysis involves synthesizing and interpreting research on the same subject
from a critical perspective within the framework of themes or templates (Calik & Sozbilir, 2014; Finfgeld,
2003; Walsh & Downe, 2005). Thematic content analysis enables a comprehensive understanding of the
structure of the subject under investigation (Au, 2007). In addition, for researchers, teachers, and
policymakers who may not have access to all the studies, the synthesis of the common and similar aspects of
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the different studies on the topic through thematic content analysis could be a valuable reference (Calik et al.,
2005; Gl & Sozbilir, 2015). As thematic content analyses are qualitative, it is common for the number of
studies analyzed to be limited (Calik & So6zbilir, 2014; Giil & So6zbilir, 2015).

2.2. Data Collection

This study examined STEM studies in the field of science education, which were published in educational
science journals predominantly from Tirkiye, indexed in the SSCI and/or ERIC databases, and published
between 2013 and 2022. A review of academic journals reveals that there is only one Turkish-addressed and
SSCl-indexed journal: Science and Education. A total of 23 journals, predominantly from Tirkiye, were
examined in the ERIC database. STEM studies were found in 14 of these journals. A total of 98 studies on
STEM were identified in Science and Education and 14 journals. Following the research criteria, 70 studies
conducted exclusively in the field of science education (including those related to the environment, physics,
chemistry, and biology) were included in the study scope (Appendix A). The journals included in the study
are listed in Table 1.

The studies were selected using criterion sampling, one of the purposive sampling methods. In criterion
sampling, all situations that meet a set of pre-determined criteria are studied (Yildirnrm & Simsek, 2018). The
following criteria were used to define the scope of the research:

e The studies were published in a journal included in the SSCI index or ERIC index,

e The studies were only focused on science education (including environment, physics, chemistry, and
biology),

e The studies were conducted in Tiirkiye.

Table 1. The Journals and Their Indexes

Journals Index f
Education and Science SSCI 3
Educational Sciences: Theory & Practice ERIC 3
Eurasia Journal of Mathematics, Science & Technology Education ERIC 1
Eurasian Journal of Educational Research ERIC 7
European Journal of Educational Research ERIC 2
International Journal of Curriculum and Instruction ERIC 7
International Journal of Education in Mathematics, Science and Technology ERIC 7
International Journal of Instruction ERIC 1
International Journal of Research in Education and Science ERIC 1
International Online Journal of Education and Teaching ERIC 7
Journal of Education in Science, Environment and Health ERIC 7
Journal of Pedagogical Research ERIC 1
Journal of Turkish Science Education ERIC 15
Participatory Educational Research ERIC 7
The Turkish Online Journal of Educational Technology ERIC 1
Total 70

f= frequency

The journals within the scope of the study were searched until 31 May 2022. The index information of the
journals is applicable for the 2022 year. The publication years and frequencies of the studies obtained as a
result of the screening are listed in Table 2.

Table 2. Frequency of the STEM Studies According to Years
Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Frequency (f) 1 1 2 16 4 7 6 14 15 4
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2.3. Data Analysis

The 70 studies have been numbered from Al to A70. The matrix prepared by the researchers was used to
analyze and interpret the data. Firstly, the codes corresponding to each category were determined and the
articles within the scope of the study were coded according to their content characteristics, and the studies
with common characteristics were classified under the same code. Then, categories and themes were formed
by bringing together the appropriate codes. Frequency and percentage values were calculated for the codes,
and categories.

2.4. Validity and Reliability

In order to ensure the reliability of the study, the researchers employed a two-step coding process. First, they
separately coded the variables. Second, they compared the resulting codes. The consistency between the
codes was quantified using the formula put forth by Miles and Huberman (1994) (Common codes / (total
number of common and non-common codes) x 100), resulting in a value of 96.4%. In accordance with the
recommendations of Miles and Huberman (1994, p.64), a 70% degree of concordance between two distinct
coders is considered a sufficient threshold for the dependability of qualitative data analysis. The 96.4% of
similar data indicates the validity of the analysis. Furthermore, a consensus was reached due to the few
discrepancies between the coding and exchange of ideas among the coders, thus reinforcing the reliability of
the findings.

Sandelowski and Barroso (2006) identified four categories of validity that are essential to guarantee the
validity of thematic content analysis studies (p. 228). To ensure the reliability of the study, the research was
conducted following the established criteria for each of the four validity types. The following section
outlines the criteria and the procedures carried out in the study for each criterion.

1. Descriptive validity refers to the factual accuracy of the data. It implies that all relevant studies have
been included in the research and that the information from each study is accurately defined.

2. Interpretive validity refers to the full and fair representation of the understanding and perspectives of the
researchers.

3. Theoretical validity refers to the reliability of the researchers' interpretations.

4. Pragmatic validity refers to the usefulness and transferability of knowledge.

Sandelowski and Barroso (2006) delineated the process of optimizing validity in thematic content analysis
studies (p.232). The methodology employed to ensure the validity of this study is presented in Table 3. All
actions performed are marked with a cross sign (%).

Table 3. Types of Validity Provided in the Study
Validity Type

.% E o L
£ 88 E
2 8 &8 B
O£ E &
Utilize all available communication channels for searching X
Consultation with experts in research synthesis X
Independent search by at least two persons X
Independent assessment of each report by at least two persons X X

X
x
x
X

Exchange ideas about changes in the process and the results achieved, and
document the whole process

3. RESULTS / FINDINGS

The aims of the STEM studies in the scope were examined. The frequencies and percentages of the aim
category and related codes are presented in Table 4. The studies are presented in the table with their
respective codes.
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Table 4. Frequencies and Percentage of the Aims of STEM Studies

Category  Codes Studies f %
Determining opinions about STEM A6, Al5, Al18, A19, A21, A31, A32, 16  16.33
education A43, Ad4, A45, AB4, AG5, A58,

A59, A68, AT0
Determining the effect of teaching on A4, Al12, Al4, Al16, A17, A24, A28, 16  16.33
skill development A34, A37, A39, A47, A50, A56,

A57, A58, A69
Determining the effect of teaching on A4, A10, Al6, A23, A30, A37, A39, 14  14.29
affective behaviours Ad4, A50, A53, A56, A57, A58, A60
Affective behavior detection A5, A8, All, A20, A27, A31, A33, 9 9.18

A61, A66
Curriculum review A3, A25, A26, A35, A62, A63, A65 7 7.14
Content analysis of STEM studies Al3, A22, A42, A51, A64 5 5.10
Determining the effect of teaching on A36, A37, A52, A53, A57 5 5.10
cognitive behaviours
Socio cultural and gender studies A5, A7, A48 3 3.06

Aj Psychomotor behavior/ Scientific process A5, A20, A27 3 3.06
im : R
skills determination
Metaphor detection A40, A4l 2 2.04
STEM career choice A2, A48 2 2.04
Teacher candidate education A10, A0 2 2.04
Instructional material design A29, A32 2 2.04
Measurement tool development- A49, A67 2 2.04
adaptation
Education system and policies A7, Ad6 2 2.04
Environmental education Ab54 1 1.02
In-service training Al6 1 1.02
Mind map detection Ab54 1 1.02
Misconception detection A52 1 1.02
STEM prerequisite determination A9 1 1.02
STEM cognitive structure detection A38 1 1.02
Use of distance education A55 1 1.02
The nature of STEM concepts Al 1 1.02
Total 98 100

* A study may comprise more than one aim
f=frequency, %= percentage

Table 4 reveals that the majority of publications in the field of STEM in the SSCI and ERIC index from
Tiirkiye focus on equally two aims: the determination of opinions about STEM education (16.33%)
determining the effect of teaching on skill development (16.33%). The analysis revealed that the most
frequent aims were, in order, determining the effect of teaching on affective behaviors (14.29%), affective
behavior detection (9.18%), curriculum review (7.14%), content analysis of STEM studies (5.10%) and
determining the effect of teaching on cognitive behaviors (5.10%), respectively. However, Table 3 indicates
that one study each was conducted on the following topics: in-service training (A16), misconception
detection (A52), mind map detection (A54), nature of STEM concepts (Al), STEM prerequisite detection
(A9), STEM cognitive structure detection (A38), use of distance education (A55) and environmental
education (A54).

In the meantime, it is understood that some studies researched more than one subject. To illustrate, the study
coded A54 investigated the subjects of opinion determination towards STEM, environmental education and
mind mapping; the study coded A5 investigated the subjects of affective behavior determination,
psychomotor behavior/scientific process skill determination, socio-cultural and gender; and the study coded
A4 investigated the subjects of the effect of instruction on affective behavior and the effect of instruction on
skill development.

The dependent variables in the STEM studies were analyzed within the scope of the research. The
frequencies and percentages of the dependent variables category and related codes are presented in Table 5.
The studies are presented in the table with their respective codes.
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Table 5. Frequencies and Percentage of the Dependent Variables of STEM Studies

Category Codes Studies f %
Achievement A36, A37, A53 3 8.11
Attitude towards STEM A50, A52, A53 3 8.11
Scientific creativity A28, A34, A47 3 8.11
Critical thinking A4, A39, A1 3 8.11
STEM perception A39, A51 2 541
STEM awareness Al10, A58 2 541
Science process skills A56, A58 2 5.41
21 century skills Al2, Al4 2 541
Ability to prepare lesson plan Al7 1 2.70
Ability to design STEM learning and teaching A3 1 270
processes
Attitude towards science A52 1 2.70
Dependent  Attitude towards science and technology Ad4 1 2.70
Variables Conceptual change A52 1 2.70
Daily life problem solving A36 1 2.70
Engineering perception AB60 1 2.70
Innovative thinking skills AB69 1 2.70
Intrinsic motivation Ad 1 2.70
Reflective thinking skills A37 1 2.70
Research skills AB9 1 2.70
Problem solving perception A4 1 2.70
Psychomotor skills A37 1 2.70
STEM career interest A30 1 2.70
STEM profession interest A56 1 2.70
STEM semantic perceptions A50 1 2.70
STEM teaching tendency Al10 1 2.70
Total 37 100

* A study may include more than one dependent variable. f=frequency, %= percentage

Table 5 illustrates that the dependent variables on which the impact of STEM education has been most
extensively researched were achievement, attitude towards STEM, scientific creativity, and critical thinking,
with an equal percentage (8.11%). The subsequent dependent variables used were STEM perception, STEM
awareness, science process skills, and 21st-century skills, which have equal percentage (5.41%). Moreover,
an analysis of the studies according to the number of independent variables revealed that the studies in which
only a single independent variable was examined were the most common, while the studies in which three
independent variables were examined were the least common. A single independent variable was examinedin
12 studies (Al12, Al4, Al7, A28, A30, A34, Ad4, A47, A52, A58, A60, A63). In eight studies, two
independent variables were examined. These were A4, A36, A39, A50, A51, A53, A56 and A69. In only two
studies, three independent variables were examined. These were A37, A50 and A60.

The learning models integrated with STEM were investigated in the STEM. Table 6 shows the findings
related to the teaching methods and practices integrated with STEM in the analyzed studies. The studies are
presented in the table with their respective codes.

Table 6 demonstrates that in 20 studies, STEM education was implemented in conjunction with various
learning models. Among these learning methods, STEM education was most commonly implemented with
the project-based learning method (20.0%). Then it was followed by inquiry-based learning, out-of-school
learning, the socio-scientific method, and engineering design-based learning with an equal percentage
(10.0%).
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Table 6. Frequencies and Percentage of the Learning Models Integrated with STEM

Category Codes Studies f %
Project-based learning A10, Al2, A19, A24 4 20
Engineering design-based learning A39, A56 2 10
Inquiry-based learning A27, A47 2 10
Out-of-school learning All, A30 2 10
Socio-scientific method Al4, A15 2 10
Cooperative learning Al 1 5

Learning Model ~ Argumentation A37 1 5
Digital game-technology oriented learning  A29 1 5
Game-based learning A4 1 5
Mathematical modelling A46 1 5
Robotic applications A70 1 5
Simulation supported learning A58 1 5
Virtual reality A68 1 5

Total 20 100

f=frequency, %= percentage

The research approach, design, and method used in the analyzed studies were investigated. The frequencies
and percentages of the methodology/design category a are presented in Table 7. The studies are presented in
the table with their respective codes.

Table 7. Frequencies and Percentage of the Methodology/Design in STEM Studies

Category Sub-category  Codes Studies feode  Ycode  Fso  Yosc
Quasi-experimental A28, A37, Ad7 3 429 20 2857
Pre-experimental Al10, A12, A52, A60 4 5.71
Descriptive A2, A55, A66 3 4.29
Quantitative  Correlational A20 1 143
Survey A5, A8, A18, A29, 8 11.43
A33, A49, AB1, A67
Meta-analysis A57 1 1.43
Culture analysis A7 1 143 37 52.86
Phenomenology Al, Al19, A38, A40, 7 10.00
A4l, A43, AT0
Case-study A6, A9, All, Al5, 16 22.86
Al6, Al7, A21,
E":stihg‘;]do'ogy/ A23, A27, A32,
A39, A45, A48,
Quialitative Ab4, A9, A68
Action research Ad4 1 1.43
Individual- self research  A31 1 143
Document analysis A35, A62 2 2.86
Review A46, A65 2 2.86
Concept analysis A26 1 143
Content analysis A3, A22, A25, A42, 6 8.57
A51, A4
Explanatory A4, Al13, A24, A36, 7 10.00 13 1857
A53, A56, A58
. Exploratory A34 1 1.43
Mixed Triangulation A0, A9 2 286
Embedded Al4, A30 2 2.86
Multiphase A63 1 1.43
Total 70 100

*feode: Frequency of code, %code: Percentage of code, fs.: Frequency of sub-category, %s.: Percentage of sub-category

In Table 7, the category presents the research approaches, the sub-category presents the research designs, and
the codes present the research methods. As evidenced by Table 6, studies within the STEM disciplines are
predominantly qualitative in terms of research methodology (52.86%) and interactive in terms of research
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design (34.29%). Case study has been identified as the most prevalent research method employed in STEM
studies (%22.86). It is observed that phenomenology and explanatory research methods share second place
with equal percentages (10.0%). Nevertheless, Table 7 indicates that correlational, meta-analysis, cultural
analysis, action research, individual-self research, concept analysis, exploratory, and multiphase research
methods are the least favored research approaches in STEM studies.

The sample levels of the STEM studies were examined. The frequencies and percentages of the sample level
category is presented in Table 8. The studies are presented in the table with their respective codes.

Table 8. Frequencies and Percentage of the Sample Levels in STEM Studies

Category Codes Studies f %
Pre-school Al9, A27 2 2.86
Primary school A4 1 1.43
Secondary school A5, A7, All, Al4, A28, A29, A30, A33, A36, A37, A39, 24 34.29
A40, A4l, Add, A45, A47, Ad9, A2, A53, A56, A59,
sample _ AB0, A6, A69
Level High school Al2, A34, A48 3 4.29
Undergraduate Al, A6, A8, Al0, Al5, Al7, A20, A21, A23, A24, A32, 19 27.14
A38, A43, A50, Ab4, A58, A61, A63, A70
Teacher A9, Al6, Al18, A31, A55, A67, A68 7 10.00
Document A2, A3, Al3, A22, A25, A35, A42, A51, A57, A62, A64 11 15.71
No sample size A26, Ad6, A65 3 4.29
Total 70 100

f=frequency, %= percentage

Table 8 shows that the most preferred sample level used in STEM studies was secondary school (34.29%). It
can be seen that the undergraduate level was in second place (24.14%) and the document was in third place
(15.71%). Furthermore, Table 6 shows that the least used sample level was pre-school (2.86%) and three
studies did not specify the sample level.

The sample sizes of the STEM studies were investigated. The frequencies and percentages of the sample
sizes category are illustrated in Table 9. The studies are presented in the table with their respective codes.

Table 9. Frequencies and Percentage of the Sample Sizes in STEM Studies

Category Codes Studies f %
1-10 A3, A9, A31, A35, A55, A62, A68 7 10.00
11-50 Al, A4, All, A12, Al13, Al4, Al5, Al6, Al7, Al9, A21, 34 4857

A22, A23, A27, A30, A32, A36, A37, A39, Ad2, A43,
Ad4, A45, A50, A51, A52, A53, A54, A56, A57, A58,

A59, A0, A63
Sample Size 51-100 AT, A25, A28, A40, Adl, A47, A64 7 10.00
101-200 A6, A10, A20, A24, A33, A34, A38, A61, A69 9 12.86
201-500 A5, A8, Al18, A48, A66, AT0 6 8.57
501-1000 A29, A67 2 2.86
Over than1000 A2, A49 2 2.86
No sample size A26, Ad6, A65 3 4.29
Total 70 100

f=frequency, %= percentage

Table 9 shows that between 11 and 50 sample size was the most preferred in STEM studies (48.57%).
Moreover, it presents that sample sizes between 201 and 500 and between 501 and 1000 were the least
preferred sample sizes in STEM studies, with the same percentage (2.86%). In addition, Table 8 also
presents that three studies did not specify the sample size.

Data collection tools used in STEM studies were examined. The frequencies and percentages of data
collection tools category is illustrated in Table 10. The studies are presented in the table with their respective
codes.
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Table 10. Frequencies and Percentage of Data Collection Tools in STEM Studies

Category Codes Studies f %

Questionnaire/Form A9, A10, All, Al6, A18, A22, A23, A24, A32, A33, A36, 19 15.83
A40, A41, A48, A50, A51, A63, A64, A70

Achievement/Concept  A24, A28, A34, A36, A37, A47, A52, A53, A56, A58 10 833
test
Scale A4, A5, A8, A10, A12, Al4, A20, A30, A37, A39, Ad4, 22 18.33
A49, A50, A52, A53, A56, A58, AG0, A61, AB6, A67, A69
Data Interview A4, A6, A7, A9, A12, Al4, A15, A19, A21, A27, A30, A31, 26 2167
Collection A38, A39, Ad3, Ad4, Ad5, A53, A54, A55, A56, A58, A59,
Tool A63, A68, ABY
Observation A4, A6, A7, A27, A3l, A69 6 5.00
Field notes A6, A7, Al4, A15, Ad4, A59, AG9 7 583
Alternative tools A4, A9, A23, A24, A25, A29, A37, A38, Add, AS4 10 833
Document AL, A2, A3, A7, A9, A13, A16, Al7, A24, A31, A35, Add, 16 13.33
AB53, A57, A59, A62
No data collection A26, A42, A46, A5 4 3.33
Total 113 100

* A study may include more than one type of data collection tool
f=frequency, %= percentage

Table 10 indicates that interview was mostly preferred data collection tools in STEM studies (21.67%). It is
seen that the scale was in second place (18.33%) and the questionnaire/form was in third place (15.83%).
Furthermore, Table 10 indicates that observation was the least preferred data collection tool, and in four
studies used any data collection tool.

Table 11. Frequencies and Percentage of Number of Data Collection Tools in STEM Studies

Category Codes Studies f %
Al, A2, A3, All, Al13, Al7, Al18, A19, A21, A22, A25, A28, 33  47.14
1 A29, A32, A33, A34, A35, A40, A4l, A43, A45, A47, A48,

A51, A55, A57, A6O, A6l, A62, A64, A67, A68, A70
A5, A8, Al0, Al5, Al16, A20, A23, A27, A36, A38, A49, A54, 13 1857

2
A63
ggmﬁ: O?]f%a;f 3 A6, A12, A31, A37, A39. A50, A52, A56, A58, A59. AG6 11 1571
4 A7, A30, A53 3 429
5 Al4 A24 Ad4 3 429
6 A4 ABY 2 286
7 A9 1 143
No number A26, Ad2, Ad6. A65 4 571
Total 70 100

f=frequency, %= percentage

The number of data collection tools employed in STEM studies was examined. The frequencies and
percentages of the number of data collection tools category are presented in Table 11. The studies are
presented in the table with their respective codes.

Table 11 indicates that the majority of STEM studies employed a single data collection tool (47.14%).
Moreover, it is seen that the least of STEM studies used seven data collection tools (1.43%). In addition, the
frequency and number of data collections appear to be inversely proportional.

The instructional durations of STEM studies were analyzed. The frequencies and percentages of the
instructional duration category are presented in Table 12. The studies are presented in the table with their
respective codes.

Table 12 shows that the instructional duration of 29 studies varied between one week to 24 weeks. It seems
that the most commonly preferred instructional duration was four weeks (17.24%). Table 11 also shows that
6 weeks, 8 weeks, and 14 weeks with instructional duration shared second place in STEM studies, with equal
percentages (13.79%).
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Tablo 12. Frequencies and Percentage of STEM Studies' Instructional Duration

Category Codes Studies f %
1 week A30 1 3.45
2.5 week A52 1 3.45
3 week All, A36 2 6.90
4 week Al, Al2, A27, A32, Ab4 5 17.24
5 week A39 1 3.45
6 week A28, A45, A47, A69 4 13.79
Instructional 8 week A4, A9, A60, A68 4 13.79
duration 9 week A23 1 3.45
10 week A58 1 3.45
12 week A34 1 3.45
13 week A9, Al17 2 6.90
14 week A15, A31, Ad4, A63 4 13.79
15 week A56 1 3.45
24 week Al4 1 3.45
Total 29 100

f=frequency, %= percentage

Data analysis methods of STEM studies were investigated. The frequencies and percentages of data analysis
category are presented in Table 13. The studies are presented in the table with their respective codes.

Table 13. Frequencies and Percentage of Data Analysis in STEM studies

Sub-
category

Category Codes

Studies feode Ycode  Tsc Yosc

Descriptive statistics
with tables

Figure/graphic
t-test

Quantitative
Correlation
ANOVA/ANCOVA
Factor analysis
Regression
Non-parametric

Data

Analysis .
y Effect size

A2, A4, A5, A8, A10, Al4, 22 17.19
Al8, A25, A28, A29, A30,
A34, A37, A39, A48, A50,
A52, A53, A60, A61, A66,
AB9
A2, Al13, A57, A67 4
A4, A5, A8, Al4, A25,
A28, A30, A34, A39, A50,
AS52, A53, A61, A9
A5, A8, A20, A24, A25 5
Al0, A30, A61, A66, A69 5
A49, A67 2
1
1

3.13
10.94

3.91 73 57.03

3.91

1.56

0.78
4 10.94

A8

Al2, A18, A20, A25, A36,
A37, A39, Ad4, A4T7, A53,
AS56, A60, A63, AG6

Al3, A34, A39, A52, A57, 6
A58

4.69

Content analysis

Qualitative

Descriptive analysis

Constant- comparative
Total

Al, A3, A4, All, Al2, 29.69

Al3, Al4, Al15, Al6, Al9,

A21, A22, A25, A27, A30,

A31, A32, A33, A34, A35,

A36, A40, A4l, A42, A43,

Ad4, A45, A50, A51, A53,

Ab54, A55, A58, A62, AG3,

A64, A68, A70

AB, A8, A9, Al5, Al6, 16

Al7, A23, A24, A33, A36,

A38, A39, Ad4, AS6, A9,

AB9

A7 1
128

55 4297

12.50

0.78
100

* A study may include more than one data analysis method

feode:=frequency of code, %code:= percentage of code, fsc= frequency of sub-category, %s.= percentage of sub-category
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Table 13 indicates that quantitative analysis methods were employed with greater frequency than qualitative
data analysis methods in STEM studies. However, Table 13 shows that content analysis was the first place,
descriptive analysis with tables was the second place, t-test, and non-parametric analysis were the third
places with equal percentages. However, regression and constant-comparative were the least used as data
analysis methods with equal percentages in STEM studies.

The results related the effects of STEM education on dependent variables were examined. The frequencies
and percentages of the result category are presented in Table 14. The studies are presented in the table with
their respective codes.

Table 14. Results on the Effect of STEM Education on Variables

Category  Sub-category  Codes Studies foode  Yocode  fse  Yosc
Attitude towards STEM A50, A52, A53 3 8.11
Scientific creativity A28, A34, A47 3 8.11
Achievement A37, A53 2 541
Critical thinking A39, A51 2 541
Scientific process skills A56, A58 2 5.41
STEM awareness A10, A58 2 541
STEM perception A39, A51 2 541
21-st century skills Al2, Al4 2 541
Ability to prepare lesson plan Al7 1 2.70
Attitude towards science and Ad4 1 2.70
technology
A positive Competence to design the AB63 1 2.70
effect was learning-teaching process 32 86.49
found according to STEM
Result Conceptual change A52 1 2.70
Daily life problem solving A36 1 2.70
Engineering perception A60 1 2.70
Innovative thinking skills A37 1 2.70
Intrinsic motivation Ad 1 2.70
Psychomaotor skills A37 1 2.70
Reflective thinking A37 1 2.70
Research skills AB69 1 2.70
STEM career interest A30 1 2.70
STEM profession interest A56 1 2.70
STEM teaching tendency Al0 1 2.70
Achievement A36 1 2.70
A positive Attitude towards science A52 1 2.70
effect was not  Ciritical thinking A4 1 270 5 1351
found Problem-solving perception A4 1 2.70
STEM semantic perception A50 1 2.70
Total 37 100

f=frequency, %= percentage

Table 14 indicates that STEM education had a statistically significant positive effect on the dependent
variables, with a percentage of 86.49%. Table 13 also indicates that the dependent variables exhibiting the
most positive effects were scientific creativity and attitude towards STEM, with equal percentages (8.11%).
Conversely, STEM education did not have a statistically significant positive effect on the dependent
variables, with a percentage of 13.51%. As can be seen in a positive effect was not found sub-category, the
dependent variables, achievement, attitude toward science, critical thinking, problem-solving perception, and
STEM semantic perception had the same percentage (2.70%).

4. DISCUSSION and CONCLUSION
This study sought to ascertain the general trajectory of STEM studies in Tiirkiye over the past decade. To

this end, 70 STEM studies published in 15 educational science journals and indexed in the SSCI or ERIC
database between 2013 and 2022 were subjected to analysis. The aforementioned studies were subjected to a
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thematic content analysis employing parameters including the studies' stated aims, dependent variables,
learning models that integrate with STEM, research methods, the composition of sample groups, sample
sizes, data collection tools, number of data collection tools, instructional durations, data analysis methods,
and results.

Upon examination of the aims of the study, it was observed that the aims of opinion determination towards
STEM education and the effect of teaching on skill development were the most extensively studied, followed
by the effect of teaching on affective behaviors. This result is comparable to that obtained by Kaya and Ayar
(2020). Kaya and Ayar (2020) identified the most studied topics in STEM education studies in Tirkiye as
opinions towards STEM education, attitudes towards STEM education, and skills towards STEM education,
respectively. Sarica (2020) found that the most studied topic was skill development, followed by opinion
formation. The high number of studies whose aim or purpose is to determine opinions is thought to be due, at
least in part, to the desire to collect more detailed information from the sample group through interviews or
open-ended surveys after STEM education. Moreover, It has been demonstrated that there is a dearth of
studies about in-service training, misconception detection, mind mapping detection, the nature of STEM
concepts, STEM prerequisite determination, STEM cognitive structure detection, the utilization of distance
education in STEM education, and environmental education in STEM education.

The study revealed that the dependent variables in which the effect of STEM education was most extensively
examined as an independent variable were achievement, attitude towards STEM, scientific creativity, and
critical thinking, with equal percentages. The results appear to be in close alignment with those of several
previous studies in the literature, including those by Aydin-Giinbatar & Tabar (2019), Cavas et al. (2020),
Ecevit et al. (2022), and Giilhan (2022). For instance, Cavas et al. (2020) observed that in the postgraduate
theses and articles in the field of STEM education in Tiirkiye between 2010 and 2018, skills were
predominantly examined as dependent variables, followed by attitude and achievement. Ecevit et al. (2022)
found that the most frequently studied dependent variables in graduate theses and articles in the field of
STEM education between 2014 and 2020 in Tiirkiye were attitude, achievement and problem-solving skills,
respectively.

This study revealed that the most integrated approach to STEM education was project-based learning. This
result was also found in the study conducted by Zulaikha et al. The reason why the project-based learning
model is more integrated with STEM education is that they are similar in many ways. Furthermore, project-
based teaching can facilitate the acquisition of numerous 21st-century skills, which is one of the fundamental
objectives of STEM education (Katz & Chard, 2000, p.161). Furthermore, the present study revealed that,
following project-based learning, STEM education became more integrated with inquiry-based learning, out-
of-school learning, socio-scientific learning, and engineering design-based learning.

The case study method was identified as the most frequently employed research method in the publications
examined in the current study. Similarly, studies in the literature have indicated that the case study method is
the most frequently employed research method in STEM education studies (Aydin-Giinbatar & Tabar, 2019;
Cavas et al., 2020; Kizilay, 2018; Ozcan & Karabas, 2019). Furthermore, in the studies examined, it was
observed that after the case study method, survey, phenomenology, and explanatory research methods were
used more frequently. In addition correlational, meta-analysis, culture analysis, action research, concept
analysis, and exploratory research methods were used very rarely in STEM studies.

The sample groups most commonly employed in STEM studies were examined, with the results indicating
that studies conducted with secondary school students were found to be the most prevalent. Similar findings
were identified in many studies within the literature (Dasdemir et al., 2018; Eren & Dokme, 2022; Ergiin,
2020; Giilhan, 2022; Kalemkus, 2020; Mandev & Yavuz, 2022; Ozcan & Karabas, 2019; Sarica, 2020;
Piiskiilli, 2019). It is hypothesized that the incorporation of STEM education into the 2018 Science
Curriculum, encompassing Science, Engineering, and Entrepreneurship Practices, has been effective in
increasing the number of STEM education studies, particularly at the secondary school level. Furthermore, it
was determined that the most frequently studied sample group after secondary school students was
undergraduate students, while the least frequently studied sample groups were preschool and primary school
students.
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In addition, the most frequently studied sample sizes were also examined in STEM studies. It was
determined that the most commonly used sample size was between 11 and 50. In the study conducted by
Ormanci (2020), the most frequently used sample size was found to be in a similar range (between 31 and
50) to the current study.

In this study, the interview was identified as the principal data collection tool in STEM studies. Some studies
have reached similar findings in the literature (Caliskan & Okusluk, 2021; Kizilay, 2018; Piiskiilli, 2019).
However, it was concluded that observation was the least used data collection tool in this study. Furthermore,
it was found that the majority of studies employed a single data collection tool, with the number of studies
decreasing as the number of data collection tools used increased. It is notable that no study in the literature
can be related to this data.

This study revealed that the instructional duration employed varied considerably between one and 24 weeks.
The most frequently used instructional duration was four weeks, followed by six, eight, and 14 weeks, each
of which occurred at equal rates. Kalemkus (2020) determined that the most common instructional duration
was six to 10 weeks. In the study conducted by Aydin-Giinbatar and Tabar (2019), the most common
instructional duration was observed to be between one and two months (4-8 weeks). The findings of this
study indicate that one of the most common aims of STEM studies is to determine the effect of teaching on
skill development. It is reasonable to assume that skill development will not be achieved in a relatively short
period. Therefore, it is deemed appropriate that the instructional duration should be extended to a minimum
of four weeks or more.

Upon examination of the data analysis methods employed in the studies, it was found that quantitative data
analysis methods were utilized more frequently than qualitative data analysis methods. However, it appears
that the majority of the data was analyzed using content analysis. Ecevit et al. (2022) and Sungur Giil et al.
(2022) defined content analysis as the most frequently used data analysis method.

The results of the studies examining the effect of STEM education on the dependent variables were analyzed.
The findings demonstrated that STEM education had a statistically significant, positive effect on the
dependent variables at a rate of 86.49%, whereas the effect was not statistically significant for the remaining
13.51%. The analysis revealed that the dependent variables exhibiting the most positive effects were
scientific creativity and attitude toward STEM. The number of studies examining the results of STEM
education in the literature is relatively limited (Duran & Sari, 2021; Ultay et al., 2021). In Duran and Sart's
(2021) study, it was found that STEM education had the most positive effect on academic achievement.
Ultay et al. (2021) categorized the results of all STEM education studies they examined. In this study, it was
found that there was a positive tendency according to STEM, with a positive opinion that STEM education
increased students' attitudes and interest towards science courses.

Consequently, it has been established that the number of studies on STEM education conducted in Tiirkiye
and published in SSCI or ERIC-indexed journals has gradually increased over the past decade. The majority
of studies included in this review were conducted with secondary school students. The qualitative research
approach and the case study method were the most frequently employed research methods, while content
analysis was the most prevalent method used for data analysis. Furthermore, the results of these studies
indicated that STEM education had the most positive effect on attitudes towards STEM and scientific
creativity. Furthermore, the effect of STEM education on academic performance, critical thinking, scientific
creativity, and attitudes towards STEM was investigated. The findings suggest that STEM education has a
predominantly positive effect on scientific creativity and attitudes towards STEM.

4.1. Suggestions

The analysis of the studies revealed that only a small number of studies were focused on specific objectives,
including metaphor determination, career choice for STEM disciplines, pre-service teacher education,
instructional material design, measurement tool development and improvement, education system and
policies, in-service training, misconception determination, mind map determination, prerequisite and
cognitive structure determination related to STEM, and distance education and environmental education. It
can be concluded that there is a need for further studies to be conducted on these objectives.
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It has been observed that variables such as self-efficacy, self-confidence, and scientific literacy etc. are not
included as dependent variables in STEM studies. These variables may be included as dependent variables in
future STEM studies.

A review of the literature revealed a paucity of studies that integrated STEM education with a range of
pedagogical approaches, including cooperative learning, argumentation, technology-supported teaching,
mathematical modeling, game-based learning, and simulation-supported research learning methods.
However, there is potential for further research in this area, with studies being conducted in this field
integrating STEM education with models such as problem-based learning, the 5E model, the REACT model,
and others.

The studies observed were predominantly conducted using qualitative research methods, with mixed
methods employed in the lowest percentage. Consequently, there is scope to expand the body of literature
utilizing this approach. The case study was the method employed in most of the studies, although only a few
employed other methods, including correlational, meta-analysis, cultural analysis, action research, concept
analysis, and exploratory research. There is a potential for further studies to employ these research methods
within the context of STEM education.It has been observed that the number of studies involving primary
school, pre-school, and high school students as a sample is very low. It is therefore recommended that
studies on STEM education involving students at these educational levels be emphasized. It was observed
that the sample size of the analyzed studies was mostly between 11-50. However, studies with sample sizes
outside this range can be conducted.

As observation and field notes were seldom employed as data collection instruments in the studies analyzed,
further research utilizing these techniques could be conducted. The findings revealed that a significant
majority of studies employed a single data collection instrument, with a markedly lower proportion utilizing
four or more. Therefore, it is recommended that the number of data collection instruments be augmented in
future studies.It has been observed that regression analysis is rarely employed in studies within the STEM
disciplines. However, there is potential for the use of regression analysis in the future to inform educational
practice within this field.

This study focused on analyzing only those studies published in SSCI or ERIC-indexed journals to determine

the status of STEM education in Tiirkiye. It is recommended that this study be expanded in the future by
examining STEM studies conducted in Tiirkiye and scanned in other international indexes.
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