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Abstract 

STEM (Science, Technology, Engineering, Mathematics) Education; Is an educational approach that many countries in 

the world have included in their curricula that allow learners to view the knowledge they learn in science, technology, 

engineering and mathematics courses, aiming at transforming theoretical knowledge into practice, product and 

innovative inventions. It is aimed to be able to adapt easily to the qualities of the business life thanks to these skills 

when the STEM trained individuals enter into the business world, as well as being an approach that is based on giving 

the skills of STEM education, production and invention. Within the scope of the study, attempts were made to 

investigate the initiatives and new trends of STEM education from 2010 until the day. Document analysis and thematic 

content analysis (meta-synthesis) method was used in the research process. Thematic content analysis; Analyze, 

synthesize and interpret the findings of more than one research on the same subject, with a critical point of view, in 

contrast to the theme or templates specified and raw data. During the research; Articles, theses, reports and reports 

which are reached from various sources in the national and international literature have been examined and a wide-scale 

resource has been created by considering every point related to the contents of the work. The results of the research 

were examined under various headings and a broad framework was established and recommendations were made. 

Keywords: STEM, meta-synthesis, science, thematic content analysis 

1. Introduction 

Efforts to acquire new and different information have always existed in human life. With the development of 

technological developments in the 21st century, access to information has become easier and knowledge has begun to 

emerge as a new name. Today's world expects to have a productive structure from people. For people to be able to 

present their productivity, different programs that constantly encourage their thinking, questioning, designing and 

creativity need to be passed down (Akgündüz, et al., 2015). Naturally owned education systems should also be included 

in this way to meet today's needs (Çakıroğlu, 2016).  

In the 21st century, developments in science and technology have become a race and have been accelerated. This, in 

turn, has forced developed countries to invest more in know-how, engineering and innovation. The European Union 

(EU) published a review report in 2007 entitled "Science Education Now: Renewed Pedagogy for the Future of Europe" 

(Robert, 2012). This report touched on the problems that Europe is experiencing in science and technology education 

and it has been pointed out that especially young people 's knowledge about science is declining significantly. The fact 

that the basis of science education is based on inquiry has necessitated the establishment of more networks in order to 

increase the motivation and cooperation of the stakeholders (teachers, students, experts, parents, etc.). These obligations 

have led to the development of an educational approach centering on the needs of contemporary business life and 

creating new projects in the US and EU countries, which provide technical knowledge and skills to be delivered, make 

students a part of life instead of preparing them for life. STEM education, a new system for meeting the needs of the 

mentioned needs, has been developed and passed on to life (Gülhan & Şahin, 2016). 

STEM education; Science, Technology, Engineering and Mathematics have emerged with abbreviations of English 

initials. Teachers and students improve their self-sufficiency in many fields (physical, cultural, social) by developing 

themselves and acquiring a critical structure and solving the problems they encounter more easily (Çorlu & Aydın, 
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2016). When it comes to time, it is seen that the individuals who enter the business world are able to adapt more easily 

to the qualities they deserve thanks to these superior skills they have (Bybee, 2011).  

STEM education aims to approach the problems encountered by students with a multidisciplinary approach and to 

acquire knowledge and skills through a holistic educational structure (Şahin, Ayar & Adıgüzel, 2014; Yılmaz, 2016). 

STEM education is considered as a multidisciplinary approach starting from the beginning of the school and continuing 

up to higher education and covering the whole education process (Çorlu & Aydin, 2016). According to Lederman & 

Niess (1997), the multidisciplinary educational approach refers to an unfragmented construction, which is analogous to 

the formation of compounds in a chemical reaction. Just as compounds have different properties than self-styling 

elements, when disciplines are integrated into different modules, they produce a much clearer picture than what they 

have (Lederman & Niess, 1997).  

STEM education can be considered as a training process involving the use of everyday life, raising living standards and 

critical thinking by bringing together diverse and connected disciplines and providing better quality learning and 

resulting learning outcomes (Yıldırım & Altun, 2015). STEM education encourages students and trainers to learn 

directly (Çakıroğlu, 2016). For example, students can design and implement projects they have produced in their own 

minds (Özdemir, 2016). Studies on STEM education; STEM education is very important in terms of enabling the 

theoretical knowledge in science, technology, engineering and mathematics to be applied and transformed into a product 

after a certain period. (Çorlu, 2013; Yılmaz, Gülgün & Çağlar, 2017).  

STEM education is an educational system that provides learners and educators with problem-solving skills (Roberts, 

2012). This system argues that students' success and motivation can be enhanced, especially in real world issues (Honey, 

Pearson & Schweingruber, 2014). STEM education, which supports mental process skills, entrepreneurship and product 

formation ability, constantly encourages people to move into action at the point of realizing their dreams and is effective 

in creating awareness (Özdemir, 2016; Gülgün, Yılmaz & Çağlar, 2017). STEM education focuses on global literacy 

skills.  

These abilities are; creative and critical thinking, problem solving and teamwork. It is very important for students and 

teachers to win these talents. At this point, the role and importance of teachers should be increased, and students should 

be guided and guided rather than giving theoretical knowledge in Science, Technology, Engineering and Mathematics 

courses to reach a higher level of thinking, production and invention (Çelik, Pektaş & Karamustafaoğlu, 2018). While 

gaining these behaviors, it is necessary to provide environments in the education system that will prevent students from 

being afraid of making mistakes and incompleteness and that will increase their courage.  

In short, STEM education is not a single outcome process. It is an educational system that provides the students with the 

necessary incentive to do better when the teacher supports the student constantly and everywhere and when the desired 

product is reached (Özdemir, 2016; Yılmaz & Bayrakçeken, 2015).  

People develop tools that will make their lives easier throughout their lives, and while they develop these tools, they 

transmit generations of knowledge that they have learned. The theoretical knowledge often held in material design and 

tool development processes is second to none in terms of application activities. This situation is similar in our 

educational experiences (Daugherty, 2009, 2012; Yılmaz, 2012, 2016).  

Especially in science education, this situation is more clearly seen. While education and training programs are being 

developed, the design process is not given the necessary attention and the background is transforming the information 

into a concrete structure. In this context, an education model that emphasizes the application and design aspects of 

education will undoubtedly open a more permanent and productive education for students (Güzey, Harwell & Moore, 

2014; Yılmaz, 2012; Gülgün, 2014). The same is true of science education, one of the areas with an effective 

educational need. The basis of science education lies in solving the problems we face in our daily lives and gaining the 

ability to manage these processes well. In recent years, the notion of integration, a popular concept, has emerged to 

develop different perspectives against problems.  

According to Lederman & Niess (1997), integration refers to making an unfragmented whole. Just like compounds that 

come in a chemical reactionary form. Just as compounds show different chemical properties than their constituent 

elements, when they are integrated into one another in different disciplines they will tend to show new properties unlike 

fragments. This is the same system that is called STEM and advocates the disciplines of Science, Technology, 

Engineering, Mathematics together (Gülhan & Şahin, 2016). STEM education, which has developed very rapidly in our 

country in recent years, aims to educate future designer and productive students in a creative way to solve 

problem-solving processes (Roberts, 2012). STEM education aims at approaching the problems encountered in daily 

life with a multidisciplinary approach (Şahin, Ayar & Adıgüzel, 2014; Honey, Pearson & Schweingruber, 2014). The 

positive effects of the acquisition of engineering skills in the primary education process can be categorized as follows 

(Katehi, Pearson & Feder, 2009); 
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1. Positive development of success in science and mathematics education. 

2. Increase awareness of engineering. 

3. Development of designing skills. 

4. Increase in occupational interest in engineering and science. 

5. Provision of technology literacy. 

Problem of Research 

Today, when technology and information are produced rapidly, the values and needs of society are changing and 

renewing in the same parallel. As a result of these changes and innovations, the need for educated people is increasing 

day by day and the reconsideration of educational policies is on the agenda (Çiltaş, Güler & Sözbilir, 2012). Scientific 

work affects all areas in consequence of consequences and takes an important place in the determination of country 

policies and serves as guidance in professional activities.  

From this point of view, the studies carried out for the field of education are mostly in the form of textbooks, articles, 

handbooks. However, this situation only creates an information store. The purpose of their studies on educational 

sciences is slightly different. These publications can also be considered as an information repository suitable for the 

field of education to be used (McMillan & Schumacher, 2009). Scientific research often desires to serve social purposes. 

Research is an attempt to answer the question of why, how, when, where and where to ask about the factors that cause a 

problem, such as defining the society, assimilating, trying to reveal the patterns and associations related to the 

connected variables (Özdamar, 2003).  

According to these characteristics, scientific studies can only be done with the help of data (Ercan & Kan, 2004). 

Meta-synthesis studies and thematic content analysis studies play an important role in the acquisition of data in a 

scientific study, in analyzing and evaluating the obtained data. For this purpose, studies on STEM education since 2010 

have been examined using thematic content analysis and meta-synthesis method and various suggestions have been 

made. In line with this objective, the following questions have been tried to be answered. Accordingly, in line with the 

main themes determined in the field of science, technology and mathematics education; 

1. In which areas did STEM education studies mostly take place? 

2. What kinds of samples have been used frequently in STEM education studies? 

3. How are the sample sizes used in STEM education studies? 

4. What are the data collection tools used in STEM education studies? 

5. What are the data analysis methods used in STEM education studies? 

6. In which regions of Turkey were STEM studies conducted? 

7. Was the validity and reliability analysis done in STEM education studies? 

Research Focus 

STEM education has been included in development policies in many countries and has already taken its place in 

long-term strategic plans and refers to three different themes in the development process: acquisition of 

problem-solving skills, innovation and design (Hernandez, et al., 2014). It is undoubtedly known that knowledge is the 

most important power in the developing world and that it has a great prospect in terms of competitiveness in the 

international arena (Çorlu, Capraro & Capraro, 2014). From this point of view, it can be said that the professions 

developed on the basis of STEM are the criteria of a state innovative, innovative and indispensable for increasing living 

standards (Langdon, McKittrick, Beede, Khan & Doms, 2011; Yılmaz, Gülgün & Çağlar, 2017).  

If students in our country are required to make STEM-centered career choices from an early age, the education system 

should be intervened in a timely manner and the community should be aware of this issue (Moore & Richards, 2012). 

However, classroom environments designed to fit the traditional structure have increased the reaction and indifference 

to STEM, rather than motivating students to participate in STEM education (Roberts, 2012). A classroom environment 

that focuses on STEM activities and applications for solving this problem will be more appropriate to achieve planned 

goals.  

2. Methodology of Research 

General Background of Research 

This is a thematic content analysis (meta-synthesis) study. Thematic content analysis; (Walsh & Downe, 2005). This 

study examines the findings of many studies on similar topics with the help of pre-defined themes or templates, and 
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with a critical perspective different from raw data. With this comprehensive feature, thematic content analysis also 

provides a rich reference to the researcher in terms of access to more work because it enables qualitative re-synthesis of 

common and similar aspects of studies that deal with various aspects of a given topic (Çalık, Ayas & Ebenezer, 2005). 

Compared with meta-analysis and descriptive content analysis, the number of studies (sample size) generally limited in 

these studies is limited (Çalık & Sözbilir, 2014).  

Sample of Research 

In the process of gathering the data, it was first decided to examine the articles published between 2010-2017 of the 

magazines broadcasting in Turkey within the scope of the research. The reason for choosing 2010 as the starting year of 

the study is that the studies on STEM education in our country increased rapidly especially after 2010 and the academic 

field showed a tendency towards this direction. In the selection of the journals published by the books, it was noted that 

there were TUBITAK Dergipark and articles focused on science education.  

It is considered that the assumption that the articles indexed in the databases are originating from Turkey and that it is 

going through an evaluation process and considering the publications in the journals will have more reliable results. 

During the publication of the articles, over 200 articles of STEM / STEMA / STEM + A were published which were 

accessed by their own means and published in full text, while free and open access articles were accessed via their web 

pages.  

In addition, pre-evaluation articles co-authored by researchers were re-examined within the framework of "inclusion in 

research and exclusion from research" criteria, so that a total of 20 articles were eligible for consideration. Detailed 

information on the code and scope of the articles taken into consideration in the scope of the research is presented in 

Appendix 1. 

Instrument and Procedures 

Criteria taken into account in the inclusion and non-investigation of the articles: 

 Publishing in selected articles: Attention has been paid to publishing only articles selected in the selected 

journals.  

 Being published in the specified years: It has been noted that the articles in the journals examined are 

published between 2010-2017. 

 The need for STEM education in editions: Only STEM education studies were examined in this thematic 

content analysis study. 

 Appropriateness to the research field: STEM studies studied within the scope of this research were included 

only in the analysis of issues related to science, engineering, technology and mathematics education. 

 Suitability of the sample: It has been noted that the samples included in the thematic content analysis are 

selected only from the Turkish borders. 

The main themes that include thematic content analysis and coding method 

Within the scope of the research, all researchers worked together in the coding of the articles to be analyzed the 

thematic content and the themes were determined. Accordingly, the articles included in the research were examined one 

by one by the researchers and main themes and sub-themes were determined. The determined main and sub themes are 

handled in detail in all directions and coded into tables (Table 1, Table 2, Table 3, Table 4). 

Table 1. Codes and main themes 

Codes Main theme 

GİYÇ Opinion, Idea, Thought, Emotion, Inner Work 

MTYÇ Media / Material Design Studies 

ABYÇ Academic Achievement 

TAYÇ Attitude, Perception-oriented studies 

EÖYÇ Integrated (Integrated) Teaching oriented studies 

DRYÇ Works for the Review and Review Report 

Once the main and sub-themes in the study were established, all researchers individually examined each of the articles 

they chose randomly from each of the identified main themes to ensure the reliability of the study. As a result of the 

individual studies made, the data were compared and it was seen that the researchers were in agreement with the 

majority of them. In addition, when any discrepancies were found in the comparisons made, the related articles were 
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examined together by the researchers and the necessary corrections were made to resolve the inconsistencies.  

Attention has also been paid to ensuring the validity as well as the reliability in the research. For this purpose, 

Sandelowski & Barroso (2007) conducted the three validity tests described in the literature to validate meta-synthesis; 

1. Descriptive validity: A type of validity that does not define the correctness of the data based on facts. 

This is a meaningful and accurate description of each rapport that is used in the study. 

2. Interpretative Validity: Provides full and accurate representation of the researchers' perceptions of 

perspective. 

3. Theoretical validity: refers to the reliability of the researcher in the interpretation of findings. This means 

that, depending on the combination of the information, the method used to interpret the data. 

3. Results of Research  

In the study, the articles included in the thematic content analysis were classified as engineering and design "MT1", 

chemistry and mathematics education articles "KM1" in the form of science education articles "FB1, FB2 ...", ranked 

according to subject areas and published years under the determined main themes. Studies in the form of "TA1" for the 

perception, "M1" for the engineering education, "SO1" for the teaching of the classroom teacher and "D1, D2 ..." for the 

preparation of the review report. Therefore, these code lines have been taken into consideration in the analysis. Then, 

for each main theme determined within the scope of the research, the findings were presented in the order of author 

name, publication year, publication code, sample type, sample size, method, application location, data collection tools, 

data analysis, validity analyzes and reliability analyzes (Table 1, Table 2, Table 3, Table 4).  

Accordingly, the findings obtained from the analyzes are presented below. When Table 2 is examined, it is seen that 

there are 8 articles belonging to the main theme of GIYC and 6 articles in the articles are made in the field of science 

education, 1 article is made in the field of classroom teaching and 1 article is made in the field of chemistry and 

mathematics education. When we look at the main theme of MTJC, it is understood that there are 3 articles on this main 

theme, both articles were made in the field of science education, and 1 of them were made in the field of engineering 

and design education. Looking at the main theme of ABYC, it is seen that there are only 2 articles in this subject and 

these two articles are made in the field of science education. When we look at the main theme of TAYC, it is determined 

that there are 3 articles and these articles are equally in the field of science education, attitude and perception education, 

engineering education. When examining the main theme of the EOYC, it was determined that there was only one article 

and that this article was made in the field of science education. Finally, when the main theme of the DRYC is examined, 

it is determined that there are 3 articles and the articles are prepared in the form of compilation and examination report. 

When the articles included in the thematic content analysis were examined in terms of the type of sample (Table 3); It is 

understood that the vast majority of the studies are carried out with primary and undergraduate students and again a 

small number of educators and secondary students are involved. However, findings in terms of sample size suggest that 

the articles are predominantly studied with 20-50 participants, with 100 and above participants, and the remainder with 

sample participants 1-20. When the articles included in the thematic content analysis are examined from the perspective 

of the research method, it is seen that qualitative and quantitative research methods are frequently used and these ratios 

are close to each other, but mixed method researches are seen to be less preferred.  

On the other hand, when the studied regions were examined, it was seen that the studies were carried out mainly in the 

ones carrying the metropolitan characteristics, and in the non-urban areas, the studies were made less. When the articles 

included in the thematic content analysis are examined in terms of data collection tools, it is seen that they mainly use 

academic achievement test, attitude and perception scales, Likert type questionnaire and scales, semi-structured 

interview and observation forms, document analysis and comparative field notes. When the articles included in the 

thematic content analysis were analyzed in terms of data analysis (Table 4), it was determined that the content analysis 

technique was frequently preferred, that comparative analyzes and factor analyzes were performed, parametric and 

nonparametric analysis techniques were used and that negotiations were classified by transcript. Concerning validity 

and reliability analyzes; It has been observed that all the articles are paid attention to the steps of validity and reliability 

and there are not many deficiencies in this issue. 
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Table 2. Classification of data by author, article number, publication year, publication code, and main theme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Classification of data by type of sample - size, method of research and application place 
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Table 4. Classification of data by data collection tools, types of data analysis, validity and reliability 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Discussion and Conclusions 

This research shows that there are several studies on STEM education in Turkey and that studies are gaining momentum 

mainly between 2012-2017. In addition, most of the studies carried out in the field of education constitute studies 

carried out in the field of science education. In addition to this, we see that studies are also made for engineering 

education, compilation studies, classroom teacher education and mathematics education. The results show that STEM 

education is integrated and preferred more easily and more consistently in the study of science lessons. Studies show 

that the main theme of the study is the most preferred work of opinion, opinion, thought and belief.  

We can say that this is followed by material design, attitude and perception, compilation studies and academic success 

studies respectively. Among the reasons for not being preferred are the fact that opinions and ideas work quickly, easily 

and economically. When studies on STEM education are examined in terms of sample size, it is seen that between 

20-50 participants and over 100 participants are frequently preferred. It can be argued that these samples were preferred 

because of their need for large samples of opinions and ideas.  

In addition, it is seen that the students who are in the age of primary school and those who are at the university level are 

often preferred in the selection of participants. It can be argued that fewer studies on secondary education and teachers 

are due to the difficulty and difficulty of the preparation and implementation stages of this sample group. When studies 

are examined in terms of research methods, it is seen that mixed studies where qualitative and quantitative studies are 

frequently used are less preferred. The reason for the small number of mixed surveys is that the process is laborious and 

requires a good knowledge accumulation. In addition, when data collection tools of studies are examined, it is 

noteworthy that they are frequently used in document analysis, academic achievement test, attitude tests, opinion tests, 

scales, observations and interviews and questionnaires.  

When the data analysis of the studies conducted for STEM education is examined, it is observed that parametric and 

nonparametric tests, content analysis, factor analysis and comparative analysis are frequently preferred. It is seen that all 

the studies examined in terms of validity and reliability have been laboring seriously on this issue with being positive. 

From the above-mentioned results, the following suggestion can be made: 

1. Studies are mainly on science education; mathematics, chemistry, classroom teachers, and studies on 

compilation can be said to have received less attention. For this reason, it may be advisable to concentrate 

these areas on STEM education.  
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2. The majority of the studies on STEM education were made on ideas, thoughts, feelings and tendencies. 

However, there are not enough studies on material development, academic achievement, integrated education 

and attitude. From this point on, it can be suggested to work in the areas indicated. 

3. When the sample selection of the studies is examined, it is understood that the researchers frequently prefer the 

students who are at the level of primary education with the students of higher education. It was determined that 

they did not do any studies with the students at high school level. For this purpose, the selection of high school 

level as a sample in future studies will make a significant contribution to filling the gap in the relevant field. 

4. When the STEM studies are analyzed in terms of analysis methods, it is seen that qualitative and quantitative 

methods are frequently preferred and mixed methods are less preferred. This is due to the fact that the 

processes of managing mixed methods are more demanding and require experience. For this purpose, 

increasing the studies on mixed methods will meet a big need in this field. 
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