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ABSTRACT 

Today, the number of researches about STEM education, which is brought to the forefront by 
innovative interdisciplinary approaches, has been increasing over the years and each research is 
carried out in different areas, regions for different purposes. When these studies are examined, it is 
thought that the studies can be gathered under certain headings and themes and a broad perspective 
about the studies can be presented. We reached 186 works in the framework of STEM and other 
innovative approaches worldwide, except for Turkey. 48 of these studies from 21 different countries, 
written in 4 different languages, were selected between 2009-2019.  These studies were evaluated in 
9 different themes and 24 sub-concepts. These studies include all partners (students, teachers, 
parents and others) of the education system. The impact of innovative interdisciplinary practices on 
students' academic achievement, scientific process skills and career awareness is positive. Gender is 
an important factor in perception and attitudes. In-school and out-of-school activities are effective in 
acquiring 21st century skills. Education partner’s attitude towards innovative interdisciplinary 
approaches is positive. In some studies, limitations such as physical space, time and cost disrupted 
the realization of activities and sometimes it was a negative situation that the teachers did not have 
the necessary training formation and felt inadequate for these activities. Existing curricula, which are 
shaped within the framework of knowledge-based examination system, were also seen as another 
limiting factor. At the end of the research, suggestions were made to all partners of the education 
system for the research and applications to be carried out in innovative interdisciplinary fields. 

 

INTRODUCTION 

New educational paradigms within the scope of 21st century skills explore content-rich possibilities that can increase students' 
interest in science and creative convergence (Kong & Huo, 2014).In innovative insights developed for this purpose, the 
approaches in which the teacher guides learning and the student is more active in the learning process are seen as viable 
(Demirel, 2010).In constructivist teaching method curriculum, the learner is supposed to have high-level thinking skills such as 
comprehension, use, editing, criticizing, interpreting and problem solving rather than receiving information as a simple 
message (Yurdakul, 2005).With STEM education, taking students core in active activities in the classroom has focused on. It 
emphasizes that it serves in order to prepare the 20th century workforce for the future and that educators and the business 
world should act in cooperation with each other (Ejiwale, 2013). 

In a report by Timms, Moyle, Weldon and Pru (2018) on the Australian primary and secondary school education system, two 
arguments have been put forward as to why STEM education is important. First, STEM education is nominally a social 
obligation. STEM literacy is of great importance for addressing and solving real-world challenges. The second is an economic-
based approach. In order to be able to withstand and secure global competition in the future, young people need to be equipped 
to meet national productivity demands. It is a necessity to take steps in line with all these needs. Otherwise, the best graduates 
may be lost through brain drain. The National Education Council took important steps in that direction in 2015. 

Land (2013) conducted a survey in the United States (United States) that historically, The US leadership in innovation has 
recently led to a dramatic decline in innovation due to the inadequacy of innovative American ideas specified. In this context, 
the importance of art integration in STEM education is mentioned and the inadequacy of universities in the direction of 
creativity and innovation is emphasized. At this point, it is stated that there is a need for an art integration that will increase 
curiosity and self-motivation on the students. 

In a study conducted by Affleck (2018) on private schools in Dubai, the capital of the United Arab Emirates, it was stated that 
countries around the world are focusing on STEM applications to develop innovative insights in the fields of science and 
technology. The level of meeting the needs of STEM education in terms of achieving high academic achievements in the 
international field has been questioned. Although the subjects such as science, technology, engineering and mathematics are 
very important for the economy, it has been emphasized in a way that other subjects are being developed and thus the 
applications of the STEAM model are being developed. These integrations will continue within the framework of innovation in 
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education. In a study conducted by Kong and Huo (2014) at the elementary school level, it was observed that most of the 
teachers had positive views on the STEAM education model, but their experience of performing such activities was low. The 
reason for this situation is that teachers did not receive training in the in-service and pre-service teacher training processes 
within the framework of STEAM training activities. 

While the studies on updating the national education programs and contents of the world countries to meet the needs both 
regionally and internationally continue, different studies and practices are being observed in many countries in order to ensure 
that the outcomes of the education systems with the participation of all stakeholders are able to meet the needs of the future 
world. It is seen that some of these studies have gathered the studies carried out in certain frameworks at the regional and 
international level under a single title with the meta-analysis study. 

Purpose of the Research 

In our study, stem training practices obtained from local and international thesis and dissertation databases in various countries 
of the world and studies covering various stakeholders are examined. It was aimed to convey the methods and processes in 
which STEM applications are carried out, similarities, differences and conclusions of the applications in terms of the 
theoretical and application aspects between them. Our study seeks answers to the following questions: 

(1) What are the different practices around STEM and other interdisciplinary innovative trainings around the world? 
(2) Do STEM and other innovative interdisciplinary practices have a significant impact on academic achievement, attitude, 
perception, career skills and cognitive process skills?  
(3) What are the spatial application areas of STEM and other innovative interdisciplinary education activities? 
(4) What are the views of key stakeholders of education, such as parents, teachers, administrators, training specialists for 
STEM and other innovative interdisciplinary training? 
 
Limitations 

Studying the academic studies carried out in line with STEM in all countries of the world and collecting the application stages 
and results of the different activities in this framework in a compilation can provide a positive contribution to the new studies 
to be carried out in this direction both theoretically and in practice. The limitations of the research process are: 

• In the last 10 years (2009-2019), researches in certain countries of the world were included in our study. 
• In our study, the data to be obtained from the studies to be included in the meta-synthesis study is limited to the variables in 
the “meta-synthesis data generation tool”. 
• The sample of our study is limited to those that can be accessed from published sources from theses, articles and reports. 
• Meta-synthesis is limited to the general limitations of the survey method. 
• The study doesn’t contain the works from Turkey origin. 
 
METHOD 

In recent years, as a result of the increasing importance of qualitative academic studies in social sciences and the number of 
studies carried out, meta-synthesis method has emerged with the need to gather studies in similar fields under a common roof. 
Thanks to this method, the possibility of an in-depth examination of studies on a subject can be created in various ways (Polat 
& Ay, 2016). Meta-synthesis studies can be used in theory development studies in order to reach generalizable results by 
examining and synthesizing all research results (Hunter & Schmidt, 2004). 

In our study, meta-synthesis method, which is a qualitative research design, was used to synthesize different researches 
obtained from various sources for the same purpose. To carry out a meta-synthesis study first of all the studies should be found 
in accordance with the problem and researchers should refer to statistical foundings which is necessary for meta synthesis also 
it should be appropriate in terms of reporting rules (Büyüköztürk, Çakmak, Akgün, Karadeniz, & Demirel, 2017). When the 
previous meta-synthesis studies were examined, it was seen that the process steps used in carrying out the study were similar. 
(Polat & Ay, 2016). When the studies are examined in general, it is stated that these process steps are listed as shown in Table 
1. These steps were followed in our study. 

Table 1.Process Steps of Meta-Synthesis Research 

Steps Explanation 

1 Identifying the research problem. 

2 
Determining the appropriate keywords in the subject of 
the work done literature review. 

3 
Provision, review, identification and evaluation of 
resources. 

4 
Determination of the inclusion of exclusion criteria and 
selection of research and study will be evaluated. 

5 

Analyzing selected works and creating common themes 
and sub-themes of these themes, revealing similar and 
different aspects. 

6 Synthesis of the findings obtained within the themes and 



 The effects of STEM and Other Innovative Interdisciplinary Practices 

29                                                                                                 © 2021, Journal of Learning and Teaching in Digital Age, 6(1), 27-39 

making inferences. 
7 Detailed reporting of the process and findings. 

 

Data Collection 

 
National and international databases were used to reach the researches that will contribute to the study. In this process, the 
national databases of some countries (Japan, South Korea, Finland, Netherlands, Pakistan, Taiwan, etc.) were accessed from a 
web page (Networked Digital Library of Theses and Dissertations (NDLTD)). 
In the national databases reached, keywords were used in local languages within the framework of STEM education and it was 
tried to reach the researches published between2009-2019. Parallel studies with this method, Google Scholar, Educational 
Resources Information Center (ERIC), Springer Link, Research Gate YÖK National Thesis Center and University of national 
databases of various countries were sought. 

186 studies were collected including one or more terms STEM, STEAM, STEM Education, STEAM Education, 
Transdisciplinary Instruction, Interdisciplinary Learning, Innovative Application, STEM Experimental. 48 studies were 
included in the study according to the following criteria: 

 Studying the effects of STEM education on various variables (perception, attitude, academic achievement, career, 
scientific process skills, etc.). 

 Clear specification of data collection method used in the operation of the research design. 
 Specifying the sample group to be of considerable size. 
 The keywords of the studies should include STEM, STEAM or any of the interdisciplinary concepts. 
 Specifying the research design. 
 Specify the data collection tool used 

 
Coding Method 

 

The themes of academic research covered by the study, all of the quantitative and qualitative findings were coded as shown in 
Table 2. 

Table 2.Meta-Synthesis Coding Method 

 

 

 

 

 

 

 

 

 

 

 

Researches Included in Meta- Synthesis 

 

Information on the year, type of publication, author, research model, sample group and research theme of the studies included 
in the study are presented in Table 3. 

When Table 3 is examined, it is seen that 5 of them are papers (10.4%), 28 of them are articles (58.3%), 6 of them are master's 
thesis (12.5%) and 9 of them are doctoral thesis (18.8%).The distribution of the studies by years is shown in Table 3. 

Table 3. Distribution of Employees in the Research by Years 
 

 

 

 

Themes Theme 

Coding 

Current Curriculum Opinions CCO 
Classroom Activities CA 
Out of School Applications OSA 
Academic Success AS 
Perceptions of Education POE 
Attitudes Towards Education ATE 
Scientific Process Skills SPS 
Career Awareness CRA 
Opinions on Education OE 
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Our study was carried out as followed by the process steps of 
meta-synthesis as specified in Table 1 and as followed as follows. 

Step 1: Identifying the research problem 
STEM, STEAM and other innovative interdisciplinary training 
activities have been identified as working areas. In this context, the 
effects of these activities on situations such as academic 
achievement, attitude, perception and cognitive process skills were 

examined. In addition, it was aimed to investigate the effects of the practices on students' career awareness and the opinions of 
other important education stakeholders such as teachers, parents, experts and administrators in this field. 

Step 2: Identify the appropriate keywords and search for the literature 
While searching the literature within the scope of the study, words such as STEM, STEAM, interdisciplinary and 
transdisciplinary were used, and within the framework of these keywords, various words were searched in the archives of 
countries, universities and international thesis databases in national languages and English. As a result of these searches, 186 
papers, articles, master and doctoral theses were reached in this context. 

Step 3: Provision, review, identification and evaluation of resources 
The 186 studies reached were grouped in terms of various variables such as country, year, research method and research topic, 
and the themes and explanatory concepts of the themes were identified by using meta-synthesis identification tool and the 
studies were analyzed in order to ensure the interconnection of the studies in different fields. 

Step 4: Determining the inclusion and exclusion criteria of the research and selecting the studies to be evaluated 
48 studies were included in the study considering the representations of the studies obtained in the literature, the studies in 
various regions of the world, the number of participants, research methods, data collection tools used, the suitability of the 
meta-synthesis to the keywords, the clarity and clarity of the expressions in the results stage. 

Step 5: Resolving selected conflicts, creating common themes and sub-themes of these themes, revealing similar and 
different aspects. 
48 studies in selected different languages (43 English, 3 Japanese, 1 Korean, 1 Portuguese) are ready to be transferred to 
tagged tables in terms of information such as author, year, publication type, data collection tools, sample group, and sample 
selection method was introduced. 

Step 6: Synthesizing the findings of the themes and making inferences 
It was determined which themes (views on current curriculum, academic achievement, scientific process skills, views on 
education, perceptions on education, etc.) were chosen in terms of STEM and other innovative interdisciplinary trainings. It is 
grouped. 

Step 7: Detailed reporting of the process and findings. 

The data were grouped according to various variables.

Table 4.Studies and Codes Included in Meta-Synthesis 

Working 

Code 
Year Post Type Author 

Research Model 

Sample Group Theme1 

C1 
2019 Article Lin, Wang, & Wu aMixed Method Research 

b149 Student(High School) 
CA, AS, 
SPS 

C2 
2019 DoctoralThesis Flick 

aMixed Method Research 
b206 Student (Mid-School), 
32 Parents, 8 Teacher 

AS,  
OE 

C3 
2018 Article 

Taylor, McLean, 

Duncan, Jayasuriya, 

Dodd, & Whiting 

aQualitative method research 
b115 Student(High School) OSA 

C4 
2018 Master Thesis Mutakinati aMixed Method Research 

b271 Student (Mid-School) 
CCO, SPS, 
POE, ATE 

C5 
2018 Article 

Blotnicky, Odendaal, 

French, & Joy 
aMixed Method Research 
b1448 Student (Mid-School) 

OSA, CA, 
SPS, CRA 

Year Frequency Percent 

2009 1 2,1 
2011 1 2,1 
2012 3 6,3 
2013 1 2,1 
2014 6 12,5 
2015 4 8,3 
2016 7 14,6 
2017 13 27,1 
2018 10 20,8 
2019 2 4,2 



 The effects of STEM and Other Innovative Interdisciplinary Practices 

31                                                                                                 © 2021, Journal of Learning and Teaching in Digital Age, 6(1), 27-39 

C6 
2018 Article 

Vossen, Henze, Rippe, 

Van Driel, & De Vries 
aQuantitative method research 
b1625 Student (Mid-School 
and High School) 

SPS, POE 

C7 
2018 Article 

Shin, Rachmatullah, 

Roshayanti, Ha, & Lee 
aQuantitative method research 
b2171 Student (Mid-School 
and High School) 

CA, CRA, 
ATE 

C8 
2018 Article Tran aMixed Method Research 

b183 Student (Mid-School) 
ATE, POE, 
CRA 

C9 
2018 Article 

Rusman, Ternier, & 

Specht 
aMixed Method Research 
b26 Student(Primary School) AS, CA 

C10 
2018 Article Koul, Fraser, & Nastitia aMixed Method Research 

b1095 Student (Pre-School) 

POE 
OE 
CRA 

C11 
2018 Doctoral Thesis Jones aQuantitative method research 

b173 Student(High School) ATE, CRA 

C12 
2018 Article 

Kang, Barton, Tan, 

Simpkins, Rhee, & 

Turner 

aQualitative method research 
b1821 Student (Mid-School) ATE, POE 

C13 
2017 Doctoral Thesis Gibson 

aMixed Method Research 
b111 (High School Student, 
Teacher and Parents) 

POE, ATE, 
OE 

C14 
2017 Article Tippett & Milford 

aMixed Method Research 
b103 (Pre-School student and 
teacher) 

ATE, OSA 

C15 
2017 Doctoral Thesis CJ Pozarski 

aQuantitative method research 
b4123 (Middle School, High 
School Students and teachers) 

ATE, AS 

C16 
2017 Article Hsu, Lin, & Yang aQuantitative method research 

b32 Student (High-School) CRA, OE 

C17 
2017 Article 

Cohen, Renken, & 

Calandra 
aQuantitative method research 
b183 Student (Mid-School) 
and 12 Professional Educater 

OSA, OE 

C18 
2017 Article Gumaelius & Nymark aQuantitative method research 

b3439 Student (Mid-School) OSA, ATE 

C19 
2017 Article Achilleos vd. 

aQuantitative method research 
b152 Student (Mid-School and 
High School) 

POE 
ATE 

C20 
2017 Master Thesis Heck aQualitative method research 

b138 Student (High-School) 
OE, AS, 
SPS,  

C21 
2017 Article 

Vennix, den Brok, & 

Taconis 
aQuantitative method research 
b729 Student (High-School) 
and 13 Teacher 

OSA, ATE 

C22 
2017 Article Luneeva & Zakirova 

aQualitative method research 
b200+ Student (High-School) 
and  229 Teacher 

SPS 

C23 
2017 Article 

Mayorova, Grishko, & 

Leonov 
aQuantitative method research 
b2403 Student (High-School) 
and 138 Teacher 

CRA,  
OE 

C24 
2017 Article Sáinz & Müller aQuantitative method research 

b796 Student (High-School) 
ATE, POE, 
CRA 

C25 
2017 Article Mäkelä, Pnevmatikos, 

Immonen, Fachantidis, 

aQualitative method research 
b6 Student (Primary School), 
8 Student (Mid-School) and 4 
Student (High-School) 9 

OE, OSA, 
CRA 
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Kankaanranta, 

&Christodoulou 

teacher, 6 manager, 11 parent, 
7 stem specialist 

C26 
2016 Article King & English aQualitative method research 

b24 Student (Mid-School) CA, OE 

C27 
2016 Article Tamayama vd. aMixed Method Research 

b27 Student (License) ATE, AS 

C28 
2016 Report Tomoki Saito 

aQualitative method research 
b13(Primary School, License 
and Half Expert) 

SPS, OE 

C29 
2016 Master Thesis Cole aQuantitative method research 

b 285 Student (License) 
SPS, POE, 
AS 

C30 
2016 Article Lin & Williams aQuantitative method research 

b139 Teacher CCO, OE 

C31 
2016 Article 

Park, Byun, Sim, Han, 

& Baek 
aQuantitative method research 
b705 Teacher 

OE, 
CCO 

C32 
2016 Article 

Chonkaewa, 

Sukhummek, & 

Faikhamta 

aMixed Method Research 
b90 Student (High School) 

SPS, AS, 
CA 

C33 
2015 Doctoral Thesis Armknecht 

aMixed Method Research 
b30 Student, 75 Parents and 
17 Teacher 

ATE, OE,  
AS 

C34 
2015 Article Kim & Cho aQuantitative method research 

b37 Student (Primary School) SPS, ATE 

C35 2015 Report 
El-Deghaidy & 

Mansour 
aQualitative method research 
b23 Teacher OE, ATE 

C36 2015 Article Jeong & Kim aQuantitative method research 
b145 Student (Mid-School) 

ATE, POE, 
AS 

C37 2014 Master Thesis Suwarma 
aMixed Method Research 
b784 Student(Primary, Middle 
and License) 

OSA, SPS, 
OE 

C38 2014 Article Kong & Huo aMixed Method Research 
b50 Student (Primary-School) ATE, POE 

C39 2014 Report Nomura & Ito aMixed Method Research 
b31 Student (Primary-School) 

ATE 
SPS 

C40 
2014 Article Meng, Idris, & Eu aQuantitative method research 

b1005 Student (Mid-School) 
POE 
CA 

C41 
2014 Doctoral Thesis Rabalais 

aQuantitative method research 
b36000+ Student (High-
School) 

AS, POE, 
ATE 

C42 2014 Master Thesis El Sayary 
aMixed Method Research 
b1800 Student (High-School) 
and 112 Teacher 

CA, 
SPS, OE 

C43 2013 Article 
Knezek, Christensen, 

Wood, & Periathiruvadi 
aQuantitative method research 
b246 Student (Mid-School) 

SPS, ATE, 
POE, OE, 
CA, AS 

C44 2012 Doctoral Thesis Olivarez aMixed Method Research 
b176 Student (Mid-School) AS, SPS 

C45 2012 Master Thesis Egli 
aQualitative method research 
b16 Teacher 
 

CA, OE,  
SPS 
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C46 2012 Article Oh, Lee, Kim, & Kim aQuantitative method research 
b24 Student (Mid-School) SPS, ATE 

C47 2011 Doctoral Thesis Mustafa 
aMixed Method Research 
b60 Student (High-School) 
and 681 teacher  

CA, AS, 
OE, CCO 

C48 2009 Doctoral Thesis Peng aQuantitative method research 
b255 Student (Mid-School) 

SPS, CA, 
ATE 

1The explanations of the codes are shown in Table 2. 

RESULTS 

 

Meta-synthesis was conducted in 4 different languages (43 English, 3 Japanese, 1 Korean, 1 Portuguese) from 21 countries around 
the world. The distribution of the studies by countries is as shown in Table 5. 

Table 5. Distribution of Countries Applied to the Research 

Country Frequency Percent 

United States of America 14 29,2 
European 1 2,1 
Australia 2 4,2 
United Arab Emirates 1 2,1 
Brazil 1 2,1 
Indonesia& South Korea 1 2,1 
Indonesia& Japan 2 4,2 
Finland&Greece 1 2,1 
South Korea 5 10,4 
Netherlands 3 6,3 
Spain 1 2,1 
Swedish 1 2,1 
Japan 2 4,2 
Canada 2 4,2 
Malaysia 1 2,1 
Pakistan 1 2,1 
Russia 2 4,2 
Saudi Arabia 1 2,1 
Thailand 2 4,2 
Taiwan 3 6,3 
New Zealand 1 2,1 

 

When Table 5 is examined, it is seen that the 14 most studies are selected from the United States, 21 studies from Asian countries, 
7 studies are conducted in European countries and the other 6 studies are conducted in different continents. The research models 
of the studies are shown in Table 6. 

Table 6.Distribution of Research Model 

Research Model Frequency Percent 

Quantitative Research 22 45,8 
Qualitative Research 9 18,8 
Mixed Method 17 35,4 

 

When Table 6 is examined, it is seen that the studies to be included in the meta- synthesis study are quantitative and mixed model 
studies (81.2%) as the research model. The data collection tools used by the quantitative and qualitative models in the researches 
are shown in Table 7. 

 

Table 7.Data Collection Tools Used in Research 
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Model Data Collection Tool Frequency Percent 

Qualitative 
Model 

Drawing 1 0,8 
Open-Ended Questions 11 8,3 
Semi-Structured Interviews 9 6,8 
Interview Form 13 9,8 
Observation 12 9,1 
Audio Recordings 5 3,8 
Video Recordings 1 0,8 

Quantitative 
Model 

Scale 34 25,8 
Survey 23 17,4 
Academic Achievement Test 16 12,1 
Scientific Process Skill Test 6 4,5 
Transcript Information 1 0,8 

 

When Table 7 is examined, it is seen that interview form, observation, open-ended questions and semi-structured interviews are 
used extensively in the researches that use qualitative model as research model. In the quantitative model research, questionnaire 
and scale were used extensively, while academic achievement tests were preferred in this process. Sample selection methods of 
the studies are shown in Table 8. 

Table 8.Sample Selection Method 

Sample Selection Method Frequency Percent 

Random 4 8,3 
Easily Accessible Sampling 32 66,7 
Purposeful Sampling 12 25 

 

When Table 8 is analyzed, it is seen that most of the studies (66.7%) prefer easy-access sampling in sample selection. The reason 
for this is the limitation of time variation in studies conducted on students. The values showing the sample groups in the studies 
within the scope of the research are given in Table 9. 

Table 9. Sample Groups in the Studies 

Sample Groups Frequency Percent 

Pre-School 2 2,6 
Primary School 8 10,4 
Middle-School 21 27,3 
High School 19 24,7 
License 4 5,2 
Teachers 16 20,8 
Parents 5 6,5 
Experts 1 1,3 
School Administrators 1 1,3 

 

When the study groups in Table 9 were examined, 21 students (27.3%) were the most preferred secondary school students. This 
group was followed by high school (24.7%) with 19 studies and teachers with 16 studies (20.8%), respectively. In some studies, 
there were more than one sample preferences such as the selection of teachers and students as sample groups or the selection of 
high school and secondary school students as student levels. 

As a result of step 5 of Table 1, “Analysis of selected studies, creating common themes and sub-themes related to these themes, 
revealing similar and different aspects”, all selected articles were examined and common themes and sub-concepts related to these 
themes were formed are shown as shown. 

Table 10. Key Phrases and Concepts 

Themes Key Phrases and Concepts Frequency Percent 

Current Curriculum Opinions 
The existing curriculum has a negative 
impact on the implementation of 
innovative methods. 

2 0,80% 

Out-of-School Applications Out-of-school activities are effective 8 3,10% 
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on learning. 
Out-of-school activities influence 21st 
century skills. 4 1,60% 

Classroom Activities 

The opinions of the students about 
classroom activities are positive. 19 7,40% 

Classroom activities are effective on 
scientific creativity and problem-
solving processes. 

14 5,40% 

Academic Success 

Applications have favorable impact on 
academic achievement. 19 7,40% 

Applications do not have a significant 
impact on academic achievement. 1 0,40% 

Perceptions of Activities 
Gender is effective on perceptions. 12 4,70% 
School type is effective on 
perceptions. 1 0,40% 

Attitudes Towards Events 

Gender is effective on attitudes. 14 5,40% 
Parents' education level is effective on 
attitudes. 6 2,30% 

Activities have a positive effect on 
student attitudes. 32 12,40% 

Scientific Process Skills Activities have an impact on scientific 
process skills. 19 7,40% 

Career Awareness 

Activities have an impact on students' 
choice of profession. 11 4,30% 

Activities affect interest in STEM 
areas. 17 6,60% 

Activities have a positive impact on 
students' orientation to engineering 
areas. 

4 1,60% 

Opinions on Education 

Trainings include problem solving; 
motivation, interest etc. are effective 
on. 

27 10,50% 

It is necessary for students to teach 
engineering processes. 6 2,30% 

The reason for the non-
implementation of activities is time, 
cost and physical conditions. 

12 4,70% 

Teachers don’t have sufficient prior 
knowledge of innovative activities. 8 3,10% 

Activities have an impact on pre-
service teachers' perceptions of 
interdisciplinary education. 

4 1,60% 

Activities are concentrated around the 
concept of science. 1 0,40% 

Teachers' attitudes towards STEM are 
generally positive. 14 5,40% 

 
Class level is an important factor in 
the practicing activities. 

3 1,20% 

 

As can be seen in Table 10, the common concepts of the studies were formed. When the findings of the data obtained from 48 
studies were examined: 

When the views of C4and C47 studies on the current curriculum are examined, it is seen that the existing curricula based on 
knowledge and memorization and the textbooks created within these curricula are not sufficient and supportive for STEM and 
other interdisciplinary applications. In 8 studies out-of-school practices carried out within the framework of interdisciplinary 
activities, studies have positive effects on students' learning, and in 4 studies, students have positive effects on 21st century skills 
such as problem solving, discussion and interpretation. It was stated that the students' views on innovative interdisciplinary 
activities were positive in 19 of 33 studies in which classroom activities were carried out. In 14 studies, it was stated that activities 
had positive effects on scientific creativity and problem solving processes. 

As a result of the evaluations made in 19 of the studies, it was stated that the activities had positive effects on the academic 
achievement of the students. However, in the doctoral dissertation study conducted by Armknecht (2015) with 30 students, 75 
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parents and 17 teachers, no significant effect was observed on the academic achievement of the students. Gender has an impact on 
perceptions of STEM and other innovative interdisciplinary activities. In addition, in one study (C40), it was observed that the 
school type factor was important. 

When the data collected about students 'attitudes towards the activities were examined, it was observed in 32 studies that students' 
attitudes towards STEM and other innovative interdisciplinary approaches were positive. In 14 studies, it was observed that 
gender factor was effective on students' attitudes, and in 6 studies, it was observed that the education level of parents was an 
important factor. Positive evaluations were made in 19 studies that examined the effects of the studies on scientific process skills. 

In 11 of 32 studies examining the effects of STEM and other innovative interdisciplinary approaches on the course of career 
awareness, it was evaluated that the activities were effective in students' choice of profession. In 17 studies, it was observed that 
the activities affected the interest in STEM fields in terms of career awareness and in 4 studies it increased the interest in 
engineering fields. 

In the studies, opinions of the important stakeholders of education such as students, teachers, parents, experts and administrators 
about education were also examined. When the findings obtained from the studies involving teachers and parents were examined, 
27 of these studies showed that problem-solving, motivation, interest, etc. of the course environments created by STEM and other 
interdisciplinary methods. Variables were observed. 12 studies stated that such applications require certain cost, duration and 
physical conditions (technological infrastructure, workshop, etc.), but that one or more of these applications are not or cannot be 
realized due to lack of efficiency. 

When the opinions on the trainers were examined, it was observed that the opinions of the trainers towards STEM and other 
innovative practices were positive in 14 studies. However, it was stated in 8 studies that pre-service teachers do not have the 
pedagogical knowledge and other preliminary information required to carry out these studies efficiently. 

DISCUSSION AND CONCLUSION 

In our study, a total of 48 studies examining STEM and other innovative interdisciplinary approaches in various countries of the 
world in the last 10 years (2009-2019) were combined into a meta-synthesis. Care was taken to include the studies in different 
countries of the world. All of the research studies are published in foreign languages occurred outside of Turkey. 

When the findings obtained from the studies were examined, it was observed that the learning environments created using STEM 
and other innovative interdisciplinary methods had positive effects on the variables such as academic achievement, attitude, 
perception, motivation and scientific process skills. As a result of observing these values, it is observed that the opinions of other 
stakeholders (teachers, parents and experts, etc.) on the way of teaching the courses and creating such innovative learning 
environments are positive (Table 10). 

At the beginning of the study, STEM, STEM Education, STEAM Education, Transdisciplinary Instruction, Interdisciplinary 
Learning, Innovative Application, STEM Experimental terms were used in the literature search in the field of STEM and 186 
studies were reached from different countries. When these studies are examined, it is seen that countries tend to use STEM and 
other innovative interdisciplinary approaches in national education systems. In addition, when Table 4, which shows the 
distribution of such studies by years, can be observed numerically as we approach today. 

As a result of the researches and necessities of STEM, which is the popular name of interdisciplinary practices, various 
integrations such as art and entrepreneurship fields are realized. In some countries, projects and practices using innovative 
interdisciplinary approaches are carried out under different labels. In Turkey, technological infrastructure improvement 
movements and various national projects support STEM applications. Examples of these are science fairs and the Project for 
Improving Opportunities and Technology Improvement (FATIH) Project conducted by TUBITAK. 

In a report published by Ulutan (2018) within the Ministry of National Education, it is seen that innovative interdisciplinary 
practices in the world countries appear in different ways, sometimes on project-based and institutional basis. For example, 
Selective STEM Schools, which accept students according to certain criteria in the United States, include Inclusive STEM 
Schools and Inclusive STEM Schools, which are created to create and guide career awareness to students of all socioeconomic 
groups, and in particular minority groups, without academic achievement. STEM-Focused Career and Technical Education 
(STEM), which provides training similar to the vocational and technical education institutions in our country. Looking at 
European countries, not every country focuses on a common issue, while countries such as Germany, Norway and the Netherlands 
tend to increase women's interest in science, while some countries focus more on minorities. Figure 1 shows countries with 
general and local strategies in Europe. 
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Figure 1. Countries with a General National Strategy for Science Education in Europe 
 

The inadequacy of existing curriculum programs in countries has a negative impact on STEM practices. In the studies conducted 
by Mutakinati (2018) and Mustafa (2011), STEM and other innovative interdisciplinary activities were evaluated in terms of the 
book and information based examination system used as a sign of restrictive situation. 

From the assessments on teachers, who are one of the important stakeholders of education, to their proficiency in processing 
courses using STEM and other innovative interdisciplinary methods, before service and service a significant number of teachers 
do not feel adequate about this.However, since teachers' attitudes towards STEM are observed to be positive, it is observed that 
teacher training is efficient in order to increase their proficiency in STEM and other innovative interdisciplinary training. it is 
necessary to be carried out in some way supported by national studies. 

In some countries, it is seen that the STEM model is tried to be integrated into the national assessment exams. In a study 
conducted by Gumaelius and Nymark (2017) and included in our meta- synthesis study (C18), the Teknikattan exam, which is a 
science, mathematics and technology tournament involving 15-year-old students in Sweden, includes approximately 30% of the 
target group each year. The results obtained are examined on the basis of various values such as gender, academic achievement 
and whether the findings can be used to evaluate the knowledge of the youth in related subjects and whether such assessment can 
form a common understanding of the knowledge of the youth. This kind of exam activities that measure 21st century skills can be 
considered to provide a more valid and accurate career guidance for students according to their own skills. 

SUGGESTIONS 

When the 48 studies included in the meta- synthesis study are examined, it is seen that STEM practices differ in terms of the areas 
covered by the national and international way of application, the mass applied and the label used. In this case, in terms of all 
education stakeholders in each country to analyze their demographics, attitudes, expectations and opinions of assessment, perform 
research in terms of various factors and pilot applications in the pre-event STEM and other innovative interdisciplinary 
applications of great importance in order to avoid the problems which can be experienced later to implement all the consequences 
thereof it is. 

STEM and other innovative interdisciplinary applications while performing grade level of students, readiness, regional 
differences, gender factors, such as factor in school types must be considered. Taking into account the effects of these factors, 
more efficient and inclusive activities can be realized as a result of the design of the activities specific to the region. 

Necessary technological and educational infrastructure studies should be carried out considering the regional factors in terms of 
STEM activities. It is of great importance that innovative interdisciplinary activities are spread throughout the country and that 
every child is given important opportunities in order to achieve very useful outcomes. 

While innovative interdisciplinary approaches are realized within the framework of labels such as STEM, STEAM and ESTEM 
today, the areas covered by it have increased over the years, as seen in our meta- synthesis contents, and a quantitative and 
qualitative development has been observed. In this case, when the conditions in our country, an innovative interdisciplinary 
approach to the curriculum and made according to the needs of renovation work to be carried out to cover all educational content. 

The teacher is undoubtedly the most important factor in all of the innovative practices in the field. Our teachers should receive the 
necessary trainings efficiently both before and during the service. In order to implement and maintain innovative practices 
efficiently, all of these need to be adopted by teachers and provided with opportunities for implementation (time, cost, physical 
conditions, etc.). When the studies were examined, it was seen that exam anxiety in the current curricula negatively affected 
STEM practices (C47). In order to make the evaluations more valid and to reach the career opportunities of the students more 
accurately, the content of the national assessment exams are shaped while similar practices such as Teknikattan exam are carried 
out and the results can be integrated into the examination systems after analyzing and evaluating (C18). 

In summary, many studies have shown that the interdisciplinary approach has achieved fruitful results in order to ensure the 
activeness of the student, regardless of which label. It is observed that training should be evaluated and specially prepared in 
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various aspects for all stakeholders in order to carry out these practices efficiently. When the current educational strategies and 
exam systems of the countries are established within the framework of this understanding, it can be seen that concerns such as 
inability to develop the existing curriculum during the time, duration and implementation phase may disappear over time. This can 
positively affect the attitudes and perceptions of all stakeholders towards activities. Thus, activities can be realized more 
efficiently and purposefully. 
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