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This study involves bibliometric analysis of the scientific researches published in
STEM education subject area. For this purpose, 2,313 studies about STEM
education, published between 1992 and 2017 were analyzed bibliometrically and
the trend of the last 26 years was revealed. Web of Science Core Collection database
was scanned for “STEM Education” keyword and bibliometric data belonging to the
studies were obtained. The studies were analyzed under the following sub-headings:
number of publications per year, types of publications, language of publications,
citation analysis, country collaborations, common citation networks and concept-
topic tendencies. It is aimed to identify main authors who have conducted researches
in the subject area and the works that they have done, as well as to determine the
interaction between them. In addition, a word analysis was also conducted within
the study in order to determine the concepts used in the researches published in
STEM education area and covered in the data set. As a result of the analysis,
collaborations and relationship patterns were visualized in the form of cognitive
maps. In addition, the layout of the country collaborations, journals, authors,
publications and concepts that form the sources of the citations in the network was
evaluated.
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Caligmada STEM egitimi konu alaninda yayimlanan bilimsel arastirmalarin
bibliyometrik analizi gerceklestirilmistir. Bu kapsamda, STEM Egitimi hakkinda
1992-2017 yillar1 arasinda yayimlanan 2313 c¢aligma bibliyometrik agidan incelenmis,
son 26 yildaki egilim ortaya konmustur. Web of Science Core Collection veri
tabaninda “STEM Egitimi” konu bagliginda tarama gerceklestirilmis ve galigmalara
ait bibliyometrik verilere ulasilmigtir. Caligmalar; yillara goére yayin sayilari, yayin
tiirleri, yayin dilleri, atif analizleri, iilke isbirliktelikleri, ortak atif aglari ile kavram-
konu yodnelimleri alt basliklarinda incelenmistir. Veri setinde yer alan ¢aligmalarin
ortak atifta bulundugu yazarlar ve eserler de caligma kapsaminda incelenmistir.
Boylece, STEM egitimi konu alaninda arastirmalar yapan 6nemli yazarlarin ve
meydana getirdikleri eserlerin belirlenmesi ve aralarindaki etkilesimlerin tespit
edilmesi amaglanmistir. Ayrica ¢alismada, STEM egitimi alaninda yayimlanan ve veri
setinde yer alan aragtirmalarda kullanilan kavramlarin belirlenmesi i¢in kelime analizi
gerceklestirilmistir. Analizler sonucunda isbirliktelikler ve iliski Oriintiileri biligsel
haritalar geklinde gorsellestirilmistir. Caligmada ayrica iilke igbirliktelikleri, atif
kaynagi dergiler, yazarlar, yaymlar ile kavramlarin agdaki konumlari
degerlendirilmistir.
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Bibliometric Analysis of STEM Education Publications

Introduction

The rapid change occurred in science and technology is defining a new type of individual, who produces the
knowledge, who can use it effectively in daily life, who can solve problems, who thinks critically and who is
enterprising, along with the changing needs of the individual and the community (Ministry of National Education
[MNE], 2018).

Making students experience science and engineering practices in school became important for the countries to
enhance their research and technologic development capacity, socioeconomic growth and competitive advantage.
The purpose of engineering and technology-oriented applications in education is helping students to make the
connections between engineering and science, to understand the interactions between disciplines and to develop a
worldview by practicing their learning. Nowadays, educators of many countries emphasize the importance of
providing science, technology, engineering and mathematics disciplines together (Bagiati & Evangelou, 2015;
Furner & Kumar, 2007; Guzey, Thank, Wang, Roehrig, & Moore, 2014; Stinson, Harkness, Meyer, & Stallworth,
2009; Yildirim & Selvi, 2017).

In the new secondary school curriculum published by the Ministry of National Education in 2018, science and
engineering applications are implicitly covered in many units. This program aims to equip students with
engineering and design skills. This objective includes the integration of science with mathematics, technology and
engineering, and the provision of an interdisciplinary perspective to problems. In this manner, students may
achieve the ability of making invention and innovation; they may form products by using the knowledge and skills
that they have acquired; and develop strategies about how to add value to these products.

With the depletion of the resources in the world, the technological innovation race between countries has gained
pace. The countries are reviewing their education policies in order to be ahead in this race. Provision of four basic
disciplines in a systematic way is called as Science, Technology, Engineering and Mathematics (STEM) education,
which is an abbreviation formed by combining the initials of the words “Science, Technology, Engineering and
Mathematics” (Yildirim, 2014). Although the history of the STEM concept dates back to the beginning of the
1980s, the basis of its emergence is the gradual decrease in the interest of US students in science, mathematics and
engineering (Breiner, Harkness, Johnson, & Koehler, 2012; Ostler, 2012). During1990s, in the United States,
National Science Teachers Association - NSTA, National Council of Teachers of Mathematics - NCTM,
researchers, employers, faculties and students have constantly stated that there is a need for innovation in science,
mathematics, engineering and technology teaching (AAAS, 1989, 1993). This program, known as SMET (Science
Mathematics, Engineering, Technology), has been named as STEM by the National Science Foundation (NSF) in
2001 and it came to today (Sanders, 2008). With this program, it has been aimed that the students gain experience
of inquiry-based teaching learning in schools. The program is also a step towards a program that gives students
technical knowledge and skills, prepares students for real life, and prioritizes the needs and skills of modern
business life. In the European Union's report published in 2007, it was emphasized that science and technology
education alarmed throughout Europe, especially the interest of young people in science, technology and
mathematics fields was constantly decreasing and the need for an effective action plan was emphasized (European
Commission, 2007). STEM education approach provides students with an interdisciplinary point of view from an
early age and puts emphasis on technology and engineering by providing information to be put into practice in a
concrete manner (Aydeniz, Cakmakci, Cavas, Ozdemir, Akgiindiiz, Corlu, & Oner, 2015). Interest in STEM
education is increasing day by day. Research on this subject is also increasing (Bybee, 2010; English, 2016; Honey,
Pearson, & Schweingruber, 2014; Kuenzi, 2008; Sanders, 2008; Sgoutas-Emch, Baird, Myers, Camacho, & Lord,
2016; Zeidler, 2016). Increasing interest in the subject and increasing the number of scientific studies carried out
in this context reveal the necessity to summarize the subjects studied and the results. Today, as a result of rapid
production and dissemination of information, literature records that have become a heap on a certain subject can
be summarized with bibliometric methods.

Bibliometrics is the application of statistics and mathematical methods to the books and similar communication
environments (Pritchard, 1969). Bibliometric analysis can be defined as the statistical analysis of scientific
research. In bibliometric research, various findings are obtained by analyzing the works according to their specific
characteristics (author names, keywords, methods used, citations, etc.) (Al & Costur, 2007). In this way, the
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performance of authors, institutions and countries can be evaluated. The structure and dynamics of the investigated
areas can be statistically visualized by data mapping. Thus, bibliometric studies allow the identification of trends
in the field by quantifying the literature in a given area (Kasemodel, Makishi, Souza, & Silva, 2016; Koseoglu
2016). The citation analysis performed in bibliometric studies also allow the evaluation of the qualifications of
scientific publications. With these characteristics, bibliometric analysis is distinguished from the meta-analysis
which aims to reveal the existence of an effect, to evaluate the inconsistency in scientific papers and to investigate
its cause, and to investigate the heterogeneity between studies. However, bibliometric analysis shows similarities
with content analysis which aims to combine similar data in the framework of determined concepts and themes
and interpret them in a way that readers can understand (Yildirim & Simgsek, 2016).

Social network analysis is used in bibliometric studies to examine scientific cooperation and co-citation
relations (Gilizeller & Celiker, 2017). Social network analysis is an important tool for identifying information
networks that are effective in the development of research area. Thanks to the social network analysis, it is possible
to visualize the networks of collaboration between authors and institutions and co-citation networks, so that
important actors in the research area can be identified. (Karagéz & Yiinci, 2013).

The most important data sources of bibliometric researches are international scientific citation indexes,
particularly Science Citation Index (SCI), Social Science Citation Index (SSCI) and Art & Humanities Citation
Index (A&HCI). These indexes can be accessed through Web of Science Core Collection database. Web of Science
(WoS) makes a significant contribution to bibliometric studies as a database that contains bibliometric data about
the scientific publications scanned in these indexes (Giizeller & Celiker, 2017).

The purpose of this study is to conduct bibliometric analysis of the scientific researches published in STEM
education subject area to find out general layout of the scientific knowledge and scientific communication structure
of the field using an objective method, driven from the data. Thus, the development of research in the field of
STEM education can be determined. Another aim of this study is to contribute to creating a road map by giving
light to those who will work in this field in the future.

The review of bibliometric studies in the literature revealed that there are many domestic and international
studies evaluating the articles published in the journals, graduate theses, and papers presented at congresses and
symposia (Besel & Yardimcioglu, 2017; Bornmann & Mutz, 2015; Fahimnia, Sarkis, & Davarzani, 2015; Heradio,
de la Torre, Galan, Cabrerizo, Herrera-Viedma, & Dormido, 2016; Khan, Ullah, Riaz, Bhulani, Manning,
Tridandapani, & Khosa, 2017; Kutluca, Birgin, & Giindiiz, 2018; Mao, Liu, Du, Zuo, & Wang, 2015; Marshakova-
Shaikevich, 2005; Martinez-Pulgarin, Acevedo-Mendoza, Cardona-Ospina, Rodriguez-Morales, & Paniz-
Mondolfi, 2016; Santos, Costa, & Grilo, 2017; Yilmaz, 2017). On the other hand, there is no STEM education-
related bibliometric study in the domestic literature whereas it is very rare in international literature.

Assefa & Rorissa (2013) aimed to identify major knowledge areas that characterize STEM education by
analyzing the title of the papers, keywords and abstracts of the papers in Web of Science and ERIC databases. In
addition, researchers analyzed the studies that they have scanned through common word analysis method. For this
purpose, a total of 7,265 books, papers, articles and theses containing STEM and STEM education words, which
have been published between 1901 (the start of the engineering education) and 2010, have been scanned in the
Web of Science and ERIC databases and the following questions were addressed: a) What are the main knowledge
areas covered in STEM and STEM education? b) How to benefit from these visualizations and maps while
developing a curriculum? c¢) What information can educational programmers get from these visual maps? The
authors also addressed the questions of how STEM education will be shaped in the future, what are the basic
knowledge areas and relationships in STEM and STEM education, resource management and how these results
can be utilized for professional development activities.

In 2016, Yu, Chang and Yu have examined 385 works that include “STEM Education” keyword among the
journals scanned between 1992 and 2013 in SSCI (Social Science Citation Index). As a result, they observed that
there is a rapid increase in STEM education-related studies since 2008. Looking at the contributions of the country
showed that most of the studies have been conducted in USA (52%), England (9%), Netherland (4%), and Australia
(4%). The analysis of the STEM education-related resources showed that Educational Researches (51%),
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Psychology (32%), Engineering (23%), and Medical Science Researches (12%) were the subject areas that have
been mostly reviewed. Regarding the keywords used for STEM, researchers found that the words STEM (4.16%),
Science Education (4.16%), STEM education (3.64%), Higher Education (2.86%), and Education (2.60%) have
been used the most.

Method

In this context, Web of Science Core Collection database was scanned for “STEM Education” keyword to
reach research data. As a result of the scan performed in Web of Science, a total of 5,505 scientific researches
were accessed. By limiting the data with the researches performed in educational science area, 2,532 scientific
researches, published between 1992 and 2018 were found. Considering that the number of studies and citations
are subject to change for the year 2018, it was decided to perform the study within the scope of the scientific
researches published between 1992 and 2017. Accordingly, the study was conducted using 2,313 scientific
publications.

In the study, detailed information of 2,313 publication (year of publication, type of publication, publication
language, title, author name, author country, number of citations, abstract, keywords and bibliography) was used.
In the study, first Web of Science database was scanned to find out the number, type, publication language and
frequency of citation of the scientific researches published in STEM education subject area according to years.
The time periods, when the STEM education-related publications are intensified were identified regarding the
frequency distribution of the studies according to years. In addition, the works with the highest number of citations
were also identified.

The joint works of the authors who have scientific publications in STEM education subject area have been
examined and the dominant countries of the field were determined regarding the countries of the authors. While
performing the analysis, if a publication contained two or more authors from the same country, the country was
counted for once. Moreover, the journals, in which significant works referred by the researches in the data set have
been published, were also identified,

The authors and the works that the studies in the data set cited were also examined in the scope of the study.
In this way it was aimed to determine the important authors who have conducted researches in STEM education
subject area and the works that they have produced, as well as identifying the interactions among them.-Common
citation analysis allows to understand prominent research topics in a particular field in terms of paradigm shifts,
relationship among the dynamics of the intellectual structure and periodic changes (Nerur, Rasheed, & Natarajan,
2008). In this regard, the outcomes of common citation analysis of the publications enable us to determine topic
clusters in STEM education area. While determining the topics mostly investigated in the area, the works cited by
the studies are clustered according to the similarity of the topics, so the titles of the clusters present the general
layout in terms of the topics examined in the area. In addition, a word analysis was also conducted in the study in
order to determine the concepts used in the researches published in STEM education area and covered in the data
set.

Social network analysis was used to determine the countries of the authors who lead the researches, as well as
the concepts that are frequently used in STEM education area; to identify the authors, works and the journals in
which these works have been published; and to visualize the relationships associated to them. Social network
analysis, is a mapping analysis aiming to reveal and visualize mathematical relationships-based patterns by using
meta data of the scientific studies (Boyack & Klavans, 2010; Klavans & Boyack, 2011). Social network analysis
was performed through Citespace Il software, which is a Java application used to visualize and analyze the trends
and changes occurring in a scientific area or topic (Chen, Ibekwe-Sanjuan, & Hou, 2010).

As a result of the analysis, collaboration and relationship patterns were visualized in the form of cognitive
maps; network density, modularity and mean silhouette values, which have a statistical importance for the structure
and performance of the network, were calculated for each network. Among these statistical values, network density
shows the coverage of the social network and it is a measure showing how much of the possible relations are
actually established (Genger, 2017). In other words, network density shows how much of the potential connections
are used in a network (Al & Dogan, 2012). Modularity value measures the strength of division of a network into
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modules. Modularity values vary between 0 and 1. Values close to 1 indicate closer relationships and connections
within the clusters. A low modularity value indicates a network that cannot be reduced to modules with clear
boundaries, whereas high modularity value means a well-structured network (Chen et al., 2010). On the other
hand, mean silhouette value varies between -1 and 1 and values close to 1 means that the actors in the network are
consistent, similar and a strong clustering (Giizeller & Celiker, 2018; Li, Ma, & Qu, 2017; Simovici, 2007).

In the study, the collaboration between countries, the journals that form the source of citations, authors,
publications and the locations of the concepts in the map were evaluated according to their betweenness centrality.
Each node in the network shows a country, whereas each link indicates the relations between countries. As the
number of connections increases, the connections between the nodes become thicker (Uksul, 2016). The metric of
betweenness centrality is defined for each node in a network. Betweenness centrality measures the centrality of a
node on a path that connects the other nodes in the network (Chen et al., 2010). In other words, it measures the
extent to which it has connections with other nodes that are not interconnected; higher value indicates that it acts
as a bridge connecting the other nodes (Ni, Sugimoto, & Robbin, 2017). In addition, citation burst of the countries
of the researches’ authors and the concepts frequently used in the researches included in the data set were
determined according to the citations that they have got. Citation bursts were also identified for the authors, works
and important journals in which these works have been published, cited by the researches included in the data set.
Citation burst reveals whether a certain frequency function had statistically significant fluctuations in a short time
interval over the whole time period (Chen et al., 2010). The determination of the authors and works of intense
interest of researches have a particular importance for understanding periodic changes (Yalgin & Yayla 2016:
298). Regarding the topic orientation of the papers, Term Frequency-Inverse Document Frequency (TFIDF) and
Log Likelihood Ratio (LLR) algorithms were used (Gilizeller & Celiker, 2017) and recent topics studied on STEM
education field were identified.

Findings

In this study, the publications were analyzed according to the number of publications per year, type of
publications, language of publication, citation analyzes, country collaborations, co-citation networks and concept-
subject orientations and the following findings were reached. In addition, a word analysis was performed in the
study, cooperative and relationship patterns were visualized as cognitive maps.

Number of Publications According to Years

The review of the 2,313 studies published between 1992-2017 in STEM education subject area showed that
the highest number of researches were published between 2013-2017 (n=1,671). According to the findings in Table
1, although there has been a total of 155 publications in 16 years from 1992 to 2007 in the field STEM education,
it can be said that the academic interest in this field has dramatically increased since 2008. The publication rate of
the 10 years, in the period of 2008-2017, constitutes 93.3% of the total publications.

Table 1. Distribution of Publications by Years

Years Frequency (n) Percentage (%)
1992-1997 41 1.8
1998-2002 26 11
2003-2007 88 3.8
2008-2012 487 21.1
2013-2017 1,671 72.2
TOTAL 2,313 100

Types of Publication
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As can be seen from Table 2, the publications were published in 7 different ways according to their types
(Article, Paper, Editorial Material, Criticism, Book Review, Correction and Book Section). Since some of the
studies were evaluated by Web of Science within the scope of more than one publication type, the ratios were
calculated based on the number of 2,333 publications. From 1992 to 2017, mostly article type (1,297 pcs) and
paper type (956 pcs) publications were published, which were followed by Editorial Materials (36 pcs), Critics
(32 pcs) Book Reviews (9 pcs), Corrections (2 pcs) and Book Section (1 pcs) types.

Table 2. Distribution of Publications According to Type

Type of Publication Frequency (n) Percentage (%)
Acrticle 1,297 55.6
Paper 956 41.0
Editorial Material 36 15
Critics 32 14
Book Review 9 0.4
Correction 2 0.1
Book Section 1 0.0
TOTAL 2,333 100

Language of publication

As can be seen from Table 3, the studies have been published in 11 different languages, but predominately in
English (n=2,251). The reason of encountering such a result is that scientific communication is performed in
English around the world. English was followed by Spanish (25 publications), Portuguese (17 publications),
Turkish (5 publications), Russian (4 publications), German (3 publications) and other languages (Chinese (2),
Croatian, French, Bulgarian, Czech, Italian and Slovak).

Table 3. Distribution of Publications According to Languages

Language Frequency (n) Percentage (%)
English 2,251 97.3
Spanish 25 1.1
Portuguese 17 0.7
Turkish 5 0.2
Russian 4 0.2
German 3 0.1
Other 8 0.3
TOTAL 2,313 100

Citation Analysis

A total of 62,005 resources were cited by 2,313 studies published in STEM education subject area. The total
number of citations made to these 2,313 studies was found to be 11,359, where 883 of them were the citations of
the authors to their own works. Maximum citation was received in 2017, with 2,509 citations. Among 2,313
publications, average number of citations per study is 4.91, whereas yearly average citation is 420.70. H-index of
the publications was calculated to be 46. Accordingly, it can be said that there are 46 publications with at least 46
citations in STEM education subject area.

Table 4. Number of Citations Received according to Years
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Years Number of Received citation Percentage (%)
1992-1997 99 0.9
1998-2002 230 2.0
2003-2007 472 4.2
2008-2012 1,829 16.1
2013-2017 8,729 76.8
TOTAL 11,359 100

According to the findings in Table 4, the number of citations was 99 between 1992 -1997, whereas it was
between 230 between 1998 - 2002, 472 between 2003-2007, 1,829 between 2008-2012, and 8,729 between 2013-
2018; a continuous increase in the number of citations according to years has been detected. It can be said that the
citations made to the publications in the field of STEM education have increased significantly since 2013 and
constitute 76.8% of the total citations.

Table 5. Number of Citations per Publication

Number of Citations Number of Publication Percentage (%)
More than 100 15 0.6
81-100 8 0.3
61-80 12 0.5
41-60 19 0.8
21-40 71 3.1
11-20 122 53
1-10 744 32.2
0 1,322 57.2
TOTAL 2,313 100

Regarding the number of citations received by the publications shown in Table 5, it was found that the most
cited study among the 2313 works was the article titled “Women and Science Careers: Leaky Pipeline or Gender
Filter?” conducted by Jacob Clark Blickenstaff in 2005, with 282 citations. There are 15 publications getting over
100 citations, 8 publications getting 81-100 citations, 12 publications getting 61-80 citations, 19 publications
getting 41-60 citations, 71 publications getting 21-40 citations, 122 publications getting 11-20 citations, whereas
744 publications got 1-10 citations, which constitutes the biggest proportion as 32.2%. In addition, it was seen that
57.2% of the publications had never been cited.

Country Collaborations

Social network analysis was performed to determine the collaborations of the researchers according to their
countries. The names of the countries were scaled according to the degree of collectivism and showed in Figure 1.

1992-1994  1995-1997 2001-2003 12004720061 2007-2009 2010-2012 2013-2015 2016-2017
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Figure 1. Country Collaborations

As a result of the analysis, a network consisting of 50 nodes and 105 connections, divided into 8 clusters has
been obtained as shown in Figure 1. Network density was calculated as 0.0857. While analyzing country
collaborations, a country was counted for once for the publications containing two or more authors from the same
country. Each node of the network represents a country, where each connection represents the relationship between
countries. The colors of the network indicate the years when the collaborations have been realized according to
the time-scale showed at the top. The thickness and size of the circle around the node represent the centrality of
the node (Uksul, 2016). The modularity value of the network was found to be Q= 0.42, whereas mean silhouette
value is 0.45.

Table 6. Country Collaborations and Degree of Centrality

Countries Frequency Year Cluster# Countries Centrality Year  Cluster#
ABD 1,464 1993 0 ABD 1.03 1993 0
England 112 1999 2 England 0.31 1999 2
Australia 81 2007 4 Australia 0.22 2007 4
Canada 59 2009 2 Netherland 0.17 2005 1
Spain 59 2008 1 Ireland 0.16 2014 4
Turkey 51 2009 4 Spain 0.14 2008 2
Germany 31 2013 3 Canada 0.11 2009 1
Israel 30 2001 3 Greece 0.08 2014 2
Brazil 27 2014 0 Belgium 0.08 2016 3
China 27 2011 0 Germany 0.07 2013 3

According to the findings in Table 6, US seems to be the country making the highest collaboration with other
countries (n=1,464). At the same time, US is the country with the highest centrality. Accordingly, it can be said
that US plays a key role in establishing and continuing the scientific relationships among countries. In addition, it
can be said that England is guiding the studies that will be made in STEM education subject area. According to
the results of citation burst analysis, England’s citation burst value was found to be 6.97 for the years 1999-2005.

Journal’s Common Citation Network

Common citation network analysis of the journals aims to determine the journals, where the significant
scientific works that were cited by other studies have been published in STEM education area.
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The network shown in Figure 2 consists of 213 nodes (journals that are source of the citations), 970 connections
and 26 clusters. Network density is 0.04. Modularity value is Q= 0.42, whereas mean silhouette value is 0.27.

Table 7. Journals Receiving Common Citations and Degree of Centrality

Journals Frequency | Year | Cluster# | Journals Centrality | Year |Cluster#

Journal of Journal of Research in Science

Research in 444 1995 1 . 0.18 1995 1
. . Teaching

Science Teaching

Journal of Academic medicine

Engineering 403 2008 4 0.17 1995 5

Education

Science Education 374 1993 1 American Psychologist 0.17 1996 0

Science 316 2004 1 Journal of Personality and Social 0.16 2004 0

Psychology
International
Journal of Science 286 1993 1 Higher Education 0.13 2006 2

Education

As can be seen in Table 7, the journal that has been cited the most by the studies published in STEM education
research area is “Journal of Research in Science Teaching” (n=444). The other journals mostly cited in STEM
education area are respectively Journal of Engineering Education (n=403), Science Education (n=374), Science
(n=316) and International Journal of Science Education (n=286). Journal of Research in Science Teaching is also
the journal with the most central position (0.18). In terms of centrality it is followed by Academic Medicine (0.17),
American Psychologist (0.17), Journal of Personality and Social Psychology (0.16) and Higher Education (0.13)

journals.

Table 8. Citation Burst Values of the Publications according to Years

Publications Burst Start End

1992-2017
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The Journal of Educational Research 13.99 2013 2015

How People Learn: Brain, Mind,
Experience and School: Expanded 12.88 2008 2012
Edition

Talking About Leaving: Why
Undergraduates Leave the Sciences

12.58 2008 2012

Academic Medicine 10.99 1996 2011

Engineering in K-12 Education
Understanding the Status and 10.78 2011 2014
Improving the Prospects

As a result of the citation burst analysis, it was found that citation burst occurred in 44 publications and the
publications with the highest citation burst values are shown in Table 8. “The Journal of Educational Research” is
the publication with the highest citation burst value (13.99). In addition, the same journal is the publications in
which the resources cited by the most recent researches are published. Therefore, it can be said that the researchers
who are involved in STEM education in recent years tend to work on the topics covered in this journal.

Author’s Common Citation Network

1992-1994  1995-1997 2001-2003 11200420067 2007-2009 2010-2012 2013-2015 2016-2017

{
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Figure 3. Author’s Common Citation Network
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Author’s common citation network shown in Figure 3 consists of 349 nodes (authors that are source of
citation), 1,219 connections and 50 clusters. Its density is 0.0201, modularity value is Q=0.5694 and mean
silhouette value is 0.2725.

Table 9. Author’s Common Citation Analysis and Degree of Centrality

Number of Cluster . Cluste
Authors Citation Year 4 Authors Centrality  Year ”
National Research Council 270 2004 o  National Research 037 2004 0O
Council
Elaine Seymour 146 2005 3 Elaine Seymour 0.22 2005 3
National Science 135 2009 1 Adelman, Clifford 012 2010 7
Foundation
National Science Board 127 2008 1 Heidi B. Carlone 0.10 2013 5
Albert Bandura 110 2004 1 Robert W. Lent 0.09 2008 0
Presidents C 105 2012 1 John D. Bransford 0.09 2005 1
J. W. Creswell 101 2010 o  National Science 008 2009 1
Foundation
Bybee, Rodger W. 81 2012 10 Jérome Lavé 0.08 1995 3
OECD 78 2009 2 National Science Board 0.07 2008 1
Vince Tinto 68 2010 1 Robert K. Yin 0.07 2006 0

As can be seen in Table 9, the author that was mostly cited by 2,313 studies published in the area and that
occupies the most central position at the map is the institution called National Research Council (n=270). This
institution is followed by Elaine Seymour with 146 citations, National Science Foundation with 135 citations,
National Science Board with 127 citations, Albert Bandura with 110 citations, Presidents C. with 105 citations,
and J. W. Creswell with 101 citations. As in the number of citations, National Research Council (0.37) occupies
the most central position. Other authors positioned at the center are respectively Elaine Seymour (0.22), Clifford

Adelman (0.12), Carlone B. Heidi (0.10) and Lent W. Robert.
Table 10. Citation Burst Values of the Authors that were Cited by the Studies

Authors Burst Start End 1992-2017
National Academy of 12.69 2011 2014
Foreign Engineering
Linda Katehi 9.77 2011 2014

———— — N N R s s —
John D. Bransford 9.24 2005 2013 -

.| | | | 0 ]
NatlonaI. Science 8.96 2007 2011
Foundation
Louise Archer 8.04 2015 2017

o I

Regarding citation burst values of the authors shown in Table 10, the highest value belongs to National
Academy of Foreign Engineering (12.69). It can be said that the works of the author lead and flash the works
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realized in STEM education area. This institution is followed by Linda Kaheti, John D. Bransford, National
Science Foundation and Louise Arher respectively. It should be mentioned that the works of the researcher called
Louise Archer are also the topic of interest in the area.

Publication’s Common Citation Network
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Figure 4. Publication’s Common Citation Network

The network formed as a result of the analysis consists of 450 nodes, 1,224 connections and 117 clusters. The
density of the network shown in Figure 4 is 0.01. Modularity value is Q= 0.48 and mean silhouette value was
calculated as 0.21.

Table 11. Citation Sources’ Degree of Centrality

Sources Centrality Year Cluster#
Aschbacher, P. R., Li, E., & Roth, E. J. (2010). Is science me? High school

students' identities, participation and aspirations in science, engineering, and 0.13 2010 0
medicine.

Crisp, G., Nora, A., & Taggart, A. (2009). Student characteristics, pre-college,
college, and environmental factors as predictors of majoring in and earning a 0.10 2009

STEM degree: An analysis of students attending a Hispanic serving institution. 6
National Research Council. (2009). Engineering in K-12 education: 0.08 2009
Understanding the status and improving the prospects. ' 2
Cole, D., & Espinoza, A. (2008). Examining the academic success of Latino 0.07 2008
students in science technology engineering and mathematics (STEM) majors. ' 0
Maltese, A. V., & Tai, R. H. (2010). Eyeballs in the fridge: Sources of early

. o 0.06 2010
interest in science. 5
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According to Table 11, the sources with highest degree of centrality are the articles produced by Aschbacher,
P. R, Li, E., & Roth, E. J. in 2010 (0.13) and by Crisp, G., Nora, A., & Taggart, A. in 2009 (0.10). These studies
are common reference sources that lead the way in STEM education research area.

Table 12. Frequencies of Citation Sources

Sources Frequency Year Cluster#
National Research Council. (2011). Successful K-12
STEM education: Identifying effective approaches in 42 2011 1

science, technology, engineering, and mathematics.
Holdren, J. P., Lander, E., & Varmus, H. (2010). Report to
the president prepare and inspire: K-12 education in

science, technology, engineering, and math (STEM) for 37 2010 0
America’s future.
Brophy, S., Klein, S., Portsmore, M., & Rogers, C. (2008). 36 2008 2

Advancing engineering education in P-12 classrooms.

Maltese, A. V., & Tai, R. H. (2011). Pipeline persistence:

Examining the association of educational experiences with 35 2011 0
earned degrees in STEM among US students.

National Research Council. (2013). Next generation

science standards: For states, by states. 35 2013 1

As can be seen in Table 12, the source that was cited the most by the studies published in STEM education
research area is the publication of Cluster # 1, performed by National Research Council in 2011 (n=42). This
publication is the most important reference source that leads and flashes the area. The article of Cluster # 1, realized
by National Research Council in 2013 (n=35) can be shown as the most recent reference source among the most
important 5 sources.

Table 13. Sources’ Burst Values according to Years

Sources Burst Start End 1992-2017
Katehi, L., Pearson, G., & Feder, M. (2009). The
status and nature of K-12 engineering educationin ~ 5.11 2011 2012
the United States. —

Seymour, E., Hunter, A. B, Laursen, S. L., & De
Antoni, T. (2004). Establishing the benefits of

research experiences for undergraduates in the 4.94 2010 2012

sciences: First findings from a three-year study.

Carlone, H. B., & Johnson, A. (2007).
Understanding the science experiences of
successful women of color: Science identity as an
analytic lens.

4.27 2013 2015

National Academy of Engineering, U. S.

(2004). The engineer of 2020: Visions of  4.10 2011 2012
engineering in the new century. —

Corlu, M. S., Capraro, R. M., & Capraro, M. M.
(2014). Introducing STEM education:

Implications for educating our teachers in the age 4.02 2015 2017

of innovation.
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Brophy, S., Klein, S., Portsmore, M., & Rogers, C.

(2008). Advancing engineering education in P-12  3.63 2014 2015
classrooms. —

The findings in Table 13 indicate that the source with the highest citation burst value is the article produced by
Katehi, L., Pearson, G., & Feder, M. (2009). This article can be seen as a work that was effective in STEM
education area in the period of 2011-2012 and leaded the studies realized in these years. The work prepared by
Corlu, M. S., Capraro, R. M., & Capraro, M. M. (2014) is one of the most popular works in the field.

STEM Education Research Area Topic Clusters

Regarding the topic clusters, it can be said according to Table 14 that the biggest cluster is Cluster #0, including
the studies related to young people’s choice (688.47, 1.0E-4) (n=54). Silhouette value of the cluster is 0.649, which
indicates a homogenous structure. The average year of the publications cited by the studies included in the cluster
is 2009. The most recent research topics of the area were identified as technology education and changing
engineering education. The average year of the publications cited by the studies included in these clusters is 2011.

Table 14. Topic Clusters Formed according to Citation Sources

. Mean Average
Cluster  Size Silhouette Label (TFIDF) Label (LLR) p-value Citation Year

STEM; career
z?db;:ligz;uate Young people’s choice (688.47, 1.0E-4);

0 54 0.64 resear?:h children engagement (441.1, 1.0E-4); 2009
. family habit (441.1, 1.0E-4)
increases self-
efficacy;
STEM; Technology education (614.08, 1.0E-4);

1 53 0.76 motivations; mathematics curriculum (614.08, 1.0E-4); 2011

policy arena core value (614.08, 1.0E-4)
engineering; Academic standard (947.76, 1.0E-4); k-12

2 43 0.88 analysis; extent; STEM Education 704.66, 1.0E-4); high 2007
presence; k-12  school student (554.85, 1.0E-4)

STEM; course;  Entering research (957, 1.0E-4);

beginning beginning under graduate researcher (957,

3 40 0.82 undergraduate  1.0E-4); meyerhoff scholarship program 2006
researchers (351.01, 1.0E-4)
STEM; national Changing engineering education (778.46,

4 37 0.69 education 1.0E-4); math discipline (717.15, 1.0E-4); 2011
systems; gaps;  gender disparities (717.15, 1.0E-4)

Word Analysis
2001-2003 [12004%20067 2007-2009 2010-2012 2013-2015 2016-2017
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Figure 5: Word Analysis

As a result of the analysis a network consisting of 179 nodes and 911 connections was obtained as shown in
Figure 5. The density of the network was calculated as 0.05. Modularity value of the network was found to be Q=
0.35, whereas mean silhouette value is 0.33. The network was formed by a total of 17 clusters. Frequencies and
centrality values of the top 10 concepts are shown in Table 15.

Table 15. Frequencies and Centrality Values

Word Frequency Year Word Centrality  Year
education 396 1993 student 0.15 2004
STEM 318 2006 mathematics 0.14 2007
science 264 2008 education 0.13 1993
student 201 2004 perception 0.10 2010
STEM education 175 2007 science 0.09 2008
mathematics 122 2007 choice 0.09 2010
gender 104 2009 curriculum 0.09 2005
higher education 101 2008 gender 0.08 2009
achievement 99 2009 classroom 0.08 2009
engineering education 88 2009 STEM 0.07 2006

According to the data in Table 15, the concepts that are mostly used in STEM education area are education
(n=396), STEM (n=318), science (n=264), student (n=201), STEM education (n=175), mathematics (n=122),
gender (n=104), higher education (101), achievement (n=99) and engineering education (88) whereas the concepts
with the highest centrality degree are students (0.15), mathematics (0.14), education (0.24), perception (0.10),
science (0.09), choise (0.09), curriculum (0.09) gender (0.08), classroom (0.08) and STEM (0.07).

Table 16. Word Citation Burst Values
Words Burst Start End 1992-2017

biology 5.10 2014 2017
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impact 5.05 2015 2017
I
program 4.43 2013 2014
I
engineering 417 2011 2014
design '
I N O sy s '
scientist 412 2014 2015
I
k-12 4.07 2011 2015
N N Y A s '
color 3.70 2011 2013
I O o sy s
context 3.70 2011 2013
I O o sy s
work 3.44 2010 2013
e —— [ N N S s s e —
innovation 3.36 2013 2014
N N s s

As a result of citation burst analysis, citation bursts were detected for a total of ten concepts. Among them, the
concepts with highest values were found to be biology (5.10), impact (5.05), program (4.43), engineering design
(4.17) and scientist (4.12) as shown in Table 16. These concepts are the ones that are currently worked on in STEM
education research area.

Conclusion, Discussion and Suggestions

In this study bibliometric analysis of the scientific researches published in STEM education subject area were
performed and the general layout of the scientific knowledge and scientific communication structure of the field
was revealed using an objective method, driven by the data. Web of Science Core Collection database has been
scanned for “STEM Education” keyword and 2,313 studies about STEM education, which were limited with the
researches published from 1992 to 2017, have been included in the research. Number of publications per year,
types, publication language and frequencies for citation analysis were determined for the studies included in the
study. In addition, the most cited works of the area among the ones covered in the data set were determined. In
this aspect, this is the first study conducted in this area.

Regarding the number of publications per year, it was found that the academic interest towards STEM
education subject area was expeditiously increased after 2008; it was observed that 93.3% of the publications
related to STEM education was formed by the works published between 2008-2017. Regarding the types of
publications, it was observed that there are 7 different publication types; article is the most published type (%55.6);
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and 96.6% of the whole publications was formed by articles and paper type publications. The language of nearly
all the works published in STEM education area is English (97.3%), followed by Spanish with 1.1%. It was found
that number of citations has been constantly increased over years; 76.8% of the whole citations have been made
between 2013 and 2017; in addition, 7.77% of the whole citations have been made to the authors’ own works; the
average number of citations is 4.91; and 15 works over 2,323 received citations over 100. Regarding country
collaborations, it can be said that US is the country that realized the highest number of collaborations with other
countries, England is guiding the studies that will be made in STEM education subject area. The review of the
journals, where significant scientific studies of STEM education area were published, showed that the journal that
has been cited the most by the published works is “Journal of Research in Science Teaching” (n=444). This journal
also occupies the most central position in the network. The journal is a source of the publications that carries key
importance in the area. As a result of the citation burst analysis, it was found that citation burst occurred in 44
journals and “The Journal of Educational Research” was observed to be the journal with the highest citation burst
value (15.02). In addition, the journal is also the source cited by the most recent researches. Regarding author’s
common citation network, the authors that have been mostly cited in the area are National Research Council
(n=270) and Elaine Seymour (n=146). It was found that the author of the work occupying the most central place
in the map is National Research Council (0.37). Regarding Publication’s Common Citation Network, the sources
with highest centrality, in other words the common reference sources that lead STEM education research area, are
found to be the articles titled as “Is science me? High school students' identities, participation and aspirations in
science, engineering, and medicine” (0.13) performed by Aschbacher, P. R., Li, E., & Roth, E. J. in 2010 and
“Student characteristics, pre-college, college, and environmental factors as predictors of majoring in and earning
a STEM degree: An analysis of students attending a Hispanic serving institution” (0.10) performed by Crisp, G.,
Nora, A., & Taggart, A. in 2009. The source that has been mostly cited by the works published in STEM education
area, which leads and flashes the area, is the publication titled as “Successful K-12 STEM education: Identifying
effective approaches in science, technology, engineering, and mathematics”, performed by National Research
Council in 2011(n=42). The work performed by National Research Council in 2013 (n=35) can be shown as the
most recent reference source among the most important 5 sources. The work with the highest citation burst value
is “The status and nature of K-12 engineering education in the United States”, performed by Katehi, L., Pearson,
G., & Feder, M. in 2009. It can be observed that it was effective in the period of 2011-2012. Regarding topic
clusters in STEM education research area, it can be seen that the biggest cluster is the one with the studies related
to young people’s choice. On the other hand, the most recent research topics in the area were found to be
technology education and changing engineering education. Regarding word analysis, it can be seen that most
commonly used concepts are the words education (n=396), STEM (n=318) and science (n=264). The concepts
with the highest centrality values are students (0.15), mathematics (0.14) and education (0.13). As a result of
citation burst analysis, citation bursts were detected for a total of ten concepts, among which the concepts with the
highest values were found to be biology and impact; these concepts are the ones that are currently worked on in
STEM education research area.

The findings are similar to the study of Yu, Chang and Yu published in 2016. The authors stated that the most
contributions to STEM education between 1992-2013 have been made by USA, UK, Netherlands, Australia and
Spain respectively. In this study, the countries located at the center have been found to be USA, UK, Australia,
Netherlands and Ireland, respectively. The authors have found that STEM, science education, STEM education,
higher education, education and science were the most commonly used words in the mentioned years. On the other
hand, in the current study most commonly used words were found to be education, STEM. Science, students,
STEM education and mathematics, respectively. The authors have found the journals that direct STEM education
to be International Journal of Science Education, Journal of Science Education and Technology, Journal of
Engineering Education, Teachers College Record, and Research in Higher Education, respectively. On the other
hand, in this study the journals that direct STEM education were found to be Journal of Research in Science
Teaching, Journal of Engineering Education, Science Education, Science, International Journal of Science
Education, respectively.

The findings show similarities with the survey conducted by Assefa & Rorissa (2013), who have analyzed the
title, keywords and abstracts of the works. In this way, they have addressed basic knowledge fields that characterize
the field of STEM education by co-occurrence analysis. Regarding the analysis of the works related to STEM
education according to their title, the most commonly used words have been education, science education,
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technology education, mathematics education and engineering education, respectively. Regarding the analysis of
the works related to STEM education according to keywords, the most commonly used words have been science
education, mathematics education, primary education, higher education and technology education, respectively.
Regarding the analysis of the works related to STEM education according to their abstract, the most commonly
used words have been science education, student, technology education, mathematics education and education
respectively.

Unlike previous curriculums, the curriculum of the Ministry of National Education, which was published in
2018, addressed science, engineering and entrepreneurship practices under a separate title. The importance of
establishing the connection between engineering and science and to understand the interdisciplinary interaction
for the students was emphasized in the program. It was underlined that it is important for the students to experience
science and engineering practices by making what they learn a part of their life. President Obama (2010) pointed
the significance of STEM education stating that “The leadership of the future depends on how we will educate our
students especially in science, technology, engineering and mathematics (STEM)”. In the report published by the
European Union in 2007, it was noted that the use of inquiry-based science education in science and technology
education would contribute to increasing the interest of students towards science (Rocard, Csermely, Jorde,
Lenzen, Henriksson, & Hemmo, 2007).

Thus, the increase in the number of institutions that work in STEM education in our country and also in other
countries indicates that the number of local and international studies that will be performed in STEM education
will gradually increase.

Researchers working on STEM education can be advised to pay attention to the publication with citation burst,
the authors whose works made citation burst, the words with the highest frequency and centrality values and words
that made citation burst; because it can be seen that we will be faced with these concepts frequently in the coming
years.
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STEM Egitimi Alaninda Yapilan Yayinlarin Bibliyometrik Analizi
Giris

Bilim ve teknolojide yasanan hizli degisim, bireyin ve toplumun degisen ihtiyaclariyla birlikte bilgiyi tireten,
hayatta iglevsel olarak kullanabilen, problem c¢ozebilen, elestirel diisiinen ve girisimei niteliklerdeki bireyi
tanimlamaktadir (Milli Egitim Bakanligi [MEB], 2018).

Ulkelerin bilimsel arastirma ve teknolojik gelisme kapasitelerini, sosyoekonomik kalkinmalarini ve rekabet
giiclerini arttirmalari i¢in 6grencilerin fen ve miihendislik uygulamalarini1 okulda deneyimlemeleri 6nemli hale
gelmistir. Egitimde miihendislik ve teknolojiye yonelik uygulamalarda amag, 6grencilerin miihendislik ve bilim
arasindaki baglantiyr kurmalarina, disiplinler arasi etkilesimi anlamalarina ve 6grendiklerini yasantisal hale
getirerek diinya goriisii gelistirmelerine yardimeir olmaktir. Giiniimiizde birgok {ilkenin egitimcileri fen, teknoloji,
miihendislik ve matematik disiplinlerinin birlikte verilmesinin 6énemli oldugunu vurgulamaktadir (Bagiati &
Evangelou, 2015; Furner & Kumar, 2007; Guzey, Thank, Wang, Roehrig, & Moore, 2014; Stinson, Harkness,
Meyer, & Stallworth, 2009; Yildirim & Selvi, 2017).

MEB’in 2018 yilinda yayimladigi yeni ortaokul 6gretim programinda, fen ve mithendislik uygulamalar birgok
iinitede ortiik olarak yer almaktadir. Bu programda 6grencilere miihendislik ve tasarim becerileri kazandirilmasi
hedeflenmistir. Bu hedef, fen bilimlerini, matematik, teknoloji ve miihendislikle biitiinlestirmeyi, problemlere
disiplinler arasi bakis acist kazandirmay: kapsamaktadir. Boylece Ogrenciler bulus ve inovasyon yapabilme
seviyesine ulagabilecek, edindikleri bilgi ve becerileri kullanarak iiriin olusturabilecek ve bu iiriinlere katma deger
kazandirabilme konusunda stratejiler gelistirebileceklerdir.

Diinyadaki kaynaklarin azalmasiyla birlikte iilkeler arasindaki teknolojik yenilikgilik yarigi hiz kazanmustir.
Bu yarista 6nde olabilmek i¢in de iilkeler egitim politikalarin1 gézden gecirmektedirler. Dort temel disiplinin
sistemli bir sekilde verilmesine fen, teknoloji, mithendislik ve matematik (STEM) egitimi denilmektedir. STEM,
“Fen, Teknoloji, Miihendislik ve Matematik” kelimelerinin Ingilizce bas harflerinin bir araya gelmesiyle olusmus
bir kisaltmadir (Yildirim, 2014). STEM kavraminin gegmisi 1980°lerin basina dayansa da ortaya ¢ikisinin temelini
ABD’li 6grencilerin fen, matematik ve miihendislik alanlarina olan ilgilerinin giderek azalmasi olusturmaktadir
(Breiner, Harkness, Johnson, & Koehler, 2012; Ostler, 2012). Amerika Birlesik Devletlerinde, 1990’1 yillar
boyunca Ulusal Fen Bilgisi Ogretmenleri Birligi (National Science Teachers Association, NSTA), Ulusal
Matematik Ogretmenleri Birligi (National Council of Teachers of Mathematics, NCTM), arastirmacilar,
igverenler, fakiilteler ve 6grenciler siirekli olarak fen bilgisi, matematik, mithendislik ve teknoloji 6gretiminde
yenilik ihtiyaci oldugunu belirtmislerdir (AAAS, 1989, 1993). SMET (Science Mathematics, Engineering,
Technology) kisaltmastyla anilan bu program, 2001 yilinda National Science Foundation (NSF) tarafindan STEM
olarak adlandirilarak bugiline gelmistir (Sanders, 2008). Bu programla O6grencilerin, okullarda sorgulayici
arastirmaya dayali 6grenme tecriibesi kazanmasi hedeflenmistir. Bu program ayni zamanda &grencilere teknik
bilgi ve beceriler veren, 6grencileri ger¢ek hayata hazirlayan, modern is hayatinin gereksinim ve becerilerine
oncelik veren bir program olma yolunda atilmig bir adimdir. Avrupa Birligi’nin 2007 yilinda yayinlanan raporunda
ise Avrupa capinda fen ve teknoloji egitiminin alarm verdigine, 6zellikle geng bireylerin bilim, teknoloji ve
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matematik alanlarina ilgilerinin giderek azaldigina ve etkili bir eylem planina gereksinim duyulduguna vurgu
yapilmistir (European Commission, 2007). STEM egitimi yaklasiminin dgrencilere kiigiik yaslardan itibaren
disiplinler aras1 bir bakis agis1 kazandirmasi bilgilerin somut olarak hayata gecirilmesini saglayarak teknoloji ve
miihendislige 6zellikle vurgu yapmasi bu yaklagimi giinlimiiz egitim sisteminde 6nemli bir yere oturtmaktadir
(Aydeniz, Cakmake1, Cavas, Ozdemir, Akgiindiiz, Corlu, & Oner, 2015). STEM egitimine ilgi giin gectikce
artmakta bu konuyla ilgili arastirmalar da gittikge ¢ogalmaktadir (Bybee, 2010; English, 2016; Honey, Pearson,
& Schweingruber, 2014; Kuenzi, 2008; Sanders, 2008; Sgoutas-Emch, Baird, Myers, Camacho, & Lord, 2016;
Zeidler, 2016). Giin gectik¢ce konuya olan ilginin artmast ve bu baglamda gergeklestirilen bilimsel ¢aligmalarin
cogalmasi, aragtirmalarda incelenen konularin ve ortaya cikan sonuclarin 6zetlenmesi gerekliligini ortaya
cikarmaktadir. Giiniimiizde bilginin hizli bir sekilde tiretilmesi ve yayilmasinin getirdigi bir sonug olarak belirli
bir konuda y18in haline gelen alanyazin kayitlar1 bibliyometrik yontemlerle 6zetlenebilmektedir.

Bibliyometri; istatistiksel ve matematiksel yontemlerin kitaplar, dergiler ve benzeri iletisim ortamlarina
uygulanmasidir (Pritchard, 1969). Bibliyometrik analiz, bilimsel aragtirmalarin istatistiksel analizi olarak
tanimlanabilir. Bibliyometrik aragtirmalarda eserler belirli 6zelliklerine gore (yazar isimleri, anahtar kelimeler,
kullanilan yontemler, atiflar vs) analiz edilerek ¢esitli bulgular elde edilir (Al & Costur, 2007). Bu sayede
yazarlarin, kurumlarin ve iilkelerin performansi degerlendirilebilir. Incelenen alanlarin yapisi ve dinamikleri veri
yoluyla haritalastirilarak istatistiksel olarak gorsellestirilebilir. Bdylece Bibliyometrik g¢alismalar, belirli bir
alandaki alanyazinin nicel hale getirilmesi ile alandaki egilimlerin tespit edilmesine de olanak saglamaktadir
(Kasemodel, Makishi, Souza, & Silva, 2016; Késeoglu 2016). Bibliyometrik ¢aligmalarda gergeklestirilen atif
analizleri de bilimsel yaymlarin niteliklerinin degerlendirilmesine olanak tanimaktadir. Bu 6zellikleriyle
Bibliyometrik analiz, bir etkinin varligini ortaya ¢ikarmayi, bilimsel yazilardaki tutarsizligi degerlendirmeyi ve
nedenini incelemeyi, ¢aligmalar arasi heterojenligi arastirmay1 hedefleyen meta analizden ayrilmaktadir. Bununla
birlikte Bibliyometrik analiz, benzerlik gdsteren verileri belirlenen kavramlar ve temalar gergevesinde bir araya
getirerek okuyucunun anlayabilecegi sekilde diizenleyerek yorumlamayi hedefleyen icerik analiziyle de
benzerlikler gostermektedir (Yildirnm & Simsek, 2016).

Bibliyometrik calismalarda bilimsel igbirligi ve ortak atif iliskilerinin incelenmesinde sosyal ag analizinden
yararlanilmaktadir (Giizeller & Celiker, 2017). Sosyal ag analizi, arastirma alaninin gelismesinde etkili olan bilgi
aglarimin tespit edilmesinde 6nemli bir aragtir. Sosyal ag analizi sayesinde yazarlar ve kurumlar arasi igbirligi ve
ortak atif aglarmin gorsellestirilmesi miimkiin olmakta, bdylece arastirma alanindaki 6nemli aktérler
belirlenebilmektedir (Karagéz & Yiinci, 2013).

Bibliyometrik arastirmalarda en 6nemli veri kaynaklari, Science Citation Index (SCI), Social Science Citation
Index (SSCI) ve Art & Humanities Citation Index (A&HCI) olmak iizere uluslararasi bilimsel atif indeksleridir.
Bu indekslere Web of Science Core Colection veri tabam araciligiyla erisim saglanmaktadir. Web of Science
(WoS), bu indekslerde taranan bilimsel yayinlara iligskin bibliyometrik verileri barindiran bir veri tabani olarak
bibliyometrik ¢alismalara 6nemli katki saglamaktadir (Giizeller & Celiker, 2017).

Calismanin amaci, veriye dayali objektif bir yontem kullanarak, STEM egitimi konu alanina yonelik bilimsel
birikimin ve bilimsel iletisim yapisinin genel goriiniimiinii ortaya koyarak konu hakkinda yayimlanan bilimsel
arastirmalarin bibliyometrik analizini gergeklestirmektir. Bu sayede STEM egitimi alanindaki arastirmalarin
gelisimi tespit edilebilecektir. Bu ¢alismanin diger bir hedefi de gelecekte bu alanda calisacaklara 151k tutarak yol
haritas1 olusturmalarina katki saglamaktir.

Alanyazinda gerceklestirilen bibliyometrik ¢aligmalar incelendiginde, dergilerde yayimlanmis makaleleri,
lisansiistii tezleri, kongre ve sempozyumlarda sunulan bildirileri degerlendiren ulusal ve uluslararasi ¢aligmalara
siklikla rastlanmaktadir (Besel & Yardimcioglu, 2017; Bornmann & Mutz, 2015; Fahimnia, Sarkis, & Davarzani,
2015; Heradio, de la Torre, Galan, Cabrerizo, Herrera-Viedma, & Dormido, 2016; Khan, Ullah, Riaz, Bhulani,
Manning, Tridandapani, & Khosa, 2017; Kutluca, Birgin, & Giindiiz, 2018; Mao, Liu, Du, Zuo, & Wang, 2015;
Marshakova-Shaikevich, 2005; Martinez-Pulgarin, Acevedo-Mendoza, Cardona-Ospina, Rodriguez -Morales, &
Paniz-Mondolfi, 2016; Santos, Costa, & Grilo, 2017; Yilmaz, 2017). STEM egitimi alaninda ise bibliyometrik
calismalarin ulusal alanyazinda hi¢ olmadig, uluslararasi alanyazinda ise ¢ok az oldugu gdzlenmistir.
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Assefa ve Rorissa (2013), yaptiklar1 arastirmada Web of Science ve ERIC veri tabanlarinda makale bagliklarini,
anahtar kelimeleri ve makale 6zetlerini analiz ederek, STEM egitim alanin1 karakterize eden temel bilgi alanlarini
belirlemeyi amacglamislardir. Aragtirmacilar taradiklart calismalari ortak kelime analizi yOntemi ile
incelemislerdir. Bu amag¢ dogrultusunda Web of Science ve ERIC veri tabanlarinda 1901 yilindan (miithendislik
egitiminin baslangict) 2010 yilina kadar yayinlanmis STEM ve STEM egitimi kelimelerini iceren toplam 7265
adet kitap, bildiri, makale ve tez taramislardir. Arastirmacilar a) STEM egitiminde ele alinan temel basliklar
nelerdir? b) Gorsellestirmelerden ve haritalardan miifredat gelistirme amaciyla neler dgrenilebilir? c¢) Egitim
programcilar1 bu gorsel haritalardan hangi bilgileri edinebilir? sorularina yanit aramiglardir. Yazarlar ayrica STEM
egitiminin gelecekte nasil sekillenecegi, STEM ve STEM egitiminde temel bilgi alanlarinin ve iligkilerinin neler
oldugu, kaynak yonetimi ve mesleki gelisim faaliyetleri i¢in bu sonuglardan nasil yararlanilabilecegi sorularina da
yanit aramaya ¢aligsmiglardir.

Yu, Chang, ve Yu, 2016 yilindaki ¢alismalarinda 1992-2013 yillar1 arasinda SSCI (Social Science Citation
Index) da taranan dergilerde “STEM Egitimi” anahtar kelimesini igeren 385 eseri incelemislerdir. Bu inceleme
sonucunda, 2008 yilindan itibaren STEM egitimi ile ilgili calismalarda hizli bir artis oldugunu gézlemislerdir.
Ulke katkilaria baktiklarinda belirtilen yillarda en ¢ok calismanin sirastyla ABD (%52), ingiltere (%9), Hollanda
(%4), Avustralya (%4) kaynakli oldugunu tespit etmislerdir. STEM egitimi ile ilgili kaynaklar arastirildiginda
konu alan1 olarak en ¢ok sirasiyla Egitim (%51), Psikoloji (%32), Miihendislik (%23), Saglik Bilimleri (%12)
aragtirmalarinin incelendigi goriilmistiir. Arastirmacilar STEM ile ilgili kullanilan anahtar kelimeleri
incelediginde sirasiyla en ¢ok STEM (%4,16), Fen egitimi (%4,16), STEM egitimi (%3,64), Yiksekdgrenim
(%2,86), Egitim (%2,60) kelimelerinin kullanildigini tespit etmislerdir.

Yontem

Bu kapsamda, arastirma verilerine ulagsmak i¢in Web of Science veri tabaninda “STEM Education” anahtar
kelimesi ile tarama gerceklestirilmistir. Web of Science’ta gergeklestirilen tarama sonucunda toplam 5505 bilimsel
arastirmaya ulagilmistir. Elde edilen veriler, egitim bilimleri alaninda gergeklestirilen aragtirmalarla
siirlandirilmig ve buna bagli olarak 1992-2018 yil araliklarinda yayimlanmig 2532 bilimsel yayin tespit edilmistir.
Icinde bulundugumuz 2018 yili igin, calisma ve atif sayilarinin degisim gosterecegi goz oniine alindiginda,
calismanin  1992-2017 yillart arasinda yayimlanan bilimsel arastirmalar kapsaminda yiiriitiilmesi
kararlastirilmistir. Sonug olarak ¢aligma 2313 bilimsel yayin lizerinden gergeklestirilmistir.

Calismada 2313 yayina ait ayrintili bilgilere (yayin yili, yayn tiirii, yayin dili, baglik, yazar adi, yazar iilkesi,
atif sayisi, Ozet, anahtar kelimeler ve kaynakga) ulasgilmigtir. Calismada oncelikle Web of Science (WoS) veri
tabaninda STEM egitimi konu alaninda yayimlanan bilimsel aragtirmalarin yillara gére sayisi, tiirleri, yayin dilleri
ve atif analizlerine yonelik frekans degerleri tespit edilmistir. Veri setinde yer alan ¢aligmalarin yillara gére frekans
dagilimlar1 kapsaminda, STEM egitimi alaninda yayinlarin yogunlastigt zaman araliklart belirlenmistir. Ayrica
calismanin veri seti kapsaminda yer alan ve alanda en ¢ok atif sayisina sahip eserler de tespit edilmistir.

STEM egitimi konu alaninda bilimsel yayin sahibi yazarlarin ortak yayinlart incelenmis ve yazarlarin bagl
olduklari iilkelere gore alanda s6z sahibi iilkeler belirlenmistir. Analiz gerceklestirilirken her bir yayin i¢in aym
iilkeden iki yazarin olmasi durumunda iilkeler bir kez sayilarak hesaplanmistir. Bununla birlikte veri setinde yer
alan arastirmalarin atifta bulundugu 6nemli eserlerin yayimlandig: dergiler de tespit edilmistir.

Veri setinde yer alan calismalarin ortak atifta bulundugu yazarlar ve eserler de calisma kapsaminda
incelenmistir. Boylece STEM egitimi konu alaninda arastirmalar yapan 6nemli yazarlarin ve meydana getirdikleri
eserlerin belirlenmesi ve aralarindaki etkilesimlerin tespit edilmesi amag¢lanmistir. Ortak atif analizi ile belirli bir
alanda One c¢ikan arastirma konulari, paradigma degisimleri ve diisiinsel yapinin dinamiklerinin iliskiler ve
donemsel degisimler acgisindan anlasilmasi miimkiin olabilecektir (Nerur, Rasheed, & Natarajan, 2008). Bu
baglamda, yayin ortak atif analizi sonuglari, STEM egitimi alanindaki konu kiimelenmelerinin tespit edilmesine
de olanak saglamaktadir. Alanda en ¢ok incelenen konularin belirlenmesinde, veri setindeki ¢aligmalar tarafindan
atifta bulunulan eserler, konu benzerliklerine gore kiimelenmekte ve kiime basliklar1 alanda incelenen konular
baglaminda genel goriiniimii ortaya koymaktadir. Ayrica ¢aliymada, STEM egitimi alaninda yayimlanan ve veri
setinde yer alan aragtirmalarda kullanilan kavramlarin belirlenmesi i¢in kelime analizi gergeklestirilmistir.

Veri setinde yer alan arastirmalarda STEM egitimi alaninda siklikla kullanilan kavramlarin ve aragtirmalara
onciiliik eden yazar iilkelerinin belirlenmesinde; veri setinde yer alan ¢aligmalar tarafindan atifta bulunulan
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yazarlarin, eserlerin, bu eserlerin yayimlandigi dergilerin tespit edilmesinde ve buna baglh iligkilerin
gorsellestirilmesinde sosyal ag analizi kullanilmigtir. Sosyal ag analizi, bilimsel ¢aligmalarin meta verilerinden
faydalanarak matematiksel iligkilere dayali oOriintiileri ortaya c¢ikarmayi ve gorsellestirmeyi hedefleyen
haritalandirma analizidir (Boyack & Klavans, 2010; Klavans & Boyack, 2011). Analiz, sosyal ag analizi programi
olan Citespace II iizerinden gergeklestirilmistir. CiteSpace II; bilimsel bir alanda ya da konuda ortaya g¢ikan
egilimleri ve degisiklikleri gorsellestirmek ve analiz etmek i¢in kullanilan bir Java uygulamasidir (Chen, Ibekwe-
Sanjuan, & Hou, 2010).

Analizler sonucunda isbirliktelikler ve iligki oriintiileri biligsel haritalar seklinde gorsellestirilmis, her bir sosyal
ag icin agin yapisina ve performansina iliskin istatistiki nem tasryan ag yogunlugu, modularite ve siluet degerleri
hesaplanmistir. Bu istatistiki degerlerden ag yogunlugu, sosyal agin kapsayiciligini gostermektedir ve olasi
iligkilerin ne kadarinin gergekte kuruldugunun bir dl¢iisiidiir (Genger, 2017). Baska bir ifadeyle ag yogunlugu bir
agda, potansiyel olarak kullanilabilecek baglantilarin ne kadarinin kullanildigini gostermektedir (Al & Dogan,
2012). Modularite degeri, bir agin bagimsiz bloklara, yani modiillere ne 6l¢iide ayrilabilecegini 6lger. Modiilerlik,
0 ile 1 arasinda degisen bir deger almaktadir. 1'e yakin degerler, kiimeler i¢inde daha yakin iliskiler ve baglantilar
oldugunu gosterir. Diisiik bir modiilerlik degeri, net sinirlarla kiimelere indirgenemeyen bir aga isaret ederken,
modiilerlik degerinin 0,4-0,8 arasinda olmasi iyi yapilandirilmis bir ag anlamina gelmektedir (Chen vd, 2010).
Diger yandan, Siluet degeri -1 ve 1 arasinda degisen bir deger alir ve degerin 1'e yakin olmasi, agdaki aktorlerin
tutarh ve benzer oldugunu, giiclii bir kiimelenmeyi gosterir (Glizeller & Celiker, 2018; Li, Ma, & Qu, 2017;
Simovici, 2007).

Caligsmada iilke igbirliktelikleri, atif kaynag1 dergiler, yazarlar, yaymlar ile kavramlarin agdaki konumlari
arasindalik merkeziliklerine gore degerlendirilmistir. Bir agdaki her bir diiglim i¢in arasindalik merkeziligi metrigi
tanimlanmaktadir. Agdaki her bir diigiim bir iilkeyi her bir baglant1 ise iilkeler arasindaki iliskileri gdstermektedir.
Baglant1 sayisi arttik¢a diigiimler arasindaki baglantilar kalinlagmaktadir (Uksul, 2016). Arasindalik merkeziligi,
bir diiglimiin agdaki diger diiglimleri birbirine baglayan bir yolun ortasinda ne 6lgiide oldugunu 6l¢mektedir (Chen
vd, 2010). Baska bir ifadeyle birbirine bagli olmayan diger diigiimlerle ne derecede baglantiya sahip oldugunu
Olger, yiikksek olmasi diger diigiimleri birbirine baglayan koprii niteliginde oldugunu gosterir (Ni, Sugimoto, &
Robbin, 2017). Ayrica ¢aligmada, veri setinde yer alan aragtirmalarin aldiklar atiflara gére aragtirma yazarlariin
iilkelerinin ve arastirmalarda siklikla kullanilan kavramlarin atif patlama tespiti yapilmistir. Veri setinde yer alan
aragtirmalarin atifta bulundugu yazarlara, eserlere ve bu eserlerin yayimlandigi 6nemli dergilere yonelik olarak da
atif patlamalar1 tespit edilmistir. Atif patlamast, belirli bir frekans fonksiyonunun, genel zaman periyodu igindeki
kisa bir zaman araliginda, istatistiksel olarak dnemli dalgalanmalara sahip olup olmadigini ortaya koymaktadir
(Chen vd, 2010). Belirli dénemlerde arastirmacilarin yogun olarak ilgisini ¢eken yazar ve eserlerin tespiti
donemsel degisimlerin anlagilmasi i¢in ayr1 bir nem tagimaktadir (Yal¢in & Yayla 2016: 298). Makalelerin konu
yonelimleri baglaminda, terim frekansi-ters metin frekansi (TFIDF) ve log olasilik oran1 (LLR) algoritmasindan
yararlanilmig ve STEM egitimi alaninda calisilan giincel konular belirlenmistir (Giizeller & Celiker, 2017).

Bulgular

Caligmada, yillara gore yayin sayilari, yayin tiirleri, yayin dilleri, atif analizleri, tilke igbirliktelikleri, ortak atif
aglari ile kavram-konu yonelimleri alt bagliklartyla birlikte incelenmis ve asagidaki bulgulara ulagilmistir. Ayrica
calismada, kelime analizi gerceklestirilmis, isbirliktelikler ve iligki Oriintiileri biligsel haritalar seklinde
gorsellestirilmigtir.

Yillara Gore Yayin Sayilari

1992-2017 yillart arasinda STEM egitimi konu alaninda yayimlanan 2313 galismanin yillara gore dagilimlari
incelendiginde, konu alaninda en ¢ok aragtirmanin 2013-2017 yillar1 arasinda yayimlandigi goriilmiistiir (n=1671).
Tablo 1’°deki bulgulara gore, 1992 den 2007 yilina kadar gegen 16 yilda STEM egitimi alaninda toplam 155 yayin
olmasina ragmen bu alandaki akademik ilginin, 2008 yilindan itibaren dramatik bir sekilde artis gosterdigi
sOylenebilir. 2008-2017 araligindaki 10 yilda yayin orani, toplam yayinlarin %93,3’{inii olusturmaktadir.

Tablo 1. Yaymnlarin Yillara Goére Dagilimi
Yillar Frekans (n) Yiizde(%)
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1992-1997
1998-2002
2003-2007
2008-2012

2013-2017
TOPLAM

41

26

88
487

1671
2313

1,8

11

3,8
21,1
72,2
100

Yayn Tiirleri

Tablo 2’de goriildiigii gibi yayinlar, tiirlerine gore 7 farkli sekilde (Makale, Bildiri, Editoryal Materyal, Elestiri,
Kitap Incelemesi, Diizeltme ve Kitap Boliimii) gerceklestirilmistir. Arastirmalarin bazilar1 Web of Science
tarafindan birden fazla yayin tiirii kapsaminda degerlendirildiginden oranlar 2333 yayin sayisi lizerinden
hesaplanmistir.1992 yilindan 2017 yilina kadar en ¢ok Makale tiirii yayinlar (1297 adet) ve Bildiri tiirii yayinlar
(%956 adet) yayimlanmistir. Bu yayinlar1 sirasiyla, Editoryal Materyaller (36 adet), Elestiriler (32 adet), Kitap
Incelemeleri (9 adet), Diizeltmeler (2 adet) ve Kitap Béliimii (1 adet) tiiriindeki yaymlar izlemistir.

Tablo 2. Yayinlarin Tiirlerine Gore Dagilimi

Yayn Tirti Frekans (n) Yiizde (%)
Makale 1297 55,6
Bildiri 956 41,0
Editoryal Materyal 36 15
Elestiri 32 1,4
Kitap Incelemesi 9 0,4
Diizeltme 2 0,1
Kitap Boliimii 1 0,0
TOPLAM 2333 100
Yayin Dilleri

Tablo 3’te goriildiigii iizere caligmalar toplamda 11 farkli dilde ve agirlikli olarak ingilizce (n=2251) dilinde
yayimlanmustir. Diinyada bilimsel iletisimin Ingilizce araciligiyla saglaniyor olmasi boyle bir sonucu karsimiza
cikarmaktadir. Ingilizceyi sirastyla Ispanyolca (25 yayin), Portekizce (17 yaym), Tiirkge (5 yaym), Rusca (4
yayin), Almanca (3 yayn) ve diger diller (Cince (2), Hirvatca, Fransizca, Bulgarca, Cekge, Italyanca ve Slovakea)

takip etmistir.

Tablo 3. Yayinlarin Dillerine Goére Dagilimu

Dil Frekans (n) Yiizde(%)
Ingilizce 2251 97,3
Ispanyolca 25 1,1
Portekizce 17 0,7
Tiirkce 5 0,2
Rusca 4 0,2
Almanca 3 0,1
Diger 8 0,3
TOPLAM 2313 100
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Atif Analizi

STEM egitimi konu alaninda yayimlanan 2313 ¢aligma tarafindan toplamda 62005 kaynaga atif yapilmistir.
2313 galigmaya yapilan toplam atif sayisi ise 11359 olarak tespit edilmistir. Atiflardan, 883 tanesi yazarlarin kendi
calismalarina yaptiklar atiflardan olusmaktadir. En ¢ok atif 2509 atif sayisi ile 2017 yilinda alinmustir. 2313 yayin
icerisinde ¢alisma basina ortalama atif sayisi 4,91 iken, yillik ortalama atif sayis1 420,70’tir. Yaynlarin h-indeksi
46 olarak hesaplanmigtir. Buna gore, STEM egitimi konu alaninda en az 46 atif almis 46 yaynin bulundugu
sOylenebilir.

Tablo 4. Yillara Gore Alinan Atif Sayilar

Yillar Alman Atif Sayisi Yiizde(%)
1992-1997 99 0,9
1998-2002 230 2,0
2003-2007 472 4,2
2008-2012 1829 16,1
2013-2018 8729 76,8
TOPLAM 11359 100

Tablo 4°teki bulgulara goére, 1992-1997 yillart arasinda atif sayisi 99 iken, 1998-2002 yillar1 arasinda bu say1
230, 2003-2007 yillar1 arasinda 472, 2008-2012 yillar1 arasinda 1829, 2013-2018 yillart arasinda ise 8729 olup
degisen yillarda atif sayilarinda siirekli bir artis oldugu bulgusuna ulasilmistir. STEM egitimi konu alanindaki
yayinlara yapilan atiflarin 2013 yilindan itibaren 6nemli oranda artig gosterdigi ve toplam atiflarin %76,8’ini
olusturdugu sdylenebilir.

Tablo 5. Yayin Sayisina Gore Atif Sayilar

Atif Sayist Yayin Sayist Yiizde(%)
100 tizeri 15 0,6
81-100 8 0,3
61-80 12 0,5
41-60 19 0,8
21-40 71 31
11-20 122 53
1-10 744 32,2
0 1322 57,2
TOPLAM 2313 100

Tablo 5’de yaymn sayisina gore alinan atif sayilar incelendiginde, 2313 eser arasindan en ¢ok atif alan
caligmanin 282 atif sayisi ile Jacob Clark Blickenstaff tarafindan 2005 yilinda gergeklestirilen “Women and
Science Careers: Leaky Pipeline or Gender Filter?” isimli makale oldugu belirlenmistir. 100 ve tizeri atif alan 15
yayn, 81-100 arasi atif alan 8 yayin, 61-80 aras1 atif alan 12 yayin, 41-60 aras1 atif alan 19 yayin, 21- 40 aras1 atif
alan 71 yayin, 11-20 aras1 atif alan 122 yayin goze ¢arparken 744 yaymin 1-10 arasi atif alarak yayin sayisina gore
atif oraninda % 32,2 ile en biiyiik orana sahip oldugu saptanmuistir. Ayrica, yaymlarin %57,2’sinin hi¢ atif almadig:
gorilmiistiir.

Ulke isbirliktelikleri
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Caligmalarda aragtirmacilarin tilkelerine gore gergeklestirdikleri igbirlikteliklerin belirlenmesi amaciyla sosyal
ag analizi gerceklestirilmistir. Ulke isimleri merkezilik derecelerine gore boyutlandirilarak Sekil 1.’de
gosterilmistir.

2001-2008 1200420061 2007-2009 2010-2012 2013-2015 2016-2017

FINLAND

MALAYSIA GERMANY
ISR’/:\‘ETI!B&AZIL GREECE
AUS'FR‘ALIA

CANAI?)AU SA

SP A|NNORWAY

TS ENGITAND oonesin
PEOPLES R CHINA TURKEY

NETHERLANDS PORTUGAL
IRELAND

Sekil 1. Ulke Isbirliktelikleri

Analiz sonucunda, 50 diigiim, 105 baglantidan olusan Sekil 1°deki ag elde edilmis ve ag 8 kiimeye ayrilmistir.
Ag yogunlugu 0,0857 olarak hesaplanmustir. Ulke isbirliktelikleri analiz edilirken ayn1 iilkeye mensup birden fazla
yazarin yer aldig1 ¢aligmalarda iilkeler bir kez sayilmistir. Agda her bir diigiim bir iilkeyi, her bir baglant1 ise
iilkeler arasindaki iligkileri belirtmektedir. Agdaki renklendirmeler, yukaridaki zaman ¢izelgesine uygun olarak
isbirlikteliklerin gergeklestirildigi yillar1 temsil etmektedir. Diiglimlerin etrafindaki mor ¢emberin kalinligi ve
boyutu ise diigiimlerin merkezilik derecelerinin yiiksek oldugu anlamimi tagimaktadir (Uksul, 2016). Agin
modularite degeri, Q= 0,42, siluet degeri ise 0,45 olarak bulunmustur.

Tablo 6. Ulke Isbirliktelikleri ve Merkezilik Dereceleri

Ulkeler Frekans Y1l  Kiime# Ulkeler Merkezilik Yil Kiime#
ABD 1464 1993 0 ABD 1,03 1993 0
Ingiltere 112 1999 2 Ingiltere 0,31 1999 2
Avustralya 81 2007 4 Avustralya 0,22 2007 4
Kanada 59 2009 2 Hollanda 0,17 2005 1
Ispanya 59 2008 1 frlanda 0,16 2014 4
Tiirkiye 51 2009 4 Ispanya 0,14 2008 2
Almanya 31 2013 3 Kanada 0,11 2009 1
[srail 30 2001 3 Yunanistan 0,08 2014 2
Brezilya 27 2014 0 Belgika 0,08 2016 3
Cin 27 2011 0 Almanya 0,07 2013 3

Tablo 6’daki bulgulara gore, ABD’nin diger iilkelerle en fazla isbirligi i¢inde yer alan iilke oldugu
goriilmektedir (n=1464). Ayn1 zamanda ABD en yiiksek merkezilik derecesine sahip iilke konumundadir. Buna
gore, ABD’nin iilkeler arasindaki bilimsel iligkilerin saglanmasinda ve devaminda kilit rol iistlendigi soylenebilir.
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Ayrica Ingiltere’nin STEM egitimi konu alaninda yapilan galismalara yon gosterici oldugu sdylenebilir. Atif
patlama analizi sonuglarina gore, Ingiltere’nin atif patlama degeri 1999-2005 yillar1 arasinda 6,97 olarak tespit

edilmistir.

Dergi Ortak Atif Ag1

Dergi ortak atif ag1 analizinde, ¢alismalarin ortak atifta bulundugu ve STEM egitimi alaninda 6nemli bilimsel
calismalarin yayimlandig: dergilerin belirlenmesi amaglanmaktadir.

2001-2008 1200420061 2007-2009 2010-2012 2013-2015 2016-2017

J SCIEDUC TECHNOL

INT\J'SCI EDVUC

EDUC PS%HOL SCIENCE- CGMPUT EDUC
J EDUC PSYCHOL J(ENG EDUC

REV HIGH EDUCcIJRES SCI TEACH ;| EARN sCI

RES HIGH: EDUC/S(\JI EDUC Ep RES

/ AM PSYCHOLREV EDUC NESHPIRLENG EDUC

ﬁEDUC,REs I

Sekil 2. Dergi Ortak Atif Ag1

Sekil 2°de gosterilen ag, 213 diigiim (ati1f kaynag1 dergiler), 970 baglanti ve 26 kiimeden meydana gelmektedir.

Agin yogunlugu 0,043’diir. Modularite degeri Q= 0,42, siluet degeri ise 0,27 dir.
Tablo 7. Ortak Atif Alan Der

iler ve Merkezilik Dereceleri

Dergiler Frekans | Yil | Kiime# Dergiler Merkezilik | Yil | Kiime#
Journal of . .
Research in 444 | 1995 1 | Journal of Research in Science 018 | 1995 | 1
. . Teaching
Science Teaching
Journal of . .
Engineering 403 | 2008 4 Academic Medicine 0,17 1995 | 5
Education
Science Education | 374 | 1993 1 American Psychologist 0,17 1996 | 0
Science 316 |2004 1 Journal of Personality and Social 0,16 2004 0
Psychology
International
Journal of Science | 286 | 1993 1 Higher Education 0,13 2006 2
Education

Tablo 7’de goriildiigii lizere STEM egitimi arastirma alaninda yayimlanan ¢aligmalarin en ¢ok atifta bulundugu

dergi

“Journal of Research in Science Teaching” dergisidir (n=444). STEM egitimi alaninda en ¢ok atifta

bulunulan diger dergiler sirasiyla Journal of Engineering Education (n=403), Science Education (n=374), Science
(n=316) ve International Journal of Science Education (n=286) dir. Journal of Research in Science Teaching
dergisi ayni zamanda en merkezi konumdaki dergidir (0,18). Bu dergiyi merkezilikte sirastyla Academic Medicine
(0,17), American Psychologist (0,17), Journal of Personality and Social Psychology (0,16) ve Higher Education

(0,13) dergileri izlemektedir.
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Ozkaya

lo 8. Yayinlarin Yillara Gore Auf Patlama Degerleri

Yayinlar Patlama  Baslangic Bitis 1992-2017
 Journal of Educational Research 13,99 2013 2015 T
N People Learn: Brain, Mind,
erience and School: Expanded 12,88 2008 2012 ——
tion
king About Leaving: Why. 12,58 2008 2012
Jergraduates Leave the Sciences T e
idemic Medicine 10’99 1996 2011 . ' ! | ' | || ' | || | | |

Jineering in K-12 Education
Jerstanding the Status and 10,78 2011 2014 I
roving the Prospects

Atif patlamasi analizi sonucunda, 44 yayina atif patlamasi oldugu tespit edilmis ve en yiiksek patlama degerine
sahip 5 yayn tablo 8’de gosterilmistir. “The Journal of Educational Research” dergisi ise en fazla atif patlamasi
degerine sahip dergidir (13,99). Ayrica ayni dergi, arastirma alaninda en giincel arastirmalarin atifta bulundugu
kaynaklarin da yayimlandigi dergidir. Dolayisiyla son yillarda STEM egitimi alanindaki arastirmacilarin bu
dergide ¢alisilmis konulara egilim gosterdikleri ifade edilebilir.

Yazar Ortak Atif Ag
1992-1994 = 1995-1997 2001-2003 [12004%20067 2007-2009 2010-2012 2013-2015 2016-2017

NATIéNALACADEMYOFSCIENCES
BOURDIEU P
\ DEWEY J ARCHER LPIAGET J
NATIONALCENTERFOREDUCA/"I'IONSTATISTICS
**NATI NALACADEMYOFENGINEERING
\ BROPHY Sy|n RKMALTESE /AV
SANDERS M BYBEE'RW GSBORNE J CARLONE HB
ﬁ"ess LsCRESWELL JWECCLES Js
[ NONYMOUS] BT
**NATION'AL‘ ESEARCHCOUNCIL

#
JNAT NALSCIENCEFOUND
--NA«TIONALSCIENCEB@ARD

ATION MQ
6 Encere COHEN y SE\(MOUR ETINTOV

2 BANDURA AuurTADG §
PRESIDENTS C CHEN X
DARLING-HAMMOND L \ASTlN AW
“*AMERICANASSOCIATIONFORTHEADVANCEMENTOFSCIENCE
HENDERSON.C

MILES MB

Sekil 3. Yazar Ortak Atif Ag1

Sekil 3’de goriilen yazar ortak atif ag1 349 diigiim (atif kaynag yazarlar), 1219 baglant1 ve 50 kiimeden
olugmaktadir. Yogunlugu 0,02, modularite degeri Q=0,56 ve siluet degeri ise 0,27 dir.

Tablo 9. Yazar Ortak Atif Analizi ve Merkezilik Dereceleri
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Yazarlar Auf Yil Kime# Yazarlar Merkezilik Y1l Kiime
Sayilari #
National Research Council 270 2004 0 National Research 0,37 2004 0
Council
Elaine Seymour 146 2005 3 Elaine Seymour 0,22 2005 3
National Science Foundation 135 2009 1 Adelman, Clifford 0,12 2010 7
National Science Board 127 2008 1 Heidi B. Carlone 0,10 2013 5
Albert Bandura 110 2004 1 Robert W. Lent 0,09 2008 0
Presidents C. 105 2012 1 John D. Bransford 0,09 2005 1
3. W. Creswell 101 2010 O L 008 2009 1
Foundation
Bybee, Rodger W. 81 2012 10 Jérome Lavé 0,08 1995 3
OECD 78 2009 2 National Science Board 0,07 2008 1
Vince Tinto 68 2010 1 Robert K. Yin 0,07 2006 0

Tablo 9’da goriildiigii gibi alanda yayimlanan 2313 ¢alismada en fazla atifta bulunulan ve agda en merkezi
konumda yer alan National Research Council (n=270) isimli kurumdur. Bu kurumu sirasiyla 146 atifla Elaine
Seymour, 135 atifla National Science Foundation, 127 atifla National Science Board, 110 Atifla Albert Bandura,
105 atifla Presidents C., 101 atifla J. W. Creswell izlemektedir. En merkezi konumda ise atif sayisinda oldugu gibi
National Research Counsil (0,37) vardir. Diger merkezi durumda olan yazarlar ise sirasiyla Elaine Seymour (0,22),
Clifford Adelman (0,12), Carlone B. Heidi (0,10) ve Lent W. Robert (0,09)tir.

Tablo 10. Calismalarda Atif Alan Yazarlarin Yillara Gore Atif Patlama Degerleri

Yazarlar Patlama  Baslangic Bitis 1992-2017
National
Academy of 12,69 2011 2014 -
Foreign
Engineering
Linda Katehi 9,77 2011 2014 -
I s —
John D. N O S
Bransford 9,24 2005 2013
Natlonal_ Science 8,96 2007 2011 S ———
Foundation
Louise Archer 8,04 2015 2017
e —

Tablo 10°da yazarlarin atif patlama degerlerine baktigimizda ise en yiiksek degerin 2011-2014 yillar1 arasinda
“National Academy of Foreign Engineering” e (12,69) ait oldugu goriilmektedir. Akademinin ¢aligmalarinin,
STEM egitimi arastirma alaninda gerceklestirilen ¢aligmalara dncii oldugu ve 151k tuttugu sdylenebilir. Bu kurumu
sirastyla Linda Kaheti, John D. Bransford, National Science Foundation ve Louise Arher izlemektedir. Son yillarda
ise Louise Archer isimli aragtirmacinin ¢aligmalarinin alanda ilgi gordiigi ifade edilebilir.
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Ozkaya

Yayin Ortak Atif Ag1

1992-1994 = 1995-1997 2001-2003 [12004=2006"1 2007-2009 2010-2012 2013-2015

#11 undergraduate science education

HAZARI Z (2010)
**AMERICANASSOCIATIONFORTHEADVANCEMENTOFSCIENCE (2011)

GRIFFITH AL (2n1n);g's'1° (2009)
HENDERSON C (2011) #0 Stem major
FREEMAN S (2014) waNG XL (2013) pmopen 1. ot
COLE D (2008) MAL TESE AV (2011) arcrier L (2012)
#3.entering research #10 graduate school

#4/changing engineering education |, .. .., NATL AE (2014)

RUSSELL SH (2007) ASCHBACHER PR (2010) SANDERS M (2009)

GRAHAM MJ (2012)#0 young peoples choice BREINER JM (2012)

BYBEE RW (2010)

PRESIDENTS(C (2012) 4 h 2
nol n
CARLONE HB (2007)HILL C (2010) #1 technology educatio

#5 dissertation'abstract
**NATIONALRESEARCHCOUNCIL (2011)
KATENI (ZOOQ]BROPHY S (2008)BECKER K (2011)
KATEHI L (200)NGSS LS (2013)
*NATIONALRESEARCHCOUNCIL (2012)
#2'academic standard

**NATIONALRESEARCHCOUNCIL (2012)
“*NATIONALACADEMYO TIONALI

PRESIDENTS C (2010)gyBEE RW (2013)

Sekil 4. Yayin Ortak Atif Ag1

OUNCIL (2014)

2016-2017

Analiz sonucunda olusan ag 450 diigiim, 1224 baglant1 ve 117 kiimeden meydana gelmektedir. Sekil 4’de
goriilen agin yogunlugu 0,01°dir. Modularite degeri Q= 0,48 ve siluet degeri ise 0,21 olarak hesaplanmuistir.

Tablo 11. Atf Kaynaklariin Merkezilik Dereceleri

Kaynaklar Merkezilik Y1l Kiime#
Aschbacher, P. R., Li, E., & Roth, E. J. (2010). Is science me? High school

students' identities, participation and aspirations in science, engineering, and 0,13 2010 0
medicine.

Crisp, G., Nora, A., & Taggart, A. (2009). Student characteristics, pre-college,

college, and environmental factors as predictors of majoring in and earning a 0,10 2009 6
STEM degree: An analysis of students attending a Hispanic serving institution.

National Research Council. (2009). Engineering in K-12 education: 0.08 2009
Understanding the status and improving the prospects. ’ 2
Cole, D., & Espinoza, A. (2008). Examining the academic success of Latino 0.07 2008
students in science technology engineering and mathematics (STEM) majors. ’ 0
Maltese, A. V., & Tai, R. H. (2010). Eyeballs in the fridge: Sources of early

- Lo 0,06 2010
interest in science. 5

Tablo 11 incelendiginde, en yiiksek merkezilik derecesine sahip kaynaklarin sirastyla, Aschbacher, P. R., Li,
E., & Roth, E. J. tarafindan 2010 yilinda gerceklestirilen (0,13) ve Crisp, G., Nora, A., & Taggart, A. tarafindan
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2009 yilinda gerceklestirilen (0,10) makaleler oldugu goriilmektedir. Bu g¢alismalar, STEM egitimi aragtirma
alanina yol gosteren, ortak referans kaynaklardir.

Tablo 12. Atif Kaynaklariin Frekans Degerleri

Kaynaklar

Frekans

Yil

Kiime#

National Research Council. (2011). Successful
STEM education: ldentifying effective approaches in

science, technology, engineering, and mathematics.

Holdren, J. P., Lander, E., & Varmus, H. (2010). Report to
the president prepare and inspire: K-12 education in
science, technology, engineering, and math (STEM) for

America’s future.

Brophy, S., Klein, S., Portsmore, M., & Rogers, C. (2008).

Advancing engineering education in P-12 classrooms.

Maltese, A. V., & Tai, R. H. (2011). Pipeline persistence:
Examining the association of educational experiences with
earned degrees in STEM among US students.

National Research Council. (2013). Next generation

science standards: For states, by states.

K-12

42

36

35

35

2011

2010

2008

2011

2013

STEM egitimi arastirma alaninda yayimlanan c¢alismalarca en ¢ok atifta bulunulan kaynak, Tablo 12°de
gorildiigi gibi Kiime# 1°de yer alan National Research Council tarafindan 2011 yilinda gergeklestirilen (n=42)
yaymdir. Bu yayin alana y6n veren ve 1sik tutan en onemli referans kaynaktir. National Research Council
tarafindan 2013 yilinda gergeklestirilen (n=35) ve Kiime# 1’de yer alan makale ise en 6nemli 5 kaynak igerisinde
en giincel referans kaynak olarak gosterilebilir.

Tablo 13. Kaynaklarin Yillara Gore Atif Patlama Degerleri

Kaynaklar Patlama

Baslangi¢

Bitis

1992-2017

Katehi, L., Pearson, G., & Feder, M. (2009). The
status and nature of K-12 engineering education in 511
he United States.

Seymour, E., Hunter, A. B., Laursen, S. L., &
DeAntoni, T. (2004). Establishing the benefits of
esearch experiences for undergraduates in the
sciences: First findings from a three-year study.

Carlone, H. B., & Johnson, A. (2007).
Jnderstanding the science experiences of
successful women of color: Science identity as an
nalytic lens.

4,94

4,27

\ational Academy of Engineering, U. S.
2004). The engineer of 2020: Visions of 4,10
=ngineering in the new century.
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Corlu, M. S., Capraro, R. M., & Capraro, M. M.
2014). Introducing STEM

'mplications for educating our teachers in the age

of innovation.

education:

3rophy, S., Klein, S., Portsmore, M., & Rogers, C.

2008). Advancing engineering education in P-12

lassrooms.

4,02 2015

3,63 2014

2017

2015

Tablo 13’deki bulgular incelendiginde, en yiiksek atif patlama degerine sahip kaynagin Katehi, L., Pearson,

STEM Egitimi Arastirma Alani1 Konu Kiimelenmeleri

G., & Feder, M. tarafindan (2009) gerceklestirilen makale oldugu goériilmektedir. Bu makale, STEM egitimi
alaninda 2011-2012 yillar1 aras1 donemde etkili olmus ve bu yillar arasi alanda gerceklestirilen galismalara yon
vermis nitelikte bir eser olarak ifade edilebilir. Corlu, M. S., Capraro, R. M., & Capraro, M. M. (2014) tarafindan
hazirlanan eserinin alanda en ¢ok ilgi goren ¢alismalarin baginda oldugu elde edilen bulgular arasindadir.

Konu kiimelenmeleri igerisinde en biiyiik kiimelenmenin Tablo 14°de goriildiigii gibi young people’s choice

Tablo 14. Atif Kaynaklarina Gore Olusan Konu Kiimelenmeleri

(688,47, 1.0E-4) (n=54) ile ilgili ¢alismalar1 igeren Kiime#0 oldugu goériilmektedir. Kiimenin Siluet degeri 0,649
olup, homojen bir yapida oldugu séylenebilir. Kiimede yer alan caligmalarin atifta bulunduklari yayinlarin
ortalama yili ise 2009°dur. Alandaki en giincel arastirma konulari, teknoloji egitimi ve miihendislik egitimini
degistirme olarak belirlenmistir. Bu kiimelerdeki ¢alismalarin atif yaptiklari yayinlarin ortalama yili ise 2011°dir.

. . . . . Ortalama
Kime Boyut Siluet Etiket(TFIDF) Etiket (LLR) p-degeri Atf Yily

STEM; career
3? dbe,‘I:I()rgfsj;uate Young people’s choice (688,47, 1.0E-4);

0 54 0,64 resear%h children’s engagement (441,1, 1.0E-4); 2009
- family habitu (441,1, 1.0E-4)
increases self
efficacy;
STEM,; Technology education (614,08, 1.0E-4);

1 53 0,76 motivations; mathematics curriculum (614,08, 1.0E-4); 2011
policy arena core value (614,08, 1.0E-4)
engineering; Academic standard (947,76, 1.0E-4); k-12

2 43 0,88 analysis; extent; STEM Education 704,66, 1.0E-4); high 2007
presence; k-12  school student (554,85, 1.0E-4)
STEM,; course;  Entering research (957, 1.0E-4);
beginning beginning under graduate researcher (957,

3 40 0,82 undergraduate  1.0E-4); meyerhoff scholarship program 2006
researchers (351,01, 1.0E-4)
STEM; national Changing engineering education (778,46,

4 37 0,69 education 1.0E-4); math discipline (717,15, 1.0E-4); 2011
systems; gaps;  gender disparities (717,15, 1.0E-4)

Kelime Analizi
2001-2003 12004720067 2007-2009 2010-2012 2013-2015 2016-2017
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Sekil 5: Kelime Analizi

Analiz sonucuna 179 diigiim ve 911 baglantidan olusan Sekil 5’deki ag elde edilmistir. Agin yogunlugu, 0,05
olarak hesaplanmistir. Agin modularite degeri Q=0,35, siluet degeri ise, 0,33 olarak bulunmustur. Ag toplam 17
kiimeden olusmaktadir. Agda elde edilen ilk 10 6nemli kavrama iliskin frekans ve merkezilik degerleri Tablo
15°de gosterilmistir.

Tablo 15. Frekans ve merkezilik degerleri

Kelime Frekans Yil  Kelime Merkezilik Yil

Egitim 396 1993  Ogrenci 0,15 2004
STEM 318 2006 Matematik 0,14 2007
Fen 264 2008 Egitim 0,13 1993
Ogrenci 201 2004 Algi 0,10 2010
STEM egitimi 175 2007 Fen 0,09 2008
Matematik 122 2007 Seg¢im 0,09 2010
Cinsiyet 104 2009 Ogretim Programi 0,09 2005
Yiiksek Ogrenim 101 2008 Cinsiyet 0,08 2009
Bagari 99 2009 Smmf 0,08 2009
Miihendislik Egitimi 88 2009 STEM 0,07 2006

Tablo 15°deki verilere gore, STEM egitimi alaninda en fazla kullanilan kelimelerin egitim (n=396), STEM
(n=318) ve bilim (n=264) oldugu bu kelimeleri 6grenci (n=201), STEM egitimi (n=175), matematik (n=122),
cinsiyet (n=104), yiiksekégrenim (101), basar1 (n=99) ve miihendislik egitimi’nin (n=88) izledigi goriilmektedir.
En yiiksek merkezilik derecesine sahip kelimeler ise sirasiyla 6grenci (0,15), matematik (0,14), egitim (0,24), alg
(0,10), bilim (0,09), se¢im (0,09), 6gretim programi (0,09) cinsiyet (0,08), sin1f (0,08) ve STEM’dir (0,07).

Tablo 16. Kelime Atif Patlama Degerleri
Baslang1
¢

Kelimeler Patlama Bitis 1992-2017

Biyoloji 5,10 2014 2017
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Etki 5,05 2015 2017
|
Program 4,43 2013 2014
e ————
Miihendislik 417 2011 2014 i
Tasarimi
I e—
Bilim Insan1 4,12 2014 2015
e —
]
K-12 4,07 2011 2015
I e —
]
Renk 3,70 2011 2013
I e —
]
Baglam 3,70 2011 2013
I e —
. ]
is 3,44 2010 2013
I e —
Yenilik 3,36 2013 2014
e ———

Atif patlamasi analizi sonucunda toplam on kavrama atif patlamasi tespit edilmistir. Bunlardan en yiiksek
degere sahip kavramlar Tablo 16’da gosterildigi gibi sirasiyla biyoloji (5,10), etki (5,05), program (4,43),
miihendislik tasarimi (4,17) ve bilim insani (4,12) olarak belirlenmistir. Bu kavramlar ayrica, STEM egitimi
arastirma alaninda giincel olarak ¢alisilan kavramlardir.

Sonug, Tartisma ve Oneriler

Calismada STEM egitimi konu alaninda yayimlanan bilimsel arastirmalarin bibliyometrik analizleri
gerceklestirilmis ve bu kapsamda alana yonelik bilimsel birikimin ve bilimsel iletisim yapisinin veriye dayali
objektif bir yontemle genel goriiniimii ortaya konmustur. Web of Science veri tabaninda “STEM Education”
anahtar kelimesi ile tarama gergeklestirilmis, 1992 yilindan 2017 ye kadar yayimlanan egitim bilimleri alaninda
gergeklestirilen arastirmalarla sinirlandirilmig 2313 bilimsel yayin arastirmaya dahil edilmistir. Arastirmaya dahil
edilen caligmalarin yillara gore sayisi, tiirleri, yayin dilleri ve atif analizlerine yonelik frekans degerleri tespit
edilmistir. Ayrica ¢aligmanin veri seti kapsaminda yer alan ve alanda en ¢ok atif sayisina sahip eserler de tespit
edilmistir. Bu yonleriyle aragtirma bu alanda yapilan ilk ¢aligmadir.

Yillara gore yayin sayilarina bakildiginda STEM egitimi konu alanina yonelik akademik ilginin 2008 yilindan
itibaren hizli bir sekilde artis gosterdigi tespit edilmis, STEM egitimi ile ilgili yaymlarin % 93,3 {iniin 2008-2017
yillar1 araligindaki yayinlardan olustugu goriilmistiir. Yayinlar, tiirlerine gore bakildiginda, 7 farkli yayin tiiriiniin
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gergeklestirildigi, say1 olarak en ¢ok makale yaymi yapildigi (%55,6), toplam yayinlarin %96,6’sim1 makale ve
bildiri tiirtindeki yayinlarin olusturdugu goriilmiistiir. STEM egitimi alaninda yayimlanan eserlerin yayin dilinin
hemen hemen tamanminin Ingilizce (%97,3) oldugu, Ingilizceyi %1,1 ile Ispanyolcanin takip ettigi goriilmiistiir.
Belirtilen yillarda STEM egitimi ile ilgili yapilan atiflarda yillar gegtikge atif sayilarinin arttigi, toplam atiflarin
%76,8 inin 2013-2018 yillar1 arasindaki yapildigi, yine toplam atiflarin %7,77 sinin yazarlarm kendi eserlerine
yaptig1, ortalama atif sayisinin 4,91 oldugu, 2323 eserin 15 inin 100 iin iizerinde atif aldig1 goriilmiistiir. Ulke
igbirlikteliklerine bakildiginda STEM egitimi programinin ortaya ¢iktigi Amerika Birlesik Devletlerinin diger
iilkelerle en fazla isbirligi yapan iilke oldugu, ingiltere’nin ise STEM egitimi konu alaninda yapilan calismalara
yol gosterici oldugu sdylenebilir. Dergi ortak atif ag1 analizinde STEM egitimi alaninda 6nemli bilimsel
calismalarin yayimlandig1 dergiler incelendiginde, yayimlanan c¢alismalarin en ¢ok atifta bulundugu derginin
“Journal of Research in Science Teaching” dergisi oldugu goriilmiistiir (n=444). Ay dergi, agda en merkezi
konumda bulunmaktadir. Dergi, alanda kilit 6neme sahip ¢alismalarin yayimlandigi kaynak niteligindedir. Atif
patlamasi analizi sonucunda, 44 dergiye atif patlamasi oldugu tespit edilmis ve en yiiksek atif patlamasi degerine
sahip derginin “The Journal of Educational Research” (15,02) oldugu goriilmiistiir. Dergi ayn1 zamanda arastirma
alanda en giincel arastirmalarin atifta bulundugu kaynak niteligindedir. Yazar ortak atif agina bakildiginda alanda
en fazla atifta bulunulan yazarlar/kurumlar sirasiyla National Research Council (n=270) ve Elaine Seymour
(n=146)’dur. Agda en merkezi konumdaki eserin ise National Research Council (0,37) tarafindan yayinlandig:
tespit edilmistir. Yayin ortak atif agina bakildiginda, en yiiksek merkezilik derecesine sahip kaynaklarin bir bagka
deyisle STEM egitimi arastirma alanina yol gosteren ortak referans kaynaklarinin 2010 yilinda Aschbacher, P. R.,
Li, E., & Roth, E. J. tarafindan gergeklestirilen “Is science me? High school students' identities, participation and
aspirations in science, engineering, and medicine” (0,13) ve 2009 yilinda Crisp, G., Nora, A., & Taggart, A.
tarafindan gercgeklestirilen “Student characteristics, pre-college, college, and environmental factors as predictors
of majoring in and earning a STEM degree: An analysis of students attending a Hispanic serving institution” (0,10)
isimli makaleler oldugu goriilmektedir. STEM egitimi arastirma alaninda yayimlanan ¢aligmalarca en ¢ok atifta
bulunulan, alana yo6n veren ve 1sik tutan kaynak, National Research Council tarafindan 2011 yilinda
gerceklestirilen “Successful K-12 STEM education: Identifying effective approaches in science, technology,
engineering, and mathematics” isimli yayindir (n=42). National Research Council tarafindan 2013 yilinda
gerceklestirilen (n=35) eser ise en 6nemli 5 kaynak igerisinde en giincel referans kaynak olarak gériinmektedir. En
yiikksek atif patlama degerine sahip olan 2009 yilinda Katehi, L., Pearson, G., & Feder, M. tarafindan
gerceklestirilen “The status and nature of K-12 engineering education in the United States” isimli ¢aligmanin 2011-
2012 yillart arast donemde alanda etkili olmug oldugu goriilmektedir. STEM egitimi arastirma alani konu
kiimelenmeleri igerisinde en biiyiik kiimelenmenin Young people’s choice ile ilgili ¢alismalarin yer aldigi kiime
oldugu goriilmektedir. Alandaki en giincel aragtirma konular ise, teknoloji egitimi ve miihendislik egitimini
degistirme olarak tespit edilmistir. Kelime analizinde bakildiginda, en fazla kullanilan kavramlarin egitim (n=396),
STEM (n=318) ve bilim (n=264) kelimeleri oldugu goriilmektedir. En yiiksek merkezilik derecesine sahip
kavramlarin ise, 6grenciler (0,15), matematik (0,14) ve egitim (0,13) kelimeleri oldugu gériilmiistiir. Atif patlamasi
analizi sonucunda toplam on kavrama atif patlamasi tespit edilmis, bunlardan en yiiksek degere sahip kavramlarin
biyoloji ve etki oldugu goriilmiistiir. Bu kavramlar ayrica, STEM egitimi aragtirma alaninda calisilan en giincel
kavramlardir.

Elde edilen bulgular Yu, Chang ve Yu’nun 2016 yilinda yayinladiklari ¢alismayla benzerlikler gostermektedir.
Yazarlar, 1992-2013 yillar1 arasinda STEM egitimine en ¢ok katkiy1 sirastyla ABD, Ingiltere, Hollanda,
Avustralya ve Ispanya’nin yaptigini sdylemislerdir. Bu ¢alismada da en merkezi konumda olan iilkeler sirastyla
ABD, ingiltere, Avustralya, Hollanda ve Irlanda olarak tespit edilmistir. Yazarlar belirtilen yillarda en ¢ok
kullanilan kelimeleri STEM, fen egitimi, STEM egitimi, yliksekdgrenim, egitim ve fen olarak bulmustur. Bu
aragtirmada ise bu kelimeler sirasiyla egitim, STEM. Fen, &grenci, STEM egitimi ve matematik olarak
bulunmustur. Yazarlar STEM egitimine yon veren dergileri sirasiyla, International Journal of Science Education,
Journal of Science Education and Technology, Journal of Engineering Education, Teachers College Record,
Research in Higher Education, olarak bulmustur. Bu arastirmada ise STEM egitimine yon veren dergiler sirasiyla
Journal of Research in Science Teaching, Journal of Engineering Education, Science Education, Science,
International Journal of Science Education olarak bulunmustur.

Elde edilen bulgular Assefa ve Rorissa’nin (2013), arastirmalariyla da benzerlikler gostermektedir. Yazarlar
eserlerin bagliklarini, anahtar kelimelerini ve makale dzetlerini analiz etmislerdir. Bu sayede STEM egitimi alanim
karakterize eden temel bilgi alanlarimi kelime iligkilendirme metodu (co-occurrence analysis) ile belirlemeye
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calismislardir. STEM egitimi ile ilgili eserler bagliklarina gore incelendiginde en ¢ok kullanilan kelimeler sirasiyla
egitim, fen egitimi, teknoloji egitimi, matematik egitimi ve miihendislik egitimidir. STEM egitimi ile ilgili eserleri
anahtar kelimelere gore incelendiginde en ¢ok kullanilan kelimeler sirasiyla fen egitimi, matematik egitimi, ilkokul
egitimi, yiiksekdgrenim ve teknoloji egitimidir. STEM egitimi ile ilgili eserler 6zetlerine gore incelendiginde en
cok kullanilan kelimeler sirasiyla fen egitimi, 6grenci, teknoloji egitimi, matematik egitimi ve egitimdir.

2018 yilinda yayimnlanan Milli Egitim Bakanlig1 Fen Bilimleri Dersi Ogretim Programi, énceki programlardan
farkli olarak fen, miihendislik ve girisimcilik uygulamalarini ayr1 bir bashk altinda ele almistir. Programda
ogrencilerin miihendislik ve bilim arasindaki baglantiy1 kurmalari, disiplinler arasi etkilesimi anlamalarinin dnemli
oldugu vurgulanmaktadir. Programda 6grencilerin 6grendiklerini yagsantisal hale getirerek fen ve mithendislik
uygulamalarini deneyimlemelerinin 6nemli olduguna dikkat ¢ekilmektedir. Amerika Birlesik Devletleri Bagkani
alanlarinda nasil egitecegimize baghdir” diyerek STEM egitiminin Oonemine deginmistir. Avrupa Birligi
tarafindan 2007 yilinda yayinlanan raporda, sorgulamaya dayali fen egitiminin bilim ve teknoloji egitiminde
kullanilmasinin 6grencilerin bilime yonelik ilgilerinin artirilmasina katki saglayacagina dikkat ¢cekilmistir (Rocard,
Csermely, Jorde, Lenzen, Henriksson, & Hemmo, 2007).

Genel olarak bakildiginda gerek iilkemizde gerekse diinyanin diger {ilkelerinde STEM egitimi ile ilgili ¢alisan
kisilerin/kuruluglarin artmasi, STEM egitimi alaninda yapilan ulusal ve uluslararasi caligmalarin giderek
artacagina, egitim programlarinda STEM egitiminin daha ¢ok yer alacagina isaret etmektedir.

STEM egitimi ile ilgili ¢alisacak arastirmacilarin, atif patlamasi yapmis yayinlara, ¢alismalari atif patlamasi
yapmis yazarlara, frekans ve merkezilik degerleri en yiiksek kelimelere ve atif patlamasi yapmus kelimelere dikkat
etmeleri Onerilir; zira yakin gelecekte bu kavramlarin sik sik karsimiza ¢ikacagi goriillmektedir.
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