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ABSTRACT

This study was conducted to present a holistic perspective on the research on
evidence-based teaching in science education (EBTiSE) and to provide guidance to
the field so that educators and researchers can easily access resources and authors.
This study aimed to determine the trend of research on EBTiSE by focusing on
evidence-based teaching. For this purpose, the bibliometric analysis method was
utilized. Thus, it was aimed to reveal the structure and development of the research
topic. The study accessed 218 publications published between 2000 and 2024 from
the Web of Science (WoS) database. VOSviewer software was used to analyze these
data bibliometrics. As a result of the research, it was determined that publications
related to EBTiSE have been published regularly since 2000 and peaked with 21
publications in 2020-2021. The USA ranks first in the countries with the most
publications on EBTiSE. It was determined that the highest number of publications
on EBTIiSE was in the "International Journal of Science Education." The most
frequently used keywords in the studies were "science education,”" "
development," and "argumentation." In recent studies, key concepts such as science
teacher education, undergraduate research, early childhood, scientific literacy,
educational technology, etc., are frequently mentioned. According to the citation
network analysis, Wu and Tsai (2007), Dawson and Venville (2010), Zembal-Saul et
al. (2002), Oliver and Hannafin (2000), and Brown et al. (2010) emerged as the
primary sources of the subject area. The article titled “Establishing the Norms of
Scientific Argumentation in Classrooms" was found to have the highest number of
common citations. The results obtained by utilizing visual maps in this study will
contribute to other original studies to be conducted in the field of EBTiSE.
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Mapping the Evolution of Evidence-Based Teaching in Science Education: A Bibliometric Approach

Introduction

Randomized experiments, which revolutionized technology, agriculture, and medicine in the 20th
century, started influencing educational practices in the 2000s (Slavin, 2002). As one of the major
initiatives aimed at improving educational practices in education systems around the world, the
evidence-based practice approach—signaled by the “No Child Left Behind” law and the
“Rethinking Education” policy, which emphasizes science-based educational research—has been
promoted (European Commission, 2012; Ion & Sirvent, 2022; Towne et al., 2005, p.10). "If patients
expect their doctors' practices to be informed by the best available research evidence, why shouldn't
parents expect teachers and administrators to educate and organize learning environments in the
same way?" is the premise that informed the decision-makers who formulated this incentive policy
(Towne et al., 2005, p.10). According to this perspective, obtaining the "good teaching processes" that
our children deserve can be accomplished in part by using rigorous and trustworthy data from the
assessment of repeatable programs and practices (Slavin, 2002). The overarching goal is to develop
and implement instructional strategies that positively impact student learning outcomes. It is
becoming increasingly crucial to comprehend the factors that facilitate teachers' acceptance and
integration of research findings into their practice and the systems that can facilitate this process at
the school level. This is due to the mounting pressure from policymakers to enhance teaching
methods by leveraging research data (Ion & Sirvent, 2022). This framework highlights evidence-
based teaching techniques as a necessary means of bridging the knowledge gap between research
and practice in the classroom (Akay & Kanadli, 2021; European Commission, 2012; Georgiou et al.,
2020). This study makes an effort to examine the research on scientific teaching approaches that are
grounded in evidence from an integrated standpoint. Hopefully, the findings will guide teachers,
policymakers, and researchers.

Evidence-Based Practice and Teaching

Evidence-based teaching is a pedagogical tool and technique that promotes learning (Schwartz &
Gurung, 2012; Voisin & Dumay, 2020). Teachers define evidence-based practices as basing decisions
and pedagogical issues on scientific evidence (Csanadi et al., 2021). Teachers adopt evidence-based
teaching by analyzing effective teaching methods to help produce learning outcomes that will enable
students to succeed in today's world (Dunn et al., 2013; Georgiou et al., 2020). However, they do not
see their shortcomings in evidence-based teaching as a problem that needs an urgent solution.
Teachers must discover or adopt most professional practices through their personal preferences. To
effectively help teachers at this stage, senior colleagues' expertise and practice-based research must
be improved (Akay & Kanadli, 2021; Hargreaves, 1996). As a result of this understanding, students
cannot learn what they need to know during a critical developmental period in their lives. In other
words, ineffective teaching methods prevent the motivation and creativity necessary for students to
succeed (Dunn et al.,, 2013). Teachers must work to address gaps in their understanding and
application of evidence-based teaching methods. The effectiveness of such methods in enhancing
students' critical thinking and scientific reasoning skills is well-documented (McNeill et al., 2006).
Research indicates that evidence-based teaching improves student learning outcomes and enhances
the overall quality of education (Davies, 1999; Gabbin, 2020).

Education based on evidence operates at two levels. The first involves utilizing data from
international studies and publications on education and related fields. The second step is to generate
robust evidence when the existing evidence is insufficient, ambiguous, or of low quality (Csanadi et
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al.,, 2021; Davies, 1999). A key objective is to equip teacher educators with the knowledge required
to adopt evidence-based methods and integrate research into classroom practices. Achieving this
goal necessitates implementing professional development and qualification programs to enhance
teachers' expertise. Such programs should provide access to the latest research findings and relevant
materials, enabling educators to critically engage with empirical evidence (Diery et al., 2020;
Georgiou et al., 2020).

The first step in advancing this agenda involves identifying the barriers and resources available to
teacher educators in adopting evidence-based practices and understanding their perspectives on this
approach in teacher education. This process shapes preservice teachers' epistemic standards and
goals through teacher education (Ferguson, 2021). Research indicates that teacher educators
generally favor using empirical evidence and evidence-based practices. Experienced educators
demonstrate greater use of evidence and more positive attitudes toward these practices (Diery et al.,
2020; Georgiou et al., 2020). However, less experienced teacher educators report encountering more
challenges. Addressing how to support teacher educators in their professional growth is essential,
particularly given the expanding body of scientific research in education (Csanadi et al., 2021; Diery
et al., 2020).

Science Teaching and Evidence-Based Practices

Science education is an essential field of research with specific working methods. It also has its own
particular objectives, processes, and assessment approaches. These specific objectives, processes,
and assessment tools form science curricula. While the resulting programs serve as a road map for
teachers, they also serve as criteria for researchers. The healthy determination of these criteria is
possible through empirical educational research (Hattie, 2009). Therefore, due to the nature of
science education, how the content and practices of positive sciences should be transferred to
teachers and students is essential. It is aimed to provide pedagogical education by teaching how to
realize science education through appropriate methods and techniques. Concurrently, advancing
students' comprehension and abilities is a primary objective, emphasizing how scientific material
can be acquired. In essence, science education aims to elucidate science's intricate and systematic
nature to students (Bouni et al., 2024). Based on this, evidence-based studies in science education,
which are practices supported by empirical evidence and are effective, are critical for the
development process (Hattie, 2009; Karim et al., 2018; Mayer, 2004; Towne & Shavelson, 2002). For
example, the rapid developments in science, technology, engineering, and mathematics (STEM)
education support many evidence-based instruction-supported research on this subject (Li et al.,
2020). One such study, conducted by [researchers' names], found that [summary of the study
findings]. As a result of a survey of the use of evidence-based teaching in STEM education, it was
observed that students' perceptions of teaching changed. The participants realized that teaching is a
skill that can be developed through practice and concluded that "Teaching, like everything else,
requires learning”. In another study, it was determined that using digital tools in evidence-based
teaching was thought to provide students with a comprehensive and practical education, thus
supporting the training of lifelong learners with an innovative teaching and learning approach
(Good et al., 2019). Likewise, it is argued that it is possible to raise students who produce, use, and
share evidence in the distance education process through evidence-based practices (Knogler et al.,
2022). As evidenced in the research of Hofer et al. (2018), students are capable of furthering their
learning through questioning, a practice that is effective in distance education. As a result, evidence-
based practices play a role in improving teaching practices and increasing student achievement in
today's conditions (Ion & Sirvent, 2022).
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Moreover, it has been noted that implementing evidence-based teaching benefits students and
enhances the overall quality of the teaching environment (Downey et al., 2022). The evidence-based
teaching framework is a valuable guide for supporting and evaluating students' scientific
argumentation processes. Students can develop a deeper understanding of new concepts by
interacting with evidence in conjunction with their prior knowledge (Pei et al., 2023). Engaging
students in the excitement of scientific inquiry, fostering an appreciation for evidence-based
reasoning and higher-order cognitive skills, and equipping them to become creative problem solvers
have long been central goals of science education reform (DeHaan, 2017; Good et al., 2019). To
illustrate, embarking on evidence-based teaching can be likened to preparing a dish for the first
time-seeking advice from experienced individuals or consulting recipe books represents an effort to
draw upon tried-and-tested knowledge. This approach increases the likelihood of achieving a better
outcome, just as evidence-based teaching enhances educational results. The importance of evidence-
based practices in science can be explained in this way. When we look at the literature, although we
see that evidence-based practices first appear in medicine and health sciences (Howard et al., 2022),
it is possible to say that evidence-based practices are also fundamental in educational sciences.
Therefore, the literature emphasizes the importance of evidence-based teaching processes both in
the field of education in general and in the field of science education in particular. A study
systematically examining evidence-based practices in science education emphasized the
effectiveness of proven experimental interventions in student learning (Barnett et al., 2018). In
another meta-analysis study, it is seen that evidence-based practices are addressed as
understanding-based teaching by emphasizing the questioning and systematic aspects of evidence-
based practices in science education research (Sulu et al., 2023). In addition to these essential
emphases in the literature, there were also studies in which doubts were expressed about the
progress of evidence-based methods that provide continuous improvement in science education
(Deehan & MacDonald, 2023). Therefore, as the number of publications presenting different views
increases over the years as academic knowledge increases, it is thought that it will become more
difficult for researchers to follow the literature day by day (Simsir, 2021). The number of evidence-
based teaching studies in scientific education has recently increased, it becomes clear that the
bibliometric study was necessary. In other words, bibliometric studies are believed to contribute to
the field by enabling researchers to conduct effective literature reviews quickly. Bibliometric studies
guide researchers by revealing research trends, developments, weaknesses, and strengths. They can
be considered an analysis method for systematic review studies (Sonmez, 2020). Through
bibliometric studies, data such as year, author, citation, country, keyword, etc., of publications are
analyzed, not the content. Bibliometric studies summarize the structure and development of the
research area, which can be examined in a shorter time than systematic studies, and provide a
quantitative and objective approach to studies (Block & Fisch, 2020). This study aimed to provide a
holistic perspective on these studies by focusing on the studies on EBTiSE and revealing which
resources and authors educators and researchers in the field should access for evidence-based
teaching in science education. In addition, it is believed that presenting the data on EBTiSE from a
systematic and holistic perspective will shed light on policymakers in their decision-making
processes regarding teacher education, the development of new curricula, and improving the quality
of teaching environments (Hsiao & Petersen, 2019).

The principal objective of this study is to synthesize research on evidence-based teaching within the
domain of educational science into an integrated framework and to conduct a bibliometric analysis
of these studies. The study provides readers with a comprehensive perspective without imposing
any temporal limitations. To achieve this objective, the study is structured around two main sets of
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research questions:
Group 1: General descriptive analysis

For research focusing on evidence-based teaching in the field of science education (including
physics, chemistry, biology, and general science), this study examines:

(1) What are the distribution patterns of these studies over the years?

(2) How are these studies distributed across different countries?

(3) How are these studies distributed according to publication/source titles?
Group 2: Analysis of Research Networks

For research focusing on evidence-based teaching in the field of science education (including
physics, chemistry, biology, and general science), this study examines:

(4) What kind of structure emerges regarding co-word/co-occurrence analysis?
(5) What kind of structure emerges regarding citation analysis (publications)?
(6) What kind of structure emerges regarding co-citation analysis (cited references)?

The answers to the above questions aim to present researchers with concrete and evidence-based
trends in the field. Additionally, this study supports evidence-based teaching. Comprehensive and
systematic reporting of domain-specific studies is crucial for the evidence-based advancement of the
respective scientific field. In this regard, the study is expected to contribute to the literature by
providing a bibliographic resource.

Method

Research Model

Bibliometrics is the study of the characteristics of scientific publications in a specific research field,
such as author, citation, institution, country, etc., through statistical techniques. Bibliometric studies
reveal the structure and development of the research field. At the same time, it provides an
opportunity to examine the productivity of institutions, journals, countries, and researchers
comparatively (Block & Fisch, 2020). Bibliometric studies include performance analysis and scientific
mapping. While performance analysis determines the contributions to the field related to the
research topic, scientific mapping reveals the relationships of the components related to the research
topic (Donthu et al., 2021). The trend of evidence-based research in science education was
ascertained in this study using the quantitative bibliometric analysis method. In the study,
bibliometric analysis aimed to obtain data on the general view of evidence-based studies in science
(physics, chemistry, biology, and science), as well as the research field's structure, trend, and
development.

Data Collection

The Web of Science (WoS) database was utilized in this research, as it is a significant resource
providing journal citation reports across various disciplines (Budimir et al., 2021). Accordingly,
publications within the WoS database were analyzed in this study. The data were retrieved from the
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WoS database on March 1, 2024. A comprehensive literature search was conducted using the

Al

keywords: "evidence-based" and "science education,” or "science teach*" or "science learn*" or

S

"science class*" or "science curriculum®*" or "science student*" or "science instruction®" or "science

Al

practice*" or "practice of science" or "learning of science" or "teaching of science" or "instruction of

science."

The dataset was initially filtered based on inclusion and exclusion criteria to focus exclusively on
evidence-based studies in science education. The initial search yielded 508 publications.
Subsequently, three primary filtering criteria were applied: Web of Science Core Collection,
Publications Types, and Web of Science Categories. To ensure the Web of Science Core Collection
inclusion criterion, the raw data obtained with the research query were limited to "SSCI (281), SCI-
EXPANDED (151), ESCI (102), CPCI-S (35), CPCI-SSH (30), BKCI-SSH (8), BKCI-S (6)" (Excluded:
A&HCI (6)). As a result of this process, 502 publications were reached. With the second inclusion
criterion, the publication type was limited to "article (383), early access (108), proceeding paper (54),
review article (37), book chapters (10), book review (3)" and 477 publications were reached. Editorial
Material (24) and Correction (1) were excluded from the analysis. The third inclusion criterion was
limited to "Education Educational Research (232), Education Scientific Disciplines (101)" within the
scope of Web of Science Categories, and 295 publications were reached. As stated, the
inclusion/exclusion criteria were first carried out using keywords related to the research topic. Then,
publication and category filtering were applied by considering the field of study. The frequency
values reflected in each filtering step in the research were taken from the WoS database and reflected
directly.

After these selections, although there were studies that included the statements in the focus of the
study in the text, abstract, or keywords, it was determined that 51 publications were not carried out
within the framework of evidence-based studies in science education through full-text analysis of
these studies. Twenty-six studies were not included in the data because their abstracts and full texts
could not be found. Seventy-seven publications were identified as irrelevant and excluded from the
data set.

A detailed flowchart of the data collection process is presented in Figure 1. Figure 1 visually reflects
how the data were obtained during the research process. At the same time, the selected criteria are
also detailed in the figure. The information from 218 data/publications (article (195), early access (1),
proceeding paper (13), review article (7), book chapters (8), and book review (3)) was downloaded
from the WoS database, and VOSviewer software was used for bibliometric analysis of these data.
The publications in the study's data set were determined through various limitations by examining
them in the context of the research topic. The full texts of 218 publications were re-examined by the
researchers. In addition, expert opinion was consulted for the publications included and excluded
in the data set during the research process, and the process was completed with the support of expert
opinion.
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Figure 1

Flowchart of The Data Collection Process

TS=(("evidence based") AND ("science education”
OR "science teach*" OR "science learn*" OR
"science class*" OR "science curriculum*" OR
"science student®™ OR "science instruction*" OR
"science practice*” OR "practice of science” OR
"learning of science" OR "teaching of science" OR
"instruction of science"))

eWeb of Science Core
. Collection: SSCI, SCI-
508 Publications EXPANDED, ESCI, CPCL-S,
CPCI-SSH, BKCI-SSH, BKCI-S
ePublications Types: Article, Early
— Access, Proceeding Paper, Review
502 Publications Article, Book Chapters, Book Review
*Web of Science Categories: Education
477 Publications ]];:)c.lusat%onal Research, Education Scientific
isciplines
77 irrelevant publications removed
295
Publications
218

Data Analysis

In the study, firstly, information about the data was obtained through the WoS analytic tool. Then,
the data were analyzed using VOSviewer software. VOSviewer software was accessed free of charge
from the “https://www.vosviewer.com” page. VOSviewer is a widely used software tool for creating
bibliometric analysis networks. As a result of bibliometric analysis, co-author, co-citation, and
keyword co-occurrence network maps were produced (Li et al., 2021). In addition, a graphical
representation of bibliometric networks can be obtained through this software (Van Eck & Waltman,
2010). As a result, the research data were analyzed within the scope of two main bibliometric
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processes: performance analysis and science mapping.
Results

This research uses the WoS Core Collection to compile articles, book chapters, proceeding papers,
review articles, book reviews, and early access materials about evidence-based scientific education
(physics, chemistry, biology, and science) from 2000 to 2024. In all, 218 papers were examined as
part of the investigation. First, to summarise the articles on EBTiSE, the results of the WoS analytical
tool are displayed below. Figure 2 shows the distribution of research on scientific education using
evidence-based practices depending on the years of publication.

Figure 2

Number of EBTIiSE Publications by The Year

21 21
13 13
3
2
I 1 1 1 1
IIIII
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When looking at the years of publication, it was found that papers on evidence-based teaching in
scientific education (EBTiSE) peaked in 2020-2021, with 21 publications, having been published
regularly since 2000 (Figure 2). This indicates that EBTiSE is a field of study that began gaining
interest from scholars in the 2000s.

Figure 3 shows the distribution of research on evidence-based science teaching by country.
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Figure 3

Number of EBTiSE Publications by Countries
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On the list of nations with the most EBTiSE publications, the USA (f=120) comes in first, followed by
Germany (f=19), Australia (f=15), and Canada (f=15). Figure 4 presents the results for the
Publication/Source Titles of the publications on EBTiSE.

Figure 4

Number of EBTiSE Publications by Source

International Journal of Science Education
CBE - Life Sciences Education
Journal of Research in Science Teaching

Research in Science Education

Journal of Science Teacher Education

International Journal of STEM Education

Science Education

Education Sciences

I — 20
I 11
I 11
I 10
I 10
I

I

I

Upon examining the Publication/Source Titles of the publications on EBTiSE, it can be observed that

the International Journal of Science Education has the highest number of publications (f=20). CBE-
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Life Sciences Education and the Journal of Research in Science Teaching have the second and third-
highest publications, respectively. Science Education and Research in Science Education have the
third and fourth highest (f=10).

After examining the data under various headings through the WoS analytic tool, network analysis
was performed with Vosviewer. The findings are presented in order. Firstly, the common
word/standard occurrence analysis in the publications related to EBTiSE was performed, and the
network map obtained is shown in Figure 5.

Figure 5

Co-Occurrence / Author Keyword Network Visualization Map
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A map of the EBTiSE common word/shared occurrence network is displayed in Figure 5. The
network is made up of different lines and nodes. In the network diagram, every node stands for a
different keyword. In a network, nodes connected to or similar to one another are grouped nearby.
Clusters are collections of related nodes that are shown in various colors. For instance, the most
popular keyword in the orange cluster is "professional development," whereas the most popular
keyword in the brown cluster is "science education." The frequency with which authors utilize
specific terms in their articles determines the size of the nodes. The lines depict the relationships
between two nodes (between two keywords). The thickness of the lines connecting the nodes shows
the strength of the interaction or collaboration. To summarise, every line displays the connections
between nodes and their strength. Relationship-based nodes in the network are indicated by their
proximity and shared color. Clusters are made up of nodes that are similar to one another.

Every cluster has a color as well. The findings of the co-occurrence analysis illustrate the connections
between the terms used in publications about EBTiSE. As a result, nodes are displayed based on the
authors' chosen keywords and word frequency, and links indicate the connections between the
words (minimum number of occurrences of a keyword: 2). In the resulting analysis, 79 out of 623
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keywords met the threshold. The most significant nodes indicate the most frequently used
keywords. There are 15 clusters in the standard occurrence network map, and the most commonly
used keywords are “science education” (f=30), “professional development” (f=14), “argumentation”
(t=13), “socioscientific issues” (f=7), Science practices (f=6) and assessment (f=6). The total link
strength is correlated with the number of sources that contain both keywords. It is evident from an
analysis of each word's total link strength and number of links that it is used in conjunction with 30
other keywords (total link strength: 51). "Argumentation" was used with 13 other keywords (total
link strength: 18), whereas "professional development" was used with 14 other keywords (total link
strength: 17). The relationship between evidence-based practices and teacher education and teaching

non

processes is demonstrated by the keywords "preservice science teacher," "preservice teacher

nn nn

education," "teacher education," "teaching practices," scientific teaching, science teaching, pedagogy,
teacher beliefs, informal science education, science teacher education, and pedagogical context

knowledge," in addition to "professional development."

Other keywords that draw attention in the network map are argumentation, collaboration,
cooperative learning, problem-based learning, reasoning, scaffolding, critical thinking, inquiry,
active learning, inclusion, design-based research, science communication, etc., which describe
teaching models, methods, and strategies that support evidence-based practice.

In addition, when the network map is examined, many keywords such as science education, science
literacy, science practices, science communication, nature of science, and STEM education are used.
This points to the direct relationship of evidence-based teaching with the field of science.

Figure 6

Co-Occurrence / Author Keyword Network Visualization Map (Overlay Visualization)
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A temporal trend overlay representation of EBTiSE is shown in Figure 6. The color assigned to each
keyword indicates the average publication year of articles utilizing a given term. The older the article
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uses a keyword, the closer its color is to blue. On the other hand, publications using a keyword are
more recent if their hue is closer to yellow. The picture illustrates this: terms from the initial EBTiSE
research are displayed in purple-blue, while keywords from 2020 and later years are shown in
yellow. According to this analysis, keywords such as evidence-based practice, inquiry, evidence-
based arguments, and science literacy appear in older field publications. Recent publications mainly
focus on science teacher education, undergraduate research, early childhood, COVID-19, scientific
literacy, and the nature of science and educational technology.

Figure 7

Citation Analysis Network Visualization Map
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The EBTiSE citation analysis network map is displayed in Figure 7. It shows nodes based on the
dataset's most cited publications and the linkages that indicate the nodes' relationships (minimum
number of publication citations: 1). In this network, every node stands for a publication. The number
of citations the articles obtain determines the size of the nodes in this network. Larger nodes are
assigned to the papers that have been cited the most. In the network, publications that share similar
characteristics and are related to one another group together to form clusters. As a result of the
analysis, some of the 186 elements in the network are not connected, and the most extensive of
connected elements consists of 25 elements. For example, although Graham et al. (2014) is the most
cited publication with 131 citations, it is not included in the network because it has no links. When
the analysis is analyzed, it is seen that the publications are grouped under eight different clusters.
Brown (2010) stands out in the green cluster with 54 citations and nine links. "The Evidence-Based
Reasoning Framework: Assessing Scientific Reasoning" was published in Educational Assessment.
Wu and Tsai (2007), in the light blue cluster and indicated by the most significant node, have 118
citations and four links. Wu and Tsai (2007), published in the International Journal of Science
Education, examined evidence-based decision-making in students' reasoning processes in socio-
scientific issues. Karpudewan and Roth (2018) have 24 citations in the same cluster, and Beniermann
et al. (2021) have nine citations. Dawson and Venville’s (2010) publication in the brown cluster has
107 citations, and Fang et al. (2019) publication has 30 citations. In their study, Dawson and Venville
(2010) used argumentation skills to improve the quality of evidence-based decision-making on
socioscientific issues in science classrooms. In the red cluster, Oliver and Hannafin (2000) received
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63 citations, Belland (2010) 52 citations, and Belland et al. (2011) 51 citations. Oliver and Hannafin
(2000) was published in the Journal of Educational Research. Belland's (2010) study was published
in ETR&D-Educational Technology Research and Development, and Belland et al.'s (2011) study
was published in Instructional Science. All three studies examined students' producing evidence-
based arguments while generating new ideas in problem-solving processes. In addition, Zembal-
Saul et al. (2002) constitute the largest node with 70 citations in the dark blue cluster, Hardy et al.
(2010) with 19 citations in the purple cluster, and Furtak et al. (2010) with 30 citations in the yellow
cluster.

Figure 8
Co-Citation Analysis of Cited References Network Visualization Map
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When two articles are mentioned simultaneously, it is referred to as the co-citation analysis, as seen
in Figure 8. Citation references were chosen as the analytical unit for the co-citation study. The
frequency of co-citations to authors' articles is shown by co-citation analysis. Highly cited
publications stand out in a co-citation analysis network and are built based on whether or not two
articles are listed in one another's reference list. In the network diagram, every node stands for a
reference that has been mentioned. The nodes' sizes are correlated with the amount of citations; the
more significant the node, the more citations it has. The strength of the association is also indicated
by the thickness of the lines connecting the network's nodes. The greater the thickness of these lines,
the closer these publications are to one another. Publications frequently mentioned together are
thought to have close linkages or commonalities. There are 4 clusters when co-citations are
considered (the minimum number of citations for a reference referenced is 5). As a result, the paper
"Establishing the norms of scientific argumentation in classrooms" by Driver et al. (2000), which is
in the green cluster and has the most co-citations, was co-cited 24 times and had 67 links in the
bibliometric analysis publications' references (total link strength: 200). In the references of
bibliometric analysis papers, NRC (2012), which is located in the red cluster, was co-cited 20 times
and had 60 links (total link strength: 125). In the references of bibliometric analysis publications,
Freeman et al. (2014), another well-known reference in the blue cluster, were co-cited 19 times with
42 connections (total link strength: 109). Lastly, Cohen (1988) was co-cited 11 times in the references
of bibliometric analysis papers with 32 links (a total of 47), forming the yellow cluster.
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Discussion

This study aimed to provide an overview of the citation, co-word/co-occurrence, and co-citation
analyses of evidence-based research in science education (physics, chemistry, biology, and science)
and general descriptive analyses regarding year, country, and publication/source title. As a result of
the research, it was determined that studies on EBTiSE found their place in the literature in the 2000s,
and the interest in the subject continued to increase. It was seen that most publications on the subject
were made in the USA. In addition, it was found that most of the publications on the subject were
published in the "International Journal of Science Education." CBE-Life Sciences Education, Journal
of Research in Science Teaching, Research in Science Education, and Science Education are the other
sources that follow it. The presence of publications on EBTiSE in important indexed journals in the
field of science education can be considered an indicator of the importance of the subject in science
education. The field of science education has a structure that includes evidence-based practices at
its center in terms of its specific methods (Hattie, 2009; Mayer, 2004; Towne & Shavelson, 2002).

When the Co-word/Co-occurrence network map was examined in EBTiSE studies, it was seen that
the most frequently used keywords were science education, argumentation, and professional
development. The importance of evidence-based studies due to the nature of science education led
to such a result. In the Co-occurrence Author Keyword network visualization map, the keywords
Professional Development, Preservice Science Teacher, Preservice Teacher Education, Teacher
Education, Teaching Practices, Scientific Teaching, Science Teaching, Pedagogy, Teacher Beliefs,
Informal Science Education, Science Teacher Education, Pedagogical Content Knowledge can be
considered as an indication that this subject occupies an important place, especially in teacher
education. Teachers need to adopt evidence-based teaching to analyze effective teaching methods
and help produce learning outcomes that will enable students to succeed in today's world (Dunn et
al,, 2013; Knogler et al., 2022). Despite this vital importance, research has shown that while teachers
are enthusiastic about using research evidence, many are also skeptical and ambivalent (Baildon &
Ong, 2022; Ion & Sirvent, 2022). This highlights the need for further work to deepen teachers'
understanding of their engagement with research evidence (Brown et al., 2016; Cain et al., 2019;
Jagger & Yore, 2017)

Other vital concepts that draw attention in the Co-occurrence Author Keyword network
visualization map are argumentation, collaboration, cooperative learning, problem-based learning,
reasoning, scaffolding, critical thinking, inquiry, active learning, inclusion, design-based research,
and science communication. For example, Eddy et al. (2017) focused on active learning practices in
their study, Jagger and Yore (2017) focused on science literacy for all as the primary goal of science
education reforms, Dawson and Venville (2010) focused on the use of argumentation skills in the
science classroom, and Belland et al. (2011) examined problem-based learning to support evidence-
based teaching. It is thought that these fundamental concepts that define models, methods, and
strategies that can be used in evidence-based teaching will guide researchers who work in evidence-
based education. Since it is known that the concept of argumentation, which is particularly
prominent here, supports students to construct claims supported by evidence by asking questions
in the learning process (Ford, 2008), it was an expected result that argumentation was included in
the keywords of the evidence-based learning research. In addition, since argumentation-based
learning is based on making claims, supporting these claims, research, and questioning, it can be
stated that the main goal is to construct knowledge by integrating it into the teaching environment,
such as evidence-based teaching (Karaer et al., 2024).
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In addition, science teacher education, undergraduate research, early childhood, COVID-19,
scientific literacy, nature of science, and educational technology are among the keywords frequently
encountered in recent studies. These data show the trends in EBTiSE studies. These keywords are
thought to guide new researchers who will publish in this field while creating the theoretical
framework of their studies.

The most frequently cited publication in the citation network analysis was Wu and Tsai (2007). This
was followed by Dawson and Venville (2010), Zembal-Saul et al. (2002), Oliver and Hannafin (2000),
and Brown et al. (2010). It is possible to argue that these studies are particularly fundamental sources
shaping the area. Consequently, it is essential to note that scholars working on this topic should start
by reading these works. Examining these writers' articles would also help gain a deeper
understanding of the elements most crucial to improving EBTiSE effectiveness. When Wu and Tsai
(2007) looked at students' informal reasoning on socioscientific topics, they discovered that most are
inclined to make conclusions based on evidence and that students typically process reasoning from
many perspectives. The study's findings also show that students' acquisition of scientific information
in science classes at school can be viewed as a crucial foundation for improved informal reasoning
and decision-making regarding socioscientific topics. Dawson and Venville (2010) concluded that
the argumentation strategy that enhances the caliber of students' evidence-based decision-making
in science education is supported by the teacher's role in facilitating whole-class discussion, the use
of writing frames, the context of the socioscientific issue, and the role of students. Researchers
Zembal-Saul et al. (2002) and Oliver and Hannafin (2000) examined how participants-built
arguments based on evidence. The Evidence-Based Reasoning Framework, introduced by Brown et
al. (2010), is an analytical tool that evaluates students' abilities to use evidence-based reasoning in
written assignments and class discussions. The article explains the components of the Evidence-
Based Reasoning Framework and evaluates earlier frameworks for assessing students' scientific
reasoning abilities. When references are cited together more frequently in a publication, it indicates
that the subjects and fields they cover are related. When they are mentioned together, it is possible
to infer a relationship between research. In actuality, the notions of "argumentation" and
"socioscientific issues" that arose from the keyword study corroborate the findings of the citation
network study.

Conclusion

An overview of the literature on EBTiSE was given in this study, and the findings demonstrated the
significance of EBTiISE in the field of scientific education since the 2000s. The findings of this study
are thought to be able to further EBTiSE research and boost the number of related investigations
because it is well-recognized that research is required to support specific areas of educational
practices (Diery et al., 2020). In other words, it is recognized that, in particular, research evidence
and evidence-based practice provide a strong foundation of knowledge for educators (Davies, 1999).
In this regard, it may be said that this study gives researchers recommendations about where to
begin when using evidence-based procedures.

Furthermore, it has become increasingly critical in recent years to find trustworthy and easily
accessible information regarding "what works" in education. Combining potential data from many
tields and educational research outputs utilizing various approaches has also grown in importance
and difficulty (Knogler et al., 2022). As it is, bibliometric studies offer a solid basis for the recent
progress in a field. According to this perspective, bibliometric studies can point out knowledge gaps
in an area and direct future research. The research methodology offers a means to develop original
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concepts and provides a framework for evaluating their optimal implementation. (Song et al., 2019).
As a result, when the significance and necessity of reflecting evidence-based approaches to
education have been realized, it has been seen that there have been radical alterations in education
systems. According to others, the primary issue with contemporary research is that studies are not
methodically arranged and assessed to show the quality of the evidence.

On the other hand, some contend that evidence-based instruction compensates for this shortcoming.
It is projected that evidence-based techniques will become increasingly important in teacher
education in the years to come since they are essential to teachers' professional learning and
development and, as a result, to improving teaching standards (Georgiou et al., 2020). Regarding
this, it is hoped that the systematic and comprehensive way in which the data gathered from
evidence-based teaching practices in science education as a consequence of this research will be
presented in the literature will serve as a trustworthy source of information for decision-making
processes in teacher education, curriculum development, and enhancing the standard of learning
environments for policymakers.

Limitations and Future Directions

This study is limited to research on Evidence-Based Teaching in Science Education (EBTiSE), and
the findings specifically apply to studies within this scope. The analysis was restricted to resources
available in the Web of Science (WoS) database, excluding databases such as Google Scholar, ERIC,
and SCOPUS, which represents a limitation of the study. Future research could incorporate these
additional databases (e.g., SCOPUS and Google Scholar) to access a broader range of publications,
potentially yielding different results and providing additional perspectives to support the findings.
Another limitation is that only studies published up to March 1, 2024, were included in the analysis.
Despite observing an increase in EBTiSE studies in recent years, this study represents the first
attempt to utilize visual mapping techniques in this context. As such, it offers a novel contribution
to evidence-based practice research in science education. Future research should consider exploring
the status and development of EBTiSE in developing countries and examining strategies to enhance
its implementation. Collaboration among governments, institutions, and researchers active in
EBTiSE could foster the creation of cooperative models and enable the evaluation of their outcomes.
This approach would encourage researchers to produce high-quality, internationally recognized
EBTiSE studies, ultimately supporting the emergence of new research in this field (Diery et al., 2020).

Ethics Committee Approval: All analyses are based on previously published studies, so ethical approval is
not required.
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OZET

MAKALE BILGISI

Bu aragtirma, fen egitiminde kanita dayali 6gretimi konu edinen arastirmalara
iliskin biitiinciil bir bakis agisinin sunulmasi ve egitimciler ile s6z konusu alandaki
arastirmacilarin kaynak ve yazarlara kolaylikla ulasabilmesi noktasinda alana
rehber olunmasi amaciyla gerceklestirilmistir. Bu calismada kanita dayali 6gretime
odaklanilarak, fen egitiminde kanita dayali 6gretimi konu edinen aragtirmalarin
egiliminin belirlenmesi amaglanmistir. Bu amag¢ dogrultusunda bibliyometrik
analiz yonteminden yararlanilmistir. Boylece arastirma konusunun yapisinin ve
gelisiminin ortaya konulmas: istenmistir. Arastirmada WoS veri tabanindan 2000
ile 2024 yillar1 arasinda yaymnlanmis 218 yayma ulasilmistir. Bu verilerin
bibliyometrik analizi
sonucunda fen egitiminde kanita dayali 6gretim (FETKDO) ile ilgili belgelerin 2000
yilindan itibaren diizenli olarak yayinlandig: ve 2020-2021 yillarinda 21’er yayinla
zirve yaptig1 tespit edilmistir. FETKDO ile ilgili en fazla yaymna sahip iilkeler
listesinde ABD ilk sirada yer almaktadir. FETKDO konulu yaymlarin en fazla
“International Journal of Science Education” isimli dergide oldugu belirlenmistir.
Arastirmalarda en sik kullanilan anahtar kelimelerin "fen bilimleri egitimi”,
“mesleki gelisim” ve "argiimantasyon" oldugu saptanmistir. Daha yakin tarihli
arastirmalarda fen bilimleri 6gretmen egitimi, lisans arastirmalari, erken gocukluk,
bilimsel okuryazarlik, egitimsel teknoloji vb. anahtar kavramlara daha fazla
deginildigi goriilmektedir. Atif ag1 analizine gore Wu ve Tsai (2007), Dawson ve
Venville (2010), Zembal-Saul ve digerleri (2002), Oliver ve Hannafin (2000) ve
Brown ve digerleri (2010) konu alaninin temel kaynaklar: olarak ortaya ¢ikmustir.
En yiiksek ortak atifa sahip olan yayinin da “Establishing the norms of scientific
argumentation in classrooms” baslikli makale oldugu belirlenmistir. Bu ¢alismada
gorsel haritalardan yararlanilarak elde edilen sonuglarin FEKDO ile ilgili yapilacak
diger 6zgiin calismalara katki saglayacagina inanilmaktadir.
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Giris

20. ytizyilda ozellikle tip, tarim ve teknolojiyi dontistiiren randomize deneylerin kullanimi 2000°1i
yillarla beraber egitim politikalar1 tizerine etkisini gostermeye baslamistir (Slavin, 2002). Bilimsel
temelli egitim arastirmasi vurgusu tastyan “Higbir Cocuk Geride Kalmasin” yasasi ve “Egitimi
Yeniden Diisiinmek” politikasi ile isaret edilen kanita dayali uygulama yaklagiminin diinya
genelinde egitim sistemlerinde egitim uygulamalarini iyilestirmeyi amaglayan 6nemli girisimlerden
biri olarak tesvik edildigi goriilmektedir (Avrupa Komisyonu, 2012; Ion ve Sirvent, 2022; Towne ve
digerleri, 2005, s.10). Bu tesvik politikasinin olusturulmasinda yer alan karar alicilar “Hastalar
doktorlarinin uygulamalarinin mevcut en iyi aragtirma karutlari tarafindan bilgilendirilmesini
bekliyorsa, ebeveynler neden &gretmenlerin ve yoneticilerin de aym sekilde egitim vermesini ve
o0grenme ortamlarini diizenlemesini beklemesin?” goriisiine yaslanmaktadirlar (Towne ve digerleri,
s.10). Bu goriis cercevesinde tekrarlanabilir program ve uygulamalarin degerlendirilmesi ile ulasilan
titiz ve giivenilir kanitlarin ¢ocuklarimizin hak ettigi “iyi 6gretim siire¢lerine” ulasmanin bir yolu
oldugu sdylenebilir (Slavin, 2002). Bunun nihai amaci, 6gretim uygulamalarmin iyilestirilmesine
katkida bulunmak ve 06grenci basarisii olumlu yonde etkilemektir. Arastirma kanitlarin
kullanarak ogretim uygulamalarmi iyilestirmeye yonelik artan politika baskisi, 6gretmenlerin
uygulamalarinda arastirmay1 benimsemelerini ve kullanmalarimi saglayan kosullar1 ve bu stireci
okul diizeyinde tesvik edecek mekanizmalar1 daha iyi anlama ihtiyacin1 dogurmustur (Ion ve
Sirvent, 2022). Kanita dayali ogretim uygulamalar1 da bu baglamda O6gretimde arastirma ve
uygulama arasindaki boslugu kapatmanin bir yolu olarak vurgulanmakta ve bir ihtiyag olarak
gortilmektedir (Akay ve Kanadli, 2021; Avrupa Komisyonu, 2012; Georgiou ve digerleri, 2020). Bu
noktadan hareketle bu arastirmada fen bilimleri alaninda kanita dayal 6gretim uygulamalarini
temele alan arastirmalar biitiinlesik bir bakis agisiyla analiz edilmeye ¢alisiimaktadir. Elde edilen
bulgularin 6gretmenler, politika yapicilar ve arastirmacilar igin yol gosterici olmasi umulmaktadir.

Kanita Dayali Uygulama ve Ogretim

Kanita dayali 6gretim terimi, 6grenmeyi tesvik eden kanitlanmis pedagojik arag ve teknikleri ifade
eder (Schwartz ve Gurung, 2012; Voisin ve Dumay, 2020). Ogretmenler kanita dayali uygulamalari
"kararlar1 ve pedagojik sorunlari bilimsel kamnitlara dayandirma" olarak tanimlamaktadirlar
(Csanadi ve digerleri, 2021). Ogretmenler etkili 6gretim yontemlerini analiz ederek dgrencilerin
giliniimiiz diinyasinda bagarili olmalarin1 saglayacak 6grenme ciktilarmin {iretilmesine yardimci
olabilmeleri i¢in kanita dayali 6gretimi benimsemektedirler (Dunn ve digerleri, 2013; Georgiou ve
digerleri, 2020). Ancak kanita dayali 6gretim konusundaki eksikliklerini de acil ¢6ziim bekleyen bir
sorun olarak gormemektedirler. Clinkii 6gretmenler siireg igerisinde kendi mesleki uygulamalarinin
cogunu kisisel tercihleriyle kesfetmek ya da benimsemek zorunda kalmaktadirlar. Bu noktada
kendilerinden kidemli meslektaslarin birikmis bilgeligi ya da uygulamaya dayali arastirmalar
ogretmenlere kilavuzluk etmede yetersiz kalmaktadir (Akay ve Kanadli, 2021; Hargreaves, 1996).
Bu anlayisin sonucu olarak da 6grenciler hayatlarindaki 6nemli bir gelisim doneminde 6grenmeleri
gerekenleri 6grenememektedirler. Yani, etkisiz 6gretim yontemleri 6grencilerin basarili olmalar:
icin gerekli motivasyon ve yaraticiigl engellemektedir (Dunn ve digerleri, 2013). Bu noktada
Ogretmenlerin etkili 0gretim yOntemleri arasinda yer alan kamita dayali 6gretim konusundaki
eksikliklerini gidermek i¢in daha fazla ¢aba harcamalar1 gerektigi ortaya ¢ikmaktadir. Ciinkii, kanita
dayali Ogretimin oOgrencilerin konulara elestirel yaklasabilmesini ve bilimsel akil yiiriitme
becerilerinin gelisimini sagladig1 bilinmektedir (McNeill ve digerleri, 2006). Kanita dayali 6gretim
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ile 6grencilerin aldig1 egitimin sonuglariin iyilestirilebildigi ve bu sekilde 6gretimin niteliginin
arttirabildigi ifade edilmektedir (Davies, 1999; Gabbin, 2020).

Kanita dayali egitim iki diizeyde isler. Bunlardan ilki, egitim ve ilgili konularda diinya ¢apindaki
aragtirmalardan ve literatiirden elde edilen mevcut kanitlardan yararlanmaktir. Tkinci diizey,
mevcut delillerin eksik oldugu veya stipheli, belirsiz veya zayif nitelikte oldugu durumlarda saglam
deliller olusturmaktir (Csanadi ve digerleri, 2021; Davies, 1999). Bu islevlerin yerine getirilebilmesi
icin gelecekteki hedeflerden birinin, 6gretmen egitimcilerinin 6gretimde arastirma kullanimi yani
kanita dayali uygulamalar1 uygulayabilme bilgisiyle donatilmalar1 oldugu sdylenebilir. Bu hedefe
yonelik olarak ogretmenlerin {izerine diistinebilecekleri ve en son arastirma sonuglar1 ve
destekleyici materyallerden olusan bir koleksiyon aracilifiyla ampirik kanitlarla etkilesim
kurabilecekleri yeterlilik ve mesleki gelisim programlar1 aracihigiyla bu uzmanhgin gelistirilmesi
kolaylagtirilmalidir (Diery ve digerleri, 2020; Georgiou ve digerleri, 2020). Bu giindemi ele almanin
ilk adimi olarak, ogretmen egitimcilerinin su anda 0gretmen egitiminde kanita dayali uygulama
tartismasini nasil algiladiklarini ve kanita dayal uygulama giindemini takip etmelerinin oniindeki
engellerin ve destekleyici araclarin neler olabilecegini belirlemektir. Clinkii 6gretmen egitimi
Ogretmen adaylarmin epistemik standartlarini ve amaglarmi sekillendirmek icin bir firsattir
(Ferguson, 2021). Alan yazinda genel olarak 6gretmen egitimcilerinin kanita dayali uygulamaya ve
deneysel kanitlar1 kullanmaya yonelik olumlu tutumlara sahip olduklar1 goriilmiistiir. Arastirma ve
ogretim konusunda daha fazla deneyime sahip 6gretmen egitimcilerinin kanita dayal uygulamaya
yonelik daha olumlu bir tutuma ve daha fazla kanit kullanimina sahip oldugu ortaya ¢ikmistir
(Diery ve digerleri, 2020; Georgiou ve digerleri, 2020). Buna karsilik, daha az deneyimli 6gretmen
egitimcileri daha fazla zorluk algilamaktadir. Ozellikle egitimde artan bilimsel bilgi taban1 1s151nda,
ogretmen egitimcilerinin mesleki 6grenimlerinde nasil desteklenebilecegi tartisilmaktadir (Csanadi
ve digerleri, 2021; Diery ve digerleri, 2020).

Fen Ogretimi ve Kanita Dayali Uygulamalar

Fen bilimleri egitimi 6zel calisma yontemleri olan onemli bir aragtirma alanidir. Ayrica kendine
0zgii hedef, siire¢ ve degerlendirme yaklasimlarina sahiptir. Bu 6zel hedef, siire¢ ve degerlendirme
araclar1 bir araya gelerek fen bilimleri dersi Ogretim programlarmi olusturur. Ortaya ¢ikan
programlar 6gretmenler igin yol haritas1 niteliginde iken arastirmacilar icin de 06lgiit olarak gorev
yapmaktadir. Bu olgiitlerin saghikli belirlenmesi ise ampirik egitim arastirmalar: ile miimkiindiir
(Hattie, 2009). Dolayisiyla fen egitiminin dogasi geregi, pozitif bilimlerin igerik ve uygulamalarinin
ogretmenlere ve 6grencilere nasil aktarilmas: gerektigi énemsenmektedir. Fen egitiminin uygun
yontem ve teknikler aracilifiyla nasil gerceklestirilecegi bilinerek, pedagoji egitiminin saglanmasi
amaglanmaktadir. Bu esnada Ogrencilerin anlayis ve yeteneklerinin gelistirilmesi 6n plana
konularak fen iceriginin nasil 6grenilebilecegine odaklanilmaktadir. Diger bir deyisle, fen egitimi
bilimin karmasik ve sistematik dogasinin dgrencilere nasil aktarilmasi gerektigi ile ilgilenmektedir
(Bouni ve digerleri, 2024). Buradan yola ¢ikilarak, fen bilimleri egitiminde kanita dayal ¢calismalarin
gelisim siireci agisindan oldukga kritik 6neme sahip oldugunu sdylemek miimkiindiir (Hattie, 2009;
Karim ve digerleri, 2018; Mayer, 2004, Towne ve Shavelson, 2002). Omegin STEM egitiminde
yasanan hizli gelismeler bu konuda ¢ok sayida kanita dayali 6gretim destekli arastirma yapilmasin
desteklemektedir (Li ve digerleri, 2020). STEM egitiminde kanita dayali 6gretimin kullanilmasina
iliskin bir aragtirmanin sonucunda ogrencilerin ogretmenlik algismin degistigi goriilmiistiir.
Katilimcilar 6gretmenligin uygulamayla gelistirilebilen bir beceri oldugunu fark ederek “Ogretmek,
diger her sey gibi 0grenmeyi gerektirir” sonucuna ulasmislardir. Bir diger calismada, dijital
araclarin kanita dayali 6gretimde kullanilmasi ile Ogrencilere kapsamli ve etkili bir egitim
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sunuldugunun diistiniildiigliniin belirlendigi ve boylece yenilik¢i 6gretim ve 6grenim yaklasimi ile
yasam boyu 6grenen bireylerin yetistirilmesinin desteklendigi ifade edilmistir (Good ve digerleri,
2019). Ayn sekilde uzaktan egitim siirecinde de kanit1 iireten, kullanan ve paylasan 6grencilerin
yetismesinin kamita dayali uygulamalarla miimkiin olabilecegi savunulmaktadir (Knogler ve
digerleri, 2022). Ciinkii uzaktan egitimde kamtlanmis deneysel etkililige sahip uygulamalarin
kullanimu ile 6grencilerin sorgulayarak 6grenmeye devam edebildikleri belirtilmektedir (Hofer ve
digerleri, 2018). Sonug olarak giiniimiiz kosullarinda 6gretim uygulamalarinin iyilestirilmesinde ve
O0grenci basarisinin artmasinda kanita dayali uygulamalarin rol oynadig1 ortaya ¢ikmaktadir (Ion ve
Sirvent, 2022).

Bunun yaninda kanita dayali 6gretim ile zengin bir 6gretim ortami saglamanin 6grencilere fayda
saglamanin yani sira ogretim ortaminin niteligini de yiikselttigi ifade edilmektedir (Downey ve
digerleri, 2022). Kanita dayal 6gretim cergevesi, 6grencilerin bilimsel argiimantasyon stireglerini
desteklemek ve degerlendirmek icin bir rehber olarak kullanilabilir. Ogrencilerin mevcut bilgileriyle
birlikte kanitlarla olan etkilesimleri, 6grencilerin yeni bilgiyi anlamalarini daha da derinlestirebilir
(Pei ve digerleri, 2023). Ogrencileri bilimin heyecanina dahil etmek, kanita dayali akil yiiriitmenin
ve st diizey bilissel becerilerin degerini kesfetmelerine yardimci olmak ve onlara yaratici problem
¢oziiciiler olmayr 6gretmek uzun zamandir fen egitimi reformcularmin hedefleri arasinda yer
almaktadir (DeHaan, 2017; Good ve digerleri, 2019). Diger bir ifade ile, bir yemegi ilk kez yapmaya
karar verdiginizde bu yemegi daha 6nce yapmis kisilere sorarsiniz ya da yemek tarifi kitaplarina
bakarsiniz. Buradaki davranis aslinda daha Once test edilmis bir tecriibeye ulasma g¢abasidir.
Boylelikle daha iyi bir sonuca (daha lezzetli bir yemege) ulasma ihtimaliniz artar. Kanita dayali
uygulamalarin bilim alanindaki 6nemi de bu sekilde agiklanabilir. Alan yazina baktiimizda kanita
dayali uygulamalarin ilk olarak tip ve saghk bilimleri alaninda karsimiza ¢iktigimi gorsek de
(Howard ve digerleri, 2022) egitim bilimleri alaninda da kanita dayali uygulamalarin oldukca
onemli oldugunu sdylemek miimkiindiir. Dolayisiyla alan yazinda hem genel olarak egitim
alaninda hem de 6zel olarak fen bilimleri egitimi alaninda kanita dayali 6gretim siireglerinin
oneminin vurgulandigina rastlanilmaktadir. Hatta fen egitiminde kamita dayali uygulamalar:
sistematik bir sekilde inceleyen bir ¢alisma sonucunda da 6grenci 6greniminde kanitlanmis deneysel
miidahalelerin etkililigi vurgulanmigtir (Barnett ve digerleri, 2018). Bir diger meta-analiz
calismasinda da kamita dayali uygulamalarin fen egitimi arastirmalarindaki sorgulayict ve
sistematik yonlerini 6ne ¢ikarilarak, anlama temelli 6gretim olarak ele alindig1 goriilmektedir (Sulu
ve digerleri, 2023). Alanyazindaki bu 6nemli vurgularin yani sira, fen egitimi alaninda siirekli
iyilesmeyi saglayici kanita dayali yontemlerin ilerleyisine iliskin stiphelerin de dile getirildigi
calismaya rastlanilmistir (Deehan ve MacDonald, 2023). Dolayisiyla akademik bilgi birikimi artik¢a
farkli gortigleri ortaya koyan yayinlarin sayisi yillar igerisinde arttigindan, alanyazinin takip
edilmesinin her gegen giin arastirmacilar i¢in zorlasacagi diistiniilmektedir (Simsir, 2021). Bu
noktada son yillarda fen egitiminde kanita dayali 6gretim c¢alismalarinin sayisinin artmasi ile
bibliyometrik ¢calisma ihtiyacinin dogdugu akla gelmektedir. Diger bir deyisle, kisa bir zaman dilimi
icerisinde arastirmacilarin etkin alanyazin incelemesi yapmasina olanak saglamak i¢cin bibliyometrik
arastirmalarin alana katki saglayacagma inamilmaktadir. Ciinkii bibliyometrik c¢alismalar
aragtirmalarm egilimini, gelisimini, zayif ve giiclii yonlerini ortaya koyarak arastirmacilara rehber
olmakta ve sistematik derleme calismalari i¢in bir analiz yontemi olarak degerlendirilebilmektedir
(Sonmez, 2020). Bibliyometrik ¢alisma araciligiyla igerik degil, yaymlarin yil, yazar, atif, ilke,
anahtar kelime vb. veriler incelenmektedir. Bibliyometrik ¢alismalar, sistematik galismalara gore
daha kisa bir siirede incelenebilecek arastirma alaminin yapisi ve gelisimi ile iliskili bir 6zet
sunmakta ve calismalara nicel ve objektif bir yaklasim saglamaktadir (Block ve Fisch, 2020).
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Arastirmada da fen egitiminde kanita dayali 6gretimi konu edinen arastirmalara odaklanilarak, bu
calismalara iliskin biitiinciil bir bakis agist sunulmasi1 ve egitimciler ile sz konusu alandaki
aragtirmacilara fen egitiminde kanita dayali 6gretim igin hangi kaynak ve yazarlara ulagmalar:
gerektiginin ortaya konulmasi istenmistir. Ayrica fen egitiminde kanita dayali 6gretimi konu edinen
arastirmalara iliskin verilerin sistematik ve biitlinciil bir bakis agisiyla sunulmasimin politika
yapicilara 0gretmen egitimi, yeni 6gretim programlarmin gelistirilmesi ve 6gretim ortamlarmin
niteliginin arttirllmasina iliskin karar stireglerinde 151k tutacagina inanilmaktadir (Hsiao ve Petersen,
2019).

Bu baglamda bu ¢alismanin temel amaci egitim alaninda fen bilimleri gatis1 altinda kanita dayali
Ogretimi konu edinen arastirmalar1 biitiinlesik bir yapida sunmak ve s6z konusu c¢alismalarin
bibliyometrik bir analizini yapmaktir. Arastirmada yil sinirlamasi yapilmadan arastirma konusu ile
ilgili okuyuculara genis bir bakis acgisinin sunulmasi istenmektedir. Bu amag¢ dogrultusunda
calismada iki grup arastirma sorusu temele alinmistir:

1. Grup: Genel betimleyici analiz

Fen Bilimleri alaninda (fizik, kimya, biyoloji ve fen bilimleri) kanita dayal1 6gretimi konu edinen
arastirmalarin;

(1) Yillara gore dagilimlari nasildir?

(2) Ulkelere gore dagilimlari nasildir?

(3) Yaym basghgimna gore dagilimlar: nasildir?
2. Grup: Arastirma aglarinin analizi

Fen Bilimleri alaninda (fizik, kimya, biyoloji ve fen bilimleri) kanita dayali 6gretimi konu edinen
arastirmalarin;

(4) Es-kelime/es-olusum analizi agisindan nasil bir yapi ortaya ¢ikiyor?
(5) Atif analizi (belgeler) agisindan nasil bir yapi ortaya ¢ikiyor?
(6) Ortak atif analizi (atif yapilan referanslar) agisindan nasil bir yap ortaya ¢gikmaktadir?

Yukarida ifade edilen sorularin yanitlari gergevesinde alandaki egilim arastirmacilara somut ve
kanita dayali sekilde sunulmaya calisiimaktadir. Bir diger yoniiyle de bu arastirma kanita dayalt
ogretim icin destekleyici niteliktedir. Bir alana 6zgii olan ¢alismalarin kapsamli ve sistematik sekilde
raporlanmasi s6z konusu bilim alanmin kanita dayali olarak ilerlemesi i¢in de oldukg¢a 6nemlidir.
Calismanin bu yoniiyle bibliyografik bir kaynak olusturarak da alan yazina katki sunacagi
distintilmektedir.

Yontem

Arastirmanin Deseni

Bibliyometri, belirli arastirma alanina yonelik gerceklestirilen bilimsel yayinlarin yazar, atif, kurum,
iilke vb. Ozelliklerinin istatistiksel teknikler araciligiyla incelenmesidir. Bibliyometrik calismalar,
arastirma alaninin yapisini ve gelisimini ortaya koymaktadir. Ayn1 zamanda arastirmacilarin yani
sira kurumlarin, dergilerin, tilkelerin verimliliklerinin karsilastirilmali olarak ele alinmasina firsat
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sunmaktadir (Block ve Fisch, 2020). Bibliyometrik c¢alismalarda performans analizi ve bilimsel
haritalama yapilmaktadir. Performans analizi ile aragtirma konusu ile iligki alana katkilar
belirlenirken, bilimsel haritalama ile arastirma konusu ile ilgili bilesenlerin iliskileri ortaya
konulmaktadir (Donthu ve digerleri, 2021). Bu arastirmada da fen bilimleri egitiminde kanita dayal
aragtirmalarm egilimini belirlemek {izere nicel yonteme dayanan bibliyometrik analiz yonteminden
yararlanilmistir. Arastirmada bibliyometrik analiz ile fen alaninda (fizik, kimya, biyoloji ve fen
bilimleri) gerceklesmis kanita dayali ¢alismalarla ilgili genel bir goriiniime, arastirma alaninin
yapisina, egilime ve gelisimine yonelik verilerin elde edilmesi amaglanmistir.

Verilerin Toplanmasi

Arastirmada WoS veri tabanindan yararlanilmistir. Ciinkii WoS veri tabani bir¢ok alani kapsayan
dergi atif raporlarini igeren Snemli bir veri tabanidir (Budimir ve digerleri, 2021). Bu nedenle
arastirmada WoS indeksinde yer alan yayinlarin analizi gergeklestirilmistir. Arastirmada veriler 1
Mart 2024 tarihinde WoS veri tabanindan elde edilmistir. Arastirmada ilgili alanyazin taramasi

sonucunda WoS veri tabaninda “evidence based” and “science education” or “science teach*” or

17 %I/ Y73

“science learn*” or “science class*” or “science curriculum®*”’ or “science student®*” or “science

$17 517

instruction*” or “science practice*” or “practice of science” or “learning of science” or “teaching of
science” or “instruction of science” anahtar kelimeler kullanilarak tarama yapilmistir. Arastirmanin
verisi ilk olarak bu dahil etme/hari¢ tutma kriterlerine bagh olarak sinirlandirilmis ve bu ¢alismaya
fen egitiminde kanita dayali gerceklesmis caligmalar dahil edilmistir. Ilk taramada 508 yayma
ulasilmistir. Bunun ardindan arastirmada ii¢ temel filtreleme kriteri uygulanmistir: Web of Science
Core Koleksiyonu, Dokiiman Tiirleri, Web of Science Kategorileri. Web of Science Core Koleksiyonu
dahil etme kriterinin saglanmasi igin arastirma sorgusu ile elde edilen ham veriler “SSCI (281), SCI-
EXPANDED (151), ESCI (102), CPCI-S (35), CPCI-SSH (30), BKCI-SSH (8), BKCI-S (6)” ile
sinirlandirilmistir (Harig tutulan: A&HCI (6)). Bu islem sonucunda 502 yayina ulagilmustir. Tkinci
dahil etme kriteri ile dokiiman tiirti “makale (383), erken erisim (108), bildiri (54), derleme makale
(37), kitap boliimii (10), kitap incelemesi (3)” olarak sinirlandirilmis ve 477 yayina ulasilmistir.
Analiz dis1 olarak Editoryal Materyal (24) ve Diizeltme (1) birakilmistir. Uciincii dahil etme kriteri
Web of Science Kategorileri kapsaminda “Egitim Ogretim Arastirmalar1 (Education Educational
Research) (232), Egitim Bilim Disiplinleri (Education Scientific Disciplines) (101)” sinirlandirmasz ile
295 yayina ulasilmistir. Dahil etme/hari¢ tutma kriterleri ifade edildigi {izere, 6ncelikle arastirma
konusu ile iligkili anahtar kelimeler dahilinde gerceklestirilmis, ardindan ¢alisma alani goz oniine
bulundurularak dokiiman ve kategori filtrelemesine bagvurulmustur. Arastirmada her bir filtreleme
basamaginda yansitilan frekans degerleri WoS veri tabani {izerinden almarak dogrudan

yansitilmistir.

Bu se¢imlerin ardindan metin, 6zet ya da anahtar kelimeler igerisinde arastirmanin odak noktasinda
yer alan ifadeleri kapsayan ¢alismalara rastlanilmis olsa da, bu ¢aligmalarin tam metin incelemeleri
ile 51 yaymin fen egitiminde kanita dayali ¢alismalar gercevesinde gerceklesmedigi belirlenmistir.
26 calismanin ise 6zet ve tam metinleri bulunamadigindan verilere dahil edilmemistir. Toplamda 77
yayin ilgisiz olarak ifade edilerek veri setinden ¢ikarilmistir.

Veri toplama siirecinin akis semasi1 detaylica Sekil 1’de yer almaktadir. Sekil 1, verilerin arastirma
siirecinde nasil elde edildigini gorsel olarak adim adim yansitmaktadir. Ayn1 zamanda sekil
icerisinde secilen kriterlere de ayrintili olarak yer verilmistir. Arastirmada nihai olarak elde edilen
218 veriye/yayina (makale (195), erken erisim (1), bildiri (13), derleme makale (7), kitap boliimii (8),
kitap incelemesi (3)) ait bilgiler WoS veri tabanindan indirilmis ve bu verilerin bibliyometrik analizi
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icin VOSviewer yazilimindan yararlanilmistir. Arastirmanin veri setinde yer alan yayinlar,
arastirma konusu baglaminda irdelenerek gesitli sinirlandirmalar araciligiyla belirlenmistir. Elde
edilen 218 yaymin tam metinleri arastirmacilar tarafindan tekrar incelenmistir. Ayrica arastirma
siirecinde veri setine dahil edilen ve ¢ikarilan yaymnlar i¢in uzman goriisiine basvurulmus ve siireg
uzman goriisii destegi ile tamamlanmagtir.

Sekil 1

Veri Toplama Siireci Akis Semast

TS=(("evidence based") AND ("science education”
OR "science teach*" OR "science learn*" OR
"science class*" OR "science curriculum*" OR
"science student*" OR "science instruction*" OR
"science practice™" OR "practice of science" OR
"learning of science" OR "teaching of science" OR
"instruction of science"))

eWeb of Science Core
508 Belge Koleksiyonu: SSCI, SCI-
EXPANDED, ESCI, CPCI-S,
CPCI-SSH, BKCI-SSH, BKCI-S

*Belge Tipi: Makale, erken erisim,
502 Belge bildiri, derleme makale, kitap boliimii,
kitap incelemesi.

*Web of Science Kategorileri: Egitim Ogretim
477 Belge Aragtirmalari, Egitim Bilim Disiplinleri.

77 ilgisiz belge kaldirild1
295 Belge

218

Veri Analizi

Aragtirmada 6ncelikle WoS analitik arac1 araciligiyla verilere ait bilgiler elde edilmistir. Daha sonra
veriler VOSviewer vyazilimi ile ¢oziimlenmistir. VOSviewer yazilimina fticretsiz olarak
“https://www.vosviewer.com” sayfasindan ulasilmistir. VOSviewer bibliyometrik analiz aglar
olusturmada yaygin olarak kullanilan bir yazilim aracidir. Bibliyometrik analiz sonucunda ortak
yazar, ortak atif ve anahtar kelime es-olusum ag haritalar1 olusturulabilmektedir (Li ve digerleri,
2021). Ayrica bibliyometrik aglarin grafik gosterimi bu yazilim araciligiyla elde edilebilmektedir
(Van Eck ve Waltman, 2010). Sonug olarak arastirma verileri performans analizi ve bilim haritalama
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olmak iizere iki temel bibliyometrik siire¢ kapsaminda ¢6ztimlenmistir.
Bulgular

Bu calisma WoS Core Koleksiyon’da 2000-2024 yillar1 arasindaki fen egitiminde (fizik, kimya,
biyoloji ve fen bilimleri) kanita dayali 6gretim ile ilgili makale, erken erigim, bildiri, derleme makale,
kitap boliimii ve kitap incelemesi belgelerinden olusmaktadir. Calisma kapsaminda toplam 218
dokiiman analiz edilmistir. Tlk olarak FEKDO hakkindaki yayinlara iliskin genel bir bakis agist
kazanmak igin WoS analitik arac1 aracilifiyla elde edilen bulgular asagida sunulmaktadir. Fen
Bilimleri alaninda kanita dayali 6gretimi konu edinen aragtirmalarin yaym yillarina gore dagilimlari
Sekil 2’de yer almaktadir.

Sekil 2
Yillara Gore FEKDO Yayin Sayst

21 21
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Yayn yillar1 dikkate alindiginda, fen egitiminde kanita dayal 6gretim (FEKDO) ile ilgili belgelerin
2000 yilindan itibaren diizenli olarak yayinlandig1 ve 2020-2021 yillarinda 21’er yayinla zirve yaptig:
goriilmiistiir (Sekil 2). Bu durum, FEKDO'nin 2000'li yillarda arastirmacilarin ilgisini ¢ekmeye
baslayan bir arastirma alan1 oldugunu gosteren bir sonugtur.

Fen Bilimleri alaninda kanita dayali 6gretimi konu edinen arastirmalarin tilkelere gore dagilimlar:
Sekil 3’de yer almaktadir.
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Sekil 3
Ulkelere Gire FEKDO Yaymlariun Sayist

ABD e 120
Almanya [ 19
Avusturalya I 15
Kanada [ 15
Ingiltere M 11
Tayvan [ 11
Tirkiye [ 9
Singapur [l 7
[srail | N3
Cin Cumhuriyeti [l 6
Giiney Kore M 4
Ispanya M 4
Kibris W 3
Endonezya M 3
isvec W 3
Birezilya W 2
Yunanistan J§ 2
Irlanda W 2
Malezya § 2
Yeni Zelanda J§ 2
Giiney Afrika i 2

FEKDO ile ilgili en fazla yayma sahip iilkeler listesinde ABD (f=120) ilk sirada yer almakta, onu
Almanya (f=19), Avustralya (f=15) ve Kanada (f=15) takip etmektedir. FEKDO konulu yayinlarin yer
aldig1 kaynaga iliskin bulgular Sekil 4’te yer almaktadir.

Sekil 4
Kaynaga Gére FEKDO Yaynlarin Sayist

International Journal of Science Education [ 20
CBE - Life Sciences Education [N 11
Journal of Research in Science Teaching [ N 11
Research in Science Education [ 10
Science Education [N 10
Journal of Science Teacher Education [ GG °
Education Sciences |G 7
International Journal of STEM Education [ 7
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FEKDO konulu yayinlarin yer aldigi kaynaklar incelendiginde en fazla “International Journal of
Science Education” da (f=20)), ikinci en fazla yaymin “CBE-Life Sciences Education” yayminda (f=11)
ve “Journal of Research in Science Teaching”de (f=11) tiglincii en fazla yayinn ise “Research in Science
Education”da (f=10) ve “Science Education”da (f=10) oldugu goriilmektedir.

WoS analitik arac1 araciligiyla veriler cesitli bagliklar altinda incelendikten sonra Vosviewer ile ag
analizleri gergeklestirilmistir. Elde edilen bulgular sirasiyla sunulmustur. ilk olarak FEKDO ile ilgili
yayinlardaki ortak kelime/ortak olusum analizi yapilmis ve elde edilen ag haritas1 Sekil 5'te yer
almaktadir.

Sekil 5

Es-Olusum / Yazar Anahtar Kelime A1 Gorsellestirme Haritas

preservice teacher education

design-based research
evidence-based practice

thr%tvy
&

science literacy

nature of science nature of sgience (nos)

W evolution
stem@ducation scienceippactices
activelgarnifig science&ucation

@ geosgence
qualitati@researcr preservice scignce teachers
ualita search

urbanigghools

argunmgptation problem-b‘e&’e.ﬂlumg

wofe?sional development

intglliry )
socioscientific iSsues
iy,
N socio-scieflific issues
In@\@ inclgsion
collatigration
curriculum development : scientifigliteracy
e
iy ) @ - mutm
LB o
currighlum

chemistry edugation research

8%, VOSviewer

Sekil 5, FEKDO ile ilgili bir ortak kelime/ortak olusum ag1 haritasini gostermektedir. Ag cesitli
diiglimler ve cizgilerden olusmaktadir. Ag gorsellestirmesindeki her bir diigiim bir anahtar
kelimeyi gostermektedir. Birbirine benzer ya da iligkili olan diigiimler agda birbirine yakin
konumlandirilmistir. Tligkili diigiimler bir araya gelerek kiimeler olusturur ve bu kiimeler farkli
renklerle gosterilir. Ornegin, kahverengi kiimede “fen egitimi” en sik kullamilan anahtar
kelimeyken, turuncu kiimede en yaygin anahtar kelime “mesleki gelisim”dir. Diigtimlerin boyutu,
yazarlarin yayinlarda kullandiklar: anahtar kelimelerin sikligina gore degismektedir. Cizgiler ise iki
diigtim arasindaki (iki anahtar kelime arasindaki) iligkileri gostermektedir. Diigiimler arasindaki
cizgilerin kalinlig iliskinin/isbirliginin ne kadar gii¢lii oldugunu gostermektedir. Kisaca her bir
cizgi, diiglimler arasindaki iligkilerin yani sira iligkilerin giictinii de gostermektedir. Agda iliski
icinde olan diigtimler birbirine yakindir ve ayni renkte gosterilir. Birbirine benzeyen diigtimler bir
araya gelerek kiimeler olusturur. Her kiimenin de bir rengi vardir. Ortak olusum analizi sonuglari,
FEKDO ile ilgili yayinlarda kullanilan anahtar kelimeler arasindaki iligkileri gdstermektedir. Buna
gore, yazarlar tarafindan kullanilan anahtar kelimeler ve kelimelerin sikligina gore diigtimlerin yan:
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sira kelimeler arasindaki iligkileri gosteren baglantilar da gosterilmektedir (bir anahtar kelimenin
minimum ge¢me sayist: 2). Sonug olarak yapilan analizde, 623 anahtar kelimeden 79'si esigi
karsilamistir. En sik kullanilan anahtar kelimeler en biiyiik digiimlerle gosterilmistir. Ortak
kelime/ortak olusum a1 haritasindal5 kiimenin mevcut oldugu ve en sik kullanulan anahtar
kelimelerin sirasiyla "fen egitimi" (£=30), “mesleki gelisim” (f=14), "argiimantasyon" (f=13),
"sosyobilimsel konular” (f=7), “fen uygulamalar1’” (f=6) ve “degerlendirme” (f=6) oldugu
goriilmektedir. Her iki anahtar kelimenin birlikte bulundugu kaynak sayis1 toplam baglant: giicii ile
iligkilidir. Her bir kelime icin baglant1 sayis1 ve toplam baglanti giicii incelendiginde, "fen egitimi"
anahtar kelimesinin diger 30 anahtar kelime ile birlikte kullanildig1 agik¢a goriilmektedir (toplam
baglant1 giicii: 51). "mesleki gelisim" diger 14 anahtar kelime ile birlikte kullanilirken (toplam
baglant1 giicii: 17), "arglimantasyon" diger 13 anahtar kelime ile birlikte kullanilmistir (toplam
baglant: giicii:18). Ag haritasina bakildiginda “mesleki gelisim”in yani sira fen bilimleri 6gretmen
aday1, hizmet 6ncesi 6gretmen egitimi, 6gretmen egitimi, 6gretmenlik uygulamasi, bilimsel 6gretim,
fen bilgisi 0gretmeni, pedagoji, 6gretmen inanglari, informal fen bilgisi egitimi, fen bilgisi 6gretmeni
egitimi, pedagojik alan bilgisi anahtar kelimeleri kanita dayal: uygulamalar ile 6gretmen egitimi ve
Ogretim stiregleri arasindaki iligkiyi gostermektedir.

Ag haritasinda dikkat ¢eken diger anahtar kelimeler ise argiimantasyon basta olmak tizere is birligi,
is birligine dayali 6grenme, probleme dayali 6grenme, anlamlandirma, iliskilendirme, elestirel
diistinme, sorgulama, aktif 6grenme, kapsayicilik, tasarim temelli arastirma, bilim iletisimi vb.
kanita dayali uygulamayi destekleyen 6gretim model, yontem ve stratejilerini tanimlayan anahtar
kelimelerdir.

Ayrica yine ag haritas1 incelendiginde fen egitimi, fen okuryazarligi, bilimsel okuryazarlik, fen
uygulamalari, bilim iletisimi, bilimin dogas1 ve STEM egitimi vb. ¢ok sayida anahtar kelimenin
kullanildig1 goriilmektedir. Bu da kanita dayali 6gretimin fen bilimleri alaniyla dogrudan iliskisine
isaret etmektedir.
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Sekil 6
Es-Olusum / Yazar Anahtar Kelime A1 Gorsellestirme Haritas: (Bindirme Gorsellestirme)
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Sekil 6, FEKDOniin zaman trendi bindirme gorsellestirmesini sunmaktadir. Her bir anahtar
kelimeyle iliskilendirilen renk, o anahtar kelimenin kullanildig1 yayinlarin ortalama yayin yili
hakkinda bilgi vermektedir. Bir anahtar kelimenin rengi maviye ne kadar yakinsa, o anahtar
kelimeyi kullanan makaleler o kadar eskidir. Tersine, bir anahtar kelimenin rengi sariya ne kadar
yakinsa, o anahtar kelimeden bahseden makaleler o kadar yenidir. Sekilde goriildiigii iizere, FEKDO
ile ilgili ilk calismalarda kullanilan anahtar kelimeler mor-mavi renklerle gosterilirken, 2020 ve
sonrasi yillarda kullanilan anahtar kelimeler sar1 renkle gosterilmistir. Bu analize gore kanita dayali
uygulama, sorgulama, kanit temelli argiiman ve fen okuryazarlig: vb. anahtar kelimeler alanin daha
eski yayinlarinda karsimiza ¢ikmaktadir. Son yaymnlarin agirlikli olarak fen bilimleri 6gretmen
egitimi, lisans arastirmalari, erken ¢ocukluk, COVID-19, bilimsel okuryazarlik, bilimin dogas1 ve
egitimsel teknoloji anahtar kavramlariyla iligkili konularia odaklandig: goriilmektedir.
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Sekil 7

Atif Analizi Ag Gorsellestirme Haritas
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Sekil 7, FEKDO igin atif analizi ag haritasin1 gostermektedir. Veri setinde en fazla atif alan yayinlara
gore diigltimleri ve diiglimler arasindaki iligkileri gosteren baglantilar1 gostermektedir (belgelerin
minimum atif sayisi: 1). Bu agdaki her bir diigiim bir yayimni temsil etmektedir. Yayinlarin aldiklar
atif sayisina gore bu agdaki diigiimlerin biiytikliigii degismektedir. En ¢ok atif alan yaymnlar daha
biiylik diigiimler olarak verilmistir. Birbiriyle iligkili ve ortak 6zelliklere sahip yayinlar bir araya
gelerek agda kiimeler olusturmustur. Analiz sonucunda agdaki 186 6geden bazilar: birbirine bagh
olmadig1 ve en biiyiik bagh dge kiimesinin 25 6geden olustugu ortaya ¢ikmistir. Ornegin, Graham
ve digerleri (2014) 131 atifla en ¢ok atif alan yayin olmasina ragmen hig baglantis1 bulunmadig; i¢in
agda yer almamaktadir. Analiz incelendiginde dokiimanlarin 8 farkli kiime altinda toplandig:
goriilmektedir. Yesil kiimede yer alan Brown (2010) 54 atifla sahipken 9 baglanti ile 6n plana
cikmaktadir. “The Evidence-Based Reasoning Framework: Assessing Scientific Reasoning” baghkli yaym
“Educational Assessment”da yaymlanmigtir. Agik mavi kiimede yer alan ve en biiyiik diigtim ile
isaret edilen Wu ve Tsai (2007) 118 atif almistir ve 4 baglantiya sahiptir. Wu ve Tsai (2007) nin s6z
konusu yaymi “International Journal of Science Education”da yaymnlanmistir ve arastirmada
sosyobilimsel konularda 6grencilerin akil yiiriitme siireglerinde kanita dayali karar vermeleri
incelenmistir. Ayni kiimede Karpudewan and Roth (2018) 24 atif ve Beniermann ve digerleri (2021)
9 atifa sahiptir. Kahverengi kiimede yer alan Dawson ve Venville (2010) 107 atif almistir ve baglantili
olarak ayni kiimede yer alan Fang ve digerleri (2019) yayin ise 30 atif almistir. Dawson ve Venville
(2010) calismalarinda fen smiflarinda sosyobilimsel konular {izerinden kanita dayali karar verme
kalitesini arttirmada argiimantasyon becerilerini kullanmislardir. Kirmizi kiimede Oliver ve
Hannafin (2000) 63 atif, Belland (2010) 52 atif ve Belland ve digerleri (2011) 51 atif almistir. Oliver ve
Hannafin (2000) Journal of Educational Research’de yaymlanmistir. Belland (2010) calismast
“ETR&D-Educational Technology Research and Development” ve Belland ve digerleri (2011)
tarafindan ytiriitiilen arastirma ise “Instructional Science” isimli dergide yaymlanmistir. Her {ig
arastirma da Ogrencilerin problem ¢dzme siireclerinde yeni fikir {iretirken kanita dayali argiiman
iiretmeleri incelenmistir. Ayrica koyu mavi kiimede Zembal-Saul ve digerleri (2002) 70 atifla, Mor
kiimede Hardy ve digerleri (2010) 19 atifla, sar1 kiimede Furtak ve digerleri (2010) 30 atifla en biiytiik
diigtimii olusturmaktadar.
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Sekil 8
Atif Yapilan Referanslarin Ortak Atif Analizi Ag Gorsellestirme Haritas
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Sekil 8de sunulan ortak atif analizi, iki yayma birlikte atifta bulunuldugu durum olarak
tanimlanabilir. Ortak atif analizi i¢in analiz birimi olarak atif yapilan referanslar segilmistir. Ortak
atif analizi, yazarlarin yayinlaria yapilan ortak atiflarin sikligini ortaya koymaktadir. Bir ortak atif
analizi aginda, yiiksek atif alan yaymlar 6ne cikmakta ve iki yaymin bagka bir yayinin referans
listesinde yer alip almamasina bagh olarak olugsmaktadir. Ag gorsellestirmesindeki her bir diigiim
atif yapilan bir referansi gostermektedir. Diigiimlerin biiyiikliigii ise atif sayisina gore degisirken
daha fazla sayida atif igeren diigtim daha biiytiiktiir. Agdaki diigiimler arasindaki ¢izgilerin kalinlig
da iliskinin giictinii gostermektedir. Bu ¢izgiler ne kadar kalinsa, s6z konusu yayinlar birbirleriyle o
kadar iliskilidir. Birlikte yiiksek atif alan yayinlar arasinda giiglii iliskiler ya da benzerlikler oldugu
varsayilmaktadir. Ortak atiflar géz oniinde bulunduruldugunda toplamda 4 kiime oldugu tespit
edilmistir (atif yapilan bir referansin minimum atif sayisi: 5). Buna gore, yesil kiimede yer alan ve
en yiiksek ortak atifa sahip olan Driver ve digerleri (2000) “Establishing the norms of scientific
argumentation in classrooms” baglikli yayimn bibliyometrik analiz dokiimanlarmin referanslarinda
67 baglanti ile 24 kez ortak atif almistir (toplam baglant: giicii: 200). Kirmiz: kiimede yer alan NRC
(2012), bibliyometrik analiz dokiimanlarinin referanslarinda 60 baglanti ile 20 kez ortak atif almigtir
(toplam baglant: giicii: 125). Mavi kiimede 6ne ¢ikan bir diger referans olan Freeman ve digerleri
(2014), bibliyometrik analiz belgelerinin referanslarinda 42 baglanti ile 19 kez ortak atif almistir
(toplam baglant: giicti: 109). Son olarak sar1 kiimede Cohen (1988). bibliyometrik analiz belgelerinin
referanslarinda 11 kez ortak atif yapilmis ve 32 baglant1 verilmistir (toplam baglant: giicii: 47).

Tartisma

Bu calisma, fen egitiminde (fizik, kimya, biyoloji ve fen bilimleri) gerceklesmis kanita dayali
aragtirmalarm yil, {ilke ve kaynak baglaminda genel betimleyici analizlerin yani sira atif, es-
kelime/es-olusum ve es-atif analizlerine genel bir bakis saglamayir amaclamistir. Arastirma
sonucunda FEKDQ ile ilgili calismalarin, 20001i yillarda alanyazinda yerini buldugu ve konuya olan
ilginin artarak devam ettigi belirlenmistir. Konuyla ilgili en ¢ok yaymin ABD’de yapildig:
goriilmiistiir. Bunun yaru sira konuyla ilgili en ¢ok “International Journal of Science Education”da
yayin yapildig1 bulgusuna ulasilmistir. “CBE-Life Sciences Education”, “Journal of Research in
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Science Teaching”, “Research in Science Education” ve “Science Education” ise onu takip eden diger
kaynaklardir. Fen Egitimi alanindaki onemli indeksli dergilerde FEKDO ile ilgili yayinlarin
bulunmas: yine konunun fen egitimi agisindan 6neminin bir gostergesi sayilabilir. Nitekim fen
egitimi alan1 kendi 6zel yontemleri agisindan da kanita dayali uygulamalar: merkezinde barindiran
bir yapiya sahiptir (Hattie, 2009; Mayer, 2004; Towne ve Shavelson, 2002).

FEKDO caligmalarinda es-kelime/es-olusum ag haritasi incelendiginde, en sik kullarulan anahtar
kelimelerin fen egitimi, argiimantasyon ve mesleki gelisim oldugu goriilmiistiir. Fen egitiminin
dogasi geregi kanita dayali ¢alismalarin 6nemli olmasi boyle bir sonucun ortaya ¢tkmasina neden
olmustur. Es-olusum Yazar Anahtar kelime ag gorsellestirme haritasinda mesleki gelisim, fen
ogretmeni adaylari, hizmet Oncesi 6gretmen egitimi, 6gretmen egitimi, 6gretim uygulamalars,
bilimsel 6gretim, fen bilimleri 6gretimi, pedagoji, 6gretmen inanclari, informal fen bilimleri egitimi,
fen bilimleri 6gretmen egitimi, pedagojik alan bilgisi anahtar kelimelerinin yer bulmasmn bu
konunun 06zellikle Ogretmen egitiminde Onemli bir yer kapladiginin gostergesi sayilabilir.
Ogretmenlerin etkili §gretim yontemlerini analiz ederek dgrencilerin giiniimiiz diinyasinda bagarili
olmalarinm1 saglayacak 6grenme ¢iktilarinin {iretilmesine yardimeci olabilmeleri i¢in kanita dayali
ogretimi benimsemeleri hayati 6nem tagimaktadir (Dunn ve digerleri, 2013; Knogler ve digerleri,
2022). Bu hayati 6neme ragmen yapilan arastirmalar 6gretmenlerin arastirma kanitlarinin kullanimi
konusunda hevesli olsalar da bircok Ogretmen de slipheciydi ve kararsiz yaklasimlar
sergilemektedirler (Baildon ve Ong, 2022; Ion ve Sirvent, 2022). Bu durum 6gretmenlerin arastirma
kanitlarma katilimina iliskin anlayislarin1 derinlestirebilmeleri i¢in daha fazla ¢alismaya ihtiyag
olduguna dikkat ¢ekmektedir (Brown ve digerleri,2016; Cain ve digerleri, 2019; Jagger ve Yore,
2017).

Es-olusum yazar anahtar kelime ag gorsellestirme haritasinda dikkat ¢eken diger anahtar kavramlar
ise argiimantasyon basta olmak {iizere is birligi, is birligine dayali 6grenme, probleme dayali
O0grenme, anlamlandirma, iliskilendirme, elestirel diisiinme, sorgulama, aktif 6grenme, kapsayicilik,
tasarim temelli aragtirma ve bilim iletisimi kavramlaridir. Ornegin, Eddy ve digerleri, (2017)
calismalarinda aktif O6grenme uygulamalarina, Jagger ve Yore, (2017) herkes icin fen
okuryazarliginin fen egitimi dreformlarmin temel hedefi olusuna, Dawson ve Venville (2010) fen
smifinda argiimantasyon becerilerinin kullanimina, Belland ve digerleri (2011) ise probleme dayal1
ogrenmeyi kanita dayali 0gretimi desteklemek igin calismasinda incelemistir. Kamta dayal
ogretimde kullanilabilecek model, yontem ve stratejileri tanimlayan bu anahtar kavramlarin yine
kanita dayali 6gretim alaninda ¢alisacak arastirmacilara yol gosterecegi diisiiniilmektedir. Burada
ozellikle 6n plana ¢ikan argiimantasyon kavraminin 6grenme siireci igerisinde dgrencilerin soru
sorarak kanitlarla desteklenmis iddialar insa etmelerini destekledigi bilindiginden (Ford, 2008),
kanita dayali 6grenme arastirmasinin anahtar kelimeleri icerisinde arglimantasyon ifadesinin yer
almasi beklenen bir sonu¢ olmustur. Ayrica argiimantasyon temelli 6grenmenin temelinde
iddialarda bulunma, bu iddialar1 destekleme, aragtirma ve sorgulama oldugundan, kanita dayal
ogretim gibi 6gretim ortamina entegre edilerek ana hedefin bilginin yapilandirilmas: oldugu ifade
edilebilir (Karaer ve digerleri, 2024).

Ayrica fen bilimleri 6gretmen egitimi, lisans arastirmalari, erken ¢ocukluk, COVID-19, bilimsel
okuryazarlik, bilimin dogasi1 ve egitimsel teknoloji gibi kavramlarinda yakin tarihli arastirmalarda
sik karsilagilan anahtar kelimeler arasindadirlar. Bu veriler FEKDO calismalarmdaki egilimleri
gostermektedir. Bu anahtar kelimelerin bu konu alaninda yayin yapacak yeni arastirmacilar i¢in de
calismalarmin teorik gergevesini olustururken yol gosterici olacag diisiintilmektedir.
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Atif ag1 analizinde yer alan ve en sik atif alan dokiiman Wu ve Tsai (2007) ¢alismast olmustur. Bunu
Dawson ve Venville (2010), Zembal-Saul ve digerleri (2002), Oliver ve Hannafin (2000), Brown ve
digerleri (2010) takip etmistir. S6z konusu ¢alismalarin 6zellikle temel kaynaklar oldugu ve alanin
sekillenmesinde 6nemli rol oynadig1 sdylenebilir. Bu nedenle, bu alanda ¢alisacak arastirmacilarin
okumasi gereken ilk makalelerin bunlar oldugunu sdylemekte fayda var. Ayrica, FEKDO'de
basariy: artirmaya en ¢ok katki saglayan bilesenlerini daha iyi anlamak i¢in bu yazarlarin yaymlarimni
gozden gecirmek faydali olacaktir. Wu ve Tsai (2007) Ogrencilerin sosyobilimsel konulardaki
informal akil ytiirtitmeleri incelenmis ve 6grencilerin akil yiiriitmeyi ¢oklu perspektiflerden isleme
egiliminde olduklar1 ve cogunun kanita dayali kararlar almaya yatkin olduklar1 ortaya
konulmaktadir. Calismanin sonucunda ayrica, 6grencilerin okuldaki fen egitiminden edindikleri
bilimsel bilginin, sosyobilimsel konularda daha iyi informal muhakeme ve karar verme igin énemli
bir temel olarak gortiilebilecegine dair kanitlar ortaya koymaktadir. Dawson ve Venville (2010) ise
tim smif tartismasmi kolaylastirmada 0gretmenin roliiniin, yazma cergevelerinin kullaniminin,
sosyobilimsel konunun baglaminin ve 6grencilerin roliintin 6grencilerin fen egitiminde kanita
dayali karar verme kalitesini arttiran argilimantasyon stratejisini destekledigi sonucunu ortaya
¢ikarmistir. Zembal-Saul ve digerleri (2002) ve Oliver ve Hannafin (2000) katilimcilarin kanita dayali
argiimanlar olusturma siireglerini incelemislerdir. Brown ve digerleri (2010) 6grencilerin yazili ve
smif i¢i tartismalarda kanitlardan hareketle akil ytiriitme becerilerini degerlendirmeye yonelik
analitik bir ara¢ olusturan Kanita Dayali Akil Yiiritme Cergevesini sunmaktadir. Makale,
ogrencilerin bilimsel akil yiiriitme becerilerini degerlendirmek igin gelistirilen 6nceki gergeveleri
gozden gecirmekte ve Kanita Dayali Akil Yiiriitme Cercevesi'nin unsurlarin1 tanimlamaktadir.
Referanslarin bir yayinda birlikte yer alma sikliginin artmasi, benzer konu ve alanlarda ¢alistiklar:
anlamina gelmektedir. Calismalarin birlikte atif almasi, birbirleriyle iliskili olduklar1 seklinde
yorumlanabilir. Nitekim anahtar kelime analizinde ortaya c¢ikan “argiimantasyon” ve
“sosyobilimsel konular” kavramlar1 da atif ag analizi sonuglarini destekler niteliktedir.

Sonug¢

Bu arastirma FEKDQ ile ilgili yayilara genel bir bakis acis1 saglamis ve burada elde edilen sonuglar
kanita dayali 6gretimin fen egitimi alaninda 2000°li yillardan itibaren 6nemli bir yere sahip
oldugunu gostermistir. Bu ¢alismanin sonuglarmin FEKDO calismalarmna katki saglayacagina ve
ilgili caligmalarin sayisii artirabilecegine inanilmaktadir. Ciinkii egitim uygulamalarinda belirli
alanlar icin kanit saglayacak arastirmalara ihtiya¢ duyuldugu bilinmektedir (Diery ve digerleri,
2020). Diger bir deyisle, kanita dayali uygulamalarin ve Ozellikle arastirma kanitlarinin,
ogretmenlerin eylemleri i¢in saglam bir bilgi tabani olarak kabul edildigi bilinmektedir (Davies,
1999). Bu baglamda bu ¢alismanin kanita dayali uygulamalar ¢ergevesinde arastirmacilara ilk olarak
nereden baglamalar: gerektigi konusunda yol gosterici nitelik tagidig: ifade edilebilir.

Bunun yaninda son yillarda egitimde "neyin ise yaradigma" dair giivenilir ve erisilebilir bilgi
edinmek giderek daha zorunlu hale gelmistir. Farkli disiplinlere ait farkli metodolojilerin
kullanildig1 egitim arastirmas giktilarini ve potansiyel kanitlar: bir kaynak olarak bir araya getirmek
de zorlu ve 6nemli bir konu haline gelmistir (Knogler ve digerleri, 2022). Bu noktada bibliyometrik
calismalar son yillarda bir alanin ilerlemesi i¢in saglam bir temel olusturmaktadir. Bu bakis agisiyla
bu ¢alisma gibi bibliyometrik arastirmalar sayesinde bir alandaki bogluklar ortaya ¢ikarilmakta ve
arastirmacilar yonlendirilebilmektedir. Yani, bu arastirma yontemi ile arastirmacilarin yeni fikirler
iiretmesi ve bu fikirleri hayata gegirmek i¢in konumlarini belirlemeleri desteklenmektedir (Song ve
digerleri, 2019). Sonug olarak, kanita dayali uygulamalarin egitime yansimasmin Onemi ve
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gerekliligi anlagsildik¢a egitim sistemlerinde koklii gelismeler yasandig: dikkat ¢ekmistir. Mevcut
arastirmalarin en 6nemli sorununun, ¢alismalarin sistematik olarak kanit giiclinii ortaya koyacak
sekilde organize edilememesi ve degerlendirilmemesi oldugu belirtilmektedir. Ancak kanita dayal
egitimin bu eksikligi tamamladig1 savunulmaktadir. Dolayisiyla kanita dayali uygulamalarin
gelecek yillarda 6gretmenlerin mesleki 6grenme ve gelisimindeki kritik rolii nedeniyle 6gretmen
egitimi alaninda ve boylece 6gretimin niteligini arttirma bakimindan giderek daha 6nemli hale
gelmesi 6n goriilmektedir (Georgiou ve digerleri, 2020). Bu bakimdan bu arastirma sonucunda fen
egitiminde kanita dayali 6gretim uygulamalardan elde edilen verilerin sistematik ve biitiinciil
sekilde alan yazinda sunulmasmin politika yapicilarin Ogretmen egitimi, yeni Ogretim
programlarinin gelistirilmesi ve 6gretim ortamlariin niteliginin arttirilmasindaki karar stiregleri
icin glivenilir bir bilgi kaynag: olusturmas1 umulmaktadir.

Sinirliliklar ve Oneriler

Bu calisma FEKDO ile ilgili ¢aligmalarla smirlandirilmistir. Dolayisiyla, bu ¢alismada elde edilen
sonuclar sadece FEKDO calismalar: ile ilgilidir. Mevcut ¢alismada WoS veri tabaninda bulunan
kaynaklar dikkate alinmigtir. Google Scholar, ERIC ve SCOPUS gibi veri tabanlarinda bulunanlar
analizlerin disinda tutulmustur. Bu durumda calismanin bir siurlilifi olarak ele alinabilir.
Dolayisiyla, ilerleyen calismalarda daha fazla sayida yaym igeren farkli veri tabanlarindan
(SCOPUS, Google Scholar vb.) yararlanilarak farkli sonuglar ortaya konulabilecegi ve aragtirmanin
sonuglarinin farkli bakis agilari ile desteklenebilecegi diistiniilmektedir. Ayrica 1 Mart 2024’e kadar
yayinlanan ¢alismalarin analize dahil edilmesi de bir sinirlilik olarak ele alinabilir. Bunlarin yani sira
arastirma sonucunda elde edilen bulgulardan yola ¢gikilarak, son yillarda FEKDO ¢alismalarinin
sayisinin artmis oldugu goriilse de bu calismada ilk defa gorsel haritalardan yararlanilmaistir.
Dolayisiyla bu ¢alismanin fen egitimi alaninda kanita dayali uygulama ¢alismalarina farkli bir soluk
getirecegine inanilmaktadir. Buradan ¢ikarim yapildiginda, ilerleyen ¢alismalarda gelismekte olan
iilkelerde FEKDO'niin durumuna ve nasil gelistirilebilecegine odaklanilmasi énerilebilir. Bu
noktada FEKDO konusunda iiretken olan iilkelerin veya kurumlarin yardimiyla is birligi icerisinde
modeller gelistirilebilir ve uygulama sonuglar1 degerlendirilebilir. Boylece arastirmacilarin is birligi
yapmasi ve uluslararasi nitelikte FEKDO calismalari iiretmeye tegvik edilerek yeni ¢alismalarmn
ortaya ¢itkmasi desteklenmis olacaktir (Diery ve digerleri, 2020).

Etik Kurul Onay1: Tiim analizler daha 6nce yaymlanmis ¢alismalara dayanmaktadir, bu nedenle etik onay
gerekmemektedir.

Arastirmacilarin Katki Oran:t: Yazarlar ¢alismanin tiim boliimlerini birlikte hazirlamislardir. Esit diizeyde
katki saglamislardir.

Catisma Beyani: Yazarlar potansiyel bir ¢ikar catismasi olmadigini beyan ederler.
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