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ABSTRACT

Physics is a crucial subject for secondary school students' scientific literacy and future participation
in STEM-related disciplines. It is essential for teaching physics and providing students with
fundamental knowledge and skills. Physics education research (PER) aims to understand how
students learn physics and improve physics instruction. PER is a multidisciplinary field that
integrates perspectives from physics, education, philosophy, history of science, and cognitive
psychology. PER in Turkey focuses on multiple facets of physics education, with recent studies
examining how students learn advanced physics concepts. Bibliometric analysis is a research
methodology that utilizes quantitative and mathematical data to scrutinize patterns within a
specific scientific domain. It helps identify research gaps and emphasize areas for future research.
Bibliometric analysis has been used to analyze publications in the field, identify research gaps, and
emphasize areas for future research. This study aimed to understand the subjects of articles
published in the Web of Science database over the past two decades by analyzing bibliometric
data. This study analyzes physics education research globally and in Turkey, revealing that journal
articles are the most prevalent document in the field. The study identifies 2020 as the year with
the highest number of physics education publications worldwide, with Turkey making significant
contributions in 2012 and 2014. However, there are differences between global and Turkish
studies, with fewer references to Vygotskian perspective, physics identity, and NOS. In addition, it
has been determined that important issues such as equality and gender inequality do not receive
much attention in Turkish studies. Turkey's research community is second only to American
researchers in terms of productivity, indicating an effective community of physic education
researchers. The absence of equity focus in Turkish physics education studies could be due to
structural problems like inadequate laboratory facilities and crowded classrooms. Researchers
should focus on equity issues and address systemic problems to ensure equitable physics
education for all students. International collaboration among researchers from diverse countries
is recommended to enhance perspectives and stimulate innovative approaches in the field.
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INTRODUCTION

Physics is the study of the universe's fundamental laws, including the behavior of matter and energy. It
contributes to our understanding of the natural world, the development of new technologies, and the resolution
of complex problems (Menter, 1971; Caldarelli, Wolf, and Moreno, 2018). Physics is a crucial subject for
secondary school students' scientific literacy and future participation in STEM-related disciplines, according to
Knauss (1958). Furthermore, this course is a prerequisite for postsecondary science studies and provides
students with fundamental knowledge and skills. Cooperation between university physicists, secondary school
teachers, and others is necessary for the design and implementation of effective physics courses for students
(Broks, 2003). When teaching physics, it is essential to emphasize the relationship between theory and
application in order to stimulate students' interest and improve instructional outcomes (Fraser et al., 2014;
McDermott, 2004). Physics education research (PER) provides valuable insights into how students acquire

physics, and the findings serve as a rich resource for teachers to improve their instruction.

The purpose of PER is to comprehend how students learn physics and to improve physics instruction (McDermott,
2004). Unlike traditional education research, PER focuses on student comprehension of physics rather than
general educational theory or methodology (McDermott, 2004). PER provides valuable insights into how students
learn physics, and when teachers implement this information and document the results, it results in cumulative
instruction improvement. PER also contributes to establishing high standards, assisting students in meeting
expectations, and evaluating the extent of actual learning in physics instruction (Aals, 2000). Through research
and evidence-based practices, PER seeks to enhance physics teaching and learning (Wenning & Vieyra, 2020;
Guisasola, 2014). Understanding how students learn physics and devising effective teaching strategies are the
focal points of PER (Singh, 2014). PER is a subfield of physics concerned with the research and enhancement of
physics education and learning (Barthelemy, Van Dusen, & Henderson, 2015). PER is a multidisciplinary field that
integrates perspectives from physics, education, philosophy, history of science, and cognitive psychology in order
to comprehend and improve the learning of physics (Caldarelli, Wolf, & Moreno, 2018; McDermott, 2004; Aalst,
2000).

After the launch of Sputnik in 1957, physics education research began in the United States (Donahue, 1993). This
event prompted significant reforms to the high school physics curriculum. Since 1968, PER has focused on
enhancing students' ability to apply concepts in introductory physics courses (Gurel & Korhasan, 2018). PER in
Turkey concentrates on multiple facets of physics education (Uzunboylu & Asiksoy, 2014). There have been
analyses of physics education's research trends, curriculum, learning approaches, and methods. Recent studies
examine how students learn advanced physics concepts such as thermodynamics, optics, relativity, and quantum
physics. There is a lack of interaction between the physics and physics education departments in physics

education research in Turkey (Gurel & Korhasan, 2018).

Research on physics education is essential because it seeks to comprehend how students learn physics and

improve physics instruction. By implementing the findings of PER, teachers are able to improve their instruction
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and document the results for use by others, thereby contributing to the enhancement of teaching practices
(McDermott, 2004). In addition, PER can improve the preparation of K-12 educators to teach physics and physical
science. McDermott (2001) discovered that research-based instructional materials have a positive impact on K-
12 student learning by improving teachers' understanding of fundamental physics. McDermott, Heron, Shaffer,
and Stetzer (2006) state that conducting systematic research on the learning and teaching of physics is essential
for establishing high standards, assisting students in meeting expectations, and measuring the extent of actual

learning.

Bibliometric analysis is a research methodology that utilizes quantitative and mathematical data to scrutinize
patterns within a specific scientific domain. Moreover, it can offer a comprehensive outline of the most influential
authors and institutions within the field. Pertinent articles are recovered for analysis through the utilization of
databases such as Web of Science (WoS) (Bitzenbauer, 2021; Dewi, Widodo, Rochintaniawati, and Prima, 2021).
In the context of Web of Science (WoS), bibliometric analysis involves the accumulation of data from the WoS
Core Collection database and the implementation of particular keywords for conducting a literature review.
Using software like VosViewer, the analysis can be represented graphically. A common type of bibliometric
analysis, co-authorship analysis concentrates on author productivity and collaboration. Authors or countries may
serve as the unit of analysis (Dogan, 2023). WoS is a platform that provides access to a vast selection of scientific
publications and enables researchers to analyze the bibliometric properties of various subject areas. It contains
information on the number of publications, citation counts, and other bibliographic data (Merigé-Lindahl, 2012;
Arik, 2015; Mart-Vargas, Garca-Taengua, Hale, EIBatanouny, & Ziehl, 2015; Leyva Duarte, Chavez Martnez,
Pinedo de Anda, & Niebla Zamora, 2019).

In the context of PER, bibliometric analysis has been utilized to analyze the publications in the field, identify
research gaps, and emphasize areas for future research (Masitoh et al., 2021; Meltzer, 2004; Cepni, Ormanci,
and Kacar, 2017). Bibliometric analysis has facilitated the comprehension of the primary areas of interest in
physics education research. The aforementioned areas of study encompass the pedagogy and acquisition of
quantum physics, the resolution of issues in physics education, and the shifts in research on physics education
throughout history. Esteemed scholars, including Bitzenbauer (2021) and Jamali et al. (2017), have utilized this
methodology to visually represent the scholarly literature on the resolution of issues in physics education,
effectively pinpointing research themes and prospects for forthcoming exploration. Jho (2018) has reported that
the analysis includes data on prolific authors, institutions, and nations, as well as the most researched keywords
and topics. Through a thorough examination of the various content sections present in published works, including
but not limited to objectives, research methods, variables, and results, bibliometric analysis can accurately
identify the specific focus areas of said publications and then recommend future research directions (McDermott,
2004). It permits a systematic and quantitative analysis of research in physics education, facilitating the

identification of trends and informing future studies in the field (Masitoh et al., 2012).
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VOSviewer is one of the applications used to create and view bibliometric maps. It focuses on the graphical
representation of bibliometric maps, which makes it useful for displaying large maps in an understandable
manner. VOSviewer is capable of handling co-occurrence analyses based on keywords, co-authorship, publication
density, and publication year. It can also generate co-citation maps to illustrate the connections between
scientific journals. Researchers can analyze co-occurrence of keywords, author collaborations, publication
density, and other bibliometric indicators utilizing VOSviewer. This enables a comprehensive comprehension of
the research landscape in physics education and can direct future research (Van Eck & Waltman, 2010; Putri et

al., 2020).

This study sought to comprehend the subjects of the articles published in the Web of Science database over the

past two decades by analyzing bibliometric data. Thus, the following research questions will be answered:

1. What are the descriptive characteristics of the studies published in the journals indexed in the Web
of Science database over the past 20 years, globally and in Turkey?
2. What does the research landscape in physics education over the past 20 years in WoS look like,

globally and in Turkey?

METHOD

Model of the Study

In this study, the research on physics education both internationally and in Turkey was examined using
bibliometric techniques. Although it has gained in popularity recently, bibliometric analysis is not a completely
novel strategy. Despite references to this method go back to the 1920s, Pritchard (1969) is the first author to use
the term "bibliometric" in literature. A systematic review of scientific advancement (by author, publication, or
particular subject) was made possible as a result of the approach's use in a number of scientific fields (Merigo &
Yang, 2017). The goal is to discover the keywords, citations received by these works, citations made by these
works, or the study areas of the common authors in order to ascertain the intellectual structure of the chosen
scientific works (articles, books, conference papers). The purpose of this is to determine the subject of these
investigations, which is the intellectual structure (Dogan, 2023; Hallinger & Kovacevi¢, 2019; Laengle et al., 2018;

Zupic & Cater, 2015).

1579



I.l E TSAR (International Journal of Education Technology and Scientific Researches) Vol: 8, Issue: 23, 2023

[ Step 1: Selection of the sources [ Step 2: Analysis ]

ey
: - o - -
£ Records identified through WoS searching —
b (n=2840) ]
b= 77
= = Document type
S 2
- =
= g
g Article numbers per-year
_ g
5
4] Countries’ contributions
A a
Record: d
o ecor _s f:screv.?ne > Recqrds excluded
= (n = 2840) with reasons
3’: (n=1746)
7] proceedings papers,
“ corrections, and
cditorial materials Screening and selection of
excluded keywords, author names or cited
documents
— Combining of duplications, typos
or synonyms with thesaurus files
. Records after exclusions
" !
= (n=1094) w
2 el
Ry E Data input and choosing the
= o analysis type
= Citation,
] ‘ E Co-citation,
st Records after duplicates removed S Keyword co-occurrence
(n=1094) =
— 5
= l
<
= Studies included in bibliometric Interpretation of the outputs
= ~ana lysis
(n=1094)
——
—

Figure 1. The Analysis Pathway Used in This Study
Sample of the Study and Data Collection

The analysis pathway depicted in Figure 1 was used in this study. The Moher et al. (2009) study process was used
to analyze studies on physics education both internationally and in Turkey, and it was supplemented by Dogan's
(2023) bibliometric analysis process. As shown, the initial stage of the research involved gathering relevant
research in the area of physics education from the WoS database. The studies that included the topic "Physics

education" and were conducted between 2003 and 2023 were found using the search criteria listed below.
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"physics education" (Topic) AND 2003/2023 (Publication Date) and Proceeding Paper or Editorial
Material or Meeting Abstract (Exclude — Document Types) and 6.11 Education & Educational Research
or 5.318 Physics Education or 4.322 Remote Research & Education or 10.268 History & Philosophy Of

Science (Citation Topics Meso) and Letter or Book Chapters (Exclude — Document Type)

A total of 2,840 studies were found in the preliminary phase. 1094 research articles appeared after proceeding
papers, corrections, and editorial materials (1746) were excluded and a screening procedure was used to

establish the relevance of the remaining studies to physics education.

Data analysis

First, descriptive analyses were performed in the second stage. Then, using the VOSviewer program developed
by Van Eck and Waltman (2010), the bibliometric mapping of these articles was carried out. These mappings used
co-citation and co-occurrence analysis to compare the intellectual structures of studies carried out both
internationally and in Turkey. We come across the terms Link Strength (LS) and Total Link Strength (TLS) while
perusing these maps. If we give a keyword-specific example, LS indicates the number keywords a concept has

connected, whereas TLS denotes the number of times it is used in conjunction with all other concepts.

By combining them into a single concept, the wrong spellings or variations in the representation of the keywords
to be utilized in the analyses (for instance, "electro-magnetism" and "electromagnetism") have been fixed.
Following these mergers and mappings, the visuals were analyzed by two different researchers with expertise in
the subject and bibliometric analysis. They then compared all the perspectives they identified and discussed

about their findings until they came to a complete agreement.

FINDINGS

The distribution of document types in the field of physics education, globally and in Turkey, is shown in the Table
1. Journal articles with an emphasis on physics education made up the majority of the 1,076 records in the
worldwide context, or almost 98%, of the total 1,094 records. With 18 entries, or roughly 2% of the total, review

articles made up a smaller percentage of the total.

Journal articles likewise dominated in Turkey's physics education field, accounting for 123 records out of a total
of 124, or almost 99.194% of the total. Review articles, which were less common than the overall trend and

accounted for only 1 record, or roughly 0.806% of the total, were less common.

Table 1. The Distribution of Document Types in the Field of Physics Education

Global Turkey
Document Types Record Count % of 1.094 Record Count % of 124
Article 1076 98 123 99.194
Review Article 18 2 1 0.806
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The distribution of publishing years for records in the field of physics education, including both global and Turkish
studies, is shown in the Graph 1. The globally dataset contains a number of notable findings. With 105 research
about physics education published, the year 2020 stands out as having the most records. This suggests that the
subject was given a lot of attention during that specific year. With 84 articles, 2012 also stands out as a

noteworthy year, making it one of the most productive in terms of research in the area.

With regard to Turkey's contributions, 2012 saw the maximum number of studies from Turkey in the global
dataset (20 out of 84 records), highlighting Turkey's significant involvement in physics education research at the
time. Similarly, Turkey provided 14 out of 66 records in 2014, demonstrating a significant involvement in this
field. On the other side, there were several years where the number of records from Turkey in the overall dataset
was relatively low or even absent. In 2023, 2007, 2006, 2004, and 2003, there were no studies from Turkey
listed. These results demonstrate the uneven levels of physics education research activity around the world, with
noticeable peaks in years like 2020 and 2012. Additionally, they show Turkey's involvement and the impact it has
had on the body of knowledge in physics education research.
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Graph 1. The Distribution of Publishing Years for Records in the Field of Physics Education

The distribution of record counts for various countries and regions in the field of physics education is shown in
Table 2, with a focus on Turkey's place among the contributors. The United States (USA) is clearly the most prolific
of the listed nations/regions, accounting for 409 publications, or roughly 37.4% of the total. Turkey follows
closely, displaying a considerable presence with 124 records, or roughly 11.3% of the total. As a result, Turkey

has emerged as one of the leading researchers in the area of physics education.

Italy and Germany also make significant contributions, accounting for 5.9% and 4.4% of the total records with 65
and 48 recordings, respectively. Australia, Canada, Sweden, and Spain each contribute significantly, accounting
for about 3% of the total number of records. Other countries with record counts ranging from 22 to 26 each
contribute about 2%, including South Africa, Indonesia, Mexico, Israel, and the People's Republic of China.
Furthermore, countries like England, Romania, Norway, Brazil, Finland, Netherlands, France, South Korea,
Greece, Switzerland, Colombia, and India contribute significantly as well, each accounting for between 1% and

1.9% of the total number of records.
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Table 2. The Distribution of Record Counts for Various Countries and Regions in the Field of Physics Education

Countries/Regions Record Count % of 1.094
Usa 409 37,4
Turkey 124 11,3
Germany 65 5,9
Italy 43 44
Australia 34 3,1
Canada 33 3,0
Sweden 33 3,0
Spain 30 2,7
South Africa 26 2,4
Indonesia 24 2,2
Mexico 23 2,1
Israel 22 2,0
Peoples R China 22 2,0
England 21 1,9
Romania 20 1,8
Norway 19 1,7
Brazil 18 1,6
Finland 17 1,6
Netherlands 16 1,5
France 15 1,4
South Korea 15 1,4
Greece 14 1,3
Switzerland 14 1,3
Colombia 13 1,2
India 13 1,2

Intellectual Structure of the Studies

Influential Documents

Table 3 lists the top 20 documents based on the average number of citations they receive each year. The study
"Improved Learning in a Large-Enrollment Physics Class" by Deslauriers, Schelew, and Wieman (2011) is a
noteworthy example. Since its publication, it has received 602 citations in total, averaging 46.31 citations year.
An article with 447 citations and an average of 31.93 citations per year is "Connecting High School Physics
Experiences, Outcome Expectations, Physics Identity, and Physics Career Choice: A Gender Study" by Hazari et

al. (2010).

Table 3. The Top 20 Documents Based on the Average Number of Citations They Receive Each Year

Aver
Publica Total age
tion Citatio per
Label Year ns Year
Improved Learning in a Large-Enrollment Physics Class
Deslauriers, Louis; Schelew, Ellen; Wieman, Carl SCIENCE 2011 2011 602 46,31

Connecting High School Physics Experiences, Outcome Expectations, Physics Identity, and

Physics Career Choice: A Gender Study

Hazari, Zahra; Sonnert, Gerhard; Sadler, Philip M.; Shanahan, Marie-Claire JOURNAL OF RESEARCH

IN SCIENCE TEACHING 2010 2010 447 31,93
Integrating computational thinking with K-12 science education using agent-based computation:

A theoretical framework

Sengupta, Pratim; Kinnebrew, John S.; Basu, Satabdi; Biswas, Gautam; Clark, Douglas EDUCATION

AND INFORMATION TECHNOLOGIES 2013 2013 224 20,36
Synthesis of discipline-based education research in physics

Docktor, Jennifer L.; Mestre, Jose P. PHYSICAL REVIEW SPECIAL TOPICS-PHYSICS EDUCATION

RESEARCH 2014 2014 160 16
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Demographics of physics education research

Kanim, Stephen; Cid, Ximena C. PHYSICAL REVIEW PHYSICS EDUCATION RESEARCH 2020 2020 63 15,75
When are tutorial dialogues more effective than reading?

VanLehn, Kurt; Graesser, Arthur C.; Jackson, G. Tanner; Jordan, Pamela; Olney, Andrew; Rose,

Carolyn P. COGNITIVE SCIENCE 2007 2007 214 12,59
Gender discrimination in physics and astronomy: Graduate student experiences of sexism and

gender microaggressions

Barthelemy, Ramon S.; McCormick, Melinda; Henderson, Charles PHYSICAL REVIEW PHYSICS

EDUCATION RESEARCH 2016 2016 86 10,75
A longitudinal analysis of students' motivational characteristics in introductory physics courses:

Gender differences

Marshman, Emily; Kalender, Zeynep Y.; Schunn, Christian; Nokes-Malach, Timothy; Singh,

Chandralekha CANADIAN JOURNAL OF PHYSICS 2018 2018 64 10,67
Pedagogical practices and instructional change of physics faculty
Dancy, Melissa; Henderson, Charles AMERICAN JOURNAL OF PHYSICS 2010 2010 148 10,57

Enriching gender in physics education research: A binary past and a complex future
Traxler, Adrienne L.; Cid, Ximena C.; Blue, Jennifer; Barthelemy, Ramon PHYSICAL REVIEW PHYSICS

EDUCATION RESEARCH 2016 2016 84 10,5
Resource Letter ALIP-1: Active-Learning Instruction in Physics

Meltzer, David E.; Thornton, Ronald K. AMERICAN JOURNAL OF PHYSICS 2012 2012 123 10,25
Language of Physics, Language of Math: Disciplinary Culture and Dynamic Epistemology

Redish, Edward F.; Kuo, Eric SCIENCE & EDUCATION 2015 2015 88 9,78

Approaches to data analysis of multiple-choice questions

Ding, Lin; Beichner, Robert PHYSICAL REVIEW SPECIAL TOPICS-PHYSICS EDUCATION RESEARCH

2009 2009 144 9,6
Flipped Classroom adapted to the ARCS Model of Motivation and applied to a Physics Course

Asiksoy, Gulsum; Ozdamli, Fezile EURASIA JOURNAL OF MATHEMATICS SCIENCE AND

TECHNOLOGY EDUCATION 2016 2016 74 9,25
Hermione and the Secretary: how gendered task division in introductory physics labs can disrupt

equitable learning

Doucette, Danny; Clark, Russell; Singh, Chandralekha EUROPEAN JOURNAL OF PHYSICS 2020 2020 37 9,25
Impact of physics education research on the teaching of introductory quantitative physics in the

United States

Henderson, Charles; Dancy, Melissa H. PHYSICAL REVIEW SPECIAL TOPICS-PHYSICS EDUCATION

RESEARCH 2009 2009 132 8,8
Cylindrical magnets and ideal solenoids

Derby, Norman; Olbert, Stanislaw AMERICAN JOURNAL OF PHYSICS 2010 2010 119 8,5
Using Smartphones as Experimental Tools-Effects on Interest, Curiosity, and Learning in Physics

Education

Hochberg, Katrin; Kuhn, Jochen; Mueller, Andreas JOURNAL OF SCIENCE EDUCATION AND

TECHNOLOGY 2018 2018 49 8,17
Inventing a solution and studying a worked solution prepare differently for learning from direct

instruction

Glogger-Frey, Inga; Fleischer, Corinna; Grueny, Lisa; Kappich, Julian; Renkl, Alexander LEARNING

AND INSTRUCTION 2015 2015 71 7,89

Framework for understanding the patterns of student difficulties in quantum mechanics
Marshman, Emily; Singh, Chandralekha PHYSICAL REVIEW SPECIAL TOPICS-PHYSICS EDUCATION
RESEARCH 2015 2015 69 7,67

Notably, 5 of these 20 studies—underscoring the significance of this subject—concentrate on gender equality in
physics education. As was already indicated, the second-most-cited study also provides additional proof of the
significance placed on gender equality in the scientific community. Furthermore, with an average of 9.25 citations
per year, the study by Asiksoy and Ozdamli (2016) titled "Flipped Classroom adapted to the ARCS Model of

Motivation and applied to a Physics Course" stands out as the most significant work of Turkish origin.

Co-citation

The references for the global and Turkish studies on physics education that were used in this work are shown in
Figure 2. A total of 30,237 cited references were found in global studies (left side of the figure), and when a

threshold of 15 citations was established for mapping, 129 references were found to meet it. Similar to this,
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4,367 cited references from Turkey (right side of the figure) were found (minimum of 5 citations), and 46 of these

meet the requirement.

When look at the maps, the most often cited works on both sides stand out as Hestenes, D. (1992) and Hake, R.
R. (1998). The most often referenced study on both sides illustrating the advantages of interactive physics
training above traditional approaches is Hake, R. R. (1998). The most widely used research in physics education
is "Force Concept Inventory," by Hestenes (1992). When comparing the two maps, one interesting finding is that
the studies carried out in Turkey did not include enough references for Vygotsky (Vygotskian perspective), Hazari
(physics identity), and Osborne (NOS). Furthermore, it has been noted that important subjects like equity,
disparities in gender, and identity (Hazari, Lorenzo, Brewe) have not received much attention in Turkish studies.
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Figure 2. The References for the Global (top one) and Turkish (bottom one) Studies on Physics Education
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Table 4 lists the papers that together offer the most references in worldwide studies. Adams WK (2006), which
focuses mostly on attitudes toward science, is the main study in the red cluster and is mentioned 35 times most
frequently in relation to research on students' expectations done by Redish EF (1998). As previously indicated,
Hestenes D (1998) and Thornton (1999), who concentrate on students' understanding of Newton's Laws, are
frequently discussed together in the blue group. Hake RR (1998), who was also mentioned above, is linked to

Hestenes (80 times), and Thornton is significantly mentioned (56 times) alongside Hestenes.

Table 4. Most Cited Documents by All Authors and Their Co-Citations

Source 1 Source 2
S1&2 LS
Author Name C L TLS Author Name C L TLS
Adams, WK., 2006 65 63 376 Redish, E.F., 1998 62 64 429 35
Hake, R.R., 1998 162 65 881 Hestenes, D., 1992 157 65 906 80
Hestenes, D., 1998 157 65 906 Thornton, R. K., 1999 74 64 551 56

C: Citations L: Links TLS: Total Link Strength LS: Link Strength

In contrast to global studies, Turkish studies are notable in that Redish EF (1998) and Hammer D (1994) are cited

together more often (5 times) as can be seen at Table 5.

Table 5. Most Cited Documents by Turkish Authors and Their Co-Citations

Source 1 Source 2
S1&2 LS
Author Name C L TLS Author Name C L TLS
Hestenes, D., 1992 20 74 143 Hake, R.R., 1998 17 41 78 7
Hake, R.R., 1998 17 41 78 Mazur, E., 1997 7 35 49 5
Redish, E.F., 1998 10 41 65 Hammer, D. 1994 6 23 38 5

C: Citations L: Links TLS: Total Link Strength LS: Link Strength

Co-occurrence Author Keywords

2,545 different keywords connected to physics education have been found in 1076 global studies over the last
20 years. 154 keywords meet the criteria of appearing at least 7 times to guarantee the readability of the map.
There have emerged 4 clusters, as shown in Figure 3. One can see that the red cluster sticks out relative to the
rest as being larger. "Physics education" (535) is the keyword that appears the most often in this cluster and is
located in the middle of the entire map. This occurrence is seen as natural because it is a keyword that is used in
article searches for this study. It is clear that the majority of the important keywords in this category have to do
with teaching physics. Looking at the map, "physics" is the second most frequent keyword in this cluster with
142 occurrences. The words "teaching" (38), "students" (108), and "mechanics" (44) are also noteworthy when

it comes to the topic of teaching physics. Additionally, this group has a large number of keywords relating to pure

physics concepts, such as "quantum theory," "electricity," "energy concept," "thermodynamics," "classical

mechanics," "sound," and "rolling frictions."
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Figure 3. All Keywords Connected to Physics Education

The yellow cluster is yet another noticeable group on this map. This group clearly includes terms connected to
"equity" in physics education. This group includes terms like "identity" (21), "color" (10), and "equity" in addition

to terms like "women" (13), "gender effect" (39), "girls" (12), and "gender difference" (12) that are connected to

gender equity.

The green cluster is another striking group. With 95 occurrences in this cluster, "knowledge" is the term that is

used the most frequently. Additionally, there are terms like "misconceptions" (41), "conceptual change" (47),

"cognitive load theory" (15), and "mental models" (15) that are associated with constructivist learning studies.

Last but not least, the blue cluster mainly depicts ideas from general science education. The keywords
"education" (59), "performance" (48), "inquiry" (26), and "problem solving" (29) are most common. Along with

this, terms like "simulations" (26), "e-learning" (11), and "technology" (17) relating to instructional approaches

including the integration of technology are also prevalent in this cluster.
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Figure 4. All Keywords Connected to Physics Education in Turkey

A total of 448 keywords used in 123 papers while looking at the studies carried out in Turkey. The number of
keywords that meet the requirement of appearing at least twice is 123. Three clusters emerged as a result of

these research' analysis (Figure 4).

The red cluster is the initial and, in comparison, larger cluster. This cluster includes keywords like "attitudes,"

"motivation," "achievement," and "performance" that have to do with students' performance in physics and the

psychological aspects of it. On the other side, the blue cluster is made up of keywords that are associated with

constructivist learning perspectives, such as "knowledge," "misconception," "conceptions," "student

misconceptions," "conceptual change," "mental models," and "conceptual understandings."

The final category seen in the green cluster is made up of broad keywords like "physics education," "computer

aided instruction," "instruction," and "learning styles." This group doesn't have a clear emphasis or overarching

idea.
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Table 6. Most Seen Keywords and Descriptives

Global Studies Oc. TLC Turkish Studies Oc. TLC
physics education 535 1721  physics education 100 376
science 184 876 science 29 151
physics 142 543 misconceptions 17 90
students 109 506 knowledge 16 92
knowledge 95 459 physics 16 91
education 59 254 performance 10 69
physics education research 51 234 achievement 9 70
performance 48 271 attitudes 8 46
conceptual change a7 211 science education 8 37
achievement 45 294 conceptual change 7 40
mechanics 44 199 mental models 7 24
instruction 41 223 problem solving 7 38
misconceptions 41 181 beliefs 6 42
gender effect 39 203 difficulties 6 44
science education 38 159 gender effect 6 40
teaching 38 110 mechanics 6 21
beliefs 37 185 peer instruction 6 34
attitudes 34 183 students 6 40
difficulties 34 198 three-tier diagnostics test 6 33
mathematics/symbolic mathematics 33 164 alternative conceptions 5 26

The comparison of the most frequently used keywords in global and Turkish research is shown in Table 6 (Ek-11).
The fact that the research carried out in Turkey are in line with the international literature is the most important
finding made by these data. The two keywords that appear most frequently in both groups are "physics
education" and "science." In Turkey, 100 times (TLC=376) and internationally 535 times (TLC=1721), the keyword
"physics education" has been used. Similar to this, researchers have chosen the keyword "science" 184 times

worldwide (TLC=867) and 29 times in Turkey (TLC=151).

CONCLUSION and DISCUSSION

This study explores various aspects of physics education research both globally and in Turkey and provides a
comprehensive analysis of the field. It demonstrates that journal articles focusing on physics education are the
most prevalent type of document worldwide and in Turkey. Comparatively, review articles represent a lesser

proportion of total research records.

The study identifies trends in publishing years and identifies 2020 as the year with the maximum number of
physics education publications worldwide. Similarly, 2012 is notable for its substantial research output, indicating
a period of substantial field growth. In 2012 and 2014, Turkey also made significant contributions to physics
education research, demonstrating the country's commitment to the field. The United States contributes the
most internationally, followed by Turkey, Italy, and Germany among others. It is clear that Turkey is one of the

leading researchers in the discipline based on its substantial contribution.

The analysis of citations reveals differences between global and Turkish studies. There are fewer references to
topics such as Vygotskian perspective, physics identity, and NOS (Nature of Science) in Turkish research.
Important topics such as equity, gender disparities, and identity have not received sufficient attention in Turkish

studies, according to the results of the study.
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The investigation of frequently used keywords reveals distinct concentrations of attention. Global studies
emphasize the teaching of physics, terms related to equity, constructivist learning perspectives, and instructional
methods that integrate technology. Turkish research conforms to international literature by emphasizing

common terms such as "physics education" and "science."

The results of this analysis show that Turkish scholars are second only to American researchers in terms of
productivity when taking into account the studies carried out in Turkey and around the world over the previous
20 years. In this sense, one could argue that Turkey has an effective community of physic education researchers.
It is clear that this research group of Turkey, which has significantly influenced international literature, will
significantly promote science education and, ultimately, contribute to the growth of a society that values
scientific literacy. The study by Ozdem and Sarigul (2019) also produced some similar results. In conclusion, the
researchers' targeted focus of study offers critical perceptions on Turkey's position in the international arena of
physics education. The results demonstrate that Turkish researchers have mostly concentrated on
misconceptions, efficient physics instruction, and students' attitudes toward physics. In contrast to this, the
literature from all around the world has also placed an emphasis on equity, gender, and identity. Similar findings
from Idin and Donmez (2009) and Akkaya and Ozdem (2017) illustrate this shortcoming in Turkey and stress that

only gender equality is addressed in terms of equity issues.

Equitable science education is not discussed as extensively in Turkish studies regarding physics education as it is
in international research. For instance, equity is a significant problem in science education, and "all students
should have the opportunity to learn science and be successful in science," according to a 2018 report by the
National Academies of Sciences, Engineering, and Medicine. However, Ozdem and Sarigul's (2019) research of

the Turkish literature revealed that very few researches have concentrated on equity issues in physics education.

The absence of equity focus in Turkish physics education studies could be due to a variety of factors. Structural
problems like inadequate laboratory facilities, crowded classrooms, curriculum that does not focus on equity
might make it difficult to provide equitable physics education in Turkey. Therefore, researchers in Turkey firstly
focus on these problems. Turkey may advance toward ensuring that all students receive an equitable physics

education by addressing these systemic problems.

Despite having a strong physics education, Turkey is currently going through a paradigm shift in science education
(Dogan, 2023). Researchers that concentrate on creating a learning environment for effective physics education
by referencing international literature will inevitably think about how to make this effective physics education
available to all underrepresented minority groups in this process of transformation. This study has brought
attention to the significant gap in Turkish physics education caused by equity issues. Researchers should talk
about new understanding as well as particular actions that will follow the growth and transformation in global

literature and successfully include all underrepresented minority groups in instruction in this setting.
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SUGGESTIONS

It is highly recommended that international collaboration be promoted among researchers from diverse
countries to enhance perspectives and stimulate innovative approaches in the field of physics education. The
development of research networks, the organization of joint conferences, and the provision of help for
collaborations will improve knowledge sharing and the promotion of key research achievements. Special focus
should be placed on issues like equality, gender disparities, and identity in physics education, as well as
longitudinal studies to thoroughly evaluate the long-term consequences of educational initiatives, in order to fill
research gaps. By implementing these recommendations, physics education can significantly advance, fostering

quality in both teaching and learning methods, as well as inclusiveness, diversity, and both.
ACKNOWLEDGEMENTS

| would like to thank Assoc. Prof. Dr. Ozgiir Kivilcan Dogan for his valuable contributions during the analysis of

the research data.

ETHICAL TEXT

In this article, journal writing rules, publication principles, research and publication ethics rules, and journal ethics
rules have been followed. The responsibility for any violations that may arise regarding the article belongs to the
author. Since this research is a study conducted with secondary data obtained from WoS, it does not require

"Ethics Committee" permission.
Author Contribution Rate: The author's contribution rate is 100%.
REFERENCES

Aalst, J. V. (2000). An introduction to physics education research. Canadian Journal of Physics, 78(1), 57-71.
https://doi.org/10.1139/p00-005

Akkaya, O., & Ozdem, Y. (2017). The effects of gender on physics achievement and attitudes towards physics in
Turkey. Research in Science Education, 47(1), 1-20.

Arik, E. (2015). A bibliometric analysis of linguistics in web of science. Journal of Scientometric Research, 4(1),
20-28. https://doi.org/10.4103/2320-0057.156018

Barthelemy, R. S., Van Dusen, B., & Henderson, C. (2015). Physics education research: A research subfield of
physics with gender parity. Physical Review Special Topics-Physics Education Research, 11(2), 020107.
https://doi.org/10.1103/PhysRevSTPER.11.020107

Bitzenbauer, P. (2021). Quantum physics education research over the last two decades: A bibliometric analysis.
Education Sciences, 11(11), 699. https://doi.org/10.3390/educsci11110699

Broks, A. (2003). General physics at the upper secondary education level. Journal of Baltic Science Education,

2(4), 28-37.

1591


https://doi.org/10.1139/p00-005
https://doi.org/10.4103/2320-0057.156018
https://doi.org/10.1103/PhysRevSTPER.11.020107
https://doi.org/10.3390/educsci11110699

I.l E TSAR (International Journal of Education Technology and Scientific Researches) Vol: 8, Issue: 23, 2023

Caldarelli, G., Wolf, S., & Moreno, Y. (2018). Physics of humans, physics for society. Nature Physics, 14(9), 870-
870. https://doi.org/10.1038/s41567-018-0266-x

Cepni, S., Ormanci, U., & Kacar, S. (2017). National and international advances in Physics education in the last
three years: a thematic review. Journal of Turkish Science Education, 14(3), 87-108.

Dewi, P. S., Widodo, A., Rochintaniawati, D., & Prima, E. C. (2021). Web-Based Inquiry in Science Learning:
Bibliometric Analysis. Indonesian Journal of Science and Mathematics Education, 4(2), 191-203.
https://doi.org/10.24042/ijsme.v4i2.9576

Dogan, O. K. (2023). Trends and Issues in Science Education in the New Millennium: A Bibliometric Analysis of
the JRST. Science Insights Education Frontiers, 16(1), 2375-2407.
https://doi.org/10.15354/sief.23.0r249

Donahue, D. M. (1993). Serving students, science, or society? The secondary school physics curriculum in the
United States, 1930-65. History of Education Quarterly, 33(3), 321-352.
https://doi.org/10.2307/368196

Fraser, J. M., Timan, A. L., Miller, K., Dowd, J. E., Tucker, L., & Mazur, E. (2014). Teaching and physics education
research: bridging the gap. Reports on Progress in Physics, 77(3), 032401.
https://doi.org/10.1088/0034-4885/77/3/032401

Guisasola, J. (2014). How physics education research contributes to designing teaching sequences. In Frontiers
of fundamental physics and physics education research (pp. 397-406). Springer International
Publishing. https://doi.org/10.1007/978-3-319-00297-2_39

Gurel, D. K., & Korhasan, N. D. (2018). A critical look at the physics education research in Turkey and in the
world. Bartin University Journal of Faculty of Education, 7(3), 935-957.
https://doi.org/10.14686/buefad.403625

Hallinger, P., & Kovacevi¢, J. (2019). A bibliometric review of research on educational administration: Science
mapping the literature, 1960 to 2018. Review of Educational Research, 89(3), 335-369.
https://doi.org/10.3102/0034654319830380

Idin, S., & Donmez, I. (2009). The views of Turkish science teachers about gender equity in science education.
Journal of Science Education and Technology, 18(1), 73-84.

Jamali, S. M., Zain, A. N., Samsudin, M. A., & Ebrahim, N. A. (2015). Publication trends in physics education: A
bibliometric study. Journal of Educational Research, 35, 19-36.https://doi.org/10.5281/zenodo.801889

Jho, H. (2018). The past and the present of physics education at a glance: A review of international studies on
physics education by using science mapping tool. New Physics: Sae Mulli, 68(10), 1096-1106.
https://doi.org/10.3938/NPSM.68.1096

Knauss, H. P. (1958). Physics for secondary schools. American Journal of Physics, 26(6), 378-380.
https://doi.org/10.1119/1.1996164

Laengle, S., Modak, N. M., Merigd, J. M., & De La Sotta, C. (2018). Thirty years of the International Journal of
Computer Integrated Manufacturing: a bibliometric analysis. International Journal of Computer

Integrated Manufacturing, 31(12):1247-1268. https://doi.org/10.1080/0951192X.2018.1529434

1592


https://doi.org/10.1038/s41567-018-0266-x
https://doi.org/10.24042/ijsme.v4i2.9576
https://doi.org/10.15354/sief.23.or249
https://doi.org/10.2307/368196
https://doi.org/10.1088/0034-4885/77/3/032401
https://doi.org/10.1007/978-3-319-00297-2_39
https://doi.org/10.14686/buefad.403625
https://doi.org/10.3102/0034654319830380
https://doi.org/10.5281/zenodo.801889
https://doi.org/10.3938/NPSM.68.1096
https://doi.org/10.1119/1.1996164
https://doi.org/10.1080/0951192X.2018.1529434

I.l E TSAR (International Journal of Education Technology and Scientific Researches) Vol: 8, Issue: 23, 2023

Leyva Duarte, J. E., Chavez Martinez, J. D. J., Pinedo de Anda, F. J., & Niebla Zatarain, J. C. (2019). Bibliometric
analysis of Organizational culture in Business economics of Web of Science, 1980-2018. Nova Scientia,
11(22), 478-500. https://doi.org/10.21640/ns.v11i22.1810

Masitoh, P. N. A,, Latifah, S., Saregar, A., Aziz, A., Suharto, & Jamaluddin, W. (2021). Bibliometric analysis of
physics problem solving. Journal of Physics: Conference Series, 1796(1), 012009.
https://doi.org/10.1088/1742-6596/1796/1/012009

McDermott, L. C. (2004). Physics education research: the key to student learning. Physics World, 17(1), 40-41.
https://doi.org/10.1088/2058-7058/17/1/37

McDermott, L. C., Heron, P. R., Shaffer, P. S., & Stetzer, M. R. (2006). Improving the preparation of K-12
teachers through physics education research. American Journal of Physics, 74(9), 763-767.
https://doi.org/10.1119/1.2209244

Meltzer, D. E. (2004). The Questions We Ask and Why: Methodological Orientation in Physics Education
Research. AIP Conference Proceedings. https://doi.org/10.1063/1.1807242

Menter, J. W. (1971). Physics Bulletin 21. Physics Bulletin, 22(1), 11-11. https://doi.org/10.1088/0031-
9112/22/1/002

Merigé-Lindahl, J. M. (2012). Bibliometric Analysis of Business and Economics in the Web of Science. Soft
Computing in Management and Business Economics, 3—17. https://doi.org/10.1007/978-3-642-30451-
4 1

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., Altman, D., Antes, G., & Tugwell, P. (2009). Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement (Chinese edition). Journal of
Chinese Integrative Medicine, 7(9), 889-896. https://doi.org/10.3736/jcim20090918

National Academies of Sciences, Engineering, and Medicine. (2018). Science education for all children: Taking
action to improve the opportunities and outcomes of learners from diverse backgrounds. The National
Academies Press.

Ozdem, Y., & Sarigul, S. (2019). Equity in science education: A review of the literature in Turkey. International
Journal of Science Education, 41(11), 1867-1895.

Pritchard, A. (1969). Statistical bibliography or bibliometrics. Journal of Documentation, 25(4), 348-349.
https://doi.org/10.1108/eb026482

Putri, C. R., Soleh, S. M., Saregar, A., Anugrah, A., & Susilowati, N. E. (2021). Bibliometric analysis: Augmented
reality-based physics laboratory with VOSviewer software. Journal of Physics: Conference Series,
1796(1), 012056. https://doi.org/10.1088/1742-6596/1796/1/012056

Singh, C. (2014). What can we learn from PER: Physics Education Research?. The Physics Teacher, 52(9), 568-
569. https://doi.org/10.1119/1.4902211

Uzunboylu, H., & Asiksoy, G. (2014). Research in physics education: A study of content analysis. Procedia-Social
and Behavioral Sciences, 136, 425-437. https://doi.org/10.1016/j.sbspro.2014.05.353

Van Eck, N. J., & Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric

mapping. Scientometrics, 84(2), 523-538. https://doi.org/10.1007/s11192-009-0146-3

1593


https://doi.org/10.21640/ns.v11i22.1810
https://doi.org/10.1088/1742-6596/1796/1/012009
https://doi.org/10.1088/2058-7058/17/1/37
https://doi.org/10.1119/1.2209244
https://doi.org/10.1063/1.1807242
https://doi.org/10.1088/0031-9112/22/1/002
https://doi.org/10.1088/0031-9112/22/1/002
https://doi.org/10.1007/978-3-642-30451-4_1
https://doi.org/10.1007/978-3-642-30451-4_1
https://doi.org/10.3736/jcim20090918
https://doi.org/10.1108/eb026482
https://doi.org/10.1088/1742-6596/1796/1/012056
https://doi.org/10.1119/1.4902211
https://doi.org/10.1016/j.sbspro.2014.05.353
https://doi.org/10.1007/s11192-009-0146-3

I.l E TSAR (International Journal of Education Technology and Scientific Researches) Vol: 8, Issue: 23, 2023

Wenning, C. J., & Vieyra, R. E. (2020). Teaching high school physics: The nature of physics teaching. AlP
Publishing LLC. https://doi.org/10.1063/9780735421967
Zupic, I, & Cater, T. (2015). Bibliometric methods in management and organization. Organizational Research

Methods, 18(3), 429-447. https://doi.org/10.1177/1094428114562629

1594


https://doi.org/10.1063/9780735421967
https://doi.org/10.1177/1094428114562629

I.l E TSAR (International Journal of Education Technology and Scientific Researches) Vol: 8, Issue: 23, 2023

SON 20 YILIN FiZiK EGiTiMi ARASTIRMALARI UZERINE BiBLIYOMETRIK BiR
ANALiz

0z

Fizik, ortacgretim 6grencilerinin bilimsel okuryazarligi ve STEM ile ilgili disiplinlere gelecekteki
katilimlari i¢in ¢ok 6nemli bir konudur. Fizik 6gretmek ve 6grencilere temel bilgi ve becerileri
kazandirmak icin gereklidir. Fizik egitimi arastirmasi (PER), 6grencilerin fizigi nasil 6grendiklerini
anlamayi ve fizik 6gretimini gelistirmeyi amaglamaktadir. PER, fizik, egitim, felsefe, bilim tarihi ve
biligsel psikolojiden bakis agilarini birlestiren gok disiplinli bir alandir. Tirkiye'de PER, 6grencilerin
ileri diizey fizik kavramlarini nasil 6grendiklerini inceleyen son arastirmalarla fizik egitiminin birgok
yoniine odaklanmaktadir. Bibliyometrik analiz, belirli bir bilimsel alandaki kaliplari incelemek igin
nicel ve matematiksel verileri kullanan bir arastirma metodolojisidir. Arastirma bosluklarini
belirlemeye ve gelecekteki arastirmalar icin acik alanlari vurgulamaya yardimci olur. Bibliyometrik
analiz, alandaki yayinlari analiz etmek, arastirma bosluklarini belirlemek ve gelecekteki arastirma
alanlarini vurgulamak icin kullanilmistir. Bu ¢alisma, son yirmi yilda Web of Science veritabaninda
yayinlanan makalelerin konularini bibliyometrik verileri analiz ederek incelemeyi amacglamistir.
Calisma, 2020'yi son 20 yil igerisinde kiiresel ¢apta en fazla fizik egitimi yayininin yapildigi yil olarak
ortaya cikarmigtir. Turkiye'deki arastirmacilar ise en ¢ok 2012 ve 2014'te 6nemli katkilar
saglamistir. Ancak, Vygotskici bakis agisi, fizik kimligi ve bilimin dogasi (NOS) konulari agisindan
Tirkiye kaynakl calismalar Kiresel calismalara gére daha azdir. Ayrica esitlik, cinsiyet esitsizligi ve
kimlik gibi 6nemli konularin Tirkiye arastirmalarinda fazla ilgi gérmedigi tespit edilmistir. Ancak
Tirkiye'nin arastirma toplulugu verimlilik acisindan Amerikali arastirmacilardan sonra ikinci
siradadir ve bu da Tirkiye'de etkili bir fizik egitimi arastirmacilari topluluguna isaret etmektedir.
Turkiye’'deki fizik egitimi ¢alismalarinda 6zellikle esitlik odaginin olmamasi, yetersiz laboratuvar
olanaklari ve kalabalik siniflar gibi yapisal sorunlardan kaynaklaniyor olabilir. Aragtirmacilar, tim
ogrenciler icin esitlikgi fizik egitimi saglamak igin esitlik konularina odaklanmali ve sistemik sorunlari
ele almaldir. Farkh Glkelerden arastirmacilar arasindaki uluslararasi isbirligi, alandaki bakis agilarini
gelistirmek ve yenilik¢i yaklasimlari tesvik etmek icin tavsiye edilebilir.

Anahtar kelimeler: Fizik egitimi, bibliyometrik analiz, VOSviewer.
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GiRiS

Fizik, madde ve enerjinin davranisi da dahil olmak {izere evrenin temel yasalarinin incelenmesidir. Dogal diinyayi
anlamamiza, yeni teknolojilerin gelistiriimesine ve karmasik problemlerin ¢éziimiine katkida bulunur (Menter,
1971; Caldarelli, Wolf ve Moreno, 2018). Knauss'a (1958) gore fizik, ortadgretim o6grencilerinin bilimsel
okuryazarligl ve gelecekte STEM ile ilgili disiplinlere katilimi i¢in ¢ok 6nemli bir konudur. Ayrica, bu ders lise
sonrasi bilim ¢alismalari igin bir 6n kosuldur ve égrencilere temel bilgi ve becerileri saglar. Ogrenciler icin etkili
fizik derslerinin tasarlanmasi ve uygulanmasi igin Universite fizikgileri, ortadgretim o6gretmenleri ve digerleri
arasindaki isbirligi gereklidir (Boks , 2003). Fizik 6gretirken, 6grencilerin ilgisini cekmek ve 6gretim ¢iktilarini
iyilestirmek igin teori ve uygulama arasindaki iliskiyi vurgulamak 6nemlidir (Fraser ve digerleri, 2014; McDermott,
2004). Fizik egitimi arastirmasi (PER), 6grencilerin fizigi nasil edindiklerine dair degerli bilgiler saglar ve elde edilen

bulgular, 6gretmenlerin 6gretimlerini gelistirmeleri icin zengin bir kaynak gorevi gorir.

PER'in amaci, 6grencilerin fizigi nasil 6grendigini anlamak ve fizik 6gretimini gelistirmektir (McDermott, 2004).
Geleneksel egitim arastirmasinin aksine PER, genel egitim teorisi veya metodolojisinden ziyade 6grencilerin fizigi
anlamalarina odaklanir (McDermott, 2004). PER, 6grencilerin fizigi nasil 6grendiklerine dair degerli i¢cgoriler
saglar ve Ogretmenler bu bilgiyi uyguladiginda ve sonuglari belgelediginde, kiimdilatif 6gretim gelisimiyle
sonuglanir. PER ayrica yiiksek standartlarin olusturulmasina, 6grencilerin beklentileri karsilamalarina yardimci
olmaya ve fizik 6gretiminde gercek 6grenmenin kapsamini degerlendirmeye de katkida bulunur (Aals , 2000).
Arastirma ve kanita dayali uygulamalar araciligiyla PER, fizik 6gretimi ve 6grenimini gelistirmeyi amaglamaktadir
(Wenning ve Vieyra, 2020; Guisasola, 2014). Ogrencilerin fizigi nasil 6grendiklerini anlamak ve etkili 6gretim
stratejileri gelistirmek PER'in odak noktalaridir (Singh, 2014). PER, fizik egitimi ve 6greniminin arastiriimasi ve
gelistiriimesi ile ilgili bir fizik alt alanidir (Barthelemy, Van Dusen , & Henderson, 2015). PER, fizik 6grenimini
anlamak ve gelistirmek icin fizik, egitim, felsefe, bilim tarihi ve bilissel psikolojiden bakis acilarini bitiinlestiren

cok disiplinli bir alandir (Caldarelli, Wolf ve Moreno, 2018; McDermott, 2004; Aalst, 2000 ) .

1957'de Sputnik'in piyasaya sirilmesinden sonra Amerika Birlesik Devletleri'nde fizik egitimi arastirmalari
baslamistir (Donahue, 1993). Bu olay, lise fizik mifredatinda 6nemli reformlara yol agmistir. 1968'den beri PER,
ogrencilerin temel fizik derslerinde kavramlari uygulama becerilerini gelistirmeye odaklanmistir (Girel ve
Korhasan, 2018). Turkiye'de PER, fizik egitiminin birgok yoniine odaklanmaktadir (Uzunboylu & Asiksoy, 2014).
Fizik egitiminin arastirma egilimleri, miifredati, 6grenme yaklasimlari ve yontemlerinin analizleri yapilmistir. Son
arastirmalar, 6grencilerin termodinamik, optik, gorelilik ve kuantum fizigi gibi ileri diizey fizik kavramlarini nasil
ogrendiklerini incelemektedir. Ancak Tirkiye'de fizik egitimi arastirmalarinda fizik ve fizik egitimi bolimleri

arasinda etkilesim eksikligi vardir (Giirel ve Korhasan, 2018).

Fizik egitimi Uizerine arastirma onemlidir ¢linkli 6grencilerin fizigi nasil 6grendigini anlamaya ve fizik 6gretimini
gelistirmeye calisir. PER bulgularini uygulayarak, 6gretmenler 6gretimlerini gelistirebilir ve sonuglari baskalar
tarafindan kullaniimak {zere belgeleyebilir, boylece 6gretim uygulamalarinin gelistirilmesine katkida

bulunabilirler (McDermott, 2004). Ayrica PER, K-12 egitimcilerinin fizik ve fizik bilimi 6gretmek icin hazirliklarini
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gelistirebilir. McDermott (2001), arastirmaya dayali 6gretim materyallerinin, 6gretmenlerin temel fizik anlayisini
gelistirerek K-12 6grencilerinin 6grenmesi Gizerinde olumlu bir etkiye sahip oldugunu belirtmektedir. McDermott,
Heron, Shaffer ve Stetzer (2006), fizik 6grenimi ve 6gretimi lizerine sistematik arastirma yapmanin, yiksek
standartlar olugsturmak, 6grencilerin beklentileri karsilamalarina yardimci olmak ve gergek 6grenmenin kapsamini

Olgmek igin gerekli oldugunu bildirmektedir.

Bibliyometrik analiz, belirli bir bilimsel alandaki kaliplari incelemek icin nicel ve matematiksel verileri kullanan bir
arastirma metodolojisidir. Ayrica, alandaki en etkili yazarlarin ve kurumlarin kapsamli bir taslagini sunabilir. ilgili
makaleler, Web of Science (WoS) ( Bitzenbauer, 2021; Dewi, Widodo, Rochintaniawati ve Prima, 2021) gibi
veritabanlari kullanilarak analiz edilmek lzere gekilir. WoS, ¢ok cesitli bilimsel yayinlara erisim saglayan ve
arastirmacilarin gesitli konu alanlarinin bibliyometrik 6zelliklerini analiz etmelerini saglayan bir platformdur.
Yayin sayisi, alinti sayilari ve diger bibliyografik veriler hakkinda bilgi igerir (Merigé -Lindahl, 2012; Arik, 2015;
Mart-Vargas, Garca-Taengua , Hale, EIBatanouny , & Ziehl , 2015; Leyva Duarte, Chavez Martnez , Pinedo de
Anda, & Niebla Zamora, 2019).WoS baglaminda, bibliyometrik analiz, WoS Core Collection veri tabanindan veri
toplanmasini ve bir literatur taramasi yapmak igin belirli anahtar kelimelerin uygulanmasini igerir. VosViewer gibi
bir yazim kullanilarak analiz grafiksel olarak gosterilebilir. Yaygin bir bibliyometrik analiz tiiri olan ortak yazarhk
analizi, yazar Uretkenligi ve isbirligine odaklanir. Analiz birimi olarak yazarlar veya ulkeler kullanilabilir (Dogan,

2023).

PER baglaminda, alandaki yayinlari analiz etmek, arastirma bosluklarini belirlemek ve gelecekteki arastirma
alanlarini vurgulamak igin bibliyometrik analiz kullanilmaktadir (Masitoh ve digerleri, 2021; Meltzer, 2004; Cepni,
Ormanci ve Kagar, 2017). Bibliyometrik analiz, fizik egitimi arastirmalarinda birincil ilgi alanlarinin anlasiimasini
kolaylastirmistir. Bahsedilen g¢alisma alanlari, kuantum fiziginin pedagojisini ve edinimini, fizik egitimindeki
sorunlarin ¢dziimiini ve tarih boyunca fizik egitimi arastirmalarindaki degisimleri kapsamaktadir. Bitzenbauer
(2021) ve Jamali ve digerleri (2017) dahil olmak Uzere bir arastirmaci, fizik egitimindeki sorunlarin ¢éziimiine
iliskin akademik literatiirti gorsel olarak temsil etmek, arastirma temalarini ve gelecekteki kesifler icin umutlari
etkili bir sekilde belirlemek icin bu metodolojiyi kullanmislardir. Jho (2018), analizin Uretken yazarlar, kurumlar
ve Ulkeler ile en ¢ok arastirilan anahtar kelimeler ve konular hakkinda verileri icerdigini bildirmistir. Hedefler,
arastirma yontemleri, degiskenler ve sonuglar dahil ancak bunlarla sinirli olmamak Uzere yayinlanmis
¢alismalarda bulunan gesitli icerik bolimlerinin kapsamli bir sekilde incelenmesi yoluyla, bibliyometrik analiz s6z
konusu yayinlarin belirli odak alanlarini dogru bir sekilde belirleyebilir ve ardindan gelecekteki arastirma
konularini énerebilir (McDermott, 2004). Fizik egitimindeki arastirmalarin sistematik ve nicel bir analizine izin
vererek egilimlerin belirlenmesini kolaylastirir ve bu alanda gelecekteki calismalara bilgi verir (Masitoh ve

digerleri, 2012).

VOSviewer, bibliyometrik haritalar olusturmak ve gorintilemek igin kullanilan uygulamalardan biridir.
Bibliyometrik haritalarin grafik gosterimine odaklanir, bu da buytk haritalarin anlasiir bir sekilde

gorintilenmesini saglar. VOSviewer, anahtar sozciklere, ortak yazarliga, yayin yogunluguna ve yayin yilina dayal
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olarak birlikte olusum analizlerini gergeklestirebilir. Bilimsel dergiler arasindaki baglantilari gdstermek igin ortak
alinti haritalari da olusturabilir. Arastirmacilar, VOSviewer'i kullanarak anahtar kelimelerin, yazar isbirliklerinin,
yayin yogunlugunun ve diger bibliyometrik gostergelerin birlikte olusunu analiz edebilir. Bu, fizik egitimindeki
arastirma ortaminin kapsamli bir sekilde anlasiimasini saglar ve gelecekteki arastirmalari ydnlendirebilir (Van Eck

& Waltman, 2010; Putri ve digerleri, 2020).

Bu calismada, son yirmi yilda Web of Science veritabaninda Fizik Egitimi Uzerine yayimlanan makalelerin

bibliyometrik verileri analiz edilmistir. Bu baglamda asagidaki arastirma sorularina cevap aranmistir:

1. Web of Science veritabaninda indekslenen dergilerde son 20 yilda yayimlanan kiiresel ¢apta ve

Tirkiye'deki calismalarin tanimlayici 6zellikleri nelerdir?

2. WoS'ta son 20 yilda fizik egitimindeki arastirma ortami, kiresel capta ve Tirkiye'de nasil

gorinmektedir?

YONTEM

Arastirmanin Modeli

Bu calismada fizik egitimi ile ilgili uluslararasi alanda ve Turkiye'de yapilan arastirmalar bibliyometrik teknikler
kullanilarak incelenmistir. Son zamanlarda popiilerlik kazanmasina ragmen, bibliyometrik analiz tamamen yeni
bir strateji degildir. Bu yonteme yapilan atiflar 1920'lere kadar gitse de, literatlirde "bibliyometrik" terimini
kullanan ilk yazar Pritchard (1969)'dir. Yaklasimin bir dizi bilimsel alanda kullaniimasinin bir sonucu olarak,
bilimsel ilerlemenin (yazar, yayin veya belirli bir konuya gore) sistematik bir incelemesi mimkin olmustur
(Merigo & Yang, 2017). Segilen bilimsel ¢alismalarin (makale, kitap, konferans bildirileri) entelektiiel yapisini
tespit etmek icin anahtar kelimeleri, bu eserlere yapilan atiflari, bu eserlerin yaptigi atiflari veya ortak yazarlarin
¢alisma alanlarini kesfetmek amaclanir. Buradaki temel amag, bu arastirmalarin konusu olan entelektiel yapiyi

belirlemektir (Dogan, 2023; Hallinger ve Kovacevi¢, 2019; Laengle vd., 2018; Zupic ve Cater, 2015).
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Sekil 1. Calismada Kullanilan Veri Analizi Semasi

Orneklem ve Verilerin Toplanmasi

Sekil 1'de gosterilen analiz sekli bu galismada kullaniimistir. Moher ve ark. (2009)’'nin ¢alisma siireci, hem
uluslararasi hem de Tirkiye'de fizik egitimi ile ilgili calismalari analiz etmek icin kullanilmis ve Dogan'in (2023)
bibliyometrik analiz slireci ile desteklenmistir. Gosterildigi gibi, arastirmanin ilk asamasi fizik egitimi alanindaki
ilgili arastirmalarin WoS veri tabanindan toplanmasini icermektedir. 2003-2023 yillari arasinda yapilan ve "Fizik

egitimi" konusunu iceren arastirmalar asagida siralanan arama kriterleri kullanilarak bulunmustur.
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"physics education" (Topic) AND 2003/2023 (Publication Date) and Proceeding Paper or Editorial Material or
Meeting Abstract (Exclude — Document Types) and 6.11 Education & Educational Research or 5.318 Physics
Education or 4.322 Remote Research & Education or 10.268 History & Philosophy Of Science (Citation Topics

Meso) and Letter or Book Chapters (Exclude — Document Type)

On hazirlik asamasinda toplam 2.840 calisma bulunmustur. Devam eden makaleler, diizeltmeler ve editoryal
materyaller (1746) harig tutulduktan sonra 1094 arastirma makalesi ortaya ¢ikmis ve kalan bu ¢alismalarin fizik

egitimiyle ilgisini belirlemek i¢in bir tarama proseduiri kullaniimistir.

Verilerin Analizi

ikinci asamada ilk olarak betimsel analizler yapilmistir. Ardindan Van Eck ve Waltman (2010) tarafindan
gelistirilen VOSviewer programi kullanilarak bu makalelerin bibliyometrik haritalamasi yapimistir. Bu
haritalamalarda, hem uluslararasi hem de Tirkiye'de yiiritilen galismalarin entelektiiel yapilarini karsilastirmak
icin ortak alinti ve birlikte olusum analizi kullanilmistir. Bu haritalari incelerken Baglanti Giicu (Link Strength (LS))
ve toplam Baglanti (Total Link Strength (TLS)) terimleriyle karsilasiilmaktadir. Anahtar kelimeye 6zgl bir 6rnek
verilecek olursa, LS bir kavramin bagladigi anahtar kelime sayisini, TLS ise diger tim kavramlarla birlikte

kullanilma sayisini gostermektedir.

Analizlerde kullanilacak anahtar kelimelerin (6rnegin "elektro-manyetizma" ve "elektromanyetizma") tek bir
kavramda birlestirilerek yanls yazimlari veya temsillerindeki varyasyonlar dizeltilmistir. Bu birlestirme ve
eslestirmelerin ardindan gorseller, konusunda uzman ve bibliyometrik analize hakim iki farkli arastirmaci
tarafindan analiz edilmistir. Daha sonra belirlenen tiim bakis agilari karsilastirilmis ve tam bir uyuma varana kadar

bulgular hakkinda tartigiimistir.

BULGULAR

Fizik egitimi alanindaki yayin tirlerinin kiiresel ¢apta ve Turkiye'deki dagilimi Tablo 1'de gosterilmistir. Fizik
egitimine iliskin arastirma makaleleri, kiresel ¢apdaki 1.094 kaydin ¢ogunlugunu, vyaklasik %98'ini
olusturmaktadir. 18 tanesi yani yaklasik %2'si ise inceleme makaleleridir. Ayni sekilde Tirkiye'de fizik egitimi
alanindaki yayinlarin sayisi toplam 124 olup bunlarin 123'Un0 yani yaklasik %99.194'UniU arastirma makaleleri

olusturmaktadir. Sadece bir yayin inceleme tiiriinde bir yayindir.

Tablo 1. Fizik Egitimi Alanindaki Yayin Tirlerinin Dagilimi

Kiiresel Capta Turkiye
Yayin Tiirleri Sayi 1.094'lGn %'si Sayi 124'iGn %'si
Arastirma Makalesi 1076 98 123 99,19
inceleme Makalesi 18 2 1 0,81
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Hem kiresel gapta hem de Tirkiye ¢alismalari dahil olmak uzere fizik egitimi alanindaki calismalarin yayinlanma
yillarinin dagilimi Grafik 1'de gosterilmektedir. Kiresel veri seti, bir dizi dikkate deger bulgu icermektedir. 2020
yili fizik egitimi ile ilgili yayimlanan 105 arastirma ile en ¢ok kayda sahip yil olarak éne gikmaktadir. Bu, konuya o
yil boyunca ¢ok dikkat edildigini, dnem verildigini gostermektedir. 2012 yili 84 makale ile alaninda arastirma

acisindan da en verimli yillardan biri olarak dikkat cekmektedir.

Tirkiye'nin katkilariyla ilgili olarak, kiiresel veri setinde Tirkiye'den en fazla sayida ¢alisma 2012 yilinda
gorilmektedir (84 kayittan 20'si). Bu bulgu o yil Turkiye'nin fizik egitimi arastirmalarina 6nemli 6lgtide dahil
oldugunu gostermektedir. Benzer sekilde, Tiirkiye 2014 yilinda 66 kayittan 14'lni sunarak bu alanda énemli bir
katilim géstermistir. Ote yandan, genel veri setinde Tiirkiye'den kayit sayisinin nispeten diisiik oldugu veya
hatta bulunmadigi birkag yil vardir. 2023, 2007, 2006, 2004 ve 2003 yillarinda Tiirkiye'den herhangi bir calisma
listelenmemistir. Bu sonuglar, 2020 ve 2012 gibi yillarda goze carpan zirveler ile kiiresel capda fizik egitimi
arastirma faaliyetinin diizensiz seviyelerini gostermektedir. Ek olarak, Turkiye'nin fizik egitimi arastirmalarina
katilimini ve bilgi birikimi Gizerindeki etkisini géstermektedir.
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Grafik 1. Fizik Egitimi Alanindaki Makalelerin Yayimlanma Yillarina Gére Dagilimi

Fizik egitimi alaninda gesitli Glke ve bolgelere gore rekor sayilarinin dagilimi, Tiirkiye'nin katkida bulunanlar

arasindaki yerine odaklanilarak Tablo 2'de gosterilmektedir.

Amerika Birlesik Devletleri (ABD), 409 yayin veya toplamin yaklasik %37,4'Un olusturan listedeki tilkeler/bélgeler
arasinda agik bir sekilde en Uretken olanidir. Tirkiye, 124 kayitla veya toplamin yaklasik %11,3'G ile 6nemli bir
varlik sergileyerek yakindan takip etmektedir. Sonug olarak, Turkiye fizik egitimi alaninda 6nde gelen arastirmaci

Ulkelerden birisi olarak ortaya ¢ikmistir.

italya ve Almanya da sirasiyla 65 ve 48 kayitla toplam kayitlarin %5,9'unu ve %4,4'linii olusturan dnemli katkilar
saglamaktadir. Avustralya, Kanada, isveg ve ispanya'nin her biri 6nemli élgiide katkida bulunmakta ve toplam

makale sayisinin yaklasik %3'iinii olusturmaktadir. Giiney Afrika, Endonezya, Meksika, israil ve Cin Halk
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Cumbhuriyeti dahil olmak lzere 22 ila 26 arasinda degisen makale sayilari olan diger ulkelerin her biri yaklasik

%2'lik katkida bulunmaktadir.

Ayrica ingiltere, Romanya, Norveg, Brezilya, Finlandiya, Hollanda, Fransa, Giiney Kore, Yunanistan, isvicre,
Kolombiya ve Hindistan gibi lilkeler de 6nemli dlglide katkida bulunmakta ve her biri toplam kayit sayisinin %1

ila %1,9'unu olugturmaktadir.

Tablo 2. Fizik Egitimi Alaninda Cesitli Ulke ve Bolgelere Gére Makale Sayilarinin Dagilimi

Ulkeler/Bolgeler Kayit sayisi 1.094'iin %'si
Amerika Birlesik Devletleri 409 37,4
Turkiye 124 11,3
Almanya 65 5,9
italya 48 4,4
Avustralya 34 3,1
Kanada 33 3,0
isveg 33 3,0
ispanya 30 2,7
Glney Afrika 26 2,4
Endonezya 24 2,2
Meksika 23 2,1
israil 22 2,0
Cin 22 2,0
ingiltere 21 1,9
Romanya 20 1,8
Norveg 19 1,7
Brezilya 18 1,6
Finlandiya 17 1,6
Hollanda 16 1,5
Fransa 15 1,4
Guney Kore 15 1,4
Yunanistan 14 1,3
isvigre 14 1,3
Kolombiya 13 1,2
Hindistan 13 1,2

Calismalarin Entelektiiel Yapisi

Etkili Calismalar

Tablo 3, her yil aldiklari ortalama alinti sayisina gore en iyi 20 ¢alismayi listelemektedir. Deslauriers, Schelew ve
Wieman'in (2011) "Genis Kayith Fizik Sinifinda Gelistirilmis Ogrenme" ¢alismasi dikkate deger bir drnektir.
Yayimlandigi giinden itibaren yilda ortalama 46,31 atif olmak (izere toplam 602 atif almistir. 447 atif alan ve
yilda ortalama 31,93 atif alan diger bir makale, Hazari ve digerleri tarafindan hazirlanan "Lise Fizik
Deneyimlerini, Sonug Beklentilerini, Fizik Kimligini ve Fizik Kariyer Segimini Baglamak: Bir Cinsiyet Arastirmasi"
dir (2010).

Tablo 3. Her Yil Aldiklari Ortalama Atif Sayisina Gore ilk 20 Makale
Yayim Topla Yillik

Baglik Yili m Atif Ort.
Improved Learning in a Large-Enrollment Physics Class 46,3
Deslauriers, Louis; Schelew, Ellen; Wieman, Carl SCIENCE 2011 2011 602 1
Connecting High School Physics Experiences, Outcome Expectations, Physics Identity, and 31,9
Physics Career Choice: A Gender Study 2010 447 3
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Hazari, Zahra; Sonnert, Gerhard; Sadler, Philip M.; Shanahan, Marie-Claire JOURNAL OF

RESEARCH IN SCIENCE TEACHING 2010

Integrating computational thinking with K-12 science education using agent-based

computation: A theoretical framework

Sengupta, Pratim; Kinnebrew, John S.; Basu, Satabdi; Biswas, Gautam; Clark, Douglas 20,3
EDUCATION AND INFORMATION TECHNOLOGIES 2013 2013 224 6
Synthesis of discipline-based education research in physics

Docktor, Jennifer L.; Mestre, Jose P. PHYSICAL REVIEW SPECIAL TOPICS-PHYSICS EDUCATION

RESEARCH 2014 2014 160 16
Demographics of physics education research 15,7
Kanim, Stephen; Cid, Ximena C. PHYSICAL REVIEW PHYSICS EDUCATION RESEARCH 2020 2020 63 5
When are tutorial dialogues more effective than reading?

VanLehn, Kurt; Graesser, Arthur C.; Jackson, G. Tanner; Jordan, Pamela; Olney, Andrew; Rose, 12,5
Carolyn P. COGNITIVE SCIENCE 2007 2007 214 9

Gender discrimination in physics and astronomy: Graduate student experiences of sexism

and gender microaggressions

Barthelemy, Ramon S.; McCormick, Melinda; Henderson, Charles PHYSICAL REVIEW PHYSICS 10,7
EDUCATION RESEARCH 2016 2016 86 5
A longitudinal analysis of students' motivational characteristics in introductory physics

courses: Gender differences

Marshman, Emily; Kalender, Zeynep Y.; Schunn, Christian; Nokes-Malach, Timothy; Singh, 10,6
Chandralekha CANADIAN JOURNAL OF PHYSICS 2018 2018 64 7
Pedagogical practices and instructional change of physics faculty 10,5
Dancy, Melissa; Henderson, Charles AMERICAN JOURNAL OF PHYSICS 2010 2010 148 7

Enriching gender in physics education research: A binary past and a complex future
Traxler, Adrienne L.; Cid, Ximena C.; Blue, Jennifer; Barthelemy, Ramon PHYSICAL REVIEW

PHYSICS EDUCATION RESEARCH 2016 2016 84 10,5
Resource Letter ALIP-1: Active-Learning Instruction in Physics 10,2
Meltzer, David E.; Thornton, Ronald K. AMERICAN JOURNAL OF PHYSICS 2012 2012 123 5
Language of Physics, Language of Math: Disciplinary Culture and Dynamic Epistemology

Redish, Edward F.; Kuo, Eric SCIENCE & EDUCATION 2015 2015 88 9,78

Approaches to data analysis of multiple-choice questions
Ding, Lin; Beichner, Robert PHYSICAL REVIEW SPECIAL TOPICS-PHYSICS EDUCATION RESEARCH

2009 2009 144 9,6
Flipped Classroom adapted to the ARCS Model of Motivation and applied to a Physics

Course

Asiksoy, Gulsum; Ozdamli, Fezile EURASIA JOURNAL OF MATHEMATICS SCIENCE AND

TECHNOLOGY EDUCATION 2016 2016 74 9,25

Hermione and the Secretary: how gendered task division in introductory physics labs can

disrupt equitable learning

Doucette, Danny; Clark, Russell; Singh, Chandralekha EUROPEAN JOURNAL OF PHYSICS 2020 2020 37 9,25
Impact of physics education research on the teaching of introductory quantitative physics in

the United States

Henderson, Charles; Dancy, Melissa H. PHYSICAL REVIEW SPECIAL TOPICS-PHYSICS EDUCATION

RESEARCH 2009 2009 132 8,8
Cylindrical magnets and ideal solenoids
Derby, Norman; Olbert, Stanislaw AMERICAN JOURNAL OF PHYSICS 2010 2010 119 8,5

Using Smartphones as Experimental Tools-Effects on Interest, Curiosity, and Learning in

Physics Education

Hochberg, Katrin; Kuhn, Jochen; Mueller, Andreas JOURNAL OF SCIENCE EDUCATION AND

TECHNOLOGY 2018 2018 49 8,17
Inventing a solution and studying a worked solution prepare differently for learning from

direct instruction

Glogger-Frey, Inga; Fleischer, Corinna; Grueny, Lisa; Kappich, Julian; Renkl, Alexander

LEARNING AND INSTRUCTION 2015 2015 71 7,89
Framework for understanding the patterns of student difficulties in quantum mechanics

Marshman, Emily; Singh, Chandralekha PHYSICAL REVIEW SPECIAL TOPICS-PHYSICS

EDUCATION RESEARCH 2015 2015 69 7,67

Oncelikle, 20 galismadan 5'i fizik egitiminde toplumsal cinsiyet esitligine odaklanmakta ve bu konunun ne kadar
onemli oldugunu vurgulamaktadir. Daha Once de belirtildigi gibi, en ¢ok alinti yapilan ikinci ¢alisma, bilim
camiasinda toplumsal cinsiyet esitligine verilen dnemin diger bir kanitini da saglamaktadir. Ayrica Asiksoy ve

Ozdamli'nin (2016) "Flipped Classroom adapted to the ARCS Model of Motivation and applied to a Physics
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Course” (ARCS Motivasyon Modeline Uyarlanmis ve Bir Fizik Dersine Uygulanmis Ters-Yiiz Sinif") adli ¢alismasi

yilda ortalama 9,25 atif ile Turkiye kaynakli en 6nemli eser olarak 6ne ¢ikmaktadir.
Ortak Alint1 Analizi

Bu ¢alismada kullanilan fizik egitimi ile ilgili kiiresel ve Turkiye arastirmalarinin atiflari Sekil 2'de gosterilmektedir.
Kiiresel calismalarda toplam 30.237 atif bulundu (seklin sol tarafi) ve haritalama i¢in 15 atif esigi
olusturuldugunda, bunu karsilayan 129 atif bulunmustur. Buna benzer olarak, Tirkiye'den (seklin sag tarafi) 4.367

atif bulunmus (minimum 5 atif) ve bunlarin 46'si ilgili sarti saglamaktadir.

Haritalara bakildiginda her iki tarafta da en ¢ok atif yapilan eserler Hestenes, D. (1992) ve Hake, RR (1998) olarak
goze carpmaktadir. Her iki tarafta da en sik basvurulan ¢calisma etkilesimli fizik egitiminin geleneksel yaklasimlara
gore avantajlarini gosteren Hake (1998)’in calismasidir. Fizik egitiminde en ¢ok kullanilan arastirma Hestenes
(1992) tarafindan hazirlanan "Kuvvet Konulari Kavram Testi (Force Motion Concept Test)"dir. iki harita
karsilastirildiginda ilging bir bulgu, Tirkiye'de yapilan ¢alismalarda Vygotsky (Vygotskici bakis agisi), Hazari
(fiziksel kimlik) ve Osborne (NOS) icin yeterli referansa yer verilmemesidir. Ayrica esitlik, cinsiyet esitsizligi ve
kimlik gibi 6nemli konularin (Hazari , Lorenzo, Brewe ) Tirkiye arastirmalarinda fazla ilgi gormedigi tespit

edilmistir.
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Sekil 2. Fizik Egitimine Yénelik Kiiresel (iistteki) ve Tirkiye (alttaki) Arastirmalarina iligkin Atiflar

Tablo 4, kiiresel ¢capdaki ¢calismalarda birlikte en gok referans sunan makaleleri listelemektedir. Daha ¢ok Fen’e
yonelik tutumlara odaklanan Adams WK (2006), kirmizi kiimedeki ana ¢alismadir ve Redish EF (1998) tarafindan
yapilan 6grenci beklentileri arastirmasinda 35 kez en sik bahsedilmistir. Daha 6nce belirtildigi gibi, 6grencilerin
Newton Kanunlarini anlamalarina odaklanan Hestenes D. (1998) ve Thornton (1999), mavi grupta siklikla birlikte
tartisiimaktadir. Yukarida adi gecen Hake RR (1998), Hestenes ile baglantilidir (80 kez) ve Thornton, Hestenes ile

birlikte 6nemli dlglide (56 kez) atif almustir.

Tablo 4. Tiim Yazarlarin En Cok Alinti Yaptigi Calismalar ve Ortak Atiflan

Kaynak 1 Kaynak 2
K1&2 LS
Yazar C L TLS Yazar C L TLS
Adams, WK., 2006 65 63 376 Redish, E.F., 1998 62 64 429 35
Hake, R.R., 1998 162 65 881 Hestenes, D., 1992 157 65 906 80
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Hestenes, D., 1998 157 65 906 Thornton, R. K., 1999 74 64 551 56

C: Citations (Atiflar) L: Links (Baglantilar) TLS: Total Link Strength (Toplam Baglanti Giicl) LS: Link Strength (Baglanti

Giici)

Kuresel arastirmalarin aksine, Tirkiye galismalari Redish EF (1998) ve Hammer D'nin (1994) birlikte daha sik (5

kez) alintilanmasiyla dikkat cekmektedir.

Tablo 5. Tiirk Yazarlarin En Cok Alinti Yaptig1 Calismalar ve Ortak Atiflari

Kaynak 1 Kaynak 2
K1&2 LS
Yazar C L TLS Yazar C L TLS
Hestenes, D., 1992 20 74 143 Hake, R.R., 1998 17 41 78 7
Hake, R.R., 1998 17 41 78 Mazur, E., 1997 7 35 49 5
Redish, E.F., 1998 10 41 65 Hammer, D. 1994 6 23 38 5

C: Citations (Atiflar) L: Links (Baglantilar) TLS: Total Link Strength (Toplam Baglanti Giicti) LS: Link Strength (Baglanti

Giici)

Anahtar Sézciik Analizi

Son 20 yilda 1076 kiresel ¢alismada fizik egitimiyle baglantili 2.545 farkli anahtar kelime bulunmustur. 154
anahtar kelime, haritanin okunabilirligini garanti etmek icin en az 7 kez goériinme kriterini karsilamaktadir. Sekil
3'te gosterildigi gibi 4 kiime ortaya ¢ikmistir. Kirmizi kiime digerlerine gore daha bliyiik olarak gozikmektedir.
"Fizik egitimi" (535) bu kiimede en sik gérliinen ve tUm haritanin ortasinda yer alan anahtar kelimedir. “Fizik
egitimi” , bu calisma icin yapilan makale aramalarinda kullanilan bir anahtar kelime oldugu icin bu durum
dogaldir. Bu kategorideki 6nemli anahtar kelimelerin cogunun fizik 6gretimi ile ilgili oldugu aciktir. Haritaya
bakildiginda, "fizik" 142 kez gegtigi bu kiimede en sik kullanilan ikinci anahtar kelimedir. Fizik 6gretimi séz konusu
oldugunda “6gretmek” (38), “6grenciler” (108) ve “mekanik” (44) kelimeleri de dikkat gekicidir. Ek olarak, bu

grupta "kuantum teorisi", "elektrik", "enerji kavrami", "termodinamik", "klasik mekanik", "ses" ve "yuvarlanma

surtinmeleri" gibi saf fizik kavramlariyla ilgili ¢ok sayida anahtar kelime bulunmaktadir.
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Sekil 3. Fizik Egitimi ile Baglantili TGm Anahtar Kelimeler

Sari kiime, bu haritada gdze carpan baska bir gruptur. Bu grup acikca fizik egitiminde "esitlik" ile baglantil

terimleri icermektedir. Bu grup, cinsiyet esitligi ile baglantili "kadin" (13), "cinsiyet etkisi" (39), "kizlar" (12) ve

"cinsiyet farki" (12) gibi terimlerin yani sira "kimlik" (21), "renk" (10) ve "esitlik" gibi terimleri icerir.

Yesil kiime, bir baska carpici gruptur. Bu kiimede en sik kullanilan terim 95 kez gegen "bilgi"dir. Ayrica

yapilandirmaci 6grenme calismalari ile iliskilendirilen “kavram yanilgilan” (41), “kavramsal degisim” (47), “bilissel

yuk teorisi” (15) ve “zihinsel modeller” (15) gibi terimler de bulunmaktadir.

Son olarak, mavi kiime genel olarak bilim egitiminden fikirleri tasvir etmektedir. "Egitim" (59), "performans" (48),
"sorgulama" (26) ve "problem ¢d6zme" (29) anahtar s6zctkleri en yaygin olanlaridir. Bununla birlikte, teknoloji

entegrasyonunu iceren 6gretim yaklasimlarina iliskin “simtlasyonlar” (26), “e-6grenme” (11) ve “teknoloji” (17)

gibi terimler de bu kiimede yaygindir.

1607



I.l E TSAR (International Journal of Education Technology and Scientific Researches) Vol: 8, Issue: 23,

teach
studentggachieve
simulgtions
edugtion
inquiry
imgect geometdical optic
iight
learniing styles instriggtion
teagbers
highghoot mathemafics/symbo
computepaided in magels
chermistry science@glucation
personaigpistemo
classgoom self-afficacy beliefs
knogledge
- problemgpased lea
achieliiment
science-gglucation
perfdggharice ”
5‘9 Views
wark
a pre-servige teach
thinginy attifides
¢ miscogg@ptions
nighschgerstude physuc@catlon dipgies
college
energygoncept
motigtion
studentsigsconce
conceptions
PHgics
concepugalfearni gendegeffect
peer indfFuction stugents. conceptygl unders
concepty@l change three-tigp diagno
probledsolving
ntafinodel
higher @ucation ment. odels
maglel precongeptions et
quantugphysics
medianics
quantumignechanics
flipped dipssroom currigium

Tirkiye'de yapilan ¢alismalara bakildiginda 123 makalede toplam 448 anahtar kelime kullanilmistir. En az iki kez

¢ikma sartini saglayan anahtar kelime sayisi 123'tlr. Bu arastirmalarin analizi sonucunda ise tg¢ kiime ortaya

ctkmistir (Sekil 4).

Kirmizi kiime ilk ve digerlerine gére daha biiylk kiimedir. Bu kiime, 6grencilerin fizikteki performansi ve bunun
psikolojik yonleriyle ilgili olan "tutumlar", "motivasyon", "basarl" ve "performans" gibi anahtar sozcukleri
icermektedir. Ote yandan mavi kiime, "bilgi", "kavram yanilgisi", "kavramlar", "6grenci yanilgilari", "kavramsal

degisim", "zihinsel modeller" ve "kavramsal anlayislar" gibi yapilandirmaci 6grenme perspektifleriyle iliskili

teacher gglucation

mathemagics educa

Sekil 4. Turkiye'de Fizik Egitimi ile ilgili Tim Anahtar Kelimeler

anahtar kelimelerden olusmaktadir.

Yesil kiime ise, "fizik egitimi", "bilgisayar destekli egitim", "0gretim" ve "0grenme stilleri" gibi genis anahtar

kelimelerden olugsmaktadir. Bu grubun net bir vurgusu veya kapsayici bir fikri goziikmemektedir.
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Tablo 6. En Cok Gorulen Anahtar Kelimeler ve Tanimlayicilar

Kiiresel Calismalar Sikhik  TLC  Tiirkiye Galigmlari Sikik  TLC
fizik egitimi/physics education 535 1721  fizik egitimi/physics education 100 376
bilim/science 184 876 bilim/science 29 151
fizik/physics 142 543 kavram yanilgilari/misconceptions 17 90
Ogrenciler/students 109 506 bilgi/knowledge 16 92

bilgi/knowledge 95 459  fizik/physics 16 91

egitim/education 59 254 performans/performance 10 69

fizik egitimi arastirmasi/physics education 51 234 basari/achievement 9 70

research

performans/performance 48 271 tutumlar/attitudes 8 46

kavramsal degisim/conceptual change 47 211 fen egitimi/science education 8 37

basari/achievement 45 294 kavramsal degisim/conceptual change 7 40

mekanik/mechanics 44 199 zihinsel modeler/mental models 7 24

dgretim/instruction 41 223 problem ¢6zme/problem solving 7 38

kavram yanilgilari/misconceptions 41 181 inanglar/beliefs 6 42

cinsiyetin etkisi/ gender effect 39 203  guglukler/difficulties 6 44

fen egitimi/science education 38 159 cinsiyetin etkisi/ gender effect 6 40

dgretme/teaching 38 110  mekanik/mechanics 6 21

inanglar/beliefs 37 185 akran 6gretimi/peer instruction 6 34

tutumlar/attitudes 34 183 Ogrenciler/students 6 40

guclukler/difficulties 34 198 ¢ asamali test/three-tier diagnostics 6 33

test
matematik/mathematics-symbolic mathematics 33 164 kavram yanilgisi/misconceptions 5 26

TLC: Tanimlayicilar

Kiresel ve Tlrkiye arastirmalarinda en sik kullanilan anahtar kelimelerin karsilastirilmasi Tablo 6'da gosterilmistir.
Tirkiye'de yapilan arastirmalarin uluslararasi literatiir ile uyumlu olmasi bu verilerden elde edilen en 6nemli
bulgudur. Her iki grupta da en sik gorinen iki anahtar kelime "physics education/fizik egitimi" ve
"science/bilim"dir. Turkiye'de 100 kez (TLC=376) ve yurt disinda 535 kez (TLC=1721) " physics education/fizik
egitimi" anahtar kelimesi kullanilmistir. Buna benzer olarak arastirmacilar kiresel capda 184 kez (TLC=867),

Turkiye'de 29 kez (TLC=151) "science/bilim" anahtar kelimesini segmislerdir.

TARTISMA ve SONUC

Bu ¢alismada, hem Diinya’daki hem de Turkiye'deki fizik egitimi arastirmalarinin gesitli yonleri incelenmis ve
alanin kapsamli bir analizi sunulmustur. WoS veritabaninda yer alan dergilerde Fizik egitimine odaklanan
arastirma makalelerinin kiresel capda ve Tirkiye'de en yaygin yayin tiri olarak gézikmektedir. Buna karsin,

inceleme makaleleri toplamda ¢ok az bir orani temsil etmektedir.

Bu arastirma, 2003 ile 2023 yillari arasindaki fizik egitimi alanindaki egilimleri belirlemekte iken en dikkat ¢eken
yil kiiresel capda fizik egitimi yayinlarinin en fazla oldugu yil olarak 2020 olmustur. Benzer sekilde, 2012, 6nemli
bir alan bliyiimesi donemine isaret eden, dnemli arastirma ciktilari gosteren 6nemli ve dikkat gekici bir yildir.
2012 ve 2014 yillarinda Tarkiye, fizik egitimi arastirmalarina 6nemli katkilarda bulunarak, iilkenin bu alana olan

katkisini ortaya koymaktadir. Amerika Birlesik Devletleri uluslararasi alanda en fazla katkiyi saglarken, onu
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sirasiyla Tirkiye, italya ve Almanya izlemektedir. Bu durum Tiirkiye'nin énemli katkilarindan dolay! disiplinde

onde gelen arastirmacilardan biri oldugunun agik bir gostergesidir.

Atiflarin analizi, kiresel ve Tirkiye calismalari arasindaki farkliliklari ortaya koymaktadir. Tlrkiye kaynakh
arastirmalarda Vygotsky’nin bakis agisi, fizik kimligi ve NOS (Bilimin Dogasi) gibi konulara daha az atifta
bulunulmaktadir. Arastirmanin sonuglarina gore esitlik, cinsiyet esitsizligi ve kimlik gibi 6nemli konular halen

Tlrkiye arastirmalarinda yeterince ilgi gormemektedir.

Sik kullanilan anahtar kelimelerin analiz sonuglari, farkh sonuglari ortaya koymaktadir. Kiresel ¢alismalar, fizik
Ogretimini, esitlikle ilgili terimleri, yapilandirmaci 6grenme bakis agilarini ve teknolojiyi butlinlestiren 6gretim
yontemlerini vurgulamaktadir. Tiirkiye kaynakh arastirmalar ise "fizik egitimi" ve "bilim" gibi ortak terimlere

vurgu yaparak uluslararasi literatlre uygun bir siire¢ gbstermektedir.

Bu galismanin en 6énemli sonuglarindan birisi son 20 yilda Tiirkiye'de ve Diinya’da yapilan galismalar dikkate
alindiginda, Turk akademisyenlerin verimlilik agisindan Amerikali arastirmacilardan sonra ikinci sirada oldugunu
gostermektedir. Bu anlamda, Turkiye'nin etkili bir fizik egitimi arastirmacilari topluluguna sahip oldugu
soylenebilir. Uluslararasi literatliri 6nemli 6lglide etkilemis olan Tirkiye'deki bu arastirma grubunun fen egitimini
onemli 6lgiide destekleyecegi ve nihayetinde bilim okuryazarligina deger veren bir toplumun biiyiimesine katkida

bulunacagi agiktir. Ozdem ve Sarigiil'iin (2019) calismasi da benzer bazi sonuglar vermistir.

Bunun yaninda, arastirmacilarin hedeflenen calisma odagi, Tirkiye'nin uluslararasi fizik egitimi alanindaki
konumuna iligkin elestirel sonuglar da sunmaktadir. Tlrk arastirmacilarin gogunlukla kavram yanilgilarina, etkili
fizik Ogretimine ve Ogrencilerin fizige yonelik tutumlarina odaklandigini goéstermektedir. Bunun aksine,
uluslararasi literatiir de esitlik, cinsiyet ve kimlige vurgu yapilmaktadir. idin ve Dénmez (2009) ile Akkaya ve
Ozdem'den (2017) elde edilen benzer bulgular, Tiirkiye'deki bu eksikligi gostermekte ve esitlik konulari agisindan

yalnizca toplumsal cinsiyet esitliginin kismen ele alindigini vurgulamaktadir.

Esitlik¢i bilim egitimi, uluslararasi arastirmalarda oldugu gibi fizik egitimi ile ilgili Turkiye arastirmalarinda
yeterince tartisilmamaktadir. Ornegin, Ulusal Bilimler, Miihendislik ve Tip Akademileri'nin (the National
Academies of Sciences, Engineering, and Medicine) 2018 raporuna gore esitlik, fen egitiminde 6nemli bir
sorundur ve "tiim o6grencilerin bilimi 6grenme ve bilimde basarili olma firsatina sahip olmasi gerekir". Ancak
Ozdem ve Sarigiil'iin (2019) Tirkee literatiir arastirmasi, ¢cok az arastirmanin fizik egitiminde esitlik konularina

odaklandigini ortaya koymaktadir.

Tirkiye'deki fizik egitimi calismalarinda esitlik odaginin olmamasi, cesitli faktérlerden kaynaklaniyor olabilir.
Ornegin, yetersiz laboratuvar olanaklari, kalabalik siniflar, esitlikci olmayan mifredat gibi yapisal sorunlar
Tirkiye'de esitlikgi fizik egitimi vermeyi zorlastirabilir. Bu nedenle Tirkiye'deki arastirmacilar esitlikten 6nce
bahsedilen sorunlara odaklanmakta olabilir. Tirkiye, bu sistemik sorunlari ¢ézerek tim 6grencilerin esit fizik

egitimi almasini saglama yolunda ilerleyebilir.
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Guglu bir fizik egitimine sahip olmasina ragmen, Tirkiye su anda genel olarak fen egitiminde bir paradigma
degisiminden ge¢cmektedir (Dogan, 2023). Uluslararasi literatiire basvurarak etkili fizik egitimi icin bir 6grenme
ortami yaratmaya odaklanan arastirmacilar, bu déntisim sirecinde yetersiz temsil edilen tim gruplara bu etkili
fizik egitimini nasil sunabileceklerini ister istemez diislineceklerdir. Bu ¢alisma, Tiirkiye’deki fizik egitiminde esitlik
sorunlarinin neden oldugu 6nemli bosluga dikkat ¢ekmistir. Arastirmacilar, kiresel literatiirdeki biuyime ve
donlisim takip edecek ve yeterince temsil edilmeyen tiim gruplari bu ortamda 6gretime basarili bir sekilde dahil

edecek yeni anlayislarin yani sira belirli eylemler hakkinda konusmalidir.

ONERILER

Fizik egitimi alaninda bakis agilarini gelistirmek ve yenilikgi yaklagimlari tesvik etmek icin farkh Ulkelerden
arastirmacilar arasinda uluslararasi isbirliginin tesvik edilmesi onemli goziikmektedir. Arastirma aglarinin
gelistirilmesi, ortak konferanslarin diizenlenmesi ve isbirlikleri icin yardim saglanmasi, bilgi paylasimini ve 6nemli
arastirma basarilarinin tesvik edilmesini gelistirecektir. Fizik egitiminde esitlik, cinsiyet esitsizlikleri ve kimlik gibi
konularin yani sira arastirma bogluklarini doldurmak amaciyla egitim girisimlerinin uzun vadeli sonuglarini
etraflica degerlendirmek icin boylamsal arastirmalara 6zel olarak odaklaniimalidir. Bu dnerilerin uygulanmasiyla,
fizik egitimi alani 6nemli dlclide gelisebilir, hem 6gretme hem de 6grenme yéntemlerinin yani sira kapsayicilik,

cesitlilik ve tiim alanlarda kalitenin saglanmasi yolunda ilerlemeler kaydedilebilir.

Etik Metni

Bu makalede dergi yazim kurallarina, yayin ilkelerine, arastirma ve yayin etigi kurallarina, dergi etik kurallarina
uyulmustur. Makale ile ilgili dogabilecek her tirli ihlallerde sorumluluk yazara aittir. Bu arastirma WoS’tan elde

edilen ikincil veriler ile yapilan bir ¢alisma oldugu icin “Etik Kurul” izni gerektirmemektedir.

Yazarin Katki Orani Beyani: Yazarin katki orani %100’dr.
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