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Physics Education Research in Turkey and in the World

Introduction

Starting from the 20th century, scientific and technological developments have brought new research fields
and research topics. Physics education is one of those new research fields as a result of these developments. In
recent years, many important studies were conducted in the field of physics education in Turkey and in the world.
These studies not only strengthened physics education at all levels from primary school to university, but also
revealed the fact that this area needs to be studied professionally. As a result, the number of master's and doctoral
programs and the number of individuals studying in the field of physics education has been increasing day by day
in our country (Kaltaker Giirel, 2017).

Undoubtedly, as in other research areas, academic studies in physics education until today have spread to a
wide range of areas. The present study aims to address the wide range of studies in the field of physics education
by discussing basic studies in the literature with a holistic perspective.

The main aim of the study is to ensure the target audience to have a holistic perspective in the field and to lead
the researchers in their thesis or research projects in this area. As well as giving an idea about the studies carried
out to date in the field of physics education, this study aims to guide new researchers to the less studied areas and
the areas that need more research. In short, the main purpose of this study is to reveal a Turkish source (please see
the Turkish version of this article) to share the authors’ knowledge acquired as a result of their both academic
studies and their relations with physics education research groups *? abroad. Research questions focused in the
present study are as follows:

1. What are the scope and trends of studies in the physics education field?

2. What are the main points that are criticized in physics education research?

3. What are the suggestions for changing and improving the current status of physics education research?
Method

This study is a critical research study which was conducted by two researchers in physics education in order to
find solutions to the questions of other researchers about the current status and research trends in the field.

Research Design

A critical study is a research-based study on critical theories. It aims to figure out the existing disparities,
activities and behaviors and to develop or change them by investigating the social and historical roots of the events
(Izci, 2014). The main role of the researcher in a critical research is to provide solutions on how to improve and
change the social community by critically inquiring it (Comstock, 1982).

Current research is composed of three main sections that are proposed by Alvesso and Deets (2000): insight,
critique and transformation. Insight section involves in-depth understanding of the current status. In this section,
the current status of physics education is intended to be understood in its historical context. With this aim, the
current status of physics education research is presented to the reader with some descriptive data. In critique
section, researchers interpret the current situation and criticize it. In fact, this part is the place where the studies in
physics education are going to be criticized. Finally, in the transformation section, the solutions to the existing
problems that were identified and criticized in insight and critique sections are discussed.

Findings and Discussion

In this part, the findings of the present study have been discussed separately in relation to the three main
sections of a critical research.

Insight into Physics Education Research Studies

Being one of the basic disciplines of science, physics puts forward mathematical inferences, descriptions (laws)
and explanations (theories) from micro to macro all about nature (Didis, 2012). The origin of the first explanations
about physics, which emerges as a result of the basic needs of mankind, dates back to the first civilizations. For
example, the first people minimized the applied force to carry their load as a result of observing the nature by
inventing the wheel. Thus, without being informed of the physics theories they had managed to use the facts or the
laws of physics. Although in ancient times there were scientists like Archimedes and Ptolemy who were trying to
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describe physical phenomena with mathematics; Aristotle, who lived in 350 BC, was the first who developed
insightful explanations (not descriptions) about physical phenomena such as force and motion (Halloun &
Hestenes, 1985a). Physics has continued its development and progress from prehistoric times to the present day
based on the descriptions and explanations of the scientists working in this area. Yet, its progress is still ongoing
today.

Although research in the field of physics is very old, scientific study in "physics learning and teaching" is
relatively new. In 1957, Russia (former USSR) sent its first spacecraft called Sputnik into space. Afterwards, the
developed countries like the United States (US) and the United Kingdom (UK) reconsidered the quality of their
physics education programs. As a result, new curricula (such as PSSC physics), which were mainly based on
inquiry and laboratory studies, were developed and physics concepts started to be taught at an earlier age. Although
studies in physics education date back to the studies of John Dewey in the 1900s or to Jean Piaget's studies in the
1930s, [even some references (Meltzer & Otero, 2015) accept high schools’ and universities’, such as MIT,
transition to the laboratory experiments and inductive methods in physics courses in the 1860s as a starting point],
the foundations of physics education as a research field was laid by Robert Karplus (University of California
Berkeley), Frederick Reif (University of California Berkeley) and Arnold Arons (University of Washington) in
the 1960s. When it was realized that students do not learn what is taught in the 1970s, physics education studies
started to be curriculum focused until 1990s and afterwards have increased dramatically in conceptual physics and
high school physics (Meltzer & Otero, 2015). Since then physics education research has become an important field
due to its contribution to science (Cummings, 2011; McDermott, 2012; Meltzer & Otero, 2015). The first studies
of physics teaching curricula date back to 1934; then in 1935, 1938 and 1940 new physics teaching curricula was
prepared (Gogen & Kabaran, 2013). Afterwards, parallel to the global developments in the world, the Ministry of
Education (ME) in Turkey had continued to the studies to improve the teaching of physics in secondary school
education in 1960s. In Turkey, foundation of Course Instruments Construction and Repair Center in 1961, opening
of Ankara Science High School as an implementer of modern science curricula (such as PSSC physics) in 1964,
foundation of Science Education Development Scientific Commission in 1967 and working together with
Scientific and Technological Research Council of Turkey (TUBITAK) to improve science programs coincided
with this period. Although the curriculum development efforts in Turkey are in line with the ones in the world, the
history of scientific research in the physics education field dates back to the 1990s (Sozbilir & Canpolat, 2006).
Prior to this year, very few scientific researches were observed. In 1997, with the reconstruction of the education
faculties, physics education research in Turkey has gained a great impetus.

Physics education aims to identify students’ problems in physics and develop some pedagogical tools and
techniques to help students to understand physics at any grade level, from primary school to university (Didis,
2012). Many students have problems with physics and they think that physics is a collection of facts and formulas;
they cannot connect physics with daily life, and cannot solve physics problems (Hammer & Elby, 2003). Although
many of them get good grades, they have misconceptions, poor problem solving skills, and difficulty in interpreting
physical laws (Reif, 1995). For these reasons, understanding the interrelationships among conceptual knowledge,
mathematical skills and logical reasoning ability, will facilitate our knowledge to help students to be better problem
solvers (Heron & Meltzer, 2005). Similar to students’ physics content knowledge; students’ negative experiences,
ideas, beliefs and expectations may be due to many different sources. However, as physics educators, we may start
to convert these unfavorable situations to the favorable ones by revising physics instruction. For example, Redish
and Steinberg (1999) explained the structure of the introductory physics courses as one of the reasons of student
difficulties in physics. The approach of these courses is to explain many physics topics superficially to provide
context for the later topics, as well as emphasizing mathematical operations and structures that are basis for the
work at an advanced level. McDermott (1991, 1993, 1997) emphasized that there is a mismatch between what
teachers taught and what students learned. Many teachers have a tendency to see students as younger version of
themselves, and are unaware of how students’ perceptions and readiness result anxiety in learning physics.

According to the constructivist theory of teaching, students construct their new knowledge as a result of their
interactions with the environment they live in and other individuals in this environment (Vygotsky, 1978). In
doing so, they reconsider their old and existing knowledge and experiences. For this reason, to be informed about
what students bring to the classroom is very important because it is interacting with new information presented in
the class. Halloun and Hestenes (1985a, 1985b) and Hestenes, Wells and Swackhamer (1992) have mentioned
about well-established intuitive beliefs systems as an important factor in student learning in physics. As a result,
researchers have proposed the importance of consideration of preconceptions in teaching physics and the
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promotion of the conceptual understanding in an effective physics teaching (Dykstra, Boyle, & Monarch, 1992).
Researchers and research groups in physics education, like Lillian McDermott, performed various researches to
identify student misconceptions on various physics topics. As a result of the identifications of difficulties, research-
based teaching materials were developed to promote conceptual learning. Force Concept Inventory (FCI)
(Hestenes, Wells, & Swackhamer, 1992), Mechanic Baseline Test (MBT) (Hestenes & Wells, 1992), Force &
Motion Conceptual Evaluation (FMCE) (Thornton & Sokoloff, 1998), Test of Understanding Graphs in
Kinematics (TUG-K) (Beichner, 1994), Brief Electricity & Magnetism Assessment Tool (BEMA) (Ding, Chabay,
Sherwood, & Beichner, 2006), Diagnosing and Interpreting Resistor Circuits (DIRECT) (Engelhardt & Beichner,
2004), Light and Spectroscopy Concept Inventory (LSCI) (Bardar, Prather, Brecher, & Slater, 2007), Four-Tier
Geometrical Optics Test (FTGOT) (Kaltakci Gurel, Eryilmaz, & McDermott, 2017), Mechanical Waves
Conceptual Survey (Tongchai, Sharma, Johnston, Arayathanitkul, & Soankwan, 2009), Three-Tier Heat and
Temperature Test (Eryilmaz, 2010), Simple Electric Circuit Diagnostic Test (SECDT) (Pesman & Eryilmaz,
2010), Electricity Concept Test (Aykutlu & Sen, 2012) are some of the conceptual inventories used by physics
education researchers in order to identify learning difficulties in some basic physics concepts. Kaltakci Gurel,
Eryilmaz and McDermott (2015) listed other conceptual and multiple-tier tests used in physics education. Some
of the research-based instructional materials developed to remedy learning difficulties and to enable conceptual
learning are as follows (Beichner, 2009; McDermott, 2012; Rebello & Zollman, 2005):

= Physics by Inquiry (McDermott, 1996): It is an instructional material for pre- and in-service physics and
science teachers that is based on learning by inquiry by hands on activities developed and implemented by
Washington University Physics Education Researchers.

= Workshop Physics (Laws, 1991): This instructional material contains four learning modules. First, students
were requested to predict about a physical event. Then, they observe the event and interpret it. If there is a
discrepancy between their prediction and observation, students are requested to explain about it. Second,
students develop definitions and mathematical theories based on their observations and predictions. Third,
students try to verify their predictions based on a theory by conducting experiments. Last, students are
requested to implement what they have learned to problem solving.

= Studio Physics (Wilson, 1994): It is a research based instructional program that students are in interaction
with each other around tables in studio type classrooms and each table has computer based technology
instead of classical lecture halls. It is an implementation of "Scale-Up" project development by Robert J.
Beichner and his group at North Caroline State University.

= Socratic Dialog Laboratories (Hake, 1992): They are interactive laboratory activities developed in Indiana
University that make students both physically and mentally active in introductory mechanics course.

» Interactive Lecture Demonstrations (Sokoloff & Thornton, 1997): It is aimed to reveal students' previous
knowledge and confront with that knowledge. The activities may be experiments or simulations.

= Modeling Physics (Wells, Hestenes, & Swackhamer, 1995): It is an instructional program developed in
Arizona State University to improve both high school and university level physics classes, and it aims to
improve basic skills, mathematical modeling, and making inferences based on inquiry and collect and
analysis of data by the help of technology.

= Peer Instruction (Mazur, 1997): It is an instructional methodology that aims to students’ mentally
participation to teaching process in crowded classes. The instructor divides lecture into parts (with 15
minutes) and try to reveal students' misconceptions by asking conceptual questions accompanying to the
theoretical explanations. In this approach, it is aimed students' conceptual understanding with interaction
of their peers.

= Tutorials in Physics (McDermott & Shaffer, 1998): They are a research based instructional materials
developed by Washington University for science and engineering departments and used in university level
introductory physics classes (mechanics; electromagnetism; optics and waves). These materials especially
prepared for the identification of common students’ misconceptions and removal of them aim that
supporting traditional lecturing and laboratory activities.
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= RealTime Physics and Microcomputer Based Laboratories-MBL (Sokoloff, Thornton, & Laws, 1999):
These materials aim students' drawing their motions graphs by means of microcomputers with sensors and
allow students matching these graphs and their motions with simultaneous feedback.

Another important subject in physics education is organization of knowledge. Students do not always have
consistent structures in their minds and try to explain physical phenomena by using these fragmented elements
(phenomenological primitives: p-prims) (diSessa, 1983). Reif (1995, 1997) indicated the importance of knowledge
organization and requirement of hierarchical knowledge organization in physics learning. He pointed out its reason
that incoherent-disconnected knowledge did not provide a good basis for problem solving in physics. Although
most of the students think that being a good physicist requires the memorization of many facts and formulas, it
actually requires having an organized knowledge that permits remembering and inferring the details (Reif, 1995).
Research focused on how knowledge organized by students in spite of the complex structure of student knowledge.
By examining knowledge structures qualitatively and quantitatively, dynamic structure of students' thinking was
tried to be modeled (Bao & Redish, 2006; Borges & Gilbert, 1999; Chiou & Anderson, 2010; Corpuz & Rebello,
2011; Didis, Eryilmaz, & Erkog, 2014; Hrepic, Zollman, & Rebello, 2010; Hubber, 2006; Itza-Ortiz, Rebello, &
Zollman, 2004; Ozcan, 2015; Wittmann, Steinberg, & Redish, 1999).

In addition to the cognitive studies on student learning, research in affective domain is also important. One of
the issues that physics instructors should consider is the knowledge of students' awareness of their previous
experiences and future expectations about physics. When students' expectations are identified, these expectations
should be taken in consideration. Because these expectations play critical roles in the selection of activities while
students are constructing their knowledge (Redish, Saul, & Steinberg, 1998). In addition to the students'
expectations, the other probable affective variables such as motivations, attitudes and beliefs were examined by
physics educators and international questionnaires were developed. Some of these questionnaires are: EBAPS-
Epistemological Beliefs Assessment for Physical Science (White, Elby, Frederiksen, & Schwarz, 1999), MPEX-
Maryland Physics Expectations Survey (Redish, Saul, & Steinberg, 1998), CLASS-Colorado Learning Attitudes
About Science Survey (Colorado Physics Education Research Group, 2004), VASS-Views About Sciences Survey
(Halloun & Hestenes, 1998). Most of the questionnaires about affective variables in physics education used in our
country were translated from international questionnaires directly to Turkish (Aslan & Tasar, 2013; Yerdelen-
Damar, Elby, & Eryillmaz, 2012). The difference of these adapted questionnaires (Azar, Senler, & Tagkin, 2006;
Taglidere & Eryilmaz, 2012) from the original ones is their physics content specific nature (i.e. specific for
electricity, optics, mechanics, etc.)

Developments in computer-based technology also reflect on physics education research. Complex and
expensive experiment setups such as Stern Gerlach provide physics educators and programmers develop
simulations, animations, and multimedia about many physics concepts and use of them in instructions.
Measurement of the influence of the technology on students' understanding of abstract concepts, scientific models,
and relation of them with the real world is considerably difficult. For this reason, this research plays an important
role on the development of the computer based instructional materials (Heron & Meltzer, 2005).

Physics education is an interdisciplinary area since it is in interaction with many disciplines (Duit, Niedderer,
& Schecker, 2007). These disciplines that physics education is directly in relation was presented in Figure 1.

Philosophy of Physncqr_ Physics History of Physics

np— || PHYSICS EDUCATION payeticiay

I

Other Disciplines (Sociology, Anthropology, Linguistics, Ethics)

Figure 1. The Disciplines that Physics Education is Directly in Relation (Duit et al., 2007)
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As it is seen in Figure 1, physics education is in relation with many disciplines such as physics, psychology,
pedagogy, etc. As the disciplines forming the nature of physics such as history of physics and philosophy of physics
influenced physics, they also influence how to teach and learn physics. Pedagogy and psychology, which are the
sub-disciplines of social sciences, are also the fundamental disciplines influencing physics education. These
disciplines may be extended with mathematics, cognitive sciences, and educational sciences. As the
interdisciplinary nature of physics education enriched the physics education research, the interpretation of the
results by different disciplines provided an effective relationship among these disciplines. Another important point
of interdisciplinary characteristics of physics education is the role of extending the findings to large number of
audience. For this reason, many the findings about physics education research are published in the journals of
different disciplines. Most of the research is published in physics, physics education, and science education and
the results are shared with teachers. As similar with the world, the journals indexed and publishing physics
education research exist in our country and number of these journals increases day by day. Due to the
interdisciplinary nature of physics education, these journals can be educational sciences as well as physics journals
published by journals of the natural sciences. Some of these journals are science education journals that generally
reflect the interdisciplinary nature and some of them are physics education journals that more specifically reflect
it. The journals publishing in this field - all physics and physics education journals, and science and educational
science journals regarding their reputation in national and international literature - are listed and their publication
frequencies were presented in Table 1.

Table 1. Primary Journals for Physics Education Research

Publication

Name of Journal Frequency In’;Ie?rtr:g?izlrﬁal Related Science Domain
(Yearly)
Physical Review Special Topics-Physics International . .
Education Research (PRST-PER) 2 Issues Physics Education
The Physics Teacher (TPT) 9 Issues International Physics Education
Physics Education 6 Issues International Physics Education
Physics Education and Philosophy 2 Issues International Physics Education
European Journal of Physics (EJP) 6 Issues International Physics
American Journal of Physics (AJP) 12 Issues International Physics
Journal of Research in Science Teaching (JRST) 10 Issues International Science Education
Science Education 6 Issues International Science Education
Science & Education 10 Issues International Science Education
International Journal of Science Education (IJSE) 18 Issues International Science Education
Research in Science Education (RISE) 6 Issues International Science Education
International Journal of Science and Mathematics 6 Issues International Science and Mathematics
Education Education
Eurasia Journal of Mathematics, Science and 6 Issues International Science and Mathematics
Technology Education (EJMSTE) Education
Journal of Turkish Science Education (TUSED) 4 Issues National Science Education
Hacettepe University Journal of Education 4 Issues International Educational Sciences
Education and Science 4 Issues International Educational Sciences
Eurasian Journal of Educational Research (EJER) 4 Issues International Educational Sciences
Educational Sciences: Theory & Practice (ESTP) 6 Issues International Educational Sciences

Success in academic knowledge and affective variables obtained by the implementation of research based
instructional methodologies facilitated pursuing doctoral research in that area and more financial support from the
government budget to research. By this way number of physics education research groups in the physics
departments of prestigious universities in US increased (Heron & Meltzer, 2005; McDermott, 2012). In our
country, physics education research is conducted at universities locally and independent of each other; however,
increase in physics education doctoral studies and financial support by government for research are parallel with
US. The content analysis studies that have been carried out on graduate theses (Kaltak¢i-Giirel et al., 2017a),
articles published in peer-reviewed journals (Kaltak¢i-Giirel et al., 2017b; Onder et al., 2014) and contributions in
national congress (Kanli et al., 2014) in the field of physics education in our country reveal this situation. However,
although the increase in the number of government support and the increase in the number of researchers are
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similar, in the world physics education is studied in the central research groups focusing on specific research topics,
including researchers from different disciplines, while in our country, this situation continues interactively by
collaborations of researchers at the relevant departments in the faculty of education. Table 2 presents the primary
physics education research groups all over the world.

Table 2. Leading Physics Education Research Groups

Group Name University Primary Research Leading Researchers
Area
PEG Washington University, USA  Physics by inquiry Lillian C. McDermott
Paula Heron
UMDPERG Maryland University, USA Mental models, Joe Redish
Epistemology,
MPEX
K-SUPER Kansas State University, USA  Mental models Dean Zollman
PER@C University of Colorado Interactive physics Steven Pollock

Boulder, USA

Simulations,
Improvement of advance
physics classes,

Noah Finkelstein
Valerie Otero

CLASS

Mazur Group Harvard University, USA Peer Instruction Eric Mazur
ASU-PER Arizona State University, Modeling, David Hestenes

USA Physics teacher education David Meltzer
PERL Maine University, USA Activity based physics Michael C. Wittman

MacKenzie R. Stetzer

SESAME University of California Epistemology Andrea diSessa

Berkeley, USA
PER Dickinson College, USA Workshop physics Priscilla Laws
PER University of Minnesota, Context rich problems Patricia Heller

USA Kenneth Heller (retired)
CRMSE San Diego State University, Physics and everyday Fred Goldberg

USA thinking (PET)
SUPER Sydney University, Australia ~ Conceptual physics Manjula Sharma

teaching and concept tests,
Multimedia

Department of Science
Teaching

Weizmann Institute of
Science, Israel

Conceptual physics
teaching,
Teacher education

Bet-Sheva Eylon

URDF (Research Unit
for Physics Education)
CLDF (Laboratory
Center for Physics
Education)

Udine University, Italy

Physics teacher education,
Mental models

Marisa Michelini

The Division of Physics
Education

Uppsala University, Sweden

Higher education,
Scientific literacy

Cedric Linder

Physics Teacher
Education

Helsinki University,
Finland

Physics teacher education

Ismo Koponen

In Table 2, the physics education research groups leading physics education research were summarized.
Although these research groups were mainly in US, other research groups outside of US are expected to be
increased. International collaborations with these research groups will play important role in the increase. By
considering this issue for our country, physics education researchers who got their doctoral degree from other
countries go back to Turkey and have academic positions in the universities. In addition, the researchers having
academic research and social experience abroad during doctoral research by government support will increase the
number of physics education research and it will provide more comprehensive and comparative research with
international research groups. One of the important points for national and international collaborations is the
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presentation of physics education research findings in the conferences that many researchers meet. Many national
and international congress and conferences in physics education research are organized and opportunities are given
to physics educators for knowledge exchange. These organizations can be categorized under two themes, physics
and science education, as similar with the physics education research. Table 3 presents the main congresses and
conferences and their meeting frequencies.

Table 3. National and International Activities for Physics Education Research

Name of Activity Meeting National/ Related Science Domain
Frequency International
Physics Education Research Conference Yearly International Physics Education

(PERC)

American Association of Physics Teachers
(AAPT)

Twice per year

International

Physics Education

International Conference on Physics Education

Yearly or every

International

Physics Education

(ICPE) two years

The International Research Group on Physics Yearly International Physics Education
Teaching (GIREP)

Multimedia in Physics Teaching and Learning Yearly International Physics Education
(MPTL)

Physics Teacher Education Coalition Yearly International Physics Education

Conference (PTEC)

Physics Teaching in Engineering Education
Conference (PTEE)

Every two or
three years

International

Physics Education

Gordon Research Conferences (GRC) Yearly International Physics Education
National Physics Education Congress (UFEK) Every two years National Physics Education
Turkish Physical Society International Physics Yearly International Physics
Congress (TFD)
American Physical Society Meeting (APS) More than once a International Physics

year
International Physics Conference of the Balkan Every three years International Physics

Physical Union (BPU)

National Association for Research in Science
Teaching (NARST)

European Science Education Research
Association (ESERA)

Yearly International Science Education

Every two years International Science Education

The International Organization for Science and Yearly International Science Education
Technology Education Symposium (IOSTE)

International Society of Educational Research Yearly International Science and Mathematics
(ISER) Education
Frontiers in Mathematics and Science Every five years International Science and Mathematics
Education Research Conference (FISER) Education
National Science and Mathematics Education Every two years National Science and Mathematics
Congress (UFBMEK) Education

In addition to these congress and conferences, the research results in physics education are discussed in many
national and international congress and conferences about educational sciences. Especially in recent years, as well
as the number of national and international scientific activities in education held in our country, there is an increase
in the number of scientific activities focused on science and physics education and the number of the participants
doing research in physics education in these activities.

Critiques about Physics Education Research

Physics education research is conducted in physics departments and education faculties unlike chemistry and
biology. In US, it became a research area in physics departments. For this reason, in physics teaching and learning
research, physics departments have important roles (Heron & Meltzer, 2005). Although some pioneers of the
physics education such as Lillian McDermott do not have the same idea with, Joe Redish and Fred Reif consider
one of the biggest problem in physics education research by physics departments in US is that lack of discussion
of theoretical issues (Cummings, 2011; Redish, 1994). If it is not considered the studies about pre and
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misconceptions about different physics concepts from 1970s to now, theoretical frameworks of the physics
education research by research groups in physics departments for a long time is limited (Redish, 1994); however,
physics education research presented by science educators have deep and long established theoretical framework.
Especially, by using the advanced statistics and research methodologies the generalization and repetition of
research results were increased. However, physics education research conducted in physics departments made
great contributions to the science educators in terms of discussed physics concepts, developed instructional
methodologies and materials and implementation areas and they still continue to contribute.

In our country, conduction of physics education research studies is different from US. That means, in our
country, physics education research is conducted at faculty of educations as similar with common in Europe and
very limited in US. This situation causes differences in research and implementation of research results in daily
life. Some part of physics education research is conducted by collaboration with physics departments and students'
learning of upper level physics concepts is examined. At this time, although the findings make direct contributions
to the literature, implementation of new knowledge and findings in practically is a bit limited. That means, while
the research groups in US and similar research groups at physics departments reflect the findings into the physics
teaching and improve physics classes, it is very limited in our country. The findings of research conducted by
faculties of education reflected mostly on the secondary physics curriculum and physics teacher education course
content and they have local contributions in practical implementations. These can be both improvement of the pre-
service teacher's subject matter knowledge (physics knowledge) and pedagogy knowledge (the use of physics
knowledge in physics teaching). It is expected that the increase of collaborative research between physics
departments and education faculties after the physics education research widened and gained importance. One of
the best examples for this situation is the curriculum development period for science and technology and secondary
physics in our country. In the curriculum development period, in addition to other research areas (chemistry,
mathematics, psychology etc.) researchers from both physics and physics education worked together and produced
a curriculum with theoretically strong and limited problems about physics concepts.

Another critique is the lack of physics education research groups in our country and then conduction of most
research is individually. There are 13 secondary science physics education departments in the faculties of education
and there are doctoral programs for physics education. In addition, there are faculty members studying physics
education, master's and doctoral students in most of the universities' science education departments. In contrast,
physics education studies are independent of each other, with small budget and the product of individual research.
It is expected that the emerging of physics education research groups with the increase of physics educators in and
out of the country who completed their work.

Conclusion: Transformation of Physics Education Research

The physics education research starting in 1970s has focused on students' skills for using concepts (i.e.
mechanics and electricity) in introductory physics classes and it has valuable roles in the development of physics
instructions at first. Nowadays, the research was enlarged with including the studies about kinematics,
electromagnetism and modern physics (Heron & Meltzer, 2005). Finally, recent research focuses on how students
learn of upper level physics concepts such as thermodynamics, optics, relativity, and quantum physics. The physics
education research accelerated in last 25 years in our country basically focuses on the basic physics concepts with
the lack of interaction between physics and physics departments. Existent body of research is especially in
elementary, secondary and teacher education (in or pre) levels. However, the scope of physics education research
should be extended from primary education to university level (science and engineering etc.), even to adult
education (academics and parents etc.). By this way, the goals as being scientifically literate society are obtained.

National and international content analysis studies in physics education (Kaltak¢i-Giirel et al., 2017a; Kaltakgi-
Giirel et al., 2017b; Kanl et al., 2014; Onder et al., 2013) and science education (Chang, Chang, & Tsang, 2010;
Lee, Wu, & Tsai, 2009; Tsai & Wen, 2005; Tzu-Chiang, Tzung-Jin, & Chin-Chung, 2014) make an important
contribution to the literature by showing the gaps and shortcomings in the field. While Onder et al. (2013)
identified ‘Learning approaches’ and ‘Misconceptions/learning difficulties’ as the mostly studies themes by
examining 46 physics education research articles in Journal of Turkish Science Education (TUSED) between the
years 2004 and 2011 by content analysis, Kanli et al. (2014) found that the ‘“Nature of physics’, ‘Epistemology and
Science literacy’, ‘Modeling’ and ‘Gifted education” were the least studied themes as a result of their content
analysis study on 282 physics education studies presented and published in National Science and Mathematics
Education Congress between the years 1994-2012. In international content analysis studies in science education
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(Chang et al., 2010; Lee et al., 2009; Tzu-Chiang et al., 2014) field, ‘Conceptual change’ and ‘Conceptions /
Misconceptions’ were found to be the most featured themes, while ‘Informal learning’ and ‘Educational
technology’ were the least studied themes. The number and diversity of research methodologies and strategies,
instructional methodologies, and development and adaptation of instruments in physics education increase day by
day. It is a motivating progress and the research in physics education -conducted and still need to be researched-
can be summarized as follows: ldentification of preconceptions and misconceptions, organization of knowledge:
mental models, conceptual change, curriculum development studies in physics education, physics teacher
education and physics teacher competencies, history and nature of physics, technology in physics education,
laboratory experiences and inquiry based learning in physics, problem solving and problem based learning in
physics, context based physics learning, effect of affective variables (motivation, attitude etc.) on physics learning,
and physics education for gifted students.

While physics education research group in the different universities of world or research centers are
specializing in a specific research area and in collaboration with each other with great projects with great success,
it is thought that similar approaches should be considered in our country.

In conclusion, physics education research progressed up to now and became a separate discipline in the
literature. As physics educators, we should make effort to improve it more. We believe that this study will answer
the questions about what physics education is or not and will guide and lighten the new researchers in physics
education. This study criticizing the physics education research in our country and over the world is a Turkish
(please see the Turkish version of this article) resource for the master's and doctoral students in physics education.
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Tirkiye'de ve Diinyada Fizik Egitimi Arastirmalarina Kritik Bakis

Giris
20. yiizy1ldan giiniimiize hizla degisen ve gelisen bilimsel ve teknolojik olgular, beraberinde yeni arastirma
alanlar1 ve arastirma konularini getirmistir. Fizik egitimi aragtirmalar1 da, bu gelismeler neticesinde 6ne ¢ikan yeni
arastirma alanlar arasinda yer almaktadir. Tiirkiye ve diinyada fizik egitimi alaninda 6zellikle son yillarda birgok
etkili ¢alisma yapilmistir. Bu ¢alismalar bir yandan ilkdgretimden tiniversiteye her kademede fizik 6gretimini
giiclendirdigi gibi, diger yandan bu alanin profesyonel anlamda {izerinde hassaslikla ¢alisilmasi gereken bir alan
oldugu gergegini ortaya ¢ikarmistir. Bunun neticesinde lilkemizde, fizik egitimi alaninda yiiksek lisans ve doktora

programlarinin sayisi ve bu alanda ¢alisan bireylerin sayis1 her gegen giin biraz daha artmaktadir (Kaltak¢i1 Gtirel,
2017).

Hig siiphesiz bilimin diger alanlarinda oldugu gibi, fizik egitimi alaninda da giiniimiize kadar yapilan akademik
calismalar genis bir yelpazeye yayilmistir. Bu arastirma fizik egitimi alaninda yapilan temel ¢aligmalar: ele alip
literatiirde yer alan bu genis yelpazedeki ¢aligmalara deginmeyi amaglamaktadir.

Bu arastirma, okuyucularin fizik egitimi alaninda biitiinsel bir bakis acisina sahip olmalarini saglamak; makale,
tez ya da projelerinde bu alanda galigma yapacak arastirmacilara dnderlik etmesi amaciyla hazirlanmistir Fizik
egitimi alaninda calismaya baglayacak yeni arastirmacilara alanda giiniimiize kadar yapilan ¢aligmalar hakkinda
fikir vermesinin yani sira bu alanlarda az ¢alisilan ve daha fazla aragtirmayr gerektiren noktalara dikkat ¢ekerek
aragtirmacilari ¢alisma alanlar1 agisindan yonlendirmeyi amaglamaktadir. Kisaca, bu arastirmanin temel amaci,
yazarlarin gerek akademik caligmalari gerekse yurtdisindaki fizik egitimi aragtirma gruplariyla 12 olan iligkileri
neticesindeki edindikleri bilgi ve deneyimlerini Tiirkiye’deki arastirmacilarla paylasacaklar Tiirkge bir kaynak
ortaya koymaktir. Caligmada odaklanilan baslica arastirma sorulari su sekildedir:

1. Fizik egitimi alanindaki temel ¢aligmalarin kapsami ve yonelimleri nelerdir?

2. Fizik egitimi ¢alismalarinda kritik edilen temel noktalar nelerdir?

3. Fizik egitiminin mevcut durumunun degistirilip gelistirilmesi i¢in ¢dzliim 6nerileri nelerdir?
Yontem

Bu calisma, fizik egitimi alaninda calisan iki arastirmacinin bir araya gelerek bu alanda ¢alisan diger
arastirmacilarin alanin mevecut durumu ve alandaki yonelimler ile ilgili sorularia cevap bulabilmek i¢in yiiriitmiis
oldugu bir elestirel aragtirmadir.

Arastirma Modeli

Elestirel arastirma, elestirel kurami temel alan ve olaylarin sosyal ve tarihsel koklerini inceleyerek mevcut
dengesizlikleri, eylemleri, davranislar1 anlamay1 ve degistirip gelistirmeyi hedefleyen bir aragtirma yontemidir
(Izci, 2014). Bir elestirel arastirmada arastirmacinin en biiyiik rolii icinde bulundugu sosyal yapiy: elestirel bir
gozle sorgulayarak nasil degistirilip gelistirilecegi hakkinda ¢ziim 6nerileri sunmasidir (Comstock, 1982).

Aragtirma, Alvesson ve Deets (2000) tarafindan belirtilen ve bir elestirel aragtirmada bulunmasi gereken iig
temel unsur olan derinlemesine bakis (insight), elestiri (critique) ve doniisiimiin (transformation) ele alindigr tig
temel boliimden meydana gelmektedir. Derinlemesine bakis boliimii mevcut durumun anlagilmasini igerir. Bu
boliimde tarihsel ¢ercevede ele alan fizik egitiminin mevcut durumu ortaya koyularak anlagilmasi amaglanir. Bu
amagcla, bu boliimde fizik egitimi aragtirmalarina ait mevcut durum betimsel verilerle okuyuculara sunulur. Elestiri
boliimiinde, aragtirmacilar mevcut durumu yorumlayip kritik bir gozle elestirir. Yani bu bolim fizik egitimi
alanindaki arastirmalarin kritik edilecegi boliimdiir. Doniisiim boliimiinde ise, derinlemesine bakis ve elestiri
boéliimlerinde fizik egitimi alaninda tespit edilip kritik edilen mevcut sorunlara getirilen ¢oztimler tartigilir.

Bulgular ve Tartisma

Bu boliimde, ¢alismanim bulgulart elestirel arastirmanin ii¢ temel boliimiine uygun bagliklar altinda ayr1 ayri
ele almarak tartigilmigtir.

Fizik Egitimi Calismalarina Derinlemesine Bakis

Bilimin temel disiplinlerinden birisi olan fizik; mikrodan makroya, canlidan cansiza tiim doga hakkinda
matematiksel gikarimlar, tanimlamalar (yasalar) ve agiklamalar (teoriler) ortaya koyar (Didis, 2012). nsanoglunun
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temel gereksinimlerinin sonucu ihtiyag duyulan fizik ile ilgili ilk agiklamalarm kdkeni diinyada kurulan ilk
uygarliklara kadar uzanir. Mesela, ilk insanlar dogayr gdézlemlemeleri sonucu ve ihtiyaglari dogrultusunda
tekerlegi icat ederek, yiiklerini tasimak i¢in uygulayacaklar: kuvveti en aza indirmislerdir. Boylece fizigin teori
veya yasalarindan haberdar olmadan fizigin olgularini kullanabilmeyi basarmiglardir. Antik caglarda Arsimet
(Archimedes) ve Batlamyus (Ptolemy) gibi fiziksel olgular1 matematiksel olarak tanimlamaya g¢alisan bilim
insanlar1 olsa da, milattan 6nce 350’lerde yasayan Aristoteles, kuvvet ve hareket gibi fiziksel olgular hakkinda
sezgilere dayali agiklamalar gelistiren (tanimlamalar degil) ilk kisi olmustur (Halloun & Hestenes, 1985a). Tarih
oncesi ¢aglardan giliniimiize fizik bilimi, bu alanda g¢alisan bilim insanlarinin tanimlama ve agiklamalarina
dayanarak biiylik bir ilerleme kaydederek gelisimini stirdiirmiis ve bu gelisim giinlimiizde hala siirmektedir.

Fizik alaninda yapilan aragtirmalar ve bilimsel agiklamalar ¢ok eskiye uzanirken "fizik 6grenme ve 6gretmeye"
dair bilimsel ¢aligsmalarin nispeten ¢ok yeni oldugunu gorebiliriz. 1957°de Rusya’nin (eski SSCB) uzaya Sputnik
isimli ilk uzay aracmni géndermesi, Amerika Birlesik Devletleri (ABD) ve ingiltere gibi diger gelismis iilkelerin
fizik 6gretimlerinin kalitesini tekrar gzden gecirmelerine ihtiya¢ olusturmustur. Bunun neticesinde yeni 6gretim
programlar1 (PSSC fizigi gibi) olusturulmus, arastirmaya ve laboratuvar ¢alismalarina dayali bir fizik 6gretimi dne
¢ikmis ve fizik kavramlarinin daha erken yaslarda 6gretilmeye baslanmasina yol agmuistir. Fizik egitimi alanindaki
¢aligsmalar 1900°lerde John Dewey veya 1930°larda Jean Piaget’nin ¢aligsmalarina kadar dayandirilsa da [hatta bazi
kaynaklar (Meltzer & Otero, 2015) 1860’larda liselerin ve Massachusetts Teknoloji Enstitiisii (MIT) gibi bazi
tiniversitelerin fizik derslerinde laboratuvar deneylerine ve tiimevarim metotlarina gecisini baslangic¢ kabul eder],
bir arastirma alani olarak fizik egitimi ile ilgili bilimsel arastirmalarin temeli 1960°larda Robert Karplus (California
Universitesi Berkeley), Frederick Reif (California Universitesi Berkeley) ve Arnold Arons’un (Washington
Universitesi) calismalartyla atilmistir. Fakat 1970°lerde dgrencilerin dgretilenleri tam olarak dgrenmediginin fark
edilmesiyle fizik egitimi alanindaki arastirmalar 90'li yillara kadar miifredat ¢aligmalar1 odakli, sonrasinda ise
kavramsal fizik ve lise fizigi caligmalari ile (Meltzer & Otero, 2015) ciddi sekilde artmistir. Belirtilen tarihlerden
bu yana ise bilime olan katkilarindan 6tiirii giin gegtikge 6nemi daha iyi anlasilan bir arastirma alani haline
gelmistir (Cummings, 2011; McDermott, 2012; Meltzer & Otero, 2015). Tiirkiye’de fizik 6gretim programlartyla
ilgili ilk ¢alismalar 1934 yilina uzanmakta, 1935, 1938 ve 1940 yillarinda fizik 6gretim programlari hazirlandigi
goriilmektedir (Gocen & Kabaran, 2013). Daha sonrasinda, diinyadaki gelismelere paralel olarak 1960’11 yillarda
Milli Egitim Bakanligi (MEB) ortadgretimde fizik 6gretimini gelistirmeye yonelik ¢alismalara devam etmistir.
1961°de Ders Araglar1 Yapim ve Onarim Merkezi’nin kurulmasi, 1964’te modern fen programlarinin (PSSC fizigi
gibi) uygulanacag: Ankara Fen Lisesi’nin agilmasi, 1967°de Fen Ogretimi Gelistirme Bilimsel Komisyonu’nun
kurularak 1963’te kurulan Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK) ile isbirligi icinde fen
programlarmin gelistirilmesi caligmalar1 bu dénemlere rastlamaktadir. Ulkemizde dgretim programlarindaki
gelismeler diinya ile paralellik gosterse de, fizik egitimi alanindaki bilimsel arastirmalarin gegmisi ancak 1990’1
yillara dayanmaktadir (Sozbilir & Canpolat, 2006). Bu yillarin dncesinde ¢ok az sayida bilimsel arastirmaya
rastlanir. 1997 yilinda egitim fakiiltelerinin yeniden yapilanmasiyla birlikte ise Tiirkiye’de fizik egitimi
arastirmalar1 biiylik bir ivme kazanmistir.

Fizik egitimi oncelikle 6grencilerin fizikle ilgili problemlerini tespit etmeyi ve pedagojik araglar ve yontemler
gelistirerek ilkogretimden tiniversiteye her seviyede 6grencilerin fizigi anlamasina yardim etmeyi amaglar (Didis,
2012). Bir¢ok 6grenci fizikle ilgili sorun yasamakta, fizigi olgularin ve formiillerin toplami olarak gérmekte, fizigi
giinliik hayatla iligkilendirememekte ve fizik problemlerini ¢6zememektedir (Hammer & Elby, 2003). Bircogu
sinavlarda iyi notlar alsalar da, 6grencilerde kavram yanilgilari, problem ¢6zme becerilerinde zayiflik ve fizik
yasalarmi yorumlamada giigliikler goriilmektedir (Reif, 1995). Bu sebeplerle, kavram bilgisi, matematiksel
beceriler ve mantiksal akil yiirlitme arasindaki iliskilerin anlagilmasi, 6grencilerin daha iyi problem c¢oziiciiler
olmasma yardim edilmesini kolaylastiracaktir (Heron & Meltzer, 2005). Ogrencilerin fizik bilgileri gibi, fizikle
ilgili sahip olduklar1 olumsuz deneyimler, fikirler, inanislar ve beklentiler bir¢ok farkli kaynak sebebiyle olabilir.
Fakat biz fizik egitimcileri olarak bu olumsuz durumlari olumluya ¢evirmeye fizik 6gretimini revize ederek
baslayabiliriz. Ornegin, Redish ve Steinberg (1999) égrencilerin fizikte zorluk ¢ekmelerinin sebebini fizige giris
derslerinin yapist oldugunu agiklamistir. Bu derslerin yaklagimi, ileri diizeyde ¢alismalara temel saglamak icin
matematiksel islemler ve yapilar1 vurgulamak oldugu gibi bir sonraki konuya baglam hazirlamak icin birgok fizik
konusunun yiizeysel gecilmesidir. McDermott (1991, 1993, 1997) &gretmenlerin ne anlattigi ile 6grencilerin ne
anladig1 arasinda bir uyumsuzluk oldugunu vurgulamistir. Birgok 6gretmen geleneksel 6gretimde 6grencileri
kendilerinin gen¢ versiyonlari olarak gérmekte ve Ogrencilerin algilarnin ve hazir bulunusluklarinin fizik
o0grenmede nasil kaygi yarattigindan haberdar degildirler.
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Yapilandirmaci 6gretim kuramma gore oOgrenciler yasadiklart ¢evre ve gevredeki diger bireylerle olan
etkilesimleri neticesinde yeni bilgilerini olustururlar (Vygotsky, 1978). Bunu gergeklestirirken eski bilgilerini ve
var olan mevcut bilgi ve deneyimlerini tekrar gézden gecirme yoluna giderler. Bu sebeple 6grencilerin sinifa ne
getirdikleri konusunda haberdar olmak ¢ok 6nemlidir ¢linkii bu bilgiler smifta yeni sunulan bilgiler ile etkilesime
girmektedir. Halloun ve Hestenes (1985a, 1985b) ile Hestenes, Wells ve Swackhamer (1992) bir¢ok 6grencinin
fizik 6grenmesinde onemli roli olan iyi kurulmus sezgisel inanislar sisteminden bahsetmislerdir. Bunun
sonucunda aragtirmacilar 6gretimde 6n kavramlarin dikkate alinmasimi ve etkili fizik 6gretiminde kavramsal
anlamanin tesvik edilmesi gerektigini dnermislerdir (Dykstra, Boyle, & Monarch, 1992). Lillian McDermott basta
olmak {izere diger arastirmacilar ve arastirma gruplari fizikte ¢esitli konularda 6grencilerin sahip olduklari kavram
yanilgilariin tespiti lizerine gesitli arastirmalar gergeklestirmis ve bu tespitler ¢ergevesinde kavramsal 6grenmeyi
saglamay1 amaglayan arastirma-temelli 6gretim materyalleri gelistirilmistir. Kavram yanilgilarinin tespit edilmesi
amaciyla Kuvvet Kavram Testi (FCI) (Hestenes, Wells, & Swackhamer, 1992), Mekanik Testi (MBT) (Hestenes
& Wells, 1992), Kuvvet ve Hareket Kavram Testi (FMCE) (Thornton & Sokoloff, 1998), Kinematik Grafik
Anlama Testi (TUG-K) (Beichner, 1994), Elektrik ve Manyetizma Olgme Araci (BEMA) (Ding, Chabay,
Sherwood, & Beichner, 2006), Diren¢ Devrelerinin Yorumlanmast ve Tespiti Testi (DIRECT) (Engelhardt &
Beichner, 2004), Isik ve Spektroskopi Kavram Testi (LSCI) (Bardar, Prather, Brecher, & Slater, 2007), Dort
Asamali Geometrik Optik Testi (FTGOT) (Kaltakci Gurel, Eryilmaz, & McDermott, 2017), Mekanik Dalgalar
Kavram Testi (Tongchai, Sharma, Johnston, Arayathanitkul & Soankwan, 2009), U¢ Asamal Is1 ve Sicaklik Testi
(Eryilmaz, 2010), Basit Elektrik Devreleri Tan1 Testi (SECDT) (Pesman & Eryilmaz, 2010), Elektrik Kavram
Testi (Aykutlu & Sen, 2012) gibi baslica kavramsal testler gelistirilip yaygin olarak kullanilmistir. Kaltakci Gurel,
Eryilmaz ve McDermott (2015) fizik egitimi alaninda kullanilan kavramsal ve ¢ok asamali diger kavram yanilgisi
testlerini listelemislerdir. Kavram yanilgilarmin belirlenmesine ek olarak, kavramsal 6grenmeyi saglamak
amaciyla gelistirilen aragtirma-temelli 6gretim materyallerinden bazilari ise su sekilde siralanabilir (Beichner,
2009; McDermott, 2012; Rebello & Zollman, 2005):

= Sorgulama Yoluyla Fizik (Physics by Inquiry) (McDermott, 1996)%: Washington Universitesi tarafindan
gelistirilip uygulanan basit araglarla yaparak 6grenme (hands-on) etkinlikleriyle fen ve fizik 6gretmen
adaylar1 ile fen ve fizik Ggretmenlerine hitap eden sorgulamaya dayali 6grenme temelli bir &gretim
materyalidir.

»  Calistay Fizigi (Workshop Physics) (Laws, 1991): Bu 6gretim materyali dort asamali bir 6grenme serisini
icermektedir. Ogrencilerden ilk olarak bir olay hakkinda tahmin yapmalari istenmektedir. Sonra olayi
gozlemleyip, bu gozlemleri hakkinda yorum yapmalari istenmektedir. Eger tahminleri ile gézlemleri
arasinda bir farklilik mevcut ise bunu agiklamalari istenmektedir. Tkinci asamada, 6grencilerden tahmin ve
gozlemlerine dayanarak teorik olarak tanim ve denklemlerini gelistirmeleri istenmektedir. Ugiincii
asamada, deneyler yaparak teoriye bagli olarak gelistirdikleri tahminlerini dogrulamaya calisirlar. Son
olarak ise, dgrencilerden 6grendiklerini problem ¢oziimlerine uygulamalari istenmektedir.

» Stiidyo Fizigi (Studio Physics) (Wilson, 1994): Ogrencilerin klasik smiflar yerine birbirleriyle etkilesim
halinde olabilecekleri masalarin etrafinda oturdugu stiidyo tarzi dersliklerde gergeklestirilen ve her masada
bulunan bilgisayarlarla teknoloji temelli derslerin gergeklestirildigi arastirma temelli bir 6gretim
progranmudir. Kuzey Carolina Eyalet Universitesi’nde Robert J. Beichner ve grubu tarafindan uygulanan
“Scale-Up” Projesi de stiidyo fiziginin bir uygulamasidir.

» Sokratik Diyalog Laboratuvarlar: (Socratic Dialog Laboratories) (Hake, 1992): Indiana Universitesi’nde
gelistirilen ve tiniversite mekanik giris derslerinde 6grencileri hem zihinsel ve hem de fiziksel olarak aktif
kilan etkilesimli laboratuvar uygulamalaridir.

»  Etkilesimli Ders Gosterileri (Interactive Lecture Demonstrations) (Sokoloff & Thornton, 1997):
Ogrencilerin cesitli etkinliklerle fizikte belli kavramlara dair onbilgilerini ortaya cikarip onlarla
yiizlesmelerini saglamak amaclanmaktadir. Bu etkinlikler bazen bir deney, bazen bir soru, bazen bir
simiilasyon olabilmektedir.

= Fizikte Modelleme (Modeling Physics) (Wells, Hestenes, & Swackhamer, 1995): Arizona Universitesi’nce
hem lise hem de iiniversite fizik derslerinin gelistirilmesi amacrtyla gelistirilen, sorgulama temelli olarak
temel becerileri, matematiksel modellemeyi, orantisal muhakemeyi ve teknoloji yardimiyla veri toplama
ve analizini saglayan bir 6gretim programidir.
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» Akran Ogretimi (Peer Instruction) (Mazur, 1997): Kalabalik siniflarda 6grencilerin zihinsel olarak
ogretime katilmalarimi amaglayan bir yontemdir. Bu yontemde 6gretmen dersi kisa kisa boliimlere (15°er
dakikalik) ayirarak teorik anlatimlarin yan1 sira nitel sorular yoneltip 6zellikle kavram yanilgilarini ortaya
cikarmaya calismaktadir. Bu yaklagimda 6grencilerin akranlari ile etkilesimleriyle kavramsal anlamaya
sahip olmalar1 amaglanir.

» Fizikte Ogreticiler (Tutorials in Physics) (McDermott & Shaffer, 1998): Washington Universitesi
tarafindan fen bilimleri ve miihendislik alanlari i¢in diizenlenmis iiniversite seviyesindeki fizik giris
derslerinde (mekanik; elektrik ve manyetizma; optik ve dalgalar) kullanilan arastirmaya dayali 6gretim
materyalleridir. Ozellikle Ogrencilerde yaygin olarak mevcut olan kavram yanilgilarinin tespiti ve
giderilmesine doniik hazirlanan bu materyaller, standart diiz anlatima sahip fizik derslerine ve bu derslerin
laboratuvar uygulamalarina destek saglamayr amaglamaktadir.

v Gergek Zaman Fizigi ve Mikrobilgisayar Temelli Laboratuvarlar (RealTime Physics and Microcomputer
Based Laboratories-MBL) (Sokoloff, Thornton, & Laws, 1999): Bu materyaller, dgrencilerin gesitli
sensorlere sahip mikrobilgisayarlar yardimiyla kendi hareketlerinin aninda grafigini ¢izmelerini saglamakta
ve ayni zamanda anlik geri doniitlerle hareketleriyle bu harekete ait grafigi eslestirmelerine olanak
saglamay1 amaglamaktadir.

Fizik 6gretiminde bir diger dnemli konu ise bilgilerin organize edilmesidir. Ogrenciler zihinlerinde her zaman
tutarh yapilara sahip olmamakta, bu sahip olduklar1 parcali (fragmented) yapilar1 (phenomenological primitives:
p-prims) kullanarak fiziksel olgular1 agiklamaya calismaktadir (diSessa, 1983). Reif (1995, 1997) fizigin
ogrenilmesinde bilgi organizasyonun énemine isaret etmis ve hiyerarsik bilgi organizasyonunun gerekli oldugunu,
¢linkii tutarsiz ve ayrik bilgilerin fizikte problem ¢oziimiine iyi bir temel saglamadigina dikkat ¢ekmistir.
Ogrencilerin fizigin birgok formiil ve yasalarin ezberlenmesini gerektirdigini diisiinmesine ragmen iyi bir fizikgi
olmak, detaylar1 hatirlamaya ve ¢ikarim yapmaya imkan verecek organize edilmis bilgiye sahip olmay1 gerektirir
(Reif, 1995). Ogrencilerin bilgilerinin karmasik yapisina ragmen arastirmalar bilginin nasil organize edildigi ile
ilgilenmislerdir. Incelenen bilgi yapilari nitel ve nicel olarak arastirilarak dgrencilerin diisiinmelerindeki dinamik
yap1 modellenmeye ¢aligilmistir (Bao & Redish, 2006; Borges & Gilbert, 1999; Chiou & Anderson, 2010; Corpuz
& Rebello, 2011; Didis, Eryilmaz, & Erkog, 2014; Hrepic, Zollman, & Rebello, 2010; Hubber, 2006; Itza-Ortiz,
Rebello, & Zollman, 2004; Ozcan, 2015; Wittmann, Steinberg, & Redish, 1999).

Fizik egitiminde, 6grencilerin 6grenmelerine iliskin biligsel alana ek olarak, duyussal alanda arastirmalarin da
yapilmasi son derece onemlidir. Fizik Ogreticilerinin g6z oniinde bulundurmasi gereken diger bir durum ise
ogrencilerin fizikle ilgili gegmis durumlarindan haberdar olmalar1 ve Ogrencilerin gelecekte fizikten ne
beklediklerini bilmeleri gerektigidir. Ogrencilerin beklentileri hakkinda fikir sahibi olundugunda bu beklentiler
dikkate almmalidir. Ciinkii bu beklentiler 6grencilerin kendi bilgilerini kurarken sececekleri aktiviteleri
etkileyecektir (Redish, Saul, & Steinberg, 1998). Ogrencilerin fizikten beklentilerine ek olarak, fizik 6grenme ile
ilgili motivasyonlari, tutumlari1 ve inaniglari gibi diger muhtemel duyussal degiskenler de fizik egitimcileri
tarafindan incelenmis ve uluslararasi uygulanabilen anketler gelistirmislerdir. Bu anketlerden bazilari sunlardir:
EBAPS-Fiziksel Bilimler icin Epistemolojik inanislarin Olgiimii (White, Elby, Frederiksen, & Schwarz, 1999),
MPEX-Maryland Fizik Beklentileri Anketi (Redish, Saul, & Steinberg, 1998), CLASS- Colorado Bilimle Alakali
Ogrenme Tutumlar1 Anketi) (Colorado Physics Education Research Group, 2004), VASS-Bilimle Alakali
Goriisler Anketi (Halloun & Hestenes, 1998). Ulkemizde de fizik egitiminde bu duyussal ozellikleri &lgiicii
anketlerin birgogu bu uluslararasi anketlerden dogrudan dilimize uyarlanmistir (Aslan & Tasar, 2013; Yerdelen-
Damar, Elby, & Eryilmaz, 2012). Ulkemizde revize edilerek uyarlanan bu anketlerin (Azar, Senler, & Taskin,
2006; Tashdere & Eryillmaz, 2012) orijinallerinden farki fizigin alt alanina 6zgii (mesela elektrik, optik, mekanik
vs.) olmasidir.

Bilgisayar temelli teknolojideki gelisme fizik egitimine de yansimistir. Stern Gerlach Deneyi gibi teknik olarak
karmasik ve pahali deney diizenekleri fizik 6gretici ve program gelistiricilerin bir¢ok fizik kavramini simiilasyon,
animasyon ve ¢oklu ortam (multimedia) sunum olarak gelistirmesine ve dgretimlerinde kullanmalarina imkéan
vermistir. Bu teknolojinin 6grencilerin soyut kavramlari, bilimsel modellerin dogasi ve gercek diinya ile iligkisini
anlamasina etkisinin 6l¢iilmesi zorlu bir istir. Bu sebeple bilgisayar temelli 6gretim araclarmin gelistirilmesinde
bu arastirmalar 6nemli role sahiptir (Heron & Meltzer, 2005).
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Fizik egitimi aragtirma alani olarak bir¢ok farkli disiplinle etkilesimde oldugu i¢in disiplinler arasi bir yapidadir
(Duit, Niedderer, & Schecker, 2007). Sekil 1°de fizik egitiminin dogrudan etkilesimde oldugu temel disiplinler
sematize edilmistir.

Fizik Felsefesi = Fizik Fizik Tarihi

Pedagoji — FiZiK EGITIMI Psikoloji

Diger Disiplinler {Sosyoloji, Antropoloji, Dil bilim, Etik)

Sekil 1. Fizik Egitiminin Dogrudan Etkilesimde Oldugu Disiplinler (Duit vd., 2007)

Sekil 1'de goriildiigii gibi fizik egitimi, fizik, psikoloji, pedagoji vb. gibi bir¢ok disiplin ile iliskili ve etkilesim
halindedir. Fizigin dogasini olusturan fizik tarihi ve fizik felsefesi gibi alanlar fizigin kendini etkiledigi gibi fizigin
nasil dgretilip nasil 6grenilecegini de etkilemektedir. Sosyal bilimlerin alt disiplinleri olan pedagoji ve psikoloji
de fizik egitimini dogrudan etkileyen temel disiplinler arasmdadir. Bu disiplinler matematik, biligsel bilimler ve
egitim bilimleri gibi baska disiplinler ile daha da genisletilebilir. Fizik egitiminin bu disiplinler aras1 yapisi, fizik
egitimi arastirmalarina zenginlik kattig1 gibi, calisma bulgularmin farkli disiplinlerce yorumlanmas: bu alanlar
arasinda etkilesimli bir iliskiye imkan vermistir. Disiplinler aras1 yapinm diger bir faydasi da bulgularm genis
kitlelere yayillmasinda roli olmasidir. Bu sebeple, fizik egitimi ve dgretimi ile ilgili bircok akademik ¢alismanin
bulgular1 gesitli disiplinlere ait dergilerde yer aldig1 gibi cogunlukla fizik, fizik egitimi ve fen egitimi dergilerinde
yayinlanarak bu alanda calisan arastirmacilar ve 6gretmenlerle paylasilmaktadir. Fizik egitimi ile ilgili caligmalari
bulabilecegimiz indekslerce taranan bir¢ok dergi tiim diinyada oldugu gibi iilkemizde de faaliyet gostermekte ve
bu say1 her gegen giin hizla artmaktadir. Fizik egitiminin disiplinler arasi yapisi sebebiyle bu dergiler doga
bilimlerine ait makalelerin yayinlandigi fizik dergileri olabildigi gibi, egitim bilimlerine ait dergiler de
olabilmektedir. Bu dergilerden bazilar1 ise bu disiplinler arasi yapiyr genel olarak yansitan fen egitimi dergileri ile
daha spesifik olarak yansitan fizik egitimi dergileridir. Tablo 1’de bu alanda yayin yapan baslica dergiler - fizik
ve fizik egitimi dergilerinin tamamu ile fen egitimi ve egitim bilimleri dergilerinin ulusal ve uluslararast literatiirde
tanmirligi dikkate alinarak- listelenmis ve bu dergilerin yayin sikliklarmin neler oldugu sunulmustur.

Tablo 1. Fizik Egitimi Alaninda Yayin Yapan Baslica Dergiler

. Yayin Sikhg Ulusal/ ilgili Temel Alan
Dergi Ad: z’;{llda) ¢ Uluslararasi #
EZZZ;?:LFEE\SE\%V-ISDE%)W Topics-Physics Education 2 say1 Uluslararast Fizik Egitimi
The Physics Teacher (TPT) 9 say1 Uluslararasi Fizik Egitimi
Physics Education 6 say1 Uluslararasi Fizik Egitimi
Fizik Egitimi ve Felsefesi 2 say1 Uluslararasi Fizik Egitimi
European Journal of Physics (EJP) 6 say1 Uluslararasi Fizik
American Journal of Physics (AJP) 12 say1 Uluslararasi Fizik
Journal of Research in Science Teaching (JRST) 10 say1 Uluslararasi Fen Egitimi
Science Education 6 say1 Uluslararasi Fen Egitimi
Science & Education 10 say1 Uluslararasi Fen Egitimi
International Journal of Science Education (IJSE) 18 say1 Uluslararasi Fen Egitimi
Research in Science Education (RISE) 6 say1 Uluslararasi Fen Egitimi
International Journal of Science and Mathematics Fen ve Matematik

- 6 say1 Uluslararasi e
Education Egitimi
Eurasia Journal of Mathematics, Science and Technology 6 sa Uluslararasi Fen ve Matematik
Education y Egitimi
Tiirk Fen Egitimi Dergisi (TUFED) 4 say1 Ulusal Fen Egitimi
Hacettepe Egitim Fakiiltesi Dergisi 4 say1 Uluslararasi Egitim Bilimleri
Egitim ve Bilim 4 say1 Uluslararasi Egitim Bilimleri
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Uluslararasi
Uluslararasi

Egitim Arastirmalar Dergisi (EJER) 4 say1
Kuram ve Uygulamada Egitim Bilimleri (KUYEB) 6 say1

Egitim Bilimleri
Egitim Bilimleri

Aragtirma temelli 6gretim yontemlerinin uygulanmasi neticesinde elde edilen akademik ve duyussal basarilar,
bu alanda doktora yapmay tesvik etmeye ve devlet biit¢esinden bu alanda yapilan arastirmalara daha fazla destek
verilmesine neden olmus, boylece ABD'de ileri gelen iiniversitelerde fizik boliimleri altinda agilan fizik egitimi
anabilim dallarmin sayis1 artmistir (Heron & Meltzer, 2005; McDermott, 2012). Ulkemizde ise fizik egitimi
iniversitelerde yerel ve birbirinden bagimsiz olarak ¢alisilmakta olup bu alanlara devlet biit¢esinden tegvikler ile
fizik egitimi alaninda doktora yapan arastirmacilardaki artis ABD ile paralellik gostermektedir. Ulkemizde yapilan
fizik egitimine yonelik lisansiistii tezlerin (Kaltak¢i-Giirel vd., 2017a), hakemli dergilerde yaymlanan makalelerin
(Kaltakg¢1-Giirel vd., 2017b; Onder vd., 2014) ve ulusal kongrelerde sunulan bildirilerin (Kanl vd., 2014) yillara,
aragtirma alanlarina, kullanilan yontem ve analizlere gore incelendigi icerik analizi ¢aligmalar1 bu durumu ortaya
koymaktadir. Fakat her ne kadar devlet destegi ve arastirmaci sayilarindaki artis benzer olsa da diinyada fizik
egitimi belli aragtirma gruplarina odaklanan, farkli disiplinlerden arastirmacilar1 igeren merkezi arastirma
gruplarinda ¢alisilmakta, {ilkemizde ise bu durum egitim fakiiltesinde ilgili boliimlerdeki 6gretim elemanlarinin
igbirlikleri ile etkilegimli olarak yiiriitiilmektedir. Tablo 2, diinya ¢apinda fizik egitimi alaninda 6ncii baglica fizik
egitimi arastirma gruplarini sunmaktadir.

Tablo 2. Baslica Fizik Egitimi Arastirma Gruplari

Grup Adx Universitesi Calistiklar1 Temel Konular Bashca
Arastirmacilar

PEG Washington Universitesi, Sorgulama yoluyla fizik Lillian C. McDermott
ABD Paula Heron

UMDPERG Maryland Universitesi, Zihinsel modeller, Edward F. (Joe)
ABD Epistemoloji, Redish

MPEX

K-SUPER Kansas Eyalet Universitesi, ~ Zihinsel modeller Dean Zollman
ABD

PER@C Colorado Universitesi, Interaktif Fizik Steven Pollock
ABD Simiilasyonlari, Noah Finkelstein

Tleri fizik derslerinin gelistirilmesi,

Valerie Otero

CLASS
Mazur Grubu Harvard Universitesi, ABD  Akran Ogretimi Eric Mazur
ASU-PER Avrizona Eyalet Universitesi, Modelleme, David Hestenes
ABD Fizik 6gretmen egitimi David Meltzer
PERL Maine Universitesi, ABD Aktivite temelli fizik Michael C. Wittman
MacKenzie R. Stetzer
SESAME Kaliforniya Universitesi Epistemoloji Andrea diSessa
Berkeley, ABD
PER Dickinson Universitesi, Calistay Fizigi Priscilla Laws
ABD
PER Minnesota Universitesi, Baglamsal problemler Patricia Heller
ABD Kenneth Heller
(emekli)
CRMSE San Diego Eyalet Fizik ve Giindelik Fred Goldberg
Universitesi, ABD Diisiince
SUPER Sydney Universitesi, Kavramsal fizik 6gretimi ve Manjula Sharma
Avustralya kavramsal testler,
Multimedya
Fen Egitimi Aragtirma Wiezman Fen Enstitiisii, Kavramsal fizik dgretimi, Bet-Sheva Eylon
Birimi Israil Ogretmen egitimi

URDF (Fizik Egitimi
Arasgtirma Birimi)
CLDF (Fizik Egitimi
Arastirma Laboratuvart)

Udine Universitesi, ftalya

Fizik 6gretmen egitimi,
Zihinsel modeller

Marisa Michelini
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The Division of Physics Uppsala Universitesi, Isve¢  Yiiksekogretim, Cedric Linder
Education Bilimsel okuryazarlik

Physics Teacher Helsinki Universitesi, Fizik 6gretmeni egitimi Ismo Koponen
Education Finlandiya

Tablo 2'de fizik egitimi alanma y6n verici bazi fizik egitimi arastirma gruplar 6zetlenmistir. Bu arastirma
gruplar1 gogunlukla ABD merkezli olsa da ABD disinda da bu gruplarin yakin zamanda artacagi 6ngdriilmektedir.
Bu artista siiphesiz ki bu arastirma gruplari ile uluslararasi ortakliklarin etkin yeri olacaktir. Ulkemiz icin ele alacak
olursak, fizik egitimi alaninda yurt disinda doktora yapan arastirmacilar iilkemize geri dénmekte ve iiniversitelerde
akademik pozisyon sahibi olmaktadir. Ayrica, doktora siiresince devlet destegi ile yurt diginda bu arastirma
gruplarinda aragtirma yapma, sosyal ve akademik deneyim edinmis arastirmacilar da fizik egitimi arastirmalarmin
artmasimi ve uluslararasi arastrma gruplari ile daha kapsamli ve karsilastirmali arastirmalar yapilmasini
saglayacaktir. Ulusal ve uluslararasi igbirliginde diger bir 6nemli nokta da alana 6zgii arastirmalarin sunulmasi ile
bir birgok arastirmaciyr bir araya getiren konferanslardir. Fizik egitimi alaninda giiniimiizde birgok ulusal ve
uluslararasi kongre ve konferans diizenlenerek, bu alanda calisan arastirmacilarin bilgi aligverisinde bulunmalart
saglanmaktadir. Bu alandaki diizenlenen etkinlikler de tipki fizik egitimi arastirmalar1 gibi dogrudan fizik ve fizik
egitimi etkinlikleri veya fen alaninin bir alt disiplini olarak fizik egitimi etkinlikleri olmak iizere iki grupta
toplanabilmektedir. Tablo 3’te bu alanda yapilan baslica kongre ve konferanslar diizenlenme sikliklari ile birlikte

listelenmistir.

Tablo 3. Fizik Egitimi Alaninda Yapilan Baglica Ulusal ve Uluslararast Etkinlikler

Etkinligin Adi Diizenlenme Sikhig Ulusal/Uluslararas1  Tlgili Temel Alan
Physics Education Research Conference (PERC) Yilda bir Uluslararast Fizik Egitimi
American Association of Physics Teachers Yilda iki Uluslararasi Fizik Egitimi
(AAPT)

International Conference on Physics Education Yilda bir ya da iki Uluslararasi Fizik Egitimi
(ICPE) yilda bir

The International Research Group on Physics Yilda bir Uluslararasi Fizik Egitimi
Teaching (GIREP)

Multimedia in Physics Teaching and Learning Yilda bir Uluslararasi Fizik Egitimi
(MPTL)

Physics Teacher Education Coalition Conference Yilda bir Uluslararasi Fizik Egitimi
(PTEC)

Physics Teaching in Engineering Education Iki ya da ii¢ y1lda bir Uluslararasi Fizik Egitimi
Conference (PTEE)

Gordon Research Conferences (GRC) Yilda bir Uluslararasi Fizik Egitimi
Ulusal Fizik Egitimi Kongresi (UFEK) iki yilda bir Ulusal Fizik Egitimi
Tiirk Fizik Dernegi Uluslararast Fizik Kongresi Yilda bir Uluslararasi Fizik
(TFD)

American Physical Society Meeting (APS) Yilda birden fazla Uluslararasi Fizik
International Physics Conference of the Balkan Ucg yilda bir Uluslararasi Fizik
Physical Union (BPU)

National Association for Research in Science Yilda bir Uluslararasi Fen Egitimi
Teaching (NARST)

European Science Education Research Iki yilda bir Uluslararast Fen Egitimi
Association (ESERA)

The International Organization for Science and Yilda bir Uluslararast Fen Egitimi
Technology Education Symposium (IOSTE)

International Society of Educational Research Yilda bir Uluslararast Fen ve Matematik
(ISER) Egitimi
Frontiers in Mathematics and Science Education Bes yilda bir Uluslararasi Fen ve Matematik
Research Conference (FISER) Egitimi
Ulusal Fen Bilimleri ve Matematik Egitimi iki yilda bir Ulusal Fen ve Matematik
Kongresi (UFBMEK) Egitimi
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Bu baglica kongre ve konferanslar disinda hem ulusal hem de uluslararasi birgok egitim bilimleri kongre ve
konferansinda da fizik egitimine ait calismalarm tartisildig1 bilinmektedir. Ozellikle son yillarda iilkemizde egitim
alaninda genis kapsamli gergeklestirilen ulusal ve uluslararasi bilimsel etkinlikler kadar yalnizca fen ve fizik
egitimi odakli bilimsel etkinliklerin sayis1 ve fizik egitimi alaninda g¢alisan bilim insanlarinin bu etkinliklere
katilimlarinda artis oldugu séylenebilir.

Fizik Egitimi Arastirmalarina Elestiriler

Giiniimiizde fizik egitimi arastirmalar1, kimya ve biyoloji gibi diger disiplinlerden farkli olarak hem fizik
béliimlerinde hem de egitim fakiiltelerinde etkin olarak galisiimaktadir. Ozellikle ABD’de uzun siiren ¢abalarm
neticesinde resmi olarak fizik boliimlerinde bir alt caligma alani olarak kabul gérmiistiir. Bu sebeple, fizik 6grenme
ve Ogretme aragtirmalarinda fizik boliimlerinin 6nemi biiyiiktiir (Heron & Meltzer, 2005). Her ne kadar Lillian
McDermott gibi alanin bazi 6nde gelen isimleri ayn1 fikirde olmasa da, Joe Redish ve Fred Reif gibi isimlerce
giiniimiizde 6zellikle ABD’de fizik boliimlerince fizik egitimi alaninda yapilan ¢alismalarm en biiyiik eksikliginin
teorik altyapilarinin yeterince tartisilmiyor olmasi olarak goriilmektedir (Cummings, 2011; Redish, 1994).
Ozellikle 1970’lerden giiniimiize kadar siiregelen 6nbilgi ve kavram yamilgilar1 ile ilgili gesitli fizik konularmda
yapilan caligmalar bir tarafa birakilacak olunursa, fizik boliimlerinde fizik egitimi ile ilgilenen gruplarca uzun
yillar yapilan ¢alismalarin teorik ¢ergeveleri siirli (Redish, 1994), buna ragmen fen egitimi altinda yapilan fizik
egitimi arastirmalari derin ve koklii teorik gercevelere dayandirilmaktadir. Ozellikle arastirmalarin sonuglarmin
sunumunda ileri istatistik ve arastirma teknikleri uygulanarak, calismalarin sonuglarinin genellenebilirligi ve
tekrarlanabilirligi artirilmistir. Ancak su da bir gergektir ki, igerisinde tartisilan fizik, gelistirilen 6gretim
yontemleri ve materyalleri, uygulama alanlar1 bakimmdan fizik boéliimlerince yapilan calismalar fen egitimi
alaninda caligan fizik egitimi arastirmacilarina ¢ok biiyiik katkilar saglamis ve saglamaya devam etmektedir.

Ulkemizde fizik egitimi galigmalarinim vyiiriitiilmesi ABD’de gogunlukla goriilenden farklidir. Ulkemizde fizik
egitimi, ABD’de kismen ve Avrupa’da ¢ogunlukla oldugu gibi egitim fakiiltelerinde ¢alisilmaktadir. Bu durum
aragtirmalarda ve bunlarin sonuglarinin hayata gegirilmesinde bir takim farkliliklara sebep olmaktadir. Fizik
egitimi alanindaki caligmalarin bir kisminda fizik bolimleri ile isbirligi yapilmakta ve lisans dgrencilerinin st
diizey fizik konularindaki 6grenmeleri incelenmektedir. Bu durumda bulgular her ne kadar literatiire dogrudan
katki saglasa da, yeni bilgi ve bulgularin pratikte uygulanmasi sinirli olabilmektedir. Yani, ABD'deki ve benzeri
diger arastirma gruplarinda fizik boliimlerinde yiiriitiilen fizik egitimi arastirma bulgular1 hizlica tiniversite fizik
ogretimine yansitilip dersler iyilestirilirken, tilkemizde bu ¢ok sinirhdir. Egitim fakdltelerinde yiiriitiilen fizik
egitimi arastirma bulgular1 daha ¢ok ortadgretim fizik egitimi ve fizik 6gretmen egitimi programi ders igeriklerine
yansitilarak pratikte uygulamaya daha yerel anlamda katki saglayabilmektedir. Bunlar hem 6gretmen adaymim
alan bilgisi (kavramsal fizik bilgisi) hem de pedagojik alan bilgisinin (bu kavramsal fizik bilgisinin fizik
ogretiminde kullanilmasi) iyilestirilmesi seklinde olabilmektedir. Fizik egitimi arastirmalarinin 6neminin artmasi
ve yayginlagsmasiyla fizik boliimleri ile egitim fakiiltelerinin giiglerini birlestirerek yapacaklari ortak ¢alismalarin
artacagl ongoriilmektedir. Bunun en giizel orneklerden biri olarak iilkemizde ilkogretim fen bilimleri ile
ortadgretim fizik O6gretim programlarinin gelistirilmesi siirecinde yapilan akademik paylagimlar verilebilir.
Ogretim programlarinin hazirlanmas siirecinde diger uzmanlik alanlari (Kimya, matematik, psikoloji vb.) yaninda
hem fizik hem de egitim fakiiltesi kokenli arastirmacilar bir araya gelerek teorik altyapisi saglam oldugu kadar
kavramsal agidan da sikintilari en aza indirilmis bir 6gretim programi ortaya ¢ikarmislardir.

Bir diger elestiri tilkemizde fizik egitimi arastirma gruplarmin fazla yaygin olmayisi ve bu sebeple bu alanda
yapilan ¢alismalarin daha ¢ok bireysel nitelikte olusudur. Ulkemizde 13 egitim fakiiltesi altinda ortadgretim fizik
ogretmenligi bolimii bulunmakta ve bu bolimlerde doktora programlart yer almaktadir. Ayrica bir¢ok
iniversitede fen egitimi altinda da fizik egitimi ¢alisan akademisyenler, yiiksek lisans ve doktora ogrencileri
bulunmaktadir. Buna karsin, fizik egitimindeki arastirmalarin kiiciik biitceli, birbirinden bagimsiz ve
aragtirmacilarin bireysel caligmalarinin iiriinii oldugu goriilmektedir. Yurt icinde ve yurt diginda doktora
calismalarmi tamamlayan fizik egitimcilerin artmasi ile iilkemizde de aktif aragtirma yapan fizik egitimi
gruplarinin olugmasi beklenmektedir.

Sonug: Fizik Egitimi Arastirmalarinda Doniisiim

1970’1erde baglayan fizik egitimi arastirmalar1 ilk baslarda 6grencilerin temel fizik derslerinde (mekanik ve
elektrik gibi) gecen kavramlar1 kullanma becerisine odaklanmis ve bu calismalar fizik Ogretiminin
gelistirilmesinde paha bi¢ilmez rol oynamistir. Giinlimiizde ise bu ¢aligmalar kinematik, temel elektromanyetizma

952



Tiirkiye'de ve Diinyada Fizik Egitimi Arastirmalar:

ve modern fizik konularinin da dahil edilmesiyle genisletilmistir (Heron & Meltzer, 2005). Son olarak giintimiizde
yapilan arastirmalar termodinamik, optik, rolativite, kuantum fizigi gibi iist diizey fizik konularinin 6grenciler
tarafindan nasil 6grenildigine odaklanmaktadir. Ulkemizde ise son 25 yildir ivmelenen fizik egitimi arastirmalari
fizik boliimleri ve fizik egitimi boliimlerinin arasindaki iletisim eksikliginden o&tiirii biiylik oranda temel fizik
kavramlarinin tartisilmasi seviyesindedir. Mevcut ¢aligmalar daha gok ilkdgretim, ortaggretim ve 6gretmen egitimi
(aday ve hizmette) seviyelerinde yer almaktadir. Oysaki fizik egitimi alanindaki ¢aligsmalarin kapsami artirilarak
temel egitimden, iniversiteye (temel bilimler ve miihendislik alanlar1 gibi), hatta yetiskin egitimine
(akademisyenler, veliler gibi) kadar uzandirilmahdir. Boylelikle fen okur-yazari bir toplum olusumu konusunda
belirlenen temel hedefler yerine getirilmis olur.

Ulusal ve uluslararasi ¢apta fizik egitimi (Kaltak¢i-Giirel vd., 2017a; Kaltakgi-Giirel vd., 2017b; Kanli vd.,
2014; Onder vd., 2013) ve fen egitimi (Chang, Chang, & Tsang, 2010; Lee, Wu, & Tsai, 2009; Tsai & Wen, 2005;
Tzu-Chiang vd., 2014) alanlarinda yapilan igerik analizi ¢alismalar1 alandaki bosluklar1 ve eksiklikleri gostererek
literatiire 6nemli katkilar saglar. Onder ve arkadaslar1 (2013) yaptiklar igerik analizi ¢alismasinda 2004 ve 2011
yillart arasinda Tirk Fen Egitimi Dergisi'nde (TUSED) yaymlanan 46 fizik egitimi makalesini inceleyerek
‘Ogrenme yaklagimlar1’ ve ‘Kavram yanilgilari/dgrenme zorluklar1’ en fazla calismanin oldugu temalar oldugunu,
Kanli ve arkadaglar1 (2014) da 1994-2012 willar1 arasmmda Ulusal Fen Bilimleri ve Matematik Egitimi
Kongrelerinde (UFBMEK) sunulup tam metini basilan 282 fizik egitimi ¢alismasini inceleyerek ‘Fizigin dogast’,
‘Epistemoloji ve Bilimsel okuryazarlik’, ‘Modelleme’ ve ‘Ozel egitim’ en az ¢alisilan temalar olarak ifade
etmiglerdir. Fen egitimi alaninda yapilan uluslararasi igerik analizlerinde (Chang et al., 2010; Lee vd., 2009; Tzu-
Chiang vd., 2014) ise one ¢tkan temalar ‘Kavramsal degisim’ ve ‘Kavram yanilgilar1’ olarak bulunurken, en az
caligilan alanlar ise ‘Informal 8grenme’ ve ‘Egitim teknolojileri’ olarak ifade edilmistir. Fizik egitimi alaninda
basvurulan arastirma yontem ve stratejileri, 6gretim yontemleri, gesitli dlgme araclar1 gelistirme veya uyarlamaya
yonelik caligmalarin sayisi ve cesitliligi her gegen giin artmaktadir. Bu sevindirici bir gelisme olmakla birlikte,
fizik egitimi alaninda bugiine kadar calisilan baslica fizik konularinin yani sira halen daha fazla arastirmayi
gerektiren alt aragtirma konulari su sekilde ozetlenebilir: onbilgilerin ve kavram yanilgilarinin tespiti, bilgi
organizasyonu ve zihinsel modeller, kavramsal degisim, fizik dgretiminde program gelistirme c¢alismalari, fizik
ogretmen egitimi ve fizik 6gretmeni yeterlilikleri, fizik tarihi ve dogasi, fizik 6gretiminde teknolojinin yeri,
laboratuvar etkinlikleri ve sorgulamaya dayali 6grenme, problem ¢dzme ve probleme dayali 6grenme, baglam
temelli fizik ogretimi, fizik 6grenmeyi etkileyen duyussal faktorler (motivasyon, tutum gibi), 6zel egitime
gereksinim duyan bireyler i¢in fizik egitimi.

Diinyanin cesitli {iniversite veya merkezlerinde bulunan fizik egitimi arastirma gruplari belirli bir alanda
uzmanlagsma ve takim caligmasi neticesinde gesitli basarilara imza atip biiyilk ¢apta ve biitcede projeler
gerceklestirirken, tilkemizde de benzer girisimlerin olmasi gerektigi diisiiniilmektedir.

Sonug olarak, fizik egitimi arastirmalart ilk ortaya ¢ikisindan giiniimiize kadar biiyiik ilerleme gostermis, kendi
basina bir arastirma alani olarak literatiirde yerini almistir. Biz fizik egitimcileri olarak tiim bu bahsedilenler
1s181nda alanin gelismesinde caba gostermeliyiz. Bu ¢aligmanin "Fizik egitimi nedir, ne degildir?" sorularina cevap
niteliginde olmasiyla bu alana yeni giren aragtirmacilara 1s1k tutacagma ve yol gosterecegine inanmaktayiz.
Diinyada ve iilkemizde fizik egitimi alaninda 6nemli ¢aligmalar1 kritik eden bu calisma fizik egitimi alani
arastirmacilarinin ve bu alanda ¢alismaya yeni baslayan yiiksek lisans ve doktora &grencilerinin basvurabilecegi
Tiirk¢e kaynak olma 6zelligini tasimaktadir.

Tesekkiir ve Bilgilendirme

! Birinci yazarin Washington Universitesi, Fizik Egitimi Grubu (PEG), Prof. Dr. Lillian C. McDermott
danismanliginda deneyimi.

2 fkinci yazarin Maryland Universitesi, Fizik Egitimi Arastirma Grubu (UMDPERG), Prof. Dr. Edward F. (Joe)
Redish danismanliginda ve Harvard Universitesi, Fizik/Egitim Arastirma Grubu (Mazur Grubu), Prof. Dr. Eric
Mazur danismanliginda deneyimi.

311k olarak 1977 yilinda kullanilmaya baslanilmistir ancak resmi olarak kitap 1996 yilinda basilmistir (McDermott,
2012).
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