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Abstract

This study examines prospective teachers’ levels of understanding the photoelectric effect, and the impact of
writing activities for learning purposes on the success of prospective teachers. These prospective teachers
study in the science teaching program of the faculty of education and take the course Introduction to Modern
Physics. In this study, a semi-experimental design with a ‘pretest’- ‘posttest’ control group was used. The rese-
arch data were obtained via a questionnaire comprising qualitative questions prepared by the researchers. In all
the groups, the lesson was taught by utilizing the verbal-written lecture method. In addition, each student in the
experimental group wrote a letter to a senior high school student to explain the photoelectric effect in an un-
derstandable way. On the other hand, students in the control group solved the problems relating to the topic in
the course book. A total of 111 third year students studying in the academic year 2007-2008 participated in the
study. 54 of these students were female and 57 of them were male. The research findings indicated that pros-
pective teachers have low levels of understanding the photoelectric effect, and qualitative and quantitative com-
parisons of posttest results of the experimental group and control group, and success percentages in the writ-
ten examination were in favor of the experimental group. In addition, the opinions of students about writing acti-
vities for learning purposes were determined by means of additional questions to the posttest. 91.7% of the stu-
dents mentioned that they understood the photoelectric effect about which they wrote the letter. These students
also stated that this activity helped in their learning of this topic.
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are believed to improve cognitive process skills in
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science lessons. Writing activities with the aim of
learning is the principal one among them.

It was seen in the 20" century that two main trends
in writing in curricula received great interest. The
first one, beginning in the 1930’ and continuing
until 1950s, was the trend that originated from
Dewey’s progressive education philosophy. The
second trend is the one that emerged in 1970s and
has lasted until today. During this period, writing
has become a widely used teaching method in vari-
ous levels of education and in the field of science
throughout the world (Anson, Schwiebert, & Wil-
liamson, 1993; Bazerman & Russel 1994; Fulwiler,
1986; Klein, 1999; Martin, D’Arcy, Newton, &
Parker, 1994; McLeod, 1992; Pearce, 1984; Russell,
1991).

The “Writing-Across-Curriculum” scheme in the
USA became one of the most common education
programs to be applied in any phase of education
for all lessons (science, literature, mathematics, his-
tory etc.) (Quinn, 1995; Young & Fulwiler, 1986).
Many studies were conducted about the usage of
writing as an instrument which improves learning
and thinking. In their research on learning by writ-
ing, Langer and Applebee (1987) state that writing
about a subject makes the author enhance his/her
information and organize the ideas to be written
and that contributes to learning experience (Mason
& Boscolo, 2000).

Writing activity obliges the author to express his/
her ideas more clearly and explicitly. The usage of
writing as an intellectual activity is an important
way for planned learning (Bereiter, 1990, 1994; Be-
reiter & Scardamalia, 1989). Researchers (Hand &
Prain, 2002; Giinel, Uzoglu, & Biiyiikkasap, 2009)
suggest that a writing activity, with the aim of
learning, has five components: the subject of the
writing, the type of writing, the objective of the
writing, the writing addressee, and the text pro-
duction method. A study conducted by Dogan
and Cavus (2008) examined “the effect of writ-
ing activity on teaching science subjects in infor-
mal learning environments”. Students stated that
they had learned how to summarize information
by the writing process of “summing up’, how to
order scientific ideas by expressing them in their
own sentences and associating the main ideas in a
subject and concisely presenting the information
by organizing it. In another study (Ozer Keskin,
Dogan, & Keskin Samanci, 2008), students were
asked to write an explanatory text by taking into
consideration the questions asked in pretests. Most
of the students stated that they reviewed their ideas

and organized their information while writing the
explanatory text. Ak¢ay and Hand (2008) suggest
that students’ written and oral expressions reveal
what the students have learnt how they interpret
what they learn and how they associate these
things with the information they already have. The
same authors suggest that devising activities such
as painting and writing (poems, letters, etc.) in sci-
ence lessons increases student motivation for sci-
ence lessons.

One of the areas to have intensely engaged physics
education researchers in recent years is the learn-
ing and teaching of quantum physics. Pedagogical
studies in this subject may be seen to concentrate
on conceptual learning, visualization, mathemati-
cal thinking and problem solving (Didis, Ozcan, &
Abak, 2008). Styer (1996), confirms the conceptual
mistakes of students about such quantum subjects
as quantum states and identical particles. Some re-
searchers (Singh, Belloni, & Christian, 2006) have
examined the conceptual mistakes made about the
Schrodinger wave equation and reached the con-
clusion that those conceptual mistakes resulted
from wrong generalizations. In the same research,
the authors determined that students could not
make qualitative explanations of the questions
even though they could solve mathematical prob-
lems. In his study of quantum physics lessons, Sen
(2000) emphasized that teaching quantum physics
subjects at high school physics lessons level could
bring important benefits. The findings obtained
by Mashhadi and Woolnough (1999) on how high
school students imagine electron and photon con-
cepts, showed that students were open to both sci-
entific and non-scientific representation. Pospiech
(2000) argues that the mathematical structure of
quantum physics conceals the more philosophical
aspects of the theory. Ireson (2000) stresses that the
mathematical structure does not pose a problem
and that the main problem is about interpretation.
Strnad (1981) shows that the inadequate math-
ematical background of students to be the reason
why teaching quantum physics subjects in high
school is difficult. Ke, Monk and Duschl (2005) ar-
gue that solving mathematical equation in exams
cannot be seen as an indicator that students under-
stand quantum mechanics concepts. In their study,
Didis et al. (2008) revealed the variety in student
ways of describing quantum physics. Their research
revealed that students used the “microscopic sys-
tem” the most and that the concept they considered
to be the most important was the “Heisenberg un-
certainty principle” in quantum physics.
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In a study conducted by Akdeniz, Bektas and Yigit
(2000), the comprehension levels of primary school
students in the 8™ grade for basic physics concepts
were examined. In this study, it was determined
that students had difficulty in understanding and
expressing the concepts at 70% level in the subject
of electricity and at 40% level in the subject of mag-
netism. The reasons shown for low comprehen-
sion levels are as follows: not understanding the
language used, using the “written-oral expression”
method mostly in the situation where the teacher is
mostly active while the student is passive, and the
low rate of using different strategies. Additionally,
in the study by S6kmen, Bayram and Yilmaz (2000)
of the physical and chemical change concepts com-
prehension levels of 5%, 8. and 9™ grade students,
the inadequate use by teachers of teaching strate-
gies, methods and techniques was shown to be one
of the reasons why students generally leave blank
the places on answer sheets where they should ex-
plain the concepts.

The studies to help teachers or university profes-
sors to understand the view of students about the
subjects of quantum physics appear to be inad-
equate despite the fact that force and gravity are the
first fields researched in physics (Berg & Brouwer,
1991), and that there are so many studies (An-
derson & Karraquist, 1983; Boyes & Stanissreet,
1990; Cepni & Keles, 2006; Engelhardt & Beichner,
2004; Ericson & Tiberghien, 1985; Feher & Meyer,
1992; Galili, Goldberg, & Bendall, 1991; Giil¢igek,
2002; Harrison, Grayson, & Treagust, 1999; Kara,
2002; Osborne, 1983; Periago & Bohigas, 2005; Ra-
madas & Driver, 1989; Sencar & Eryillmaz, 2004;
Shipstone et al.,, 1998; Solomon, 1985; Thomas,
Malaquias, Valente, & Antunes, 1995; Watts, 1983;
Yeo & Zadnik, 2001; Yildiz, 2000) in literature in
such fields as electricity, heat and temperature, and
energy and light.

Aim of the Study

1) To determine the photoelectric phenomenon
comprehension levels of prospective science teach-
ers who take the obligatory “Introduction to Mod-
ern Physics” course at university,

2) To research the effect of writing activities in rela-
tion to learning aims on the success of prospective
science teachers.
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Method
Research Design

The present study has qualitative and quantita-
tive designs. In the present study, open-ended
questions allowing teachers to freely express their
opinions about the research topic and explain
their scientific thoughts in a simple way (Akgiin,
Gonen, & Yilmaz, 2005; Bauner & Schoon, 1993)
were used. A semi-experimental research model
was utilized in the present study. Within the scope
of this model, a pretest-posttest control group de-
sign was applied in order to determine opinions of
students about the photoelectric effect, and the im-
pact of writing activities for learning purposes on
academic success. The lesson was taught by using
the “verbal-written lecture” (Akdeniz et al., 2000)
model in the groups. In addition, each student in
the experimental group wrote a letter to a senior
high class student to explain the photoelectric ef-
fect in an understandable way. On the other hand,
students in the control group solved the problems
relating to the photoelectric effect in the course
book.

Sample of the Research

The sample of the research comprised a total of 111
students, 36 students (18 male, 18 female) in the
experimental group and 35 students (16 male, 19
female) in the control group, all of whom study in
3rd year of the primary science education faculty in
a state university in the academic year 2007-2008,
and 40 students (23 male, 17 female) who partici-
pated in the study just in the stage of determining
the understanding level.

Application

The methods and application stages conducted in
the research process are presented below:

1) A pretest comprising open-ended questions re-
lating to the photoelectric effect was administered
to the groups at the beginning of the semester.

2) Examining the results of the pretest, it was seen
that the arithmetical averages of the pretest scores
of the groups were close to one another (3.75 and
3.66). This indicated that the difference between
the scores of the groups was not at a significant
level, and the groups could be considered equal
(p=0.942) before the application.

3) After teaching the topic being researched ac-
cording to the program, instructions regarding the
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writing activity for learning purposes were distrib-
uted to the experimental group, and these instruc-
tions were read and examined by all the students.
Meanwhile, necessary explanations were made,
and the questions of the students were answered in
detail. In the instructions, the fact that the writing
had to be scientific and in letter format, the person
to whom and the topic on which the letter would be
written, when and how it would be delivered, and
how it would be assessed were clearly explained in
detail.

4) 4 weeks following the explanation of instruc-
tions for the writing activity for learning purposes,
the letters written to the senior high school stu-
dents by the experimental group were submitted.
During this time, the control group students were
asked to solve the problems relating to the photo-
electric effect in the course book.

5) The posttest was administered to both groups on
the same day. Along with the posttest, additional
questions were asked only to the experimental
group in order to determine their opinions about
the writing activity for learning purposes.

6) During the days following the posttest, inter-
views were conducted with some randomly chosen
students following the “open-ended sensitizing
interview” style (Rubin, 1983; Yildirim & Simgek,
2005). These interviews were about the benefits of
the writing activity for learning purposes.

Data Collection

The data of the study were obtained by utilizing
a questionnaire comprising four qualitative ques-
tions relating to the topic prepared by the research-
ers. Prior to administering them to the research
groups, a pilot study was conducted by asking the
research questions to the fourth year students who
took the same modern physics course a year ago.
It was concluded that the questionnaire was suit-
able to be used. Then, it was administered to the
groups before teaching the course as a pretest, and
it was administered to the groups as a posttest to-
wards the end of the semester. In addition, during
the semester, a midterm covering all of the topics
was conducted after the completion of the writing
activities for learning purposes as required by the
academic calendar. The experimental and control
groups were compared by evaluating the answers
given to the questions on the midterm.

Data Analysis

SPSS 13, statistical software package, was used in
the analysis of the research data. At the end of the
application, a posttest was administered to both
the experimental and control groups, and posttest
scores were compared by interpreting them via
two independent samples t-test. While analyzing
answers given by students to qualitative questions
asked in the posttest, answers were grouped ac-
cording to their closeness, organized in charts, and
evaluations were made. Some of the original writ-
ten answers, given by students to the open-ended
question “What do you think about the benefits
of the writing activity for learning purposes (the
letter)”, which was asked just to the experimental
group along with the posttest, were scanned.They
are discussed below.

Results

At the end of the analysis of the qualitative pretest
data, it was seen that 30.6% of students could not
write any equation about the photoelectric effect.
32.0% of the students could not make any explana-
tion about the systems in which photoelectric effect
is used in daily life. At the end of analysis of the
data obtained in the examination of the impact of
writing activities for learning purposes on academ-
ic success of the students while learning the topic of
quantum physics is examined qualitatively, it was
determined that 94.5% of the experimental group
could define the photoelectric effect. This rate was
80.6% for the control group. The rate of students
who were capable of correctly writing any equa-
tion relating to the photoelectric effect was 58.3%
for the experimental group and 51.4% for the con-
trol group. It is striking that while 16.7% of the
experimental group students could not make any
scientific explanation about the systems in which
the photoelectric effect is used in daily life, this rate
was 31.4% for the control group.

In the quantitative examination of the impact of
writing activities for learning purposes on academ-
ic success, posttest scores of experimental and con-
trol groups were interpreted and compared using
a two independent samples t-test. It was seen that
results of this comparison displayed a significant
difference in favor of experimental group students.
Examining the results of an examination per-
formed as required by the academic calendar after
the completion of writing activities, it was seen that
the experimental group had higher percentages of
answering the questions asked with regard to the

2mn qh



EDUCATIONAL SCIENCES: THEORY & PRACTICE

topic on which they wrote the letter, compared to
the control group. In the comparison of experi-
mental and control groups, these rates were in fa-
vor of the experimental group; 90.9% for the ex-
perimental group and 76.5% for the control group.

Discussion and Conclusion

Results revealed by this study support and parallel
results of previous studies conducted with regard
to writing activities for learning purposes. Examin-
ing the opinions of students about writing activi-
ties for learning purposes they made with regard to
the photoelectric effect which is a topic of quantum
physics, 91.7% of them stated that the letters they
wrote ensured long-term retention of scientific
knowledge (Rivard & Straw, 2000) and helped to
learn the abstract concepts which are normally dif-
ficult to understand (Hohenshell, Hand, & Staker,
2004). Continuing to examine the positive opin-
ions whose percentages were mentioned above: as
reported in other studies (Dogan & Cavus, 2008;
Uzoglu, Giinel, & Biiyiikkasap, 2008), it was seen
that students stated that, thanks to the writing ac-
tivity, they learned how to summarize their knowl-
edge, organize scientific thoughts by expressing
them with their own words, establish communica-
tion, make comments, and associate the main ideas
of a topic; in short, they learned how to present the
information by organizing it. Students also stated
that they remembered the topics about which they
wrote letters more easily. It was found that negative
opinions (8.3%) resulted from the type of writing
activity rather than writing activities in general. In
short, student stating negative opinions generally
mentioned that writing a letter about the photo-
electric effect, which is a topic of quantum physics,
is not an appropriate writing activity for learning
purposes.

In the present study, it was found that students
learning the “Photoelectric effect” via the verbal-
written lecture method and writing activity for
learning purposes (a letter) are more successful
compared to the students learning the same topic
via the verbal-written lecture method and solution
of related problems. This indicates that writing ac-
tivities for learning purposes can be used as an ef-
ficient activity in teaching the photoelectric effect.
This is because these activities facilitate students’
conceptual changes (Mason & Boscolo, 2000) and
enable related concepts to be constructed by stu-
dents in a successful and permanent way.

JF 2212

References/Kaynak¢a

Akgay, H. ve Hand, B. (2008, Agustos). Farkl: sekillerde uy-
gulanan yaparak ve yazarak égrenme metotlarimn ilkégretim
ogrencilerinin fen ogrenimine katkist. VIIL. Ulusal Fen Bilim-
leri ve Matematik Egitimi Kongresinde sunulan bildiri, Abant
zzet Baysal Universitesi, Bolu.

Akdeniz, A. R., Bektas, U. ve Yigit, N. (2000). Hkiigretim
sekizinci siif 6grencilerinin temel fizik kavramlarini anlama
diizeyi. Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 19, 5-14.

Akgiin, A., Gonen, S. ve Yilmaz, A. (2005). Fen bilgisi 6gretmen
adaylarinin karisimlarin yapisi ve iletkenligi konusundaki ka-
vram yanilgilar1. Hacettepe Universitesi Egitim Fakiiltesi Der-
gisi, 28, 1-8.

Anderson, C., & Karrquist, C. (1983). How Swedish pupils,
aged 12-15 years, understand light and its properties. Journal
of Science Education, 5 (4), 316-322.

Anson, C. M., Schwiebert, J. E., & Williamson, M. M. (1993).
Writing across the curriculum: An annotated bibliography.
Westport, CT.: Greenwood Press.

Bauner, M., & Schoon, I. (1993). Mapping variety in public
understanding of science. Public Understanding of Science, 2
(2), 141-155.

Bazerman, C., & Russell, D. (1994). Introduction: The rhetori-
cal tradition and specialized discourses. In C. Bazerman & D.
Russell (Eds.), Landmark essays on writing across the curricu-
Ium (pp. 17-38). Davis, CA: Hennagoras Press.

Bereiter, C. (1990). Aspects of an educational learning theory.
Review of Educational Researcher, 60 (4), 603-624.

Bereiter, C. (1994). Constructivism, socioculturalism, and
Popper’s World 3. Educational Researcher, 23 (7), 21-23.

Bereiter, C., & Scardamalia, M. (1989). Intentional learning as
a goal of instruction. In L. B. Resnick (Ed.), Knowing, learning,
and instruction: Essays in honour of Robert Glaser (pp. 361-
392).NJ: Erlbaum: Lawrence Erlbaum Associates, Hillsdale.

Berg, T., & Brouwer, W. (1991). Teacher awareness of student
alternate conceptions about rotational Motion and Gravity.
Journal of Research in Science Teaching, 28 (1), 3-18.

Boyes, E., & Stanisstreet, M. (1990). Misunderstandings of
“law” and “conversation”: A study of pupils’ meanings for these
terms. School Science Review, 72, 51-57.

Cepni, S., & Keles, E. (2006). Turkish students’ conpections
about the simple electric circuits. International Journal of Sci-
ence and Mathematics Education, 4, 269-291.

Didis, N., Ozcan, O. ve Abak, M. (2008). Ogrencilerin bakis
agistyla kuantum fizigi: Nitel calisma. Hacettepe Universitesi
Egitim Fakiiltesi Dergisi, 34, 86-94.

Dogan, N. ve Gavus, S. (2008, Agustos). Informal égrenme
ortamlarinda fen konularinin 6grenilmesine yazma etkinligini
etkisi. VIII. Ulusal Fen Bilimleri ve Matematik Egitimi
Kongresinde sunulan bildiri, Abant Izzet Baysal Universitesi,
Bolu.

Engelhardt, P,, & Beichner, R. (2004). Students understanding
of direct current resistive electrical forces. American Journal of
Physics, 72 (1), 98-115.

Ericson, G., & Tiberghien, A. (1985). Heat and temperature. In
R. Driver, E. Guesne, & A. Tiberghien (Eds.), Childre’s ideas in
science (pp. 52-83). Philadelphia, PA: Open University Press.

Feher, E., & Meyer, K. R. (1992). Children’s conceptions of
color. Joumal of Research in Science Teaching, 29 (5), 505- 520.



YILDIZ, BUYOKKASAP / The Level of Understanding of the Photoelectric Phenomenon in Prospective Teachers and...

Fulwiler, T. (1986). The argument for writing across the cur-
riculum. In A. Young & T. Fulwiler (Eds.), Writing across the
disciplines: Research into practice (pp. 21-32). Upper Montclair,
NJ: Boynton/Cook Publishers, Inc.

Galili, I., Goldberg, E, & Bendall, S. (1991). Some refiactions
on plane mirrors and images. Physics Teaching, 29 (7), 471-477.

Giilgigek, C. (2002). Lise 2. sinif GOgrencilerinin mekan-
ik enerjinin korunumu konusundaki kavram yamlgilar:.
Yayimlanmamus yiiksek lisans tezi, Gazi Universitesi, Egitim
Bilimleri Enstitiisii, Ankara.

Giinel, M., Uzoglu, M. ve Biiyiikkasap, E. (2009). Ogrenme
amagli yazma aktivitelerinin kullaniminin ilkégretim seviyes-
inde kuvvet konusunu dgrenmeye etkisi. Gazi Uniersitesi Gazi
Egitim Fakiiltesi Dergisi, 29 (2), 379-399.

Hand, B., & Prain, V. (2002). Teachers implementing writing-
to-learn strategies in junior secondary science: A case study.
Science education, 86, 737- 755.

Harrison, A. G., Grayson, D. J., & Treagust, D. F. (1999). Inves-
tigation a grade 11 student’s evolving conceptions of heat and
temperature. Journal of Research in Science Teaching, 36, 55-87.

Hohensell, L., Hand B., & Staker, J. (2004). Promoting concep-
tual understatnding of biotechnology: Writing to a younger
audience. American Biology Teacher, 66 (5), 333-338.

Horzum, M. B. ve Alper, A. (2006). Fen bilgisi dersinde olaya
dayali 6grenme yontemi, biligsel stilin ve cinsiyetin 6grenci
basarisina etkisi. Ankara Universitesi Egitim Bilimleri Fakiiltesi
Dergisi, 39 (2), 151-175.

Ireson, G. (2000). The quantum understanding of pre univer-
sity physics students. Physics Education, 35 (1), 15-21.

Kara, M. (2002). Ortadgretim 6grencilerinin 151k ve optik ile ilgili
zor ve yanhs anlagilan kavramlarin tespiti iizerine bir arastirma,
Yayimlanmamus yiiksek lisans tezi, Gazi Universitesi, Fen
Bilimleri Enstitiisii, Ankara.

Ke, J. L., Monk, M., & Duschl, R. (2005). Learning introductory
quantum mechanics. International Journal of Science Educa-
tion, 27 (13), 1571-1594.

Klein, P. D. (1999). Reopening inquiry into cognitive proc-
esses in writing-to-learn. Educational Psychology Review, 11
(3), 203-270.

Langer, J. A., & Applebee, A. N. (1987). How writing shapes
thinking: A study of teaching and learning. Urbana, IL.: National
Council of Teachers of English.

Martin, N., D’Arcy, P,, Newton, B., & Parker, R. (1994). The
development of writing abilities. In C. Bazerman & D. Russell
(Eds.), Landmark essays in writing across the curriculum (pp.
33-49). Davis, CA: Hermagoras Press [Reprinted from Writing
and learning across the curriculum, 12-34 (1976), Ward Lock
Educational UK].

Mashhadi, A., & Woolnough, B. (1999). Insights into students’
understanding of quantum physics: Visualizing quantum enti-
ties. European Journal of Physics, 20, 511-516.

Mason, L., & Boscolo, P. (2000). Writing and conceptual
change. What changes? Instructional Science, 28, 199-226.

McLeod, S. H. (1992). Writing across the curriculum: An intro-
duction. In S. H. McLeod & M. Soven (Eds.), Writing across the
curriculum: A guide to developing programs (pp. 1-11). New-
bury Park, CA: Sage.

National Research Council [NRC]. (1996). National science ed-
ucation standards. Washington, DC.: National Academy Press.

Osborne, R. (1983). Towards modifying children’s ideas about
electric current. Research in Science and Technology Education,
1(1),73-82.

Ozer Keskin, M., Dogan, N. ve Keskin Samanci, N. (2008,
Agustos). Bioetik konularinin ogrenilmesinde ornek bir uy-
gulama: egli tartisma ve yazma. VIIIL. Ulusal Fen Bilimleri ve
Matematik Egitimi Kongresinde sunulan bildiri, Abant Izzet
Baysal Universitesi, Bolu.

Pearce, D. L. (1984). Writing in content area classrooms. Read-
ing World, 23, 234-241.

Periago, M. C., & Bohigas, X. (2005). A study of second-year
engineering students’ alternative conceptions about electric
potential, current intensity and Ohm’s law. European Journal of
Engineering Education, 30 (1), 71-80.

Pospiech, G. (2000). Uncertainity and complementarity: The
hearth of quantum physics. Physics Education, 35 (6), 393-399.

Quinn, K. B. (1995). Teaching reading and writing as modes
of learning in college: A glance at the past; a view to the future.
Reading Research and Instruction, 34, 295-314.

Ramadas, J., & Driver, R. (1989). Aspects of secondary students’
ideas about light. Children’s Learning in Science Project, CSS-
ME Universityof Leeds.

Rivard, P. L., & Straw, B. S. (2000). The effect of talk and writing
on learning science: An exploratory study. Science Education,
84, 566-593.

Rubin, H. J. (1983). Applied social research. Columbus, OH:
Charles E. Merrill Publishing.

Russell, D. R. (1991). Writing in the academic disciplines: 1870-
1990: A curricular history. Carbondale, IL.: Southern Illinois
University Press.

Sencar, S., & Eryilmaz, A. (2004). Factors mediating the effect
of gender on ninth-grade Turkish students’ misconceptions
concerning electric circuits. Journal of Research in Science
Teaching, 41 (6), 603-616.

Shipstone, D. M., Rhoneck, C., Von and Jung, W., Kirrqvist, C.,
Dupin, J. J., Joshua, S. et al. (1988). A study of students’ under-
standing of electricity in five European countries. International
Journal of Science Education, 10 (3), 303-316.

Singh, C., Belloni, M., & Christian, W. (2006). Improving stu-
dents’ understanding of quantum mechanics. Physics Today, 59
(8), 43-49.

Solomon, J. (1984). Alternative views of energy. Physics Educa-
tion, 19, 56-56.

Sokmen, N., Bayram, H. ve Yilmaz, A. (2000). 5., 8. ve 9. Sinif
ogrencilerinin fiziksel ve kimyasal degisim kavramlarini an-
lama seviyeleri. Marmara Universitesi Atatiirk Egitim Fakiiltesi
Egitim Bilimleri Dergisi, 12, 261-266.

Strnad, J. (1981). Quantum physics for beginners. Physics Edu-
cation, 16, 88-92.

Styer, D. E. (1996). Common misconceptions regarding quan-

tum mechanics. American Journal of Physics, 64, 31-34.

Sen, A. I. (2000). Kuantum fizigi alan 6gretimi konusunda
Almanyada yapilan tartigmalarin son durumu. Hacettepe
Universitesi Egitim Fakiiltesi Dergisi, 19, 122-127.

Thomas, M. E, Malaquias, I. M., Valente, M. C., & Antunes,
M. J. (1995). An attempt to overcome alternative conceptions
related to heat and temperature. Physics Education, 30, 19-26.

2273 qh



EDUCATIONAL SCIENCES: THEORY & PRACTICE

Uzoglu, M., Giinel, M., & Biiyiikkasap, E. (2008, Agustos).
Ogrenme —amagl  yazma  aktivitelerindeki  varyasyonun
ilkogretim seviyesinde fen konularint grenmeye etkisi. VIIL. Ul-
usal Fen Bilimleri ve Matematik Egitimi Kongresinde sunulan
bildiri, Abant {zzet Baysal Universitesi, Bolu.

Waats, D. M. (1983). Some alternative views of energy. Physics
Education, 18, 213-216.

Yeo, S., & Zadnik, M. (2001). Introductory thermal concept
evaluation: Assessing students’ understanding. The Physics
Teacher, 39, 495-504.

Yildirim, A. & Simsek, H. (2005). Sosyal bilimlerde nitel
arastirma yontemleri. Ankara: Segkin Yayincilik.

Yildiz, 1. (2000). Ilkégretim 6. Stnif 6grencilerinin isik iinitesin-
deki kavram yanilgilari. Yayimlanmamus yiiksek lisans tezi, Ka-
radeniz Teknik Universitesi, Fen Bilimleri Enstitiisii, Trabzon.

Young, A., & Fulwiler, T(eds.). (1986). Writing across the disci-
plines: Research into practice. Portsmouth, NH.: Boynton.



