PEGEM JOURNAL OF

EDUCATION

INSTRUCTION

Article Type:
Research Paper

Original Title of Article:
Examining the high school students’ transfer levels of modern physics topics to daily life

Turkish Title of Article:
Ortadgretim o6grencilerinin modern fizik konularini giinlik hayata transfer dizeylerinin
incelenmesi

Author(s):
Onur YALCIN, Nuri EMRAHOGLU

For Cite in:
Yalgin, O. & Emrahoglu, N. (2017). Examining the high school students’ transfer levels of

modern physics topics to daily life. Pegem Egitim ve Ogretim Dergisi 7(1), 115-158,
http://dx.doi.org/10.14527/pegegog.2017.005

Makale Turi:
Ozgiin Makale

Orijinal Makale Baghig::
Examining the high school students’ transfer levels of modern physics topics to daily life

Makalenin Tiirk¢e Baghigi:
Ortadgretim oOgrencilerinin modern fizik konularini glinlik hayata transfer dizeylerinin
incelenmesi

Yazar(lar):
Onur YALCIN, Nuri EMRAHOGLU

Kaynak Gosterimi igin:

Yalgin, O. & Emrahoglu, N. (2017). Examining the high school students’ transfer levels of
modern physics topics to daily life. Pegem Egitim ve Odgretim Dergisi 7(1), 115-158,
http://dx.doi.org/10.14527/pegegog.2017.005

P PEGEMAKADEMI



Q

8 & Pegem Egitim ve Ogretim Dergisi, 7(1), 2017, 115-158
52}

8 PEGEM www.pegegog.net
& AKADEMI

Examining the High School Students’ Transfer Levels of Modern Physics
Topics to Daily Life
Onur YALCIN®, Nuri EMRAHOGLU"

*The Ministry of National Education, Adana/Turkey
®Cukurova University, Faculty of Education, Adana/Turkey CrosgMark

Article Info Abstract

This study was conducted to determine the 11th-grade high school students’ transfer

DOI: 10.14527/pegegog.2017.005 . - e .
levels of the modern physics topics to daily life in the context of the physics course.

Article history: The sample of the study figured in the form of the mixed method constituted 314
Received 02 March 2016 11th-grade students selected with the cluster sample method. The Modern Physics
Revised 27 April 2016 Success Test (MPST) and Modern Physics Transfer Test (MPTT) developed by the
Accepted 21 December 2016 researchers were used in the study. The study process was conducted quantitatively
Online 05 February 2017 and qualitatively. The correlation between the MPST and MPTT scores of the students

was identified in the quantitative section while the students’ transfer levels of the
Keywords: modern physics topics to daily life were determined in the qualitative section. As a
Physics education, result of the analyses of the study, a weak, positive and significant relationship was
Modern physics, found between the MPST and MPTT scores. In addition, It was revealed that the
Constructivism, students’ transfer levels of the modern physics knowledge were zero transfer,
Transfer of knowledge. deficient transfer, and complete transfer and it was identified that the level of

complete transfer was considerably low. Regarding the transfer of the modern physics
Article Type: knowledge to daily life, the topics, which complete transfer levels were the highest,
Research paper were found as “Photoelectric Incident” and “Black-Body Radiation”, and the topics,

which complete transfer levels were the lowest, were detected as “Matter Waves” and
“Pauli Exclusion Principle”. Furthermore, it was also identified that the students’
transfer levels varied according to other modern physics topics.

Ortadgretim Ogrencilerinin Modern Fizik Konularini Giinliik Hayata
Transfer Diizeylerinin incelenmesi

Makale Bilgisi 0z

Bu arastirma, ortadgretim on birinci sinif 6grencilerinin fizik dersi kapsaminda modern
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fizik konularini guinlik yasama transfer edebilme dizeylerini belirlemek amaciyla

Makale Gegmisi: yapiimigtir. Karma ydntem seklinde desenlenen arastirmanin orneklemini, kime
Gelig 02 Ocak 2016 orneklemi yontemiyle segilen 314 on birinci sinif 6grencisi olusturmustur. Arastirmada,
Dlzeltme 27 Nisan 2016 arastirmacilar tarafindan gelistirilen Modern Fizik Basari Testi (MFBT) ve Modern Fizik
Kabul 21 Aralik 2016 Transfer Testi (MFTT) kullaniimigtir. Arastirmanin galisma siireci nicel ve nitel olarak
Cevrimici 05 Subat 2017 gerceklesmistir. Nicel bolimde, o6grencilerin MFBT ve MFTT puanlari arasindaki

korelasyon durumu; nitel bolimde ise 6grencilerin modern fizik bilgilerini glnlik
Anahtar Kelimeler: yasama transfer edilebilme duzeyleri tespit edilmistir. Arastirmanin analizleri
Fizik egitimi, sonucunda; MFBT ve MFTT puanlari arasinda pozitif, zayif ve anlamli bir iligki
Modern fizik, bulunmustur. Ogrencilerin modern fizik bilgilerinin transfer diizeylerinin ise; sifir
Yapilandirmacilik, transfer, eksik transfer ve tam transfer oldugu sonucuna ulasiimis olup tam transfer
Bilgi transferi. seviyesinin olduk¢a diisiik oldugu tespit edilmistir. Modern fizik bilgilerinin gtnlik

yasama transferinde; tam transfer diizeyinin en gok oldugu konular “Fotoelektrik Olay”
ve “Kara cisim Isimasi”, tam transfer dizeyinin en az oldugu konular ise “Madde
Dalgalarl” ve “Pauli Disarlama ilkesi”dir. Ogrencilerin diger modern fizik konulara gére
transfer duzeylerinin farkhlastigi da tespit edilmistir.
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Introduction

The developments experienced in science and technology provide the exploration and
understanding of the world we live in with scientific facts. The innovations and changes resulting from
the fact that these developments support each other caused the definition of a qualified person
required in the society to change (Ministry of National Education [MNE], 2011). Raising productive,
inquisitive, problem solving, critical thinking individuals who learn to learn and reach information and
who know various thinking ways and who can apply them in different fields, instead of individuals who
learn without understanding or by rote, becomes the main goal (MNE, 2009; Hmelo-Silver, 2004). What
learning should be becomes significant in achieving these goals. The changes in this direction require the
updating of the course curriculum in schools with new developments, their association with daily life,
the development of different perspectives, and making them suitable for the age. In this context,
changes have begun to be made in the high school physics curriculum in our country. Along with the
changes made in the physics curriculum since 2009, the purpose of physics teaching has become to raise
individuals who perceive that physics is associated with daily life, who solve daily life problems with
scientific methods, who can examine the interactions between physics and environmental factors and
who have creative scientific thinking instead of students who learn by heart and without questioning the
knowledge (MNE, 2009).Physics, one of the natural sciences, allows understanding of the basic laws of
the universe and understanding of the physical world (Serway & Beichner, 2002).In individuals,
information should not only be learned theoretically but also can be transferred to daily life since
physics is a science that describes the events and situations we face in daily life. The main purpose of
physics education in transferring knowledge is to be able to make students scientific literate in physics
literacy. Scientific literacy is to understand the nature of science, to be able to make a distinction
between scientific knowledge and personal opinion, to think creatively and to understand how
information is obtained (Glzel, 2004).The fact that students associate the events that affect their lives
with the information they have learned in school largely contributes to their scientific literacy (Aycan &
Yumugak, 2003). In the education system, students should be educated in a way to have high-level
thinking skills such as problem-solving and critical thinking, with respect to becoming scientific literate.
In order to achieve all these goals, physics teaching should be performed in the form of bringing and
developing scientific thinking skills and associating information with daily life in addition to increasing
the academic success of physics in the educational process (Akpinar, 2006). Therefore, learning should
be in the form of discovering, questioning, researching, structuring, organizing and associating with daily
life. Learning which is formed by combining these theories is called constructivist learning (Basaran,
2005). Constructivist learning is the creation and interpretation process of information and meaning in
mind along with the individual's actions and experiences (Jonassen, Peck, & Wilson, 1999).

The new physics curriculum prepared according to the constructivist approach draws attention to
the stable and incomplete information transfer encountered in the traditional teaching approach.
Information transfer is a process that involves recognizing the similarity between two situations or
concepts, mental analysis of problem solutions and applying them to new situations, and the application
of them within a scientific context with new ideas and skills (Greeno, 2006; ilkériici-Gé¢mengelebi &
Ozkan, 2010; Emrahoglu & Mengi, 2012). The stable information transfer is the fact that the information
learned cannot be transferred scientifically to daily life; the incomplete information transfer is the use of
scientific information in certain situations in the transfer of information to daily life (Arpagus, Mogol, &
Unsal, 2015; MNE, 2009; Ozkaynak, 2008). In many studies conducted, students were found to have
problems in transferring their information from different disciplines to daily life (Aycan & Yumusak,
2003; Erduran, 2002; Etkina, Karelina, & Villasenor, 2006; Kirtak, 2010; Muller & Wiesner, 1999;
Yesildag, 2009). However, the purpose of education systems and programs is that students can associate
the information they have with scientific expressions and daily life and can use the problem-solving
process. Problem solving is a learning process involving cognitive, behavioral and attitudinal
components as well as higher-level cognitive skills and activities of evocation, abstraction,
comprehension, skills, reasoning, analysis and synthesis and generalization (Yalgin & Yaman, 2005).
Therefore, physics teaching in high school education should be aimed at scientifically understanding the
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events encountered by students in daily life and producing solutions. Beside this, it is also necessary to
raise the consciousness of "Why do we need physics in daily life?" (Bozkurt, 2008). The fact that learning
is an active process, that knowledge is structured with experiential experiences, that knowledge is not
taken directly in learning and that knowledge is scientifically associated with daily life are important for
physics courses to achieve their objectives (Abhang, 2005) because the fact that modern physics
contains atomic substructures and examines the uncertainty and probability of microparticles and their
effect on the universe, and the lack of certainties in the classical Newtonian physics by its nature
complicate the teaching and learning process of modern physics (Abhang, 2005; Bozdemir & Eker, 2007;
Deslauriers & Wieman, 2011; Pospiech, 2000). Therefore, modern physics should be taught to students
in a way to develop logical, critical solutions and scientific thinking for the situations, events or problems
they may encounter in daily life instead of theoretical knowledge independent of daily life (Didis, Ozcan,
& Abak, 2008). When the relevant literature is examined in this context, it is seen that students do not
learn by transferring the knowledge and cannot apply the steps of problem-solving process in physics
topics that are included in elementary education science courses. Many studies have been conducted to
determine this situation (Arpagus et al., 2015; Ay, 2008; Aycan & Yumusak, 2003; Etkina, Karelina, &
Villasenor, 2006; Kamaraj, 2009; Kirtak, 2010; Emrahoglu & Mengi, 2012). It has been determined that
there are a small number of studies to determine the transfer levels in high school physics topics
(Bozkurt, 2008; Erduran, 2002; Ozkaynak, 2008; Yilmaz 2008). These studies are related to the transfers
of optics and matter, heat and temperature, magnetism and optic-heat topics to daily life, respectively.
In this context, it is seen that the transfer of modern physics to daily life in high school education has not
been investigated. In addition, studies conducted on modern physics indicate that modern physics is not
understood and there is still wrong learning (Bilal & Erol, 2007; Miiller & Wiesner, 2002; Ozdemir & Erol,
2008; Ozdemir & Erol, 2011; Singh, Belloni, & Christian, 2006; Wittmann, Steinberg, & Redish, 2002). In
these studies, it was also found that modern physics knowledge of students was not examined in depth
but was measured only by quantitative methods. It is thought that this study designed with a mixed
method to examine the issue in depth will contribute to the field in terms of revealing how modern
physics knowledge in students is structured according to the constructivist theory and their problem-
solving skills, and taking measures against this problem by determining students' modern physics
knowledge adequacy. In addition to this, the results of the study will be guiding in terms of emphasizing
the importance of the transfer of knowledge to daily life for meaningful learning in the teaching of
modern physics knowledge for the field education, researchers and high school physics teachers who
want to conduct research in the field. Therefore, the transfer of knowledge acquired by 11th-grade high
school students (EHSS) in physics course Modern Physics units to daily life and their transfer levels were
investigated in the study. In this context, answers to the following questions were sought:

1. Is there a significant relationship between the success scores of modern physics knowledge of
students and the transfer scores of modern physics knowledge to daily life?
2. At what level did students' levels of transferring modern physics knowledge to daily life take place?

Do students' levels of transferring modern physics knowledge to daily life constitute a significant
difference according to the variable of gender?

4. Within the context of modern physics knowledge, what are teachers' opinions about modern physics
knowledge and their status of transferring this knowledge to daily life?

Method
Research Design

This study is a mixed method-designed study to determine the association status of knowledge
acquired in physics courses at high school stages with different contexts. Mixed method investigations
provide the identification of the fact/concept examined qualitatively and quantitatively and a more
detailed understanding of the existing problems/facts using quantitative and qualitative methods
together in successive studies in the research process (Cresweel, 2003).
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In the study, attempts to examine the modern physics knowledge of students by quantitative
methods and to examine the transfer of their modern physics knowledge to daily life with qualitative
methods were made. The sample of the study was constituted of the cluster sample method, which is
one of the probability based sampling methods. The cluster sample is the groups that have occurred or
have been formed naturally or artificially in the population in which research is conducted and that are
similar in terms of certain characteristics (Yildinm & Simsek, 2011, p.105). The clusters that constituted
the research sample were clustered according to socio-cultural, socio-economic and academic success
levels.

Participants

The study group of the research consisted of eleventh-grade students of seven high schools located
in the central districts of Adana province in the spring semester of the 2012-2013 academic years. A
total of 314 eleventh-grade high school students including 136 male and 178 female students
participated in the study group of the research. Within the scope of the study, the fact that the socio-
cultural and socio-economic structures of schools are different was found out based on teachers’
opinions and demographic information of students. The difference of schools' general success levels was
determined from students' general academic grade score averages and YGS (transition to higher
education examination)-LYS (undergraduate placement exam) exam results, and the information that
students had different success levels in physics course was determined from the physics course exam
results. As a result of the examinations made, it was found that seven schools and classes where the
study was conducted had a heterogeneous group feature in terms of socio-economic, socio-cultural and
academic success.

Instrument

In the study, the Modern Physics Success Test (MPST) and the Modern Physics Transfer Test (MPTT)
were used, both of which were developed by the researchers.

Modern Physics Success Test (MPST): The steps indicated during the development of the Modern
Physics Success Test were followed to be able to determine the Modern Physics success of 11th-grade
high school students. (i) In order to develop the Modern Physics Success Test used in the study, the
achievements that are included in the modern physics unit of the High School Education MNE Physics
11th-grade course book were written, and the table of specifications was prepared. (ii) A multiple-
choice 75-item test was created by determining seven sub-questions appropriate to the achievements
for each topic with four experts for the content validity in the creation of test items. For the pilot
application, multiple-choice 75 questions appropriate to the achievements were formed by selecting
from the modern physics questions asked in central exams (YGS-LYS-OYS) conducted by OSYM
(Assessment Selection and Placement Center) and from the questions of modern physics resource books
examined by four experts (Abaci; 2012; Ayan, 2012; Acar, Giimiis, & Alvan, 2012; Kum, 2011; Ozdemir &
Aras, 2011). (iii) The 75-item pilot test used in the study was applied to 344 12th-grade high school
students studying in seven high schools who had previously learned these topics and were preparing for
the LYS exam. (iv) The data obtained in the pilot and main applications of MPST were analyzed by the
data of sub and upper 27.00% groups. The items with a distinctiveness index of less than .20 and item
strength of less than .30 were excluded from the test. In addition, whether there was a significant
difference between sub-upper 27.00% groups or not was determined by the independent samples t-test
(Buyikoztirk, 2010, p. 171). When the results of the item analyses were examined, the items with a
distinctiveness index of less than .20 and item strength of less than .30, and 2 items with t-value and p-
value greater than .05 were excluded from the test. Besides, it was determined that the scores were
changed when item variances and item standard deviation were examined. The number of the items in
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the test was reduced to 30 along with the items excluded according to the analysis results. The other 5
items were excluded from the test by consulting the expert opinions with the analysis results as
reducing the number of items in the test to 25 only with students' responses would affect the content
validity. (vi) The distinctiveness of the items in the “Modern Physics Success Test” consisting of twenty-
five questions was found to vary between .32 and .56. In this context, KR-20 to calculate the reliability of
the test, average difficulty, and the other analysis results are presented in Table 1.

Table 1.

MPST Pilot Study Test Analysis Results.

N. of Question N X Sd p; KR 20
25 344 11 1.22 44 74

When Table 1 is examined, the fact that pi value and KR-20 of the MPST were calculated to be .44
and .74, respectively, indicates that the test was moderately difficult and highly reliable. When the
analysis results are evaluated together, it is possible to say that MPST has a sufficient validity and
reliability for its main application. The KR-20 value was calculated to be .81 in the main application of
MPST. This indicates that MPST is also reliable in the main application. The examples of the questions
regarding the success test are presented in Figure 1.

MODERN PHYSICS SUCCESS TEST

1. Withreference to the reference system;
l. Thereis no absolute stable reference system in the universe.
Il. Theworld can be taken asan inert reference system.
M. Newton's law appliesin theinertial reference system.

Which one of the judgments is true.

A) Onlyl B) Onlyll C)landll
D)lland Il E)1, lland il

2. Whilethebarwhich is 5m inlengthinactive on the ground was going at the speed of v speed according to
the ground in its own direction, the observer on the ground measured the length of the baras 4 m.
Accordingly, how many cis v? {c: speed of light in space)

A)0.10 B)0.20 C)0.40 D)0.60 E)0.80

Figure 1.Example for MPST.

Modern Physics Transfer Test (MPTT): The MPTT used in the research process was developed by the
researchers and consisted of two sections. The first section of the MPTT consisting of 11 questions was
composed of multiple-choice questions, namely daily life problems/events with five choices of each
problem. The second section included the "Why" section for the explanation of the answers given to
examine the association of students' modern physics knowledge with modern physics topics. This
section in which students were asked to explain their answers was evaluated qualitatively. The text
reading sections relevant to the topic in the high school education 10th and 11th-grade physics course
books of MNE and the reading texts in Giindiiz (1999) were used in the formation of MPTT. Attention
was also paid to the fact that the topics of the MPTT were parallel to the topics of the MPST. The
opinions of the six experts were asked and the necessary corrections were made in the formation of the
MPTT. The opinions of the experts were asked again after the pilot application performed with 30
students, the main application was initiated upon the fact that there was not any problem with the
MPTT. The example for the questions in the MPTT is presented in Figure 2. (All questions of the MPTT
are attached.)
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A piece of metal similar to gold in terms of shape and appearance was found in an excavation performed by
Archaeclogists in the Corum region. But they were undecided whether or not this metal piece was gold. It was
understood that this mine was gold after various experiments made.

Which modern physics event is the point in question in this event explained?

a) Photoelectric incident
b) Atom Spectrum
c) Compton incident

d) Matter Waves (De Broglie)
e) Black-body Radiation
* Why A/B/C/D/E?

Figure 2.Example for MPTT.

Procedure

The tests were developed in January of the 2012-2013 spring semester, and the main application
was performed during April-May of the 2012-2013 spring semester. In the study, the main application
was applied to 314 (136 M, 178 F) 11th-grade students who were studying in seven high schools where
the pilot application of the MPST was performed and who had a full knowledge of the topic.

Data Analysis

SPSS 17.0 software was used for the quantitative data in the study. The correlation method was used
as the analysis method, and its significance level was evaluated to be p<.05. The codes and themes were
created in the data analysis of the MPTT. Students' answers were coded and grouped, and the themes
of transfer statuses were uncovered from the codes. The codes were determined as the wrong answer,
correct answer, correct answer wrong explanation, correct answer irrelevant explanation, correct
answer deficient explanation and correct answer correct explanation. The themes were in the form of
zero transfer, deficient transfer and complete transfer. The zero transfer is in the form of the wrong
answer, correct answer no explanation, correct answers wrong explanation, and correct answer
irrelevant explanation. The deficient transfer is in the form of the correct answer deficient explanation,
and complete transfer is in the form of the correct answer correct explanation. In addition, the codes
which were used in the study of Emrahoglu and Mengi (2012) were also used in the study. After the
applications, the data were coded by two researchers to determine the reliability of the data in the
coding process. The codes determined by the two researchers were compared to determine that these
codes were consistent. In the study, Miles and Huberman’s (1994) reliability formula (Reliability=
Consensus/Consensus + Dissensus) was used to calculate the reliability, and the reliability was calculated
to be .86.

Results

Findings regarding the answers to the questions in the purpose and sub-purposes of the study are
presented in this section of the research.

Descriptive Results and Correlation Value of MPST and MPTT Points

Table 2.

Descriptive Values of Students' MPST and MPTT Points
Tests N X Sd r
MPST 314 14 4.26 .20
MPTT 314 .83 1.26
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When Table 2 was examined, it was concluded that the MPST's arithmetic mean was (X=14.00), the
standard deviation was 4.26, and that MPTT’s arithmetic mean was (X=.83), the standard deviation was
1.26. The correlation between the MPST and MPTT was calculated to be .20 at the significance level of
p=.00. The fact that the correlation coefficient was (r(14 = .20; p=.00) indicates that the correlation
between the MPST and MPTT was a weak, positive and significant relationship (Blytkoztirk, 2010,
p.181).

Transfer Levels Findings Related to the Explanation Section of the MPTT

In the question of (Why?) in the second section of the MPTT, the students' answers were coded and
grouped, and the themes of transfer statuses were uncovered from the codes. The frequency and
percentage distributions of the codes generated during the analysis of the data are as following.

Table 3.
Answers regarding the Association of the Black-Body Radiation Topic with Daily Life.
Answers Associated with the topic Frequency(f) Percentage (%)
Wrong 124 39.49
Correct CKWTA 100 31.85
KWTA Irrelevant Explanation 20 6.37
Wrong Explanation 16 5.09
Deficient Explanation 39 12.42
Correct Explanation 15 4.77
Total 314 100.00

*CKWTA= cannot know with which topic it is associated
*KWTA= knows with which topic it is associated

According to the results of the analysis of the Black-Body Radiation topic in Table 3, it is seen that a
total of 124 students (39.49%) gave wrong answers, and 100 students by 31.85% cannot know with
which topic it is associated although they answered the question correctly. Some of the statements of
20 students (6.37%) who made an irrelevant explanation to the correct answers are in the forms of
"Thermal cameras perceive warm-blooded animals (5109), There is no visible illumination other than
blackbody (5272), and The object in the dark does not give an image (S176)".Some of the statements of
16 students (5.09%) who made wrong explanations to the correct answers were reported as "Thermal
cameras work according to the photoelectric principle (S30), Electron is seen in hot bodies (S36), Thermal
camera detects the objects with the difference (subtraction) of temperature and energy (S37), and The
broken electron produces electrons at the cathode (543)". The statements of 39 students (12.42%) who
made deficient explanations to the correct answers were reported as "The radiation is due to
temperature (530), The black body absorbs the whole light (5193), and The radiation depends on the
heat (5150), (§167)". It is seen that 15 students (4.77%) answered the problem correctly and associated
it with the appropriate topic and explained the solution with scientific knowledge. Students' statements
for correct explanations were "The wave emitted by the objects in the incident depends on its length and
the wavelength depends on the temperature, and the wavelength and temperature are inversely
proportional (S38), (579), (S80), The difference of the electromagnetic radiations emitted by the objects
due to temperature change, namely, the wavelength is different (S119), (5128)”.
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Table 4.
Answers regarding the Association of the Photoelectric Incident Topic with Daily Life.

Answers Associated with the topic Frequency (f) Percentage(%)
Wrong 84 26.75
CKWTA 142 45.22

Correct KWTA Irrelevant Explanation 29 9.26
Wrong Explanation 10 3.18

Deficient Explanation 27 8.60

Correct Explanation 22 7.00

Total 314 100.00

When Table 4 was examined, it was concluded that 84 students (26.75%) gave wrong answers, and
142 students (45.22%) could not know with which topic it was associated although they gave correct
answers. The irrelevant explanations of 29 students (9.26%) for the correct answers in the scientific
association were "There is no battery in this circuit (S231), It is a reflection system (5167), Radiation
happens with numbers (S286)". Some of the wrong explanations of 10 students (3.18%) to correct
answers were "It js the coming and returning to the place where incoming photons are perceived (5152),
The photon detects when it hits anywhere (5160)", It results from the fact that the light does not come
back by sending it to the bodies (5202)". Some of the statements of 27 students (8.60%) who made
deficient explanations to the correct answers were reported as "Electron breakups of the light (543),
(S57), Photocells are used (521), (S40)". The number of students who could explain correct answers with
the correct scientific knowledge was 22 (7.00%). The quotations of students from these explanations are
"The beam falling on cathode breaks electron and provides the formation of the circuit (5136), (5154), It
is the fact that the light breaks electron from the metal surface (S149), (5164), (S168), (S135).”

Table 5.
Answers regarding the Association of the Compton Incident Topic with Daily Life.

Answers Associated with the topic Frequency (f) Percentage(%)
Wrong 131 41.72
Correct CKWTA 150 47.77
KWTA Irrelevant Explanation 17 5.41

Wrong Explanation 4 1.28

Deficient Explanation 7 2.23

Correct Explanation 5 1.60

Total 314 100.00

According to the results of the analysis of the Compton Incident topic in Table 5, it is seen that 131
students (41.72%) gave wrong answers, and 150 students (47.77%) could not know with which topic it
was associated although they answered correctly. Some of the statements of 17 students (5.41%) who
made an irrelevant explanation to the correct answers were "The rays pass through the object and that
place is illuminated (S69), (S81), (5103), There is a collision (535), (S167)."The number of students who
scientifically made a wrong explanation to correct answers was four (1.28%), their statements were "It is
illuminated if the light passes (S65), The beam is transmitted and reflected back (S107)". The statements
of seven students (2.23%) who made deficient explanations to the correct answers were "Photons hit
the object, are scattered and pass (582), It is the interaction of the transmitted rays with electrons
(5214), (5215)". It was found that the number of students who answered the Compton Incident topic
correctly and made correct explanations was five (1.60%). Some of the statements of the students were
"The collision and scattering of the emitted rays with atom are the energy and momentum conservation
(5283), The rays interact or scatter with the particles they act (5282), (579).”
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Table 6.
Answers regarding the Association of the Laser Beam Topic with Daily Life.
Answers Associated with the topic Frequency (f) Percentage (%)
Wrong 149 47.45
Correct CKWTA 109 34.71
KWTA Irrelevant Explanation 32 10.20
Wrong Explanation 6 1.91
Deficient Explanation 9 2.86
Correct Explanation 9 2.86
Total 314 100.00

In the answers regarding the association of the laser beams with daily life in Table 6, it was
concluded that 149 students (47.45%) gave wrong answers and 109 students (34.71%) were unable to
explain their correct answers. 32 students (10.20%) made irrelevant explanations to their correct
answers and reported some of their statements as "Because it is three-dimensional (S24), (S287), Lasers
are beams with reflection feature (S122), (S236)".The number of students who made wrong
explanations to their correct answers was six (1.91%). Some expressions about explanations were stated
as "Lasers go without breaking (S2), (588), It is an opposite-phase image formation (S132), and Lasers
are the rays with excess intensity (density) (S79)”. Nine students (2.86%) made deficient explanations to
their correct answers, and their statements were reported as "Laser technique is the basis of the
hologram (S65), Lasers are the rays that can go far away without scattering (S68), (5126)". It was
concluded that nine (2.86%) students gave correct answers and made scientifically correct explanations.
Some of the explanations of the correct answers about this topic were "Lasers are single-frequency and
same-phase beams (5241), (5273), (S293), Lasers are parallel intense beam bundles (S175)".

Table 7.
Answers regarding the Association of the Atomic Spectrum Topic with Daily Life.
Answers Associated with the topic Frequency (f) Percentage(%)
Wrong 87 27.70
Correct CKWTA 154 49.05
KWTA Irrelevant Explanation 24 7.64
Wrong Explanation 14 4.46
Deficient Explanation 28 8.92
Correct Explanation 7 2.23
Total 314 100.00

When Table 7 was examined, 87 students (27.70%) gave the wrong answer to the atomic spectrum
topic, and 154 students (49.05%) answered it correctly. Some statements of 24 students (7.64%) who
knew with which topic it was associated and made irrelevant explanations were reported as "The atomic
spectrum is the physical structure of the material (S126), The atom is analyzed in the pieces of the
material (5213), (5214)". The statements of 14 students (4.46%) who made wrong explanations to the
correct answers were reported as "Atomic spectrum mass number and atomic number are in the
periodic table (S106), (5282), They are the matters with the same atomic packing (S205), With the beam
sent, the matter enables itself to be found (527)". Some of the statements of 28 students (8.92%) who
made deficient explanations to the correct answers were "The atomic spectrum has a distinctive feature
for matters (52), (S65), (S75), (S82) (S103), We should know the wavelengths (S91), (521)".The number of
students who made correct explanations to the correct answers was seven (2.23%). Some of their
statements were "Each substance emits and spreads radiation with its own unique wavelength (S5),
(521), (S27), (S16), The structure of the atom makes a difference in the atomic spectrum lines (S68), (S4)".
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Table 8.
Answers regarding the Association of the Matter Waves (De Broglie) Topic with Daily Life.
Answers Associated with the topic Frequency (f) Percentage (%)
Wrong 197 62.73
Correct CKWTA 110 35.03
KWTA Irrelevant Explanation 2 .67
Wrong Explanation 3 .96
Deficient Explanation 2 .67
Correct Explanation 0 .00
Total 314 100.00

In Table 8, it was concluded that 197 students (62.73%) gave wrong answers to the topic of Matter
waves, and there were 110 students (35.03%) who could not make an explanation although they gave
correct answers. The statements of two students (.67%) who made an irrelevant explanation to the
correct answers were "De Broglie is distinguishing (S82), De Broglie experiments were done (592)”. The
number of students who made wrong explanations to the correct answers was three (.96%). The
quotations from these statements were "High-energy radiation is required for micro-level creatures
(536). There must be a wave of matter to explain things like atoms, metals (5199)". The statements of
two students (.67%) who made deficient explanations to the correct answers were "There is a wave
accompaniment in the waves of matter (S42), (S278)". It was concluded that there was not any
scientifically correct explanation to the correct answers. The correct explanation expected from the
students in this problem is that each object with mass and momentum is accompanied by a wave, and
these waves accompanying the moving material particles are the waves of matter different from
mechanical and electromagnetic waves.

Table 9.

Answers regarding the Association of the X-Rays Topic with Daily Life.
Answers Associated with the topic Frequency (f) Percentage (%)
Wrong 102 32.48
Correct CKWTA 179 57.00
KWTA Irrelevant Explanation 18 5.73
Wrong Explanation 4 1.28
Deficient Explanation 8 2.55
Correct Explanation 3 .96
Total 314 100.00

When the values in Table 9 were examined, it was found that a total of 102 students (32.48%) gave
wrong answers to the topic of X-rays, and 179 students (57.00%) were unable to associate appropriately
with the topic although they answered the question correctly. It was stated that 18 students (5.73%)
made irrelevant explanations to the correct answers, and their statements were "This ray is used in X-
ray and other devices (537), (540), (5118), Only x rays pass through our body (5153), (5200)". Four
students (1.28%) gave correct answers but made wrong explanations, and their statements were "X-ray
should not exceed the energy quota (541), X-rays are intense (S168), (5221)”. Some statements of eight
students (2.55%) who made deficient explanations to the correct answers were "X-rays are the
bombardment of electrons at a high speed on a moving matter (S155), (S234), the rays become
weakened and scattered when X-ray encounters with an obstacle (5233)”. Three students (.96%)
answered the problem correctly and explained it with the appropriate topic and scientific knowledge.
The quotations of the students' correct answers were "It is the fact that the frequency of X-ray is large,
namely, the wavelength is small (S14), X-rays have large spectrum, very low wavelengths, very big
energy and penetration ability (5236)”.
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Table 10.

Answers regarding the Association of the Pauli Exclusion Principle Topic with Daily Life.
Answers Associated with the topic Frequency(f) Percentage (%)
Wrong 190 60.51
Correct CKWTA 119 37.90
KWTA Irrelevant Explanation 2 .67
Wrong Explanation 3 .96
Deficient Explanation 0 .00
Correct Explanation 0 .00
Total 314 100.00

According to the analysis results of Table 10, 190 students (60.51%) gave wrong answers and 119
students (37.90%) answered correctly. This result shows that students have a deficiency in the
application of Pauli Exclusion Principle knowledge to daily life. Two students (.67%) made irrelevant
explanations to the correct answers, and their statement was "Pauli excluded the atom (S9), (5206)".
Three students (.96 %) made wrong explanations to the correct answers, and their statements were
"The working of the object is determined according to the wave length (5112), If you give a lot of energy
to the matter, that matter excludes that energy (S162)". It was also concluded that students were
unable to make deficient and correct explanations although they gave correct answers to the problem.
The correct explanation expected from students in this problem related to the Pauli Exclusion Principle
is that two electrons never present in one atom in the same quantum state, in other words, two
electrons of the same atom cannot have the same set of quantum numbers. If this principle was not
valid, each electron would go to the lowest energy state and settle there and would cause chemical
behaviors of the elements to change, and the formation of different elements would not be in question.

Table 11.

Answers regarding the Association of the Atom Models Topic with Daily Life.
Answers Associated with the topic Frequency (f) Percentage (%)
Wrong 154 49.05
Correct CKWTA 124 39.50
KWTA Irrelevant Explanation 9 2.87
Wrong Explanation 6 1.91
Deficient Explanation 13 4.14
Correct Explanation 8 2.55
Total 314 100

When the answers regarding the association of the Atom Models topic with daily life in Table 11
were examined, it was concluded that 154 students (49.05%) gave wrong answers and 124 students
(39.50%) could not make explanations to the correct answers. Some of the statements of nine students
(2.87%) who made irrelevant explanations to the correct answers were reported as "The more energy is
sent, the more atoms are removed (5237), (5236), The atom constantly changes in human (S125)".Six
(1.91%) students made wrong explanations to the correct answers, and some of their statements were
"Energy levels give atom (S167), Highest level of atom is required for the disintegration of the human
body (S43)". 13 students (4.14%) made deficient explanations to the correct answers, and some
statements of them were reported to be "Atom model explains the atom (S14),(S17), (527), (S2), Cells
are made up of atoms. (519), (5106)". It was concluded that eight (2.55%) students gave correct answers
and made scientifically correct explanations. Some of their statements were reported to be “Cells are
made up of atoms. Atom is also explained by different and identical features of atomic models
(5285),(5179), (S182), There are proteins, carbohydrates ... in the cells in living creatures, they also have
atom (5105),(5250).”.
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Table 12.

Answers regarding the Association of the Energy Levels Topic with Daily Life.
Answers Associated with the topic Frequency (f) Percentage (%)
Wrong 173 55.09
Correct CKWTA 121 38.53
KWTA Irrelevant Explanation 3 .96
Wrong Explanation 4 1.27
Deficient Explanation 11 3.50
Correct Explanation 2 .67
Total 314 100.00

According to the analysis results obtained in Table 12, 173 students (55.09%) gave wrong answers to
the topic of Energy Levels, and 121 students (38.53%) gave correct answers to it. Three students (.96%)
made irrelevant explanations to the correct answers, and their statements were reported to be "It is a
transformation event (S39), It is an electricity energy (S181)".Some of the statements of four students
(1.27%) who made wrong explanations to the correct answers were reported as "It is showing resistance
(5106),(S178), Energy level conducts and does not conduct electricity (S179)”. 11 students (3.50%) made
deficient explanations to the correct answers, and the outstanding statements were reported as "It is
the fact that energy levels are at certain values (524), (S38), (S304), The electrical conductivity is caused
by the movement of electrons (S136), "There is a state of atomic excitation at the energy level (5150),
(5165)". Two students (.67%) made scientifically correct explanations to the correct answers. The
students expressed the correct answer as "The structure of energy bands provides conductivity (5167),
(5188)".

Table 13.
Answers regarding the Association of the Relativity Topic with Daily Life.

Answers Associated with the topic Frequency (f) Percentage (%)
Wrong 147 46.82
Correct CKWTA 132 42.03
KWTA Irrelevant Explanation 8 2.55

Wrong Explanation 6 1.91

Deficient Explanation 4 1.27

Correct Explanation 17 5.41

Total 314 100.00

When the analyses regarding the association of the Relativity topic with daily life in Table 13 were
examined, it was concluded that 147 students (46.82%) gave wrong answers and 132 students (42.03%)
gave correct answers. Some of the irrelevant explanations to the correct answers made by eight
students (2.55%) were reported as "It is like a paradox (S35), When the brake is applied, there is a
reaction force (543)". Six students (1.91%) made wrong explanations to the correct answers. The
quotations from these statements are as follows: "The events happened at different times (541), Both
are different events (S119), (S118), Time is flexible and may change (5200)". Some of the deficient
explanations to the correct answers made by four students (1.27%) were "The concept of time varies
according to the state of perspective (S135), (S153), It took place in different time zones (S5)”. It was
concluded that 17 students (5.41%) made scientifically correct explanations to the correct answers. The
guotations from students' explanations for their correct answers were reported as "Observation and the
situation of the observer are important at the time (527), (S104), (S175), (S262), Time is relative, not
certain (530), (S178), (5194)".

For a better examination of the findings, the data on the answers that (EHSS) gave to the MPTT
questions are summarized in Table 14.
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Table 14.
Values of the Answers Given to the MPTT.

Answers (Frequency )
Correct answer and its explanations

Irrelevant  Wrong Deficient Correct Total
Questions Wrong Correct Explanation Explanation Explanation Explanation
1.Black-body 124 100 20 16 39 15 314
2.Photoelectric 84 142 29 10 27 22 314
3.Compton Incident 131 150 17 4 7 5 314
4.laser Beams 149 109 32 6 9 9 314
5.Atom Spectrum 87 154 24 14 28 7 314
6.Matter Waves 197 110 2 3 2 0 314
7.X-rays 102 179 18 4 8 3 314
8.Pauli Exclusion 190 119 2 3 0 0 314
Principle
9.Atom Models 154 124 9 6 13 8 314
10.Energy Levels 173 121 3 4 11 2 314
11.Relativity 147 132 8 6 4 17 314
Total 1538 1440 164 76 148 88 3454
Answer ( %) 44.52 41.69 4.74 2.20 4.28 2.54 100.00

When Table 14 was examined, it was concluded that 44.52% of the total answers given by the
students to eleven questions were wrong answers, and there was no explanation although 41.69% of
them were correct answers. It is seen that 4.74% of the students knew with which topic it was
associated and made scientifically irrelevant explanations, 2.20% of them knew with which topic it was
associated but made scientifically wrong explanations, 4.28% of them knew with which topic it was
associated but made scientifically deficient explanations, and 2.54% of them knew with which topic it
was associated and made scientifically correct explanations. In the transfer of the modern physics
knowledge to the daily life, it was determined that zero transfer was 93.48%, deficient transfer was
4.28% and complete transfer was 2.54%.

When it is examined on the topic basis, it can be said that the "Black Body Radiation and the
Photoelectric Incident" were the topics in which EHSS performed the highest level of knowledge transfer
in modern physics, "Waves of matter and Pauli Exclusion Principle" were the topics in which EHSS
performed the lowest level of knowledge transfer in modern physics. The transfer levels of Compton
Incident, X-rays, and Energy levels topics were found to be close to each other. Regarding the topics of
Atomic spectrum, Atomic models, and Laser beams, it was concluded that their transfer levels were
close to each other, the complete transfer level of the Relativity topic was close to the complete transfer
levels of the black-body radiation topic.

Comparison of the MPTT Points According to the Gender Difference

The descriptive comparison of the points received from the MPTT according to the gender difference
and whether there is a significant difference between these points are presented in Table 15.

Table 15.

Descriptive Values of the MPTT Points according to Gender and t-test Results.
Gender N X S t P
Male 136 .96 1.38 1.54 .39
Female 178 74 1.14
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As it is seen in Table 15, the average male students' MPTT points were (X=.96), the average female
students' MPTT points were (X=.74), but the MPTT points of both genders were determined to be low.
No significant difference was found between genders although male students' MPTT points were higher
compared to female students (t 33, = 1.54, p >.05).

Teachers' "Modern Physics Knowledge" and Opinions about "Their Status of being able to Transfer
these Knowledge to the Daily Life"

Three or four physics teachers, on average, worked in each of the seven schools where the study was
conducted, and there were a total of 24 physics teachers. Individual interviews were held with 12
physics teachers of the seven schools studied along with the end of the application of measuring
instruments. While determining the teachers interviewed, attention was paid to the status that the
classes that were included in the study attended the physics course, and teachers were randomly
determined. The semi-structured interview form, which was developed by the researchers and
supported by expert opinions, was used for the interview. The average length of the interview was 10-
15 minutes for each teacher, and a tape recorder was used to obtain the data. The data obtained with
the tape recorder were transcribed. As a result of the transcription, teachers' modern physics
knowledge, the status of being able to distinguish modern physics from the other physics branches, the
status of associating modern physics knowledge with daily life, teaching methods and techniques they
use while teaching modern physics were achieved.

According to the teachers, modern physics was explained as micro world (n=3), the branch of physics
explaining the theories that cannot be solved and explained in classical physics (n=3), Einstein's theory
of relativity and speed of light (n=1), uncertainty, wave and probability (n=2), physics which is the
summit of technology and science (n=4), the abstract part of physics (n=2) and understanding of the
subatomic world (n=1). The quotations related to this topic are "It examines the incidents occurring in
the movements around light speed and in small masses where Newton mechanics fails to satisfy
(TEACH4), It is the downsizing of big technology and the downsizing of technology by subatomic particles
(TEACH11)".

According to the teachers, the features that distinguish modern physics from the other physics
branches are the fact that it is very abstract (n=6), it is not appropriate to the laboratory conditions
(n=3), higher mathematical expressions and equations (n=2), it cannot be observed directly (because it is
at the micro level) (n=1), it is not visual (n=2) theoretical application of some modern physics equations
(n=2), thought experiments(n=1), it is not seen much in daily life (n=3). TEACH2 expressed his opinions
on this subject as follows: “As it is related to subatomic particles, there is an abstract situation and
modern physics experiment studies cannot be performed in ordinary laboratories.”, “Mathematics is a
difficult subject to learn and it is even harder to apply mathematics in physics, and when it comes to
modern physics, everything is hard and abstract. (TEACH11)”

According to the teachers, associating modern physics knowledge with daily life is photocell circuits
for the photoelectric effect (n=2), photocell lamps for photoelectric effect (n=1),theory of relativity and
paradoxes (n=1), change of time according to different places (n=1), black-body radiation thermal
camera (n=1), the opening and closing of automatic doors are related to laser beams (n=1), | only know
theoretical information and equations (n=6), no explanation (n=4). TEACH 6 stated the following
statements on this subject. "Night vision cameras used in the military are made with a thermal camera.
Because the cold places and dark hot places are seen more colorful in the thermal camera.”, “The doors
opening at shopping malls, automatic ladder sensors are related to electron's removal from the metal

surface of the light (TEACH9)”.

According to the teachers, the teaching methods and techniques used in the modern physics
teaching are Question-answer (n=10) and straight expression (n=9), video show on the computer (n=5),
computer simulation (n=2), experiment (n=1), powerpoint presentation (n=1), Brainstorming (n=2),
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Group presentations made by students (n=1). TEACH10 expressed his thoughts on the modern physics
teaching as following: “Modern physics is very difficult and the possibilities are limited in schools. For this
reason, it is almost impossible to support the information with experiments. Therefore, | am just trying to
explain the problem by solving the question. | have sometimes student watch videos and animations on
the smart board.”, “I theoretically know the topic of modern physics, | teach the topic by solving the
problems and with the formulae as | do not have experiential experience (TEACH11)”.

Discussion, Conclusion and Suggestions
Discussion for the Findings of the Relationship between the MPST and MPTT

Within the scope of the study, the relationship between the MPST and MPTT and transfer levels of
EGSS were examined. As a result of the analyses, the correlation value between the MPST and MPTT
was found to be (rgiq) = .20; p=.00). This indicates that there is a weak, positive and significant
relationship between the two tests. This situation indicates that students are not at a sufficient level to
transfer their modern physics knowledge to daily life and cannot establish relationships. Moreover, the
fact that the complete transfer level of students was found to be 2.54%, in other words, that it was low
supports this conclusion. When the literature was examined, there was no study parallel to the low level
of correlation result between the MPST and MPTT scores obtained in the study within the scope of the
modern physics. However, when it is examined within physics, this correlation result in the study is
parallel to the correlation result of Ektina et al. (2006) and Erduran (2002). Within the scope of physics,
it is not parallel to the results of the studies conducted by Emrahoglu and Mengi (2012)on force and
movement, by Aytekin (2010) on heat-temperature and by Bozkurt (2008) on optics. The correlation
level was found to be moderate in these studies. The fact that classical physics topics studied were
taught at every grade level, that the topics are more concrete and more understandable and are
commonly used in daily life could be the reason for the fact that the correlation result in the study was
found to be different from these studies. The fact that modern physics topics are abstract and have
complicated comprehensibility levels may cause correlation result to be low.

Discussion on Transfer Levels in the Explanation Section of the MPTT

When HKIO (knows with which topic it is associated) in the "Why" section, the second section of the
MPTT is examined, it is seen that the percentage of the students who gave wrong answers to the
problems (44.52%) is almost the same with the percentage of the students who could not make an
explanation although they gave correct answers (41.69%). In addition, 4.74% of the total answers given
by EGSS to the MPTT consisted of the correct answer irrelevant explanation, and 2.2% of them consisted
of the correct answer wrong explanation. The wrong answer, correct answer no explanation, correct
answer and irrelevant explanation that made up the zero transfer themes constituted 93.48% of the
total percentage. This result shows that almost all of the students cannot transfer modern physics
knowledge to everyday life. It is understood from students' answers that the possible reasons for this
situation are due to the fact that the concepts of the topic have not been fully learned, modern physics
concepts are still tried to be explained by classical physics concepts, the non-use of the problem-solving
phase in modern physics topics, the problems of modern physics teaching and that the ordinary
knowledge learned in daily life are considered as scientific knowledge. In the literature, similar results
were achieved in the studies of Bilal and Erol (2007) and Miiller and Wiesner (2002).

The ratio of the answers lacking scientific explanations was found to be 4.28% and scientifically
correct explanations were found to be 2.54% in correctly answering the MPTT questions and associating
them with the topic. This result shows that the deficient transfer in modern physics topics is more than
the percentage of the complete transfer. When the reason for this situation was examined, students'
learning deficiencies, that fact that modern physics is still being considered as classical physics and that
the topics are not sufficiently internalized, as well as in irrelevant and wrong explanations, could be the
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reasons. As a result of the codes and the themes formed by the answers of the students, it was
determined that the full transfer levels of the students in modern physics were very low. A similar result
is parallel to Yildiz’s (2009) study Introduction to Modern Physics (within the topics of photo electricity,
Compton, and Heisenberg uncertainty principle).

When the transfer levels of each topic were examined, the topics, of which zero transfer level was
the highest, were “Matter Waves” and “Pauli Exclusion Principle” whereas the topics, of which zero
transfer level was the lowest, was “Black-Body Radiation” and “Photoelectric Incident”. It is understood
from the answers given that the reason for the fact that the transfer level was found to be higher in
Photoelectric and Black-body topics compared to other topics is that students are more likely to
encounter these two modern physics events in their daily lives.

When the answers given to the Atomic models and Atomic spectrum topics were examined, it was
found that the levels of associating the topic were close to each other and the transfer status was better
compared to other topics. Regarding the atomic models topic, it is understood from the answers that
students continue their learning habits from the elementary education and it is thought that atom is
only within the scope of the physics and chemistry courses. In their study, Karagdz and Saglam-Arslan
(2012) found that elementary school students have misconceptions about the atomic concept. In
addition, students still think that the atomic spectrum topic is the same as the atom and atom models
topics. In short, students are still going on explanations and simulations included in classical physics. It is
understood from students' answers that the reason for the low level of the transfer of laser beams is the
fact that they think laser beams and other rays (such as radio waves, ultraviolet rays) have the same
features.

When the data of the problems related to X-rays, Compton incident, and energy levels were
examined, the ratios of the answers received for the topic of HKIO (knows with which topic it is
associated) were found to be close to each other. It was understood from the students' answers that
they think that these two modern physics topics are independent of one another although X-rays were
used in the Compton incident. In energy levels, it is understood from the students' answers that the fact
that students perceive that the law of conservation of energy in classical physics and the energy levels in
atom are the same concepts leads to scientifically wrong answers. In the theory of relativity, it was
understood from the students' answers that they still consider modern physics as Newtonian physics.
These results related to modern physics are consistent with the studies of Sen (2002) and Didis et al.
(2008).

The result of the study shows that the level of transfer is very low, that is, it is at zero transfer, is
parallel to other studies including physics topics in the literature (Aytekin, 2010; Erduran, 2002; Kirtak,
2010; Ozkaynak, 2008; Selcuk, Caliskan, & Erol, 2007). In these studies conducted, the transfer levels of
the topics of magnetism, electricity, optics - matter, electricity - light, thermodynamics, and heat -
temperature of physics in students were investigated.

The difference in the obtained transfer levels (zero, deficient and complete transfer) is consistent
with the literature (Ayas & Ozmen, 1998; Balkan, 2008; ilkériici-Gé¢mencelebi & Ozkan, 2010;
Emrahoglu & Mengi, 2012; Yilmaz, 2008). The findings of the study show that the effectiveness of
physics education needs to be increased and the transfer of knowledge in physics teaching is important
for daily life. In addition, as the constructivist approach in physics teaching suggests, it is important that
the students have to learn with active experiences and that learning is related to daily life.

When the statuses of transferring modern physics to daily life were examined, it was concluded that
students could transfer the knowledge to daily life at a very low level. It can be said that the fact that the
constructivist approach cannot be used in learning, students try to solve with non-scientific knowledge
instead of associating with scientific physics knowledge in the problem-solving process are the reasons
for this situation. These findings are consistent with the relevant literature (Ozdemir & Erol, 2008;
Ozdemir & Erol, 2011; Sen, 2002; Wittmannet et al., 2002).
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Discussion on the MPTT Points according to the Gender Difference

136 male and 178 female students participated in the study. The arithmetic mean of the MPTT
points was found to be .96 in male students and .74 in female students, and no significant difference
was found according to gender. According to these results, it can be said that the level of the transfer of
modern physics knowledge of female and male students is very low. But according to the arithmetic
average, it can be said that male students are more successful. The reason for this situation may be due
to the age range of the students, attitudes towards physics, prior knowledge about the topics, and the
differentiation of their experiences within and outside the school (Jones, Howe & Rua, 2000).In addition,
it was determined that male students further participated in science events in social, cultural and daily
life experiences compared to female students, and they have a more positive attitude towards physics.
(Farenga & Joyce, 1997; Jones et al., 2000)

No study regarding the effect of gender on modern physics knowledge and the determination of the
status of transfer was come across in the literature. The study of Ozkaynak (2008) on the transfer status
of optics and matter topics is parallel to the result of the gender success status obtained in the study.
The results obtained in the studies of Ay (2008) on the transfer of chemistry knowledge (those related to
physics topics) to daily life and of Kamaraj (2009), Yilmaz (2008) and Yilmaz (2012) on the transfer of
science information to daily life according to the gender variable are parallel to the results obtained in
the study. It can be considered that the presences of parallel results with these studies, the investigated
transfer topics are related to science.

Discussion on the Teachers' Opinions about "Modern Physics Knowledge" and "Their Status of
Transferring This Knowledge to Daily Life"

In the study, as a result of the interviews held with 12 physics teachers working in seven schools
where the application was performed, the teachers' modern physics knowledge, the status of being able
to distinguish modern physics from the other physics branches, the status of associating modern physics
knowledge with daily life, teaching methods and techniques they use during the teaching of modern
physics were achieved. Teachers stated modern physics as the theories that cannot be explained in
classical physics, the summit of technology and sub-atomic particles, namely, the micro world instead of
a separate field of science in physics. In line with these findings obtained, it can be said that teachers can
not scientifically define modern physics, and they define modern physics only as subatomic particles and
uncertainty principle. In addition, teachers expressed that high mathematical necessity, the fact that it is
not directly encountered in daily life, it is very abstract and theoretical are the features that distinguish
modern physics from the other branches of physics. This result is parallel with the study conducted with
preservice teachers by Aksakalli (2014), Baybars and Kiigikozer (2014).

In the study, when the examples given by teachers for the association of modern physics with daily
life were examined, it was determined that teachers usually gave examples related to the topics of
"Photoelectric, black-body radiation and relativity theory". Some of the teachers' statements about this
situation are as following. “Auto-opening doors in shopping malls are related to the removal of electrons
from the metal surface of the light.”, “Thermal cameras are temperature sensing, as it can be
understood from the name of thermal. But what is called hot can be cold.” This situation indicates that
teachers could transfer their modern physics knowledge to daily life in certain topics (photo electricity,
black-body radiation, and relativity). This finding is in parallel with the transfer levels of the students in
the photoelectric and black body radiation topics. However, there are necessary explanations and
information about the transfer of all topics related to modern physics in the MNE high school physics
books used in high schools and in our country.

According to the findings of the study, teachers use different teaching methods and techniques while
teaching modern physics knowledge during the course process and associating them with daily life.
Teaching methods and techniques used vary by the course content, difficulty of the topic and the time
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factor. It can be said that teachers use the straight expression teaching method for the understanding of
the theoretical knowledge, question-answer teaching method to make it easier to think, brainstorming
technique for different thinking skills and demonstration teaching technique to keep the information
visually more permanent in memory during the course. In line with these findings, it can be concluded
that teachers do not include different examples, meaningful learning, constructivist learning and
problem-solving skills within the teaching of modern physics and associating modern physics with daily
life. When the findings of the examples given by teachers in associating modern physics with daily life
and of the teaching method-techniques used are examined, why students have lower transfer levels of
modern physics knowledge can be understood.

In the study results, it was concluded that there is a weak and meaningful relationship between
modern physics knowledge of students and the transfer of this knowledge to daily life. Therefore, the
constructivist approach should be used practically in schools for students to better understand and
comprehend the physics topics. Similar studies can be applied at different grade levels by developing the
subject content of the MPTT to further indicate the necessity of this situation. Besides, studies can be
conducted in different physics topics and other course topics.
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Tirkge Siiriim

Girig

Bilim ve teknolojide yasanan gelismeler, yasadigimiz diinyanin bilimsel gergeklerle kesfedilmesini ve
anlasiimasini saglamaktadir. Bu gelismelerin birbirini desteklemesi sonucunda olusan yenilikler ve
degisimler, toplumda ihtiya¢ duyulan nitelikli insan taniminin da degismesine neden olmustur (Milli
Egitim Bakanligi [MEB], 2011). Anlamsiz ve ezbere bilgi 6grenen birey yerine 6grenmeyi ve bilgiye
ulasmayi 6grenen, lretken, arastirma yapabilen, sorun ¢ozebilen, elestirel dislinen ve cesitli dislinme
yollarini bilen ve farkh alanlarda uygulayabilen bireyler yetistirmek baslica hedef haline gelmektedir
(MEB, 2009; Hmelo-Silver, 2004). Bu hedeflerin gergeklesmesinde, 6grenmenin nasil olmasi gerektigi
durumu 6nem olusturmaktadir. Bu yondeki degisimler; okullarda ders 6gretim programlarinin da yeni
gelismelerle glincellenmesini, glinlik yasamla iligskilendirilmesini, farkh bakis agilarinin gelistirilmesini ve
caga uygun bir hale getiriimesini gerekli kilmaktadir. Bu baglamda lilkemizde ortadgretim fizik dersi
ogretim programinda degisimler yapiimaya baslanmistir. 2009 yilindan itibaren fizik mufredatinda
yapilan degisikliklerle fizik dersi 6gretimindeki amag; bilgileri sorgulamadan ve ezbere 6grenen 6grenci
yerine, fizigin gunlik yasamla iliskili oldugunu algilayan, glnlik yasam problemlerini bilimsel
yontemlerle ¢6zen, fizik ve gevresel faktorler arasindaki etkilesimleri inceleyebilen ve bilimsel yaratici
dusinen bireyler yetistirmek olmustur (MEB, 2009). Doga bilimlerinden biri olan fizik, evrenin temel
yasalarin anlasilmasini ve fiziksel diinyayl anlamayi saglar (Serway & Beichner, 2002). Fizik; gunlik
yasamda karsilastigimiz olaylari ve durumlari anlatan bir bilim dali oldugundan bireylerde bilgiler sadece
teorik olarak 6grenilmemeli ayni zamanda ginliik hayata transfer edilebilmelidir. Bilgilerin transferinde
fizik egitiminde temel amag; fizik okuryazarliginda 6grencileri bilimsel okuryazar haline getirebilmektir.
Bilimsel okuryazarlik; fenin dogasini anlama, bilimsel bilgi ile kisisel gorlisu ayirabilme, yaratici dislinme
ve bilginin nasil elde edildigini anlamaktir (Giizel, 2004). Ogrencilerin kendi yasantisini etkileyen olaylari
okulda 6grendikleri bilgilerle iligskilendirmesi bilimsel okuryazar olmalarina buyik 6lgide katki
saglamaktadir (Aycan & Yumusak, 2003). Bilimsel okuryazar olma konusunda egitim sisteminde ise;
ogrenciler problem ¢6zme, elestirel disinme gibi Ust diizey diisiinme becerilere sahip olacak sekilde
egitilmelidir. TUm bu kazanimlara ulasmak igin egitim strecinde fizik 6gretimi; fizik akademik basarisinin
artirilmasi yaninda bilimsel disiinme becerilerinin kazandirilmasi, gelistirilmesi ve bilgilerin glinliik
yasamla bagdastiriimasi seklinde olmalidir (Akpinar, 2006). Bu nedenle 6grenme; bilgileri kesfetme,
sorgulama, arastirma, yapilandirma, organize etme ve glnlik yasamla iliskilendirme seklinde olmalidir.
Bu teorilerin bir araya gelmesiyle olusan 6grenmeye yapilandirmaci 6grenme denir (Basaran, 2005).
Yapilandirmaci 6grenme; bireyin eylemleri ve edindigi deneyimlerle bilginin ve anlamin zihinde
olusturulma ve yorumlanma sirecidir (Jonassen, Peck, & Wilson, 1999).

Yapilandirmaci yaklasima goére yapilan yeni fizik 6gretim programi, geleneksel 6gretim yaklasiminda
karsilasilan, duragan ve eksik bilgi transferine dikkat cekmektedir. Bilgi transferi; iki durum veya kavram
arasindaki benzerligi fark etme, problem c¢o6ziimlerini zihinsel analiz etme ve yeni durumlara
uygulayabilme, yeni fikirler ve becerilerle bilimsel ¢ercevede yasamda uygulamayi iceren bir sirectir
(Greeno, 2006; ilkériici-Gégmengelebi & Ozkan, 2010; Emrahoglu & Mengi, 2012). Duragan bilgi
transferi; 6grenilen bilgilerin giinlik yasama bilimsel olarak transfer edilememesi, eksik bilgi transferi;
bilgilerin glinliik yasama transferinde bilimsel bilgilerin belli durumlarda kullaniimasidir (Arpagus, Mogol,
& Unsal, 2015; MEB, 2009; Ozkaynak, 2008). Yapilan bircok calismada dgrencilerin farkli disiplinlerdeki
bilgilerini glinlik yasama transfer edebilmede sorun yasadigi tespit edilmistir (Aycan & Yumusak 2003;
Erduran, 2002; Etkina, Karelina, & Villasenor, 2006; Kirtak, 2010; Miller & Wiesner, 1999; Yesildag,
2009). Halbuki egitim sistemlerinde ve programlarindaki amag; 6grencilerin sahip oldugu bilgileri bilimsel
ifadelerle giinliik yasamla iliskilendirebilmeleri ve problem ¢ézme sirecini kullanabilmesidir. Problem
¢6zme; c¢agrisim yapmanin, soyutlamanin, kavramanin, becerilerin, akil ylritmenin, analiz ve sentez
yapmanin, genelleme de bulunabilmenin st dizey bilissel beceri ve aktiviteleri oldugu kadar; bilissel,
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davranigssal ve tutumsal bilesenleri iceren 6grenme sirecidir (Yalgin & Yaman, 2005). Bu nedenle
ortadgretimde fizik 6gretimi, 6grencilerin glinlik yasamda karsilastiklari olaylari bilimsel olarak anlamaya
ve ¢0ziim Uretmeye yonelik olmaldir. Bunun yaninda “Neden gilinliik yasamda fizige ihtiya¢ duyuyoruz”
bilinci de kazandiriimasi gerekmektedir (Bozkurt, 2008). Fizik derslerinin amacina ulasiimasi igin ise;
ogrenmenin aktif bir sire¢ oldugu, yasantisal deneyimlerle bilgilerin yapilandirildigi, 6grenmede
bilgilerin dogrudan alinmadigi ve bilgilerin bilimsel olarak glnlik yasamla iliskilendiriimesi 6nem
olusturmaktadir (Abhang, 2005). Cinki{ modern fizigin atom alti yapilari igermesi, mikro parcaciklarin
belirsizligini, olasiligini ve bunlarin evrene etkisini incelemesi ve icerigi geregi klasik Newton fizigindeki
kesinliklerin olmamasi modern fizigin 6gretilmesi ve 6grenilmesi sirecini zorlastirmaktadir (Abhang,
2005; Bozdemir & Eker, 2007; Deslauriers & Wieman, 2011; Pospiech, 2000). Bu nedenle modern fizik
ogrencilere gilnlik yasamdan bagimsiz teorik bilgiler yerine, giinlik yasamda karsilasabilecekleri
durumlara, olaylara veya problemlere mantikli, elestirel ¢oziimler ve bilimsel diisinme gelistirilecek
sekilde o6gretilmelidir (Didis, Ozcan & Abak, 2008). Bu baglamda ilgili literatiirler incelendiginde;
ilkogretim fen bilimleri dersinde yer alan fizik konularinda, 6grencilerin bilgileri transfer ederek
o6grenmedigi ve problem ¢dzme siireci basamaklarini uygulayamadigi gériilmektedir. Bu durumun tespiti
icin bircok arastirmalar yapilmistir (Arpagus et al., 2015; Ay, 2008; Aycan & Yumusak, 2003; Etkina,
Karelina, & Villasenor, 2006; Kamaraj, 2009; Kirtak, 2010; Emrahoglu & Mengi, 2012).

Ortadgretim fizik konularinda ise transfer diizeylerinin belirlenmesine yonelik ¢calismalarin az sayida
oldugu tespit edilmistir (Bozkurt, 2008; Erduran, 2002; Ozkaynak, 2008; Yiimaz 2008). Bu arastirmalar
siraslyla optik ve madde, 1si ve sicaklik, manyetizma ve optik—isi konularinin giinlik hayata transferi ile
ilgilidir. Bu baglamda ortadgretimde modern fizigin ginlik yasama transferi arastiriimadig
gorilmektedir. Ayrica modern fizikle ilgili yapilan ¢calismalarda modern fizigin anlasilmadigi ve hala yanhs
6grenmelerin bulundugu da arastirmalarda mevcuttur (Bilal & Erol, 2007; Miiller & Wiesner, 2002;
Ozdemir & Erol, 2008; Ozdemir & Erol, 2011; Singh, Belloni, & Christian, 2006; Wittmann, Steinberg, &
Redish, 2002). Bu arastirmalarda 6grencilerin modern fizik bilgilerinin sadece nicel yontemlerle
Olglldigl, derinlemesine incelenmedigi de tespit edilmistir. Derinlemesine incelemek igin karma
yontemle desenlenen arastirma; o6grencilerde modern fizik bilgilerinin yapilandirmaci kurama ve
problem ¢6zme becerilerine gore nasil yapilandirildiginin ortaya cikarilmasi, 6grencilerin modern fizik
bilgileri yeterliliginin tespit edilip bu soruna karsi 6nlem alinmasi bakimindan alana katki saglayacagi
distntlmektedir. Bununla birlikte arastirmanin sonuglari; alan egitimine, alanda arastirma yapmak
isteyen arastirmacilara ve ortadgretim fizik 6gretmenlerine, modern fizik bilgilerinin 6gretiminde anlamli
O0grenmenin saglanmasi icin bilgilerin gunlik yasama transferinin énemli oldugunun vurgulanmasi
bakimindan yol gosterici olacaktir. Bu nedenle arastirmada; Ortadgretim on birinci sinif 6grencilerinin
(00S0) fizik dersi Modern Fizik tinitesinde kazandiklari bilgilerin giinlik yasama transferleri ve transfer
dizeyleri arastirilmistir. Bu baglamda su sorulara yanitlar aranmistir.

1. Ogrencilerin modern fizik bilgilerinin basari puanlari ile modern fizik bilgilerinin giinlik hayata
transfer puanlari arasinda anlamli bir iliski var midir?

2. Ogrencilerin modern fizik bilgilerini giinlik hayata transfer edebilme diizeyi hangi diizeyde
gerceklesmistir?

3. Ogrencilerin modern fizik bilgilerini giinliik hayata transfer edilebilme diizeyleri cinsiyet degiskenine
gore anlaml bir farkhlik olusturmakta midir?

4. Modern fizik bilgileri baglaminda 6gretmenlerin modern fizik bilgileri ve bu bilgileri glinlik hayata
transfer edebilme durumlarina iliskin gorusleri nelerdir?

Yontem
Arastirma Modeli

Bu arastirma; ortadgretim kademelerinde fizik derslerinde kazanilan bilgilerin farkh baglamlarla
iliskilendirme durumunu belirlemeye yonelik karma yontem desenli arastirmadir. Karma yodntem
arastirmalari; arastirma slrecinde birbirini takip eden ¢alismalarda, incelenen olguyu/kavrami nitel ve
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nicel olarak tanimlamayi, nicel ve nitel ydontemleri beraber kullanarak var olan problemleri/olgulari daha
detayl anlasilmasini saglar (Cresweel, 2003).

Arastirmada 6grencilerin modern fizik bilgileri nicel, modern fizik bilgilerinin glinlik yasama transferi
nitel yontemlerle incelenmeye calisilmistir. Arastirmanin 6rneklemi; olasilik temelli 6rnekleme
yontemlerinden kiime o6rneklemi yontemi ile olusturulmustur. Kime o6rneklem; arastirma yapilan
evrende dogal ya da yapay olarak olusmus ya da olusturulmus, belirli 6zellikler agisindan benzerlik
gosteren gruplardir (Yildirrm & Simsek, 2011, p.105). Arastirma o&rneklemini olusturan kimeler;
sosyokiltirel, sosyoekonomik ve akademik basari diizeylerine gére kiimelenmistir.

Katilimcilar

Arastirmanin calisma grubu, 2012-2013 Egitim-Ogretim yili bahar déneminde Adana ili merkez
ilcelerinde bulunan yedi ortaégretim okulunun on birinci sinif 6grencileridir. Arastirmanin calisma
grubunu 136 erkek 178 kiz 6grenci olmak Uzere toplam 314 ortadgretim on birinci sinif 6grencisi
olusturmaktadir. Arastirma kapsaminda okullarin sosyokiltiirel ve sosyoekonomik yapilarinin farkhhk
gostermekte oldugu 6gretmen goriismelerinden ve 6grencilerin demografik bilgilerinden elde edilmistir.
Okullarin genel basari seviyelerinin farkhhgi; 6grencilerin genel akademik not ortalamalarindan ve YGS —
LYS sinav sonuglarindan, 6grencilerin fizik dersi basari seviyelerinin farkli diizeylerde oldugu bilgisi ise
fizik dersi sinav sonuglarindan tespit edilmistir. Yapilan incelemeler sonucunda c¢alisma yapilan yedi
okulun ve siniflarin sosyoekonomik, sosyokiiltiirel ve akademik bagari agisindan heterojen grup o6zelligi
tasidigi tespit edilmistir.

Veri Toplama Araglari

Arastirmada Modern Fizik Basari Testi (MFBT) ve Modern Fizik Transfer Testi (MFTT) kullaniimis olup,
her iki test arastirmacilar tarafindan gelistirilmistir.

Modern Fizik Bagari Testi (MFBT):Ortadgretim 11. sinif 6grencilerinin Modern Fizik basarilarini
belirleyebilmek icin Modern Fizik Basari Testi gelistiriimesi siirecinde belirtilen asamalar izlenmistir. (i)
Arastirmada kullanilan Modern Fizik Basari Testini gelistirebilmek icin Ortadgretim MEB Fizik 11 ders
kitabinin modern fizik Unitesi icerisinde yer alan kazanimlar yazilmis ve belirtke tablosu hazirlanmistir. (ii)
Test maddelerinin olusturulmasinda kapsam gecerliligi icin kazanimlara uygun dért uzmanla her bir konu
icin alt-yedi soru belirlenerek ¢oktan se¢meli 75 maddelik test olusturulmustur. Pilot uygulama igin
kazanimlara uygun ¢oktan segmeli 75 soru OSYM’nin yapmis oldugu merkezi sinavlarinda (YGS-LYS-0OYS)
sorulan modern fizik sorularindan ve dért uzmanin inceledigi modern fizik kaynak kitaplari sorularindan
secilerek olusturulmustur (Abaci; 2012; Ayan, 2012; Acar, Gimiis, & Alvan, 2012; Kum, 2011; Ozdemir &
Aras, 2011). (iii) Arastirmada kullanilan 75 maddelik pilot test yedi orta6gretim okulunda 6grenim goéren,
bu konulari daha 6nceden 6grenmis ve LYS’ ye hazirlanan 344 tane Ortadgretim 12. Sinif 6grencisine
uygulanmistir. (iv) MFBT’nin pilot uygulanmasinda ve esas uygulanmasinda elde edilen verilerin
analizinde alt ve Ust %27.00’lik gruplarin verileri ile analiz yapilmistir. Ayirt edicilik indisi .20’nin altinda
olan, madde gligligi .30’un altinda olan maddeler testten gikarilmistir. Bununla birlikte bagimsiz gruplar
t testi ile alt Gst %27.00’lik gruplar arasinda anlamli fark olup olmadigi test edilmistir (Buyukoztiirk, 2010,
p. 171). Madde analizlerinin sonuglari incelendiginde; madde ayirt ediciligi. 20’nin altinda olan ve madde
gicligi .30 ‘un altinda olan maddeler, t degeri ve p>.05 biyik olan 2 madde testten cikartiimistir.
Ayrica madde varyanslarina ve madde standart sapmasina bakildiginda puanlarin degisim gosterdigi
belirlenmistir. Analiz sonuglarina gore cikarilan maddelerle test 30 maddeye disirilmistir. Sadece
o6grenci yanitlariyla testin 25 maddeye disurilmesi kapsam gecerliligini etkileyecegi icin diger 5
maddede analiz sonuglariyla birlikte uzman goéruslerine basvurularak testten cgikartilmistir. (vi) Yirmi bes
sorudan olusan “Modern Fizik Basari Testi”nde yer alan maddelerin ayiriciigi .32 ile .56 arasinda
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degiskenlik gosterdigi tespit edilmistir. Bu baglamda testin glvenirligini hesaplamak igin KR-20, ortalama
guclik ve diger analiz sonuglari Tablo 1’de sunulmustur.

Tablo 1.

MFBT Pilot Calisma Test Analizi Sonuglari.
Soru S. N X Ss p; KR 20
25 344 11 1.22 44 .74

Tablo 1 incelendiginde; MFBT ninp;degeri .44 ve KR-20 degeri .74 olarak hesaplanmasi, testin orta
glclikte ve yuksek glvenilirlikte oldugunu géstermektedir. Analiz sonuglari birlikte degerlendirildiginde;
MFBT nin esas uygulamasi igin; yeterli gegerlilige ve giivenirlige sahip oldugunu séylemek mimkindir.
MFBT'nin esas uygulamasinda ise; KR-20 degeri .81 olarak hesaplanmistir. Bu durum MFBT nin esas
uygulamada da givenilir oldugunu gostermektedir. Basari testine iliskin soru ornekleri Sekil 1'de
gosterildigi gibidir.

MODERN FiZiK BASARI TESTI

1. Referans sistemi ile ilgili olarak;
l.  Evrende mutlak durgun bir referans sistemi yoktur.
Il. Diinya eylemsiz bir referans sistemi olarak alinabilir.
IIl. Newton yasalan eylemsiz referans sisteminde gecerlidir.
Yargilarindan hangisi ya da hangileri dogrudur?
A) Yalmiz!  B)Yanhz Il C)lvell
D) llwe Il E) I, Ilwe lll

2. Yerde durgunken boyu 5m olan cubuk, kendi dogrultusunda yere gore v hizi biyukligiundeki hizla
giderken, yerde duran gézlemci cubugun boyunu 4m olarak 8lgiiyor.
Buna gére v kag c’dir? (casigin bosluktaki hizi)

A) 0.10 B)0.20 C)0.40 D)0.60 E)0.80
Sekil 1. MFBT’ne iliskin érnek.

Modern Fizik Transfer Testi (MFTT): Arastirma siirecinde kullanilan MFTT arastirmacilar tarafindan
gelistirilmis olup iki bélimden olusmaktadir. 11 sorudan olusan MFTT’nin ilk bolim{ ¢oktan segmeli yani
her sorunun bes seceneginin bulundugu gunlik hayat problemlerinden/olaylarindan olusmaktadir.
Ogrencilerin modern fizik bilgilerinin modern fizik konulariyla iliskilendirmelerini incelemek icin; ikinci
boélimde, verilen yanitlarin agiklanmasi icin “Neden” kismi bulunmaktadir. Ogrencilerin vermis oldugu
yanitlarin agiklanmasinin istenildigi bu bolim nitel olarak degerlendirilmistir. MFTT'nin olusmasinda
MEB’in ortadgretim 10. ve 11. sinif fizik ders kitaplarinda konu ile ilgili metin okuma béliimlerden ve
GiUndiz (1999) de yer alan okuma pargalarindan yararlaniimistir. Ayrica MFTT’nin konularinin MFBT
konulari ile paralellik gostermesine dikkat edilmistir. MFTT’nin olusmasinda alti uzmanin gorislerine
basvurulmus ve gerekli diizeltmeler yapilmistir. 30 6grenci ile yapilan pilot uygulamanin ardindan uzman
gorislerine tekrar basvurularak MFTT’de herhangi bir sorun olmadiginin tespit edilmesiyle esas
uygulamaya gecilmistir. MFTT'nde yer alan sorulara o6rnek Sekil 2’de gosterildigi gibidir. (MFTT'ne ait
tiim sorular ekte yer almaktadir.)
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Corum bélgesinde Arkeocloglar tarafindan yapilan bir kazida sekil ve goriinGs bakimindan altina benzeyen
madeni bir parga bulunmustur. Fakat bu madeni parcanin altin olup olmadig konusunda kararsiz
kalmislardir. Yapilan cesitli deneylerden sonra bu madenin altin oldugu anlasilmistir.

Anlatilan bu olayda hangi modern fizik olayr séz konusudur?
a) Fotoelektrik olay

b) Atom Spektrumu

c) Compton olay

d} Madde Dalgalan{De Broglie)

e} Karacisim 15imasi

*Neden A/B/C/D/E?

Sekil 2.MFTT’ ne iliskin érnek.

Verilerin Toplanmasi

2012-2013 bahar yariyilinin ocak ayinda testler gelistirilmis ve 2012-2013 bahar yarilinin Nisan -
Mayis aylari icerisinde esas ¢alisma yapilmistir. Arastirmada esas galisma, MFBT'nin pilot uygulamasi
yapilan yedi ortadgretim okullarinda 6grenim goéren ve konuya hakim olan 314 (136 E 178 K) 11. Sinif
Ogrencisine uygulanmigtir.

Verilerin Analizi

Arastirmada nicel veriler icin SPSS 17.0 programi kullanilmistir. Kullanilan analiz yéntemi korelasyon
yontemi ve anlamlilik diizeyi p<.05 olarak degerlendirilmistir. MFTT’nin veri analizinde kodlar ve temalar
olusturulmustur. Ogrencilerin yanitlari kodlanarak gruplandiriimis ve kodlardan transfer durumlarinin
temalari ortaya c¢ikarilmigtir. Kodlar; yanlis yanit, dogru yanit, dogru yanit yanhs aciklama, dogru yanit
iliskisiz agiklama, dogru yanit eksik agiklama ve dogru yanit dogru agiklama olarak belirlenmistir. Temalar
ise; sifir transfer, eksik transfer ve tam transfer seklindedir. Sifir transfer; yanlis yanit, dogru yanit
actklama yok, dogru yanit yanhs agiklama, dogru yanit iliskisiz aciklama, eksik transfer; dogru yanit eksik
actklama ve tam transfer ise; dogru yanit dogru agiklama seklindedir. Ayrica ¢calismada Emrahoglu ve
Mengi (2012)’'in arastirmasinda kullanilan kodlardan yararlaniimistir. Uygulamalardan sonra verilerin
kodlama sirecinde givenilirligini belirlemek icin veriler iki arastirmaci tarafindan kodlanmistir. Bu
kodlamalarin tutarli oldugunu belirlemek igin iki arastirmacinin belirledigi kodlar karsilagtirilmistir.
Arastirmada givenilirlik hesaplamasi igin Miles ve Huberman’in (1994) givenirlik formili (Rguyenirik=
Gorus birligi/Gorus birligi+Goras ayrilig) kullanilarak giivenirlik .86 olarak hesaplanmistir.

Bulgular

Arastirmanin bu bolimiinde; arastirmanin amag ve alt amaglarindaki sorularin yanitlarina iliskin
bulgulara yer verilmistir.

MFBT ve MFTT Puanlarina Ait Betimsel Sonuglar ve Korelasyon Degeri

Tablo 2.

Ogrencilerin MFBT ve MFTT Puanlarina iliskin Betimsel Degerler.
Testler N X Ss r
MFBT 314 14 4.26 .20
MFTT 314 .83 1.26
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Tablo 2 incelendiginde; MFBT nin aritmetik ortalamasi (X=14), standart sapmasi 4.26 ve MFTT’nin
aritmetik ortalamasi (X= .83), standart sapmasi ise 1.26 oldugu sonucuna ulasilmistir. MFBT ve MFTT
arasindaki korelasyon, p=.00 anlamhlik diizeyinde .20 olarak hesaplanmistir. Korelasyon katsayisinin
(r314) = .20; p=.00) olmasi MFBT ve MFTT arasindaki korelasyonun zayif diizeyde, pozitif yonde ve anlamli
bir iliski oldugunu gostermektedir (Blylikoztirk, 2010, p.181).

MFTT nin Aciklama Béliimiine iliskin Transfer Diizeyleri Bulgulari

MFTT’nin ikinci boliminde yer alan (Neden?) sorusunda 6grencilerin yanitlari kodlanarak
gruplandirilmis ve kodlardan transfer durumlarinin temalari ortaya cikarilmistir. Verilerin analizi
asamasinda olusturulan kodlarin frekans ve yizde dagihmlari asagidaki gibidir.

Tablo 3.
Karacisim Isimasi Konusunun Giinliik Yasamla lliskilendirilmesine iliskin Yanitlar.
Yanitlar Konuyla iliskili Frekans (f) Yizde (%)
Yanlig 124 39.49
HKIO Bilemez 100 31.85
Dogru HKIiOB iliskisiz Agiklama 20 6.37
Yanlis Aciklama 16 5.09
Eksik Agiklama 39 12.42
Dogru Agiklama 15 4.77
Toplam 314 100.00

*HKIO= Hangi konu ile iliskili oldugunu
*HKIOB= Hangi konu ile iliskili oldugunu bilir

Tablo 3’te Kara cisim i1simasi konusu analiz sonuglarina gére; toplam 124 6grencinin (%39.49) yanlis
yanit verdigi ve 100 6grencinin %31.85’lik dilimle soruyu dogru yanitlamasina ragmen hangi konuyla
iliskili oldugunu (HKIO) bilemedigi gériilmektedir. Dogru yanitlara iliskisiz aciklama yapan 20 égrencinin
(%6.37) ifadelerinden bazilari; “Termal kameralar sicakkanl hayvanlari algilar (0109), Kara cisim disinda
gériiniir aydinlatma yoktur (0272), Karanlikta cisim gériintii vermez (0176)” seklindedir. Dogru yanitlara
yanlis aciklama yapan 16 6grencinin (% 5.09) aciklamalarindan bazilari; “Termal kameralar fotoelektrik
prensibine gére calisir (030), Elektron sicak cisimlerde gériiliir (036), Termal kamera sicaklik ve enerji
farkiyla (cikarilmasiyla) ile cisimleri tespit eder (037), Kopan elektron katotta elektron iretir (043)”
olarak ifade edilmistir. Dogru yanitlara eksik agiklamalar 39 6grenci (%12.42) tarafindan, “Sicakliktan
dolayi 1sima séz konusudur (030), Siyah cisim tiim isi§i sogurur (0193), Isima istya baghdir (6150),
(0167)” seklinde belirtilmistir. 15 6grencinin (%4.77) problemi dogru yanitlayip uygun konuyla
iliskilendirdigi ve c¢ozimi de bilimsel bilgiyle aciklayabildigi gériilmektedir. Ogrencilerin dogru
aciklamalarina iliskin ifadeleri; “Olayda cisimlerin yaydigi dalga boyuna dalga boyu da sicakhiga bagldir,
sicaklikla dalga boyu ters orantilidir (038), (079), (080), Sicaklik dedisiminden dolay: cisimlerin yaydigi
elektro manyetik 1sinimlarin farkli olmasi yani dalga boyunun farkiihgidir (0119), (0128)” seklinde
olmustur.

Tablo 4.

Fotoelektrik Olay Konusunun Giinliik Yasamla lliskilendirilmesine iliskin Yanitlar.
Yanitlar Konuyla iligkili Frekans (f) Yiizde (%)
Yanlhs 84 26.75
Dogru HKiO Bilemez 142 45.22
HKiOB iliskisiz Agtklama 29 9.26
Yanlis Agiklama 10 3.18
Eksik Agiklama 27 8.60
Dogru Agiklama 22 7.00
Toplam 314 100.00
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Tablo 4 incelendiginde; 84 6grencinin (%26.75) yanlis yanitlar verdigi ve 142 6grencinin (%45.22)
dogru yanitlar vermesine ragmen hangi konuyla iliskili oldugunu bilemedigi sonucuna ulagilmigtir. 29
6grencinin (%9.26) bilimsel iliskilendirmede dogru yanitlara iliskisiz agiklamalari; “Bu devrede pil yoktur
(0231), Yansima sistemidir (0167), Isima sayilarla olur (0286)” seklindedir. 10 6grencinin (%3.18) dogru
yanitlarina yanlis aciklamalarindan bazilari ise; “Gelen fotonlarin algilandigi yere gidip gelmesidir (0152),
Foton bir yere ¢arpinca algilama yapar (0160), IsiGin cisimlere géndererek geri gelmemesinden
kaynaklanir (0202)” seklindedir. 27 6grencinin (%8.60) dogru yanitlarina eksik agiklamalarindan bazilari
ise; “Isigin elektron koparmasi (043), (057), Fotoseller kullaniimaktadir (021), (040)” olarak ifade
edilmistir. Dogru yanitlari dogru bilimsel bilgiyle agiklayabilen 6grenci sayisi 22 6grenci ile (%7.00)’dir. Bu
aciklamalardan 6grenci alintilari; “Katoda diisen isin elektron koparir ve devrenin olusmasi saglanir
(0136), (0154), Isiin metal yiizeyden elektron koparmasidir (6135), (6149), (0164), (0168),”
seklindedir.

Tablo 5.

Compton Olayr Konusunun Giinliik Yasamla iliskilendirilmesine iliskin Yanitlar.
Yanitlar Konuyla iliskili Frekans (f) Yiizde (%)
Yanlis 131 41.72
Dogru HKIO Bilemez 150 47.77
HKIOB iliskisiz Aciklama 17 5.41
Yanlig Agiklama 4 1.28
Eksik Agiklama 7 2.23
Dogru Agiklama 5 1.60
Toplam 314 100.00

Tablo 5’te Compton Olayi konusunun analiz sonuglarina gére; 131 6grencinin (%41.72) yanls yanitlar
verdigi ve dogru vyanit vermesine ragmen HKIO bilemeyen 150 6grencinin (%47.77) oldugu
goriilmektedir. Dogru yanitlara iliskisiz agiklama yapan 17 6grencinin (%5.41) ifadelerinden bazilari;
“Isinlar cisim icinden geger ve ora aydinlanir (069), (081), (0103), Carpisma var (035), (6167).”
seklindedir. Dogru yanitlara bilimsel olarak yanhs agiklama yapan dort 6grencinin (%1.28) agiklamalari;
“Isik gegerse aydinlanir (O65), Isin génderilir ve geriye yansir (6107)” olmustur. Dogru yanitlara eksik
aciklama yapan yedi 6grenciden (%2.23) alintilar; “Fotonlar cisme carpar sacilir ve gecer (082),
Génderilen i1sinlarin elektronlarla etkilesimidir (6214), (0215)” seklindedir. Compton Olayi konusunda
dogru vyanitlara dogru aciklama yapan bes 6grenci (%1.60) oldugu tespit edilmistir. Ogrenci
aciklamalarindan bazilari; “Génderilen 1sinlarin atomla ¢arpisip sagilmasi enerji ve momentumun
korunmasidir (0283), Isinlar etki ettigi parcaciklarla etkilesir ya da sagilir. (6282), (079)” seklinde
olmustur.

Tablo 6.

Lazer Isinlari Konusunun Giinliik Yasamla lliskilendirilmesine iliskin Yanitlar.
Yanitlar Konuyla iliskili Frekans (f) Yiizde (%)
Yanlis 149 47.45
Dogru HKiO Bilemez 109 34.71
HKIOB iliskisiz Aciklama 32 10.20
Yanlis Agiklama 6 1.91
Eksik Agiklama 9 2.86
Dogru Agiklama 9 2.86
Toplam 314 100.00

Tablo 6’da Lazer isinlarinin ginlik yasamla iliskilendirilmesi ile ilgili yanitlarda; 149 6grencinin
(%47.45) yanlis yanitlar verdigi ve 109 6grencinin (%34.71) dogru yanitlarina agiklama yapamadigi
sonucuna ulasilmistir. 32 Ogrenci (%10.20) dogru vyanitlara iliskisiz agiklamalarda bulunarak
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aciklamalarindan bazilarini su sekilde ifade etmistir; “U¢ boyutlu oldudu icin (024), (0287), Lazerler
yansima 6zelligi olan isinlardir (0122), (6236).” Dogru yanitlara yanls aciklamalar yapan égrenci sayisi
alti (%1.91) kisidir. Agiklamalara iliskin bazi ifadeler;“Lazerler kopmadan gider (02), (088), Zit fazh
goriintii olusumudur (0132), Lazerler yodunlugu (ézkiitle) fazla isinlardir (679)” seklinde dile
getirilmistir. Dokuz 6grencinin (%2.86) dogru yanitlarina eksik agiklamar yaptigi ve aciklamalari; “Lazer
teknigi hologramin temelidir (O65), Lazerler isinlarin dadilmadan uzaklara gidebilen isinlaridir (O68),
(0126)” gibi ifadelerle dile getirilmistir. Dokuz &grencinin (%2.86) hem dogru yanit verdigi hemde
bilimsel olarak dogru agiklamalar yaptigi sonucuna varilmistir. Bu konuya iliskin dogru yanitlarin
aciklamalarindan bazilari “ “Lazerler tek frekansli ve ayni fazli isinlardir (0241), (6273), (0293) Lazerler
paralel yogun isin demetleridir (0175)” seklindedir.

Tablo 7.

Atom Spektrumu Konusunun Giinliik Yasamla lliskilendirilmesine iliskin Yanitlar.
Yanitlar Konuyla iligkili Frekans (f) Yizde (%)
Yanlis 87 27.70
Dogru HKiO Bilemez 154 49.05
HKiOB iliskisiz Agiklama 24 7.64
Yanlis Agiklama 14 4.46
Eksik Agiklama 28 8.92
Dogru Agiklama 7 2.23
Toplam 314 100.00

Tablo 7 incelendiginde, atom spektrumu konusunu 87 06grenci (%27.70) yanhs ve 154 &grenci
(%49.05) dogru yanitlamistir. Hangi konu ile iliskili oldugunu bilip iliskisiz agiklamalar yapan 24
dgrencinin (%7.64) bazi aciklamalari; “Atom spektrumu maddenin fiziksel yapisidir (3126), Maddenin
parcalarinda atoma bakilir (0213), (0214)” seklinde dile getirilmistir. Dogru yanitlara yanlis agiklamalar
yapan 14 6grenci (%4.46) agiklamalarini; “Atom spektrumu kiitle numarasi, atom numarasi ve periyodik
cetvelde yer alir (0106), (0282), Ayni atom dizilimine sahip maddelerdir (0205), Génderilen i1sinla madde
kendinin bulunmasini saglar (027)” seklinde dile getirmistir. Dogru yanitlara eksik agiklamalar yapan 28
dgrenciden (%8.92) bazi aciklamalar; “Atom spektrumu maddeler icin ayirt edici 6zellige sahiptir. (02),
(065), (075), (682) (6103), Dalga boylarini bilmeliyiz (091), (621)” olmustur. Dogru yanitlara dogru
aciklamalar ise; yedi 6grenci (%2.23) tarafindan yapilmistir. Ogrencilerin agiklamalarina iliskin alintilar;
“Her madde kendine 6zgii dalga boyu ile isimalar yapar ve yayar (05), (621), (027), (016), Atomun
yapisi atom spektrumu cizgilerinde farklilik yaratir.” (G68), (04) seklindedir.

Tablo 8.

Madde Dalgalari (De Broglie) Konusunun Giinliik Yasamla iliskilendirilmesine iliskin Yanitlar.
Yanitlar Konuyla iligkili Frekans (f) Yiizde (%)
Yanlis 197 62.73
Dogru HKiO Bilemez 110 35.03
HKiOB iliskisiz Agtklama 2 .67
Yanlis Agiklama 3 .96
Eksik Agiklama 2 .67
Dogru Agiklama 0 .00
Toplam 314 100.00

Tablo 8'de Madde dalgalari konusuna; 197 6grencinin (%62.73) yanlis yanitlar verdigi ve dogru yanit
vermesine ragmen aglklama yapamayan 110 6grenci (%35.03) oldugu sonucuna ulasilmistir. Dogru
yanitlara iliskisiz aciklama yapan iki 6grencinin (%.67) ifadeleri; “De broglie ayrit edicidir (082), De Broglie
deneyleri yapilmistir (092)” olmustur. Dogru yanitlara yanlis aciklama yapan (¢ 6grencinin (%.96)
aciklamalari; “ Mikro diizeydeki canlilar icin yiiksek enerjili 1sin gerekir (036). Atom, metal gibi maddeleri
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aciklamak icin madde dalgasi olmali (0199).” seklindedir. Dogru yanitlara eksik aciklama yapan iki
dgrenci (%.67) ifadelerini; “Madde dalgalarinda dalga eslik etmesi séz konusudur (042), (6278) “
seklinde yapmistir. Dogru yanitlara bilimsel olarak dogru agiklamalarin olmadigi sonucuna ulagiimistir. Bu
problemde 6grencilerden beklenen dogru agiklama; kiitlesi ve momentumu olan her cisme dalganin eslik
ettigi ve hareketli maddesel pargaciklara eslik eden bu dalgalara mekanik ve elektromanyetik dalgalara
da farkli olarak madde dalgalaridir.

Tablo 9.

Xisinlari Konusunun Giinliik Yasamla iliskilendirilmesine iliskin Yanitlar.
Yanitlar  Konuyla iliskili Frekans (f) Yizde (%)
Yanlis 102 32.48
Dogru HKIO Bilemez 179 57.00
HKIOB iliskisiz Aciklama 18 5.73
Yanlig Agiklama 4 1.28
Eksik Agiklama 8 2.55
Dogru Agiklama 3 .96
Toplam 314 100.00

Tablo 9’da degerler incelendiginde; X isinlari konusuna toplam 102 6&grencinin (%32.48) yanls
yanitlar verdigi ve 179 0grencinin (%57.00) soruyu dogru yanitladigi halde uygun konuyla
iliskilendiremedigi tespit edilmistir. 18 6grencinin (%5.73) dogru yanitlarina iliskisiz agiklamalar yaptigi ve
aciklamalarini “Réntgen ve diger cihazlarda bu 1sin kullanilir (637), (040), (0118), Viicudumuzda sadece x
1sin1 gecer (0153), (0200).” seklinde ifade etmistir. Dért 6grencinin (%1.28) dogru yanit verip yanlis
aciklamalari; ;“X 1sini enerji kotasini gegmemeli (041), X 1sinlari yodundur (0168), (6221)” seklindedir.
Dogru yanitlara eksik agiklama yapan sekiz 6grencinin (%2.55) bazi ifadeleri; “X 1sinlari yiiksek hizdaki
elektronlarin bir hareket maddesi iizerindeki bombardiman edilmesidir (0155), (0234), “X isinin bir
engelle karsilasmasi sonucu isinlar zayiflar ve sagihr (0233)” olmustur. Ug 6grenci (%.96) problemi dogru
yanitlayip uygun konuyla ve bilimsel bilgiyle agiklamistir. Ogrencilerin dogru yanitlarinin agiklamalarina
iliskin alintilar; “X — isinin frekansinin bilyiik olmasi yani dalga boyunun kiiciik olmasidir (014), “X-1sinlari
spektrumu genis, dalga boylar ¢ok disuk, enerjileri ve dolayisiyla girginlik yetenekleri ¢ok buyuktir
(6236).” seklinde olmustur.

Tablo 10.

Pauli Disarlama llkesi Konusunun Giinliik Yasamla iliskilendirilmesine iliskin Yanitlar.
Yanitlar  Konuyla iligkili Frekans (f) Yiizde (%)
Yanlis 190 60.51
Dogru HKIO Bilemez 119 37.90
HKiOB iliskisiz Aciklama 2 .67
Yanls Agiklama 3 .96
Eksik Agiklama 0 .00
Dogru Agiklama 0 .00
Toplam 314 100.00

Tablo 10 analiz sonuglarina gore; 190 6grenci (%60.51) yanlis yanit ve 119 6grenci (%37.90) dogru
yanit vermistir. Bu sonug dgrencilerin Pauli Disarlama ilkesi bilgilerinin giinlik yasama uygulamasinda
eksiklileri oldugunu gostermektedir. iki 6grencinin (%.67) dogru yanitlara iliskisiz agiklamalari; “Pauli
atomu disarlamistir (09),(0206)” seklinde dile getirilmistir. Dogru yanitlara yanhs aciklamalar tig¢ 6grenci
(%.96) tarafindan; “Dalga boyuna gére cismin ¢calismasi belirlenir (0112), Maddeye enerjiyi cok verirsek
madde o enerjiyi dislar.” (0162) seklinde ifade edilmistir. Ayrica 6grencilerin probleme dogru yanitlar
verdikleri halde eksik ve dogru aciklama yapamadigi sonucuna da ulasiimistir. Pauli Disarlama ilkesi
konusuyla iliskili olan bu problemde 6grencilerden beklenen dogru agiklama; bir atomda iki elektron
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hicbir zaman ayni kuantum durumunda bulunmaz; yani ayni atoma ait iki elektron ayni kuantum sayilari
takimina sahip olamaz, Bu ilke gecerli olmasaydi her elektron en diisiik enerji durumuna gidip yerlesir ve
elementlerin kimyasal davranislarinin degismesine neden olur ve farkli elementlerin olusmasi s6z konusu
olmazdi seklindedir.

Tablo 11.

Atom Modelleri Konusunun Giinliik Yasamla iliskilendirilmesine iliskin Yanitlar.
Yanitlar Konuyla iliskili Frekans (f) Yizde (%)
Yanlis 154 49.05
Dogru HKiO Bilemez 124 39.50
HKIOB iliskisiz Aciklama 9 2.87
Yanlig Agiklama 6 1.91
Eksik Agiklama 13 4.14
Dogru Agiklama 8 2.55
Toplam 314 100.00

Tablo 11'de Atom Modelleri konusunun ginlik yasamla iligskilendirilmesi ile ilgili yanitlar
incelendiginde; 154 o6grencinin (%49.05) yanhs yanitlar verdigi ve 124 6grencinin (%39.50) dogru
yanitlarina agiklama yapmadigl sonucuna ulasiimistir. Dogru yanitlara iliskisiz aciklamalar yapan dokuz
o6grenci (%2.87) aciklamalarindan bazilarini su sekilde dile getirilmistir. “Enerji ne kadar yollanirsa o
kadar atom sokiiliir (0237), (6236), insanda atom siirekli degisir (6125).” Dogru yanitlara yanlis
actklamalar alti (%1.91) 6grenci tarafindan yapilmis olup agiklamalardan bazilari; “Enerji seviyeleri atomu
verir (0167), insan viicudunun par¢alanmasi icin yiiksek diizeyde atom gerekir (043)” seklindedir. Dogru
yanitlara eksik agiklamalar 13 6grenci (%4.14) tarafindan yapilmis olup bazi ifadeler; “Atom modeli
atomu agiklar (014),(017), (027), (02), Hiicreler atomlardan olusmustur (019), (0106)” olarak
belirtilmistir. Sekiz 6grencinin (%2.55) hem dogru yanit verdigi hemde bilimsel olarak dogru agiklar
yaptigl sonucuna ulasilmistir. Bu konuya iliskin alintilar; “Hiicreler atomlardan olusur. Atomu da atom
modellerinin farkh ve ayni 6zellikleri agiklar (6285), (0179), (0182), Canlilarda hiicrelerin icerisinde
protein, karbonhidrat... var bunlarda da atom bulunur (6105), (0250).” olmustur.

Tablo 12.

Enerji Seviyeleri Konusunun Giinliik Yasamla iliskilendirilmesine iliskin Yanitlar.

Yanitlar Konuyla iligkili Frekans (f) Yizde (%)
Yanhs 173 55.09
Dogru HKIO Bilemez 121 38.53
HKiOB iliskisiz Agiklama 3 .96

Yanlis Agiklama 4 1.27

Eksik Agiklama 11 3.50

Dogru Agiklama 2 .67

Toplam 314 100.00

Tablo 12’de elde edilen analiz sonuglarina gore; Enerji Seviyeleri konusunda; yanls yanitlar 173
ogrenci (%55.09) ve dogru yanitlar 121 6grenci (%38.53) tarafindan verilmistir. Dogru yanitlara iliskisiz
aciklamalar ¢ 6grenci (%.96) tarafindan yapilmis olup bazi agiklamalar; “Déniisiim olayidir (639),
Elektrik enerjisidir (0181)” seklinde olmustur. Dogru yanitlara yanhs agiklama yapan dért dgrenci (%1.27)
aciklamalarindan bazilar; “Direng géstermedir. (0106),(0178), Enerji seviyesi elektrigi gegiren
gecirmeyendir (0179)” seklinde ifade edilmistir. Dogru yanitlara eksik agiklamalar 11 6grenci (%3.50)
tarafindan yapilmis olup bu aciklamalardan éne cikanlar; “Enerji seviyelerinin belli dederde olmasi (624),
(038), (0304), Elektrik iletkenligi elektronlarin hareketinden kaynaklanir (0136), “Enerji seviyesinde
atomun uyarilma durumu vardir (0150), (0165)” seklindedir. Dogru yanitlara bilimsel dogru acgiklama iki
(%.67) o6grenci tarafindan yapilmistir. Ogrencilerin dogru yanitlarin agiklamalarini su sekilde dile
getirmistir; “Enerji bantlarinin yapisi iletkenligi saglar (0167), (0188)”.
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Tablo 13.

Gérelilik Konusunun Giinliik Yasamla iliskilendirilmesine iliskin Yanitlar.
Yanitlar Konuyla iliskili Frekans (f) Yizde (%)
Yanlis 147 46.82
Dogru HKIO Bilemez 132 42.03
HKiOB iliskisiz Agiklama 8 2.55
Yanls Aciklama 6 1.91
Eksik Agiklama 4 1.27
Dogru Agiklama 17 5.41
Toplam 314 100.00

Tablo 13’te Gorelilik konusunun gunlik yasamla iliskilendirilmesine iliskin analizler incelendiginde;
147 6grencinin (%46.82) yanhs ve 132 6grencinin (%42.03) dogru yanitlar verdigi sonucuna ulasiimistir.
Dogru yanitlara sekiz 6grenci (%2.55) tarafindan yapilan iliskisiz agiklamalardan bazilari; “Olay paradoksa
benziyor. (035), Fren yapildiGinda tepki kuvveti olur (043)” seklindedir. Dogru yanitlara yanls
actklamalar alti 6grenci (%1.91) tarafindan yapilmistir. Bu agiklamalara iliskin alintilar; “Olaylar farkl
zamanlarda olmustur (041), ikisi farkli olaydir (0119), (0118), Zaman esnektir degisebilir (0200)”Dogru
yanitlara dort 6grenci (%1.27) tarafindan yapilan eksik agiklamalardan bazilari ise; “Zaman kavrami bakis
durumuna gére degisir (0135), (0153), Farkli zaman dilimlerinde olmustur (05)” seklindedir. Dogru
yanitlara bilimsel olarak dogru agiklamalar 17 68renci (%5.41) tarafindan yapildigi sonucuna ulasiimistir.
Ogrencilerin dogru yanitlarinin agiklamalarina iliskin alintilar; “Gézlem ve gézlemcinin durumu zamanda
énemlidir. (627), (0104), (0175), (0262), Zaman gérelidir kesin degildir (030), (0178), (0194)”seklinde
olmustur.

Bulgularin daha iyi incelenmesi icin MFTT sorularina (00SQ) verdigi yanitlarina iliskin veriler Tablo
14’de 6zetlenmistir:

Tablo 14.
MFTT ne Verilen Yanitlara iliskin Degerler.

Yanitlar (Frekans )

Dogru yanit ve agiklamalari

iliskisiz Yanlis Eksik Dogru
Sorular Yanhs Dogru Aciklama Acgiklama Agiklama Agiklama Toplam
1.Karacisim 124 100 20 16 39 15 314
2.Fotoelektrik 84 142 29 10 27 22 314
3.Compton Olayi 131 150 17 4 7 5 314
4.Lazer Isinlari 149 109 32 6 9 9 314
5.Atom Spektrumu 87 154 24 14 28 7 314
6.Madde Dalgalari 197 110 2 3 2 0 314
7 X-Isinlar 102 179 18 4 8 3 314
8.Pauli Disarlama ilkesi 190 119 2 3 0 0 314
9.Atom Modelleri 154 124 9 6 13 8 314
10.Enerji Seviyeleri 173 121 3 4 11 2 314
11.Gorelilik 147 132 8 6 4 17 314
Toplam 1538 1440 164 76 148 88 3454
Yanit ( %) 44.52 41.69 4.74 2.20 4.28 2.54 100.00

Tablo 14 incelendiginde; 6grencilerin on bir soruya verdigi toplam yanitlarin %44.52’sinin yanlig
yanitlar oldugu, %41.69’unun dogru vyanitlar olmasina ragmen agiklamanin olmadig sonucuna
ulasilmistir. Ogrencilerin %4.74’iniin hangi konu ile iliskili oldugunu bildigi ve bilimsel olarak iliskisiz
agiklamalar, %2.20’sinin HKIO bildigi fakat bilimsel olarak yanlis agiklamalar, %4.28 ‘inin HKiO bildigi
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fakat bilimsel olarak eksik agiklamalar ve % 2.54’sinin HKIiO bildigi ve bilimsel olarak dogru agiklamalar
yaptig gorilmektedir. Modern fizik bilgilerinin glinliik yasama transferinde sifir transferin %93.48, eksik
transferin % 4.28 ve tam transferin %2.54 oldugu tespit edilmistir.

Konu bazinda incelendiginde ise 00SO’nin modern fizikte en fazla bilgi transferi
gerceklestirebildikleri konular “Kara cisim Isimasi ve Fotoelektrik Olay” konulari oldugu, en az transferin
oldugu konular ise; “Madde Dalgalari ve Pauli Disarlama ilkesi” oldugu sdylenebilir. Compton Olayi, X-
1sinlari ve Enerji seviyeleri konularinin transfer diizeylerinin birbirlerine yakin degerlerde oldugu tespit
edilmistir. Atom spektrumu, Atom modelleri ve Lazer lIsinlari konularinda ise; transfer dizeylerinin
birbirine yakin degerlerde oldugu, Gorelilik kurami konusunun tam transfer diizeyinin Kara cisim Igimasi
konusunun tam transfer diizeyine yakin oldugu sonunca ulagiimistir.

MFTT Puanlarinin Cinsiyet Farkhligina Gére Kargilastirilmasi

MFTT’den alinan puanlarin cinsiyet farkhligina gore betimsel olarak kiyaslanmasi ve bu puanlar
arasinda anlamh farklihgin olup olmadigi Tablo 15’te verilmistir.

Tablo 15.

MFTT Puanlarinin Cinsiyete Gére Betimsel Dederleri ve t— testi Sonuglari.
Cinsiyet N X Ss t p
Erkek 136 .96 1.38 1.54 .39
Kiz 178 .74 1.14

Tablo 15’te goriildugi gibi erkek dgrencilerin MFTT puanlarinin ortalamasi (X=.96), kiz 6grencilerin
MFTT puanlarinin ortalamasi (X=.74) oldugu; fakat her iki cinse ait MFTT puanlarinin disiik seviyede
oldugu belirlenmistir. Erkek 6grencilerinin MFTT puanlari kiz 6grencilere gore yiksek oldugu halde
cinsiyet arasinda anlamh bir farkhilk bulunamamustir (t 31, = 1.54, p >.05).

Ogretmenlerin “Modern Fizik Bilgileri” ve “Bu Bilgileri Giinliik Hayata Transfer Edebilme Durumlarina
iliskin” Gorisleri

Arastirma yapilan yedi okulun her birinde ortalama t¢-dort fizik 6gretmeni gorev yapmakta olup
toplamda 24 fizik 6gretmeni bulunmaktadir. Olgme araglari uygulamalarinin bitmesiyle calisma yapilan
yedi okulun 12 fizik 6gretmeni ile bireysel gérismeler yapilmistir. Gorlisme yapilan 6gretmenlerin
belirlenmesinde, arastirmaya dahil edilen siniflarin fizik dersine girme durumuna dikkat edilmis ve
ogretmenler rastgele belirlenmistir. Gorisme igin arastirmacilar tarafindan gelistirilen ve uzman
goruslerin destekleri ile olusturulan yari yapilandirilmis gérisme formu kullanilmistir. Gériisme siiresi
her bir 6gretmen igin ortalama 10-15 dakika olup veri elde etmek icin ses kayit cihazi kullaniimistir. Ses
kayit cihazi ile elde edilen veriler transkript edilmistir. Transkript sonucunda 6gretmenlerin; modern fizik
bilgileri, modern fizigi diger fizik dallarindan ayirabilme durumlari, modern fizik bilgilerini ginliik yasamla
iliskilendirme durumlari, modern fizik 6gretimi esnasinda kullandiklari 6gretim yontem ve teknikleri
bilgilerine ulasiimistir.

Ogretmenlere gére, modern fizik; mikro diinya (n=3), klasik fizikle ¢dziilemeyen ve agiklanamayan
teorileri agiklayan fizik dali (n=3), Einsitein’in Goérelilik Kurami ve 151k hizi (n=1), belirsizlik, dalga ve olasilik
(n=2),teknolojinin ve bilimin zirvesi olan fizik (n=4), fizigin soyut olan bolimui(n=2) ve atom alti diinyanin
anlasilmasi (n=1) seklinde agiklanmistir. Bu konuya iliskin alintilar; “Newton mekaniginin yetersiz kaldigi
noktalarda 1sik hizi civarindaki hareketlerde ve kiiciik kiitlelerde olusan olaylari incelemektir (DGRT4)”,
“Biiyiik teknolojinin kiigiilmesi ve atom alti parcaciklarla teknolojinin de kiiciilmesidir (OGRT11).”

144



Onur YALGIN, Nuri EMRAHOGLU- Pegem Egitim ve Ogretim Dergisi, 7(1), 2017, 115-158

Ogretmenlere gére, modern fizigi diger fizik dallarindan ayiran 6zellikler; cok soyut olmasi (n=6),
laboratuar kosullarina uygun olmamasi (n=3), matematiksel ifadelerin ve denklemlerin daha Ust dizeyde
olmasi (n=2), dogrudan goézlenemeyen (mikro diizeyde oldugu igin) (n=1), goérsel olmamasi (n=2) bazi
modern fizik denklemlerinin teorik olarak uygulanmasi (n=2), dislince deneyleri (n=1), giinlik yasamda
cok gorilmemesi (n=3) seklinde olmustur. GGRT2 bu konudaki goérislerini su sekilde ifade etmistir.
“Atom alti pargaciklarla ilgili oldugundan soyut bir durum séz konusu ve siradan laboratuvarlarda
modern fizik deney ¢alismalari yapilamaz.”, “Matematik anlasiilmasi zor bir ders ve fizik dersinde
matematigi uygulamak daha da zor ve konu modern fizik olunca her sey tamamen zor ve soyut kaliyor.
(OGRT11)”

Ogretmenlere gore, modern fizik bilgilerini glinluk yasamla iliskilendirme; fotoelektrik olayi igin
fotosel devreler (n=2), fotoelektrik olayi igin fotosel lambalar (n=1), gorelilik kurami ve paradokslar
(n=1), zamanin farkli yerlere gore degismesi (n=1), kara cisim 1simasi termal kamera (n=1), otomatik
kapilarin acilip kapanmasi lazer isinlari ile ilgili (n=1), Sadece teorik bilgileri ve denklemleri biliyorum
(n=6), aciklama yok (n=4) seklindedir. OGRT 6 bu konudaki ifadeleri su sekilde belirtmistir. “Askeriyede
kullanilan gece gériislii kameralar termal kamera ile yapilir. Clinkii termal kamerada soguk yerler
karanhk sicak yerler daha renkli gériiliir.”, “Alisveris magazalarinda agilan kapilar, otomatik merdiven
sensérleri 1sigin metal yiizeyden elektron koparmasi ile ilgilidir (OGRT9)”.

Ogretmenlere gére, modern fizik dgretiminde kullanilan dgretim yéntem ve teknikler ise; Soru-cevap
(n=10) ve diiz anlatim (n=9), bilgisayarda video gosterisi (n=5), bilgisayar simiilasyonu (n=2), deney (n=1),
powerpoint sunumu (n=1), Beyin Firtinasi (n=2), Ogrencilerin yaptig1 grup sunumlari (n=1) seklindedir.
OGRT10 modern fizik 6gretimi ile ilgili distincelerini su sekilde ifade etmistir. “Modern fizik cok zor ve
okullarda imkdanlar kisitl. Bu nedenle deneylerle bilgileri desteklemek neredeyse imkdnsiz gériinmektedir.
Bu nedenle sadece soru ¢ézerek konuyu anlatmaya g¢alisiyorum. Bazen de akilli tahtadan videolar ve
animasyonlar izletiyorum.”, “Modern fizik konusunu teorik olarak biliyorum deneysel tecriibelerim
olmadidr igin konuyu formiillerle ve problemler ¢6zerek anlatiyorum (OGRT11)”.

Tartisma, Sonug ve Oneriler
MFBT ile MFTT Arasindaki iliskinin Bulgularina Yonelik Tartisma

Arastirma kapsaminda; MFBT ve MFTT arasindaki iliski ve 00SO’nin transfer diizeyleri incelenmistir.
Analizler sonucunda MFBT ve MFTT arasindaki korelasyon degeri (r(314) = .20; p=.00) olarak bulunmustur.
Bu iki test arasinda zayif dizeyde, pozitif ve anlamh bir iliski oldugunu gostermektedir. Bu durum
ogrencilerin modern fizik bilgilerini glinlik hayata transfer etmede yeterli diizeyde olmadigini ve iligki
kuramadiklarini géstermektedir. Ayrica 6grencilerin tam transfer diizeyinin % 2.54 ¢ikmasi yani distk
seviye ¢cikmasi bu sonucu desteklemektedir. Literatlre bakildiginda ¢alismada elde edilen MFBT ve MFTT
puanlari arasindaki disiuk diizeydeki korelasyon sonucuna modern fizik kapsaminda paralel olan bir
calismaya rastlanilmamistir. Fakat fizik kapsaminda bakildiginda ¢alismada bulunan bu korelasyon
sonucu Ektina vd. (2006) ve Erduran’in (2002) korelasyon sonucu ile paralellik gostermektedir. Fizik
kapsaminda Emrahoglu ve Mengi’'nin(2012) kuvvet ve hareket konusunda, Aytekin’in (2010) isi- sicakhk
konusunda ve Bozkurt'un (2008) optik konusunda yapilan c¢alisma sonuglari ile paralellik
gostermemektedir. Bu galismalarda korelasyon diizeyi orta diizeyde bulunmustur. Calismada korelasyon
sonucunun bu ¢alismalardan farkli ¢ikmasinin sebebi ise; calisma yapilan klasik fizik konularinin her sinif
diizeyinde anlatilmasi, konularin daha somut, daha anlasilir olmasi ve giinlik hayatta sik kullanilmasi
olabilir. Modern fizik konularinin soyut olmasi ve anlasilirlik diizeyinin karmasik olmasi korelasyon
sonucunun dusilik ¢cikmasina neden olabilir.
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MFTT nin Agiklama Bdliimiinde Transfer Diizeylerine iliskin Tartisma

MFTT nin ikinci bélimi olan “Neden” kisminda HKIO bilir kategorisi incelendiginde; problemlere
yanlis yanit veren o6grencilerin ylizdesi (%44.52) olurken dogru yanitlamalarina ragmen agiklama
yapamayan 6grencilerin  ylUzdesinin  (%41.69) neredeyse ayni oldugu gorlilmektedir. Ayrica
00SO’ninMFTT’ye verdikleri toplam yanitlarin %4.74’(inli dogru yanit iliskisiz agiklama ve %2.20'si dogru
yanit yanlis agiklama olusturmaktadir. Sifir transfer temasini olusturan yanhs yanit, dogru yanit agiklama
yok, dogru yanit iliskisiz ve yanlis aciklama toplam yizdenin %93.48’ini olusturmaktadir. Bu sonug
ogrencilerin  tamamina yakininin modern fizik bilgilerini glinlik yasama transfer edemedigini
gostermektedir. Bu durumun olasi sebepleri; konuya ait kavramlarin tam olarak 6grenilmemis
olmasindan, modern fizik kavramlarinin hala klasik fizik kavramlari ile agiklanmaya ¢alisilmasindan,
modern fizik konularinda problem ¢6zme asamasini kullanamamaktan, modern fizik 6gretimi
sorunlarindan ve ginlik hayatta 6grenilen siradan bilgilerin bilimsel bilgi gibi distnilmesinden
kaynaklandig1 6grenci yanitlarindan anlasilabilir. Literatiirde ise; Bilal ve Erol (2007), Miiller ve Wiesner
(2002) calismalarinda benzer sonuglara ulasmistir.

MFTT sorularinin dogru yanitlanip konuyla iliskilendiriimesinde bilimsel agiklamanin eksik oldugu
yanitlar %4.28 ve bilimsel dogru acgiklamalar %2.54 olarak bulunmustur. Bu sonug; modern fizik
konularinda eksik transferin tam transfer yilizdesinden daha fazla oldugunu géstermektedir. Bu durumun
nedenine bakildiginda; iliskisiz ve yanlis agiklamalarda oldugu gibi 6grencilerin; 6grenme eksiklikleri,
modern fizigin hala klasik fizik gibi oldugunun diusunilmesi ve konularin vyeteri kadar
icsellestirilememesinden olabilir. Ogrencilerin yanitlari ile olusturulan kodlar ve temalar sonucunda,
modern fizikte 6grencilerin tam transfer diizeylerinin oldukca diisiik oldugu saptanmistir. Benzer sonug
Yildiz (2009 ) Modern Fizigine Giris (fotoelektrik, Compton ve Heisenberg Belirsizlik ilkesi konu
kapsaminda) galismasi ile paralellik gostermektedir.

Her bir konunun transfer diizeyleri incelendiginde; sifir transferin en fazla oldugu konular Madde
dalgalari ve Pauli Disarlama ilkesi, en az ise karacisim isimasi ve Fotoelektrik olay konusu olmustur.
Fotoelektrik ve karacisim konularinda transfer diizeyinin diger konulara gére daha yiksek ¢ikmasinin
nedeni 6grencilerin bu iki modern fizik olayi ile glinlik yasamlarinda daha cok karsilasmalari verilen
yanitlardan anlasiimaktadir.

Atom modelleri ve Atom spektrumu konularina verilen yanitlar incelendiginde konuyla iliskilendirme
diizeylerinin birbirine yakin oldugu ve diger konulara gére transfer durumunun daha iyi oldugu tespit
edilmistir. Atom modelleri konusunda; 6grencilerin ilkogretimden gelen 6grenme aliskanliklarina devam
ettigi ve atomun sadece fizik ve kimya dersi kapsaminda oldugunun disiniilmesi yanitlardan
anlasiimaktadir. Karagdz ve Saglam-Arslan (2012) yapmis oldugu ¢alismada ilkdgretim ogrencilerinde
atom kavrami ile ilgili kavram yanilgilarinin oldugu belirlenmistir. Ayrica 6grenciler atom spektrumu
konusunu hala atom ve atom modelleri konulari ile ayni oldugunu distinmektedirler. Kisacasi 6grenciler
hala klasik fizikteki yer alan agiklamalara ve benzetmelere devam etmektedirler. Lazer isinlari konusunun
transfer diizeyinin disik ¢ikmasinin nedeni; 6grencilerin lazer 1sinlari ile diger 1sinlarin (radyo dalgalari,
morotesi isinlari gibi) ayni 6zellikte oldugunu disiinmeleri verdikleri yanitlardan anlasiimaktadir.

X 1sinlari, Compton Olayi ve Enerji seviyeleri ilgili problemlerin verileri incelendiginde; HKIO bilinmesi
konusunda alinan yanitlarin oranlarinin birbirine yakin oldugu tespit edilmistir. Compton Olayi’'nda X —
isinlart kullanildigi halde o6grenciler bu iki modern fizik konularinin birbirinden bagimsiz olduklari
dislincelerine sahip olduklari verdikleri yanitlardan anlasilmistir. Enerji seviyelerinde ise; 6grencinin
klasik fizikteki enerji korunumu kanunu ile atomdaki enerji seviyelerinin ayni kavrammis gibi algilanmasi
bilimsel yanlis aciklamalara neden oldugu 6grenci yanitlarindan anlasilmaktadir. Gorelilik kuraminda ise;
ogrencilerin modern fizigi hala Newton fizigi gibi diisindlgl verdikleri yanitlarin sonucunda anlasiimistir.
Modern fizikle ilgili bu sonuglar; Sen (2002) ve Didis vd. (2008) ¢alismalari ile paralellik géstermektedir.

Calismada sonucunda transfer dizeyinin ¢ok disiuk oldugu yani sifir transfer dizeyinde oldugu
literatirde fizik konularini iceren diger calismalarla paralellik gostermektedir. (Aytekin, 2010; Erduran,
2002; Kirtak, 2010; Ozkaynak, 2008; Selcuk, Caliskan & Erol, 2007). Yapilan bu calismalarda 6grencilerde
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fizigin manyetizma, elektrik, optik — madde, Elektrik — Isik, termodinamik ve i1si — sicaklik konularinin
transfer durumlari arastirilmigtir.

Elde edilen transfer dizeylerinin farkliigr (sifir, eksik ve tam transfer) ise literatlrle uyum
gostermektedir (Ayas & Ozmen, 1998; Balkan, 2008; ilkériici-Gégmengelebi & Ozkan, 2010; Emrahoglu
& Mengi, 2012; Yilmaz, 2008) Arastirma bulgulari; fizik egitiminin etkililiginin artirllmasi gerektigini ve
ginlik yasam igin fizik 6gretiminde bilgilerin transferlerinin 6nem olusturdugunu gostermektedir. Ayrica
fizik 6gretiminde yapilandirmaci yaklasimin 6nerdigi gibi 6grencinin aktif yasantilarla 6grenmesinin
gerekliligi ve bu 6grenmelerin glinlik yasamla iliskilendirilmesi bakimindan 6nem tasimaktadir.

Modern fizigi guinlik hayata transfer etme durumlari incelendiginde; 6grencilerin bilgileri cok diisuk
diizeyde giinliik yasama transfer edebildigi sonucuna ulasiimistir. Bu durumun nedenleri; 6grenmede
yapilandirmaci yaklasimin kullanilamadigi, 6grencilerin problem ¢ézme siirecinde bilimsel fizik bilgileri ile
iliskilendirmek yerine bilimsel olmayan bilgilerle ¢ozmeye c¢alistiklarini séylemek mimkindir. Bu
bulgular ilgili literatiirle uyum géstermektedir (Ozdemir & Erol, 2008; Ozdemir & Erol, 2011; Sen, 2002;
Wittmann et al. 2002).

Cinsiyet Farkliigina Gére MFTT Puanlarina iligkin Tartisma

Calismada 136 erkek ve 178 kiz 6grenci katilmistir. MFTT puanlarinin aritmetik ortalamasi erkek
ogrencilerde .96 kiz 6grencilerde .74 olarak bulunmus olup cinsiyete gére herhangi bir anlamli fark tespit
edilememistir. Bu sonugclara gore kiz ve erkek 6grencilerin modern fizik bilgilerinin transfer diizeyinin
oldukga dislk seviyede oldugu soylenebilir. Fakat aritmetik ortalamaya gore erkek 6grencilerin daha
basarili oldugu soylenebilir. Bu durumun nedeni; 6grencilerin bulundugu yas araligi, fizige karsi tutumu,
konular hakkindaki 6n bilgileri, okul icinde ve disinda deneyimlerinin farklilasmasindan kaynaklanabilir
(Jones, Howe, & Rua, 2000). Bununla birlikte erkek 6grencilerin kiz 6grencilere gore sosyal, kiiltirel ve
ginlik yasam deneyimlerde fen bilgisi etkinliklerine daha fazla katildigi ve fizige karsi daha olumlu bir
tutuma sahip oldugu belirlenmistir. (Farenga & Joyce, 1997; Jones et al., 2000)

Modern fizik bilgilerin ve transfer durumunun belirlenmesinde cinsiyetin etkisi ile ilgili olarak yapilmis
literatiirde herhangi bir arastirmaya rastlanilmamistir. Ozkaynak (2008)’in optik ve madde konularinin
transfer durumu ile yaptigi calisma ile calismadan elde edilen cinsiyet basari durumu sonucu paralellik
gostermektedir. Ay (2008) kimya bilgilerinin (fizik konulari ile baglantili olanlar), Kamaraj (2009), Yiimaz
(2008) ve Yilmaz (2012) fen bilimleri bilgilerinin glinlik yasama transfer calismalarinda cinsiyet
degiskenine gore elde edilen sonuglar ¢calisma da elde edilen sonuglarla paralellik gostermektedir. Bu
calismalarla paralel sonuglarin olmasi arastirilan transfer konularinin fen bilimleri ile ilgili olmasi
dustnilebilir.

Ogretmenlerin “Modern Fizik Bilgileri” ve “Bu Bilgileri Giinliik Hayata Transfer Edebilme Durumlarina
iliskin” Goriislerine iliskin Tartisma

Arastirmada, uygulama yapilan yedi okulda gorev yapmakta olan 12 fizik 6gretmeni ile yapilan
gorismeler sonucunda 6gretmenlerin; modern fizik bilgileri, modern fizigi diger fizik dallarindan
ayirabilme durumlari, modern fizik bilgilerini giinlik yasamla iliskilendirme durumlari, modern fizik
dgretimi esnasinda kullandiklari 6gretim yéntem ve teknikleri bilgilerine ulasiimistir. Ogretmeler modern
fizigi; fizikte ayri bir bilim alani yerine klasik fizikte aciklanamayan teoriler, teknolojinin zirvesi ve atom
alti parcaciklar yani mikro dilinya olarak belirtmislerdir. Elde edilen bu bulgular dogrultusunda;
ogretmenlerin modern fizigi bilimsel olarak tanimlayamadiklari, modern fizigi sadece atom alti
parcaciklar ve belirsizlik ilkesi olarak nitelendirdikleri sdylenebilir. Ayrica 6gretmenler modern fizigi diger
fizik dallarindan ayiran 6zellige; yliksek matematik gerektirmesi, ginlik yasamda dogrudan
karsilasilmamasi, ¢ok soyut olmasi ve teorik olmasi gibi 6zellikler belirtmislerdir. Bu sonug, Aksakalli
(2014), Baybars ve Kugclikézer'in (2014) 06gretmen adaylari ile yapilan calismasi ile paralellik
gostermektedir.
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Arastirmada; Ogretmenlerin modern fizigi ginlik yasamla iliskilendirmesinde verdikleri érnekler
incelendiginde; 6gretmenlerin genelde “Fotoelektrik, Kara cisim Isimasi ve Gorelilik kurami” konulari ile
ilgili 6rnekler verdigi tespit edilmistir. Bu duruma iliskin bazi 6gretmen ifadeleri su sekildedir. “ Aligveris
merkezlerinde otomatik agilan kapilar 1518in metal ylizeyden elektron sékmesi ile ilgilidir.”, Termal
kameralar termal adinda da anlasilabilecegi gibi sicakhk algilamadir. Ama sicak denilen sey sogukta
olabilir.” Bu durum 6gretmenlerin modern fizik bilgilerini glinlik yasama belli konularda (Fotoelektrik,
kara cisim 1simasi ve gorelilik) transfer edebildiklerini géstermektedir. Bu bulgu 6grencilerin fotoelektrik
ve kara cisim i1simasi konularindaki transfer dlzeyleri ile paralellik gostermektedir. Fakat Ulkemiz
ortadgretim okullarinda ve galismada kullanilan MEB ortadgretim fizik kitaplarinda modern fizikle ilgili
tiim konularin transferi ile ilgili gerekli agiklamalar ve bilgiler bulunmaktadir.

Calismanin bulgularina gore, 6gretmenler ders siirecinde modern fizik bilgilerini anlatirken ve glinliik
yasamla iliskilendirirken farkh 6gretim yontem ve teknikleri kullanmaktadir. Kullanilan 6gretim yontem
ve teknikleri; ders icerigine, konu zorluguna ve zaman faktoriine gore degiskenlik géstermektedir. Ders
siirecinde 6gretmenler teorik bilgilerin anlasiimasi icin diiz anlatim 6gretim yéntemini, disindirmeyi
kolaylastirmak icin soru-cevap 6gretim yontemini, farkl disinme becerisi icin beyin firtinasi 6gretim
teknigini ve bilgilerin gorsel olarak hafizada daha kalici kalmasi igin gosteri 6gretim teknigini kullandig
soylenebilir. Bu bulgular dogrultusunda 6gretmenlerin, modern fizigin 6gretiminde ve modern fizigin
ginlik yasamla iliskilendirilmesinde farkli 6rneklere, anlamli 6grenmeye, yapilandirmaci 6grenmeye ve
problem ¢ézme becerilerine yer vermedikleri sonucuna ulasilabilir. Ogretmenlerin modern fizigi giinliik
yasamla iliskilendirmede verdigi Orneklerin ve kullanilan 6gretim yontem-teknikleri bulgulari
incelendiginde; 6grencilerin modern fizik bilgilerinin transfer diizeylerinin neden alt seviyede oldugu
anlasilabilir.

Arastirma sonuglarinda; 6grencilerin modern fizik bilgileri ve bu bilgilerinin giinlik yasama
transferleri arasinda zayif ve anlamh bir iliski olduguna ulasiimistir. Bu nedenle 6grencilerin fizik
konularini daha iyi 6zlimseyebilmesi ve anlamlandirmasi igin yapilandirmaci yaklasim okullarda
uygulamal olarak kullanilmalidir. Bu durumun gerekliligini daha ¢ok belirtmek igin benzer galismalar
MFTT’nin konu kapsami gelistirilerek farkh sinif diizeylerine uygulanabilir. Bununla birlikte farkl fizik
konularinda ve diger ders konularinda ¢alismalar yapilabilir.

Tesekkiir ve Bilgilendirme

Bu arastirma Cukurova Universitesi Arastirma Fonu Saymanliginca (EF 2012 YL 9) desteklenmis olup
Yrd. Dog. Dr. Nuri EMRAHOGLU danismaliginda yiriitiilen Onur YALCIN'in “Ortadgretim Ogrencilerinin
Modern Fizik Konularini Giinlilk Hayata Transfer Diizeylerinin incelenmesi” adl yiiksek lisans tezinin bir
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Appendix
Modern Physics Transfer Test Questions

1. Thermal cameras allow objects to be seen without visible illumination. Hot objects further draw the
attention compared to the cooler backgrounds when they are viewed by the thermal camera. Therefore,
people and warm-blooded animals can be seen easily by thermal cameras at daylight and at night. For
example, these systems can be used in finding the people staying in the fires, in military's night
operations, in places with thermal insulation problem by Construction technicians, in increasing the
efficiency of heating, cooling or air-conditioning.

Which modern physics event is the point in question in this event explained?

a) Photoelectric incident

b) Energy Levels

c) Black-body Radiation

d) Compton incident

e) Laser Beams

* Why A/B/C/D/E?

2. In automatic doors used in many places including shopping centers, in the headlight sensors of luxury
cars, in auto-lit street lights, in devices that read prices on shopping malls, faucets flowing without
contact...light detectors enable these devices to function.

Which modern physics event is the point in question in this event explained?

a) Photoelectric incident

b) Black-body Radiation

c) Energy Levels

d) Compton incident

e) Matter Waves (De Broglie)

*Why A/B/C/D/E ?

3. Computerized tomography is a method of radiological diagnosis that allows obtaining images of the
body in the cross-section. This method is based on image creation on a computer as a result of
measuring the weaknesses that occur in the light passing through a thin section of the body (ranging
from 1.5 to 12 mm) with the detectors. This device allows doctors to examine the images of organs like
waist, neck, brain, ...

Which modern physics event is the point in question in this event explained?

a) Compton incident

b) Photoelectric incident

c) Black-body Radiation

d) Atom Models

e) Pauli's exclusion principle

*Why A/B/C/D/E ?

4. During the announcement of 2009 local election results, a private channel transferred the image of
the reporter explaining the local results in Ankara to Istanbul studios in three dimensions. The
technology used in this case is also used in dental treatments, in beauty salons, in missile and bomb
guiding systems...

Which modern physics event is the point in question in this event explained?

a) Compton incident

b) Photoelectric incident

c) Laser Beams

d) Gamma rays

e) Radio waves

*Why A/B/C/D/E ?
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5. A piece of metal similar to gold in terms of shape and appearance was found in an excavation
performed by Archaeologists in the Corum region. But they were undecided about whether or not this
metal piece was gold. It was understood that this mine was gold after various experiments made.

Which modern physics event is the point in question in this event explained?

a) Photoelectric incident

b) Atom Spectrum

c) Compton incident

d) Matter Waves (De Broglie)

e) Black-body Radiation

* Why A/B/C/D/E?

6. Electron microscopy which is used by doctors and lab technicians to be able to examine the structures
of viruses, bacteria... in a three-dimensional way and by engineers to examine the atomic packing and
the smallest detail of metal surfaces in a three-dimensional way and which is mostly used in medicine
and microbiology has led to the emergence of the structures of living creatures and matters at many
micro levels

Which modern physics event is the point in question in this event explained?

a) Compton incident

b) Gamma rays

c) Matter Waves (De Broglie)

d) Photoelectric incident

e) Black-body Radiation

* Why A/B/C/D/E?

7. In computed tomography technology, some of the rays sent to the tumor site undergo scattering
while passing through this region and pass through to the other side of the tumorous zone by
weakening. Thus, the amount of attenuation in beams is measured with the help of detectors on the
back, and accordingly, the images that doctors demand from patients are obtained. Thus, the size and
spread of the tumors are determined.

Which modern physics event is the point in question in this event explained?

a) Xrays

b) Radio waves

c) Ultraviolet rays

d) Photoelectric incident

e) Infrared Rays

* Why A/B/C/D/E?

8. The graphene material has properties such as a carbon atom thickness and a honeycomb mesh. Its
transition efficiency between bands, which is important for optoelectronic devices, is good. The optical
saturable absorption on the graphene, namely, the optical absorption of the graphene is decreased by
increasing the light intensity. Along with graphene, many technological devices that are currently in use
will work faster are more durable, more flexible...

Which modern physics event is the point in question in this event explained?

a) Black-body radiation

b) Photoelectric incident

c) Atom models

d) Pauli's exclusion principle

e) De Broglie Wave

* Why A/B/C/D/E?
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9. Physics teacher Ayse did not know how to respond to the question that one of her students directed
to her.

The question addressed by the student to teacher Ayse is: Is there an atom in the human body? If yes,
how many?

Which modern physics event is the point in question in this event explained?

a) Atom Spectrum

b) Atom Models

c) Energy levels

d) Pauli's exclusion principle

e) Matter Waves (De Broglie)

* Why A/B/C/D/E ? How would you respond to this question if you were the teacher?

10. The matters in nature are divided into THREE including conductive, insulative and semi-conductive
according to their states of electrical conduction. Conductive materials are used in copper,
gold...insulating materials are used in wood, plastics...semi-conductive materials are used in diodes in
the TV remote controllers, in transistor, integrated circuits .... The conductors allow the current to flow,
while the insulators prevent the flow of current, and semiconductors do not allow the current to flow to
a value and show infinitesimal resistance after this value. This situation makes semi-conductive both
conducting and insulating.

Which modern physics event is the point in question in this event explained?

a) Atom models

b) Energy levels

c) Photoelectric incident

d) Compton incident

e) Pauli Exclusion Principle

* Why A/B/C/D/E ?

11. Despite Mr.Huseyin, train dispatcher in the platform who saw that two light sparks came out of the
front and rear wheels of the wagon at the same time as a result of sudden braking when he came to the
station, Mr. Ali in the wagon said that he saw that the spark in the front wheel previously came out than
the spark in the back. Both answers are correct.

Which modern physics event is the point in question in this event explained?

a) Relative Energy

b) Twin Paradox

c) Relative Time

d) Relative Mass

e) Prisoner Hypothesis

* Why A/B/C/D/E?
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Ek
Modern Fizik Transfer Test Sorulari

1. Termal kameralar cisimleri, gorinir aydinlatma olmadan goriinebilmesini saglar. Sicak cisimler,
termal kamera tarafindan goriintilendiklerinde daha soguk arka planlara gore daha ¢ok géze garpar. Bu
nedenle insanlar ve sicakkanl hayvanlar giindiz ve gece termal kameralar tarafindan rahatlikla
gorilebilir. Ornegin Yanginlarda ates icinde kalan insanlarin bulunmasinda, Askeriyenin gece
operasyonlarinda, insaat teknisyenleri ise bu teknolojiyi termal yalitimda sorun olan yerlerde, isitma,
sogutma veya iklimlendirmenin verimliligini artirmada...bu sistemlerden faydalanilabilinir.

Anlatilan bu olayda hangi modern fizik olayi s6z konusudur?

a) Fotoelektrik olay

b) Enerji Seviyeleri

c) Kara cisim Isimasi

d) Compton Olayi

e) Lazer lsinlari

* Neden A/B/C/D/E ?

2. Basta alisveris merkezleri olmak lizere pek ¢ok yerde kullanilan otomatik kapilarda, liix otomobillerin
far sensorlerinde, otomatik yanan sokak lambalarinda, alisveris kasalarinda fiyatlari okuyan cihazlarda,
temas etmeden akan musluklarda...isik algilayicilari bu cihazlarin galismasini saglar.

Anlatilan bu olayda hangi modern fizik olayi s6z konusudur?

a) Fotoelektrik olay

b) Kara cisim Isimasi

c) Enerji Seviyeleri

d) Compton Olayi

e) Madde Dalgalari(De Broglie)

*Neden A/B/C/D/E ?

3. Bilgisayarli tomografi viicudun goéruntilerini kesit seklinde elde etmeyi saglayan radyolojik teshis
yontemidir. Bu yontem viicudun ince bir kesitinden(1,5 — 12 mm arasinda degisir) gecen isinlarda
meydana gelen zayiflamalarin detektorlerle Olglilmesi sonucunda bilgisayar (izerinde goriinti
olusturulmasi temeline dayanir. Bu cihaz doktorlarinbel, boyun, beyin... gibi organlarin gorintilerini
ayrintili olarak incelemesini saglar

Anlatilan bu olayda hangi modern fizik olayi s6z konusudur?

a) Compton olayi

b) Fotoelektirik olayi

c) Kara cisim isimasi

d) Atom Modelleri

e) Paulidisarlama ilkesi

*Neden A/B/C/D/E ?

4. 2009 yerel secim sonuglarinin agiklanmasinda 6zel bir kanal Ankarada yerel sonuclari agiklayan
muhabirin gériintisiini istanbul stiidyolarina Gi¢ boyutlu olarak naklen tasimistir. Bu olayda kullanilan
teknoloji dis tedavilerinde, gulzellik salonlarinda, flize ve bomba gidim sistemlerinde...de
kullaniimaktadir.

Anlatilan bu olayda hangi modern fizik olayi s6z konusudur?

a) Compton olayi

b) Fotoelektirik olayi

c) Lazer lsinlan

d) Gama sinlar

e) Radyo dalgalar

*Neden A/B/C/D/E ?

155



Onur YALGIN, Nuri EMRAHOGLU- Pegem Egitim ve Ogretim Dergisi, 7(1), 2017, 115-158

5. Corum bolgesinde Arkeologlar tarafindan yapilan bir kazida sekil ve goriinlis bakimindan altina
benzeyen madeni bir parca bulunmustur. Fakat bu madeni parganin altin olup olmadigl konusunda
kararsiz kalmiglardir. Yapilan gesitli deneylerden sonra bu madenin altin oldugu anlagiimistir.

Anlatilan bu olayda hangi modern fizik olayi s6z konusudur?

a) Fotoelektrik olay

b) Atom Spektrumu

c) Compton olayi

d) Madde Dalgalari(De Broglie)

e) Karacisim isimasi

*Neden A/B/C/D/E?

6. Doktorlar ve laboratuar teknikerleri virislerin, bakterilerin... yapilarini, Mihendislerin ise atomdaki
dizilimleri ve metal ylzeylerin en kii¢lik ayrintisini ti¢ boyutlu olarak incelenmesini saglayan daha ¢ok tip
ve mikrobiyolojide kullanilan elektron mikroskobu bir ¢ok mikro diizeyde olan canli ve maddelerin
yapilarinin giin 1sigina ¢ikmasini saglamistir

Anlatilan bu olayda hangi modern fizik olayi s6z konusudur?

a) Compton olayi

b) Gama isinlari

¢) Madde Dalgalari (De Broglie)

d) Fotoelektrik olay

e) Kara cisim isimasi

*Neden A/B/C/D/E?

7. Bilgisayarli tomografi teknolojisinde tlimorli bolgeye goénderilen isinlarinin bir kismi bu bélgeden
gecerken sagilmalara ugramakta ve tiimorli boélgenin diger tarafina zayiflayarak gegmektedir. Bu sayede,
arka tarafta bulunan dedektorler yardimi ile isinlarindaki zayiflama miktari dlglilmekte ve buna bagl
olarak doktorlarin hastalardan istemis oldugu gorintiler elde edilmektedir. Boylece timorlerin ebatlari
ve yayllmasi belirlenmektedir.

Anlatilan bu olayda hangi modern fizik olayi s6z konusudur?

a) Xisinlan

b) Radyo dalgalari

c) Mor 6tesi Isinlari

d) Fotoelektrik olayi

e) Kizilotesi Isinlari

*Neden A/B/C/D/E?

8. Grafen malzemesi bir karbon atomu kalinligi ve bal petegi orglisii gibi 0Ozelliklere sahiptir.
Optoelektronik aygitlar icin dnemli olan bandlar arasi gegis verimliligi iyi derecededir. Grafendeki optik
doyurulabilir absorpsiyonu yani grafenin optik sogurmasi isik siddetinin artmasi ile azalmaktadir.
Grafenle; suanda kullanilmakta olan pek ¢ok teknolojik cihaz daha hizh ¢alisir,dahadayanikli,daha esnek...
hale gelecektir.

Anlatilan bu olayda hangi modern fizik olayi s6z konusudur?

a) Kara cisim i1simasi

b) Fotoelektrik olay

c) Atom modelleri

d) Paulidisarlama ilkesi

e) De Broglie Dalgasi

*Neden A/B/C/D/E?
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9. Fizik 6gretmeni Ayse hanim 6grencilerinden birinin kendisine yonelttigi soruya nasil cevap verecegini
bilememistir.

Ogrencinin Ayse hanima ydnelttigi soru su sekildedir: insan viicudunda atom var midir? Varsa kag
tanedir?

Anlatilan bu olayda hangi modern fizik olayi s6z konusudur?

a) Atom Spektrumu

b) Atom Modelleri

c) Enerji seviyeleri

d) Paulidisarlama ilkesi

e) Madde Dalgalari(De Broglie)

*Neden A/B/C/D/E ? Siz olsaniz bu soruya nasil yanit verirdiniz?

10. Dogadaki maddeler elektrigi iletme durumlarina goére iletken, yalitkan ve yari iletken olmak lzere
UCE ayrilirlar. iletken maddeler bakir, altin... yalitkan maddeler tahta plastik... yari iletken maddeler ise
TV kumandalarindaki diyotlarda, Transistérlerde, entegre devrelerde... kullaniimaktadir. iletkenler
akimin akmasina olanak saglarken, yalitkanlar akimin akmasini engeller ve yari iletkenler akimin bir
degere kadar akmasina izin vermeyen ve bu degerden sonra sonsuz kiiglik direng gosterir. Bu durum yari
iletkeni; hem iletken hem yalitkan yapmaktadir.

Anlatilan bu olayda hangi modern fizik olayi s6z konusudur?

a) Atom modelleri

b) Enerji seviyeleri

c) Fotoelektrik olay

d) Compton olayi

e) Paulidisarlama ilkesi

*Neden A/B/C/D/E ?

11. Bir istasyona geldiginde, ani fren yapmasi sonucu vagonun 6n ve arka tekerleklerinden ayni anda iki
1stk kivileim giktigini géren perondaki hareket memuru Hiiseyin beye karsin, vagonun icindeki Ali bey, 6n
tekerlekteki kivilcimi arakadaki kivilcimdan daha once cikmis olarak gérdugini soéylemistir. Her iki
cevapta dogrudur.

Anlatilan bu olayda hangi modern fizik olayi s6z konusudur?

a) Goreli Enerji

b) Ikizler paradoksu

c) Goreli Zaman

d) Goreli Kitle

e) Esir Hipotezi

*Neden A/B/C/D/E ?
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