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Special relativity has been started to be taught in high schools in addition to
universities. Moreover, it attracts the attention of scientifically literate individuals. The
purpose of this study is to determine high school and university students’ levels of
difficulty understanding of special relativity. Furthermore, if it made a difference
according to gender or educational level was also searched. In our previous study,
which formed a basis for this research, the students’ opinions about difficulty
understanding were determined by the interviews. The opinions obtained from the
previous research were compiled and a Likert test with 5 option was prepared. This
scale was applied to 691 student (446 science teacher candidates and 245 high school
students). When the data obtained from the scale with 23 items applied was analyzed,
it consisted of three factors. These factors are the perception of the topic,
mathematical difficulties and the teaching methods difficulties. According to the
general results, the students think that this topic is easy as much as they think it is
difficult. High school students remarked that they had more difficulties than the
university students and women remarked that they had more difficulties than men
from some points of view.

Ogrencilerin Ozel Goérelilik Konularinda Zorlanma Nedenlerinin

Arastirilmasi

Makale Bilgisi

Oz
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Anahtar Kelimeler:
Ozel gorelilik,
Likert olgek,
Anlama zorluklari.

Ozel gorelilik, son vyillarda Universite seviyesine ek olarak lisede de ®gretilmeye
baslanan bir konudur. Ayrica fen okur-yazari bireyler tarafindan da ilgi gérmektedir. Bu
arastirmanin amaci lise ve Universite 6grencilerinin 6zel gorelilik konusunda daha
onceden belirlenmis olan zorlanma nedenlerine katilma derecelerini belirlemektir.
Ayrica zorlanma nedenlerine katimin egitim duzeyi ve cinsiyete gore farkhlik
olusturup olusturmadigl arastirilmistir. Bu arastirmaya temel olusturan 6&nceki
galismada, ogrenciler ile gorusmeler yoluyla, 6zel gorelilikte zorlanma sebepleri
hakkinda gérisleri belirlenmisti. Onceki arastirmadan elde edilen gériisler derlenerek 5
dereceli Likert bir 6lgek hazirlanmistir. Bu 6lgek, 6zel gorelilik konularini iceren ders
almis olan 446 fen bilgisi 6gretmen adayina ve 245 lise 6grencisine olmak Uzere,
toplam 691 kisiye uygulanmistir. Uygulanan 23 maddelik o6lgegin verileri analiz
edildiginde Ug¢ faktorden olustugu belirlenmistir. Bunlar, konuya yoénelik algi,
matematiksel nedenlerden kaynaklanan zorluklar ve &gretim ydnteminden
kaynaklanan zorluklardir. Arastirmanin genel sonuglarina gére, 6grenciler bu konuyu
zor oldugu kadar kolay oldugunu da disiinmektedir. Olcek maddelerinin faktérlere
gore ayrintili incelenmesi zorluklara katihm hakkinda daha ayrintili bilgiler vermektedir.
Her bir maddede yer alan ifadenin zor veya kolay olarak 6grenciler tarafindan
nitelendirilmesi; cinsiyete, 6grenim dlzeyine bagh olabilecegi gibi, bunlardan bagimsiz
olarak da degisebilmektedir. Lise 6grencileri, Gniversite 6grencilerine gére, kadinlar ise
erkeklere gore bazi agilardan daha ¢ok zorlandiklarini belirtmislerdir.
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Introduction

Einstein’s Theory of Relativity radically changed our opinions about the physical world. Our concepts
of absolute time and space until the 20th century changed and the concept of spacetime took their
place. Teaching the theory of relativity has become obligatory with this change. The Theory of Relativity
consists of concepts which are difficult to be taught and learnt. For example, Penrose (1959), Terrell
(1959) and Weisskopf (1960) remarked that a photograph of an object which moves relatively is
different from what Lorentz’s contraction anticipated. Diessler (2005) indicated the importance of
emphasizing on the words such as “measurement” and “observer” while explaining the time dilation
and length contraction in teaching special relativity and he recommended the use of words such as
“seeing” for the length contraction. The reasons are the optical effects originating from the different
parts of the object being at different distances for the observer. What makes Einstein’s theory of
relativity so deep is the fact that the length really contracts and the time really dilates. It is not only a
matter of appearance. There are studies in which the exercises to be done in the classroom to indicate
this circumstance known as Terrell’s effect in order to indicate that Lorentz’s contraction is different
from the photographic appearance of an object moving relatively (Burke va Strode, 1991).

Most of the difficulties in understanding the theory of relativity originate from the relative effects’
not being a part of daily experiences and their looking like as if conflicting with daily experiences.
Moreover, it is not possible to directly observe the relative effects by show experiments (Kraus, 2008).
Special relativity has bizarre effects outwardly and it is mainly about the situations outside the daily
experiences. Use of thought experiments in teaching the theory of relativity enable the students to
recognize the situations beyond daily experiences. It will make understanding the laws of relativity easy
for them (VelentzasveHalkia, 2013). In relation to that, Al-Khalili (2003) claims that using the idea of
time travelling in teaching the relativity will give an opportunity in revealing the imagination and
understanding the nature of spacetime, contrary to many. He expresses that there are good examples to
be used in emphasizing the interesting features of Special Relativity. Cacioppo and Gangopadhyaya
(2012) who drew attention to the importance of Special Relativity presented two thought experiments
about length contraction for university students and he remarked that they would provide the students
a deep understanding about the topic. Simulations and computer games in which relative effects are
experienced virtually are used in coming over the deficiencies about daily experience. Wegener,
Mclintyre, McGrath, Savage and Williamson (2012) successfully used a teaching package in which virtual
reality similar to a game simulating a World conforming to special relative physics. Kortemeyer, Fish,
Hacker, Kienle, Kobylarek, Sigler, Wierenga, Cheu, Kim, Sherin, Sidhu and Tan (2013) developed a
computer games to be used in teaching the students special relativity. Savage, Searle and McCalman
(2007) state that the students will discover the relativity of the contraction of length and
simultaneousness with a computer program which provides the opportunity of movement in a
simulated World where movement at relative speeds exist. Carr and Bossomaier (2011) remarked that
there was an improvement in the students’ motivations and their comprehending the topic in an
application they made placing the special relativity effects. Sherin, Cheu, Tan and Kortemeyer (2016)
remarked that the abstract concept and topics of special relaivity would provide first hand experiences
thanks to a computer game in which the effects of special relativity could be experienced. They
reported that the computer game they developed drew interest at the internet environment and there
were positive feedbacks. Belloni, Christian and Dancy (2004) introduced the Physlet based exercises to
be useful in visualizing the abstract concepts of special relativity.

Another difficulty in teaching relativity is the classical physics-relative physics paradigm change’s not
being perceived by the students. According to Arriassecq and Greca (2012), students cannot understand
the difference between the classical physics and the concepts special relativity contains. In his study,
Gim (2016) searched how the theory of special relativity taught at high schools in South Korea took
place in textbooks and he remarks that the theory does not emphasize on its revolutionary aspect in
terms of physics theories. In his article, Ireson (1996) remarks that the traditional way in teaching special
relativity is to mention the Michelson-Morley experiment’s results about the speed of light, to propound
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the need for frames of reference and to define the two prinicples of special relativity. Instead, he
recommends to expose the students to the situation in which they will recognize its deficiencies and
teach the special relativity by helping them to find a solution for the problem, starting from the
Newtonian and Aristotelian worldview. Dimitriadi and Halkia (2012) state that the students deepen the
idea of absolute movement they learned in classical mechanics and it caused the students to include the
relativity in classical physics in teaching relativity. It was according to the results of their research about
the high school students’ processes of learning the theory of special relativity. The study conducted by
Pietrocola and Zylberztajn (1999) indicated that the students did not feel the need to use the
interpretative structures except classical mechanics and common sense in the problems about special
relativity. According to Arriassecq and Greca (2012), use of the historical and epistemological context
has positive effects in making the students understand the change between classical physics and relative
physics. In addition, in the qualitative study he conducted on a documentary containing the theory of
relativity, SeckinKapucu (2016) remarked that the documentary could be used in teaching some themes
and concepts of the nature of the science. Moreover, it was said that the use of this kind of
documentaries in education will increase the students’ motivations for learning. VillaniveArruda (1998)
state that the experimental results and applications which can be interpreted with Lorentz’s
transformation equations and Einstein’s equations should be more focused on and it is important to
emphasize the differences between the classical and modern ideas in teaching special relativity. They
express the necessity of a teaching environment where they will recognize the existence of the
conceptual change in the World of science and its basic features.

One of the reasons why relativity is difficult to learn is the students’ deficiency in classical physics.
Scherr, Shaffer veVokos (2001) searched the students’ conceptual and logical difficulties about the
concept of time in relativity and the role of the frames of reference. The results indicate that the
students experience serious difficulties in the topics of the relativity of the simultaneity and the role of
the observer in the inertial reference systems. The students make a conceptual framework where
absolute simultaneity and the relativity of simultaneity exist simultaneously. It was seen that even the
students at advanced levels were unsuccessful in interpreting the effects of special relativity in
understanding the physical World. The students remark that the reason underlying these failures of
theirs is the deficiency in their understanding the basic topics.

The Theory of Relativity is a topic which is interesting and intriguing beside its being difficult to learn.
Angell, Guttersrud, Henriksen and Isnes (2004) searched the opinions of both teachers and students
about physics and physics education in Norway. According to this study, relativity is the second most
interesting one among the other physics topics. According to Ogborn (2005), the students are quite
enthusiastic when they start to learn relativity but they lose this enthusiasm of theirs when they face
Lorentz’s transformation and some complicated algebraic operations. According to the results of the
study conducted by Angell (2004), teachers complain about the students’ weak mathematical skills and
the students do not regard mathematics as an important problem in physics lessons.

Arriassecq and Greca (2007) studied high school and university textbooks in Argentina in terms of
content and they drew attention to the inadequacy of the teachers’ course materials about the theory
of special relativity started to be taught at high schools in terms of contextual perspective. He remarked
that preparing contextually suitable and motivating materials in teaching special relativity will be
effective in enabling the students’ learning meaningfully. Smith (2011) emphasized on the benefits of
visualization for the students to understand the special relativity concepts better. He remarked that the
graphics and simple calculations used for visualizing an electric dipol moving with relative speeds in an
electromagnetic area indicated the phenomenna such as the light’s stability within inertial frames of
reference and Doppler effect. Ogborn (2005) recommended a teaching material which teachers could
utilise in teaching special relativity, consisting of four steps and the teacher could stop at the stage he
wanted according to his choice. He warned the teachers about teaching less could achieve more in
terms of teaching the essence of relativistic thought. Scherr, Shaffer and Vokos (2002) made a teaching
material which improved the students’ understanding special relativity concepts, the relativity of
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simultaneity and the role of the observer in the inertial frames of reference. They remark that this
material improves the students’ skills of recognizing and solving some of the classical paradoxes in
special relativity. Guisasola, Solbes, Barragues, Morentin and Moreno (2009) reported that a visit to the
exhibition prepared because of the first century of the theory of special relativity increased the
students’ knowledge about the theory of special relativity and their interest in it and it improved their
comprehension of the theory. Increase was determined in the students’ levels of knowledge about the
speed of light, time and the reference system, mass and energy after the visit.

Recently, the importance attached to teaching this theory has increased and it has started to take
place in high school physics teaching programs. The theory of special relativity is taught in the tenth year
in the 2007 physics teaching program (MEB, 2007) and it was taught in the twelfth year with reduced
mathematics in the 2013 physics teaching program (MEB, 2013). The theory is also taught in science
teaching departments other than physics and physics teaching departments of universities. In parallel to
the increasing interest about teaching relativity in Turkey, science teaching researches have increased in
the recent years (Demir and Akarsu, 2014; Didiskérhasan and Ozcan, 2015; Selcuk, 2011; Ozcan, 2011;
UnliiYavas and Kizilcik, 2016; Yildiz, 2012).

Researches were made about the theory of relativity ususally with university students in Turkey.
Selguk (2011) determined the difficulties of the university students in the concepts of time, time
dilation, length, mass and density within the theory of special relativity. Ozcan (2011) analysed physics
teachers’ problem solving approaches about the theory of special relativity and he concluded that the
participants’ problem solving approaches were not scientifical and strategical. The results of the
qualitative research made by Turgut, Gurbuz, Salar and Toman (2013) about teacher candidates’
understanding the theory of special relativity propounds that the teacher candidates have problems in
understanding and interpreting the concepts of special relativity. Moreover, mathematical difficulties
are also seen about this topic. Didiskérhasan and Ozcan (2015) remarked that university students had
difficulties in using mathematical models in their problem solvings about special relativity. It was
reported that mathematical difficulties and difficulties about transition from classical physics to relative
physics became prominent in the qualitative study in which the ideas about the teacher candidates’
reasons of having difficulties were searched (UnliiYavas and Kizilcik, 2016). The study conducted by
Demir and Akarsu (2014) with both high school and university students indicate that special relativity is
one of the topics which the students found difficult among modern physics topic. In another research
made with high school students, conceptual delusions about special relativity were searched (Korkmaz,
AybekveOriicii, 2016). Yildiz (2012) remarks that writing to learn activities make contributions to the
teacher candidates’ understanding the theory of special relativity.

In the studies in which the students’ difficulties about relativity were researched, the difficulties
were determined usually based on the students’ answers to the questions about relativity. Although
there are many studies in which the students’ reasons of having difficulties in physics are researched, no
studies in which the students were asked questions about the reasons of their having difficulties about
relativity were found. Because of this reason, this research is different than the other researches in
terms of determining the students’ difficulties in relativity topics. In this research, a qualitative scale
which was formed using the students’ answers about the reasons of difficulties was utilised. The
purpose of the research is to determine the high school and university students’ frequency of the
reasons of having difficulties about special relativity. Moreover, if any difference existed in the
frequency of these reasons according to educational level or gender was also analysed.

Method

The research was started utilising the data from a qualitative atudy we conducted previously
(UnliiYavas&Kizilcik, 2016). The previous study was conducted with 25 physics teacher candidates after
teaching the special relativity topics.
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Instrument

The opinions of the participants about the easiness or difficulty of the topics of relativity in time,
relativity in length, Lorentz’s transformation equations, Lorentz’s speed transformation equations,
relative momentum and relative energy were determined with the interviews made. During the
interviews, it was seen that the reasons for having difficulties were based on various reasons, the
students’ teaching methods, mathematical problems, problems experienced in transition from classical
physics to relative physics foremost. We arranged the 28 opinions obtained from the qualitative analysis
of these interviews and and we made them the items of a Likert type scale. Thus, we obtained a 5 point
Likert scale in which the students could mark their levels of participation in the difficulty indicated in the
items. The scoring of the scale was prepared to indicate the level of agreement between 5 and 1. If the
item was notifying an easiness the scoring was made making it reverse. In other words, contribution to
the difficulty participation for each mentioned item became 5 points as the highest score and 1 point as
the lowest score.

Participiant

We applied the mentioned scale to totally 961 people, 446 science techer candidates and 245 high
school students, who took lessons containing special relativity topics. Our purpose here is to determine
the commonness level of the difficulty reasons we determined in our previous study among the
students. Definitive data about the sample were given in Table 1.

Table 1.
Definitive characteristics of the sample
Group Subgroup Number of students
. High school 245
E Level
ducation Leve University 446
Female 450
Gender Male 220
Unknown 21

Exploratory factor analysis was made with the data obtained. According to it, the common variances
of the scale consisting of 28 items range between 0,399 and 0,634. 4 factors whose eigenvalue is higher
than 1 explain the 50,637 % of the total variance. However, when the cyclical items (1st, 8th, 9th, 20th
and 28th items in the test of 28 items) were deleted, the scale indicated a structure with 3 factors.
These three factors explain the 48,06 % of the total variance. According to the test data consisting of the
remaining 23 items, the first factor consists of the 1st, 2nd, 4th, 5th, 6th, 8th, 10th, 11th, 12th, 13th,
15th, 19th, 20th and 23rd items. The second factor consists of the 3rd, 7th, 9th, 14th, 16th and 21st
items. The third factors consists of the 17th, 18th and 22nd items. Generally, when the items forming
the first factor were regarded, it is seen that they generally contain the student’s perception of the
topic, the second factor contains the instruction tecnique of the topics and the third factor contains the
difficulties.

We analysed the data by statistical software. We found the reliability coefficent of the data we
obtained as 0,91. It was determined that the correlation between the items was generally high.
According to this, it can be said that the internal validity of the scale is high.

We made comparisons between the descriptive analyses and subgroups. The Likert items’ effect
on difficulty was graded because the lowest difficulty level was 1 and the highest difficulty level was 5.
The degrees applied while evaluating the data are given in Table 2.
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Table 2.

Evaluation degrees of the data

Criterion Its effect on difficulty
1.00-1.79 Very easy

1.80-2.59 Easy

2.60-3.39 Moderate
3.40-4.19 Difficult

4.20-5.00 Very difficult

We looked at the scores of each Likert type item to see into which ranges they could be included
among the ranges we indicated in Table 2. We made comments according to it. Moreover, we analysed
it to see if there was a significant difference according to educational levels or gender, utilising the
independent sample t-test.

Result

Firstly, we made a descriptive analysis of the Likert scale. We found the dispersion of the students’ in
the 1-5 range according to difficulty grading taking the average of all of the items of the scale and we
gave them in the graphic in Figure 1.

%

30 275 28,5

25,7
25

20

15

10 87 2

]

0,6

0 I

1 2 3 4 5 Null

Figure 1.
Percentage dispersion of the difficulty level

According to Figure 1, the students marked the 2nd, 3rd and 4th options most. When the “3” in the
middle is based on according to the difficulty grading of the graphic, its having a dispersion which is
almost symmetric indicates that the students think that the topic of general relativity is easy as much as
they have difficulties in it. It is seen that no option’s rate of being marked exceeds 30 %.

When the average scores of all items were calculated, it was seen that all of them had difficulty at
middle level according to the criterion indicated in Table 2.

The item scores at middle levels does not give us much information in terms of the students’ reasons
of having difficulties. So, it will be useful to approach the items forming each factor together and making
commentations according to it.
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Analysis of the Data AccordingtotheFactors

We remarked that the data of the Likert scale with 23 items applied consisted of three factors when
they were wereanalysed. These factors were analysedseperately and they were presented in tables. The
highest value determined in the graphic of the percentage dispersions of the difficulty level given in
Figure 1 was 28,5 %. Because of this reason, 197 answers which made the 28,5 % of the total answers
and the answers over it were marked as oblique and thick lines. This situation will make commenting
easy.

The data from the first factor, the factor in which the perception about the topic mainly takes place
are seen in Table 3.

Table 3.
Frequency dispersion of the answers given to the items in the first factor

VeryEasy ¢ -> VeryDiffucult

Item Item Avr.
No 1 2 3 4 5  Null " Range
Score

1 Itis dlfflcul't to ynderstand the connections and 40 172 124 274 77 4 326 Mod.
keep them in mind.

It is difficult because it requires too much effort

2 . 49 186 159 228 67 2 3,11 Mod.
and time.

4 Itis difficult to interpret relativity. 50 159 176 232 68 6 3,16 Mod.

5 It is difficult to understand why relativity is 80 178 188 179 64 2 2,96 Mod.

needed.

Its being not a situation faced in daily life made it

difficult for me to understand. >> 164 134 243 55 - 3,23 Mod.

The stage of transition from the quantities in
8 classical physics to the relative quantities caused 39 164 195 226 67 - 3,17 Mod.
me to have difficulties.

| had difficulties because | had general

10 L . .
deficiencies in classical physics.

43 160 155 250 80 3 3,24 Mod.

I had difficulties in associating classical and

11 .
relative concepts.

43 167 182 232 61 6 3,15 Mod.

I had difficulties in distinguishing classical and

12 ) 52 201 192 189 53 4 2,99 Mod.
relative concepts.
13 | found the topic difficult because it was abstract. 60 165 157 224 79 6 3,14 Mod.
15 | have prejudices about the topic’s being difficult. 60 158 182 200 82 9 3,13 Mod.
19 Itis dlfflcul't to d'etermlne which quantity is 27 154 236 202 68 4 3,19 Mod.
measured in which reference system.
Its having results contradictory to my reason /
20 anticipations made it difficult for me to 53 181 189 203 60 5 3,05 Mod.

understand.

It is difficult to understand because it requires a

23 new perception and philosophy.

51 191 173 225 50 1 3,05 Mod.

Averages 50,1 171,4 174,4 221,9 69,4 4,3 3,13 Mod.

When the Table 3 is analysed and the general average of the first factor consisting of the items about
the students’ perception about the topic is regarded, it can be said that there is a difficulty in the
“moderate” level. However, it is seen that the answers conglomerate towards “4” which indicates
difficulty in the fivefold grading, except two items. It is seen that most of the items here are about the
students’ difficulties in perceiving the differences between classical physics and relative physics,
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adapting themselves to a new understanding and adapting it to their daily experiences and reason.
Besides, it was determined that there were items to be associated with mathematics even if they were
few. Conglomeration was seen in the items about the difficulties caused by the classical physics —
relative physics paradigm change (Items 4, 8, 11, 23) and in the items about requiring extra effort, time
and endeavor (ltems 3, 8). It was also seen in the item about prejudices about the difficulty of the topics
(Madde 15) at high difficulty level. Moreover, problems because of classical physics (Item 10), problems
about the association of the topic with daily life and its being regarded as an abstract topic (ltems 6, 13)
were also indicated as difficulty reasons.

250
2219
2
00 171,4 174,4
150
100
69,4
50,1
50
. 4’3
O N
1 2 3 4 5 Null
Figure 2.

Dispersion of the average difficulty level for the first factor

As it is seen in Figure 2, the general difficulty levels of the students about the first factor are inclined
to “4” in the fivefold grading. In other words, even if the averages indicate a difficulty at “moderate”
level, it can be said that there is an inclination to “difficult’ in this factor.

Table 4.
Frequency dispersion of the answers given to the items in the second

9

VeryEasy < VeryDiffucult

Item Noltem Ar
1 2 3 4 5  Null " Range
Score

It is easy because the relative quantities are

more logical than the classical ones.

4 The dgcumentaries / animations | watched 133 265 135 102 50 6 2,52 Easy
made it easy for me to understand.

It was easy for me to understand because it

was close to classical mechanics.

The way the topic was explained made it

easy for me to understand.

16 Itis easy to understand the topic. 64 178 202 169 67 11 3,00 Mod.

It was easy for me because | understood the

logic of relativity.

85 236 202 136 30 2 2,70 Mod.

47 190 227 178 47 2 2,98 Mod.

14 76 253 181 126 49 6 2,74 Mod.

21 66 244 190 151 37 3 2,78 Mod.

Averages 78,5 227,7 189,5 143,7 46,7 5,0 2,79 Mod.
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In Table 4, when the general average of the second factor consisting of the items about the way the
topics are explained is regarded, it can be said that there was difficulty at “Moderate” level except one
item. However, it can be said that easy answers conglomerate towards “2" (“Easy”) in all of the items
except two of them. According to it, it can be thought that the students are inclined to characterize the
topic as “Easy” after they understand once the logic and philosophy of relativity generally. It was
determined that the difficulty level was often high in the items seen about the teaching technique (ltem
7).

250 227,7
500 189,5
143,7
150 '
100 78,5
46,7
50
. 5’0
0 [ |
1 2 3 4 5 Null

Figure 3.
Dispersion of the average difficulty level for the second factor

As it is seen in Figure 3, the general difficulty levels of the students about the second factor are
inclined to “2”. In other words, even if it indicates that there is difficulty at a moderate level in the
average, it can be said that there is an inclination to “Easy’’ in this factor.

Table 5.
Frequency dispersion of the answers given to the items in the third factor
9
Item VeryEasy < VeryDiffucult
No Item

1 2 3 4 5 Null Avr. Range
Score

Its requiring mathematical knowledge / skills

17 made it difficult for me to understand. 81 227 181 153 47 2 279 Mod.
18 Itis difficult to solve the problems. 52 205 163 209 57 5 3,02 Mod.
22 | have difficulties in converting the units. 72 170 161 205 78 5 3,07 Mod.

Averages 68,3 200,7 168,3 189,0 60,7 4,0 2,96 Mod.

In Table 5, when the general average of the third factor consisting of the items about the students’
mathematical difficulties is regarded, it can be said that there is difficulty at “moderate” level. However,
it is seen that the answers given to the 22nd item conglomerate towards “4’” and they conglomerate
towards “2” in the 17th item. The mentioned mathematical skills’ being different skills can be the
reasons for it. Conglomeration towards both to “2”” and “4” in the 18th item indicate that there is a
balanced dispersion in the students’ perception of problems as easy and difficult.
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250
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68,3 60,7
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4,0
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Figure 4.
Dispersion of the average difficulty level for the third factor

As it is seen in Figure 4, a balance is in question in the students’ difficulty levels about the third factor.
However, it is seen that the inclination is a little more dominant towards “2”. In other words, even it
indicates that there is difficulty at a moderatelevel, it can be said that there is an inclination towards
“Easy” in this factor.

It is seen that the participation is high in the difficulty of interpreting relativity in the 4th item in the
first factor. In the 21st item in the second factor, the students agree with the opinion which states that
relativity is not difficult when its logic is understood. If these two items are approached together, it can
be concluded that it is a topic which is understood hardly by the students but they think that it is a topic
which they see as not difficult when it is understood. We can aslo connect the high participation in
having prejudices about the topic’s being difficult mentioned in the 15th item to this result.

On the basis of frequency, it was seen that the difficulty level increased in the items directly or
indirectly about the mathematical difficulties in the first and third factors (Iltems 1, 19, 22). However,
intensity is seen in the item indicating that the students did not have difficulties in terms of mathematics
(Iltem 17). Similarly, conglomeration at high level was seen in the items about extra effort, time and
endeavor (ltems 3, 8) and the item about the prejudices about the difficulty of the topics (Item 15) in
the first and second factors at high difficulty level.

Comparison of the Data AccordingtoEducational Level andGender

Whether the students’ answers differed depending on gender or educational level or not was
analysed. For this purpose, the averages of the answers of the male and female students and high
school and university students were approached seperately.
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3,1
3
2,9
2,8
Female Male High School University General
Figure 5.

Average scores of the groups

As it is seen in Figure 5, there are small differences between the averages of the answers given by
the groups to the scale. Because of this reason, it will be useful to make a more detailed comparison of
the answers according to factors and the items in the factors. Dispersion of the averages of the answers
of the male and female students and the high school and university students according to the factors is
given in Table 6.

Table 6.
Average Scores According to Sex and Educational Level

Factors Female Male High School University General
Avr. Level Avr. Level Avr. Level Avr. Level Avr. Level
First Factor 3,19 Mod. 3,00 Mod. 3,12 Mod. 3,13 Mod. 3,13 Mod.

Second Factor 280 Mod. 2,72 Mod. 2,86 Mod. 2,47 Easy 2,79 Mod.
Third Factor 3,00 Mod. 2,87 Mod. 298 Mod. 2,95 Mod. 2,96 Mod.
General 3,06 Mod. 2,91 Mod. 304 Mod. 301 Mod. 3,02 Mod.

When the Table 6 is analysed, it is seen that all difficulty levels in terms of gender and educational
level are in the “moderate” level range except one. The university students’ average was found in the
“easy” range only in the second factor. It indicates that university students have less difficulties than the
high school students about the teaching methods of the topic.

When all of the scale items were analysed, if there was a meaningful difference between the
answers of the high school and university students was determined with t test. According to the results
of the t test made, a significant difference was seen in high school students in Item 2 in the first factor
and the Item 7 and Item 14 in the second factor and in the university students in Item 13 in terms of
difficulty reasons. The t value of the mentioned items whose significance value is below 0,05 and their
significance value according to it are as follows: 2nd item (2,126; p: 0,034), 7th item (2,496; p: 0,013),
13th item (-2,320; p: 0,021), 14th item (2,044; p: 0,042). In other words, university students have
difficulties at a lower level about the teaching methods. On the contrary, it is understood that university
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students characterize the topics as abstract topics more than the high school students in a significant
way.

Results of the t test according to gender indicate that women have more difficulties than men at a
significant level in some items. They are the Items 1, 4, 6, 8, 11, 13, 23 in the first factor, Item 16 in the
second factor and Item 22 in the third factor. The t value of the mentioned items whose significance
value is below 0,05 and their significance value is as follows: 1st item (t: 2,275; p: 0,023), 4th item (t:
2,855; p: 0,005), 6th item (t: 2,936; p: 0,004), 18th (t: 2,064; p: 0,040), 11th item (t: 2,919; p: 0,004),
13th item (t: 2,988; p: 0,003), 16th item (t: 2,110; p: 0,036), 22nd item (t: 2,296; p: 0,022), 23rd item (t:
4,978; p: 0,000). According to this, it was determined that women had more difficulties in the items
about the mathematical difficulties and the perceptive difficulties because of the classical physics —
modern physics paradigm change.

Conclusion & Discussion

The findings obtained from the answers given by the high school and university students who have
learned special relativity in their classes to the difficulty reasons scale indicate that the students think
that this topic is easy as much as it is difficult. When the specific part of the topic is analysed,
characterization of the expressions in each item as difficult or easy by the students can depend on
gender or educational level but it can also change independently other than them.

When the findings of the high school students and university students are compared, no distinct
difference is seen in terms of scale scores. However, when the difficulties for each other were compared
seperately for high school and university students, it was seen that high school students had more
difficulties in terms of its requiring more efforts and time in terms of explanation of the subject. We
think that it was because different teaching methods were not used during teaching in respect to the
topic’s being more narrow-scoped. In order to explain this subject, teaching methods used in teaching
relativity can be searched with an additional exercise. Because if special relativity is taught only in a
mathematical way, students cannot understand what the difference between special relativity and
classical relative concepts is (Arriassecq and Greca, 2012). In the body of literature, it is remarked that
students have various conceptual difficulties in learning the theory of relativity (Dimitriadi and Halkia,
2012; Villani and Pacca, 1987; Korkmaz et al, 2016; Sherr et al, 2001; Sherr, 2007). In the
recommendations for overcoming these difficulties in the body of literature, usually the variety of
teaching methods are emphasized. For example, thought experiments and use of paradoxes (Cornier
and Steinberg, 2010; Cacioppo and Gangopadhyaya, 2012; Velentzas and Halkia, 2013), computer
simulations and games (Kraus, 2008; Wegener et al, 2012; Savage et al, 2007; Carr and Bossomaier,
2011) and use of some experiments (Singh and Hedgeland, 2015) are recommended for teaching special
relativity.

Findings about the factor of perception about the topic indicate that the students agree with the
expression of difficulty about understanding the differences between classical physics and relativity.
Moreover, from the findings, it is understood that there is a conglomeration in the high difficulty level of
the answers given to the related items about the difficulties caused by the paradigm change about the
transition from classical physics to modersn physics. It attracts attention that especially female students
have more difficulties than male students in this topic. According to the body of literature, the students
are inclined to use classical physics while answering the questions about relativity (Turgut et al, 2013;
Pietrocola and Zylberztajn, 1999). Even if the students solve the problems about special relativity, they
have difficulties in changing the classical ways of thinking in the process of comprehending the main
concepts of relativity (Arriassecq and Greca, 2012). Sherr (2007) remarks that the experiences we have
in daily life cause this difficulty. Moreover, the findings of this study indicate that the students’ rates of
agreeing with the idea of their having deficiencies in classical physics is high. Similar results are also seen
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in the study conducted by Selguk (2011). Sherr et al (2001) indicated that the reason underlying the
failures of the students in special relativity were the deficiencies in their understanding the basic topics.

One of the students’ reasons of difficulties in special relativity is the mathematical difficulty. In the
items about mathematical difficulties making the third factor, it is understood that the students had
mathematical difficulties. However, the number of the people who think that the mathematics of the
topic is not difficult is quite high, even most of the students did not agree with the idea of having
difficulties in terms of mathematical skills in the 17th item. When the finding of the significant
difference between the high school and university students is added to this situation, it can be
commented that the scope and the mathemaical content of the topic taught at high school and
university being different caused it. In addition, a significant difference was found in the expressions
containing mathematical difficulties. Women remarked that they had more difficulties in the items
containing mathematical skills. Studies should be made to research the reasons of it. In the body of
literature, attention is drawn to the difficulties of the students about the theory of relativity
(Didiskérhasan and Ozcan, 2015; Turgut et al, 2013; Ogborn, 2005). Angell et al (2004) remark that the
students did not regard mathematics as a problem but the teachers complained about the deficiencies
in the mathematical skills of the students, in the results of their study in which they searched the
students’ and tearchers’ opinions about physics lessons. Again, the results of this research indicate that
the students found the topic of relativity interesting. We think that reducing the mathematical content
and arranging the main concepts of the topic in a way the students can understand will be more
effective in teaching the theory of relativity. In relation to that, Velentzas and Halkia (2013) drew
attention to the advantages of using thought experiments in teaching special relativity in terms of its
being in story style and containing less mathematics. Arriassecq and Greca (2007) remarked that
preparing suitable and motivating materials in teaching special relativity would be effective in enabling
the students to learn meaningfully.
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Turkge Stirumii

Giris

Einstein’in Gorelilik Teorisi fiziksel diinyaya dair disuncelerimizi kékten degistirmistir. 20. yuzyila
gelinceye kadar sahip oldugumuz mutlak zaman ve uzay kavramlari degiserek yerini yeni uzay-zaman
kavrami almistir. Bu degisimle birlikte gorelilik teorisinin 6gretimi de zorunlu hale gelmistir. Gorelilik
teorisi dgrenilmesi ve dgretilmesi zor olan kavramlar ve olgulardan olusmaktadir. Ornegin, Penrose
(1959), Terrell (1959) ve Weisskopf (1960) goreli olarak hareket eden bir nesnenin fotografinin Lorentz
kisalmasinin 6ngordigiinden farkh oldugunu belirtmistir. Diessler (2005) 6zel goreliligin 68retiminde
zaman genislemesi ve boy kisalmasini agiklarken ‘6lgiim’ ve ‘gbzlemci’ gibi s6zclklere vurgu yapmanin
onemini belirterek boy kisalmasi igin ‘gdérmek’ gibi sézciklerin kullanilmamasini 6nermistir. Bunun
sebebi cismin farkh kisimlarinin gézlemciye farkh uzakliklarda olmasindan kaynaklanan optik etkilerdir.
Einstein'in 6zel gorelilik kuramini bu kadar derin yapan sey, uzunlugun gercekten kisaldigi ve zamanin
gercekten yavasladigl gercegidir. Bu sadece gorinis meselesi degildir. Lorentz kisalmasinin goreli
hareket eden bir cismin fotografik gorintisinden farkh oldugunu gostermek icin Terrell etkisi olarak
bilinen bu durumun gosterilmesi igin sinifta yapilacak alistirmalarin sunuldugu c¢alismalar vardir
(BurkevaStrode, 1991).

Gorelilik teorisini anlama giligliklerinin ¢ogu, goreli etkilerin glnliik tecriibelerin bir pargasi
olamamasindan ve giinliik tecribelerle gelisiyor gibi gérinmesinden kaynaklanmaktadir. Ayrica, goreli
etkileri gdsteri deneyleri yoluyla dogrudan gdzlemlemek miimkiin degildir (Kraus, 2008). Ozel gérelilik
goriniste tuhaf etkilere sahiptir ve agirlikh olarak giinlik deneyimin disindaki durumlarla ilgilidir.
Gorelilik teorisinin 6gretiminde distince deneylerinin kullaniimasi 6grencilerin glinlik yasantilarinin
otesindeki durumlari fark etmelerini saglamaktadir. Bu da goreliligin ilke ve yasalarini kavramalarini
kolaylastiracaktir (Velentzas ve Halkia, 2013). Bununla ilgili olarak, Al-Khalili (2003) goreliligin
Ogretiminde birgoklarinin aksine zaman yolculugu fikrini kullanmanin, hayal glcini ortaya gikarma ve
uzay-zamanin dogasini anlamada bir firsat sunacagini iddia etmektedir. Ozel géreliligin ilging ézelliklerini
vurgulamada kullanilabilecek giizel érnekler oldugunu ifade etmektedir. Ozel goreliligin 6gretiminde
paradokslarin 6nemine dikkat ceken Cacioppo ve Gangopadhyaya (2012) tGniversite 6grencilerine yonelik
uzunluk kisalmasi hakkinda iki diistince deneyi sunarak bunlarin 6grencilere konu hakkinda daha derin
bir anlama saglayacagini belirtmistir. Goreli etkilerin sanal olarak deneyimlendigi similasyonlar ve
bilgisayar oyunlari, goreliligin 6gretiminde glnlik tecrtbelerle ilgili eksikliklerle basa ¢ikmada
kullanilmaktadir. Wegener, Mcintyre, McGrath, Savage ve Williamson (2012), 6zel goreli fizige uyan bir
diinyayi simiile eden oyun benzeri sanal gergekligin kullanildigi bir 6gretim paketini basaril bir sekilde
kullanmuglardir. Kortemeyer, Fish, Hacker, Kienle, Kobylarek, Sigler, Wierenga, Cheu, Kim, Sherin, Sidhu
ve Tan (2013) 6grencilerin 6zel goreliligin 6gretiminde kullanilacak bir bilgisayar oyunu gelistirmislerdir.
Savage, Searle ve McCalman (2007) goreli hizlarda hareketin oldugu, simile edilmis bir diinyada hareket
imkani saglayan bilgisayar programiyla, uzunluk kisalmasi ve ayniandaligin goreliligini 6grencilerin
kesfedeceklerini soylemektedir. Carr ve Bossomaier (2011) bilgisayar oyununa 6zel gorelilik etkilerini
yerlestirerek yaptiklari uygulamada 6grencilerin konuyu kavrayislarinda ve motivasyonlarinda iyilesme
gerceklestigini belirtmistir. Sherin, Cheu, Tan ve Kortemeyer (2016) 06zel goreliligin etkilerinin
deneyimlenebilecegi bilgisayar oyunu sayesinde 6zel goreliligin soyut kavram ve konularinin ilk elden
deneyimler saglayacagini belirtmistir. Gelistirdikleri oyunun internet ortaminda ilgi gérdiagiini ve olumlu
geri dondtler oldugunu rapor etmisler. Belloni, Christian ve Dancy (2004) o6zel goreliligin soyut
kavramlarini gorsellestirmede yararli olacak Physlet tabanli alistirmalari tanitmistir.

Goreliligin o6gretiminde bir diger zorluk klasik fizik-goreli fizik paradigma degisiminin 6grenciler
tarafindan algilanamamasidir. Arriassecq ve Greca (2012)'a gore 6grenciler klasik fizik ile 6zel goreliligin
icerdigi kavramlar arasindaki farki anlayamamaktadir. Gim (2016) Gilney Kore’de lisede 6gretilen 6zel
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gorelilik teorisinin ders kitaplarinda nasil yer aldigini arastirdigi ¢alismasinda, teorinin fizik teorileri
acisindan devrimsel yoniine vurgu yapmadigini belirtmektedir. Ireson (1996) makalesinde, 6zel
goreliligin 6gretiminde geleneksel olan yolun, Michelson-Morley deneyinin isik hizi ile ilgili sonuglarindan
bahsetmek, referans cergevelerine olan ihtiyaci ortaya koymak ve 6zel goreliligin iki ilkesini tanimlamak
oldugunu belirtmistir. Bunun yerine Newtoncu ve Aristocu diinya gértsinden baslayarak, 6grencileri
bunun eksiklerini fark edebilecekleri durumla karsi karsiya birakip, soruna ¢6zim bulmalarinda yardimci
olma yoluyla 6zel goreliligin 6gretilmesini dnermektedir. Dimitriadi ve Halkia (2012) lise 6grencilerinin
ozel gorelilik teorisini 6grenme siireglerine yonelik arastirmasinin sonuglarina gore, 6grenciler klasik
mekanikte 6grendikleri mutlak hareket fikrini derinlestirdikleri, bunun da goreliligin 6gretilmesinde
ogrencilerin klasik fizige goreliligi dahil etmeye ¢alismalarina sebep oldugunu sdylemektedirler.
Pietrocola ve Zylberztajn (1999)'in ¢alismasi, 6grencilerin 6zel gorelilik ile ilgili problemlerde klasik
mekanik ve sagduyu disindaki yorumlayici yapilar kullanma ihtiyaci hissetmediklerini gostermistir.
Arriassecq ve Greca (2012)'ya gore klasik fizik ile goreli fizik arasindaki degisimin 6grencilere
kavratilmasinda tarihsel ve epistemolojik baglamin kullanilmasinin olumlu etkileri s6z konusudur. Ek
olarak, Seckin Kapucu (2016) gorelilik teorisini iceren bir belgesel lzerinde yaptigi nitel ¢alismada,
belgeselin bazi bilimin dogasi temalarinin ve kavramlarin 6gretiminde kullanilabilecegini belirtmistir.
Ayrica bu tur belgesellerin 6gretimde kullanilmasinin 6grencilerin 6grenmeye ydnelik motivasyonlarini
arttiracagini soylemistir. Villani ve Arruda (1998) o&zel goreliligin 6gretiminde Lorentz dénlsim
denklemleri ve Einstein’in denklemleri ile yorumlanabilecek deneysel sonuglar ve uygulamalara daha
fazla odaklaniimasi gerektigini ve klasik fikirler ile modern olanlar arasindaki farklarin vurgulanmasinin
onemli oldugunu séylemektedirler. Bunun igin bilim tarihindeki kavramsal degisimin varliginin ve temel
ozelliklerinin farkina varabilecekleri bir 6gretim ortaminin gerekliligini ifade etmektedir.

Goreliligin 6grenilmesinin zor olmasinin sebeplerinden biri de 6grencilerin klasik fizikteki eksikleridir.
Scherr, Shaffer ve Vokos (2001) 6zel gorelilikte zaman kavrami ve referans gergevelerinin roli hakkinda
ogrencilerin kavramsal ve mantiksal zorluklarini arastirmistir. Sonuglar, tim akademik kademelerde
ogrencilerin eszamanhligin goreliligi ve eylemsiz referans sistemlerinde gézlemcinin rolii konularinda
ciddi zorluklar yasadigini géstermektedir. Ogrencilerin mutlak eszamanlilik ile eszamanliligin géreliliginin
bir arada bulundugu kavramsal bir cerceve olusturmaktadir. ileri seviyedeki 6grencilerin bile fiziksel
diinyayl anlamada 6zel goreliligin etkilerini yorumlamakta basarisiz oldugu gériilmustiir. Ogrencilerin bu
basarisizliklarinin altinda yatan sebep daha temel konulari anlamalarindaki eksiklikler oldugunu
belirtmektedirler.

Gorelilik teorisi 6grenilmesinin zor olmasi yaninda ilgi ¢ekici ve merak uyandirici bir konudur. Angell,
Guttersrud, Henriksen, ve Isnes (2004) Norvec¢'te hem 6gretmenler hem de 6grencilerin fizik ve fizik
o6gretimine yonelik distincelerini arastirmistir. Bu calismaya gore, gorelilik diger fizik konulari icerisinde
ilging olmasi bakimindan ikinci siradadir. Ogborn (2005)'e gore o6grenciler goreliligi 6grenmeye
basladiklarinda oldukga hevesliyken Lorentz dontsimleri ve bazi karmasik cebirsel islemlerle
karsilastiklarinda bu heveslerini kaybetmektedirler. Angell (2004) c¢alismasinin sonuglarina gore
ogretmenler 6grencilerin zayif matematik becerilerinden yakinmakta, 6grenciler ise fizik derslerinde
matematigi dnemli bir sorun olarak gérmemektedirler.

Arriassecq ve Greca (2007) Arjantin’de lise ve Universite ders kitaplarini igerik yoniinden incelemis ve
lisede 6gretilmeye baslanan 6zel gorelilik teorisinin 6gretmenlere yonelik ders materyallerinin baglamsal
perspektif ydniinden yetersizligine dikkat cekmistir. Ozel goreliligin 6gretiminde kavramsal olarak uygun
ve motive edici materyallerin hazirlanmasinin 6grencilerin anlamh 6grenmesini saglamada etkili
olacagini belirtmistir. Smith (2011) 6grencilerin 6zel goérelilik kavramlarini daha iyi anlayabilmesi igin
gorsellestirmenin yararlarina vurgu yaparak, elektromanyetik alan icinde goreli hizlarla hareket eden bir
elektrik dipollini gorsellestirmek tzere kullanilan grafiklerin ve basit hesaplarin, 1518in eylemsiz referans
cercevelerinde sabitligi, Doppler etkisi gibi olgulari agikga gosterdigini belirtmistir. Ogborn’a gore (2005)
o6grenciler goreliligi 6grenmeye basladiklarinda olduk¢a hevesliyken Lorentz donlisimleri ve bazi
karmasik cebirsel islemlerle karsilastiklarinda bu heveslerini kaybetmektedir. Yazar, 6zel goreliligin
ogretiminde 6gretmenlerin yararlanabilecegi dort adimdan olusan ve 6gretmenin se¢imine bagl olarak
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istedikleri asamada durabilecekleri bir 6gretim materyali 6nermistir ve daha az sey 0Ogretmenin
rolativistikdlistincenin 6zlini kavratmak acisindan daha fazlasini basarabilecegi konusunda uyarida
bulunmustur. Scherr, Shaffer ve Vokos (2002) 6grencilerin 6zel gorelilik kavramlarini, ayniandaligin
goreliligini ve eylemsiz referans cergevelerinde gozlemcinin rollinii anlamalarini gelistiren bir 6gretim
materyali olusturmustur ve bu materyalin 6grencilerin 6zel gorelilikteki klasik paradokslarin bazilarini
tanima ve ¢6zme becerilerini 6nemli 6l¢tide gelistirdigini belirtmektedirler. Guisasola, Solbes, Barragues,
Morentin ve Moreno (2009) 6zel gorelilik teorisinin birinci ylzyih dolayisiyla hazirlanan sergi ziyaretinin
ogrencilerin 6zel gorelilik teorisi hakkindaki bilgi, ilgi ve anlayislarini arttirdigini rapor etmistir.
Ogrencilerin 15181n hizi, zaman ve referans sistemi, kiitle ve enerji konularinda ziyaret dncesi ve sonrasi
bilgi dizeylerinde artis belirlenmistir.

Son zamanlarda Ullkemizde bu teorinin 0Ogretimine verilen 6nem artmis lise fizik 6gretim
programlarinda yer almaya baslamistir. Ozel gorelik teorisi 2007 fizik 6gretim programinda (MEB, 2007)
onuncu sinifta, gincellenen 2013 fizik 6gretim programinda (MEB, 2013) matematigi azaltilmis olarak on
ikinci sinifta bulunmaktadir. Teori Universitelerin fizik ve fizik 6gretmenligi bolimlerinden baska fen
bilgisi dgretmenligi bolimlerinde de okutulmaktadir. Ulkemizde goreliligin 6gretimine olan ilginin
artmasina paralel olarak bu konu hakkinda fen egitimi arastirmalari da son yillarda artis gostermistir
(Demir ve Akarsu, 2014; Didis Kérhasan ve Ozcan, 2015; Selcuk, 2011; Ozcan, 2011; Unli Yavas ve
Kizilcik, 2016; Yildiz, 2012).

Ulkemizde &zel gorelilik teorisi ile ilgili, genellikle tiniversite 6grencileri ile arastirmalar yapilmistir.
Selcuk (2011) Universite Ogrencilerinin 6zel gorelilik teorisinin icinde yer alan has zaman, zaman
genislemesi, has boy, kiitle ve yogunluk kavramlarinda giicliiklerini belirlemistir. Ozcan (2011) fizik
ogretmen adaylarinin 6zel gorelilik kurami ile ilgili problem ¢6zme vyaklasimlarini incelemis ve
katilimcilarin problem ¢ézme yaklasimlarinin bilimsel ve stratejik olmadigi sonucuna varmistir. Turgut,
Gurbuz, Salar ve Toman (2013) fizik 6gretmen adaylarinin 6zel gorelilik teorisini anlamalari hakkinda
yaptiklari nitel arastirmanin sonuglari, 6gretmen adaylarinin 6zel gorelilig§in kavramlarini anlama ve
yorumlamada sorunlari oldugunu ortaya koymaktadir. Ayrica bu konularla ilgili matematiksel zorluklar
da goriilmektedir. Didis Kérhasan ve Ozcan (2015) iiniversite dgrencilerinin ézel gorelilik ile ilgili problem
¢6ziimlerinde matematiksel model kullanmada zorluklari oldugunu belirtmistir. Ogretmen adaylarinin
zorlanma sebepleri ile ilgili fikirlerinin arastirildigi nitel ¢alismada matematiksel giiclikler ve klasik
fizikten goreli fizige gegis ile ilgili giicliiklerin 6ne ciktigi rapor edilmistir (Unlii Yavas ve Kizilcik, 2016).
Demir ve Akarsu (2014)'nun hem lise hem de Universite 6grencileri ile yaptigi ¢calisma, 6zel goreliligin
modern fizik konulari igerisinde 6grencilerin zorlandiklari konulardan biri oldugunu géstermektedir. Lise
ogrencileriyle yapilmis bir diger arastirmada o0zel gorelilikle ilgili kavram yanilgilari arastiriimistir
(Korkmaz, Aybek ve Oriicli, 2016). Yildiz (2012) 6grenme amacl yazma etkinliklerinin, 6gretmen
adaylarinin 6zel gorelilik teorisini anlamalarina katkisi oldugunu belirtmektedir.

Gorelilik ile ilgili 6grenci glgluklerinin arastinldigi calismalarda, genellikle 6grencilerin gorelilik ile ilgili
sorulara verdikleri cevaplara dayanarak zorluklar belirlenmistir. Literatlirde, 0Ogrencilerin fizikte
zorlanmalarinin sebeplerinin arastirildigi bircok ¢alisma olmasina karsin, gorelilik ile ilgili 6grencilerin
zorlanma nedenlerinin yine Ogrencilere soruldugu bir ¢alismaya rastlanmamistir. Bu nedenle bu
arastirma, gorelilik konularinda 6grenci gligliklerinin  sebeplerini  belirleme agisindan diger
arastirmalardan farklidir. Bu arastirmada, 6grencilerin nitel olarak énceden verdikleri glglik nedenleri
ile ilgili yanitlardan yararlanarak olusturulan nicel bir 6lcekten yararlanilmistir. Arastirmanin amaci lise ve
Gniversite 6grencilerinin 6zel gorelilik konusunda zorlanma nedenlerinin gorilme sikhgini belirlemektir.
Ayrica, egitim dlzeyi ve cinsiyete gore bu nedenlerin sikliginda farklilik olup olmadiginin da
incelenmesidir.

Yontem
Arastirma tarama cgalismasi olarak tasarlanmistir. Arastirmaya, onceden yazarlarca yapilannitel bir

calismanin (Unli Yavas ve Kizilcik, 2016) verilerinden yararlanarak baslanmistir.
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Veri Toplama Araci

Onceki calisma 6zel gorelilik konularinin dgretiminden sonra 25 fizik 6gretmen adayiyla yapilmisti.
Katilimcilarin zamanda gorelilik, uzunlukta gorelilik, Lorentz donlisim denklemleri, Lorentz hiz déniisiim
denklemleri, goreli momentum ve goreli enerji konularinin zorluk veya kolayligi hakkindaki gorisleri
yapilan gorismelerle belirlenmisti. Gorlismeler sirasinda zorlanma nedenlerinin; 6grencilerin 6gretim
yontemi, matematiksel sorunlar, klasik fizikten gorelilige geciste yasanan sorunlar basta olmak (zere
cesitli nedenlere dayandigi gorilmisti. Bu gorismelerin nitel analizinden elde edilen 28 gorlsu
dizenlendi ve uzman goérisi sonrasinda Likert tirl bir 6lgegin maddeleri haline getirildi. Boylece
ogrencilerin maddelerde belirtilen zorluga katilma derecelerini isaretleyebilecekleri 5 dereceli Likert bir
dlcek elde edilmis oldu. Olgegin puanlanmasi 5 ile 1 arasinda katilma derecesini belirtecek bicimde
hazirlanmistir. Madde kolaylik bildiriyorsa bu puanlama ters gevrilerek yapilmistir. Yani s6z konusu her
bir madde icin belirtilen zorluga katki en yiiksek 5 puan en disik ise 1 puan olmustur.

Orneklem

S6z konusu 6lcek, 6zel gorelilik konularini iceren ders almis olan 446 fen bilgisi 6gretmen adayina ve
245 lise Ogrencisine olmak Uzere, toplam 691 kisiye uygulandi. Burada amag, onceki c¢alismada
arastirmacilarca belirlenen zorlanma nedenlerinin 6grenciler arasinda ne derecede yaygin oldugunu
belirlemektir. Ornekleme iliskin tanimlayici veriler Tablo 1’de verilmistir.

Tablo 1.

Orneklemin tanimlayici ézellikleri

Grup Altgrup Odrenci Sayisi

Ogretim Lise 245

Diizeyi Universite 446
Kadin 450

Cinsiyet Erkek 220
Bilinmiyor 21

Elde edilen verilerle agimlayici faktor analizi yapilmistir. Buna gore, 28 maddelik 6lgegin ortak
varyanslari 0,399 ile 0,634 arasinda degismektedir. Ozdegeri 1’den biiyiik 4 faktdr toplam varyansin
%50,637’sini agiklamaktadir. Ancak binisik maddeler (28 maddelik testte: 1, 8, 9, 20, 28. maddeler)
silindiginde 6lgcek 3 faktorll yapi gostermistir. Bu (¢ faktdr toplam varyansin %48,06’sin1 agiklamaktadir.
Geriye kalan 23 maddeden olusan test verilerine gore, birinci faktor 1, 2, 4, 5, 6, 8, 10, 11, 12, 13, 15, 19,
20, 23. maddelerden, ikinci faktor 3, 7, 9, 14, 16, 21. maddelerden, Gglnct faktor 17, 18, 22.
maddelerden olusmaktadir. Genel olarak, birinci faktéri olusturan maddelere bakildiginda 6grencinin
konuya yonelik algisini, ikinci faktér konularin anlatim bigcimini ve Uglincli faktor matematik zorluklar
icermektedir.

Verileri istatistik yazilimlari araciligi ile analiz edilmistir. Elde ettigimiz verilerin guvenilirlik katsayisini
0,91 olarak bulunmustur. Maddeler arasinda korelasyonun genelde ylksek oldugu saptanmistir. Buna
gore Olcegi i¢ gecerliliginin yiksek oldugu séylenebilir.

Betimleyici analizler ve altgruplar arasi karsilastirmalar yapilmistir. Likert maddelere, segilebilecek en
dusik zorluk duzeyinin 1, en yiksek zorluk diizeyinin ise 5 olmasi nedeniyle zorlanmaya etkisi
derecelendirilmistir. Verileri degerlendirirken uygulanan dereceler Tablo 2’de verilmistir.
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Tablo 2.
Verilerindegerlendirilmedereceleri
Olciit Zorlanmaya etkisi

1.00-1.79 Cok kolay
1.80-2.59 Kolay
2.60-3.39 Orta
3.40-4.19 Zor
4.20-5.00 Cok zor

Likert tari maddelerin her birinin puanlarinin Tablo 2’de belirttigimiz araliklardan hangisine
dustigine bakilmistir. Buna gore veriler bulgular boliminde yorumlanmistir. Ayrica 6gretim diizeyine
gore ve cinsiyete gore anlamli fark olup olmadigi bagimsiz 6rneklem t-testinden yararlanarak incelendi.

Bulgular

Bu kisimda, verilerden elde edilen bulgular sunulmus ve yorumlanmustir. ilk olarak Likert tiirii 6lcegin
betimleyici analizi yapilmistir. Ogrencilerin yaptiklari secimlerin 1-5 araliginda zorluk derecelendirmesine
gore dagihmi Olgegin tim maddelerinin ortalamalari alinarak bulunmustur ve Sekil 1'deki grafikte
verilmistir.

%

30 27,5 28,5

25,7
25
20
15

10

(9]

0,6

0 —

1 2 3 4 5 Bos

Sekil 1. Zorluk derecesinin ylizdelik dagilimi

Sekil 1’e gore, 6grencilerin daha ¢ok 2, 3 ve 4. segenekleri isaretledigi goriilmektedir. Grafigin zorluk
derecelendirmesine gore ortadaki secenek olan “3” baz alindiginda simetrige yakin bir dagilima sahip
olmasi 6grencilerin genel olarak gorelilik konusunun zorlandiklari kadar kolay oldugunu da
dusinduklerini gostermektedir. Higbir segcenegin isaretlenme oraninin %30’u agsmadig gorilmektedir.

Tim maddelerin ortalama puanlari hesaplandiginda, Tablo 2’de belirtilen Glglite gére timinin orta
diizeyde gliglige sahip oldugu gorilmistir. Buna gore, 6grencilerin 6zel goreliligi genel olarak ¢ok zor
veya ¢ok kolay olarak nitelendirilmedigi sdylenebilir. Madde puanlarinin ortalamalarinin orta dizeyde
olmasi, 6grencilerin gorelilikte zorlanma nedenleri agisindan bize fazla bir bilgi vermez. Bu yiizden, her
bir faktori olusturan maddeleri birlikte ele almak ve buna goére yorum yapmak yararl olacaktir.
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Faktorlere Gore Verilerin incelenmesi

Uygulanan 23 maddelik Likert tirt Olgegin verileri analiz edildiginde ¢ faktérden olustugunu
belirtmistik. Bu faktérler ayri ayri incelenmis ve tablolar halinde sunulmustur. Sekil 1'de verilen zorluk
derecesinin yizdelik dagihmlar grafiginde belirlenen en ylksek deger %28,5 idi. Bu nedenle tablolarda,
toplam yanitlarin %28,5’i olan 197 yanit ve lizerinde olanlar yatik ve kalin olarak isaretlenmistir. Bu
durum, yorum yapmay! kolaylastiracaktir.

Birinci faktor olan konuya yonelik alginin agirlikh olarak yer aldigi faktoriin verileri, Tablo 3'te
gorilmektedir.

Tablo 3.
Birincifaktérdeyeralanmaddelereverilenyanitlarinfrekansdagilimi

Madde odde Cok Kolay <« - Cok Zor —
No 1 2 3 4 5 Bos Aralik
Puan
1  Bagintilari anlayip akilda tutmak zor. 40 172 124 274 77 4 3,26 Orta
5 'Fa'lzla ¢aba ve zaman harcamak gerektirdigi 49 186 159 228 67 2 311 Orta
icin zor.
4  Goreliligi yorumlamak zor. 50 159 176 232 68 6 3,16 Orta
5 ZG:rrellllge neden ihtiya¢ duyuldugu anlamak 80 178 188 179 64 2 2,96 Orta

Gunluk hayatta karsilasilan bir durum

6 55 164 134 243 95 - 3,23 Orta
olmamasi anlamami zorlastirdi.

3 Klas.|k fizikteki niceliklerden goreli niceliklere 39 164 195 226 67 317 Orta
gecis asamasl zorlanmama neden oldu.

10 Kla5|lf f|'2|!< konularinda da genel eksikliklerim 43 160 155 250 80 3 324 Orta
oldugu icin zorlandim.

11 Klasik ve goreli kavramlari iliskilendirmekte 43 167 182 232 6l 6 315 Orta
zorlandim.

12 Klasik ve goreli kavramlarin ayrimini 52 201 192 189 53 299 Orta

yapmakta zorlandim.

13 Konu soyut oldugu igin zor geldi. 60 165 157 224 79 3,14 Orta

Referans sistemlerinin hangisinde hangi

4
6
15 Konunun zor oldugu hakkinda 6nyargiliyim. 60 158 182 200 82 9 3,13 Orta
niceligin 6lguldiigiini belirlemek zor.

19 27 154 236 202 68 3,19 Orta

Sagduyuma/dngorilerime aykiri sonuglari

20
olmasi anlamami zorlastirdi.

53 181 189 203 60 5 3,05 Orta

Yeni bir algi ve felsefe gerektirdiginden

2
3 anlamak zor.

51 191 173 225 50 1 3,05 Orta

Ortalamalar 50,1 171,4 174,4 221,9 69,4 4,3 3,13 Orta

Tablo 3 incelendiginde, 6grencilerin konuya yonelik algisina iliskin maddelerden olusan birinci
faktoriin genel ortalamasina bakildiginda, “Orta” diizeyde zorlanmanin oldugu sdylenebilir. Ancak,
maddelerin ikisi hari¢ timinde besli derecelendirmenin zorlanmayi belirten “4”e dogru yanitlarin
yigildigi gérilmektedir. Buradaki maddelerin blylk cogunlugunun 6grencilerin klasik fizik ile goérelilik
arasindaki farklari algilamakta, yeni anlayisa uyum saglamakta zorlanmalari ve glinlik deneyimleri ve
sagduyularina uydurmakta zorlanmalari ile iliskili oldugu goérilmektedir. Bunun yani sira, az da olsa
matematik ile iliskilendirilebilecek maddeler de oldugu belirlenmistir. Klasik fizik-modern fizik paradigma
degisiminin ortaya cikardigi gigliikler ile ilgili maddelerde (Madde 4, 8, 11, 23); fazladan ¢aba, zaman ve
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emek harcama ile ilgili maddelerde (Madde 3, 8) ve konularin zor olduguna iliskin &nyargi ile ilgili
maddede (Madde 15) yiksek giicliik dizeyinde (Zor ve Cok zor) yigilma oldugu goérilmustir. Ayrica klasik
fizikten kaynaklanan sorunlar (Madde 10), konunun giinliik yasamla iliskilendirilememesi ve soyut olarak
gorilmesi ile ilgili sorunlar (Madde 6, 13) da zorlanma nedeni olarak belirtilmistir.

250
221,9
2
00 171,4 1744
150
100
69,4
50,1
50
. 4,3
O —
1 2 3 4 5 Bos

Sekil 2. Birinci faktor icin ortalama zorluk derecesinin dagilimi

Sekil 2’de gorulduga gibi, birinci faktére ait 6grencilerin genel zorluk derecelerinin, besli
derecelendirmede “4”e egilimli oldugu gorilmektedir. Yani, her ne kadar ortalamalar “Orta” diizeyde bir
zorluk oldugunu gosterse de, bu faktorde “Zor”a dogru bir egilimin oldugunu séylenebilir.

Tablo 4.
ikincifaktérdeyeralanmaddelereverilenyanitiarinfrekansdadilimi

Cok Kolay ¢ - Cok Zor

Madde
No Madde 1 2 3 4 5 Bos O aralik
Puan

Goreli nicelikler, klasik niceliklerden daha

3 ) 85 236 202 136 30 2 2,70 Orta
mantikli oldugundan kolay.

7 Izledigim belgeseller/animasyonlar 133 265 135 102 50 6 252 Kolay
anlamami kolaylastirdi.

9 Klasik mekanige yakin bir konu oldugu igin 47 190 227 178 47 2 298 Orta
anlamam kolay oldu.

14 Konunun anlatim bigcimi anlamami 76 253 181 126 49 6 274 Orta
kolaylastirdi.

16 Konuyu anlamak kolay. 64 178 202 169 67 11 3,00 Orta

21 :(:)I;eillllgln mantigini anladigim icin kolay 66 244 190 151 37 3 278 Orta

Ortalamalar 78,5 227,7 189,5 143,7 46,7 5,0 2,79 Orta

Tablo 4’te, konularin anlatim bicimine iliskin maddelerden olusan ikinci faktoriin genel ortalamasina
bakildiginda, bir madde hari¢ “Orta” diizeyde zorlanmanin oldugu séylenebilir. Ancak, maddelerin ikisi
hari¢ timinde “2”ye (“Kolay”a) dogru yanitlarin yigildig1 séylenebilir. Buna goére, 6grencilerin genel
olarak goreliligin mantigini, felsefesini bir kez anladiktan sonra konuyu “Kolay” olarak nitelendirmeye
egilimli olduklari distndlebilir. Ogretim teknigi ile ilgili oldugu gériilen maddelerde (Madde 7)
cogunlukla gliclik diizeyinin diisik oldugu belirlenmistir.
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Sekil 3. ikinci faktér icin ortalama zorluk derecesinin dagilimi

Sekil 3’te goruldigu gibi, ikinci faktore ait 6grencilerin genel zorluk derecelerinin “2”ye egilimli
oldugu gorilmektedir. Yani, her ne kadar ortalamada orta diizeyde bir zorluk oldugunu gosterse de bu
faktorde “Kolay”a dogru egilimin oldugu soylenebilir.

Tablo 5.
Uciinciifaktérdeyeralanmaddelereverilenyanitlarinfrekansdagilimi

Madde odde Cok Kolay ¢ - Cok Zor —
No 1 2 3 4 5  Bos Aralik
Puan
17 Matematiksel bilgi/beceri gerektirmesi 81 227 181 153 47 2 279 Orta

anlamami zorlastirdi.

18 Problemleri ¢dzmek zor. 52 205 163 209 57 5 3,02 Orta
22 Birimleri cevirmekte zorlaniyorum. 72 170 161 205 78 5 3,07 Orta
Ortalamalar 68,3 200,7 168,3 189,0 60,7 4,0 2,96 Orta

Tablo 5’te, 6grencilerin matematiksel zorlanmalarina iliskin maddelerden olusan Ggiinct faktorin
genel ortalamasina bakildiginda, “Orta” diizeyde zorlanmanin oldugu séylenebilir. Ancak, 22. maddeye
verilen yanitlarin “4”e dogru yigildig1, 17. maddede ise “2”ye dogru yigildigini gérilmektedir. S6z konusu
matematiksel becerilerin farkli beceriler olmasi buna neden olabilir. 18. maddede ise hem “2”, hem de

“4"te yigilmanin olmasi, 6grenciler agisindan problemlerin zor ve kolay algisinda dengeli bir dagilim
oldugu gorilmektedir.
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Sekil 4. Ugtincii faktor icin ortalama zorluk derecesinin dagilimi

Sekil 4'te goraldugi gibi, Gglincl faktore ait 6grencilerin ortalama zorluk derecelerinde bir denge s6z
konusudur. Ancak “2”ye dogru egilimin biraz daha baskin oldugu gorilmektedir. Yani, her ne kadar
ortalamada orta diizeyde bir zorluk oldugunu gosterse de bu faktorde “Kolay”a dogru egilimin oldugu
soylenebilir.

Birinci faktorde yer alan 4. maddede goreliligin yorumlanmasinin zorluguna katilimin yiiksek oldugu
gorilmekte. ikinci faktérde yer alan 21. maddede ise égrenciler géreliligin mantiginin anlagildiginda zor
olmadigl gorisine katiliyorlar. Bu iki madde birlikte ele alinirsa goreliligin 6grenciler tarafindan zor
anlasilan ancak anlasildiginda ¢ok da zor olmadigini gérdiikleri bir konu oldugunu distindiikleri sonucuna
varilabilir. 15. maddede s6zi edilen konunun zor olmasi hakkinda onyargilara sahip olmaya yuksek
katilimi da bu sonuca baglayabiliriz.

Frekans bazinda; birinci ve lglincl faktorlerde yer alan ve dogrudan veya dolayl olarak matematiksel
gucluklerle ilgili olan maddelerde (Madde 1, 19, 22) zorluk derecesinin arttigi gériilmustir. Ancak
matematiksel agidan zorlanmadigini belirten maddede (Madde 17) yogunluk gorilmektedir. Benzer
bicimde, birinci ve ikinci faktorlerde yer alan; fazladan ¢aba, zaman ve emek harcama ile ilgili
maddelerde (Madde 3, 8) ve konularin zor olduguna iliskin 6nyargi ile ilgili maddede (Madde 15) yiiksek
gicliik dizeyinde yigilma oldugu gorilmastdr.

Ogrenim Diizeyi ve Cinsiyete Gore Verilerin Karsilastirilmasi

Ogrencilerin yanitlarinin cinsiyete veya 6grenim diizeyine bagl olarak farklilk gdsterip
gostermedigi incelenmistir. Bu amagla, kadin ve erkek ogrencilerle, lise 6grencilerinin ve Universite
ogrencilerinin yanitlarinin ortalamalari ayri ayri ele alinmistir.
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Sekil 5. Gruplarin ortalama puanlari

Sekil 5’te gorilduga gibi, gruplarin 6lcege verdikleri yanitlarin ortalamalari arasinda oldukga kiiglik
farklar vardir. Bu nedenle, verilen yanitlarin faktérlere ve faktorlerde yer alan maddelere gore daha
ayrintili bir karsilastirma yapmak yararh olacaktir. Kadin ve erkek 6grencilerle, lise 6grencilerinin ve
Universite 6grencilerinin yanitlarinin ortalamalarinin faktorlere gére dagilimi Tablo 6’da verilmistir.

Tablo 6.
CinsiyeteveOkulDiizeyineGéreOrtalamaPuanlar

Kadin Erkek Lise Universite Genel

Faktorler
Ort. Duzey Ort. Dizey Ort. Diizey Ort. Dizey Ort. Duzey

Birinci Faktor 3,19 Orta 3,00 Orta 3,12 Orta 3,13 Orta 3,13 Orta

ikinci Faktor 2,80 Orta 2,72 Orta 2,86 Orta 2,47 Kolay 2,79 Orta
Ugiincii Faktor 3,00 Orta 2,87 Orta 2,98 Orta 2,95 Orta 2,96 Orta
Genel 3,06 Orta 2,91 Orta 3,04 Orta 3,01 Orta 3,02 Orta

Tablo 6 incelendiginde, cinsiyet ve egitim diizeyi agisindan,her bir faktér icin biri disinda tim zorluk
dizeylerinin “orta” diizey araliginda oldugu gorilmektedir. Yalnizca ikinci faktorde Gniversite
ogrencilerinin ortalamasi “kolay” dilizey araliginda cikmistir. Bu da gostermektedir ki, Universite
ogrencileri, konunun 6gretim yontemleri ile ilgili lise 6grencilerine gére daha az zorluk yasamaktadir.

Tim 6lcek maddeleri incelendiginde, lise ve Universite 6grencilerinin yanitlari arasinda anlamh fark
olup olmadig t testi ile belirlenmistir. Yapilan t testi sonuclarina gore, zorlanma nedeni olarak birinci
faktorde yer alan Madde 2 ve ikinci faktorde yer alan Madde 7 ve 14’te lise 6grencilerinde, birinci
faktorde yer alan Madde 13’te ise universite 6grencilerinde anlamli bir fark gorilmustir. Anlamhhk
degeri 0,05’in altinda olan s6z konusu maddelerin t degeri ve buna gore anlamlilik degeri soyledir: 2.
madde (2,126; p: 0,034), 7. madde (2,496; p: 0,013), 13. madde (-2,320; p: 0,021), 14. madde (2,044; p:
0,042). Yani, 6gretim teknikleri ile ilgili olarak lniversite 6grencilerinin daha disiik diizeyde zorlanma
yasamaktadir. Buna karsin, Gniversite 6grencilerinin lise 6grencilerine gére anlamli olarak konulari daha
soyut olarak nitelendirdigi anlasiimaktadir.

Cinsiyete gore t testi sonuglari bazi maddelerde kadinlarin erkeklere nazaran anlaml bir bigimde
daha fazla glglik ¢ektigini gostermektedir. Bunlar; birinci faktérde yer alan Madde 1, 4, 6, 8, 11, 13, 23;
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ikinci faktérde yer alan Madde 16 ve (iglinci faktorde yer alan Madde 22’dir. Anlamlilik degeri 0,05’in
altinda olan s6z konusu maddelerin t degeri ve buna gore anlamlilik degeri soyledir: 1. madde (t: 2,275;
p: 0,023), 4. madde (t: 2,855; p: 0,005), 6. madde (t: 2,936; p: 0,004), 18. madde (t: 2,064; p: 0,040), 11.
madde (t: 2,919; p: 0,004), 13. madde (t: 2,988; p: 0,003), 16. madde (t: 2,110; p: 0,036), 22. madde (t:
2,296; p: 0,022), 23. madde (t: 4,978; p: 0,000). Buna gore, matematiksel gigcliikler ve klasik fizik-modern
fizik paradigma degisiminden ileri gelen algisal gigliklerle ilgili maddelerde kadinlarin daha ¢ok
zorlandiklari belirlenmistir.

Sonug ve Tartisma

Ozel goreliligi derslerinde gérmiis olan lise ve Universite 6grencilerinin 6zel gorelilik zorluk nedenleri
Olcegine verdikleri yanitlardan elde edilen bulgular, 6grencilerin bu konuyu zor oldugu kadar kolay
oldugunu da disiindiiklerini gdstermektedir. Ozele inildiginde, her bir maddede yer alan ifadenin zor
veya kolay olarak 6grenciler tarafindan nitelendirilmesi; cinsiyete, 6grenim diizeyine bagh olabilecegi
gibi, bunlardan bagimsiz olarak da degisebildigi belirlenmistir.

Lise ogrencilerinin bulgulari ile Gniversite 6grencilerinin bulgulari karsilastirildiginda 6lcek puan
ortalamalari agisindan belirgin bir fark gorilmemektedir. Ancak her madde igin zorluklar, lise ve
Giniversite ogrencileri icin ayri olarak karsilastirildiginda lise 6grencilerinin konunun anlatim bigimi
acisindan ve fazladan caba ve zaman harcamak gerektirmesi bakimindan daha ¢ok zorlandiklari
gorilmustir. Bunun sebebinin liselerde konunun daha dar kapsaml olmasi bakimindan 0Ogretim
sirasinda farkh 6gretim yontemlerinin kullanilmamis olabilecegini disinmekteyiz. Bu duruma aciklik
getirebilmek icin ek bir arastirma ile goreliligin 6gretiminde kullanilan 6gretim yontemleri arastirilabilir.
Cunki ozel gorelilik sadece matematiksel bir sekilde 6gretilirse, 6grenciler 6zel goreliligin kavramlarinin
klasik goreli kavramlardan ne farki oldugunu anlayamamaktadir (Arriassecq ve Greca, 2012). Alanyazinda
gorelilik teorisinin 6gretiminde 6grencilerin gesitli kavramsal zorluklara sahip oldugu belirtiimektedir
(Dimitriadi ve Halkia, 2012; Korkmaz ve digerleri, 2016; Sherr ve digerleri, 2001; Sherr, 2007, Villani ve
Pacca, 1987;). Bu zorluklarin asilmasinda alanyazinda yapilan 6neriler genellikle 6gretim yontemlerinin
cesitliligine vurgu yapmaktadir. Ornegin disiince deneyleri ve paradokslarin kullanimi (Cornier ve
Steinberg, 2010; Cacioppo ve Gangopadhyaya, 2012; Velentzas ve Halkia, 2013), bilgisayar
similasyonlari ve oyunlari (Kraus, 2008; Wegener ve digerleri, 2012; Savage ve digerleri, 2007; Carr ve
Bossomaier, 2011), bazi deneylerin kullanimi (Singh ve Hedgeland, 2015) 6zel goreliligin 6gretimi icin
Onerilmektedir.

Konuya yonelik algi faktori ile ilgili bulgular, 6grencilerin klasik fizik ile gorelilik arasindaki farklar
anlama konusundaki zorlanma ifadesine katildiklarini gostermektedir. Ayrica klasik fizikten modern fizige
gecis ile ilgili paradigma degisiminin ortaya cikardigi zorluklar ile ilgili maddelere verilen yanitlarin yliksek
zorlanma diizeyinde yigilma oldugu bulgulardan anlasilmaktadir. Ozellikle kadin 6grencilerin, erkeklere
oranla bu konuda daha fazla zorlandiklari dikkat c¢ekmektedir. Bunun nedenleri, ayrintih olarak
arastirilabilir. Alanyazina gore, 6grenciler gorelilik ile ilgili sorulara cevap verirken klasik fizik kullanma
egilimi gdstermektedir (Turgut ve digerleri, 2013; Pietrocola ve Zylberztajn, 1999). Ogrenciler ozel
gorelilikle ilgili problemlerin ¢6ziimiini yapsalar dahi goreliligin ana kavramlarinin anlasilmasi siirecinde
klasik distiinme yollarini degistirmede zorluk yasamaktadir (Arriassecq ve Greca, 2012). Sherr (2007) bu
zorluga glinlik yasamda edindigimiz tecriibelerin sebep oldugunu belirtmektedir. Ayrica bu ¢alismanin
bulgulari 6grencilerin klasik fizik konularinda eksiklikleri olmasi fikrine katilma oranlarinin yiiksek
oldugunu gostermektedir. Benzer sonuglar Selguk’un (2011) galismasinda da goérilmektedir. Sherr ve
digerleri (2001) 6grencilerin 6zel gorelilikte basarisizliklarinin altinda yatan sebebin daha temel konulari
anlamalarindaki eksiklikler oldugunu belirtmistir.

Ogrencilerin 6zel gérelilikte zorlanma nedenlerinden biri de matematiksel zorluklar oldugu arastirma
bulgulari sonucunda gériilmektedir. Ugiincii faktérii olusturan matematiksel zorluklarla ilgili maddelerde
ogrencilerin matematiksel zorluk yasadiklari anlasilmaktadir. Ancak konunun matematiginin zor
olmadigini disiinenlerin sayisi da oldukca fazladir, hatta 6grencilerin cogu 17. maddede matematiksel
beceriler bakimindan zorlandiklar fikrine katilmamistir. Bu duruma, lise ve Universite 6grencileri
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arasinda anlamli fark olmasi bulgusu da eklendiginde, lise ve Universitede 6gretilen konularin kapsami ve
matematiksel iceriginin farkli olmasinin sebep oldugu yorumu yapilabilir. Ek olarak, cinsiyete gore
matematiksel zorluklar iceren ifadelerde anlamli fark bulunmustur. Kadinlarin erkeklere gore
matematiksel becerileri iceren maddelerde daha ¢ok zorlandiklarini belirtmislerdir. Bunun nedenlerinin
arastirilacagi calismalar yapilmalidir. Alanyazinda 6grencilerin gorelilik teorisi ile ilgili matematiksel
zorluklara dikkat cekilmektedir (Didis Kérhasan ve Ozcan, 2015; Turgut ve digerleri, 2013; Ogborn, 2005).
Angell ve digerleri (2004) fizik dersi hakkinda 6grenci ve 6gretmen goéruslerini arastirdiklari ¢alismasinin
sonuglarinda 6grencilerin matematigi bir sorun olarak gérmediklerini ancak 6gretmenlerin 6grencilerin
matematik becerilerindeki eksikliklerden yakindiklarini belirtmektedir. Yine bu ¢alismanin sonuglari
ogrencilerin gorelilik konusunu ilging bulduklarini gostermektedir. Gorelilik teorisinin 6gretiminde
matematiksel igerigin azaltilmasini ve konunun ana kavramlarini 6grencilerin anlayabilecegi tarzda
diizenlemenin daha etkili olacagini diisinmekteyiz. Bununla ilgili olarak Velentzas ve Halkia’nin (2013)
dusiince deneylerinin gorelilik teorisinin 6gretiminde kullaniimasinin hikaye tarzinda ve az matematik
icermesi bakimindan avantajlarina dikkat ¢ekmistir. Arriassecq ve Greca (2007) da ozel goreliligin
ogretiminde kavramsal olarak uygun ve motive edici materyallerin hazirlanmasinin 6grencilerin anlamli
o6grenmesini saglamada etkili olacagini belirtmistir.
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