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Abstract

To take a physics course blind students must be assisted using teaching methods and aids adapted to
their own perception capabilities. Touchable objects are very important for them because they have huge
difficulties to visualize the third spatial dimension. However, appropriate resources and methods for
blind students are not yet available. In this study, the researcher developed a material , KAGOAD, to use
for curved mirrors' structure. Blind students may easily use it by touching and material what they
learned about principles of curved mirrors. It was tested whether they can solve a University Entrance
Exam question. Success of normal blind inborn students indicated that being blind inborn is not a barrier

for learning light concept on curved mirrors.

Introduction

According to a report, published by Altinokta Blind Association in 2009, in Turkey, among 15,000 blind
children who are at the school age, only 10 % of these students use educational facilities and only 2,5 %
of blind children reach university level. However, education is humans' natural right without distinction
of any kind in pursuant of second article of the Universal Declaration of Human Rights. Having a
chance to learn physics is a kind of human right due to the fact that physics endeavor to explain our

world and its structure. However, at this point, blind students have two main disadvantages: physics is a

1 This study was presented at Turkish Physics Society's 26th International Physics Conference held in Bodrum in Turkey,
Abstracts Book page:224, 24-27 September 2009..
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difficult subject, and for blind students appropriate sources and methods are not yet available. Touchable
objects are very important for them because they have huge difficulty to visualize the third spatial
dimension (Sevilla, Ortega & Sanches, 1991). The number of blind physicist is very few. All of the
physicists who are mentioned in the literature became blind after their education has been completed
(Biilbiil, 2009). If a blind student has an interest on physics, he may only listen some audio books or
read some Braille text which may not be enough to get doctoral degree.

At the beginning of school, blind students start with an important difference about observing life
in contrast students who have visual ability. Closing this distance is not an easy task without an expert
help (Eng, 2005). It has high probability that visual life is fresh in blind child's mind if he has lost his
ability after five years old age (Ozgiir, 2008). Learning the concept of space, for instance, becomes
easier if he learns the concept of light before being blind. Although these learners have chance to learn
these concepts, when it comes to blind inborn learners the difficulties are obvious. For example; the
blind inborn students' color concept is based only on verbal information. On this account, studying with
blind inborn students will lead to the development of some areas that are also applicable to students with
varying degrees of sight lost.

There are some talented students with special needs (Cooper, Baum & Neu, 2004) and the
method which the teachers use may reveal their talents. This kind of teaching should include both
talented and normal students with special needs. Therefore we should study with normal blind inborn
student (NBIS) while a teaching material is being developed, NBISs should be taken into account.

The indicator is University Entrance Examination (UEE) for whether sighted students have
learned the subject matter. If they solve curved mirrors problem, this means they understand the
mechanism of curved mirrors. It is impossible to solve curved mirror problems with information which
the students memorized, so the blind students can not select the correct answer. By asking UEE
question, validity and reliability problem of instrument will be removed. If the question in UEE is valid

and reliable for testing the sufficiency of sighted students' knowledge, it is also valid and reliable for



blind students for the same subject. In UEE, blind students are exempt from questions with geometric
shapes. Unfortunately, most of the physics questions include figures. If we achieve to help blind student
with a new material to solve an UEE question about curved mirrors, there will be proof that blind
students can learn and solve every physics concept with suitable materials. This research asks whether it
is possible for a NBIS to learn curved mirrors subject and answer the question without memorizing the

relevant information.

Method

In order to answer this question, two instruments were developed: KAGOAD, which stands for
“Kiiresel Aynalarda Goriintiiniin Olusumunu Anlatan Diizenek” in Turkish and is a mechanism designed
to give information about the formation of images in curved mirrors, and a user's guide of KAGOAD for
the teacher and/or the student's friend. Thereby the blind student will study the subject learned in the
lesson as other sighted students do with his/her friend's voice. The guide explains the curved mirrors'
structure step by step with numbers. If the steps were not numbered, students would have some
difficulties in recognizing them.

By preparing the guide of KAGOAD, we eliminate the possible effect of the data collector.
During their lessons, teachers may mention both relevant and irrelevant subjects, which will make it
difficult for a NBIS to follow the lesson. In this study, the teacher's role was to read out the guide of
KAGOAD and to follow the procedure by answering NBIS's questions.

There are 29 articles in KAGOAD guide. Twelve of them describe parts of it and explain how
NBIS will use it. Eleven of the article are about curved mirrors and their construct and six of them are
examples of the subject. At the end of the guide, the question asked in UEE in 1976, which is the only
question just designed to test students' knowledge on curved mirrors was chosen to use for assessment.
The purpose is to make sure whether the student has learned the subject. Current UEE questions test

students' knowledge about plate mirrors and curved mirrors together. Explaining how image forms in



plate mirrors is simpler than how it forms in curved mirrors, so the instrument is excluding plate mirrors
does not affect the validity of it. Choosing the most difficult subject about the properties of light is more
appropriate for our hypothesis.

KAGOAD material includes four types of needles, a foam board, two ropes with needles in both
ends, and some cubic sugars. Cubic sugars are preferred to demonstrate the length of the body and its
image. Ropes are chosen to indicate how light propagates. Needles are used for concertizing lines for
NBIS. A foam board is used due to its movable structure and cheap price.

Before KAGOAD was designed, two experts' opinion had been taken to find out whether
KAGOAD and its guide are adequate to teach curved mirrors. Materials were changed through experts'
suggestions. One of the suggestions, as an example, was about adding colored drawing for person who
helps NBIS.

Our target population embraces all attending high school in the world to test whether blindness
makes barrier to learn curved mirrors which is the most complex issue in optics. Our accessible
population is all NBIS attending Turkish high school due to the language used in the instrument
(Appendix). There is no formal data about their population; however, there are, approximately, 150
students if we look at the difference between 1500 students who use educational facilities and 1349
students who attend primary school according to Ministry of National Education's report, published in
2008, for indicating the statistical values of special education. The most abnormal population is our
sample population because the study would continue until finding the NBIS who solves UEE question
by the help of KAGOAD. Therefore, the sample population may expand to our accessible population.

The curved mirror subject is thought at 10" grade level in new Turkish Physics Curriculum, so
the NBIS we have chosen has no idea about the curved mirror subject before the application, she was
attending 9" grade. The teacher participated in this study is not novice about teaching physics for blind
students. After explaining our method, NBIS enjoyed KAGOAD and wanted to be a participant of the

research. All corrected instruments were sent to NBIS and looked for an appropriate time to apply



KAGOAD. During the study she used video recorder and photo machine (figure 1). The teacher fixed

the video to NBIS and started to read the guide of KAGOAD.

Figure 1. NBIS, Eda, is using KAGOAD.

At the end of the study, NBIS brought KAGOAD to her home and started to practice by listening
the guide of KAGOAD. After three week later, she went near to the teacher to have an examination. The

teacher had asked the UEE question and sent the records to the researcher.

Result
It was easy for NBIS to solve UEE question correctly. It had taken approximately 1,5 minutes
with two repeat. To understand KAGOAD by touching and listening the guide at the same time was the

only difficult during the first study.

Conclution

We may teach curved mirror subject to a NBIS with KAGOAD easily and NBIS can solve an
UEE question related with curved mirrors successfully in an average time of UEE (1,083 minutes per
question).

Changing NBIS' Moira may be field of medicine; however, the reason for lack of large numbers
of educated blind students has a correlation with educator's disinterestedness. In this study, no barrier

was found for NBIS about learning physicists except our disinterestedness.



Capra, Logiurato, Danese and Gratton (2006) suggested similar laboratory activity. They used
thin sticks to demonstrate reflection and image formation. By this study, we also indicate other way,

using the ropes and needles, how to teach light beams to blind students.
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APPENDIX
KURESEL AYNALARDA GORUNTUNUN
OLUSUMUNUN ANLATILDIGI DUZENEK
(KAGOAD)
1. Elinizdeki diizenek, kopiik levha iizerine yerlestirilmis dort tip igne, iplik ve cisimler ile cisimlerin

goriintiilerini temsil eden sekerlerden olugmaktadir.

2. Elinize kiip sekerleri alip inceleyin. Bu sekerleri, goriintiisiinii bulacagimiz cismin boyunu
belirlemekte kullanacagiz. Esit uzunluktaki kenarlar1 birlestirerek bir cisim olusturacagiz. Bu cisim igin
kac seker kullanmig isek cisim o kadar seker kenar1 boyunda sayilacak. Béylece goriintiiniin boyunu

konusurken tekrar sekerleri kullanip cismin boyu ile karsilastirma yapabilecegiz.

3. ikiser ignenin ucuna baglanms iki adet ip bulunmaktadir. Bu igneler ve iplik, cisimden aynalara
ulasacak olan 151k 151n1m1 temsil etmektedir. Cismin goriintiisiiniin yerini sdyleyebilmemiz igin en az iki
farkli dogrultuda 1s1n gondermeli ve bunlarin kesistigi noktayr bulmaliyiz. Bu amacla uclarinda igne

bagh olan iki ip sistemde mevcuttur.



4. En az 151n gondererek goriintiiyli bulabilmemiz i¢in iki ucunda igne olan ipliklerden birini alip ilk
ignesinin saplandig1 yerin cismin tepesinde olmasina dikkat etmeliyiz. Igneli ipimizin bir ignesini

sekerden olusturdugumuz cismin tepesine yapistiralim.

5. ikinci ucunun saplandig1 yerin énemi yoktur. Onemli olan ipin gergin olmasidir. Ipin gergin olmasi,
151k 151n1m1n dogrusal olmast i¢in énemlidir. Dolayisiyla ipin calisma boyunca gergin bicimde olmasina

dikkat edilmelidir.

6. Dort tip igne kullanildigimi belirtmistik.Bu ignelerden; I. tip igneler raptiye olarak bilinen bas kismi

diiz ve yuvarlak olan kisa boylu ignelerdir. Bu ignelerden toplam yedi adet kullanilmistir.

7. IL. tip igneler biiyiik bash toplu ignelerdir. Bunlar ile ¢ukur aynalar1 ¢alisacagiz. Bu igneler bir yay

cizecek bicimde kopiigiim iizerine yerlestirilmistir.

8. I1II. tip igneler kiiciik bash toplu ignelerdir. Bunlar ile tiimsek aynalar calisacagiz. Bu igneler de bir

yay cizecek sekilde siralanmistir.




9. II. ve III. tip igneler birlikte bir cember olusturur. Bu iki tip igneni temas noktalarinda I. tip igneler

vardir. Bu temas noktalarindan iki tane oldugu icin I. tip ignelerinden iki tanesi temas noktalarina

takilmistir.

10. Kalan beg I. tip igne ve III. tip igneler bir dogru iizerinde bulunur. Bu dogruya “asal eksen” denir.

11. Asal eksen iizerindeki I. tip ignelerin merkezindeki I. tip igne “merkez noktasi” olarak adlandirilir.

Merkez noktasi, II. ve IIL. tip ignelerin olugturdugu ¢cemberin merkezindedir.

12. Merkez noktasinin sagindaki ve solundaki iki tane I. tip igne “odak noktas1” olarak adlandirilir.

13. Asal eksen iizerindeki iki ucta bulunan I. tip ignelerin bulundugu noktalar ise “tepe noktasi” olarak

adlandirilirlar.

14.Calismamiz boyunca II. tip igneler sol, III. tip igneler sag tarafta olacak sekilde bir konumda

KAGOAD kullanilacaktir.



15. Bahsedilen konumda, KAGOAD kullanilirken, merkez noktasinin sol tarafindaki cukur aynaya
yakin I. tip igneye “cukur aynanin odak noktas1”, sag tarafindaki tiimsek aynaya yakin I. tip igneye de

“tiimsek aynanin odak noktas1” diyebiliriz.

16. Goriintiisiini bulmaya calisacagimiz cisimler hep asal eksen iizerinde olacak sekilde
yerlestirilecektir. Boylece cismin goriintiisii de asal eksen iizerinde olacaktir. Ancak ters ya da diiz

olmasi gibi farkhiliklar gosterecektir.

17. V. tip ignelerin baglan biiyiiktiir ve kavisli bicime sahiptir. Igne baglar1 agisindan en uzun bag kism
bu ignelerdedir. Bu igneler 15181n dogrusal ilerlemesini saglamak amaciyla kullanilir. Bu igneler, ipin iki
ucunda ve serbest halde KAGOAD’1n iizerinde rast gele halde bulunur. Ipin iizerinde bulunmayan IV.

tip igneler 15181n asal eksene paralel gidebilmesi i¢in yardimci olarak kullanilmalidir.

18. L., II. ve IIL. tip ignelerin aksine IV. tip igneler sabit degillerdir, her calismada farkh yerlestirilebilir.

L., I1. ve III. tip ignelerin yerleri degistirilmemelidir.

19. Cisimlerden cikan ya da yansiyarak ilerleyen 1sinlar, hangi ayna iizerinden yansiyip goriintiiyi
olusturacaksa, o aynaya sag taraftan getirilmeli ama aynanin sol tarafina gecirilmemeli ve soldan saga

dogru yani geldigi tarafa dogru yansimasi saglanmalidir.



20. Goriintiiyii olusturmak icin en az iki 151n gonderilmelidir. Calismamiz boyunca, ilk 151n asal eksene
paralel gonderilecek ve odak noktasindan gecirilecektir. Diger 1s1n odaktan gecirilip asal eksene paralel
gidecek sekilde yansitilacaktir. Yansiyan iki 151n ya da uzantilar1 nerede kesisirse goriintiiniin tepe

noktasi orasi sayilacak ve asal eksenden olan uzaklig1 cismin boyu ile karsilastirmak icin kullanilacaktir.

21. Cukur aynada merkezin o6tesindeki cismin goriintiisiiniin nerede olusacagini KAGOAD iizerinde
ogrenmeye calisalim. Oncelikle Merkez noktasinin size gére sag tarafinda asal eksen iizerinde
sekerlerden koyarak cisim olusturun. Sonra ucunda IV. tip igneler olan ipin bir ucunu cismin tepe
noktasina saplayin (21.1). Ip sola dogru yani cukur aynaya dogru ilerlemelidir. Ancak bu ilerleyis asal
eksene paralel olmalidir. Cismin boyunu isaretledigimiz icin sekerleri yerinden kaldirip cismi merkeze
tastyalm (21.2). Buraya da IV. tip bir igne saplayalim. Cismi c¢ukur aynanin odak noktasina
koydugumuzda bir kez daha IV. tip ignelerden saplayalim (21.3). Boylece tiim IV. tip ignelerin
izerinden gecen ip dogrusal ve asal eksene paralel bicimde cukur aynaya ulasir (21.4). Cukur aynadan
yansimadan once ipi igneye sarmaliy1z. Ardindan odak iizerinden gececek sekilde germeli ve yansiyan
15181 yani ipligi o halde, gergin bicimde birakmaliyiz (21.5). Cismin tepe noktasindan diger ipin odak
noktasina dogru uzatilmasi gerekir (21.6). Bu cismin tepesinden odaga ulasip aynaya diisen gergin ip,
igneye dolanmali ve paralel ilerlemesi icin tekrar sekerlerden yararlanilmalidir. Paralel 151n olabildigince
gergin bicimde sabitlenmelidir (21.7). Iki gergin ve yansimas! tamamlanmus 1s1n icin kesisim noktas1 IV.
tip igne ile belirlenmeli ve asal eksene olan uzaklig1 sekerlerle 6lciilmelidir (21.8). Merkezin ilerisine

konulan cismin goriintiisii ters, cisimden kiiciik ve odak ile merkez arasinda olusmalidir.
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22, Cisim merkezde ise goriintii merkezde, ters ve cisim ile ayn1 boyda olusur. Bu incelememizde
paralel 1s1n disinda génderilen ikinci 1s1m1 cismin tepe noktasindan cukur aynanin tepe noktasina 1gin
gonderelim. Tepe noktasindaki III. tip igneye dolayip asal eksenle esit ac1 yapacak bicimde yansitilabilir
ve sonra kesisimlerine bakilabilir. Tepe noktasina 1s1n géndermek diger incelemelerde de kullanilabilir
ancak aclortay olusturmak kolay olmadigindan ikinci 1s1im1 tekrar odaktan gegirip paralel yansitmanin

daha kolay olacagini tahmin etmekteyiz.



23. Merkez ile odak arasina konan cismin goriintiisii, ters, cismin boyundan biiyiik ve merkezin disinda

olusur.

e S el T T e e e e

24.Cisim odakta ise tiim 1sinlar birbirine paralel gidecegi dolayisiyla kesismeyecegi icin teorik olarak

sonsuzda olusacag ifade edilir.



25. Cisim odak ile tepe noktasi arasinda ise goriintii diiz, daha biiyiik, aynanin arkasinda ve sanal olarak
olugur. Bu sonuca yansimalar1 gerceklestirdikten sonra 1ginlarin birbirinden uzaklastigini belirledikten
sonra ters yonde ipi uzatip uzantilarinin kesisiminden ulagilabilir. Cukur aynanin arkasindaki bu
goriintiiye sanal goriintli denilmektedir. Yansiyan 1sinlarin kesisimi degil yansiyan 1sinlarin uzantilarinin
kesisimi goriintiiyli olusturur. Cukur aynadan yansiyan isinlar dikkat ettiniz ise birbirinden zamanla

uzaklagmaktadir.
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26. Isigin dogrultusunu uzatip kesisimlerinden goriintii elde etme olayi, cukur aynada sadece odak ve
tepe noktasinda iken tiimsek aynalardaki tiim cisimlerin goriintiisii odak ile tepe noktas1 arasina diiser ve

goriintli sanaldir.

27. Tiimsek aynalarla calismak icin cembersel ignelerin sag tarafindaki III. tip igneler kullanilacaktir.
Cisim yine aynanin sag tarafina konulacak, 1s1k aynaya ulasincaya kadar sagdan sola dogru ulastiktan

sonra ise soldan saga dogru ilerleyecektir. Aynanin sol tarafina 1s1ik gecemeyecektir.



28. Cukur aynalar 15181 toplarken, tiimsek aynalar 15181 dagittig icin tiimsek aynalarda goriintii dagilan

1sinlarin kesigiminden yani aynanin arkasinda, kiiciik, sanal ve diiz olarak olusacaktir.

29. Paralel gelen 1sinlar, uzantis1 odaktan gececek sekilde sacilir. Tepe noktasina gonderilen 1s1n ise
gelis acisina esit bir agiyla yansir. Bunu sekerleri kullanarak bulabiliriz. Sekerler 6nce cismimiz olur ve
tepesinden 1511 tiimsek aynanin tepe noktasina gondeririz. Sonra aynadan yansiyan 1sin1 bulmak icin
aym boydaki sekerleri asal eksenin altina yerlestirir ve tiimsek aynanin tepesine gelen 1sinin asal
eksende ters duran sekerlerimizin tepesinden gececek sekilde yansimasini saglariz. Isinin yansimasini
gerceklestirdikten sonra uzantilarin kesisimine bakariz. Paralel gonderdigimiz ve tepe noktasina
gonderdigimiz iki 151n kesismemektedir ama uzantilar1 kesigsmektedir. Sanal goriintiimiiz bu uzantilarin

kesistigi noktada olusacaktir.
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Bir timsek aynayea, asal eksene paralel | sgi-
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