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Oz: Semboller, sekiller gibi gorsel ve soyut kavramlarin yer aldig1 matematiksel dil, gorme engelli bireyler igin farkliliklar
icermektedir. Bu farkliliklar1 olusturan ¢esitli yazi kodlar1 kullanma ve dokunarak okuma, gérme engelli bireyler igin
matematiksel iletisimin kaynagidir. Ulkelere ve kurumlara gore farkhiliklari olan kabartma yazida matematiksel dil ortak bir
cerceveye sahip degildir. Dolayisiyla Tiirkiye’ de kabartma yazida matematiksel dile ait bir standart yer almamaktadir. Bu
durum gérme engelli 6grencilerin matematiksel iletisimine yansimaktadir. Bu arastirmada kabartma yazinin matematiksel
iletisimdeki rolii incelenmistir. Coklu durum c¢alismasi deseninde tasarlanan aragtirmanin katilimcilari, 6lglit ve tabakali
ornekleme yontemine gore belirlenmis alti gérme engelli bireydir. Matematigi 6grenme siirecindeki tecriibeleri ve bazi
cebirsel kavramlara iligkin diisiinmeleri iizerine gergeklestirilen klinik goriigmelerde, smiflarda siklikla kullandiklari
kabartma yazi metinler, tablolar ve grafikler kullanilmustir. Igerik analizi ile elde edilen bulgular incelendiginde kabartma
yazimin matematiksel dil kullaniminda giigliiklere neden oldugu, sembol ve sekillerin kullaniminda dnemli roller oynadig:
belirlenmistir. Kabartma yazmimn, gérme engelli bireylerin egitim uygulamalarinda etkilesim halinde oldugu bireyler ile
iletisimi saglayacak sekilde ve matematiksel dil gereklilikleri dikkate alinarak uyarlanmasi gerektigi tespit edilmistir.

Anahtar Kelimeler: Braille kod, gorme engelli birey, kabartma yazi, matematiksel dil, Nemeth kod
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Abstract: Mathematical language, which embodies visuals and abstract concepts such as symbols, shapes, contains
differences for visually impaired individuals. Using various writing codes that make these differences and reading by touch is
the source of mathematical communication for visually impaired individuals. Mathematical language does not have a
common framework in Braille, which differs according to countries and institutions. Therefore, there is no standard in
mathematical language for Braille in Turkey. This situation is reflected in the mathematical communication of visually
impaired students. In this study, it is examined the role of Braille in mathematical communication. The participants of the
study which was designed in a multi-case study design were six visually impaired individuals determined according to the
criteria and stratified sampling method. The texts, tables and graphics that the participants frequently use in classrooms were
used in the clinical interviews on their experiences in mathematics learning and their reflections on some algebraic concepts.
When the findings obtained by content analysis were examined, it was found that Braille caused difficulties in mathematical
language usage and played an important role in the use of symbols and shapes. In addition, it has been determined that
embossed writing should be adapted in a way to enable communication with visually impaired individuals in the educational
practices and in consideration of mathematical language requirements.
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1. Giris

Kendisine ait bir iglevden yoksun kalan bireyin diger organlarmin, bu islevi istlenerek ihtiyaglari
kargilamaya calistig1 bilinmektedir (Vygotsky, 1993). Farklilagtirilmis 6gretim uygulamalarina ihtiyaci olan
bireyler i¢in sadece bu islevleri istelenen gii¢lii yonlerini ortaya ¢ikarmak yeterli degildir. Bireylerin belirlenen
giiclii 6zelliklerinden yararlanarak akranlari ile esit sartlara sahip olmalar1 da saglanmalidir. Egitimde esitlik her
Ogrencinin ayni egitim uygulamalarini tecriibe etmesinden ziyade, 6gretim faaliyetlerinde dgrencinin ihtiyact
olan uyarlamalarin yapilmasimi kapsamaktadir (National Council of Teachers of Mathematics [NCTM], 2000,
s.12). Mevcut Ogretim uygulamalarinda gérme engelli bireylere firsat esitligini saglamak i¢cin kabartma yazi,
dokunsal ve sesli materyaller yer almaktadir. Gelistirilen bu araglar gorme engelli bireylerin giiclii yonleri olan
dokunma ve isitme duyularmma hitap etmektedir. S6z konusu araglarin egitimde firsat esitligi baglaminda
uygulamadaki etkililiginin degerlendirilmesinde yarar vardir.

Gorme engelli bireyler i¢in matematik uygulamalar1 s6zli betimleme aktiviteleri ve dokunsal araglar ile
tasarlanmaktadir (Rule, Stefanich, Boody ve Peiffer, 2011). Bu materyaller araciligi ile sozlii ve yazil
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matematiksel iletigim tiirlerinden s6z etmek miimkiindiir. Boylece bireyin matematik yapma siireclerinde es
zamanli olarak sozlii ve yazili matematiksel dil becerisi gelismektedir (Kabael ve Baran, 2016). Ancak indis,
kuvvet ve Kkesir gibi sembol gosterimlerinin yer aldigi lineer olmayan matematiksel yazi dili, kabartma yazi
sisteminde tamamen lineer (tek satir) sekil almaktadir. Ayrica kabartma yazi kodlar1 diinyanin pek ¢ok iilkesinde
bagimsiz olarak gelistirilmistir. Her ne kadar matematik, miizik gibi anadilden bagimsiz olarak kabul edilse de
matematige ait evrensel kabartma yazi kodu yer almamaktadir (Bitter, 2013). Bu baglamda cesitli giighikler
barindiran kabartma yazida matematiksel dil kullanimimnin incelenmesi dikkate degerdir.

1.1. Matematiksel iletisim ve Gorme Engelli Bireyler

Matematiksel iletisim, dgrencinin matematiksel diisiinmelerini ortaya ¢ikaran ve matematiksel kavramlari
anlamlandirmada yer alan bir siire¢ becerisidir. Matematiksel iletisim becerisi 6grenci diigiinmesini diizenlemeye
ve aktarmaya imkan sunar. Boylece birey diigiincelerini agik¢a ifade edebilir ve diger bireylerin diisiincelerini
anlamlandirabilir. Bu nedenle matematik 6grenme siirecinde, 6grenenin yazili ve sdzlii matematiksel dili dogru
ve etkili bir sekilde kullanabilmesi beklenmektedir (Barwell, 2008; Kabael ve Baran, 2016; NCTM, 2000).

Matematik egitiminde aktif 6grenme igin Ogrencinin akranlari ve 6gretmeni ile matematiksel igerikler
hakkinda tartigmalar1 beklenir. Matematigin kendine ait basta yazi dili ve sdylemdeki farkliliklar1 6grenen icin
matematiksel iletisim siirecinde giigliik olusturabilmektedir. Kaynastirma egitimi alan gérme engelli bireyler igin
goren akranlar1 ve 0gretmeni ile iletisim kurma, ayrica Latin alfabe ve kabartma yazi alfabe olmak tizere iki
farkli yazi diline hakim olma diger giicliikleri ortaya ¢ikarmaktadwr. Farkli anadillere sahip Ggrencilerin
bulundugu smiflardaki egitim uygulamalar1 ¢esitliligine gore matematiksel iletisim tiirlerini arastiran Brenner
(1998), yaz1 dili ve soylemdeki farkliliklarin 6nemini vurgulamaktadir. Brenner (1994, 1998) problem ¢6zme
stirecini dikkate alarak tasarladigi arastirmasinda matematiksel anlayismn gelisimi igin iletisim kategorileri
tanimlamustir: (i) Matematik hakkinda iletisim: problem ¢ozme siirecinde biligsel boyutta bireysel diisiinceleri ve
akil yiiriitmeleri igermektedir. Kalabalik sinif ortaminda bireyin zihninde olusturdugu matematiksel diisiinmeler
ve bu diisiinmelerin uygulamaya yansimalar1 ele alinir. (i) Matematik icinde iletisim: matematige ait sekilleri,
sembolleri ve dili kullanmaktir. Ayrica matematik i¢inde tartigmalarda dilin soylem iizerindeki kullanimidir.
Bagka bir ifade ile bireyin sozciik dagarciginin matematiksel dile hakimiyetine yansimasidir. (iii) Matematikle
iletisim: 6grencilerin matematiksel argiimanlar1 kullanmasi ve alternatif ¢dzlimler bulma siirecini ele almaktadir.

Brendefur ve Frykholm (2000) matematiksel etkilesim ve iletisim siireglerini ele aldiklar1 ¢aligmalarinda smif
uygulamalarinda dort iletigim tiirinden bahsetmektedirler: (a) Tek yonlii iletisim, matematik derslerinde
ogretmenin aktif rol aldigi ve Ogrencinin dinleyici oldugu iletisimdir. (b) Yardimci (destekleyici) iletisim,
ogrenciler arasindaki veya 6gretmen ve 6grenciler arasindaki etkilesim siirecinde matematik hakkindaki iletigimi
icermektedir. Burada amaglanan yalmizca fikirleri paylagsmak ve akil yiirlitme igin firsat sunmaktir. (C)
Doéniisiimlii (yansitict) iletisim, 6grencilerin fikirlerini, stratejilerini ve sonuglarmi akranlarina ve 6gretmenine
aktardigi iletisimdir. Ogretmen ve dgrencilerin birbiriyle matematiksel iletigimleri akil yiiriitmeler sonucu, planli
ve argiimanlara dayah olarak gerceklestirmesidir. Iletisim siiresince dgrenci ve 6gretmenin aktif roller almalari
birbirini takip ederek devam etmektedir. (@) Ogretici iletisim, dgretmen ve dgrenci arasindaki etkilesimin
Otesinde 6gretmenin 6grenciyi derinlemesine diisiinmeye tesvik etmesi, 6grencinin anlamasini desteklemesidir.

Smuf iletisimin bir bileseni olan kaynastirma 6grencileri niteliklerine gore kategorilere ayrilmaktadir. Bu
baglamda gérme duyularini 6grenme uygulamalarinda kullanamayan bireyler egitsel agidan gérme engelli olarak
tanimlanmaktadir. Kor ve az goren olarak siniflandirilan, egitsel agidan gérme engelli bireyler i¢in dokunmaya
ve isitmeye ait materyallere ihtiyag duyulmaktadir (Giirgiir ve Safak, 2017, s. 139). Simdiki ¢alismada egitim-
O0gretim uygulamalarinda gérme duyusunu kullanamayan gérme engelli, iki gozle gérmesi onda birden asagi
olan bireyler olarak ele almmustir.

Gorme engelli bireyler i¢cin matematiksel iletisim betimlemeye dayali sdzel, yazili ve dokunsal olarak
stirdiiriilmektedir. Gorme engellilerde matematiksel iletisim yalnizca 6gretmen ve akranlari ile degil, ulusal
smavlarda veya goniillii platformlarda yer alan okuyucu bireylerle de ortaya ¢ikmaktadir. Gorme engelli
ogrenciler i¢in goren akranlari ile kiyaslandiginda 6gretim uygulamalarinda dokunma, hareket ve sdylemler daha
aktif rol almaktadir. Uygulamada ders igeriginin gérme engelli bireylere uyarlanmasinda strafor, kil, plastik kapli
tel gibi malzemelerin, kabartma sekil ve yazilarn yer almasi 6nemli sorunlari ortadan kaldirmaktadir
(Argyropoulos, 2002; Rule ve ark., 2011; Spindler, 2006).

1.2. Matematiksel Dil ve Gorme Engelli Bireyler

Bilginin ifade edilmesinde bir arag olarak dil, diisiincenin sekillenmesinde de temel unsurdur (Schutz, 2014).
Alan yazinda matematiksel iletisim ile diisiinme siiregleri arasindaki iliskiye dayanan farkli tanimlamalar ve
agiklamalarin her birinde, s6zel dilin matematik yapma siirecinde onemli role sahip oldugu belirtilmektedir
(Dubinsky, 2000; Sfard, 2001). Nitekim Ernest (1999) matematiksel diisiinceleri tanimlama, formiile etme ve
karsilastirma siireglerinde dilin bir ara¢ oldugunu vurgulamaktadir. Ayrica Sfard (2012), matematigin bir sdylem
oldugunu ve karakteristik 6zelliklere sahip oldugunu belirtmektedir. Matematiksel terimler, semboller, grafikler,
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arglimanlar1 iceren s6z konusu karakteristikler matematiksel dil yapisini meydana getirmektedir. En genis
anlamda matematiksel dil temsiller, gosterimler, semboller ve sekiller araciligi ile s6zel veya sayisal iletisimsel
stireglerdir (Ernest, 1999).

Temel islevi iletisim olan dil, kavramlar, terimler ve semboller aracilig: ile diisiinmeyi diizenlemektedir.
Boylece dil dgrencinin anlamasini gii¢lendirir, kavramlari agiklamalarini ve matematiksel fikirlerini ifade
etmelerini saglar. Bu siirecte iletisim icinde bulunan bireylerin kullandigi matematiksel dil daha iyi
anlamlandirilmaktadir (Lee, 2006). Bu baglamda, matematiksel iletisimde séylemin one ¢iktigi gérme engelli
bireyler icin matematik egitimi uygulamalar1 bireysel ve kaynastirma egitim ortamlarinda siirdiiriilmektedir.
Tiirkiye’ de 1-8. sinif diizeylerinde gérme engelliler okullar1 ve 1-12. smif diizeyinde kaynastirma uygulamasi
yer almaktadir. Kaynastirma uygulamasinda destek egitim odalarnda bireysel egitim programlari
uygulanmaktadir. Gorme engelli okulunda egitim alan bireyler kabartma yazi1 6grenirken, ilkokul ¢agindan sonra
gorme kaybi yasayan bireylerin bir kismi kabartma yazi bilmemektedir. Ogretim materyalleri olarak yaygin
kullanilan Braille ve Nemeth kabartma yazilarmin yaninda, okuyucu programlar ve dokunsal materyaller yer
almaktadir. Bu 6gretim araglar1 gérme engelli bireylerin matematiksel iletisim siireglerinde ve matematiksel dil
geligiminde rol alir (Karshmer ve Farsi, 2007).

Uygulamadaki gorsellestirmeye hitap eden matematiksel temsilleri géren akranlar1 hemen algilayabilirken,
gorme engelli 6grenciler 6nemli Olciide daha fazla bilissel siirece ihtiyag duymaktadir (Spindler, 2006). Bu
stiregte gorme engelli birey dokunarak okuma ve sozli betimleme ile iletisimi saglamaktadir (Argyropoulos,
2002). Gorme engelli bireylere goren bireylerin Latin harfler ile matematik anlatmasi, matematiksel dilde yazili
ve sozli farkliliklardan kaynaklanan giigliikler olusturmaktadir. Bu durum sembollerin farkli kullanilmasi,
islemlerin dogrusal yazilmamas1 gibi uygulamalardaki g¢esitli farkliliklardan kaynaklanmaktadir (Argyropoulos,
2002; Bitter, 2013; Spindler, 2006). Matematiksel dil kullaniminin s6zli ve yazili olarak es zamanl ilerlemesi
dikkate alindiginda, kabartma yazmm gorme engelli bireylerin iletisimindeki yeri incelenmeye deger
goriilmektedir.

1.3. Kabartma Yazi ve Matematik

Dil sadece sdyleme bagli bir olgu olmayip, ayni zamanda isaretlerin kullanimi igin islevsel bir rol
iistlenmektedir. Isaret veya sembol kullanimi, sozlii iletisimde oldugu kadar yazida da dilin 6nemini
vurgulamaktadir. Nitekim yazi dili, dilin en ayrmtili bi¢imi olarak karsimiza g¢ikmaktadir (Tuna, 2006).
Diinyanin her yerinde gérme engelli bireyler icin dokunsal yazi dili, noktalar alfabesi diyebilecegimiz kabartma
yazi alfabesinden olugmaktadir.

Gorme engellilerin alfabesi olan kabartma yazi, Fransiz Louis Braille tarafindan 1829 yilinda
olusturulmustur. Tiirkiye’ de Braille yazi 1975 yilinda ¢esitli diizenlemelerden sonra 6 nokta korler alfabesini
esas alan kisaltmalar ve matematiksel semboller ile son halini almigtir. Braille yazida yer alan harfler, rakam
isareti denilen bir karakterden(.i sembol) sonra yazilmis ise rakamlar elde edilmektedir. Ornegin, a harfinin
kabartma yazida karsilig1 olan sembol, ayni1 zamanda Oniine rakam isareti konuldugunda 1 rakamini temsil
etmektedir (bkz. Sekil 1). Benzer sekilde biiylik harflerin, sembol ve igaretlerin yaziminda birden fazla karaktere
ihtiya¢ duyulmaktadir. Bu durum kabartma yaz1 dilinde ¢ok fazla karakterin yer almasia yol agmaktadir (Bitter,
2013; Safak, 2017, s. 4-13).

Anlam Braille Ornek
Harf 5 B a A
Rakam o a1

Sekil 1. Braille yazida harf ve rakam 6rnegi (Bitter, 2013, s. 5)

Braille yazida matematiksel semboller ve islemler lineer ilerlemektedir (Bitter, 2013; Edwards, Stevens ve
Pitt, 1995; Karshmer ve Farsi, 2007). Baska bir ifade ile matematiksel islemler tek satirda ve farkli karakterlerin
kullanimi ile birbirinden ayrilarak yazilmaktadir. Sekil 2” de goriildiigii gibi rasyonel sayilarda iglemler yaparken
kesir ¢izgileri ve koklii ifadelerde kok isaretleri i¢in pek ¢ok karakter tek satirda yazilmaktadir.

1+ 11
1+-Z
2. b voee
a*3

Sekil 2. Kesir gosterimi 6rnegi (Braille Matematik Kilavuzu, 2017, s. 13)

Gorme engelli bireylerin matematik yapma siirecindeki zorluklart Abraham Nemeth (1946) tarafindan ele
alinmigstir. Tasarlanan Nemeth kod kabartma yazida matematiksel dil kullanimini gorenlerin dil kullanimina
yaklastirmistir. Bu kod sistemi de Braille yazi karakterleri iizerine insa edilmistir. Boylece fazla karakter
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kullaniminin ve lineer yazinin neden oldugu karmasikligin azaltilmasi amaglanmistir (Nemeth, 1972; bkz. Sekil
3).

Sekil 3. https://vocalinkglobal.com Nemeth kod ile yazilmis kabartma yazi 6rnegi. 5 Mart 2019.

Rakamlarin ve denklemlerin kabartma yazida kodlanmasi i¢in farkli yollarn arayisi bir ihtiyagtir (Karshmer
ve Farsi, 2007). Mevcut sistemde kabul gdrmiis standart Braille yazinin yaninda Fransa, Amerika ve ingiltere
gibi iilkelerde gelistirilmis kabartma yazi stilleri yer almaktadwr. Bu yaklagimlarin avantajlar1 oldugu gibi
dezavantajlar1 da beraberinde ortaya ¢ikmaktadir. Bu nedenle diinyada standartlagmay1 saglamak ve teknolojik
araglarda kullanilmak {izere standart kabartma yazi kullanim1 kabul goérmiistiir. Benzer bir uzlasma, denklemlerin
yazilmasmdaki kullaniglilig1 dikkate alinarak Nemeth kodun kullanilmasindadir (Bitter, 2013). Bu uzlagmalara
ragmen matematik evrensel bir dil olsa da, gérme engelli 6grenciler i¢in kabul edilen evrensel bir matematige ait
kabartma yazi yoktur. Hem yazi hem de matematik sembolleri her iilke i¢in farkliliklar arz etmektedir (Edwards
ve ark., 1995). Bu nedenle kabartma yazmin gerekliligi ve yaygin kullaninu tartigmali konular arasinda yer
almaktadir. Gorme engelli bireyler i¢in teknolojik veya somut materyaller iiretilmesi amaclanan cesitli
projelerde, Braille yazinin karmasik ve gii¢ yapisina ¢6ziim Onerileri aranmustir. Ancak ortaya ¢ikarilan iiriinler
erisilebilirlik ve ekonomiklik noktasinda yetersiz kalmistir (Bitter, 2013 ; Edwards ve ark., 1995).

Tiirkiye’ de yapilan ¢aligmalar incelendiginde gdorme engelli bireyler icin fen egitiminde ihtiyaglar ve ¢oziim
onerileri ele aliirken, matematik egitiminde arastirmalar bazi somut materyallerin gelistirilmesi {izerine ve
kavram odakli olarak karsimiza ¢ikmaktadir (Biilbiil, Garip, Cansu ve Demirtas, 2012; Horzum ve Biilbiil, 2017,
Okgu ve Sozbilir, 2016; Zorluoglu ve Sozbilir, 2017). Matematiksel kavram 6gretme ve 6grenme siiregleri ve bu
stireglere iligkin arastirmalarin etkililigi igin matematiksel dil kullanim becerilerinin belirlenmesi gerekmektedir.
Kabartma yazinin giigliikleri, matematiksel dil kullanimin matematiksel iletigim siirecindeki rolii ve her iilkenin
kendine ait kabartma yazi1 kodlariin olmasi dikkate alindiginda Tiirkiye’ de mevcut durumun belirlenmesi 6nem
arz etmektedir. Bu ¢aligmanm amaci gorme engelli bireylerin matematik yapma siirecinde matematiksel dil
kullanimini ve kabartma yazinin bu siiregteki roliinii incelemektir. Matematik yapma siiregleri ve matematiksel
dil kavramlar1 daha detayl ele alindiginda alt amaglar sekillenmektedir. Matematik yapma siirecleri, bireyin
icinde bulundugu tiim egitim-6gretim uygulamalarini igermektedir. Bu uygulamalarda bireyin matematiksel
kavramlar1 kavrayisi, algilamasi, matematiksel iglemleri siirdiirmesi, sembol ve tablo, grafik gibi temsilleri
kullanma siiregleri matematiksel dil kullanimini gerekli kilan bilesenlerdir. Dolayisi ile arastirmanin alt amaglari
sOyle siralanmaktadir: (i) Gorme engelli bireylerin sinif uygulamalarini, destek egitim hizmetlerini ve smavlar
kapsayan egitim-6gretim uygulamalarinda bireyler ile iletisim siire¢lerinde matematiksel dil kullanimint ve bu
sliregte kabartma yazinin yansimalarini belirlemek. (ii) Gorme engelli bireylerin 6zel olarak cebirsel kavramlar
iizerine diistinme siireclerinde ve bu kavramlara ait sembol kullaniminda matematiksel dil kullanimmi ve bu
sliregte kabartma yazinm yansimalarmi belirlemek. (iii) Gorme engelli bireylerin tablo, grafik ve diyagram gibi
gorsel temsillerde matematiksel dil kullanimini ve bu siirecte kabartma yazinin yansimalarini belirlemek. Bu
dogrultuda aragtirma problemi su sekilde ifade edilmektedir: ‘Gérme engelli bireylerin matematiksel iletigim
stirecinde matematiksel dil kullanimi1 ve matematiksel dil kullanimima kabartma yazinin yansimalari nasildir?’.
Matematiksel terimleri, sembolleri ve grafikleri iceren yazili ve sozlii matematiksel dil gbz oniine alindiginda
ana probleme iligkin alt problemler asagidaki gibi siralanabilir:

e Gorme engelli bireylerin egitim-6gretim uygulamalarmda (smif uygulamalari, destek egitim hizmetleri,
smavlar vb.) 6gretmenler veya okuyucu bireyler ile matematiksel iletisim siirecinde matematiksel dil kullanimi
ve bu siirecte kabartma yazinm yansimalari nasildir?

e Gorme engelli bireylerin 6zel olarak cebir kavramlari baglaminda, matematiksel kavramlar iizerine
diisinme siireglerinde ve bu kavramlara ait sembol kullaniminda matematiksel dil kullanimi ve bu siirecte
kabartma yazinin yansimalar1 nasildir?

e  Gorme engelli bireylerin tablo, grafik ve diyagramlar gibi temsil tiirlerinde matematiksel dil kullanimi

ve bu siirecte kabartma yazinimn yansimalari nasildir?
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2. Yontem

Gorme engelli bireylerin matematiksel dil kullanimlarinin ayrintili incelenmesini amaglayan bu arastirma,
durumlar1 mevcut var olduklari sartlar altinda ele alarak, biitiinciil bir yorum ile ¢alismanin sunulmasina imkan
veren durum g¢alismast (Merriam, 1998) deseninde tasarlanmistir. Coklu durum caligmasi, arastirmada ortak
ozellikleri olan birden fazla vakanim ele alinarak gesitli ve zengin yorumlar sunmaya zemin hazirlayan durum
caligmasi tiiriidir (Merriam, 1998, s.49). Bu arastrmada, her bir katilimci gérme engelli birey ve bu
katilimcilarin matematiksel dil kullanim siiregleri, kendi i¢inde farkli algi ve kavrayiglara sahip birer durum
olarak ele alindigindan i¢ ice ge¢mis ¢coklu durum deseni benimsenmistir.

2.1. Katihmecilar

Gorme engelli bireyin gérme kaybmin dogustan olmasi veya okul ¢aginda meydana gelmesi bireyin
algilama, anlama ve 6zelde matematik 6grenme siireclerinde 6nem arz etmektedir (Ferrell, Buettel, Sebald ve
Pearson, 2006). Ayrica 151k ve renk algisi, gorme kaybi orani da 6grenmeyi, yazi ve materyal kullanimimi
etkileyen faktorlerdendir. Braille yazi kullanimi ise hem Ogrenme hem de matematik yapma siireclerini
sekillendirmektedir. Katilimcilar, arastirmanin amact dikkate alinarak s6z konusu Olgiitler baglaminda olgiit
ornekleme ve tabakali 6rnekleme ile goniilliiliik esasina gore belirlenmistir. Braille kullanimi, renk ve 11k
algisinin olmasi/olmamasi, gérme kaybinin yagandigi donem tabakali 6rnekleme metodunun degiskenleri iken,
%90 ve iizeri gorme kaybi olma ve eslik eden baska bir engellin olmamasi Olgiitleri olusturmaktadir.
Katilimcilarin  matematiksel igeriklere iliskin Onbilgilerinin olmasi arastrmanin amacmna odaklanmayi
saglayacagindan, en az lise mezunu olma 6lgiitii de eklenmistir. Kod isimler ile katilimeilara ait bilgiler Tablo 1°
de yer almaktadir.

Tablo 1. Katilimei Bilgileri

Katthmca1i  Gorme Renk ve Isik Gorme Kaybi Braille Egitim Durumu
Kaybi Algisi Zamani Kullanimi
Ismet % 95 Var Dogustan Evet PDR
Okan % 98 Var Dogustan Evet PDR
Seyda % 98 Yok Dogustan Evet Gorme Engelli Ogretmeni
Erdem % 90 Var 4. Sinifta Hayir Akademisyen
Cem % 98 Yok 6. Sinifta Hayir Edebiyat
Nuran % 98 Yok 3. Sinifta Evet Psikoloji

2.2. Veri Toplama Araci

Matematik egitimi arastirmalarinda 6grenenin zihnindeki yapiy1 kesfetmek, temel aktiviteleri belirlemek ve
bilissel siiregleri incelemek amaciyla klinik miilakat etkili yontemlerden biridir (Clement, 2000, s.547). Goérme
engelli bireylerin matematiksel dil ve kabartma yazi kullanimi siiregleri sozlii, yazili ve biligsel siiregleri
icerdiginden aragtirmanin verileri gérev tabanli klinik miilakatlar ve yari-yapilandirilmis gdriisme formlar ile
toplanmistir. Video kaydina alinan goriismeler 2 oturumda gergeklesmis ve her bir oturum ortalama 90 dakika
siirmiistiir. Ilk oturumun goériisme sorular1 genelde matematik ve ozelde cebir alt 6grenme alanma iliskin
ihtiyaclar, sorunlar ve uygulamalar i¢in mevcut durumda Braille yazi, matematiksel iletisim ve dil kullanimi
tizerine tasarlanmistir. Gorme engelli bireylerin matematik egitimi uygulamalarinda énemli unsur olan séylem,
kavram tanimlari, gorsel unsurlar1 anlama ve problem ¢dzme siireglerine odaklanmaktadir (Baki ve Celik, 2018).
Ayrica matematiksel iletisim becerisinin gelismesinde farkli temsiller, iliskilendirme ve matematiksel dil 6nem
arz etmektedir (NCTM, 2000). Bu baglamda ikinci oturumun goriisme sorulari cebirsel kavramlari tanimlamays,
cebirsel igslemlerde diisiinmeyi ve uygulamayi, tablo, grafik ve sekil incelemeyi ve bu temsiller arasindaki gegis
stireglerini incelemeyi amaglamaktadir. Klinik goriismelerde sonda sorular yardimi ile katilimeilarin diistinmeleri
iizerine akil yiiriitmelerini ve daha fazla matematiksel dil kullanimini gerektirecek durumlarla kars1 karsiya
kalmalar1 saglanmistir. Gérme engelli bireylerin mevcut durumu herhangi bir etki altinda kalmadan incelenmesi
amaclandig1 i¢in kabartma olarak yazi, sekil ve diyagramlar kullanilmistir. Braille yazi kullanimi gerektiren
sorular, Braille bilmeyen katilimcilara onlarin matematik derslerindeki uygulamalarma gore uyarlanmistir.
Ornegin, verilenlerin birkag kez tekrar okunmasi veya katilimeinin elinin kabartma ¢izgiler iizerinde gezdirilerek
seklin betimlenmesi gibi uygulamalar yapilmistir. Katilimeilar her ne kadar Braille yaziy1 aktif kullanmasa da
kabartma yaz1 alfabesini ve rakamlar1 okuyabilmektedir.

45 sorudan olusan goériisme sorular1 bir alan (matematik) uzmani, bir matematik egitimi uzmani ve bir gérme
engelliler egitimi uzmani olmak {izere 3 akademisyen tarafindan incelenmistir. Uzman goriiglerine gore kavram
tanimlar1 dikkate almarak cebirsel kavramlara (degisken, bilinmeyen, denklem kurma, esitlik, esitsizlik,
fonksiyon, Oriintii) dair sorularin siralamalar1 degistirilmistir ve Braille yazida olusan yazici materyalden
kaynakl1 hatalar diizeltilmistir. Daha sonra %95 gorme kaybi olan, 151k ve renk algist olmayan, dogustan gérme
engelli bir liniversite 6grencisi ile pilot goriismeler gerceklestirilmistir. Pilot goériisme sonucunda kabartma
yazidan kaynakli okumada ya da hissetmede yasanan gii¢liikleri 6nlemek amaciyla diizenlemeler yapilmuistir.
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Ayrica Braille yazidan bagka Nemeth kod gibi uygulamalar1 kullanip kullanmadiklarina dair goriigme sorusu
eklenmistir. Asagida 6rnek goriisme sorularina yer verilmistir (bkz. Sekil 4).

*  Matematik dersinde kullandiginiz size 6zel herhangi bir sozlii ifade, isaret ya da model var mi1? Neden
bdyle bir uygulamayi tercih ettiniz?

*  Ne zamandir matematik derslerinde Braille alfabesi kullaniyorsunuz? Nemeth kod kullandiniz mi?
Deneyimlerinizi paylasabilir misiniz?

. Esitlik kavrami denildiginde zihninizde neler canlaniyor? Esitlik kavramini nasil agiklarsiniz?
(Kabartma yazi kodu, kullandig1 materyallerde yer alan sembol temsili, géren bireylerin kullandig1 ‘=" sembolii
vb)

. “a € Zigin 18a- 12 > 12a + 30 ifadesini saglayan a tamsayilarinin toplami nedir?” sorusunda ‘a’
ve ° >’ sembolleri i¢in neler soylersiniz? Agiklar misiniz?

. [...] tiiketilen enerji miktarmin zaman i¢inde degisimi tabloda yer almaktadir. Buna gore size verecegim
grafiklerden hangisi bu tabloya aittir. Agiklayabilir misiniz?

Sekil 4. Goriisme sorularinda yer alan kabartma yazi ile tasarlanmig grafik ve tablo 6rnegi
2.3. Verilerin Analizi

Video kayitlar1 ilk olarak katilimcilarin séylemleri transkript edilerek ve gorsel unsurlarda el hareketleri
incelenerek icerik analizi ile analiz edilmistir. Daha sonra kabartma yazmin uygulamadaki yansimalarini
belirlemek i¢in matematiksel dil kullanimi baglaminda katilimcilarin kabartma yazilar1 veya sozlii betimlemeleri
detayli analiz edilmistir. Gorme engelli bireylerin sdylemleri, Braille yaz1 ve ¢izimleri, el hareketleri analiz
birimleridir. Analizler arastirmacilar tarafindan fikir birligine varilarak (Miles ve Huberman, 1994) ve gérme
engelliler alaninda uzman bir aragtirmaci tarafindan goriis alinarak tamamlanmstir. Veri analizlerine iligkin
arastirmacilar arasindaki goriismelerde, Braille yazinin dogasindan kaynakli matematiksel dilde yer alan farkli
kodlamalarm alan yazin incelemesinde ele alinan teorilerle benzerlik ve farkliliklar1 tartigilmig ve fikir birligine
varilmistir.

Aragtirma verilerinden ‘yazi dilinin betimlenmesi’ kategorisi altinda yer alan analiz 6rnekleri sunulmustur:

Seyda: Bana goren birisine anlatir gibi anlatmadiysa, yani tahtada yazar gibi degil benim beynime yazar
gibi anlattiysa gayet giizel anliyorum. [...] * 2(2x+1)=?" burada bana tahtaya yazar mesela suraya sunu
koyuyoruz, iste sunu da suna dagitiyoruz séyle oluyor der. Ben de ne olmus simdi derim. Ama 2
parantezinde 2x+1 demistik degil mi, 2’ yi aliyoruz parantez icine dagitiyoruz. Nasil dagitiyoruz, 2’ yi 2x’ le
carpiyoruz 4x, orda 1 ile 2’ yi ¢arpryoruz 2, 4x+2 oluyor degil mi Seyda?” dedigi zaman ben orda haa bu
parantezin igine boyle dagitiliyormus diyorum.

Okan: Mesela karisan durumlarda iislii ifadede iissiin konumu! 2 iizeri 2° de tamam bir sorun yok, 2 orada
duruyor. Ama 2 iizeri 2x+1 diyor mesela bunu algilamakta. Mesela arti bir nerede yaninda mi, saginda mi,
solunda mi bunu nasil ifade edecegiz?

Seyda ve Okan, matematiksel iletisim siirecinde Ogreticinin islemleri betimlemesi gerektigini belirtiyor.
Buradaki soylem hem yazi dilinde sekilsel, hem de islem ozelliklerini agiklamaya iliskin olmasini
kapsamaktadir. Ayrica matematiksel dilde sembollerin betimlenmesi ve ‘iissii ya da tizeri’ kelimelerinin yazi
dilinde karsiliginin belirtilmesi seklinde yorumlanmistir. Bylece yazi dilinin betimlenmesi kategorisini 6rnek
kodlarla su sekilde agiklayabiliriz:

e Smif uygulamalarinda tahtaya yazilan metinler, denklemler vb igin betimsel sdylemlere yer
verilmesi (Ornegin; ‘2’ yi 2x’ le carpiyoruz 4x, orda 1 ile 2’ yi ¢arpryoruz 2, 4x+2 oluyor degil mi
Seyda?’)

e Smif uygulamalarinda bireylerin, okuyucularin ya da akranlarin matematiksel islemlerde,
kavramlarda vb yer alan sembolleri betimlemesi (Ornegin; ‘arti bir nerede yaninda mi, saginda mi,
solunda mi bunu nasil ifade edecegiz?’)
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2.4. Arastirma Siireci

Aragtirma gorme engelli bireylerin matematiksel kavramlar ile islemler yaparken, sinif uygulamalarida yer
alan soylemlerde ve okuyucu ile iletisim siirecinde matematiksel dil kullanimlarmmda kabartma yazinin
yansimalarimi incelemektedir. Bunun i¢in gerceklestirilecek olan goriisme sorular1 matematiksel kavramlara,
problem ¢6zme uygulamalarina, sinif uygulamalar1 ve smav uygulamalari gibi iletisim ortamlarma dair
tecriibelere, matematiksel sembol kullanimina ve sembollerin algilanmasina, kabartma yazi metin ve sekillerin
incelenmesine iliskin boyutlar kapsaminda tasarlanmistir. Ardindan veri toplama araci basglig: altinda ele alinan
uzman goriisii alma ve pilot ¢alisma uygulamalar1 gergeklestirilmistir. Elde edilen doniitler 1518inda goériisme
sorularinda uyarlamalarin yapilmasinin ardindan katilimcilar ile ikiser oturumda bireysel gériismeler yapilmustir.
Siire¢ takvimi Tablo 2’de sunulmustur.

Tablo 2. Arastirma Siire¢ Takvimi

Arastirma Siireci Basamaklarn Tarih
Goriisme formlarinin tasarlanmasi Ocak 2018
Goriisme formlari i¢in uzman goriislerinin alinmasi 1-15 Subat 2018
Uzman goriisii dogrultusunda goriisme formunun uyarlanmasi 15-20 Subat 2018
Pilot gériismenin yapilmasi 8 Mart 2018
Pilot goriisme dogrultusunda goriisme formunun uyarlanmast 10-15 Mart 2018
Arastirma katilimcilarin belirlenmesi 15 Mart-25 Nisan 2018
Katilimeilar ile gorlismelerin gergeklestirilmesi 2 Mayis-7 Haziran 2018

2.5. Arastirmacinin Rolii

Goriigsmeleri arastirmaci rolii ile ilk yazar gergeklestirmistir. Goriismelerde arastirmaci katilimcinin
matematiksel dil kullanimini incelemek amaciyla kavramlara iliskin bazi sorularda betimlemelerden kaginmis ve
yazili materyaller kullanmayi tercih etmistir. Sembol ya da denklem igerikli sorularda kabartma yazili kagitlar
iizerinden ‘Burada yer alan sembol senin i¢in ne anlam ifade ediyor? Bu denklemi nasil yorumlarsin? Bu
problemin ¢6ziimiinii nasil kurgularsin?’ gibi sorular ydneltmistir. Ancak arastirmaci sdzel problemlerde
katilimcmin istedigi her zaman problemi tekrar okunmus ya da bireyin betimlemesini istedigi yazi veya
materyali betimleyerek anlatmustir. Ayrica katilimciya sunulan yazili materyaller i¢in ‘Su an bagka bir form
birakiyorum.” veya ‘Burada bagka bir tablo daha var.” gibi agiklamalarla katilimciy1 yonlendirmistir.

2.6. Gegerlik ve Giivenirlik

Goriismelerden once katilimcilarla 15-30 dakika arasinda sohbet edilmis ve aragtirma kapsamina iligkin
bilgilendirme gerceklestirilmistir. Ayrica 6zel egitim kurumlarina devam eden katilimcilar ile bu kurumlarda
kisa siireli taniyma ve gozlem yapma firsati olusturulmustur. Boylece katilimcilar hakkinda daha fazla bilgi
edinilmis ve onlarm fikirlerini rahatlikla ifade etmeleri i¢in gliven ortami saglamak miimkiin olmustur.
Gorlismeler gerceklestirilmeden once katilimcilarim goriigmelerin yapildigr ortami incelemeleri ve ortama
aligmalar1 i¢in zaman verilmistir. Bazi oturumlarda goriismeye ara verilerek katilimcinin dinlenmesi igin firsat
verilmistir. Ayrica goriismelerde gérme engelli bireylerin ihtiyaglari dikkate alinarak, katilimcinin dilediginde
kullanmast i¢in Braille yazi tahtasi ve kiiptas kasa materyali gibi araglar hazir bulundurulmustur.

Ayrmtili betimleme ve amagh Ornekleme ile aragtirma sonuglarmmn bagka ortamlara aktarilabilirligiinin
saglanmas1 amaglanmistir. Olgiit ve tabakali drnekleme metotlarmmn uygulanmasi ve ayrintili betimlenmesi,
katilimcilar hakkinda detayli bilgiye yer verilmesi, arastrmanin yapildigr ortamlarin betimlenmesi,
arastirmacinin roliiniin agiklanmasi ve elde edilen verilerden yapilan dogrudan alintilar ile sonuglar ayrmtili bir
sekilde betimlenmistir. Ayrica 6gretim oturumunda kullanilan etkinliklerin ve somut materyallerin betimlenmis
ve agiklanmig olmasi da 6nem arz etmektedir.

Veri toplama araglar1 i¢in uzman goriisii alinmas1 ve pilot uygulamanim yapilmasi arastirmanin giivenirligi
icin 6nemli bulunmaktadir. Arastirmacilarin ham verileri ayr1 ayr1 kodlamasi ve bir alan egitimi uzmanindan
elde edilen kategoriler igin teyit alinmasi ile tutarhilik ¢aligmasi yapilmistir. Arastirmacilarin kodlamalarinda
yaklasik %90 oraninda ¢akisma belirlenmistir. Sadece kategorilerin olusmasinda yasanan fikir ayriliklari
miizakere edilmis ve fikir birligine varilmistir. Ornegin; sinif uygulamalar1 ile smavlar gibi okuyucularin yer
aldig1 uygulamalar i¢in yazili dilin betimlenmesi baslangigta iki ayr1 kategori kabul edilmisken, daha sonra
‘yazili dilin betimlenmesi’ olarak tek kategoride ele alimmustir. Tkinci kodlayicinin ii¢ katilimcidan elde edilen
verilerin tamami igin yaptigi analizler ile yaklasik %86 oraninda ¢akigma tespit edilmistir. Fikir birligine varilan
farkliliklara 6rnek vermek gerekirse; ikinci kodlayici tarafindan veriler Latin ve Braille alfabe ayirt etmeden
kategorilendirmis oldugundan ve kavram odakli kategorilere yer verdiginden s6z edilebilir. Gorligmeler
sonucunda alfabelerin yazi dilindeki 6nemi ve kavramin degil, kavramlarda yer alan sembolik dil gibi
matematiksel dil kullanimin 6nemli oldugunun fikir birligine varilarak analizler tamamlanmistir.
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3. Bulgular

Gorme engelli bireylerin matematiksel iletisim siiregleri ele almarak egitim-6gretim uygulamalarinda,
matematiksel kavramlar, semboller ve tablo, grafik gibi temsiller ile matematiksel dil kullanimlarna ve kabartma
yazinin yansimalarmna iliskin elde edilen bulgular alt bashiklar altinda ele alimmistir. Oncelikle temalar1 olusturan
bu bagliklarin kapsami, kavramsal gergeve ile iliskilendirilerek gdstergeleriyle birlikte agiklanmistir. Ardindan
katilimcilardan elde edilen bulgulara alintilar ile desteklenerek yer verilmistir.

3.1. Egitim-Ogretim Uygulamalarinda Matematiksel letisim Siireclerinde Matematiksel Dil

Gorme engelli bireyler sinif uygulamalarinda, okul veya ulusal sinavlarinda, 6zel egitim kurumlarindaki
destek egitim uygulamalarinda 6gretmenleri, akranlar1 veya okuyucu bireyler ile iletisim igerisindedir. So6z
konusu egitim-6gretim uygulamalarinda yer alan iletisim Brenner’ e (1994, 1998) gore matematik hakkinda
iletisim siireglerini kapsamaktadir. Bu siiregte gdrme engelli bireylerin matematiksel dil kullanimlarinda tespit
edilen kategoriler arasinda en dikkat ¢ekeni soylemlerde betimleyici bir dil kullanimidir. Grme engelli bireyler
ile matematik hakkinda iletisim siireglerinde 6gretmenin/okuyucunun kavramlara, sembollere, sekillere, problem
durumuna veya denklem ¢dziimlerine iliskin betimsel bir anlatim sergilemesi nem arz etmektedir. Ogretmenin
etkin oldugu tek yonli iletisim (Brendefur ve Frykholm, 2000) siirecinde, agiklamalarda bulunulmasi veya
yapilan ardisik islemlerin betimlenmesi kaginilmaz bir gergektir. Grme engelli bireyin yardimei, doniigtimlii
veya Ogretici iletisim (Brendefur ve Frykholm, 2000) siireclerinin gergeklestigi sinif uygulamalarinda, destek
egitim uygulamalarinda veya siavlarda goren akranlari, 6gretmen ya da okuyucu ile etkili ve anlagilabilir bir
iletisim kurmasi igin bireylerin Latin ve Braille alfabede matematiksel dile asina olmas: beklenmektedir.
Boylece anlatilan kavramim 6grenilmesi, agiklanan denklemin takip edilmesi veya matematiksel diisiinmenin
gerceklesmesi miimkiin olacaktir. Ayrica gérme engelli bireyin dinledigini not almasinin yani sira goren bireyler
ile matematiksel iletisim kurmasi ve okuyucuya not aldirmasi miimkiin olacaktir. Bu siire¢lerde dokunsal
iletisim sOylemler kadar kilit rol oynamaktadir. Bu bolimde egitim-6gretim uygulamalarmmda s6z konusu
matematiksel dil kullanimina ve kabartma yazinin yansimalarina iligkin gostergelere rnek bulgular sunulmustur.

Cem gorme duyusunu ilerleyen yaslarda kaybettigi icin Braille yazi bilmemektedir. Bu nedenle Cem
matematiksel iletisimi 6gretici veya okuyucu ile karsilikli avug iglerine sembolleri yazarak saglamaktadir. Bu
durum matematik i¢inde iletisim i¢in dokunma duyusunun yansimasi olarak degerlendirilebilir.

Cem: Avucumun igerisine ¢iziyorduk, mesela tiggen ¢iziyordu, sonra ben onun eline ¢iziyordum dogru mu
anlamisim diye. Mesela a¢i ¢iziyorduk ya da suradan bir dik inelim diye avucuma ¢iziyordu ogretmenim [...]

Okan ise goren bireylerin matematiksel dil kullanimini anlamanin 6neminden bahsetmektedir. Burada sadece
Latin sembollerde matematiksel dil kullanimina deginmemistir. Ayrica kabartma yazida not almanin ve not
tutturmanin dnemine ve bu siiregte matematiksel dilin yerine vurgu yapmustir.

Okan: /...] Ciinkii devamli not alyp karalayamiyorum. Ama mesela birine not aldirmak da bir beceri bence,
bazen sinava giriyoruz bir okuyucu destegi oluyor. Ben not aldwrryorum, mesela bir islem ¢ok uzun oluyor.
Ama énce biitiiniinii okuyor, kafamda belli seyler belirliyorum kesilebilecek béliimler, suraya kadar oku
diyorum. Iste énce payr oku, sonra iste paydayr oku, o bélii ¢izgisinin yamnda hangi isaret var. Onu
soylerken kafamda dnce bir nereden ¢éziime ulasabilecegime dair bir sekil var.

Okan’m ifadelerinde yardimci (destekleyici) ve dontigiimlii iletisim i¢in gérme engelli bireylerin her iki
alfabede de sembolleri bilmenin yeterli olmadigi, bireylerin birbirini ydnlendirmesinin ve betimlemenin de
gerekli oldugu yer almaktadir. Gorme engelli bireyler i¢in not alma ve okuyucuya not aldirma matematiksel
iletisim i¢in giicliik ve dnem arz eden iletisim tiirleri olarak dikkat ¢ekmektedir. Burada dikkat ¢eken bir diger
bulgu matematikle iletisim i¢in dokunma, gérme engelli bireyler i¢in matematiksel dil kullanimi temsillerinden
biridir. Ismet de doniisiimlii iletisimin saglanmasi ve matematikle iletisim siirecinin devamlhiligi icin
betimlemenin, not almanin ve aldirmanin dnemine vurgu yapmaktadir.

Ismet: [...] Ben bilgiyi nasil alacagimi bilmem lazim ki matematikte 6gretmeni yonlendireyim. Matematige
dair hi¢bir bilgim yoksa ogretmeni yonlendiremiyorum. Orada dilemma var yumurta mi tavuktan tavuk mu
yumurtadan. Simdi ben onu bildigim i¢in mi 6gretmeni dogru yonlendiriyorum, égretmen dogru anlattigi igin
mi ben dogru anlatabilme seklini biliyorum. Ben mesela ikincisini diistiniiyorum. Ama 6gretmenden degil,
kardesimden kaynakl olarak. Biz kardesimle bana anlatma yontemleri gelistirdik [...] Sonrasinda bana nasil
matematik anlatacagini 6gretmene ben anlatiyyordum.

[smet’in ifadelerinden matematiksel iletisim ve dil becerisinin 6nemli oldugunu ve biligsel bir siireg
icerdigini sdyleyebiliriz. Gérme engelli bireyler i¢in yardimei ve doniisiimlil iletisimin dgretim uygulamalarinda
daha fazla 6neme sahip oldugu belirlenmistir. Dogustan ve daha sonra gérme kaybi yasayan katilimcilar igin
benzer bir diisiinme de matematiksel islemleri takip etme siiregleridir. Braille yazida matematik yapma siirecinde
yasanan sikintilardan biri karakter sayisinin fazla olmasidir. S6z konusu gii¢liigii daha da artiran bir diger durum
ise tablet kalem ile not alma veya matematiksel problem ¢6zme siirecidir. Katilimeilarin islem takibine dair
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diisiinmeleri, okuyucuya not aldirmanin ve matematiksel dil kullanimin iletisim ig¢in 6nemine dair bulgular1
destekler niteliktedir.

Nuran: Mesela elime Braille kalemini aliyorum, béyle normal yaziyormus gibi yaza yaza kafamda
yapryorum. Masaya aslinda yaziyorum zihnimdekileri, o sekilde ilerliyorum, géren yaziyla yazarak yani, o
sekilde yaza yaza gidiyorum. [...] Ben goren yaziyla daha ¢ok sayilari diistiniiyorum su an onu fark ettim.

Arastirmaci: Braille hi¢ aklina geldigi oluyor mu?

Nuran: Evet oluyor, o da geliyor da goren yazi bir tik daha fazla ona gore. [...] mesela + ve - koyuyorum
veya ne bileyim logaritmada o sekli koyuyorum kafamda, tiirevin seklini getiriyorum. Evet, oniimde beyaz bog
bir tahta var ve ben ona ¢izerek ¢éziiyorum zihnimde.

Nuran ilkokulun ilk yillarinda gérme yetersizligi olmadig1 i¢in Latin rakam, harf ve sembolleri bilmektedir.
Bu nedenle 6zellikle matematiksel islemleri yaparken Latin rakam ve semboller ile zihinden takibi sagladigni
ifade etmektedir. Braille yazi kullandig1 igin her iki alfabede islem yapsa da Latin yazinin daha islevsel oldugunu
disinmektedir. Bu durum kabartma yazida matematiksel islemlerin daha fazla karakter kullanimi
gerektirmesinin ve iglem yapma ve not alma gii¢liigiiniin yansimasi olabilir.

Sekil 5. Seyda matematiksef.isl‘e:mler icin kabartma yaziy1 zihninde hayal ediyor

Seyda: Mesela masaya dokundugum zaman parmagimin altinda noktalar oldugunu hayal ediyorum béyle bir
sey olusturdum kendi kendime. Ama yine de noktalar da olsa yazmadigim zaman kesinlikle kagiyor kafamda.
Basit denklemler icin bu olmuyor ama uzun ifadeler i¢in bahsediyorum (bkz. Sekil 5).

Seyda, matematiksel iletisimde yazinin 6nemi igin dikkate deger bir noktayr belirtmistir. Kabartma yazi,
matematiksel dil kullaniminda 6zellikle karmasik iglemlerde veya sembol kullanimin arttig: igeriklerde giicliik
olusturmaktadir. Not alma giicligli ile paralellik gosteren bu durum zihinde islem yapma yeteneginin
gelismesini gerektirmektedir. Bu islemleri gesitli boliimlere ayirma veya matematiksel olarak ifade etme becerisi
ise matematiksel dil kullanimma dayanmaktadir.

3.2. Matematiksel Kavramlar ve Semboller ile Matematiksel Dil

Matematiksel dilin dogasinda yer alan semboller ve isaretler kavramlarin yapilandirilmasinda da etkili rol
oynamaktadir. Bireyin kavrami anlamasini, algilamasii ve bu kavrama iligskin diisiinmelerini ortaya koymak
semboller araciligi ile matematiksel dil gerektirmektedir. Gorme engelli bireylerin kullandigi yazili ve/veya
dokunsal materyaller, kabartma yazida yer alan kodlar ve bu kodlarin bireysel farkliliklar arz etmesi
matematiksel dil kullanimmda sembollerin yerine iliskin temayr meydana getirmektedir. Buna karsilik gérme
engelli bireylerin somut nesneler ya da kavramlar kullanarak soyut matematiksel kavramlar1 yapilandirdiklari,
matematiksel kavramlar ya da bu kavramlara ait semboller i¢in kendilerine dzgii bireysel kisaltmalar, semboller
ya da analojiler gibi yapilar kurduklar1 belirlenmistir. Latin alfabede ve Braille alfabede sembollerin ve bu
sembollere ait kodlarm, gosterimlerin ve temsillerin 6grenen ve Ogretici tarafindan bilinmesinin iletisimde
kullanilan matematiksel dile yansimalar1 yer almaktadir. Bu kategoriler Brenner’ in (1994, 1998) matematiksel
semboller ile matematiksel dil kullanimini ele alan matematik icinde iletisim kategorisini kapsamaktadir. Ayrica
bireylerin alternatif semboller, kisaltmalar vb kullanmalar1 matematikle iletisim kategorisinin gostergeleri
arasinda yer almaktadir. Bu tema altinda elde edilen bulgulardan etkili birkag 6rnek sunulmustur.

Cem: Soyle bir sekil vardi (avucunun igine paranteze benzer bir sekil ¢izer) disaridan ayiriyorduk falan [ ...]
Sayiyr hatta ¢izdigimiz geklin tizerine yazinca farkli bir anlama geliyor, i¢ tarafina yazinca farkli bir manaya
geliyor. /...] Usli ifadeler [...] Simdi mesela nasil soyleyeyim sekli kafamda ben dyle canlandirdim
(avucunun igine parantez ¢izer). Ama ben onu antenli sayi olarak canlandirdim.

Cem matematiksel kavramlar1 zihninde canlandirmak i¢in somut kavramlardan yararlanmaktadir. Bu siiregte
daha 6nce gorme duyusuna dayanan nesneleri veya kavramlari dikkate aldigi sdylenebilir. Somut nesnelere
benzetme ya da analoji kullanamayacak olan dogustan gorme engelli katilimcilarin ise kedilerine ait semboller
veya kisaltmalara siklikla bagvurdugu belirlenmistir. Seyda sadece Braille kod karakterleri i¢in degil, yani sira
teknolojik cihazlarda not alirken matematiksel sembollerin kullanimina isaret etmektedir:
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Seyda: [...] bilmedigim icin bilgisayarda kimi sembollerin nasi yapildigini, halbuki varmis. Mesela
faktoriyelleri yazarken faktoriyel isareti konur, ama iste bilmedigim i¢in de yaziyla yaziyordum. Mesela kék
icinde olacaksa bir sey onu yapamiyordum, kendim kék a¢ yaziyordum oraya sonra kok kapat gibi. [...]

Seyda’nin ifadesinde katilimcilarin her birinde gozlemlenen bulguya dair bir 6rnek yer almaktadir.
Katilimcilarin Braille yazida matematiksel sembollerin pek cogunun karakter karsiligini bilmedigi ve bunun i¢in
¢Oziim Onerisi olarak metinlerde kisaltmalara bagvurduklar1 belirlenmistir. Burada dikkat ¢eken bir diger durum
Braille yazida sembollerin harf karakterleri i¢in kullanilan 6 nokta alfabesi ile yapilmasindan kaynaklanan
alternatif sembol kullanimi ihtiyacidir. Okan’ n ifadesinde kendisine ait sembol kullanimina yine koklii ifade
kavrami tizerinden 6rnek yer almaktadir:

Okan: /...] mesela kéklii ifadelerde agilir ama kapanmaz. [...] Iste onu ne yapiyordum ben, kék yaziyordum
parantezler kullaniyordum ya da aym kokii kapatmak icin de kullantyordum. Yani isareti tekrar sonuna
koyuyordum. [...] normalde gorenlerde ufak bir v-imsi bir ¢entik var, iste onun igine yaziyor. Ondan sonra
uzun bir ¢izgi tiste devam ediyor. Onun gittigi yere kadar kokiin kapsami devam ediyor. Bizde éyle degil.
Normal yazida s harfi olan 1-4-6 dan olugan kabartma semboliinii oraya koyuyoruz kok isareti oluyor. Kokiin
kapsami nerede basliyor nerede bitiyor sembolik olarak onu géstermek biraz ya zor ya da bize gostermediler
[...] Nemeth kod gibi farkli bir sey var. Onun biraz daha yazimi farkli. O da tabi Braille alfabesi, yine
smirliliklart olabilir ama govenlere dil olarak bizi biraz daha yaklastiriyor. Benim savundugum sey su bizim
gérenlerin dilini yazi dilini oturtmamiz lazim, ¢iinkii $éyle oluyor smifta hoca diyor ki bu buradan gitti bu
buradan geldi, asagidaki onu gotiirdii yukaridaki... benim yazimda asagi yukar: yok her sey yan yana,
Tiirkiye'deki kodlama sisteminde. Nemeth’ de éyle degil Nemeth de asagi yukart da var. [...] lleri matematik
isaretlerini bilmiyordum kafamdan uyduruyordum (giiler). Ciinkii bize ortaokulda seyi 6gretmediler toplam
sembolii mesela sigmayi, ben ne bileyim yani (giiler) kafamdan sanirim gey yapiyordum 3-4 yapiyordum
galiba (diisiiniir). Egik ¢izgi (/ isaret eder) normalde [ ...]

Okan’m sadece metinle degil ayn1 zamanda parantez yardimu ile islemleri yazdig belirlenmistir. Okan ve
Seyda’ nin kabartma yazida matematiksel sembollere hakim olmadig1 agiktir. Ayrica burada kabartma yazinin
sembol kullanimi igin karmasik ve yetersiz kaldigmni belirtebiliriz. Okan’in ifadelerinde matematiksel dil
kullanimi i¢in gdren akranlar, 6greticiler veya okuyucular ile iletisim kurmak adina Nemeth kodun Latin yazi ile
daha fazla benzerlige sahip oldugu agiktir. Matematik icinde iletisim kategorisine gore bireysel sembol
kullanimindan bahsedebiliriz. Okan bireysel sembol kullaniminda en dnemli gerekgeyi sembollerin kabartma
yazidaki karsiliklaria hakim olmama ile agiklamaktadir.

Ilkokul yillarinda gérme yetisi bulunan Nuran, Latin alfabede yer alan matematiksel sembolleri goren
Ogreticilerin veya akranlarin betimledigi sekilde kabartma yazida yazmaya ¢abalamaktadir.

Nuran: Daha dogrusu ben o sekilleri anlattiklar: sekilde kabartmaya gegiyordum hemen hemen géren
yaziyla ayni olacak sekilde. Mesela logaritmayt log yaziyordum, sag alt kogesine bir satir altina da mesela 2
yaziyordum o sekilde géren yaziya uyarlayarak. [...] 6yle daha ¢ok akilda kaliyordu.

Burada yardimci (destekleyici) ve Ogretici iletisimin 6nemli oldugunu soyleyebiliriz. Benzer sekilde
dogustan gérme engelli olan Okan, iletisim halinde oldugu goéren bireylerin kullandig1 semboller, isaretler veya
gorsel unsurlar hakkinda bilgi sahibi olmanin énemine deginmistir. Gérme engelli bireyler i¢in hem Latin hem
de kabartma yazida matematik i¢inde iletisim kurmanin gerekli oldugunu sdyleyebiliriz.

Okan: [...] gorsel dile yaklasmay 6grendigim zaman ben rahat eder oldum. Ciinkii karsi tarafin soyledigini
artik anlar oldum. [...] Benim igin iyi idi ¢iinkii dedigim gibi gorsel ogreniyorum, dokunmak benim igin
gormek anlamina geliyor. Hatta Braille kitabint savunmam da o yiizden ¢iinkii oturuyor kafamda 6biir tiirlii
sozel anlatiliyor. [...]

Okan dokunma duyusu ile algiy1 ‘gorsel 6grenme’ ifadesi ile betimlemistir. Boylece dokunsal iletisimin
sadece gorme engelli bireylerin avug i¢lerine sekil ¢izmek ya da onlardan masa iizerine algiladig sekli ¢izmesini
beklemek ile smirli olmadigint sdyleyebiliriz. Dokunma eyleminin matematiksel dil kullanimmin gelisiminde
O6nemini vurgulayan bir diger bulgu séyledir:

Nuran: /[...] Arkadaslarim elleriyle cizerek anlatarak saginda solunda diyerek veya geometrik sekilleri
kalemlerle falan o sekilde anlatmaya ¢aligiyorlard.

Nuran’in ifadesinden gérme engelli bireylerde matematiksel iletisimin her kategorisi i¢cin dokunma veya
dokunsal aktivitelerin yer aldigini soyleyebiliriz. Gorme engelli bireyin anlama, algilama ve diigiinme siirecleri
icin iletisimin saglanmasinda sdylemlerin dokunsal eylemler ile desteklenmesi gerekmektedir. Gérme engelli
bireylerle iletisimde matematiksel dil kullanimi i¢in sdylemin 6nemine dair bir diger bulgu soyledir:

Erdem: Sembol olarak komik veya aci bir sey aslinda, orta 3’ te iken veya lise 1’ de iislii sayilar anlatilirken,
2 kare 3 diyordu hoca veya 3 kare 5 vs oradaki kareyi ben gorsel olarak, tahtayr gormedigim icin hep
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sekilsel, yani defterime yazarken hep kare ¢izip yaziyordum. Aslinda 3 kare (eli ile karesel bolge cizer). Kare
dedigimiz seyin iisse kiiciik bir sembol olarak yazildigini bilmiyordum. [...] faktoriyel isareti bana sey diyor
bir tane I var ama noktast altta ya da mutlak deger diyor ki iki tane ¢izgi var diyor.

Erdem ilkokul donemlerinde gérme kayb1 yasadig1 i¢in zihninde geometrik bir kavram olan kare ile kuvveti 2
olan uslii ifadeyi eslestirmistir. Burada kavram tanimina dair bilgi eksikligi olabilecegi gibi 6greticinin
sOyleminde ifadelere dikkat etmedigi veya ses tonlamasinda diizenleme yapmadigini da diisiinebiliriz. Bu durum
matematiksel yazi dilinin, bagka bir ifade ile sembollerin, genellemelerin ya da esitliklerin, gerektigi sekilde
betimlenmemesi ve ayrmtili agiklanmamasindan kaynaklanmis olabilir. Braille yaz1 kullanmayan veya gérme
kaybi dogustan olmayan bireylerde sdylemin 6nemine dair Cem’ in ifadesinden sembol kullaniminda kavram
yanilgisina bir baska 6rnek yer almaktadir:

Arastirmaci: 18a-12>12a+30 ifadesinde > (biiyiiktiir) sembolii ne anlam ifade ediyor?
Cem: 12a+30" un 18a-12’ den biiyiik oldugunu gésterir.

Arastirmaci: Sag ve sol ya da énce ve sonra gelen seklinde ifade edersek?

Cem: Sonra gelen daha biiyiiktiir.

Cem’in yanilgist sdylemden veya kavrama dair bilgi eksikliginden kaynaklanabilir. Ancak benzer bir
glicliigli yasayan Seyda, yalnizca sdylemden degil, kabartma yazidan kaynaklanabilecegini ortaya ¢ikarmistir.

Seyda: Biiyiiktiir semboliinden biiyiiktiir, yani 18a-12 biiyiiktiir (vurgulu séyler) 12a+30° dan. Ben bunu ¢ok
karistirirdim, mesela énceki sonrakinden amaaan, evet onceki sonrakinden daha biiyiik. Yanlhs mi
soyliiyorum? Ama ben bunu ogrenene kadar ciddi sikinti ¢ekmistim. [...] Mesela ben “-den” ifadesinin
sayilarin en sonuna geldigini hayal ederek yapryorum.

Seyda kabartma yazi kullanmasma ragmen sdylemin algilamasinda etkili oldugunu ifade etmektedir. Burada
ayrica kabartma yazida sembollerin veya isaretlerin ifadelerinde karakterlerin birden fazla olmas: veya onciil
karakterlerin olmasi etkili olabilir.

3.3. Tablo, Grafik ve Diyagramlar ile Matematiksel Dil

Brenner’in (1994, 1998) kategorilerine gore matematiksel iletisim siire¢lerinin tiimiinde tablo, grafik,
diyagram gibi gorsel igerikler temsil tiirleri baglaminda matematiksel dilin 6nemli bilesenleridir. Gorsel
icerikleri gorme engelli bireyler i¢in erisilebilir kilmanm en etkili yolu olan dokunsal destek egitim araglarinin
kullanilmas: ve es zamanli betimlemeye dayali soéylemlerin yer almas: 6nemli matematiksel dil kullanimi
kategorileridir. Dokunsal materyallerin tasarlanmasinda ise kabartma yazi ve kabartma nokta vuruslari 6nemli
rol oynamaktadir. Bu boliimde tablo ve grafik kullaniminda matematiksel dil kullanimlar1 ve kabartma yazinin
uygulanmasina iligkin bulgulara yer verilmistir.

Tablo okumada katilimeilarin giigliik yasadigir belirlenmistir. Katilimcilar bu  giicliigiin  egitim
uygulamalarinda tablonun siklikla kullanilmadigindan kaynaklandigini belirtmistir. Katilimcilarin dikey
konumlandirilmis tablolar1 okumakta, anlamakta ve iliski kurmakta daha basarili olduklar1 tespit edilmistir.
Ornegin iki kiime arasmdaki iliskinin tablo ile temsilinde iki siitunda elemanlar eslendiginde katilimcilarin daha
hizli anlamlandirdig1 gézlenmistir. Katilimecilar sag ve sol elleri ile ayni anda takip ettikleri iki siitundaki
hiicrelerde yazan ifadelerin nasil bir iligkiye gore eslendigini belirleyebilmistir.

Goriismelerde tasarlanan kabartma yaziyla ¢izilmis grafikleri katilimcilarin algilamakta giicliik cekmedikleri
belirlenmistir. Katilimcilardan yalnizca Cem daha dnce grafik incelemedigini ifade etmistir. Koordinat sistemi,
swrali ikililer ve noktalarin belirlenmesine dair bilgi sahibi olduklar1 igin katilimcilar grafikleri incelemis, okumus
ve anlamlandwrmugtir. Grafikler, tablo veya cebirsel ifadeler ile verilen iligkilerin temsili i¢in ¢izildiginden,
katilimcilar bu iligkileri betimlemede, agiklamada veya dogru grafigi belirlemede basarili olmustur.
Katilimeilarin goriismede verilen ilk grafigi incelerken farkli dokularda olan iliskiyi gosteren grafik, koordinat
eksenleri ve gridleri ayirt etmede giicliilk ¢ektikleri belirlenmistir. Daha sonraki grafiklerde ayni dokuda
kabartma yazi ile devam edildigi i¢in daha anlasilir bulduklar1 dikkat ¢cekmistir. Dolayisiyla kabartama yazmin
kullanilmasi anlasilabilir olmay: sagladig: gibi gesitli gligliikleri de beraberinde getirmistir.

Arastirmaci: Dogru iliskiyi gosteren grafigi belirlemenizi istiyorum.

Ismet: Simdi bakalim, anladim. Su 35’ e denk gelmis ((0,35) noktasina dokunur) suradan bakiyorum ((1,35)
notasina dokunur). Bir kutucuk gittim buraya geldim ((1,35) noktasindan (0,35) noktasina parmagini
gezdirir). Buraya denk gelmis, burayt kesmis (bkz. Sekil 6).

Arastirmaci: Oyle mi olmus sizce?

Ismet: Gelmemis mi? (grafigi takip eder tekrar 35 noktasim belirler). Gelmis ne demek ki?
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Sekil 6. ismet’in kabartma grafik inceleme siireci

Ismet, grafigi incelerken sdylem ile dokunarak okuma arasindaki iliskinin es zamanli olmasma dikkat
cekmektedir. Burada Ismet’in grafigin olusmasinda eslemeleri gosteren noktalarin belirlenmesi ve grafigin bu
noktalar1 igermesi konularma dair &nbilgisi olsa da sdylem olarak giicliik yasadig1 gézlenmistir. Ismet belirledigi
noktanin grafige ait (lizerinde) bir nokta oldugunu ifade etmek i¢in ‘gelmek’ kelimesini kullanmistir. Ancak bu
sOylemin zihninde bir sema oldugu ve daha 6nce 6greticileri tarafindan ifade edildigi diisliniilebilir.

4. Sonuc ve Tartisma

Gorme engelli bireylerin matematiksel iletisim i¢in matematiksel dil kullanimi siireclerine dair bu
aragtirmanin bulgular1 genelde arasgtirmanin baglami dikkate alinarak ve 6zelde Brenner’ in (1998) ve Brendefur
ve Frykholm’ iin (2000) kategorileri géz Oniinde bulundurularak tartigilmistir. Bu dogrultuda arastirmanin
sonuglart alt problemler ve dolayisi ile bulgularda yer alan temalar dikkate almarak sunulmustur.

4.1. Egitim-Ogretim Uygulamalarinda Matematiksel iletisim Siireclerinde Matematiksel Dil Kullanimi ve
Bu Siirecte Kabartma Yazinin Roliine fliskin Sonuglar

Brendefur ve Frykholm (2000) her ne kadar kategorilerini duyussal ve bilissel baglamda, sinif uygulamalari
odakli, soylemleri dikkate alarak olustursa da, kategoriler matematiksel iletisimde 6grenenin diisiinmelerini
incelemekte yetersiz kalmaktadir. S6zlii ve dokunsal uyaranlarin iletigimdeki 6nemi g6z Oniine almarak gorme
engelli bireylerin diisiinmeleri incelendiginde, matematiksel dil kullanimi i¢in iki 6nemli nokta ortaya
¢ikmaktadir. Bunlardan biri yazili matematiksel dil ve digeri de sozlii matematiksel dildir. Kabael ve Baran
(2016) matematiksel dilde semantik ve semiyotik yapinin es zamanli Ggretilmesinin onemine isaret etmistir.
Dolayisi ile matematiksel kavramlarin temsilleri ile birlikte 6gretilmesi ve beraberinde yazili ve sozlii dilin etkili
bir sekilde kullanimi 6ne ¢ikmaktadir. Ancak gérme engelli bireyler igin matematiksel iletisimde matematiksel
dilin gorsel ve sozli olarak es zamanl olusmasi, dokunsal hareketler ile sdylemin es zamanli olmasina baglhdir.
Bu nedenle gérme engelli bireyler igin sdylemin yaninda dokunma duyusu (jest ve mimikler gibi el hareketleri,
kabartma yaz1 veya sekil inceleme vb) matematiksel dil becerisi i¢in bir bilesen olarak ele alinmasi 6nem arz
etmektedir. Brenner (1998) sozlii iletisimde matematiksel dilin yer aldigi 6gretim uygulamalarina gore
kategoriler olusturmustur. Ancak bu kategorilerin olusturulmasinda dikkate alinmayan dokunsal hareketler,
genel olarak ‘jest ve mimikler’ baglaminda ele alabilir.

Gorme engelli bireyler i¢cin matematiksel iletisimde dokunsal materyallerin kullanimi kadar kabartma yazinin
da rolii 6n plana ¢ikmaktadir. Dokunsal materyaller, kabartma yazi dahil iletisimin pargast haline geldiginde
sOylemlerin dokunma eylemi ile es zamanli olmasi ve onlarla tutarhiligi 6nemlidir. Goren akranimn, dgreticinin ya
da okuyucunun sdylemleri matematige ait kabartma yazmin karakterleri ile uyum i¢inde olmalidir. Burada bir
diger unsur goérme engelli bireyin Latin alfabede matematiksel dile de hakim olmasinin gerekliligidir. Bu
hakimiyet Latin sembolleri veya sdylemleri bilme ile sinirli degildir. Gorme engelli bireyin kabartma metinleri
okuyabilmesi ve kabartma yazida not alabilmesi i¢in kabartma alfabede matematiksel dile hakim olmasi
gerekmektedir. Ayrica gérme engelli bireyin gdren bireyler ile iletisim kurabilmek i¢in de Latin alfabede
matematiksel dile hdkim olmasi gerekmektedir. Bu baglamda goérme engelli bireylere firsat esitli§i sunan
kabartma yazi, dil kullaniminda gii¢liiklere de sebep olmaktadir. Kabartma yazinm bir diger sinirliligr ise
matematiksel yazi dilinde yazi karakterlerinin fazlaligindan dolay1 not alma giicliigiidiir. Bu smirlilik bireyleri
sOylemler {izerinden zihinsel islem yapmaya siiriiklemektedir. Matematiksel denklemlerin veya islemlerin
artmasi zihinde islemlerin yapilmasinda hatalara neden olmaktadir. Bu nedenle gérme engelli bireylerin dgretici
veya okuyucu birey ile matematiksel iletisiminde sozlii matematiksel dil kullanimi 6nem arz etmektedir.

Bir sdylem olarak matematiksel dil gérme engelli bireyin, onlarm &greticilerinin ve okuyucularmin
matematiksel iletisimi icin dnemlidir. Ogretim uygulamalarinda 6grenenin not almasi veya not tutturmas giigliik
teskil etmektedir. Bu siireglerde yazili matematiksel dil olarak kabartma yazi ile not alamayan bireyin, okuyucu
veya Ogreticiye not tutturmasi gerekmektedir. Ancak bireyler iletisim halinde olduklar1 okuyucu veya 6gretici ile
hem kabartma yazida hem de gorenlerin kullandig1 matematiksel dilde iletisim kurmaya ihtiya¢ duymaktadir. Bu
uygulamalarda 6greticinin nasil iletigim kuracagmi bilmesi, ses tonunu diizenlemesi ve yazilanlari betimlemesi
onem arz etmektedir. Bununla birlikte 6gretici veya okuyucunun sdyleminden kaynakli yanilgilar veya hatalar
olusabilmektedir. Ayrica gorme engelli bireyin kaynastirma smiflarinda bireyler ile iletisim kurmasi
gerekmektedir. Arastrmanm sonuclari egitim uygulamalarinda gorme engelli bireyden hem kabartma yazida
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hem de Latin yazida matematiksel dile hakim olmasmin beklendigini gdstermektedir. Ancak her iki yazida
matematiksel dil becerisine sahip olmak, matematiksel iletisimi ve anlamay1 kolaylastirdigi gibi yanilgi ve
giicliiklere de neden olabilmektedir.

4.2. Matematiksel Kavramlar ve Semboller ile Matematiksel Dil Kullanim1 ve Bu Siirecte Kabartma
Yazinin Roliine Iliskin Sonuglar

Gorme engelli bireylere, ozellikle zorunlu kaynastirma uygulamalarinda, goren ogreticiler matematik
ogretmektedir. Bu durum kabartma yazi bilmeyen veya daha once gérme engelli bireye egitim vermeyen
Ogretmenler ile karsilasma olasiligmi artirmaktadir. Bu nedenle gérme engelli bireyler kabartma yazida
matematiksel sembolleri 6grenmemeyi tercih edebilmektedir. Bu duruma kabartma yazida not alma giicliigii de
eklendiginde gérme engelli bireyler bireysel kisaltmalar, semboller veya isaretler kullanmay1 ¢éziim olarak
gormektedir. Matematiksel dilde dogustan gdrme engelli bireyler metin ifadelerde kisaltmalar1 veya bireysel
kabartma sembolleri tercih ederken, daha sonra gérme kaybi yasayan bireyler Latin harflere veya sembollere
benzer ifadelere veya analojilere yonelmektedir. Bunun sonucunda Braille yazinm ulusal kullanimlarmm yani1
sira, bireye 6zgli matematiksel dil kullanimi ortaya ¢ikmaktadir. Evrensel bir dil olan matematigin gérme
engelliler i¢in bireysel bir yazi dili igermesi, matematiksel iletisim i¢in ¢6ziim bekleyen bir sorundur.

Bu aragtirma Tirkiye’de kullanilan Braille yazi ve Nemeth kodlar ele alinarak tasarlanmustir. Katilimcilar
Latin alfabe ve sembolleri i¢ceren matematiksel dile uyarlanabilir oldugundan Nemeth kodun daha kullanigli
oldugunu belirtmektedir. Ancak 6zellikle dogustan gdrme engelli bireyler, ilkokul ¢agindan itibaren Braille yazi
kullandiklar1 i¢in bu kabartma yaziya daha fazla asina olduklarini s6yleyebiliriz. Halbuki aragtirmanin sonuglari,
Braille yazmin dogasindan kaynakli olarak bireyde kavram yanilgilarina sebep oldugunu ortaya koymaktadir.
Braille yazida sembollerin veya igaretlerin kullaniminda dnciil karakterlerin olmasi bu yanilgilarin sebeplerinden
biri olarak tespit edilmistir.

4.3. Tablo, Grafik ve Diyagramlar ile Matematiksel Dil Kullammi ve Bu Siirecte Kabartma Yazinin
Roliine iliskin Sonuclar

Dokunsal algilamada gérme engelli bireyin biitiinii anlamlandirmasi, biitlinii olugturan pargalari anlamasi ile
miimkiin olmaktadir (Thinus-Blanc ve Gaunet, 1997). Bu nedenle tablo incelerken gorme engelli bireyler dnce
ilk satir1 ya da siitunu, sonra ikinciyi incelediklerinde kiimeler arasindaki iliskiyi anlamakta zorlanabilmektedir.
Bagka bir ifade ile gérme engelli birey tablo veya grafikleri biitiin-parga iliskisi ile incelemektedir. Bu nedenle
grafik veya tablo incelerken elemanlar ya da noktalar gibi pargalar arasindaki iliskinin ve genelde biitiine ait
iliskinin bireyin dokunma hareketleri ile paralel olarak sdyleme yansimasi gerekmektedir. Seklin agiklanmasi,
matematiksel iliskilerin ve iglemlerin agiklanmasinda betimleyici bir dil kullanimi da 6nemlidir. Sonug olarak,
gorme engelli bireylerin tablo ve grafik incelemede uygun materyal kullanimi ve es zamanlh sdylem destegi ile
basarilt olduklar1 belirlenmistir. Ayrica dikey konumda verilen tablolar1 incelemede ve anlamlandirmada daha
basarili olduklart sonucuna ulasilmistir. Bu durum gérme engelli bireylerin siklikla kiiptag ve Taylor kasa
materyali kullanimindan kaynaklanabilir. Ayrica Braille yazmin lineer yapisina agina olan bireyler, yatay
konumlanmus tabloda alt alta yazilmis hiicrelerdeki elemanlar arasinda iliski kurmakta giicliik yasiyor olabilir.

5. Oneriler

Arastirma sonuglarma dayanarak gérme engelli bireyler ile matematiksel iletisim siire¢lerinde matematiksel
dil kullanimi ve bu siiregte kabartma yazinin yerine iliskin arastwrmacilara, &greticilere, okuyuculara ve
uygulamacilara oneriler sunulmustur.

5.1. Gorme Engelli Bireyler ile Matematiksel iletisimde Matematiksel Dil Kullanimina iliskin Oneriler

Ogretim ortamlarinda gdrme engelli bireylerin goren akranlar1 ile ayni seviyede matematiksel diyalog
gergeklestirilmesi saglanmalidir. Bunun ig¢in gdrme engelli bireylerin matematiksel iletisim siireglerinde
matematiksel dil kullanimmi ydnlendirebilme becerisine sahip olmasi gerekmektedir. Baska bir ifade ile géren
bireyler ile iletisimde matematiksel sembol kullanimi, iglem takibi veya not tutturma giigliikleri yasanmamalidir.
Ayrica gdrme engelli bireyin gdoren akranlarnin kullandig1 matematiksel sembol ve sdylemlere hakim olmasinin
yaninda, géren bireylerin de kabartma yaziya dair bilgi sahibi olmasi kolaylastirici bir 6nlem olacaktir. Burada
s0z konusu olan bireyler, gorme engelli dgrencilerin destek odasinda, kaynastirma smifinda egitim veren
Ogretmenler ve sinavlarda gorev alan okuyuculardir. Egitim uygulamalarinda 6greticilerin sadece matematiksel
ifadeler i¢in kabartma yazi bilmesi yeterli degildir. Kabartma yazida ve Latin alfabede matematiksel dile hakim
olmada giigliik yasayan gérme engelli birey ile dgreticinin matematiksel iletigimi kolaylastirict uygulamalara
sahip olmasi gerekmektedir. Bu uygulamalar i¢in sdylemde betimleyici dil kullanma, ses tonlamasi, her iki
alfabede sembol kullanimma yer verme, dokunsal ara¢ kullanimi 6nerilebilir. Ozellikle Braille yazi kullanmayan
gorme engellilerin séylemleri zihinlerinde temsil etmeleri i¢in ayrintili ve ses tonlamasi yaparak betimleme
yapilmasi yarar saglayacaktir. Ayrica gorsel unsurlari incelerken, gérme engelli birey i¢in her zaman okuyucu
destegi imkani olmayabilir veya betimleme destegi ve farkli dokularda kabartma ¢izgiler olsa da giicliikler
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yasanabilir. Bu nedenle, gérme engelli bireylerin grafi§i bir okuyucuya ihtiyac duymadan ve dilediginde
inceleyebilmesi igin grafikte farkli dokulardaki ¢izgilerin neyi temsil ettigini gosteren bir lejantta yer verilebilir.

5.2. Matematiksel Dil Kullaniminda Kabartma Yazya iliskin Oneriler

Matematiksel ifadeler i¢in kabartma yazi kodlarmm karmasikligi, yaygm kullanilmamasi veya asina
olunmamasi ve kodlarda kullanilan karakter sayismin fazla olmasi sonucunda, gérme engelli bireyler i¢in
kabartma yazinmn erisilebilir olmadig1 belirlenmistir. Gérme engelli bireylerin bu giicliikler ile bas etmek i¢in
bireysel kabartma yazi kodlar1 kullanmasi, iletisimin oniinde 6nemli bir engel teskil etmektedir. Bu nedenle,
oncelikle ulusal ve daha sonra uluslararast baglamda kabartma yazi kullanimmdan kaynaklandig: tespit edilen
sorunlar i¢in ¢dziim Onerileri gerekmektedir. Tiirkiye’ de mevcut kullanilan kabartma yazinin, gérenlerin yazili
ve sOzli matematiksel dillerine yakin kodlar ile yeniden uyarlanmasma ihtiya¢ vardir. Bu uyarlamanin
yapilmasinda matematiksel dilde standartlagsmayi saglamak icin uluslararasi kabul goéren kodlarin dikkate
alinmasinda yarar vardir. Nihayetinde gorme engelli bireyler igin, 6zellikle ileri matematiksel kavramlarin
kullaniminda, evrensel olmasa da ortak bir matematiksel dil gelistirilmesi Onemli goriilmektedir.
Yayginlastirilmasi gereken kabartma yazinmn matematiksel iletisimin Oniinde bir engel degil, kolaylastirici bir
arag olarak uyarlanmasi gerekmektedir. Bunun i¢in dncelikle Latin alfabede matematiksel dile yakin, soylemlere
uyarlanabilir ve not almada giicliik olusturmayacak bir uyarlama yapilmasi bu tiir sorunlarin asilmasma katki
saglayacaktir.

Arasgtirmanin cebir kavramlar1 lizerine ve bireysel goriismeler ile gergeklestirilmis olmasi, bir sinirlilik olarak
goriilebilir. Bu nedenle geometrik kavramlar da dahil edilerek gérme engelli bireyler i¢in biitiinlestirilmis smnif
ortamlarinda ve Ogretim uygulamasi siirecinde matematiksel iletisim ve dil kullanimi incelenebilir. Bu
aragtirmalara  dayanarak kabartma yazida yapilacak olan diizenlemelerin ve yayginlagtrmanin
gerceklestirilmesinde yarar vardir.
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Examination of Mathematical Language Use of Individuals with Visual Impairment in
Mathematical Communication Processes: The Role of Braille

1. Introduction

It is known that when an individual lacks one of human functions, other organs try to meet the needs by
undertaking this function (Vygotsky, 1993). It is not enough for those who need differentiated teaching practices
to reveal only their strengths that undertake these functions. Individuals should also be ensured to have equal
conditions with their peers by taking advantage of the determined strong features. Equality in education involves
making the adaptations that the student needs in teaching activities, rather than having every student experience
the same educational practices (NationalCouncil of Teachers of Mathematics [NCTM], 2000, p.12). There are
Braille, tactile and audio materials in order to ensure equal opportunity for individuals with visual impairment in
current teaching practices. These developed tools are appropriate for the touch and hearing senses, which are the
strengths of visually impaired individuals. It is useful to evaluate the effectiveness of those tools in practice in
terms of the equal opportunity in education.

Mathematical applications for individuals with visual impairment are designed with verbal description
activities and tactile tools (Rule, Stefanich, Boody & Peiffer, 2011). It is possible to mention to the types of
verbal and written mathematical communication through these materials. Thus, verbal and written mathematical
language skills develop simultaneously in the individual's mathematics making processes (Kabael & Baran,
2016). However, nonlinear mathematical writing language with symbolic notations such as indicial, exponent
and fraction takes completely linear shape (single line) in Braille system. In addition, Braille codes were
developed independently in many countries of the world. Although mathematics is accepted as independent from
the mother tongue like music, there are no universal Braille codes for mathematics (Bitter, 2013). In this context,
it is noteworthy to examine the use of mathematical language in Braille, which has a variety of difficulties.

1.1. Mathematical Communication and Individuals with Visual Impairment

Mathematical communication is a process skill that reveals the student's mathematical thinking and takes part
in making sense of mathematical concepts. Mathematical communication skill allows to organize and transfer
student thinking. Thus, the individual can express his/her thoughts clearly and make sense of the thoughts of
other individuals. Therefore, in the process of learning mathematics, it is expected that the learner can use the
written and verbal mathematical language correctly and effectively (Barwell, 2008; Kabael & Baran, 2016;
NCTM, 2000).

For active learning in mathematics education, the student is expected to discuss with his/her peers and
teacher about mathematical contents. For the learner of the differences in initially his/her own language and
discourse, mathematics can create difficulties in the process of mathematical communication. Communicating
with their peers and teachers for blind individuals who take inclusive education also brings about other
difficulties in having comprehensive knowledge of two different written languages: Latin alphabet and Braille.
Brenner (1998), who investigates the types of mathematical communication in terms of the variety of
educational practices in classes with students with different mother tongues, emphasizes the importance of
differences in written language and discourse. Brenner (1994, 1998) has defined communication categories in
the development of mathematical understanding in his research by considering the problem solving process:
(i)Communication about mathematics: It includes individual thoughts and reasoning in cognitive dimension in
the problem solving process. The mathematical thoughts that the individual creates in his mind in the crowded
classroom environment and the reflections of these thoughts on practice are discussed. (ii) Communication in
mathematics: This is about using the shapes, symbols and language of mathematics. It is also the use of language
on discourse in discussions in mathematics. In other words, it is the reflection of the individual's vocabulary on
the mastering of mathematical language. (iii) Communication with mathematics: It deals with the students' use of
mathematical arguments and the process of finding alternative solutions.

Brendefur and Frykholm (2000) examined mathematical communication by considering the interaction and
communication processes in classroom practices. They clarified four types of communication as uni-directional,
contributive, reflective and instructive communication. (a) Uni-directional communication is communication
where the teacher takes an active role in mathematics lessons and the student is the listener. (b) Contributive
communication includes communication about mathematics in the process of interaction between students or
between teacher and students. The aim is only to share ideas and provide opportunities for reasoning. (c)
Reflective communication is the communication that students convey their ideas, strategies and results to their
peers and teachers. It is the teacher and students' mathematical communication with each other as a result of
reasoning as planned and based on arguments. During the communication, the active role of the student and the
teacher continues following each other. (d) Instructive communication involves the encouragement to think
deeply and support for comprehending to student, which is beyond the interaction between teacher and student.
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Inclusive students, a component of classroom communication, are categorized according to their
qualifications. In this context, individuals who cannot use their eyesight in learning practices are defined as
visually impaired in terms of the education. For the individuals classified as blind and low vision, individuals
with visual impairment in terms of education, there is a need for tactile and audio materials (Giirgiir & Safak,
2017, p. 139). In the current study, individuals with visual impairment who cannot use the eyesight in
educational practices are considered as the individuals whose eyesight is lower than one tenth.

For individuals with visual impairments, mathematical communication is maintained description based
verbally, written and tactually. Mathematical communication occurs not only with teachers and peers, but also
with readers in national exams or voluntary platforms. For students with visual impairments, touch, movement
and discourses play a more active role in teaching practices compared to their peers. Involving materials such as
styrofoam, clay, plastic-coated wire, Braille shapes and writings in the adaptation of the course content to the
individuals with visual impairment in the teaching practice eliminates important problems (Argyropoulos, 2002;
Rule et al., 2011; Spindler, 2006).

1.2. Mathematical Language and Individuals with Visual Impairment

Language, as a means in expressing the knowledge, is also the basic element in shaping the thought (Schutz,
2014). In the literature, in each of the different definitions and explanations based on the relationship between
mathematical communication and thinking processes, verbal language has an important role in doing
mathematics (Dubinsky, 2000; Sfard, 2001). Indeed, Ernest (1999) emphasizes that language is a means in the
processes of defining, formulating and comparing mathematical thoughts. In addition, Sfard (2012) states that
mathematics is a discourse and has characteristic features. These characteristics, which include mathematical
terms, symbols, graphics, arguments, make up the structure of mathematical language. In the broadest sense,
mathematical language is verbal or numerical communicative processes through representations, notations,
symbols and shapes (Ernest, 1999).

Language, whose main function is communication organizes thinking through concepts, terms and symbols.
Thus, it strengthens the student's understanding, enables them to explain the concepts and express their
mathematical ideas. In this process, the mathematical language used by individuals in communication is better
understood (Lee, 2006). In this context, mathematics education practices for individuals with visual impairment,
where discourse is prominent in mathematical communication, are carried out in individual and inclusive
education settings. In Turkey, there are schools for the individuals with visual impairment from 1% to 8" grades
inclusion practices and inclusive education at K12 grades. In inclusive education practices, individual education
programs are implemented in the support training rooms. While individuals with visual impairment at primary
schools learn Braille, some of the individuals who have vision loss after primary school age do not know
Braille. Besides Braille and Nemeth texts, which are commonly used as teaching materials, there are also reader
programs and tactile materials. These teaching tools play an important role in the mathematical communication
processes and mathematical language development of individuals with visual impairment (Karshmer & Farsi,
2007).

While sighted peers can immediately detect mathematical representations addressing the visualization in the
practice, individual with visual impairment need significantly more cognitive processes (Spindler, 2006).In this
process, the individual with visual impairment communicate by reading, by touching and by verbal description
(Argyropoulos, 2002). Teaching mathematics of the sighted individuals to the individuals with visual
impairment with Latin letters create difficulties stemming from written and verbal differences in mathematical
language. This situation arises from various differences in implementations such as using symbols differently
and not writing processes linearly (Argyropoulos, 2002; Bitter, 2013; Spindler, 2006). Considering the
concurrent progress of the use of mathematical language as both verbally and in writing, the place of Braille in
the communication of individuals with visual impairment is considered worth examining.

1.3. Braille and Mathematics

Language is not only a discourse phenomenon, but also plays a functional role in the use of signs. The use of
signs or symbols emphasizes the importance of language in writing as well as in verbal communication. As a
matter of fact, written language appears as the most detailed form of language (Tuna, 2006). The tactile writing
language for the individuals with visual impairment all over the world consists of the BBraille alphabet, which
we called as dot alphabet.

Braille, the alphabet of the individuals with visual impairment, was developed in 1829 by the French Louis
Braille. In Turkey after various arrangements in 1975, Braille was finalized with the abbreviations and
mathematical symbols based on 6-dots Braille alphabet. If the letters in the Braille script are written after a
character (.: symbol) called a number sign, numbers are obtained. For example, the symbol that corresponds to
the letter a in Braille, also represents the number 1 when a number sign is placed in front of it (see Figure 1).
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Similarly, more than one character is needed in the writing of capital letters, symbols and signs. This situation
causes many characters to appear in written Braille language (Bitter, 2013; Safak, 2017, pp. 4-13).

Meaning | Braille | Example
Letter s L a=A
Number . i a1l

Figure 1. The example of letters and numbers in Braille (Bitter, 2013, p. 5)

In Braille writing, mathematical symbols and operations proceed linearly (Bitter, 2013; Edwards, Stevens &
Pitt, 1995; Karshmer & Farsi, 2007). In other words, mathematical operations are written in one line and
separated by using different characters. As seen in Figure 2, when performing rational numbers, many characters
are written in one line for fraction lines and root signs in rooted expressions.

Figure 2. Example of fraction demonstration (Braille Mathematics Guide, 2017, p. 13)

The difficulties in the mathematics making process of individuals with visual impairment were dealt with by
Abraham Nemeth (1946). Designed Nemeth Code approximated the mathematical language usage in Braille to
the language use of the sighted.This code system is also built on Braille fonts. Thus, it is aimed to reduce the
complexity caused by excessive character use and linear writing (Nemeth, 1972; see Figure 3).

Figure 3. https://vocalinkglobal.com Example of Braille with Nemeth code. March 5, 2019.

The search for different ways to code numbers and equations in Braille is a necessity (Karshmer & Farsi,
2007). In addition to the accepted standard Braille in the current system, there are Braille font styles developed
in countries such as France, America and England. Advantages as well as the disadvantages of these approaches
emerge together. For this reason, standard Braille use has gained acceptance so as to procure standardization in
the world and be used with the technological tools.Considering its usefulness in writing equations, a similar
consensus is in the use of the Nemeth code (Bitter, 2013). Despite these compromises, although mathematics is a
universal language, there is no universal Braille belonging to mathematics accepted for students with visual
impairment.Both writing and math symbols differ for every country (Edwards et al., 1995). Therefore, the
necessity and widespread use of Braille are among the controversial topics. In various projects aimed at
producing technological or concrete materials for individuals with visual impairment, solutions were sought for
the complex and difficult structure of Braille. However, the products brought out were insufficient in terms of
accessibility and economy (Bitter, 2013; Edwards et al., 1995).

In Turkey, when studies were examined, while needs and solution proposals in science education for
individuals with visual impairment were discussed, researches in mathematics education emerged upon some
concrete material developments and as concept focused. Determination of mathematical language usage skills is
required for the effectiveness of mathematical concept teaching ad learning processes and researches on those
processes. When the difficulties of Braille, role of the mathematical language usage in mathematical
communication process and the fact that every country has their own Braille codes are taken into consideration,
determination of the current situation in Turkey is important. The purpose of the current study is to examine the
mathematical language usage of the individuals with visual impairment and the role of Braille in the
mathematics making process.When mathematics making processes and mathematical language concepts are
considered in more detail, sub-goals are formed. Mathematics making processes include all educational practices
that an individual is in. In these implementations, the processes of the individual's comprehension of
mathematical concepts, perception, maintenance of the mathematical operations, processes of using
representations such as symbols, tables and graphics are the components that require the use of mathematical
language. Therefore, the objectives of the research are listed as follows: (i)To determine the classroom practices
and supportive education services, and mathematical language usage in the communication processes with the
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individuals in the educational practices including the exams of the individuals with visual impairment and the
reflections of Braille in this process. (ii) To determine the use of mathematical language usage of individuals
with visual impairment in particularly algebraic thinking processes and in the symbol use of those concepts, and
the reflections of Braille in this process. (iii) To determine the use of mathematical language of the individuals
with visual impairment in visual representations of such as tables, graphs and diagrams and the reflections of
Braille in this process. In order to achieve these objectives, the research question is expressed as follows: ‘How
is the use of mathematical language use of the individuals with visual impairment in the mathematical
communication process and what are the reflections of Braille on the use of mathematical language?’. Given the
written and spoken mathematical language, which includes mathematical terms, symbols, and graphics, the sub-
research questions about the main question can be listed as follows:

. How are the use of mathematical language in the mathematical communication process in the
educational practices of individuals with visual impairment (class applications, supportive education services,
exams, etc.) with teachers or readers and the reflections of Braille in these processes?

. How are the use of mathematical language in the processes of thinking about mathematical concepts
and the use of symbols belonging to these concepts particularly in the context of algebraic concepts and the
reflections of Braille in those processes?

. How is the use of mathematical language in representation types such as tables, graphics and diagrams
of the individuals with visual impairment and what are the reflections of Braille in this process?

2. Method

This study, which aims to examine the mathematical language usage of individuals with visual impairments
in detail, was designed as a case study (Merriam, 1998) that allows a holistic interpretation by addressing the
situations under their existing conditions.Multiple case study is a type of case study that provides the ground for
presenting various and rich comments by considering more than one case that has common features in the
research (Merriam, 1998, p.49). In this study, as each participant with visual impairment and their mathematical
language usage processes are considered as a case with different perceptions and insights, a multiple case-
embedded design pattern is adopted.

2.1. Participants

When the visually impaired individual's vision loss is congenital or occurs at school age, it plays an
important role in the individual's perception, understanding and learning mathematics in particular (Ferrell,
Buettel, Sebald & Pearson, 2006). In addition, light and color perception, vision loss percentage are also among
the factors affecting learning, use of text and materials. Braille use forms both learning and mathematics making
processes. By taking into account the purpose of the study, participants were determined on a voluntary basis by
criterion sampling and stratified sampling in the context of the mentioned criteria. While the use of Braille, the
presence / absence of color and light perception, the period of sight loss are the variables of the stratified
sampling method, 90% or more vision loss and no accompanying disability make up the criteria. Criterion of
being at least high school graduate was also added since the participants' prior knowledge of mathematical
content would focus on the aim of the research. The code names and information about the participants are given
in Table 1.

Table 1.Information of the Participants

Percentage . The Period of .
Participant  of Visiog Color and_ light the Vision Braille Education
perception Use
Loss Loss
Ismet % 95 Available Congenital Yes Psychological Counseling and
Guidance Teacher
Okan % 98 Available Congenital Yes Psychological Counseling and
Guidance Teacher
Seyda % 98 None Congenital Yes Division of Visually Impaired
Students Education
Erdem % 90 Available in 4th Grade No Academician
Cem % 98 None in 6th Grade No Literature
Nuran % 98 None in 3rd Grade Yes Psychology

2.2. Data Collection Tools

In mathematics education research, clinical interview method is one of the effective methods to discover the
structure in the mind of the learner, to determine the basic activities and to examine the cognitive processes
(Clement, 2000, p.547). Since the processes of mathematical language and Braille use of individuals with visual
impairment include verbal, written and cognitive processes, the data of the study were collected through task-
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based clinical interviews and semi-structured interview forms. The interviews recorded through video took place
in 2 sessions and each session lasted an average of 90 minutes. The interview questions of the first session were
designed about the current Braille, mathematical communication, language, and problems and practices of
mathematics curriculum. It focuses on discourse, an important element in mathematics education practices of
individuals with visual impairment, concept definitions, understanding visual elements and problem solving
processes. (Baki & Celik, 2018). Additionally, different representations, associating and mathematical language
are important in the development of mathematical communication skills (NCTM, 2000). In this context, the
interview questions of the second session aim to define algebraic concepts, to think and apply in algebraic
operations, to examine tables, graphics and figures, and to examine the transition processes between these
representations. With the help of prompt questions at clinical interviews, the participants were enabled to reason
on their own thinking and to face situations that would necessitate the use of more mathematical language. Since
it is aimed to examine the current situation of individuals with visual impairment without any effect, writing,
figures and diagrams in Braille were used. Questions that require use of Braille were adapted to participants who
do not know Braille as regards to their implementations in mathematics lessons. For example, implementations
such as re-reading a few times or describing the shape by moving the participant's hand over the Braille lines
were made. Although the participants do not use Braille actively, they were able to read the Braille alphabet and
numbers.

The interview questions, which consisted of 45 questions, were examined by 3 academicians, a field expert
(mathematics), a mathematics education expert and a blind education expert. By taking concept definitions into
account according to the expert opinions, the order of the questions about algebraic concepts (variable, unknown,
equation, equality, inequality, function, pattern) was changed and the errors arising from the printer material in
Braille were corrected. Then, pilot interviews were conducted with an congenitally visually impaired university
student with 95% vision loss, no light and color perception. As a result of the pilot interview, arrangements were
made to prevent difficulties in reading or feeling,which stem from Braille. In addition, an interview question was
added as whether they used applications such as Nemeth code other than Braille. Sample interview questions are
given below (See Figure 4).

* Are there any verbal expressions, signs or models that you use in your math class? Why did you prefer such
an application?

* How long have you used the Braille alphabet in math classes? Have you used Nemeth code? Could you
share your experiences?

* What comes to your mind with the concept of equality? How would you explain the concept of equality?
(Braille code, symbol representation in the materials used,‘=" the symbol used by the sighted individuals, etc.)

* In the question “What is the sum of the integers a that provide the expression of 18a - 12> 12a + 30 for a
Z?” What would you say about the 'a' and ">' symbols in the question? Could you explain?

* The change of the amount of energy consumed in [...] over time is in the table. Accordingly, which of the
graphics I will give you belongs to this table. Could you explain?

Figure 4. Example of graphic and table designed with Braille in the interview questions.

2.3. Data Analysis

The video recordings were first analyzed by content analysis by transcribing the participants' discourses and
examining the hand movements in the visual elements. Then, in order to determine the reflections of Braille in
practices, the Braille writings or verbal descriptions of the participants were analyzed in detail in the context of
the use of mathematical language. Discourses of individuals with visual impairments, Braille writing and
drawings, hand gestures are analysis units. The analyzes were completed by consensus by the researchers (Miles
& Huberman, 1994) and by receiving opinions by a researcher who is specialist in the field of visual impairment.
In the interviews between the researchers regarding data analysis, the similarities and differences of the different
coding in the mathematical language originating from the nature of Braille with the theories discussed in the
literature were discussed and reached a consensus.

Analysis samples under the category of ‘description of written language’ are presented from the research data
below:
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Seyda: | understand very well if he did not explain as if teaching someone sighted, namely, as if he was
writing on my brain, not like a writer on the board. [...] 2 (2x + 1) =?' Here he writes to me on the board,
he says, for example, we put this here, and we distribute this to this, and this happens.l say what happens
now. But, when he says: “We said 2x + 1 in 2 brackets, right?, we take 2 and distribute it in the brackets.
How do we distribute, we multiply 2 with 2x; 4x, there we multiply 1 with 2; 2, it is 4x+2, right Seyda?”, I
figure out that this is distributed in the parenthesis in such a way.

Okan: For example, the position of the exponent in the exponential number in the complex situations! There
is no problem at 2 to 2, 2 stands there. But it says 2x + 1 to 2, the problem is to comprehend this. For
example, where is it plus 1, on the right or on the left, how do we express it?

Seyda and Okan state that the teacher should describe the processes in the mathematical communication
process. The discourse here covers both formal and operational features about the explanation in written
language. In addition, it was interpreted as describing the symbols in mathematical language and stating the
equivalent of the words ‘exponentiate or power’ in the written language. Thus, we can explain the category of
description of the written language with sample codes as follows:

o Including descriptive discourses for texts, equations etc. written on the board in classroom applications
(For example; ‘we multiply 2 by 2x; 4x, we multiply 1 by 2; 2, 4x + 2, right, Seyda?’)

e In class practices, individuals, readers or peers describe the symbols in mathematical operations,
concepts, etc.(For example; ‘where is plus one, to the next, to the right or to the left? How do we
express this?”)

2.4. Research Process

The research examines the reflections of Braille in the use of mathematical language in the discourses of
classroom practices and in the communication process with the reader while the individuals with visual
impairment perform operations with mathematical concepts. The interview questions to be carried out for this
were designed within the scope of the dimensions related to mathematical concepts, problem solving practices,
experiences in communication environments such as classroom implementations and exam implementations, the
use of mathematical symbols and the perception of symbols, the examination of Braille text and shapes. Next,
implementations of taking expert opinion and pilot study under the data collection tool title were carried out.
Following the adaptation of the interview questions in the light of the feedback obtained, individual interviews
were held with the participants in two sessions. Process calendar is presented in Table 2.

Table 2.Research Process Calendar

Steps of the Research Process Date
Designing interview forms January 2018

Getting expert opinions for interview forms February 1-15, 2018

Adaptation of the interview form in line with the expert opinion February 15-20, 2018
Pilot interview March 8, 2018
Adaptation of the interview form in line with the pilot interview March 10-15, 2018
Determination of research participants March 15-April, 25 2018
Conducting interviews with participants May 2-June 7, 2018

2.5. The Role of Researcher

The first author conducted the interviews with the role of researcher. In the interviews, the researcher avoided
descriptions in some questions about the concepts and preferred to use written materials in order to examine the
participants' use of mathematical language. For questions with symbols or equations through Braille text papers,
she asked questions such as ‘“What does the symbol shown here mean to you? How would you interpret this
equation? How do you build the solution of this problem?’. However, in the verbal problems, the researcher
always re-read the problem or explained by describing the text or material that the individual wanted to describe.
For the written materials presented to the participant, she also directed the participant with the explanations such
as ‘I am leaving another form at the moment’ or ‘There is another table here’.

2.6. Validity and Reliability

Before the interviews, the participants were chatted for 15-30 minutes and were informed about the scope of
the research. In addition, the researcher visited the participants attending special education institutions and had
the opportunity to meet them for a short time and made observations. Thus, more information about the
participants was obtained and it was made possible to provide an environment of trust for them to express their
opinions easily. Before the interviews were conducted, the participants were given time to examine the
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environment in which the interviews were held and they got used to the environment. In some sessions, the
interview was interrupted and the participant was given the opportunity to rest. In addition, considering the needs
of individuals with visual impairments during the interviews, tools such as Braille writing board and cube stone
material were made available for the participant to use whenever they wish.

With the detailed description and purposeful sampling, it was aimed to enable the transmissibility the
research results to other environments. The results were described in detail with the implementation of criterion
and strafied sampling methods, giving detailed information about the participants, describing the environments
where the research was carried out, explanation of the role of the researcher and direct quotations through
obtained data. Additionally, it is also important that the activities and concrete materials in the teaching session
were described and explained.

Getting expert opinion and making a pilot study for data collection tools are important in terms of the
reliability of the research.. A consistency study was conducted by coding the raw data of the researchers
separately and obtaining a confirmation for the categories obtained from a field education expert. In the coding
of the researchers, approximately 90% overlap was detected. Disagreements between only the formation of
categories were discussed and consensus reached. For example; while describing the written language for
implementations involving readers such as class applications and exams was initially considered as two separate
categories, and later on, it was considered in a single category as ‘description of the written language’. With the
analysis made by the second coder for all the data obtained from three participants, approximately 86%
consistency was detected. To give an example to the differences of consensus; it can be mentioned that
concept-oriented categories were included since the data were categorized without discriminating between Latin
and Braille alphabets by the second coder. As a result of the interviews, the analyses were completed with the
consensus that the importance of alphabets in the written language and the use of mathematical language such as
the symbolic language included in the concepts, the concepts themselves were important.

3. Findings

Findings obtained in relation to the mathematical concepts, representations such as symbols, tables, graphics
etc in educational practices, mathematical language use and the reflections of the Braille were interpreted under
sub-titles by taking the mathematical communication processes of individuals with visual impairment. First of
all, the scope of these titles that make up the themes were explained with their indicators by associating them
with the conceptual framework. Then, the findings drawn from the data were presented by supporting through
quotations.

3.1. Mathematical Language in Mathematical Communication Processes in Educational Practices

Individuals with visual impairment are in communication with their teachers, peers or readers during
classroom practices, school or national exams, and supportive education practices at private educational
institutions. The communication in these educational practices covers the processes of communication about
mathematics according to Brenner (1994, 1998). The most remarkable one among the categories determined in
the mathematical language use of individuals with visual impairment in this process is the use of a descriptive
language in discourses. It is important that the teacher/reader displays a descriptive explanation of concepts,
symbols, shapes, problem status or solutions of equations in the processes of communication about mathematics
with individuals with visual impairment. In the process of one-way communication in which the teacher is active
(Brendefur & Frykholm, 2000), it is an inevitable fact to make statements or describe the sequential processes.
Individuals with visual impairment are expected to be familiar with the mathematical language in Latin and
Braille alphabet in order to establish an effective and understandable communication with their sighted peers,
teachers or readers in the classroom practices, supportive educational practices or exams where contributive,
reflective or instructive communication (Brendefur & Frykholm, 2000) processes take place. Thus, it will be
possible to learn the concept described, to follow the explained equation or to realize mathematical thinking. It
will also be possible for the individual with visual imparment to take note of what he is listening, as well as to
establish mathematical communication with the sighted individuals and to have the reader take notes. In these
processes, tactile communication plays a key role as much as discourses. In this section, sample findings were
presented for the indicators related to the use of mathematical language and the reflections of Braille in
educational practices.

Cem does not know Braille since Cem lost his vision at an older age. For this reason, Cem procures
mathematical communication by writing symbols mutually on palms with the instructor or reader. This situation
can be evaluated as a reflection of the sense of touch for communication in mathematics.

Cem: We were drawing in the palm of my hand, like drawing a triangle, then | was drawing in his hand
whether | understood correctly. For example, we were drawing an angle or my teacher was drawing in my
palm by saying let’s draw an orthogonol here [...]
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Okan, on the other hand, talks about the importance of understanding the mathematical language usage of
sighted individuals. Here, he did not mention only the use of mathematical language with Latin symbols. He also
emphasized the importance of taking note and having notes taken in Braille and the place of mathematical
language in this process.

Okan: [...] Because I can not constantly take notes and scribble. But, for example, having somebody take a
note is also a skill in my opinion, sometimes we take an exam, we have a reader support. | am having the
note taken, for example, when an operation lasts too long. But firstly, he reads the whole, | set certain things
in my mind, sections that can be cut.I say “Read until there. Here, read the numerator, first, then, read the
denominator, which sign is next to that slash?”. When I say it, 1, first, have a figure in my mind about where |
can find a solution.

As seen in Okan’s statementsthat it is not enough to know the symbols in both alphabets for the contributive
and reflective communication of individuals with visual impairment, and that it is also necessary to direct each
other and describe. Note-taking and having the readers take notes for the individuals with visual impairment
draw attention as the types of communication that are difficult and important for mathematical communication.
Another remarkable finding here is that touch is one of the representations for communication with mathematics
and mathematical language use. Ismet also emphasizes the importance of description, taking notes and having
the reader take note to maintain the reflective communication and the continuity of the communication process
with mathematics.

Ismet: /...] I need to know how to get the information that I will direct the teacher in mathematics. If I have
no knowledge of mathematics, | cannot direct the teacher. There is dilemma there like which came first the
chicken or the egg? Now, is it since | know that | direct the teacher right, or since the teacher expresses
correctly and | know how to explain correctly? For example, | think of the latter. But not because of the
teacher, but because of my brother. We developed methods of explaining me with my brother [ ...] Then I was
telling the teacher how to express me mathematics.

From Ismet's statements, we can say that mathematical communication and language skills are important and
involve a cognitive process. It was determined that contributive and reflective communication has more
importance in teaching practices for the individuals visual impairment. A similar thinking for the congenital and
later visual loss participants is the process of following mathematical operations. One of the problems in the
process of making mathematics in Braille is that the number of characters is high. Another situation that
increases the mentioned difficulty more is the process of taking notes or solving mathematical problems with a
tablet pen. Participants' thinking about the operation follow-up supports the findings regarding the importance of
having the readers take notes and the use of mathematical language for communication.

Nuran: For example, | take the Braille pen in my hand, | am doing as such by writing normally it in my
mind. | am actually writing what is in my mind on the table, | am progressing in that way, by writing with
sighted script, I keep on in that way. [...] I am thinking numbers more with sighted manuscript, I've realized
it now.

Researcher: Does Braille ever come to your mind?

Nuran: Yes, it comes and it also comes but sighted script comes a bit more [...] For example, I put + and -
or, anyway, in the logarithm | put that shape in my mind, | bring the shape of the derivative. Yes, | have a
white blank board in front of me, and | draw it out by drawing it in my mind.

Nuran knows Latin numbers, letters and symbols since there was no visual impairment in the first years of
primary school. For this reason, she expresses that she can maintain follow-up in her mind with Latin numbers
and symbols especially when making mathematical operations. Although she can make operations by both
alphabets since she uses Braille, she thinks that Latin writing is more functional. This may be a reflection of the
requirement of more character use in Braille and difficulty of making operation and taking notes.

Figure 5. Seyda imagines Braille in her mind for mathematical operations.
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Seyda: For example, when | touch the table, | imagine that there are dots under my finger, | myself created
something like this. But nevertheless, when | do not write, even though there are spots, it definitely
disappears in my mind. This doesn't occur with the simple equations, but I'm talking about long expressions
(see Figure 5).

Seyda stated a significant point for the importance of writing in mathematical communication. Braille creates
difficulties in the use of mathematical language, particularly, in complex operations or in contents with increased
use of symbols. This situation, which is in parallel with note-taking difficulties, necessitates the skill
development of making operation in the mind. The ability to divide these processes into various sections or
express them mathematically is based on the use of mathematical language.

3.2. Mathematical Language With Mathematical Concepts and Symbols

Symbols and signs, which are of the nature of the mathematics play an effective role in constructing
concepts. The individual's understanding, perceiving and revealing of the thinking about this concept requires
mathematical language through symbols. The written and/or tactile materials used by the individuals with visual
impairment, the codes in Braille, and the individual differences of those codes constitute the theme regarding the
place of symbols in the use of mathematical language. On the other hand, it was found out that the individuals
with visual impairments construct abstract mathematical concepts by using concrete objects or concepts, build
up structures such as individual abbreviations, symbols or analogies for mathematical concepts or symbols
belonging to these concepts. There are reflections of being known of the symbols in Latin alphabet and Braille
alphabet and codes, demonstrations and representations related to those symbols by the learner and the teacher
on the mathematical language used in communication. These categories include Brenner's (1994, 1998) category
of communication within mathematics, which deals with the use of mathematical symbols and mathematical
language. In addition, individuals’ use of alternative symbols, abbreviations, etc. are among the indicators of the
category of communication with mathematics. A few effective examples from the findings obtained under this
theme were presented.

Cem: There was a shape like this (he drew a parenthesis-like shape in the palm of his hand) setting apart
from the outside and so on. [...] When we write the number on the shape we draw, it means something
different. [...] Exponential numbers [...] Now, well, for example, how to say that I characterized the shape
like that in my mind (He draws parenthesis in the palm of his hand). But, | characterized it antenna number
in my mind.

Cem makes use of concrete concepts to visualize mathematical concepts in his mind. In this process, it can be
said that he previously considered objects or concepts based on eyesight. It was determined that congenital
participants with visual impairment, who cannot use simulation or analogy to concrete objects, often apply to
their own symbols or abbreviations. Seyda points out the use of mathematical symbols not only for Braille code
characters, but also the use of mathematical symbols when taking notes on technological devices.

Seyda: [...] since I do not know how some symbols are made on the computer, however, they exist. For
example, when writing the factorial, the factorial sign is put, but | was doing this by writing since | don't
know. For example, if it is going to be radicand, | couldn't do anything, I, myself, was writing “write the
radical expression” there, and then close the cube root. [...]

In the statement of Seyda, there is an example of the findings observed in each of the participants. It was
determined that the participants did not know the character equivalent of many mathematical symbols in Braille
and, therefore, they used abbreviations in the texts as a solution proposal for this. Another noteworthy situation
here is the need to use alternative symbols in Braille, which is caused by using the 6-dots alphabet used for the
letter characters. In Okan's statement, there is an example of using the symbol of his own over the concept of
radical expression:

Okan: [...] For example, it is opened but not closed in roots. [...] Here's what | was doing, | was writing
radical, using parentheses, or using it to close the same radical. Namely, | was putting the mark at the end
again. [...] There is a small v-like-notch in those who normally see it, that's what they write inside. A long
line continues after that. The scope of the radical continues until it goes. That’s not the case with us. In the
normal text, we put there the Braille symbol composed of 1-4-6, § letter, it turns out the radical sign. Where
the scope of the radical begins and where it ends symbolically it is a bit difficult to show or they did not teach
us how [...] There is something different like Nemeth code. Its writing is a bit different. Of course, it is also
Braille alphabet and may have limitations, but it takes us closer to the sighted. My argument is that we need
to put the language of the sighted, written language, on the right track, because the teacher in the classroom
says that this went from there... that came from here... the one below took away that...the one above...in my
writing there is no above-below but everything is side by side, in the coding system in Turkey. But in Nemeth,
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that is not the case, Nemeth has also above-below [...] I did not know the advanced mathematics symbols, I
was making up them in my mind (laughs). Because they did not teach us the thing in the secondary school,
the summation symbol, like sigma, | don't know, well.. (laughing) I think I was doing something in my head, |
think | was doing 3-4 (thinks). The slash (/ points) is normally [...]

It is found that Okan wrote operations not only with text but also with the help of parentheses. It is clear that
Okan and Seyda do not have a comprehensive knowledge of mathematical symbols in the Braille. We can also
state here that Braille writing is complex and insufficient for symbol use. It is clear in Okan’s statements that
Nemeth code has more similarities with the Latin script in order to communicate with sighted peers, tutors or
readers for the use of mathematical language. We can mention the individual symbol use according to the
category of communication in mathematics. Okan explains the most important rationale for the use of individual
symbols by not having a full knowledge of the symbols in Braille.

Nuran, who had eye sight during primary school years, makes effort to write in Braille the mathematical
symbols in the Latin alphabet as described by sighted teachers or peers.

Nuran: More precisely, | was embossing those shapes as they describe, almost the same as sighted script.
For example, | was writing logarithm as log, by writing a line below the bottom right corner, for example 2,
by adapting it to sighted script in that way. [...] It was more memorable.

We can say that contributive and instructive communication is important here. Similarly, Okan, who is
congenitally visually impaired, dealt with the importance of having information about the symbols, signs, or
visual elements used by sighted individuals with whom he is in contact. For the individuals with visual
impairment, we can say that it is necessary to communicate in mathematics in both Latin and Braille.

Okan: [...] I felt comfortable when I learned to approach the visual language. Because now I understand
what the other side says. [...] It was good for me because, as I said, I'm learning visually, touching means
seeing for me. That is why | am defending the Braille book, because it fits in my mind and, in other way, it is
explained verbally. [...]

Okan described the touch sensation and perception with the expression ‘visual learning’. Thus, we can say
that tactile communication is not limited to drawing shapes on the palms of individuals with visual impairment
or waiting for them to draw the shape they perceive on the table. Another finding that emphasizes the importance
of tactile action in the development of mathematical language use is as follows:

Nuran: [...] My friends were trying to explain by drawing with their hands, saying to the right and to the
left, or to describe geometric shapes with pens or something.

From Nuran's statement, we can say that there are touching or tactile activities for each category of
mathematical communication of individuals with visual impairment. Discourses should be supported with tactile
actions in providing communication for the processes of understanding, perceiving and thinking of the
individuals with visual impairment. Another finding about the importance of discourse for the use of
mathematical language in communication with individuals with visual impairment is as follows:

Erdem: Something funny or painful as a symbol, when | was in 3rd grade at secondary school or 1st grade at
high school, when the exponential numbers were being taught, teacher was saying 2 squared 3 or 3 squared
5 etc, since visually 1 couldnt see the number there, 1 was writing visullay, in other words, | was always
drawing and writing frames. Actually 3 frames (he draws 3 squared regions with his hand). | did not know
that what we call a square was written on the exponent as a small symbol. [...]...says that factorial sign is
something, there is one I letter (in Turkish), but the point, he says at the bottom or absolute value, he says
there are two lines.

Since Erdem had vision loss in primary school period, he matched the square concept, a geometric concept in
his mind, and the exponential expression with number of power, 2. Here, there may be a lack of information
about the definition of the concept, or we can think that the instructor does not pay attention to the expressions in
the discourse or do not arrange the tone of his voice. This may be due to the fact that the language of
mathematical writing language, in other words, symbols, generalizations or equations, was not properly
described and explained in detail. Another example of the misconception in the use of symbols from Cem's
statement about the importance of discourse with individuals who do not use Braille writing or do not have
visual loss congenitally is as follows:

Researcher: What does the symbol (> greater than) mean in 18a-12> 12a + 307
Cem: It shows that 12a + 30 is bigger than 18a-12.

Researcher: If we express this right and left or before and after?
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Cem: The next is bigger.

Cem's mistake may stem from discourse or lack of knowledge regarding the concept. However, having a
similar difficulty, Seyda revealed that it can be caused not only by discourse but also by Braille.

Seyda: It is bigger than the symbol of greater than, 18a-12 is greater than that (emphasizes) 12a + 30. | used
to confuse this a lot, for example, the previous one from the latter one, oh myl., yes, it's bigger than the latter
one. Am I saying wrong? But I had serious trouble until I learned this. [...] For example, I was doing it by
imagining that the "from" statement comes to the very end of the numbers.

Although she uses Braille, she states that discourse is effective in her perceiving. In addition, here, the
presence of more than one character or the leading characters in the expression of symbols or signs in Braille can
also be effective.

3.3. Mathematical Language with Tables, Graphics and Diagrams

According to the categories of Brenner (1994, 1998), visual contents such as tables, graphics, diagrams in all
mathematical communication processes are important components of mathematical language in terms of
representation types. The use of tactile supportive education tools, which are the most effective way to make
visual contents accessible to individuals with visual impairment, and to include discourses based on
simultaneous description are important categories of mathematical language use. Braille writing and Braille dot
strokes play an important role in the design of tactile materials. In this section, the findings regarding the use of
mathematical language and the practice of Braille are given in the use of tables and graphics.

It was determined that the participants had difficulty in reading the table. The participants stated that this
difficulty arises from the fact that the table is not used frequently in educational practices. It was found that the
participants were more successful in reading, understanding and associating vertical positioned tables. For
example, in the representation of the relationship between the two sets, it was observed that when the elements
were matched in two columns made more sense to the participants.. The participants were able to define how the
expressions written in the cells in the two columns that they followed concurrently with their right and left hands
were matched according to what kind of relationship.

It was determined that the graphics, which were drawn with Braille, were not difficult for the participants to
perceive. Only Cem from the participants stated that he had not studied graphics before. The participants studied,
read and made sense of the graphics, since they had knowledge of coordinate system, ordered pairs and points.
Since the graphics were drawn to represent the relationships given with tables or algebraic expressions, the
participants were successful in describing, explaining, or determining the correct chart. While examining the first
graphic given in the interview, it was pointed out that the participants had difficulty in distinguishing the graph,
coordinate axes and grids showing the relationship in different textures. It was noted that they found it more
understandable as the following graphics were continued with Braille text in the same texture. Therefore, the use
of Braille made it understandable as it brought about several difficulties together.

Researcher: | want you to identify the graphic that shows the right relationship.

Ismet: Now let's see, | got it. That matches up to 35 (I am looking at that (touches the point (0.35)) touches
the note (1.35). | went up to a checkbox and came here (he trails his finger from 2,35 point to 0,35 point). It
comes to here and cut here (See Figure 6).

Researcher: Do you think so?

Ismet: Didn't it come? (He follows the graph and determines 35 point again). What does that mean?

Figure 6. Ismet’s Braille graphic review process

While analyzing the graph, Ismet draws attention to the simultaneous relationship between discourse and
reading by touch. Although Ismet has a preliminary knowledge about the determination of the points showing
the matchings in the formation of the graphs and inclusion of the those points in the graph, it was observed that
he had difficulties during discourse. Ismet used the word ‘to come’ to express that the point he determined was a
point on the graph (above). However, it can be thought that this discourse is a scheme in his mind and was
previously told by his teachers.
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4. Conclusion and Discussion

The findings of this research on the processes of mathematical language use for mathematical communication
of individuals with visual impairment were discussed by considering the context of the research in general and
by considering the categories of Brenner (1998) and Brendefur and Frykholm (2000) in particular. Accordingly,
the results of the research were presented considering the sub-problems and, therefore, the themes in the
findings.

4.1. Results on the Use of Mathematical Language in Mathematical Communication Processes in
Education Practices and the Role of Braille in This Process

Although Brendefur and Frykholm (2000) created their categories in an affective and cognitive context, as
classroom practices focused and by taking the discourses into account, the categories are insufficient to examine
the thinking of the learner in mathematical communication. Considering the importance of verbal and tactile
stimuli in communication, when the thinking of individuals with visual impairment were examined, two
important points emerge for the use of mathematical language. One of them is written mathematical language
and the other is verbal mathematical language. Kabael and Baran (2016) pointed out the importance of
concurrent teaching of semantic and semiotic structures in mathematical language. Therefore, teaching
mathematical concepts together with their representations and effective use of written and spoken language
become prominent. However, for the individuals with visual impairment, the visual and verbal formation of the
mathematical language in mathematical communication depends on the concurrent formation of tactile
movements and discourse. For this reason, for individuals with visual impairments, it is important that touch
sensation (hand movements such as gestures and facial expressions, Braille or shape examination etc) should be
taken as a component for the mathematical language skill besides discourse. Brenner (1998) created categories
according to teaching practices in mathematical language in verbal communication. However, tactile movements
that were not taken into account in the creation of those categories can generally be considered in the context of
‘gestures and facial expressions’.

For individuals with visual impairment, the use of embossed materials comes to the forefront as well as the
use of tactile materials in mathematical communication. When tactile materials become part of communication,
including Braille, synchronization with the act of touch and consistency with them are important. The discourses
of the sighted peers, instructors or the readers should be in harmony with the characters of Braille of
mathematics. Another factor here is the necessity for the individual with visual impairment to have a full
knowledge of the mathematical language in the Latin alphabet. This knowledge is not limited to knowing Latin
symbols or discourses. The individual with visual impairment must have a full comprehension of mathematical
language in Braille in order to be able to read Braille and take notes in Braille, Braille alphabet. In addition,
individual with visual impairment must have a full knowledge of mathematical language in the Latin alphabet in
order to communicate with the sighted individuals. In this context, Braille, which offers equal opportunities to
individuals with visual impairment, also causes difficulties in language use. Another limitation of Braille is the
difficulty in taking notes due to the excessive number of characters in written mathematical language.This
limitation leads individuals to do mental processing through discourses. Increasing mathematical equations or
operations causes errors in making operations in the mind. Therefore, the use of verbal mathematical language is
important in the mathematical communication of the individuals with visual impairment with the instructor or
reader individual.

As a discourse, mathematical language is important for the mathematical communication of the individuals
with visual impairment, their tutors and readers. It is difficult for the learner to take notes or have the notes taken
in teaching practices. In these processes, the individual who can not take notes with Braille as a written
mathematical language need to have the reader or the instructor take notes. However, those individuals need to
communicate with the reader or instructor they are in contact with, both in Braille and in the mathematical
language used by the sighted. In these practices, it is important for the instructor to know how to communicate,
arrange the tone and describe what is written. Nevertheless, errors or mistakes can occur due to the discourse of
the instructor or reader. In addition, individual with visual impairment should communicate with individuals in
inclusive classes. The results of the research show that in the educational practices, individual with visual
impairments are expected to have a comprehensive knwoledge of mathematical language in both Braille and
Latin script. However, having mathematical language skills in both writings both facilitates mathematical
communication and comprehension and causes misconceptions and difficulties.

4.2. Results on Mathematical Language Use With Mathematical Concepts and Symbols, and the Role of
Braille in This Process

Especially in compulsory inclusive practices,visually impaired individuals are taught by non-visually
impaired teachers. This situation increases the probability of encountering teachers who do not know Braille or
have not previously trained an individual with visual impairment. Therefore, individuals with visual impairment
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may prefer not to learn mathematical symbols in Braille. When the difficulty of taking notes is added to this
situation, individuals with visual impairment approaches using individual abbreviations, symbols or signs as a
solution proposal. Individuals with congenital visual impairment prefer abbreviations or individual Braille
symbols in text expressions in mathematical language, while individuals having vision loss later tend to
expressions or analogies similar to Latin letters or symbols. As a result of this, besides the national uses of
Braille, individual language use of mathematics emerges. The fact that mathematics, which is a universal
language, contains an individual written language for the individuals with visual impairment, is a problem
waiting for a solution proposal for mathematical communication.

This research was designed by considering the Braille and Nemeth codes in Turkey. Participants stated that
Nemeth code is more useful since it is adaptable to the mathematical language containing Latin alphabets and
symbols. However, we can say that since individuals with visual impairment congenitally particularly have used
Braille since the primary school ages, they are more familiar with Braille. However, the results of the research
revealed that Braille caused misconceptions in the individual due to the nature of Braille. The existence of
leading characters in the use of symbols or signs in Braille was identified as one of the reasons for those errors.

4.3. Results on Mathematical Language Use with Tables, Graphs and Diagrams, and the Role of Braille in
This Process

In tactile perception, it is possible for the individuals with visual impairment to make sense of the whole by
understanding the components making up the whole (Thinus-Blanc & Gaunet, 1997). Therefore, when
examining the table, individuals with visual impairment may find it difficult to understand the relationship
between the clusters when they first examine the first row or column and then the second. In other words,
individual with visual impairment examines the tables or graphics in a meronymy (part-whole) relationship. For
this reason, when examining a graphic or table, the relationship between the pieces such as elements or points,
and the overall relation of the whole, should be reflected in discourse in parallel with the tactile movements of
the individual. It is also important to use a descriptive language for explaining the figure and explaining
mathematical relations and operations. As a result, it was determined that individuals with visual impairment
were successful with appropriate material use and simultaneous discourse support in table and graphic
examination. In addition, the conclusion that they were more successful in analyzing and interpreting the tables
given in the vertical position was found. This situation might stem from the frequent use of cube stone and
Taylor case materials of the individuals with visual impairment. In addition, individuals who are familiar with
the linear structure of Braille may have difficulties in establishing relationships between the elements in cells
written one under the other in a horizontally positioned table.

5. Suggestions

Based on the results of the research, suggestions were presented to the researchers, teachers, readers and
practitioners regarding the use of mathematical language in mathematical communication processes and the
place of Braille in this process.

5.1. Suggestions for Using Mathematical Language in Mathematical Communication with Individuals
with Visual Impairment

Carrying out the same level of mathematical dialogue with the sighted peers of individuals with visual
impairment in the teaching environment should be ensured. For this, individuals with visual disabilities should
have the ability to direct the use of mathematical language in mathematical communication processes. In other
words, there should not be any difficulties in using mathematical symbols, following up the operations or taking
notes in communication with sighted individuals. In addition to the fact that individuals with visual impairment
have a good knowledge of the mathematical symbols and discourses used by their sighted peers, it will be a
facilitating precaution that the sighted individuals have also the knowledge of Braille. The individuals in
question here are the teachers who gives education in the support room and mainstreaming class to the visually
impaired students and readers who take part in the exams. In educational practices, it is not enough for the
teachers to know only Braille for mathematical expressions. The instructor need to have facilitator
implementations of the mathematical communication with the individual with visual impairment, who has
difficulty in comprehending the mathematical language in Braille and in the Latin alphabet. For these
implementations, it is recommended to use descriptive language in discourse, tone of voice, use of symbols in
both alphabets, use of tactile tools. In particular, it will be beneficial to describe in detailed and voice intonation
for the individual with visual impairment who do not use Braille to represent the discourse in their minds. In
addition, when examining the visual elements, there may not always be a reader support for the individual with
visual impairment, or difficulties may occur even if there are descriptive support and Braille lines in different
textures. Thus, a legend can be included in the chart that shows what the lines in different textures represent, so
that individual with visual impairments can examine the chart without the need for a reader and whenever they
want.
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5.2. Suggestions for the Braille in the Use of Mathematical Language

As a result of the complexity of Braille codes for mathematical expressions, not being widely used or
familiar with the number of characters used in the codes, it was determined that Braille is not accessible for
individuals with visual impairment.The fact that individuals with visual impairment use individual Braille codes
to deal with those difficulties creates an important challenge for communication. For this reason, solution
proposals are required for the problems that are determined to be caused by the use of Braille letters in primarily
the national and, then, international context. Currently used Braille is needed to be readapted with the codes
closer to the written and verbal mathematical languages of the sighted. In making this adaptation, it is useful to
consider internationally accepted codes in order to ensure standardization in mathematical language. Ultimately,
it is important for individuals with visual impairments to develop a common, even if not universal, mathematical
language, especially in the use of advanced mathematical concepts. Braille that needs to be disseminated should
be adapted as a facilitating tool, not an obstacle to mathematical communication. For this, primarily, an
adaptation in the Latin alphabet that is close to the mathematical language, adaptable to discourses and that will
not cause difficulties in taking notes will contribute to overcome such problems.

The fact that the research was carried out on the concepts of algebra and with individual interviews can be
seen as a limitation. Therefore, by including geometric concepts, mathematical communication and language use
can be examined in integrated classroom settings for the individuals with visual impairment and in the process of
teaching practice. Based on these studies, it is useful to implement the arrangements and dissemination to be
made in Braille.
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