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Article Information Abstract
@ CrossMark The study aimed to examine secondary school inclusive students’ mathematics
abstraction levels. The research was designed as a case study that examined the “internal
DOI: 10.29299/kefad 881356 state" because the purpose was to describe and elaborate a case by determining a special

case and because the case was limited in terms of time and place. The participants were
4 secondary school inclusive students studying at a secondary school in the city center
of Van in the academic year of 2019-2020. While selecting the participants, the
homogeneous group sampling technique, one of the purposeful sampling techniques,
Keywords: was used. In this respect, the mathematical abstraction levels of the students with the
Secondary School, same level of readiness and disability were examined. The study was conducted using
the live-course application of Education Informatics Network (EBA) due to the epidemic
(coronavirus) affecting our country and the whole world. To examine the inclusive
Inclusive Education, students” mathematical abstraction levels, a data collection tool including four open-
ended questions was prepared by taking expert views. The results revealed that one of
the students did not come out at any level of abstraction; two of them were at the
Abstraction experimental abstraction level; and one was at the reflective abstraction level.
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Ortaokul Kaynagtirma Ogrencilerinin Matematik Soyutlama
Diizeylerinin incelenmesi

Makale Bilgileri (077
@CrussMa[k Bu aragtirmanin amaci ortaokul kaynastirma &grencilerinin matematik soyutlama
diizeylerini incelemektir. Aragtirma zaman ve mekan ile sinirlandirilmig bir durum olmasi
DOI: 10.29299/kefad 881356 ve Ozel bir durumun belirlenmesi ile durumun betimlenmesi ve detaylandirilmasi

S

amagclandigindan dolay1 “i¢sel durumun incelendigi” bir durum ¢alismasidir. Arastirmanin
katilimalarmi 2019-2020 Egitim-Ogretim yilinda Van il merkezindeki bir ortaokulda

Yiikleme:  16.02.2021
Diizeltme:  18.05.2021

Kabul: 17.03.2022 Ogrenim goren 4 ortaokul kaynastirma ogrencisi olusturmaktadir. Katitimecilarin segiminde
amacli Ornekleme tekniklerinden homojen grup Ornekleme teknigi kullanilmistir. Bu
Anahtar Kelimeler: baglamda ayn: hazirbulunusluk seviyesinde ve yetersizlige sahip olan Ogrencilerin
matematik soyutlama diizeyleri incelenmistir. Arastirma, {ilkemizde ve tiim diinyada etki
Ortaokul, gosteren salgin (koronaviriis) sebebiyle Egitim Bilisim Ag1 (EBA) canli ders uygulamasi ile
Ozel Egitim, gergeklestirilmistir. Kaynastirma &grencilerinin matematik soyutlama diizeylerinin
incelenmesi icin uzman goriisii alinarak “zihinden toplama islemi yapma” ve “Oriintii
Kaynastirma,

olusturma, devam ettirme ve genelleyebilme” kazanimlar ile ilgili her biri dort acik uglu
Matematik, sorudan olusan veri toplama araci hazirlanmistir. Arastirmanin sonucunda 6grencilerden
biri herhangi bir soyutlama diizeyinde ¢ikmamus, ikisi deneysel soyutlama diizeyinde ve biri

Soyutlama e S
de birinci derece yansitic1 soyutlama diizeyinde ¢ikmustir.
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Giris

Ogrenim hayatina herhangi bir destege ihtiyag duymadan devam eden 6grenciler oldugu gibi,
bireysel farkliliklarindan dolay1 destege ihtiyag duyan ogrenciler de vardir. Akgamete (2015), 6zel
egitime ihtiya¢ duyan 6grencilerin, egitimden daha fazla yararlanabilmek ve egitsel gereksinimlerini
karsilayabilmeleri icin bireysellestirilmis egitim ve ilgili hizmetlere ihtiya¢ duyduklarindan
bahsetmistir. 1htiyag duyduklar1 egitimin genel egitim siniflarinda yani en az kisitlayici ortamda
verilmesi 6nemlidir. Ciinkii en az kisitlayic1 ortam 6grencinin akranlariyla fiziksel, sosyal ve egitsel
olarak kaynastirilmasini saglamaktadir. Her birey i¢in 6grenme farklidir (Sucuoglu, 2010). Dolayisiyla
Ozel egitime ihtiyaci olan 6grenciler i¢in de ayri bir plan hazirlanmas: gerekmektedir. Ozel egitime
ihtiyaci olan bireylerin; fiziksel 6zellikleri ve egitim ihtiyaglar1 dogrultusunda belirlenen amaclara
ulasmaya yonelik bireysellestirilmis egitim programi hazirlanmaktadir. Bu programlarin 6grencilere
uygulanma yeri, egitim ortamlari, Ogrencilerin yeterliliklerine ve ihtiyaclarina gore degisiklikler
gostermektedir Kaynastirma/biitiinlestirme yoluyla egitimlerine devam eden ogrencilerin destek
egitim alabilmesi i¢in destek egitim odalar1 hazirlanmaktadir. Dolayisiyla 6zel egitime ihtiyaci olan
bireyler, akranlarindan ayrilmadan ve ihtiyaclar1 dogrultusunda egitim alarak, bagimsizliklarin
kazanabilmektedirler. Bagimsizliklarini kazanmalar1 toplumsal rolleri de iistlenmelerini saglamaktadir.
Genel olarak bu tiir calismalarin tamamina bakildiginda 6zel egitime ihtiyaci olan bir ¢ocuga iliskin
sinif iginde, okulda veya ev ortaminda yapilabilecek egitsel ve davranigsal uyarlamalara dair bilgi veren

calismalara ihtiyag oldugu diisiiniilmektedir (Dogaroglu, 2013).

Ozel egitime ihtiya¢ duyan bireylere egitsel ve sosyal ihtiyaglarim karsilamak iizere verilen
egitim Ozel egitim olarak tanimlanmistir (Ozel Egitim Hizmetleri Yonetmeligi). Bu tanim
dogrultusunda 6zel egitimin amaci Ozel egitime ihtiya¢ duyan bireylere yeterlilikleri ve ihtiyag
duyduklar1 alanda egitim vererek basta kendilerine yeterli olmalarini saglamak ve topluma

kazandirmaktir (OEHY, 2020).

Sorgun Rehberlik Arastirma Merkezi (Sorgun RAM, 2017) dogum 6ncesi, dogum an1 ve dogum
sonrasinda meydana gelen nedenlerden dolay: baz: bireylerde goriilen aksakliklar: yetersizlik olarak
tanimlanmistir. Bu yetersizlik tiirleri bedensel, zihinsel yetersizlik, gorme, isitme yetersizligi, dil ve
konusma bozuklugu, 6grenme giigliigii, siiregen hastaliklar, gelisimsel bozukluklar, dikkat eksikligi ve
hiperaktivite bozukluklaridir. Bu ¢alismada 6grenme giigliigii, dikkat eksikligi ve hiperaktivite
bozuklugu olan &6grenciler ile calisildigindan dolay1 bu iki yetersizlik tiiriiniin agiklamalarindan

bahsedilecektir.
Ogrenme Giigliigii

Cocugun okuma-yazma, matematik, konusma-dinleme, akil yiiriitme yetenegini kazanma ve

kullanabilmesinde yasadig1 zorluk olarak tanimlanmistir (MEB, 2014). Ayrica Ogrenme giicliigii
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gelisimsel bozukluk olarak tanimlanmistir (MEB, Modyiil-5). Ozel o0grenme giicliikleri: okuma gii¢liigii

(disleksi), yazma giigliigii (disgrafi), matematik glicliigii (diskalkuli) seklinde siniflandirilabilir.
Dikkat Eksikligi ve Hiperaktivite Bozuklugu

Bireyin akranlarina gore normal olmayan dikkat sorunlari, yerinde duramama ve istekleri
erteleyememe (diirtiisellik) ile genetik ya da cevresel farkliliklar nedeniyle kendini gosteren bir

bozukluk olarak tanimlamistir (Sorgun RAM, 2017).
Kaynastirma/Biitiinlestirme Yoluyla Egitim

Ozel egitimin temel aldig1 amaglardan biri olan kaynastirma egitimi 6grencilerin egitimlerini
yasitlartyla birlikte almalarina olanak saglar. Bu olanak ile 6zel egitime ihtiyact olan bireyler,
kaynastirma/biitiinlestirme yoluyla egitimlerine yasitlari ile birlikte ayni sinifta tam zamanli veya 6zel
egitim siniflarinda yari zamanl olarak devam edebilirler. Ozel egitim okullarinda her tiir ve

kademedeki egitim programlari kaynastirma/biitiinlestirme yoluyla egitim verilebilir (OEHY, 2020).
Yapilandirmacilik ve Soyutlama

Yapilandirmacilik bilginin nasil olustugu, insanin bilgiyi nasil elde ettigi ile ilgili bir kuramdar.
Piaget’ ye gore zihinsel gelisimin temelinde yapisalci 6grenme kurami vardir. Bu kurama gore bilgi
zihinsel gelisme siirecinde birey tarafindan zihinde yapilandirilir. Birey bilgiyi kendi zihninde
yapilandirdig igin siireci igsellestirir. Ogrencinin bilgiyi yapilandirdig: siireg Piaget'ye gore igsel bir
siire¢ olarak tanimlanmaktadir (Zembat, 2016). Piaget 6grenme kavramini yani icsellestirme siirecini

Ozlimseme, diizenleme ve denge kavramlari ile agiklamistir.

Toplumun ihtiya¢ duydugu insan yapisinin zaman icerisinde degismesine bagli olarak 6gretim
programlarinda da bu dogrultuda degisiklige gidilmistir. Buna bagli olarak 2005 program
degisikliginden itibaren yapilandirmaci yaklasim Ogretim programlarinda yer almustir. Ogretim
programlarinda yapilandirmaci yaklasimin egemen olmasmin en Onemli nedenlerinden biri
Ogrencilerin matematiksel bilgiyi yeterince soyutlayamamasidir. Biligsel dengenin bozulmasi ile birey
eski bilgi ve deneyimleri arasinda iliski kurarak derin diisiinmeye yonelir. Pesen’e (2008) gore,

soyutlamanin olusmas1 matematiksel yapilar arasindaki bu iligkilerin kurulmasina baglidur.

Piaget, soyutlamanun biligsel bir siire¢ oldugunu savunmustur. Soyutlama kavramini, deneysel
soyutlama (empirical abstraction) ve yansitict (reflective abstraction) olarak ikiye ayirmistir (Zembat,
2016). Deneysel soyutlama nesnelerin goriinen ozellikleri (rengi, bicimi, vs.) ile ilgili ¢ikarim
yapilmasidir. Burada nesnelerin fiziksel 6zelliklerinden yararlanildig: i¢cin matematiksel anlamda bir
genelleme yapilmaz (Zembat, 2016). Yansitici soyutlama bireyin yaptig1 eylemler ve zihnindeki iligkiler
arasinda kurdugu yeni ¢ikarimlar ile ilgilidir. Yansitict soyutlamada birey bilgiyi zihninde yeniden
yapilandirdig1 6grenme siirecini igsellestirdigi icin matematiksel genellemelere ulasir (Zembat, 2016).

Piaget (2001), yansitict soyutlama diizeyini “reflecting abstraction, reflected abstraction ve
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metareflection” i¢ asamada ele almistir. Zembat (2016), bu kavramlarin hiyerarsik bir siralamaya sahip
olmasindan dolay: Tiirkgeye ¢evirirken anlam kaybini 6nlem amaciyla yansitici soyutlama diizeylerini;
birinci, ikinci ve tiglincii derece yansitici soyutlama diizeyleri olacak sekilde ele almistir. Bu ¢alismada
kazanimlara ait soyutlama diizeylerinin belirlenmesinde Zembat'in (2016) denk kesir kavramina iliskin

hazirladig sorularin matematik soyutlama diizeyleri temel alinmistir.
Ozel Egitim ve Matematik Egitimi

Ozel egitime ihtiyagc duyan bireylere, ihtiyac duyduklari alanlarda egitim verilmesi
gerekliliginden dolay1 bu bireylere kaba degerlendirme formu uygulanir. Kaba degerlendirme formu
bireysellestirilmis egitim plani (BEP) hazirlamadan 6nce uygulanan yiizeysel bir degerlendirmedir
(OEHY,2020). Kaba degerlendirme formuna matematik gretim programinda bulunan tiim kazanmmlar
yazilmalidir. Kaba degerlendirme yapilirken, bireyin kazanimi yapip yapamadigina ya da bilip
bilmedigine bakilir. Bu degerlendirmeye gore 6grencinin gelisimsel ve fiziksel 6zellikleri de dikkate

almarak bireysellestirilmis egitim plani hazirlanir.

Matematiksel bilgilerin soyutlanma siireci, yapilandirmaci yaklasimin 2005-2006 egitim
Ogretim yilinda Ogretim programlarinda yer almasiyla birlikte daha da 6nem kazanmistir. Bu
dogrultuda matematik dersi 6gretim programinin ulasmaya calistigi 6zel amaclar, O6grencilerin
matematiksel kavramlar1 anlayabilmeleri ve giinlitk hayatta kullanabilmeleri, iistbilissel bilgi ve
becerilerini gelistirebilecek sekilde kendi 6grenme siireglerini bilingli bicimde yonetebilmeleri seklinde
diizenlenmistir (MEB, 2018). Matematik 6gretiminin amacina ulasabilmesi i¢in uyulmasi gereken ilkeler
“kavramsal temellerin olusturulmasi, 6n sartlilik ve anahtar kavramlara dikkat edilmesi, 6gretim
siirecine cevreyi ve arastirma g¢alismalarimi dahil edip Ogretmene ve Ogrenciye uygun gorevler
verilmesi, matematige karst olumlu tutum gelistirilmesi” seklinde belirtilmistir (Altun, 2015).
Matematik ilkelerine dikkat edilerek 6gretim yapilmasi, 6gretimi siradanliktan kurtaracag: icin 6zel
egitime ihtiyact olan bireylerin soyut kavramlar1 6grenmesini kolaylastiracaktir. Matematik soyut bir
alan oldugundan ve soyutlama yapmak gerektiginden 6grenciler matematiksel bilgiyi yapilandirmakta

zorluk ¢ekmektedirler.

Normal 6grenciler gibi 6zel egitime ihtiya¢ duyan 6grencilerin de egitim hakk: vardir. En az
kisitlayict ortam olan kaynastirma egitimi, 6grencilere yasitlariyla birlikte egitim alma imkani sunar.
Boylelikle kaynastirma egitimiyle 6grencinin egitsel performansinin yani sira, sosyal gelisimine de katki
saglanir. Matematik soyut ve genellikle anlasilmasi zor bir ders oldugu igin 6zel egitime ihtiya¢ duyan
bireylere daha anlasilmaz gelebilmektedir. Iste bu anlamda kaynastirma 6grencilerinin egitim siirecine
daha fazla dahil olabilmeleri ve egitim-6gretim siirecinden daha iyi yararlanabilmeleri goz oniinde

bulundurularak, bu arastirmanin problem durumlar: asagida belirtildigi gibi belirlenmistir.

e Ogrencilerin yetersizlik tiirlerinin ayni olmasi matematik soyutlama diizeylerini etkiler mi?
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e Ogrencilerin hazirbulunusluk diizeylerinin ayni olmasi matematik soyutlama diizeylerini

etkiler mi?
Yontem
Arastirmanin Modeli

Bu arastirmada ortaokul kaynastirma Ogrencilerinin bireysellestirilmis egitim plam
dogrultusunda belirlenen kazanimlar ile ilgili hazirlanan sorular ile matematik soyutlama diizeylerinin
incelenmesi amaglanmigtir. Aragtirma zaman ve mekén ile simirlandirilmis bir durum olmasi ve 6zel bir
durumun belirlenmesi, betimlenmesi ve detaylandirilmasi amacglandigindan “i¢sel durumun
incelendigi” bir durum calismasidir. Burada ortaokul kaynastirma 6grencilerinin matematik soyutlama
diizeyleri kendi kosullar1 iginde tanimlanmaya calisilmistir. Stake’ye (1995) gore, nitel bir durum
calismasi esi olmayan bir durumu ortaya koymak i¢in tasarlanabilir. Creswell (2002), esi olmayan bu
durum betimlemesini detayli incelemenin kendine has bir tabiati vardir, diyerek icsel durum

calismasim1 vurgulamistir. Bu amacgla arastirmaya katilan ortaokul kaynastirma Ogrencilerine

kazanimlar1 dogrultusunda uzman goriisti alinarak hazirlanan 4 agik uclu soru uygulanmastir.
Calisma Grubu

Aragtirmanin katiimeilarini 2019-2020 egitim-6gretim yilinda Van il merkezindeki sosyo-
ekonomik statiisii diisiik bir okulda 6grenim goren 4 ortaokul kaynastirma 6grencisi olusturmaktadir.
Katilimcilarin  segiminde amagli Ornekleme tekniklerinden homojen grup oOrnekleme teknigi
kullanilmistir. Bu baglamda ayni hazirbulunusluk seviyesinde ve aymni yetersizlige sahip olan
ogrencilerin matematik soyutlama diizeyleri incelenmistir. Uygulamaya katilan ortaokul kaynastirma
ogrencilerinin isimleri gizli tutularak O1, 02, O3 ve O4 seklinde kodlanmistir. Asagida Tablo 1 ve Tablo

2’de katilimcilarin demografik ozellikleri ve hazirbulunusluk seviyeleri sunulmustur.

Tablo 1. Uygulamaya katilan kaynastirma 6grencilerinin demografik ozellikleri

Ogrenci Cinsiyet Sinuf Seviyesi Yetersizlik Alani

Kodu

O1 K 5 Dikkat eksikligi ve hiperaktivite bozuklugu

o2 E 5 Dikkat eksikligi ve hiperaktivite bozuklugu

O3 E 7 Ozel 6grenme giigliigii

O4 E 7 Dikkat eksikligi ve hiperaktivite bozuklugu ve 6zel

O0grenme giigliigii

Tablo 2. Arastirmaya katilan dgrencilerin matematik dersi hazirbulunusluk seviyeleri

Ogrenci Kodu Hazirbulunusgluk Diizeyi Ulasilmasi Beklenen Hedef
O1 ve 02 Eldeli ve eldesiz verilen toplama Zihinden toplama islemi yapabilme
islemlerini yapabilme
O3 ve O4 Geometrik cisim ya da sekillerden Kurali verilen say1 ya da sekil
tekrar eden oriinttideki kurali s6zel oriintiilerinde istenilen adimi1 bulabilme

olarak ifade eder ve devam ettirebilme
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Demografik bilgiler kisminda arastirmaya katilan 6grencilerden cinsiyet ve sinif diizeyi bilgileri
alimustir. Okul rehber 6gretmeni ile goriisiilerek uygulamaya katilan 6grencilerin hangi alanda

yetersizlik yasadiklar1 6grenilmis ve demografik bilgiler kismina eklenmistir.
Uygulama Siireci

2019-2020 Egitim—ogretim yilinda Van il merkezinde, 4 ortaokul kaynastirma Ogrencisine
arastirma icin gerekli izinler alinarak ders etkinlikleri ve hazirlanan sorular uygulanmistir. Ulkemizde
ve tiim diinyada etki gosteren salgin (koronaviriis) sebebiyle uygulama, Egitim Bilisim Ag1 (EBA)
tizerinden Ogrenciler ile goriisiilerek gergeklestirilmistir. Arastirma iki hafta olarak planlanmis ve
arastirmanin ilk haftas: 6grencilerin konu ile ilgili eksik bilgilerini gidermeye yonelik olmustur. Tkinci
hafta ise konu ile ilgili matematik soyutlama diizeylerinin incelenmesine yonelik hazirlanan sorular
uygulanmistir. Bulgular boliimiinde canli derslerin hafta hafta ve ders ders nasil uygulandig: yazilmis

olup her 6grenci ile bireysel calisilmistir.
Aragtirma sirasinda veri toplama islemlerine ait ¢alisma takvimi asagida verilmistir.

1. Matematik soyutlama diizeylerini belirlenmeden 6nce Kaba Degerlendirme Formu ile
ogrencilerin yetersiz oldugu kazanimlar (hazirbulunusluklari) belirlenmistir. Bu dogrultuda ders plam

hazirlanmigtir.
2. Birinci hafta yetersiz olduklari alan ile ilgili hazirlik sorular1 uygulanmistir.

3. Ikinci hafta ise matematik soyutlama diizeylerini belirlemek amaciyla hazirlanan sorular

uygulanmuistir.
Veri Toplama Araglan

Arastirma icin Once literatiir taramasi yapilmistir. Ortaokul kaynastirma Ogrencilerinin
matematik soyutlama diizeylerini belirlemek amac1 dogrultusunda konu ile ilgili yasal dayanaklar,
yiiksek lisans ve doktora tezleri, makaleler, kitaplar, internet ve MEB ilkokul ve ortaokul matematik
dersi Ogretim programi detayli olarak incelenmistir. Bu incelemeler sonunda alana hakim uzman

goriisii alinarak dorder ana sorudan olusan agik uglu sorular hazirlanmaistir.

O1 ve O2 igin hazirlanan sorular “demografik bilgiler ve sorular” olmak iizere iki kisimdan
olusmaktadir. Sorular kisminda; konuyla iligkili dort ana soru bulunmaktadir. Bu dort soru ayni amaca
(zihinden toplama islemini yapabilecek stratejiler gelistirme) hizmet etse de matematik soyutlama
diizeyleri birbirinden farklidir. Birinci soru iki alt sorudan, ikinci soru {i¢ alt sorudan, tigiincii soru dort
alt sorudan ve dordiincii soru dort alt sorudan olusmaktadir. Asagida O1 ve O2'nin matematik
soyutlama diizeylerinin incelenmesi igin hazirlanmis sorular ve sorulara gore matematik soyutlama

diizeyleri agiklanmustir.
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e Birinci ve ikinci sorularda, 6grencilerden modellenilerek verilen toplama isleminin
yapilmasi istendigi igin 6grenciler fiziksel bir modellemeden yararlanarak bu soruyu yapabilirler ise

deneysel soyutlama (empirical abstraction) diizeyi,

canlandirdiklar1 diisiinceleri ifade edebilmelerine olanak sagladigindan birinci derece yansitict

soyutlama (reflecting abstraction) diizeyi,

e Dordiincli soruda, strateji gelistirerek verilen toplama islemlerini yapmasi istenmistir.
Burada 6grencinin say1 iligkilerini kullanmasi, sayilar: farkl sekillerde birlestirip ayirabilmesi; tiglincii
soruya gore daha fazla mantiksal diistinme icerdiginden dolay: ikinci derece yansitici soyutlama

(reflected abstraction) diizeyi,
olarak belirlenmistir.

03 ve O4 icin hazirlanan sorular da konuyla iliskili dort ana sorudan olusmaktadir. Bu dort ana
soru ayni amaca (Oriintii olusturma, oriintiiyli devam ettirme ve genelleme) hizmet etse de matematik
soyutlama diizeyleri birbirinden farklidir. Dért soru da iki alt sorudan olusmaktadir. Asagida O3 ve

O4tin matematik soyutlama diizeylerinin incelenmesi igin hazirlanmis sorular ve sorulara gore

matematik soyutlama diizeyleri aciklanmustir.

¢ Birinci soruda, 6grenciler verilen oriintiiyli devam ettirirken, sekillerden yani fiziksel bir

modellemeden yararlandiklar: i¢in deneysel soyutlama (empirical abstraction) diizeyi,

e Ikinci ve tigiincii sorularda, artik geometrik driintiiler yerine basit diizeyde say1 oriintiileri
verilmistir. Say1 Oriintiilerini gormek, zihinde canlandirmak fiziksel modelleme sorularina gore daha
soyut oldugundan ve dolayisiyla derin diisiinmeyi gerektirdiginden birinci derece yansitici soyutlama

(reflecting abstraction) diizeyi,

¢ Dordiincii soruda, oriintiiniin herhangi bir noktasinda ne olacagini bulabilmek, oriintiilerin
genisledigini zihinlerinde canlandirabilmek cebirsel olarak daha derin diisiinmeyi gerektirdiginden

ikinci derece yansitict soyutlama (reflected abstraction) diizeyi,

e Son olarak ortintiileri; fonksiyon, aritmetik ve geometrik dizi ile iliskilendirebilmek ise

tiglincii derece yansitict soyutlama (metareflection) diizeyi,

olarak belirlenmistir. Ugiincii derece yansitici soyutlama ortadgretim ve yiiksekdgretim

seviyesindeki 6grencilere uygun oldugundan bu seviyeye dair 6rneklere yer verilmemistir.

Zembat'in (2016) denk kesir kavraminin ogretimine iliskin hazirladig1 sorularin soyutlama
diizeyleri ve bu soyutlama diizeylerini nasil acikladigi temel alinarak belirlenen kazanimlarin

soyutlama diizeylerine dair asagidaki cergeve, uzman goriisii alinarak olusturulmustur.
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Tablo 3. Kazanimlara dair soyutlama diizeyleri ve agiklamalar

Diizeyler
Kazanimlar Deneysel 1. Derece Yansitict 2. Derece Yansitici 3. Derece
Soyutlama (0.) Soyutlama (1.) Soyutlama (2.) Yansitici
Soyutlama (3.)
Zihinden Modelle Toplama isleminin Kendi stratejilerini
toplama verilen degisme ve birlesme tireterek verilen
islemi toplama ozelligini toplama islemini
yapmaya islemini kullanabilme. yapabilme. Verilen
yonelik yapabilme. Fiziksel nesnelerden stratejiyi
stratejiler Fiziksel yararlanmadan, agiklayabilme.
olusturma. nesnelerden  toplama iglemine ait Ogrencilerin kendi
yararlanilara bu iki 6zelligi stratejilerini {ireterek
kyapildigr  kullanabilmeleri siireci  islem yapmas: daha az
icin yansitic1  igsellestirdikleri, derin hata yapmalarina
diisinme diisiindiikleri gosterir. olanak saglar. Bu
gerceklesme diizeyde 6grenci var
mistir. olan stratejiyi
aciklayabildigi ve
kendi stratejisini
tiretebildigi igin
yansitici soyutlama
gerceklesmistir. Bir
onceki diizeye gore
daha derin bir
diisinme vardir.
Oriintii Verilen Verilen say1 Genisleyen Oriintii. Verilen ortintiiyti
olusturma, geometrik ortntiistintin bir Oriintiiniin herhangi aritmetik ve
verilen oriintiilerin sonraki adimin bir noktasinda ne geometrik dizi
ortintiiyli bir sonraki tahmin edebilme ve olacagini olarak ifade
devam adiminm kural1 bozan say1y1 sOyleyebilme. edebilme.
ettirme ve ¢izebilme. bulabilme. Bu diizeyde
Oorintiniin Ogrenci Say1 Oriintiileri Ogrencinin, oriintinin
kuralin fiziksel arasindaki iliskiyi herhangi bir
bulma. nesnelerden  gorebilmek, geometrik noktasinda ne
yararlanarak sekiller arasindaki olacagini
bir sonraki iliskiye gore daha sOyleyebilmesi i¢in
adima derin diistinmeyi cebirsel olarak
ulastig1 icin gerektirir. oriintliyii genellemesi
yansiticl gerekir. Bu da cebirsel
soyutlama diisiinmeyi ve
diizeyi dolayistyla bir 6nceki
gerceklesme diizeye gore daha
mistir. derin diistinmeyi
gerektirir.
Verilerin Analizi
Calisma  kapsaminda  hazirlanan  sorular  uygulandiktan sonra  katilimcilarin

hazirbulunusluklar1 dogrultusunda Tablo 3’ teki cerceveden yararlanarak soyutlama diizeyleri

olusturulmustur. Elde edilen veriler bu soyutlama diizeyleri kapsaminda analiz edilmistir. Asagida

Tablo 4’te katilimcilar igin olusturulan soyutlama diizeylerine yer verilmistir.
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Diizeyler
Ogrenciler Deneysel 1. Derece Yansitic 2. Derece Yansiticl 3. Derece
Soyutlama Soyutlama Soyutlama Yansitict
Soyutlama
01 Modelleme ile Verilen toplama Verilen toplama

verilen toplama
islemini yapar.
Verilen toplama
islemini modeller.
o2 Modelleme ile
verilen toplama
islemini yapar.
Verilen toplama
islemini
modelleyemez.
O3 Verilen geometrik
ortintiiniin bir
sonraki adimini
tahmin eder.

O4 Verilen geometrik
Ortintiiniin bir
sonraki adimini
tahmin eder.

islemini degisme ve
birlesme 6zelligini
kullanarak
yapamamigtir.
Verilen toplama
islemini degisme ve
birlesme 6zelligini
kullanarak
yapamamigtir

Verilen say1
ortintiisiintin bir
sonraki adimini ve
say1 Oriintiisiindeki
kurali bozan say1y1
bulamamustir.
Verilen say1
ortintiisiiniin bir
sonraki adimini ve
say1 Oriintiistindeki
kurali bozan say1y1
bulamamustir.

iglemleri i¢in
strateji
gelistirememistir.

Verilen toplama
iglemleri i¢in
strateji
gelistirememistir.

Verilen oriintiiye
dair kural
olusturamamustir.

Verilen oriintiiye
dair kural
olusturamamuistir.
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Bulgular

Bu boliimde ortaokul kaynagtirma ogrencilerinin matematik soyutlama diizeylerinin
incelenmesi dogrultusunda elde edilen bulgular O1-O2 ve 03-O4 i¢in uygulanan haftalar ve incelenen

alt problemler dogrultusunda sunulmustur.
1. Hafta / 1. Canl1 Ders

Bu canli derste “zihinden toplama islemini yapabilecek stratejiler gelistirir.” kazanimina iliskin
“toplama islemini modellerle acgiklar ve eldeli ve eldesiz toplama islemini yapar” davrarslar:

islenmistir.

égretmen EBA’ya girerek canli dersi baslatir ve toplama isleminin modellenmesine iliskin
hazirladigi sorular1 kendi bilgisayar ekraninda agarak dgrencisi ile ekrani paylasir. Ogretmen dncelikle
onluk taban bloklarini dgrenciye tanitir. Daha sonra ise toplama isleminde modellenilerek verilen ilk
toplanani 8grenciden sdylemesini ister. Ogrenci onluklar1 ve birlikleri sayarak sayiya ulasir ve aym
sekilde ikinci toplanari da bulur. Toplam &ncelikle onluklar ve birlikler sayilarak bulunur. Ogretmen,
dgrenciye bu islemi modelleme kullanmadan nasil yapilabilecegini sorar. Ogrenci, sayilar alt alta
yazarak yapabilecegini sdyler. Bu durumda 6gretmen, dgrenciye islemi yapmasi i¢in zaman verir.
Ogretmen sonucu, 6grenciden modelleyerek yapmasim ister ve onluk taban bloklari ile modelleme
yapilir. Ogretmen, toplanan sayilarin ve toplamin onluklarr ile birlikleri arasindaki iliskiyi gdrmesi igin
ogrenciye sorular yoneltir. Ogrenciye; 6nce onluklari, sonra birlikleri en son hepsini toplayabilecegi
kesfettirilmeye calisilir. Hazirlanan diger modelleme sorular1 6grenciye ayni sekilde yaptirilir. Son
olarak o6gretmen, canli ders siiresinde 6grencinin katiliminin iyi oldugunu ve bir sonraki canli derste

neler yapacaklarini sdyleyerek dersi sonlandirir.
1. Hafta / 2. Canl1 Ders

Bu canli derste “{i¢ ve dort basamakli sayilarla eldeli toplama islemi yapar ve toplama isleminin

degisme ve birlesme 6zelligini agiklar” davranislar islenmistir.

Ogretmen bir 6nceki canli derste neler yaptiklarini, 6grenciden hatirlatmasini ister. Ogrencinin
bir onceki canli dersle ilgili eksik 6grenmeleri giderilerek {i¢ ve dort basamakl sayilarla ilgili toplama
islemi Orneklerine gegilir. C)grenciden modelleme kullanmadan toplama islemini yapmas: istenir.
Toplananlardan birinin 100, 200, 300 ve 400 toplama islemleri verilir ve Ogrencinin yiizliikleri
toplayarak sonuca ulasabileceginin kesfettirilmesi saglanur. Daha sonra ikiden fazla toplananin oldugu
toplama islemi olan diger soruya gegilir. Ogretmen, karsilasilan sayilar ile nasil bir degisikligin islem
kolaylig1 saglayacagm sorar. Ogrenci, kiiciik sayilar1 6nce toplayabiliriz, cevabini verir. Ogretmen
tarafindan “17 + 46 + 13 + 74” sorusunda Ogrencinin deyimiyle kiigiik sayilar1 toplayabilmek i¢in

sayilarin yer degistirmesi ve “49 + 13 + 27” bu soruda ise kiigiik sayilar1 toplayabilmek icin gruplama
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yapilmas1 gerektigine dikkat cekilir. Toplama isleminin degisme ve birlesme 6zelligi oldugu ve bu

ozelliklerin islem kolaylig1 sagladig1 aciklanur.
1.Hafta / 3.Canl1 Ders

Bu canli derste “zihinden toplama islemini yapar ve zihinden islemi verilen toplama islemini

yazar” davranislari islenmistir.

Ogretmen EBA iizerinden zihinden toplama etkinligi olan “karpuz toplama” oyununu agar. Bu
oyunda belirli siire igerisinde verilen toplama islemlerini yapmasi istenmektedir. Ogrenci, siire olmasi
sebebiyle verilen toplama islemlerini istemsiz olarak zihinden yapmaya galismistir. Ogretmen oyunda
oldugu gibi, islemleri uzun uzun yazarak yapmak yerine zihnimizden de yapilabilecegimizi
soylemigtir. Ogrencilerin oyun esnasinda kazanma hirsi oldugundan karsisina ¢ikan bazi toplama
islemlerini rastgele yaptiklari goriilmiistiir. Ogretmen, birinci canli derste yaptiklari modelleme
sorularini tekrar agarak bu islemleri de zihinden yapabileceklerini sdylemis ve nasil yol izlemeleri
gerektigini 6grencilere sormustur. Burada 6grencilerden kendi stratejilerini gelistirmeleri beklenmistir.
Fakat 6grenciler alt alta yazarak toplayabileceklerini sdylemislerdir. Son olarak 6grencilere zihinden
yapilmis islem adimlar ile gosterilerek, bu toplama isleminin ne oldugu sorulmustur. Ogrenciler
ekranda gordiikleri toplama islemini sdyleyerek yanlis cevap vermislerdir. Ogretmen toplama islemini
daha kolay yapabilmek icin toplanan sayilar1 pargalayabiliriz, diyerek bagka bir 6rnek {izerinden
agiklamistir. Bu Ornek {izerine Ogrenciler zihinden yapilan toplama isleminin ne oldugunu

sOyleyebilmislerdir.
2.Hafta /1. Canl1 Ders
Bu canli derste “zihinden toplama islemi yapabilecek stratejiler gelistirir” davranis: islenmistir.

C)gretmen, Ogrencinin zihinden toplama becerilerini gelistirebilmek i¢in besinci sinif matematik
ders kitabinda bulunan toplama islemiyle ilgili 6rnekleri 6grencilerden yapmalarini ister. Cok sayida
toplananin bulundugu bu Ornekler ogrencileri zihinden toplamaya, strateji gelistirmeye
yonlendirmistir. Ogretmen, Ogrencilerin strateji gelistirebilmesi i¢in rehberlik etmistir. Ayrica son
olarak, zihinden toplama islemini gilinliitk hayatla iliskilendirerek ogrencide anlamli olmasim
saglamaya calisilmigtir. Ornegin; “annemiz markete gidip; un, seker, yag, siit, yumurta ve kakao
almamizi istedi.” Burada 6grenciden paranin yeterli olup olmadigim anlayabilmesi icin, “alinacak
drtinlerin fiyatlarint zihnimizde yaklasik olarak toplayarak” bulabiliriz, ¢ikarimi yaptirilmak

istenmistir.
2. Hafta / 2. Canl1 Ders

Bu canli derste 6gretmen, arastirma i¢in hazirlanan sorular1 uygulayacagini sdylemis ve notla
degerlendirilmeyecegi bilgisi vererek 6grencilerden yapmasim istemistir. Ogrencilere anlamadig veya

takildigr yerlerde bir onceki derslerdeki 0rnek sorulari hatirlatarak rehberlik edilmistir. Sorularin
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¢6ziim agsamasinda 6grencilerden biri, birinci ve ikinci soruda toplama isleminin modellenmesi ile ilgili
bir sorun yagsamazken, diger grenci (O2) {i¢ basamakli say1y1 modelleme yaparken sorun yasamus, bir
sonuca ulasmak istediginden alt alta toplamayi tercih etmistir. Yine alt alta toplamay1 tercih eden
ogrenci (O2), iigiincii soruda problem tarzinda verilen drnekte ezbere 32 ve 15'i toplayacagiz, diyerek
gordiigii sayilar toplamistir. Ugiincii sorunun a ve b maddelerinde 32+15 islemini yapmis ve bu iki
soruda da ayni sayilarin toplanmasi yapilmistir, diye agiklama da bulunmustur. O2, ¢ ve d maddesinde
sayilari alt alta yazarak toplamig aynisini iki kere yazmigsiniz, demistir. O1 ise iigiincii sorunun a ve b
maddelerinde 32+15 ve 15+32 islemini yapmis. Ogretmenin sayilarin yerlerine dikkat ettin mi
yonlendirmesiyle, yerleri degisti ama sonug¢ degismedi, ¢ikarimina varmistir. Uctincii sorunun ¢ ve d
maddelerinde ise burada da sayilarin yerlerini degistirerek topladik, demistir. Topladigimiz kisimlar
degistigi igin burada da degisme 6zelligi var demistir. Ogrencilerin her ikisi de dérdiincii soruda bir

strateji gelistirememis ve verilen islemleri alt alta toplamay1 tercih etmislerdir.

1. Hafta / 1. Canl1 Ders
Bu canli derste “Oriintii olusturur, verilen Oriintiiyli devam ettirir ve Oriintiiyii geneller”
kazanimina iliskin “verilen geometrik oriintiiyii olusturur ve verilen geometrik driintiiniin bir sonrakini

adimini ¢izer” davraniglari iglenmistir.

Ogretmen, grencilere basit diizeyde belli kurala gore dizilmis geometrik sekillerden olusan bir
oriintii gizer ve oriintiiyli 6grenciden agiklamasini ister. Ogrenciler: “kare, yuvarlak, kare, yuvarlak”
seklinde gidiyor, diyerek oriintiiyii agiklarlar. Bunun sonucunda 6gretmen en son “yuvarlagin” ¢izili
oldugu &riintiide bir sonraki seklin ne olacagini dgrencilere sorar ve yanitlamalari beklenir. Ogrenciler
kare yanitim1 verdikten sonra, 6gretmen dgrencileri tebrik eder. Ogrencilere biraz daha karmagik olan
Sekil 1’deki geometrik driintii gosterilir ve driintiiniin agiklanmas istenir. Ogrenciler ok sayisindaki
artisa odaklandigindan dolayr oklarin yoniinii fark edememislerdir. Bu asamada 6gretmen biitiin
oklarin yonlerinin ayni olup olmadig1 sorusunu yoneltir. Yonlendirme sonrasinca ogrenciler, oklarin
yoniinii de belirleyip dordiincii adimi ¢izmislerdir. Derse Sekil 2’'de belirtilen geometrik oriintii
sorusuyla devam edilmis ve 6grencilerden Oriintiiniin agiklanmasi ve bir sonraki adimi ¢izmeleri
istenmistir. Ogrenciler, bir sonraki adimin da “L” harfi seklinde olacagini soylemislerdir. Ogretmen,
yukaridan asagiya dogru nokta sayisina dikkat etmelerini sdyleyerek, bir sonraki adim hakkinda baska
bir yorum yapmalari igin rehberlik etmistir. Ornegin: Ogrencilerden “2. adimda yukarida bir nokta
asagida iki nokta; 3. adimda yukarida bir, sonra iki sonra ii¢ nokta vardir.” seklinde bir aciklama

beklenmistir. Nokta sayis1 yukaridan asagiya dogru artarak gitmesinden 6tiirii L harfine benzetilmistir.

1. Adim 2. Adm 3 Adm 4. Adm

= 7

Sekil 1. Ornek bir geometrik driintii
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Sekil 2. Ornek bir geometrik driintii

1. Hafta / 2. Canl1 Ders
Bu canli derste “verilen say1 Oriintiisiinii aciklar” davranis islenmistir.

Ogretmen bu derste geometrik sekiller yerine sayilarla ugrasacaklarimi sdyleyerek derse
baslamistir. Bu derste 6grencilerden, kuralli olarak verilen say1 oriintiilerinin 6nce s6zel olarak ifade
edilmesi amaglanmistir. Sayilar soyut oldugundan dolay1 oncelikle basit say1 Oriintiileriyle ilgili
orneklere yer verilmistir. 5, 10, 15, 20, 25, ... seklinde verilen oriintiisiiniin kuralinin 6grencilerden
agiklanmasi istenmistir. Ogretmen 6grencilere dncelikle verilen &riintiiniin artarak mi azalarak mi
gittigi sorusunu yoneltmis ve artarak cevabini almistir. Bunun {izerine kacar kacar arttigini sorusu
sorulmustur. Ogrenciler oriintiiniin beger beser ilerledigini ifade etmislerdir. Dersin devaminda 21, 17,
13, 9, .... say1 Oriintiisiine gecilmis ve Ogrencilerden Oriintiiniin kuralini agiklamalar1 istenmistir.
Oncelikle riintiiniin artarak mi1 azalarak mi ilerledigi belirlenmis grenciler tarafindan belirlenmistir.
Ogrenciler: 21’den 17ye geri sayarak 4 azaldigini; 17’den 13’e dogru geri sayarak 4 azaldigini ve 13’ten
9’a geri sayarak 4 azaldigini, soylemisler ve bu oriintiiniin 4 azalarak gittigi sonucuna ulasmislardir.
Ogretmen biraz daha karmagik olan 1, 2, 4, 7, 11, ...say1 driintiisiinii 6grencilere yoneltmis ve yine aym
sekilde oriintiiniin kuralini bulmalar1 istemistir. Ogrenciler ilk olarak ikiserli olarak gittigini
sdylemislerdir. Ogretmen 1 ile 2 ve 4 ile 7 arasinda da ikigerli olarak artip artmadigini sormustur.
Ogrenciler burada sayilarin ikigerli artmadigini fark etmislerdir. Ogretmen sayilari paylasim ekranina
yazarak sayilar arasindaki artis miktar1 arasindaki iligkiyi Ogrencilere fark ettirmeye c¢alismustir.
Ogrenciler tarafindan birer birer artarak gittigi sonucuna ulagilmistir. Bir sonraki artisin bes olacag:

bulunmustur.
1. Hafta / 3. Canli Ders
Bu canli derste “verilen say1 Oriintiisiiniin bir sonraki adimini bulur” davranisi islenmistir.

Ogretmen bir onceki derste verilen say1 oriintiilerinin kuralimi bulduklarini hatirlatmistir.
Bugiinkii derslerinde kuralin1 bulduklar 6riintiilerin bir sonraki adimlarini bulacaklarini séylemistir.
Ogretmen bir 6nceki derste 5, 10, 15, 20, 25, ...seklinde verilen say1 Oriintiisiiniin kurali tekrar bulmasini
dgrencilerden istemistir. Ogrenciler dnce artarak gittigini, sonra ise beger beger artarak gittigini
soylemislerdir. Bunun iizerine 6gretmen bir sonraki saymin ne olacagini sormustur. Ogrenciler 25'in
tizerine 5 ekleyerek 30 cevabini vermislerdir. Bir sonraki 21, 17,13, 9, ... say1 oriintiisiinde ayni sekilde
ogrenciler, 6nce kurali sdylemisler ve bir sonraki sayry1 9" dan 4 geriye sayarak 5 cevabini vermiglerdir.

Biraz daha karmasik olan 1, 2, 4, 7, 11,... say1 Oriintiisiinde 6grenciler kurali bulmakta zorluk
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cekmislerdir. Ogretmenin yonergeleri ile birlikte kurali tekrar bulmuslar ve bir sonraki adimdaki sayiya

“1 artt1, 2 artty, 3 artti, 4 artt1 simdi 5 artacak, o halde 16 olur” seklinde ulagsmiglardir.
2. Hafta / 1. Canl1 Ders

Bu canli derste “Oriintiiyli bozan geometrik sekli bulur ve Oriintiiyii bozan sayiy1 bulur”

davranigi islenmistir.

Ogretmen bugiin verilen riintiilerde kurali bozan sekilleri ve sayilari bulacaklarini sdyleyerek
derse baslar ve ilk olarak geometrik oriintii sorusunu ekranda paylasir. Sekil 3 ve 4’ teki ortintiileri
paylasan Ogretmen, ilk olarak Sekil 3'teki Ortintiiniin kuralmi o6grencilerden bulmalarini ister.
Ogrenciler “giines ve ay” seklinde ilerledigini sdylemislerdir. Ogretmen bunun {izerine kag giines ve
kag ay seklinde oriintiiniin ilerledigini sormustur. Ogrenciler, “ii¢ giines bir ay, ii¢ giines bir ay”
seklinde cevap vermislerdir. Ogretmen son asamadaki giines ve ay’i tekrar saymalarini istemistir.
Ogrenciler “iki glines bir ay” oldugunu soylemis diger adimlarla aym: olmadigini fark etmislerdir.
Ogretmen, “o halde kurali bozan bir sekil var, bu sence hangisidir?” diyerek grencilere sormustur.
Ogrenciler en sondaki Ay’in kurali bozdugunu sdylemislerdir. Sekil 4’teki geometrik driintii de ayni

sekilde incelenerek kurali bozan renkler bulunmustur.

A A
A A A vhg DAGD< b e
vhg vlhg vlg O < )|><1O|>
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<)/><v><§> DCVQ qzi?ab @D;Q {j’} o A

Sekil 3. Kural1 bozan geometrik oriintii 6rnegi

Sekil 4. Kural1 bozan geometrik oriintii 6rnegi

Daha sonra Sekil 5'te belirtilen say1 oriintiileri verilmis ve kurali bozan sayilarin bulunmasi
istenmistir. Oncelikle verilen say1 oriintiilerinin kuralini ifade etmeleri sonra kurali bozan sayiyi
bulmalar1 istenmistir. Ogrencilerden her ikisi de Sekil 2 (a) maddesindeki say1 oriintiisiiniin kuralinin
beser beser arttigini sozel olarak ifade etmis ve 30 sayisinin kurali bozdugunu fark etmislerdir. (b) ve
(c) maddelerinde zorlanan 6grenciler i¢in 6gretmen, (b) maddesini paylasim ekranina yazmis 1 ile 2, 2
ile 4, 4 ile 8 arasinda benzer bir iliski oldugunu so0ylemis ve iki kat iligkisi 0grencilere fark ettirilmistir.
Bu durumda diger terimlerin, 8 ile 16, 16 ile 32 oldugu 6gretmen ile beraber bulunmustur. 16 sayisinin
yerine 20 yazilmas1 sebebiyle kurali bozan say1 6grenciler tarafindan bulunmustur. (c) maddesinde ise
Ogretmen Oriintiiniin azalarak mi artarak mi gittigini sormus ve artma ya da azalma miktarina dikkat
etmelerini sdylemistir. Yonlendirme sonucunda her iki 6grencide verilen oriintiiniin artarak gittigi
bulmustur. Artis miktarinin sabit olmadig1 bu Oriintiide, buna benzer bir &rnek tekrar ¢oziiliip

hatirlatilmistir. Bu 6rnekle birlikte 6grenciler 5 artmis, 6 artmis, 7 artmis, 7 artmis diyerek yanlisin
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nerede oldugunu bulmuslardir. Dogrusunu ise yonlendirmeyle 5 artmisg, 6 artmis, 7 artmus, 8 artmus, 9

artmis, ... seklinde yazmislardir.

a)5—10— 15— 20— 30
b)1-2—-4-8-20-32

c)4-9-15-22-29-39

Sekil 5. Kural1 bozan say1 Oriintiisii 6rnegi
2. Hafta / 2. Canl1 Ders

Bu canli derste “verilen oriintiide istenilen adimi1 bulur ve verilen Oriintiiyii geneller” davranisi

islenmistir.

Derste istenilen herhangi bir adimin bulunmasiyla ilgili Ornekler &grencilerle birlikte
¢Oziilmiistiir. Ik olarak Ogrencilere 3, 5, 7, 9, ... say1 Oriintiisii verilmis ve onuncu adimimi tahmin
etmeleri istenmistir. Ogretmen, onuncu adimi bulmadan 0©nce, Oriintiiniin kuralim1 bulmalar:
gerektigini 6grencilere hatirlatmistir. Ogrenciler dnce driintiiniin artarak gittigi ve sonrasinda ise ikiger
artarak gittigi kuralina ulagsmislardir. Onuncu adima her iki 6grencide son terimden sonra alt1 adim
ikiserli giderek ulasmisglardir. 3, 5,7, 9, 11, 13, 15, 17, 19, 21,... Daha sonra Sekil 6’daki oriintii verilerek
onuncu masadaki sandalye sayisin1 bulmalari istenmistir. Ogretmenin “birinci masada kag sandalye
vardir, ikinci masada kag¢ sandalye vardir?” sorulariyla birlikte her masadaki sandalye sayilari
ogrenciler ile birlikte bulunmustur. Sirasiyla sandalye sayilari 4, 6, 8, ... seklindedir. Ogretmen,
ogrencilerden bu &riintiiniin kuralini agiklamalarini istemistir. Ogrenciler sandalyelerin ikiser artarak
gittigini fark etmisler ve onuncu masadaki sandalye sayisini bulabilmek icin teker teker yazmay1 tercih

etmislerdir. Ogrenciler; 4, 6,8, 10, 12, 14, 16, 18, 20, 22,... seklinde yazarak onuncu masadaki sandalye

O NCIDN T

1. Masa 2. Masa 3. Masa

sayisina ulagmislardir.

Sekil 6. Geometrik sekil oriintii 6rnegi
Ogretmen bu derste ilk ¢6zdiigii ve sandalye sorusunda “100. adimi1 bulmamiz istenilse teker
teker yazacak miyiz”, sorusunu yoneltir. Ogrenciler kolay bir yolu oldugunu soylerler fakat ne

oldugunu sdyleyemezler. Ogretmen, sirasiyla Tablo 4'ii ve Tablo 5'i dgrencilerle birlikte doldurur.

Tablo 5. “3, 5, 7,9, ...” Oriintiisiine ait adim sayist iliskisi

Adim Sayis1 1 2 3 4 5 n
Bulunan say1 3 5 7 9 11 .. 2n+1
U u L V'S .\j | | V'S

+2 +2 +2 +2
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Tablo 6. Sandalye ve masa sayis1 arasindaki iligki

Masa Sayis1 1 2 3 4 5 n
Sandalye Sayis1 4 6 8 10 12 2n+2
L 2 - N 2 | W " £
+2 +2 +2 +2 +2

Tablo 5 ve 6 6grenci ile birlikte doldurularak; “adim sayisi ve o adimda bulunan say1 ile” ve
“masa say1 ile sandalye sayis1” arasinda bir iliski oldugu goriilmiistiir. Tablo 5 te adim sayisi ile o
adimda bulunan say1 arasinda 2 katinin 1 eksigi oldugu goriiliir. O halde n. adimda (6gretmen,
Ogrencilere n’ ye istedigimiz bir say1y1 yazabilecegimizi sdyler) 2 katinin 1 eksigi 2.n -1 olur. Boylelikle
verilen Oriintiiniin genel kuralinm1 bulduklarini ve istedikleri tiim adimlar1 kolaylikla bulabilecekleri
agiklanir. Tablo 6’da masa sayis1 ve sandalye sayisi arasindaki iliski “2 katinin 2 fazlasi seklindedir” ve
n. masada ise bu iliskinin 2.n + 2 seklinde olacag1 sonucuna ogrenciler, 6gretmenin yonlendirmesi ile
ulagmislardir. Aymi sekilde genel kuralin bulundugu ve istedikleri her adimi bulabilecekleri

séylenmistir. Ornegin; 100.masada 2.100 + 2 = 202 sandalye vardur.
3. Hafta / 3. Canl1 Ders

Bu canli derste 6gretmen, arastirma i¢in hazirlanan sorular1 uygulayacagini sdylemis ve notla
degerlendirilmeyecegi bilgisi vererek 6grencilerden yapmasini istemistir. Ogrencilere anlamadig1 veya
takildig1 yerlerde bir 6nceki derslerdeki drnek sorulari hatirlatarak rehberlik edilmistir. Ogrencilerin
her ikisi de birinci soru da “sar1 yildiz bos yildiz bos {i¢gen”, birinci soru isaretine “bos yildiz” ikinci

soru isaretine “bos licgen” gelecek, demislerdir.

Sekil 7. Birinci soru a maddesi
Ogrencilerin her ikisi de ikinci sorunun a maddesine kadar sorunsuz bir sekilde gelmislerdir.
b maddesinde nasil yapabilecekleri konusundan yardim istemislerdir. Ogretmen bu asamada bir 6nceki
dersten 1, 2, 4,7, 11, ... 6rnegini hatirlatarak sayilar arasindaki iliskiye odaklanmalarini saglamistir. Bu
ornekten sonra her ikisi de ikinci soruyu tamamlayabilmislerdir. Tkinci sorunun a maddesinde “2’ser
2’ser gidiyor, 10’dan sonra 12 olur”, demislerdir. b maddesinde 6gretmeninin bir 6nceki derslerden
hatirlatma yapmasindan sonra, “3 artti, 6 artti, 12 artti, simdi 24 artacak o zaman 47 olur”, sonucuna

ulagmislardir.

a)2,.4,6,8,10,...

b) 2, 5, 11, 23, ...

Sekil 8. Tkinci soru a ve b maddeleri
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Uciincii soruda o6grencilerden biri (O3) kurali bozan sayiyr bulamamis ve oriintiiyii
agiklayamamustir. O4 {igiincii soruda ilk say1 driintiisiinde “2’ser azalarak gidiyor 38'i yanls yazmislar”,
ikinci say1 Ortintiisiinde ise ikinci sorunun b maddesinden yararlanarak “1 artti, 2 artty, 4 artti, 8 artacak
ama 16 yazmuislar 17 olacak” sonucuna ulagmistir. Dordiincii sorunun a maddesinde her iki 6grenci de

cizerek istenilen adima ulagmaya ¢alisms, b maddesinde verilen soruyu yapamamaislardir.

a) [43[41[39[38[35[33]

b) [2 3 ]5 ]9 [16]33]

Sekil 9. Uctincii soru a ve b maddeleri

4)
. A S &

A ad™

Yukarida Ucgen ve dairelerden olugturuimus sekil oruntlist verilmistir. Buna gore;
oruntlintin 10. Adiminda kag tane Uggen ve daire olustugunu bulunuz,

b) Pegete koleksiyonu yapmaya baslayan Esra, ilk hafta 7 pecete alir, Sonraki her hafta
koleksiyonuna 5 pegete eklemeye karar verir. Esra’nin 15. haftada toplam ka¢ pecete
olacagini bulunuz.

Sekil 10. Dérdiincii soru a ve b maddeleri
Her 6grencinin sorulara verdikleri cevaplar incelenmis, uygulama esnasinda 6grencilerin
cevaplarina iligkin notlar alinmis ve gerekli agiklamalar yapilmistir. Ogrencilerin yaptiklari sorular (+),

yapamadiklar1 sorular (-) ile gosterilmis ve asagida Tablo 7 ve Tablo 8'de sunulmustur.

Tablo 7. Katilimcilarin uygulama sorularina verdikleri cevaplar

Ogrenci kodu Birinci Soru Ikinci Soru Uciincii Soru Dordiincii Soru

a a b c a b ¢ d a b c d
O1 + + + + + + o+ - - - - - -
02 + + + + - - - - - - - - -

Ol’in uygulama sorularina verdigi cevaplar incelendiginde ilk iki soruyu fiziksel (somut)
nesnelerden yararlanarak ¢6zdiigii goriilmektedir. Bu sebeple (+) olarak gosterilmistir. Uciincii sorunun
(a) ve (b) maddelerindeki iliskiyi (toplama isleminin degisme 6zelligini) aciklayabildigi, (c) ve (d)
maddelerindeki iligskiyi (toplama isleminin birlesme 0Ozelligini) agiklayamadigi goriilmektedir. Bu
sebeple a ve b maddeleri (+), ¢ ve d maddeleri (-) olarak gosterilmistir. Ayni1 zamanda ddrdiincii soruda
verilen toplama iglemlerini 6grenci alt alta yazarak yaptigindan dolayi (-) olarak gosterilmistir.

O2'nin uygulama sorularia verdigi cevaplar incelendiginde birinci soruyu yapabildigi, ikinci

soruda ise (a) ve (b) maddelerini yapabildigi ve (c) maddesini modelleyerek yapamadigi goriilmektedir.
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(c) maddesini alt alta toplayarak yapmistir. Ugiincii soruda ise 32+15 iglemini yapmis ve “bu iki soruda
da ayni sayilarin toplanmasi yapilmistir” ¢ ve d maddelerinde sayilar1 “alt alta yazarak toplamis” ve
“aynisini iki kere yazmigsiniz” dedigi icin (-) olarak gosterilmistir. Son soruda da strateji olusturmak

yerine sayilar1 alt alta toplama yolunu sectigi i¢in (-) olarak gosterilmistir.

Tablo 8. Katilimcilarin uygulama sorularina verdikleri cevaplar

Ogrenci kodu Birinci Soru Ikinci Soru Ucgiincii Soru Dérdiincii Soru
a b a b

O3 + + + + - - - -

O4 + + + + + + - -

0O3'iin uygulama sorularina verdigi cevaplar incelendiginde birinci, ikinci sorular1 yapabildigi
ve aciklayabildigi igin (+) olarak gosterilmistir. Uglincii soruda ériintiiniin kuralin1 bulamadig1 ve

dordiincii soruda cizerek cevaba ulasmaya calistig1 igin (-) olarak gosterilmistir.

O4'iin uygulama sorularina verdigi cevaplar incelendiginde birinci, ikinci ve tigiincii sorulari
yapabildigi (+), dérdiincii soruyu yapamadigi (-) goriilmektedir. Ogrenci dérdiincii soruda adim sayist
ile Ortintliniin terimleri arasinda bir iliski bulmak yerine istenilen adim sayisina kadar ¢izim

yaptigindan dolay1 (-) olarak gosterilmistir.

Tablo 7 ve 8'den hareketle 6grencilerin matematik soyutlama diizeyleri belirlenmis ve Tablo

9’da sunulmustur.

Tablo 9. Ortaokul kaynastirma 6grencilerinin matematik soyutlama diizeyleri
Soyutlama Diizeyleri

Osrenci . Deneysel 1. Derece 2. Derece 3. Derece
kog Hu Cinsiyet diizevi Soyutlama Yansitict Yansitict Yansitict
y (empirical (reflecting (reflected (metareflection)
abstraction) abstraction) abstraction)
O1 K 5 v x x x
O2 E 5 x x x x
O3 E 7 v x x x
O4 E 7 v v x x

Tablo 10" da ise 6grencilerin en ¢ok tekrarda bulunduklari eylemlere yer verilmis ve soyutlama
diizeyleriyle iliskilendirilmistir. “Alt alta toplama ve parmaklarini sayarak toplama” ve “Oriintiilerin

istenilen adimina ¢izerek ulasmaya ¢alisma” 6grencilerde en ¢ok tekrar eden eylemler olmustur.

Tablo 10. Soyutlama diizeylerine iligkin en cok tekrar eden bulgular

Soyutlama Diizeyleri Kodlar 01 02 03 O4
Alt alta yazarak toplama islemini yapma + 4+
Parmaklarini sayarak toplama islemini yapma + 4+
Deneysel soyutlama Verilen geometrik ve say1 oriintiilerinde istenilen + o+
adima ¢izerek ulasmaya galisma,
Birinci derece yansitict  Sayi Oriintiileri arasindaki iliski agiklayabilme ve bir -+
soyutlama sonraki adimi bulabilme
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Yapilan arastirmada genel anlamda 6grenciler sorularin agiklama kismi bos birakmis, neden
diisiindiiklerini aciklayamamuslar ve iletisim kurarken giligliik yasadiklar1 goriilmiistiir. Ogrencilerin
sik sik dikkatini bir yere odaklama konusunda sorun yasadiklari goriilmiistiir. Bu da siirecin
igsellestirilmesini zorlagtirmistir. C)grenciler zihinsel bir iliski kurmaktan kaginmislar ve kendi bildikleri
yolla (alt alta toplama ve parmaklarini sayma) yapmayz tercih etmislerdir. Bu da bilgiyi ezberlemeyi
sectiklerini gosterebilir. Bu dogrultuda ezbere yapmaya calisan &grenciler, soyutlama gerektiren
sorular1 yapamamiglardir. Ozellikle zihinden toplama islemi kazaniminda, 6grencilerin hep alt alta
toplama yolunu tercih ettikleri, farkli bir yolla ¢6zmek istemedikleri goriilmiistiir. Bu sebeple
hedeflenen kazanimin 6grenilmesi tam anlamiyla gerceklesmemistir. Matematiksel bilgilerin soyut
olmasi ve kaynastirma Ogrencilerinin uygulama esnasinda dikkatlerinin kisa ve dagmik olmasi
matematiksel kavramlarin tam anlamiyla i¢sellestirilememesine neden olmus olabilir (Merril, 2005;

Senemoglu, 2007; Sucuoglu, 2010).

O1’in matematik soyutlama diizeyi, 6grenci fiziksel nesnelerden yararlanarak toplama iglemini
yaptig1 icin deneysel soyutlama diizeyindedir. Simon’a (2004) gore, bir¢ok Ogrenci matematiksel
kavramlar1 anlamadan belirli sorular: belirli islemlere dayandirarak 6grenmeye calismaktadirlar. Buna
ogrencilerin strateji gelistirmek yerine toplama islemlerini alt alta ¢dzmeleri ornek gosterilebilir.
Ogrenci deneysel soyutlama diizeyinde oldugu icin “zihinden toplama iglemini yapabilecek stratejiler
gelistirir” kazamimini tam anlamiyla igsellestiremedigi goriilmektedir. Bu baglamda siireg
igsellestirilmediginden dolay1 yansitict soyutlama tam anlamiyla gerceklesmemistir. Tablo 9’a gore,
aragtirma sonucunda Ogrencinin soyutlama diizeyinde bir degisim gozlenmemistir. Bu baglamda
Ogrencinin yeterli hazirbulunusluk seviyesinde ya da yeterli kavrama kapasitesinin olmadigin
sOyleyebiliriz. Bulundugu soyutlama diizeyi dikkate alinarak bir 6gretim siireci planlanmali ve bu

baglamda 6grencinin 6grenme siirecini igsellestirmesine yardimci olunmalidur.

O2'nin matematik soyutlama diizeyi, birinci ve ikinci sorularda 6grenci fiziksel (somut)
nesnelerden yararlanarak toplama islemini yapti1 i¢cin deneysel soyutlama diizeyinde oldugunu
gostermektedir. Bu sebeple birinci soruyu yapan 6grencinin ikinci soruyu da yapmasi beklenmektedir.
Fakat 6grencinin ikinci sorunun (c) maddesini yapamadig goriilmektedir. Uglincii soruda toplama
isleminin degisme ve birlesme 6zelliklerini gorememis oldugundan bu sorunun soyutlama diizeyi olan
birinci derece yansitici soyutlama diizeyini de gergeklestirememistir. Son soruda da strateji olusturmak
yerine sayilar alt alta toplama yolunu segtiginden dolay1 ikinci derece yansitict soyutlama diizeyini de
gerceklestirememistir. Bunun sebepleri arasinda 6grencinin bilgiyi icsellestirmek yerine ezberleme
yolunu sectigini ya da yeterli hazirbulunugluk seviyesinde olmadigini soyleyebiliriz. Son olarak
Ogrencinin birinci soruyu tam yapip, ikinci soruyu eksik yapmas: sebebiyle deneysel soyutlama

diizeyini tam anlamiyla gerceklestiremedigi soylenebilir.
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O3’tin matematik soyutlama diizeyi, 6grencinin birinci soruyu agiklayip yapabilmesi deneysel
soyutlama diizeyinde oldugunu gostermektedir. Ikinci soruda sayilarla verilen &riintiiniin olmasi
Ogrenciyi zihinsel diisiinmeye yonlendireceginden dolay1 bu soru seviyesinde 6grenci birinci derece
yansitici soyutlama diizeyindedir. Ugiincii soruda kurali bozan sayilar sorularak ikinci soru ile baglanti
saglanmistir. Bu sebeple ikinci soruyu yapan 6grenciden, iigiincii soruyu da yapmasi beklenmektedir.
Her iki soruda da verilen say1 Oriintiilerinin kuralin1 bulmasi gerekecektir. Ogrenci ikinci sorunun (a)
ve (b) maddelerine dogru cevap vermis. Fakat {iglincii soruyu cevaplamadigi i¢in 6grenci yansitict
soyutlama siirecini tam anlamiyla gerceklestirememistir. Bu sebeple deneysel soyutlama diizeyinde
kalmistir. Tablo 9’a gore Ogrencinin soyutlama diizeyinde herhangi bir gelisme olmadig:

goriilmektedir. O halde 6grencinin soyutlama diizeyine uygun yeniden bir BEP hazirlanmalidir.

O4’tin matematik soyutlama diizeyi, ilk soruda 6grencinin fiziksel (somut) nesnelerden
yararlanarak agiklama yapabilmesi deneysel soyutlama diizeyinde oldugunu gostermektedir. Ikinci ve
ti¢lincti sorular; 6grenciyi zihinsel diisiinmeye yonlendirdiginden ve bu sorular1 dogru yamitladigindan
dolay1 6grencinin birinci derece yansitici soyutlama diizeyinde oldugunu soylenebilir. Dérdiincii soru
ogrencinin cebirsel iligki kurabilmesiyle iliskili oldugundan dolay: ikinci ve tiglincii soruya gore daha
derin diisiinme gerektirir bu da 2. derece yansitici soyutlama diizeyini gostermektedir. Ogrenci
dordiincii soruda adim sayisina kadar ¢izim yaptigindan yani verilen Oriintiiyii cebirsel olarak
aciklayamadigindan dolay1r birinci derece yansitici soyutlama diizeyinde kalmistir. Tablo 9
incelendiginde 6grencinin deneysel soyutlama diizeyinden birinci derece yansitici soyutlama diizeyine
ilerledigi, siireci bu asamaya kadar igsellestirdigi sdylenebilir. Ogrencinin bu siireci daha fazla
igsellestirebilmesi icin birinci ve ikinci derece yansitici soyutlama diizeyini destekleyen ders

etkinliklerine daha fazla yer verilmelidir. Boylelikle egitsel gelisimine de katki saglanmis olur.

Genel olarak sonuglar incelendiginde Ogrenciler ayni yetersizlik tiirii ve hazirbulunusluk
seviyesinde olmalarina ragmen farkli matematik soyutlama diizeylerinde c¢ikmislardir. O1 ve O2
ogrencilerinin toplama islemini zihinden yapabilme stratejileri gelistiremedikleri goriilmiistiir. Bu
baglamda Ogrencilerin yetersizlik tiirleri ve hazirbulunusluk seviyeleri ayni da olsa matematik
soyutlama diizeyleri dikkate alinarak, her biri i¢in tekrardan BEP hazirlanmali ve 6gretim siireci
planlanmalidir. Bu dogrultuda 6grencilerin egitsel gelisimlerine en {iist seviyede katki saglanmis
olacaktir. O3 ve O4 kodlarina sahip 6grencilerin de her ikisi ayr1 yetersizlik tiiriinde ve aragtirmanin
basinda aymi hazirbulunugluk seviyesinde olmalarina ragmen matematik soyutlama diizeyleri
birbirlerinden farkli ¢itkmistir. Ayni hazirbulunusluk seviyesinde bulunan &grencilerden O4 bir iist
matematik soyutlama diizeyinde ¢ikmistir. Yani ayni yetersizligi gosteren ve ayni hazirbulunusluk
seviyesinde olan kaynastirma 6grencileri aymi egitsel seviyededir seklinde bir genelleme yapilip ortak

bir ders plani1 uygulanmamalidir.
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Bingolbali ve Ozmantar (2012), dogrudan modelleme ve say: iliskilerini kullanma yoluyla
toplama isleminin yapilmasinin soyutlama siireclerine bagli olarak basitten karmasiga dogru gittigini
belirtmistir. Van de Walle, Karen ve Jennifer (2018), 6grencilerden en basta zihinden hesaplama
yapmalarinin istenmemesini, ¢iinkii modelleme siirecinde olabileceklerini belirtmistir. Bunu Piaget'nin
(2001) deneysel soyutlama diizeyinde 6grencilerin fiziksel modellemelerden yararlanmasi ve yansitici
soyutlama diizeyinde matematiksel genellemelere ulasmasi ile iliskilendirebiliriz. Bdylece yansitici
soyutlama diizeyinin deneysel soyutlama diizeyinden daha karmasik oldugunu sdyleyebiliriz.
Ogrencilerin var olan islemi modellemek icin saymalarini saglamaya yarayan nesneler kullanabildikleri
gibi, soyut stratejiler {irettiklerinden de bahsedilmistir (Carpenter, 1999, aktaran Bingdlbali ve
Ozmantar, 2012, s5.31-61). Buna bagl olarak; 46+38 iglemini 6grencinin 46’dan 2 al ve 40 yapmak igin
38’ e ver. Sonra 44’iin ve 40'1 topla, sonug 84 eder. Seklinde kendince bir strateji belirleyerek ¢dzebilmesi
matematiksel olarak derin diisiindiigiinii ve yansitici soyutlama (reflective abstraction) diizeyinde
oldugunu gosterir. Bunun yani sira toplama isleminin degisme ve birlesme Ozellikleri problem
¢ozmede, zihinde yapilan matematik islemlerinde kolaylik saglar (Van de Walle, Karen ve Jennifer,
2018). Fakat degisme 6zelligi her ne kadar belli olsa da 6grenciler igin yeterince acik olmayabilir.
Ogrencilerin toplama isleminin degisme ve birlesme oOzelliklerini anladiklarinda daha yiiksek
seviyelerde soyutlama yapmalarina imkan saglayacagindan bahsedilmistir (Carpenter, 1999, aktaran
Bingolbali ve Ozmantar, 2012, ss.31-61). O halde ogrencilerin toplama isleminin degisme ve birlesme
ozelliklerini agiklayabilmeleri yansitici soyutlama diizeyi olarak ele almabilir. Simon’a (2004) gore,
bir¢ok Ogrenci matematiksel kavramlar1 anlamadan belirli sorular1 belirli islemlere dayandirarak
dgrenmeye caligmaktadirlar. Ogrencilerin strateji gelistirmek yerine toplama islemini alt alta yazarak

yapmalar1 goriisii destekler niteliktedir.

Oriintiiler grencilere sadece riintiiyii genisletme olanag1 saglamaz. Ayni zamanda &riintiiniin
herhangi bir noktasinda ne olacagini soyleyebilme ve genelleme yapma olanagi da saglar. Bu baglamda
oriintli olusturma, devam ettirme ve genelleme asamalarin1 da deneysel soyutlama ve yansitici
soyutlama diizeyleri olarak ele alabiliriz. Geometrik oriintiiler giizel 6rnekler sunarlar ¢iinkii oriintiiyii
gormek kolaydir ve 0grenciler nesneleri hareket ettirerek degistirebilirler (Van de Walle ve digerleri.,
2018). Bu baglamda 6grencilerin, geometrik oriintiiniin bir sonraki adimini ¢izerken ya da tahmin
ederken fiziksel nesnelerden vyararlandiklar1i icin herhangi bir matematiksel genellemede
bulunmadiklarindan dolay1 deneysel soyutlama diizeyinde olduklarindan bahsedebiliriz. Ancak
burada bir sonraki adiminin ¢izilmesi istenmesi dnemlidir. Herhangi bir adimin ¢izilmesi istenmesi
matematiksel anlamda bir genelleme gerektirir. Ciinkii Ogrenciler matematiksel genellemelere
ulasirken; Oriintiiniin yapisinin nasil degistigini analiz ederken zihinsel bir yapilandirma siirecinden
gecerler (Van de Walle ve digerleri., 2018). Ayn1 sekilde Dreyfus, Hershkowitz ve Schwarz (2001),
matematiksel anlamda genellemelerin olusabilmesini fiziksel modellerden sembollere gecis,

sembollerden matematiksel kavramlara gecis olarak tanimlamislardir. Arastirmanin sonucunda ise bir
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Ogrencinin deneysel soyutlama diizeyinde kaldig1, yani istenilen kazanima iligkin 6grenme siirecini
igsellestiremedigi goriilmektedir. Diger 6grenci ise birinci derece yansitici soyutlama diizeyindedir.
Fakat Ogrenci matematiksel genellemelere ulasamadig: (ikinci derece) ve bu asama birinci derece
yansiticit soyutlama diizeyine gore daha genel soyutlama yapmay: gerektirdiginden dolay1 6grenme

siirecinin tam anlamiyla i¢sellestirilemedigi soylenebilir.

Ogrencilerin soyutlama diizeylerindeki ilerlemeyi gérebilmek ya da soyutlama diizeylerine
gore etkinlik hazirlayabilmek icin 6gretmenler soyutlama diizeylerine dair bilgi sahibi olmalidir. Bu
dogrultuda 6gretmen, matematiksel herhangi bir kavramin o6gretiminde o6grencinin soyutlama
diizeyini ortaya c¢ikaracak veya matematiksel kavrami soyutlayabilmesine olanak saglayacak
etkinliklere yer verebilecektir. Bu baglamda hazirlanan BEP’lerin 6grencilerin soyutlama diizeylerini
ortaya ¢ikaracak etkinliklere ne Olgiide yer verildigi ve 6gretmenlerin soyutlama diizeylerine dikkat
ederek dersi isleyip islemedikleri arastirilabilir. Soyutlama diizeylerinin incelenmesi sadece matematik
dersi ile siirli kalmayip, diger branslarda da arastirilabilir. Bu dogrultuda 6grenci icin daha yararl
olabilecek; O0grenme siirecini igsellestirebilecegi, iist biligsel diisiinme becerilerini kazanabilecegi
ogretim siireci planlanabilir. Ogrencilerin soyutlama diizeyleri belirlendikten sonra ayni soyutlama
diizeyine sahip kaynastirma Ogrencileri ile grup egitimi yapilabilir. Grupla egitim oOgrencilerin
sosyallesme, Ozgtivenlerinin artmasi, kendini kontrol edebilmesi ve kendini ifade edebilme
ozelliklerinin gelismesinde fayda saglayacaktir. Bu fayda ile kaynastirma egitiminin amaglarindan biri
olan “6grenciyi topluma kazandirma” icin adim atilmis olur. Son olarak arastirmada belli yetersizlige
sahip Ogrencilerin matematik soyutlama diizeyleriyle siirl kalindigindan, bir sonraki arastirmalarda

diger yetersizlik tiirlerine sahip olan 6grencilerin de matematik soyutlama diizeyleri incelenebilir.
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Introduction

Just as there are students who continue their education life without any support, there are also
students who need support due to their individual differences. Akcamete (2015) reported that students
with the need for special education are in need of individualized education and related services in order
to benefit more from education and to meet their educational needs. It is important that the education
they need be given in general education classes, that is, in the least restrictive environment because such
a least restrictive environment allows students to integrate with their peers physically, socially and
educationally. Learning is different for each individual (Sucuoglu, 2010). Therefore, a separate plan
should be prepared for students who need special education. An individualized training program is
prepared to achieve the goals determined in line with the physical characteristics and educational needs
of individuals who need special education. The educational environments where these programs are
applied to students vary in accordance with students’ competencies and needs. Support education
rooms are prepared so that students who continue their education through inclusive education can
receive supportive education. Therefore, individuals who need special education can gain their
independence by taking education in line with their needs and without leaving their peers. Their

gaining independence allows them to undertake social roles as well.

Education given to individuals in need of special education to meet their educational and social
needs is defined as special education (Special Education Services Regulation (SESR). In line with this
definition, the purpose of special education is to give education to individuals (who need special
education) in line with their capabilities so that they can be self-sufficient and belong to the society they

live in (SESR, 2020).

According to Sorgun Counseling Research Center (Sorgun CRC, 2017), deficiencies experienced
by individuals due to factors before, during and after childbearing are all defined as disability. These
types of disability are physical and mental disability, visual and hearing impairment, language and
speech impairment, learning disability, chronic illnesses, developmental disorders, attention deficit and

hyperactivity disorders. As this study focused on students who had learning disabilities, attention
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deficits and hyperactivity disorders, the explanations of these two types of disabilities will be

mentioned.
Learning Disability

Learning disability was defined as the difficulty experienced by the child in gaining and using
such skills as reading/writing, speaking, listening and reasoning (MEB, 2014). In addition, learning
disability was also defined as a developmental disorder (MEB, Modiil-5). Specific learning difficulties
can be classified as reading difficulties (dyslexia), writing difficulties (dysgraphia) and math difficulties

(dyscalculia).
Attention Deficit and Hyperactivity Disorder

An individual’s attention problems which are not normal when compared to his/her peers’ are
defined as a disorder that appears due to genetic or environmental differences, with failure to stay still

and postpone requests (impulsivity) (Sorgun CRC, 2017).
Education through Inclusive/Integration

Inclusive education, which is one of the goals of special education, allows students to receive
their education together with their peers. With this opportunity, individuals in need of special education
can continue their education with their peers full-time in the same class or part-time in special education
classes through inclusion/integration. In special education schools, education can be given via

inclusion/integration at all levels (SESR, 2020).
Constructivism and Abstraction

Constructivism is a theory about how knowledge is formed and how people obtain information.
Piaget states that the constructivist learning theory is the basis of mental development. According to
this theory, information is structured in the mind by the individual in the process of mental
development. The individual internalizes the process as s/he structures the information in her own
mind. Piaget points out that the process in which the student structures the information is defined as
an internal process (Zembat, 2016). Piaget explained the concept of learning, namely the internalization

process, with the concepts of assimilation, regulation and balance.

Depending on the change over time in the human structure needed by the society, changes are
made in curricula. Accordingly, since the 2005 curriculum change, the constructivist approach has been
included in the curricula. One of the most important reasons for the dominance of the constructivist
approach in curricula is that students cannot sufficiently abstract mathematical information. With the
deterioration of the cognitive balance, the individual tends to think deeply by establishing a relationship
between her previous knowledge and experiences. According to Pesen (2008), the formation of

abstraction depends on the establishment of these relations between mathematical structures.
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Piaget argued that abstraction is a process. The concept of abstraction is divided into two:
empirical abstraction and reflective abstraction (Zembat, 2016). Empirical abstraction is making
inferences about the apparent properties (color, shape, etc.) of objects. Since the physical properties of
objects are used here, no mathematical generalization is made (Zembat, 2016). Reflective abstraction is
about new inferences that an individual makes between her actions and the relationships in her mind.
In reflective abstraction, individuals reach mathematical generalizations as they internalize the learning
process in which they reconstruct the information in their mind (Zembat, 2016). Piaget (2001) discussed
the level of reflective abstraction in three stages: “reflecting abstraction, reflected abstraction and
metareflection”. In order to prevent loss of meaning when translating into Turkish, Zembat (2016)
describes reflective abstraction levels as first-degree, second-degree and third-degree reflective
abstraction levels since these concepts have a hierarchical order. In this study, while determining the
abstraction levels of the outcomes, the mathematical abstraction levels of the questions prepared by

Zembat (2016) regarding the concept of equivalent fractions were taken as basis.
Special Education and Mathematics Education

As individuals in need of special education should be provided with education in the areas they
need, a rough evaluation form is applied to these individuals. The rough evaluation form is a superficial
evaluation applied before preparing an individualized education plan (IEP) (SESR,2020). All the
outcomes in the mathematics curriculum should be written on the rough evaluation form. While making
a rough evaluation, whether the individual can achieve or know the outcome or not is checked.
According to this evaluation, an individualized education plan is prepared considering the

developmental and physical characteristics of the student.

The process of abstraction of mathematical knowledge gained more importance with the
inclusion of the constructivist approach in the curriculum in the 2005-2006 academic year. In this
respect, the specific objectives that the mathematics curriculum tries to achieve are arranged so that
students can understand mathematical concepts, use them in daily life and consciously manage their
own learning processes in a way to improve their metacognitive knowledge and skills (MEB, 2018). The
principles that must be followed in order for mathematics teaching to reach its goal are said to be as
follows: "creating conceptual foundations, paying attention to preconditions and key concepts, giving
appropriate tasks to teachers and students by including the environment and research studies in the
teaching process, and developing a positive attitude towards mathematics" (Altun, 2015). Teaching by
paying attention to the principles of mathematics will make it easier for individuals in need of special
education to learn abstract concepts, as it will prevent the teaching from being ordinary. Since
mathematics is an abstract field and abstraction is necessary, students have difficulty in structuring

mathematical knowledge.
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Like normal students, students who need special education also have the right to take
education. Inclusive education, which is the least restrictive environment, offers students the
opportunity to study with their peers. In this way, inclusive education contributes to the social
development of the student as well as to his/her educational performance. As mathematics is an abstract
and often difficult subject to understand, it may seem more incomprehensible to individuals who need
special education. In this sense, considering the fact that inclusive students can be more involved in the
education process and make better use of the education-teaching process, the problem situations in the

present study were determined as follows:
¢ Does the same type of disability of students affect their levels of mathematical abstraction?
¢ Does the same level of readiness of students affect their levels of mathematical abstraction?
Method
Research Model

In this study, the purpose was to examine the mathematical abstraction levels of secondary
school inclusive students with the help of questions prepared in relation to the outcomes determined in
accordance with the individualized education plan. The study was designed as a case study in which
the "internal situation was examined" because the study included a case limited to time and place and
because the purpose was to describe and detail the case by determining a special situation. Here, the
mathematical abstraction levels of the secondary school inclusive students were defined within their
own conditions. According to Stake (1995), a qualitative case study can be designed to reveal a unique
situation. Creswell (2002) emphasized the internal case study by stating that detailed examination of
such description of a unique situation has its own nature. For this purpose, 4 open-ended questions
prepared by taking expert opinion in line with their outcomes were directed to the secondary school

inclusive students participating in the study.
Study Group

The participants of the study were 4 secondary school inclusive students attending a low socio-
economic status school in the city center of Van in the academic year of 2019-2020. The homogeneous
group sampling method, one of purposive sampling techniques, was used for the selection of the
participants. In this respect, the mathematical abstraction levels of students with the same readiness
level and same disability were examined. The names of the secondary school inclusive students
participating in the study were kept confidential, and the students were coded as S1, S2, S3 and S4. The
demographic characteristics and readiness levels of the participants are presented in Table 1 and Table

2 below.
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Table 1. Demographic characteristics of the inclusive students participating in the study

Student Gender Class Grade Disability

code

S1 F 5 Attention deficit and hyperactivity disorder

S2 M 5 Attention deficit and hyperactivity disorder

S3 M 7 Specific learning disability

S4 M 7 Attention deficit and hyperactivity disorder and Specific

learning disability

Table 2. Mathematics lesson readiness levels of the students participating in the study

Student code Readiness level Outcome_to be achieved
S1and S2 Performs the addition operations given Ability to do addition in mind
with and without carrying
S3 and S4 Verbally expresses and maintains the Finding the desired step in the number
rule in a repeating pattern with or shape patterns, given the rule

geometric objects or shapes.

In relation to the demographic backgrounds of the students, they were asked to give
information about their gender and class grades. By meeting the school counselor, information was
obtained about in which area the students who participated in the study had disabilities and was added

to the demographic information section.
Application Process

In the 2019-2020 academic year, the questions prepared by obtaining the necessary permissions
were directed to 4 secondary school inclusive students in the city center of Van. Due to the epidemic
(coronavirus) affecting our country as well as the rest of the world, the application was carried out by
interviewing the students over the Education Information Network (known as EBA in Turkey). The
study was planned as two weeks, and the first week of the research process aimed to eliminate any
missing knowledge of the students about the lesson subject. In the second week, the questions prepared
to examine the levels of mathematical abstraction related to the subject were applied. In the findings
section, how the live lessons were applied was written down week by week and lesson by lesson, and

each student was studied individually.
The procedures performed during the study are given below.

1. Before determining the levels of mathematical abstraction, the outcomes that the students
were not good at were determined with the Rough Evaluation Form. Accordingly, questions were

prepared in line with the lesson plan and readiness of the students.

2. In the first week, preparatory questions about the field in which they were inadequate were

applied.

3. In the second week, questions prepared to determine the levels of mathematical abstraction

were applied.



Ertem Akbas, E., Cancan, M., & Toygan, T.
Data Collection Tools

For the study, the related literature was reviewed first. In order to determine the mathematical
abstraction levels of the secondary school inclusive students, the legal bases, master's and doctoral
theses, articles, books, Internet and elementary and secondary school mathematics curricula were

examined in detail. As a result, four open-ended questions were prepared by taking expert opinion.

The questions prepared for S1 and S2 consisted of two parts: "demographic information and
questions". In the questions section; There were four main questions in the questions section (silelim).
Although these four questions served the same purpose, the levels of mathematical abstraction were
different from each other. The first question consisted of two sub-questions; the second question
consisted of three sub-questions; the third question consisted of four sub-questions; and the fourth
question consisted of four sub-questions. The questions prepared for the examination of the
mathematical abstraction levels of S1 and S2 and the mathematical abstraction levels according to the

questions are explained below.

e The first and second questions asked the students to do the modeled addition, and the
students were determined to be at empirical abstraction level if they were able to answer the question

by using a physical modelling,

¢ In the third question, as the change and unification features of addition allowed the students
to express the thoughts they visualized in their minds, the students were determined to be at first-degree

reflecting abstraction level,

¢ In the fourth question, the students were asked to develop a strategy and perform the given
additions. Here, the students’ use of number relations and their ability to combine and separate
numbers in different ways included more mathematical thinking when compared to the third question,

and the students were determined to be at second-degree reflected abstraction level.

The questions prepared for S3 and S4 consisted of four main questions. Although these four
main questions served the same purpose, the levels of mathematical abstraction were different from
each other. All the four questions consisted of two sub-questions. The questions prepared for the
examination of the mathematical abstraction levels of S3 and 54 and the mathematical abstraction levels

according to the questions are explained below.

e In the first question, the empirical abstraction level was determined as the students used

shapes, that is, a physical model, while continuing the given pattern,

¢ In the second and third questions, simple number patterns were given instead of geometric
patterns. First-degree reflecting abstraction level was determined as seeing and envisioning the number
patterns in their minds was more abstract than physical modeling questions and therefore required

deep thinking,
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e In the fourth question, second-degree reflected abstraction level was determined as being
able to find out what would happen at any point in the pattern and envisioning the expansion of the

patterns in their minds required more algebraic thinking,

¢ Lastly, patterns; (silelim) being able to associate the patterns with function and arithmetic

and geometric sequence was determined as third-degree meta-reflection level.

Since third-degree meta-reflection abstraction is suitable for students at secondary and higher

education levels, examples of this level were not included.

The framework below was created for the abstraction levels of the outcomes determined based
on the abstraction levels of the questions prepared by Zembat (2016) on teaching the concept of

equivalent fractions and on the way she explained these abstraction levels.

Table 3. Abstraction levels and explanations regarding the outcomes

Levels
Outcomes Empirical First-Degree Second-Degree Third-Degree
abstraction (0.) Reflecting Reflected Abstraction Meta-reflection
Abstraction (1s) (2nd) Abstraction (31)
Creating Being able to ~ Being able to use the Being able to do the
strategies for  do addition = change and unification given addition by
doing given with features of addition. producing their own
addition in the model.  The fact that they were  strategies. Being able
mind. Reflective able to use these two to explain the given
thinking did features of addition strategy.
not occur without making use of ~ The students’ doing
because it physical objects the operation by
was done by showed that they producing their own
using internalized the strategies allowed
physical process and thought them to make fewer
objects. deeply. mistakes. At this level,
reflected abstraction
occurred as the
students were able to
explain the existing
strategy and produce
their own strategies.
There was a deeper
thinking than at the
previous level.
Creating a Being ableto  Being able to predict The expanding Being able to
pattern, draw the the next step of the pattern. Being able to  express the given
continuing nextstep of  given number pattern tell what would pattern as an
the given the given and to find the number happen at any point in arithmetic and
pattern, and geometric that broke the rule. the pattern. geometric
finding the patterns. Being able to see the At this level, the sequence.
pattern'’s The relationship between student should
rule. reflecting number patterns generalize the pattern
abstraction required deeper algebraically to be able

level did not
occur as the

thinking than the

to tell what would
happen at any point in
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students relationship between the pattern. This
reached the geometric shapes. required algebraic
next step by thinking and thus
making use deeper thinking than
of physical at the previous level.
objects.
Analysis of Data

After the questions prepared within the scope of the study were applied, the abstraction levels

were created by using the framework in Table 3 in line with the participants’ readiness. The data

obtained were analyzed based on these abstraction levels. The abstraction levels created for the

participants can be seen in Table 4 below.

Table 4. Abstraction levels of the participants

Levels
Students Empirical First-Degree Second-Degree Third-Degree
Abstraction Reflecting Reflected Reflective
Abstraction Abstraction Abstraction
S1 Was able to do Was unable to do the Was unable to
addition with the given addition by produce a strategy
model; was able to using the change for the given
model the given and unification additions.
addition. features of addition.
52 Was able to model =~ Was unable to do the Was unable to
the given addition. given addition by produce a strategy
Was unable to using the change for the given
model the given and unification additions.
addition. features of addition
S3 Was able to predict Was unable to Was unable to
the next step of the  predict the next step create a rule
given geometric of the given number regarding the
pattern. pattern or to find the given pattern.
number that broke
the rule.
54 Was able to predict Was unable to Was unable to
the next step of the  predict the next step create a rule

given geometric
pattern.

of the given number
pattern or to find the
number that broke
the rule.

regarding the
given pattern.

Ethical Permissions for the Study

In this study, all the specified rules to be followed within the scope of "Higher Education
Institutions Scientific Research and Publication Ethics Directive" were followed. None of the actions
stated under the title of "Actions Contrary to Scientific Research and Publication Ethics", which is the

second part of the directive, was taken.

456



KEFAD Cilt 23, (Ozel Say), 2022
Ethics committee permission

Ethical approval was given for this study in the decision of Van Yiiziincii Yil University Ethics

Committee dated 27.03.2020 and numbered 2020/02-06.

Name of the committee that made the ethical evaluation = Van Yiiziincii Y1l University Ethics

Committee
Date of ethical evaluation decision = 27.03.2020
Ethical evaluation document number = 25477
Findings

In this section, the findings obtained in line with the examination of the mathematical
abstraction levels of the secondary school inclusive students were presented in accordance with the

weeks applied for S1-S2 and 53-54 and with the sub-problems examined.
Week 1/ Live Lesson 1

In this live lesson, the behavior of “Explains the addition with models and performs addition
with and without carrying regarding the outcome of “being able to develop strategies to do addition in

mind” was examined.

The teacher started the live lesson by entering EBA and opened the questions she prepared
about the modeling of addition on her computer, and she shared the screen with her student. The
teacher first introduced the base ten blocks to the student. Later, she asked the student to say the first
modelled addend in the addition. The student reached the number by counting the tens and the ones
and found the second addition in the same way. The sum is found first by counting tens and units. The
teacher asked the student how this operation can be done without modeling. The student said she could
do it by writing the numbers one under the other. In this case, the teacher gave the student time to
complete the operation. The teacher asked the student to model the result, and modeling was done with
base ten blocks. The teacher directed questions to the student to see the relationship between the tens
and ones of the added numbers and the sum. The student was intended to discover that he could add
the tens first, then the ones, and finally all of them. The student dealt with the other modeling questions
in the same way. Lastly, the teacher ended the lesson by saying that the student's participation was good

during the live lesson and by explaining what they would do in the next live lesson.
Week 1/ Live Lesson 2

In this live lesson, the behavior of "does addition with three-digit and four-digit numbers and

explains the change and unification features of addition” was examined.

The teacher asked the student to remind them of what they did in the previous live lesson. The

student's missing learnings about the previous live lesson were eliminated, and examples of addition
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operations related to three-digit and four-digit numbers were given. The student was asked to do the
addition without using modeling. The 100, 200, 300 and 400 additions for one of the addends were
given, and it was ensured that the student was able to reach the result by adding the hundreds. This
was followed by the next question, which was the addition operation involving more than two addends.
The teacher asked what kind of change with the encountered numbers would provide ease of operation.
The student said they could add the small numbers first. The teacher pointed to the fact that for the
question of "17 +46 + 13 + 74", in the student's words, the numbers must be replaced to add up the small
numbers and that in the question of "49 + 13 + 27", grouping should be done to add the small numbers.
It was explained that the addition operation had the features of change and unification, which provided

ease of operation.
Week 1/ Live Lesson 3

In this live lesson, the behavior of "does the addition from the mind and writes from the mind

the addition whose operation is given”.

The teacher opened the "watermelon picking" game via EBA, which was an addition activity
from the mind. In this game, the student was asked to do the given addition operations within a certain
time. Due to the time limit, the student involuntarily tried to do the addition operations from the mind.
The teacher said that it was possible to do the operations in mind instead of doing them by writing, as
in the game. It was seen that the students randomly did some of the additions during the game because
they had the ambition to win. The teacher reopened the modeling questions they had done in the first
live lesson, said that they could do these operations in mind, and asked the students how they should
do the operations. Here, the students were expected to develop their own strategies. However, the
students said that they could add them by writing one under the other. Finally, the students were shown
the operation steps that were followed in mind, and they were asked what this addition process was.
The students gave wrong answers by saying the addition operation they saw on the screen. The teacher
explained through another example, saying that it was possible to separate the collected numbers into
pieces to do the addition more easily. Thanks to this example, the students were able to say what the

addition operation done in mind was.
Week 2/ Live Lesson 1
In this live lesson, the behavior of "develops strategies to do addition in mind” was covered.

In order to improve the student's ability to do addition in mind, the teacher asked the students
to do the examples of addition in the 5%-grade mathematics coursebook. These examples, in which there
were many addends, encouraged the students to do addition from their minds and to develop strategies.
The teacher guided the students to develop strategies. Lastly, the teacher tried to make it meaningful
for the student by associating doing addition in mind with daily life. For example; “Our mother wanted

us to go to the supermarket and asked us to buy flour, sugar, oil, milk, eggs and cocoa.” Here, in order
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for the student to understand whether the money was sufficient, the intention was to have the students
think that it was possible “to find the approximate prices of the products to be purchased by adding

them in mind."
Week 2/ Live Lesson 2

In this live lesson, the teacher said that she would apply the questions prepared for the research,
and informed them that they would not be evaluated with a grade and asked them to do the questions.
The students were guided with sample questions from previous lessons when they did not understand
or got stuck. While solving the questions, one of the students did not have a problem with the modeling
of the addition operation in the first and second questions, yet the other student (52) had a problem
with modeling the three-digit number and preferred to add one under the other because he wanted to
find the result. Again, the student (52), who preferred to add one under the other, added the numbers
by saying that in the example given in the problem style in the third question, 32 and 15 would be
added. The student did the operation of 32 + 15 in items a and b in the third question and explained that
the same numbers were added in these two questions. In items c and d, 52 added the numbers one
under the other and said the same thing was written twice. S1 did the operation of 32+15 and 15+32 in
items a and b of the third question. When the teacher drew attention to the places of the numbers, the
student concluded that their places changed but the result did not. The student also stated that in items
c and d of the third question, they added the numbers by changing their places. The student reported
that there was the change feature of addition as the parts they added changed. Both of the students
could not develop a strategy in the fourth question and preferred to add the given operations one under

the other.
Week 1/ Live Lesson 1

In this live lesson, the behaviors of “creates the given geometric pattern and draws the next step
of the given geometric pattern” regarding the outcome of “creates a pattern, continues the given pattern

and generalizes the pattern” were covered.

The teacher drew a pattern consisting of geometric shapes arranged according to a certain rule
at a simple level and asked the student to explain the pattern. The students explained the pattern by
saying, “Square, round, square, round.” As a result, the teacher asked the students what the next shape
would be in the pattern in which the last “circle” was drawn, and the teacher expected them to answer.
After the students gave the answer of “square”, the teacher congratulated them. The students were
shown the slightly more complex geometric pattern in Figure 1, and they were asked to explain the
pattern. As the students focused on the increase in the number of arrows, they could not notice the
direction of the arrows. At this stage, the teacher posed the question of whether the directions of all the
arrows were the same. After this, the students determined the direction of the arrows and drew the

fourth step. The lesson continued with the geometric pattern question in Figure 2, and the students were
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asked to explain the pattern and to draw the next step. The students said that the next step would be in
the form of the letter "L". The teacher guided them to make another comment about the next step by
telling them to pay attention to the number of dots from top to bottom. For example, the students were
expected to provide an explanation like “there is one dot at the top and two dots at the bottom in the
2nd step and one dot at the top, then two and then three dots in the 3t step.” As the number of dots

increased from top to bottom, it was resembled to the letter ‘L".

1. Adim 2. Adm 3 Adm 4. Adm

= 7

Figure 1. A sample geometric pattern

1.adim 2.adim 3.adim 4 adim
o
-1 L
-] a a 8 8 8
.1 a8 8 a a s LT

Figure 2. A sample geometric pattern

Week 1/ Live Lesson 2
In this live lesson, the behavior of "explains the given number pattern" was covered.

The teacher started the lesson by saying that they would deal with numbers instead of geometric
shapes. In this lesson, the purpose was to have the students first express verbally the number patterns
given with a rule. Since numbers are abstract, examples of simple number patterns were given first. The
students were asked to explain the rule of the pattern given as 5, 10, 15, 20, 25, .... The teacher first asked
the students whether the given pattern was ‘increasing’ or ‘decreasing’, and the students gave the
answer of “increasing’. Then, the teacher asked what it increased by. The students said that the pattern
increased five by five. Later in the lesson, then number pattern of 21, 17, 13, 9, .... was asked, and the
students were requested to explain the rule of the pattern. First, the students determined whether the
pattern increased or decreased. The students said it decreased by 4 counting down from 21 to 17; by 4
counting down from 17 to 13; and by 4 counting down from 13 to 9, and they concluded that the pattern
continued with a decrease of 4. The teacher asked the students the slightly more complex number
pattern of 1, 2, 4, 7, 11, ... and requested them to find the rule of the pattern in the same way. The
students first said that it continued by 2. The teacher asked whether it also increased by 2 between 1
and 2 and between 4 and 7. The students here noticed that the numbers did not increase by 2. The
teacher tried to make the students realize the relationship between the amount of increase between the
numbers by writing the numbers on the share screen. The students concluded that it increased one by

one. It was found that the next increase would be five.
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Week 1/ Live Lesson 3
In this live lesson, the behavior of "finds the next step of the given number pattern" was covered.

The teacher reminded that they found the rule for the number patterns given in the previous
lesson. She said that in the lesson, they would find the next steps of the patterns whose rule they had
found. The teacher asked the students to find the rule again in the number pattern given as 5, 10, 15, 20,
25, ... in the previous lesson. The students said that it first increased and then increased by five. The
teacher then asked what the next number would be. The students gave the answer of 30 by adding 5 to
25. Similarly, in the next number pattern of 21, 17, 13, 9, ..., the students first said the rule and gave the
answer of 5 as the next number by counting back from 9 by 4. In the slightly more complex number
pattern of 1, 2, 4, 7, 11, ..., the students had difficulty finding the rule. With the teacher's instructions,
they found the rule again and reached the number in the next step as "increased by 1, increased by 2,

increased by 3, increased by 4, and now will increase by 5, so it will be 16".
Week 2/ Live Lesson 1

In this live lesson, the behavior of “finds the geometric shape that breaks the pattern and finds

the number that breaks the pattern” was covered.

The teacher started the lesson by saying that they would find the shapes and numbers that broke
the rule in the patterns given that day, and the teacher shared the geometric pattern question on the
screen. Sharing the patterns in Figures 3 and 4, the teacher asked the students to find the rule of the
pattern in Figure 3 first. The students said that the pattern continued in the form of "sun and moon".
The teacher then asked with how many suns and how many moons the pattern continued. The students
answered as “three suns one month, three suns one month.” The teacher asked them to count the suns
and moons again in the last stage. The students said "two suns and one moon" and reported that it was
not the same in the other steps. The teacher said and asked, "Then there is a shape that breaks the rule,
which do you think it is?" The students said that the last moon broke the rule. The geometric pattern in

Figure 4 was examined in the same way, and the colors that broke the rule were found.
vho vhg vAg YAy “Adb( @D :é%
TELELE (GELEIEL LR

Figure 3. Sample geometric pattern breaking the rule

Figure 4. Sample geometric pattern breaking the rule
Next, the number patterns specified in Figure 5 were given, and the students were asked to find
the numbers that broke the rule. First, they were requested to express the rule of the given number
patterns and then to find the number that broke the rule. Both of the students verbally stated that the

rule of the number pattern in Figure 2 (a) increased by five and realized that the number 30 broke the
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rule. For the students who had difficulty in items (b) and (c), the teacher wrote item (b) on the share
screen, said that there was a similar relationship between 1 and 2, between 2 and 4, and between 4 and
8 and helped the students notice the two-fold relationship. With the help of the teacher, the other terms
were found as 8 and 16 and as 16 and 32. The number that broke the rule because 20 was written instead
of 16 was found by the students. In item (c), the teacher asked whether the pattern continued by
increasing or by decreasing and told the students to pay attention to the amount of increase or decrease.
As aresult of this guidance, both students found that the given pattern continued by increasing. In this
pattern, where the amount of increase was not constant, a similar example was solved as a reminder.
With this example, the students found where the mistake was by saying it increased by 5, increased by
6, increased by 7 and increased by 7. With the help of guidance, they wrote it correctly as “it increased

by 5, increased by 6, increased by 7, increased by 8, increased by 9, ....

a)5—10— 15— 20 — 30
b)1-2—-4-8-20-32

c)4-9-15-22-29-39

Figure 5. Sample number pattern breaking the rule

Week 2/ Live Lesson 2

In this live lesson, the behavior of “finds the desired step in the given pattern and generalizes

the given pattern” is covered.

During the lesson, examples of finding any desired step were solved together with the students.
First, the students were given a number pattern of 3, 5, 7, 9, ... and were asked to guess the tenth step.
The teacher reminded the students that before finding the tenth step, they had to find the rule of the
pattern. The students reached the rule that the pattern continued by increasing first and then increasing
by two. After the last term, both students reached the tenth step by taking six steps by 2: 3, 5,7, 9, 11,
13,15, 17,19, 21, .... Later, given the pattern in Figure 6, they were asked to find the number of chairs
at the tenth table. With the teacher’s question of “How many chairs are there at the first table, and how
many chairs are there at the second table?”, the numbers of chairs at each table were found together
with the students. The numbers of chairs were 4, 6, §, ..., respectively. The teacher asked the students
to explain the rule of this pattern. The students noticed that the chairs were increasing by two, and they
preferred to write one by one to find the number of chairs at the tenth table. The students; reached the

number of chairs at the tenth table by writing as 4, 6, §, 10, 12, 14, 16, 18, 20, 22,.....
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S unl une

1. Masa 2. Masa 3. Masa

Figure 6. Sample geometric shape pattern
In this lesson, the teacher directed the question of “If we are asked to find the 100t step, will we
write one by one?” The students said there was an easy way but failed to say what it was. The teacher

filled in Table 4 and Table 5 with the students, respectively.

Table 5. The relationship of number of steps regarding the pattern of “3,5,7,9, ...”

Number of 1 2 3 4 5 n
steps
Number found 3 5 7 9 11 .. 2n+1
\ O A O 4 \ 4 \ w4 G
+2 +2 +2 +2 +2

Table 6. Relationship between the numbers of chairs and tables

Number of 1 2 3 4 5 n
tables
Number of 4 6 8 10 12 2n+2
chairs e | U 3 | U 3 | W
\ W4 A\ 4 ~7 7 \ > 4
+2 +2 +2 +2 +2

Filling the Table 5 and Table 6 with the students; It was seen that there was a relationship
between "the number of steps and the number found in that step” and "the number of tables and the
number of chairs". In Table 5, it was seen that there was 2 times minus 1 between the number of steps
and the number found in that step. Then, in step n (the teacher told the students that they could write
any number they wanted for n), it became 2 times minus 1 (2.n -1). As a result, the students found the
general rule of the given pattern, and they could easily find all the steps they wanted. With the teacher’s
guidance, the students found that in Table 6, the relationship between the number of tables and the
number of chairs was as "2 times plus 2" and that at table n, the students reached the conclusion that
this relationship would be 2.n + 2. Likewise, the students were told that there was a general rule and
that they could find any step they wanted. For example; there were 2.100 + 2 = 202 chairs at the 100™

table.
Week 3/ Live Lesson 3

In this live lesson, the teacher said that she would apply the questions prepared for the research,
informed them that they would not be evaluated with a grade and asked them to do it. The students
were guided with sample questions from previous lessons when they did not understand or got stuck.
Both of the students said that in the first question of “yellow star, empty star, empty triangle”, the first
question mark would be “empty star” and the second question mark would be “empty triangle”. Both
of the students reached item a of the second question without any problems. In item b, they asked for

help on how to do it. At this stage, the teacher reminded them of the example of 1, 2, 4, 7, 11, ... from
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the previous lesson, allowing them to focus on the relationship between numbers. After this example,
both students were able to complete the second question. In item a of the second question, they said "it
continues 2 by 2, and after 10, it becomes 12". In item b, after the teacher reminded them of the previous
lessons, the students reached the conclusion that "it increased by 3, increased by 6, increased by 12, and
now it will increase by 24, and then it is 47". In the third question, one of the students (S3) could not find
the number that broke the rule and could not explain the pattern. In the third question, S4 said with the
help of item b, "it continued with a decrease of 2, and they wrote 38 wrongly" in the first number pattern
and said, as a conclusion, with the help of item b of the second question, "it increased by 1, increased by
2, increased by 4, increased by 8; they wrote 16, but it will be 17" in the second number pattern. In item
a of the fourth question, both students tried to reach the desired step by drawing, but they could not

answer the question given in item b.

The answers given by each student to the questions were examined; notes were taken regarding
the answers of the students during the application; and the necessary explanations were provided. As
can be seen in Table 7 and Table 8 below, the questions that the students solved were indicated as (+),

and the questions they failed to solve were indicated as (-).

Table 7. Participants’ answers to the questions

Student Code First Question Second Third Question Fourth Question
Question
a b C a c d a b C d
S1 + + + + - - - - - -
S2 + + + + - - - - - - - - -

Table 8. Participants’ answers to the questions

Student Code First Question Second Third Question Fourth Question
Question
a b a b a b a b
S3 + + + + - - - -
S4 + + + + + + - -

Based on Table 7 and Table 8, the students' mathematical abstraction levels were determined

and presented in Table 9.

Table 9. Secondary school inclusive students’ mathematical abstraction levels

Student Gender Class Abstraction Levels
Code Grade Empirical 1s-Degree 2rd-Degree 3rd-Degree
Abstraction (reflecting (reflected (metareflection)
abstraction) abstraction)

S1 K 5 v x x x

S 2 E 5 X x X X

S3 E 7 v x x x

S4 E 7 v v x x

In Table 10, the most repeated actions of the students were given and associated with the

abstraction levels. "Adding by writing one under the other and adding by counting the fingers" and
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"trying to reach the desired step of the patterns by drawing" were the most repetitive actions in the

students.

Table 10. The most repetitive findings related to the abstraction levels

Abstraction Levels Codes §1 S2 S3 S4
Adding by writing one under the other + o+
Adding by counting the fingers + o+
Empirical abstraction Trying to reach the desired step in the given + 0+
geometric and number patterns by drawing
1st-degree reflecting Explaining the relationship between number patterns -t
abstraction and finding the next step

Conclusion, Discussion and Suggestions

In general, the students left the explanation part of the questions blank, failed to explain why
they thought so, and experienced difficulties in communicating. It was seen that the students often had
problems focusing their attention on one thing. This made it difficult to internalize the process. The
students avoided establishing a mental relationship and preferred to do it in their own way. This may
indicate that they chose to memorize the information. In this respect, the students who tried to do it
through memorization could not do the questions that required abstraction. Especially in relation to the
acquisition of the ability to do addition in mind, it was seen that the students always preferred the way
of adding one under the other and that they did not want to solve it in a different way. For this reason,
acquisition of the targeted outcome was not fully achieved. The fact that mathematical information was
abstract and that the attention of the inclusive students was short and scattered during the application
might have led to failure in full internalization of mathematical concepts (Merril, 2005; Senemoglu, 2007;

Sucuoglu, 2010).

When S1's mathematical abstraction level was examined based on Table 7, it was seen that S1
solved the first two questions by making use of physical (concrete) objects. As the student made use of
physical objects while doing the addition, she was at empirical abstraction level in the first two
questions. In the third question, the student was expected to be at the first-degree reflecting abstraction
level. However, when the student's answers were examined, it was seen that she was able to explain the
relationship (the change feature of addition) in items (a) and (b) but was unable to explain the
relationship (unification feature of addition) in (c) and (d). At the same time, the student did the addition
operations given in the fourth question by writing them one under the other, and she did not use any
mental strategy; therefore, it was shown as (-). In line with this information, it was seen that the student
could not fully internalize the outcome of " develops strategies to do addition in mind". In this respect,
as the process was not internalized, reflective abstraction was not fully achieved. The student was at the
level of empirical abstraction as she did the addition by using physical objects. According to Simon
(2004), many students try to learn by basing certain questions on certain operations without

understanding mathematical concepts. An example of this was that the students did the additions by
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adding one under the other instead of developing strategies. According to Table 9, no change was
observed in the abstraction level of the student at the end of the research. In this respect, it could be
stated that the student did not have sufficient readiness level or sufficient comprehension capacity. A
teaching process should be planned considering the student’s current abstraction level, and accordingly,

the student should be provided with help to internalize the learning process.

When S2's level of mathematical abstraction was examined according to Table 7, it was seen
that he was able to answer the first question and that in the second question, he managed to do items
(a) and (b) but failed to do item (c) by modelling. The student did item (c) by adding one under the
other. In the first and second questions, the student was at the level of empirical abstraction as he did
additions by using physical (concrete) objects. Therefore, the student who answered the first question
was expected to answer the second question as well. However, it was seen that S2 could not complete
item (c) of the second question. In the third question, he did the operation of 32+15 and the same
numbers were added in these two questions. In items c and d, he added the numbers by writing them
one under the other, and as he said "you wrote the same thing twice", he could not see the change and
unification features of addition. For this reason, the student failed to achieve the first-degree reflecting
abstraction level, which constituted the abstraction level of this question. In the last question, he could
not achieve the second-degree reflected abstraction level because he chose to add the numbers one
under the other instead of creating a strategy. Among the reasons for this, we can say that the student
chose to memorize the information instead of internalizing it or that he was not at sufficient readiness
level. Lastly, it could be stated that the student could not fully achieve the level of empirical abstraction

as he did the first question yet left the second question incomplete.

When S3's level of mathematical abstraction was examined based on Table 8, it was seen that
he answered the first and second questions and item (a) of the third question. As the student was able
to do and explain the first question, he was at the level of empirical abstraction. Since the pattern given
with numbers in the second question would lead the student to think mentally, the student was at the
first-degree reflecting abstraction level for this question. In the third question, a connection was
established with the second question asking the numbers that broke the rule. For this reason, the student
who answered the second question was expected to answer the third question as well. He needed to
find the rule of the given number patterns in both questions. The student answered the items (a) and
(b) of the second question correctly. He could not fully achieve the reflective abstraction process because
he failed to answer the third question. Therefore, he remained at the empirical abstraction level.
According to Table 9, there was no improvement in the abstraction level of the student. Thus, a new IEP

should be prepared again in accordance with the abstraction level of the student.

When S4's math abstraction level was examined based on Table 8, it was seen that he answered

the first three questions and failed to answer the fourth question. In the first question, the student's
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ability to explain by making use of physical (concrete) objects shows that he was at the level of empirical
abstraction. Because the second and third questions encouraged the student to think mentally and
because he answered these questions correctly, the student could be said to be at the first-degree
reflecting abstraction level. As the fourth question was related to the student's ability to establish
algebraic relationships, it required deeper thinking than the second and third questions, which
indicated the level of reflected abstraction. In the fourth question, instead of finding a relationship
between the number of steps and the terms of the pattern, the student drew up to the desired number
of steps; in other words, he could not explain the given pattern algebraically. Therefore, the student
remained at the first-degree reflecting abstraction level. According to Table 9, it could be stated that the
student progressed from the empirical abstraction level to the first-degree reflecting abstraction level
and internalized the process up to this stage. In order for the student to internalize this process more,
more lesson activities that support the first-degree reflecting and second-degree reflected abstraction

levels should be included. This will contribute to the educational development of the student.

When the results were examined in general, the students were at different levels of
mathematical abstraction though they were at the same level of readiness and with the same type of
incompetency. It was seen that S1 and S2 could not develop strategies to do the addition operation in
mind. In this respect, even if students have the same incompetency types and readiness levels, IEP
should be prepared again for each of them and the teaching process should be planned taking their
mathematical abstraction levels into account. This will contribute to the educational development of the
students at highest level. Although the students coded as S3 and S4 had the same incompetency type
and the same level of readiness at the beginning of the research process, their mathematical abstraction
levels were different. Among the students at the same readiness level, S4 came out at a higher level of
mathematical abstraction. In other words, a common lesson plan should not be applied by making a
generalization that inclusive students with the same incompetency and at the same level of readiness

are at the same educational level.

According to Bingélbali and Ozmantar (2012), doing addition by using direct modeling and
number relations progresses from simple to complex depending on the abstraction processes. Van de
Walle, Karen, and Jennifer (2018) stated that students should not be asked to make mental calculations
in the first place as they may be in the modeling process. We can associate this with Piaget's (2001) idea
that students use physical models at the empirical abstraction level and reach mathematical
generalizations at reflective abstraction. Thus, we can say that the reflective abstraction level is more
complex than the empirical abstraction level. It was also stated that students could use objects that
enabled them to count in order to model the existing operation as well as could produce abstract
strategies (Carpenter, 1999, cited in Bingolbali and Ozmantar, 2012, pp.31-61). Consequently, the
student solved the operation of 46+38 by determining such a strategy in his own as “Take 2 from 46 and

give it to 38 to make 40. Then, add 44 and 40, and the result is 84”, which shows that he could think
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deeply in mathematical aspect and was at the level of reflective abstraction. In addition, the change and
unification features of addition facilitate problem solving and mathematical operations in mind (Van
de Walle, Karen and Jennifer, 2018). However, although the change feature is obvious, it may not be
clear enough for students. It is pointed out that students’ understanding the change and unification
features of addition will enable them to make higher levels of abstraction (Carpenter, 1999, cited in
Bingolbali and Ozmantar, 2012, pp.31-61). Thus, the students’ ability to explain the change and
unification features of addition could be considered as reflecting abstraction level. According to Simon
(2004), many students try to learn by basing certain questions on certain operations without
understanding mathematical concepts. This view is supported by the fact that the students wrote the

addition operations one under the other instead of developing a strategy supports.

Patterns do not just allow students to expand the pattern. They also allow saying what will
happen at any point in the pattern and making generalization. In this respect, we can regard the stages
of creating, continuing and generalizing patterns as levels of empirical abstraction and reflective
abstraction. Geometric patterns provide good examples because it is easy to see the pattern and students
can change objects by moving them (Van de Walle et.al., 2018). In this respect, we can say that the
students were at the level of empirical abstraction because they did not make any mathematical
generalizations and because they made use of physical objects while drawing or predicting the next step
of the geometric pattern. However, here, it was important to ask them to draw the next step. Asking to
draw any step requires generalization in the mathematical sense because while reaching mathematical
generalizations, students go through a mental structuring process when analyzing how the structure of
the pattern changes (Van de Walle et.al., 2018). Similarly, Dreyfus, Hershkowitz and Schwarz (2001)
defined the formation of generalizations in the mathematical sense as the transition from physical
models to symbols and from symbols to mathematical concepts. As a result of the research, it was seen
that one student remained at the level of empirical abstraction; in other words, the student could not
internalize the learning process related to the desired outcome. The other student was at the level of
first-degree reflecting abstraction. However, it could be stated that the student could not fully
internalize the learning process because the student failed to reach mathematical generalizations
(second degree) and because this stage required more general abstraction than the first-degree reflecting

abstraction level.

In order to see the progress in the abstraction levels of the students or to prepare activities
according to their abstraction levels, teachers should have information about the abstraction levels of
their students. In this way, for the teaching of any mathematical concept, the teacher will be able to
include activities which will allow revealing the abstraction levels of students or which will help
students abstract the mathematical concept. In this respect, research could be conducted to examine the
extent to which IEPs include activities to reveal the abstraction levels of students and to examine

whether teachers teach the lesson by paying attention to the abstraction levels. Abstraction levels could
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also be investigated in other courses/disciplines apart from mathematics. In this respect, a teaching
process which might be more beneficial for students and in which they can internalize the learning
process and acquire metacognitive thinking skills can be planned. After determining the abstraction
levels of students, group education could be conducted with inclusive students who have the same
abstraction level. Group education will be beneficial in terms of improving students' socialization, self-
confidence, self-control and self-expression. With this benefit, a step could be taken for “integrating
students into society”, one of the aims of inclusive education. Lastly, since the study was limited to the
mathematics abstraction levels of students with certain disabilities, future studies could examine the

mathematics abstraction levels of students with other types of disabilities.
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