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The objective of this study is to reveal the perspectives of high school mathematics
teachers in the domain of geometric reflection, to examine the transition processes from
the motion perspective to the mapping perspective. The study was conducted with the
participation of four high school mathematics teachers working in different private
schools in Ankara during the summer term in 2021. The case study design was used in
the research. Interviews were used as a data collection tool. The collected data were
analyzed using APOS (action, process, object and schema) theory. Considering the
findings of the study, while all four teachers initially had a motion perspective according
to the domain of geometric reflection, three of the teachers still had a motion perspective,
and only one teacher switched to the mapping perspective. Teachers only applied the
geometric reflection to the shape while expressing the domain of geometric reflection.
Factors such as the mathematical definition of the plane, the use of this definition in the
geometric reflection, and the variety of shapes in the questions asked about geometric
reflection (closed figure, open figure, points given inside and outside the figure) were
effective in the transition from the motion perspective to the mapping perspective.
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Bu calismanin amaci lise matematik &gretmenlerinin yansima doniisiimii tanim kiimesinde sahip
olduklar1 perspektifleri ortaya ¢ikarmak, hareket perspektifinden eslestirme perspektifine gegis siireglerini
incelemek ve hareket veya eslestirme perspektiflerine sahip olmalarinin nedenlerini belirlemektir.
Caligma, 2020-2021 egitim 6gretim yilinda yaz doneminde Ankara ilinde farkli zel okullarda gérev yapan
dort lise matematik Ogretmeninin katilimiyla gerceklestirilmistir. Arastirmada nitel arastirma
desenlerinden durum ¢alismast deseni kullanilmugtir. Veri toplama araci olarak goriismelerden
yararlanilmigtir. Toplanan verilerin analizi APOS (eylem, siireg, nesne ve sema) teorisi kullanilarak analiz
edilmistir. Calismanin bulgularina gore, dort 6gretmen de baslangicta yansimanin tanim kiimesi hareket
perspektifine sahip iken, calisma sonucunda ii¢ 6gretmenin yansimanin tanim kiimesine gore hala hareket
perspektifine sahip oldugu, yalnizca bir 6gretmenin eslestirme perspektifine gegis sagladigi ortaya
cikarilmistir. Ogretmenler yansimanin tanim kiimesini ifade ederken yansima doniisiimiinii yalnizca sekle
uyguladiklarini ifade etmeleri nedeniyle eslestirme perspektifine gecis saglayamamislardir. Hareket
perspektifinden eslestirme perspektifine gegiste diizlemin matematiksel olarak tanimlanmasi, bu tanimin
yansima doniisiimiinde kullanilmasi, yansima doniisiimii uygulamalar istenilen sorularda sekillerin
cesitliligi (kapali sekil, agik sekil, seklin i¢inde ve disinda verilen noktalar, simetri ekseninin iki tarafinda
da sekil ve noktalarin verilmesi vb.) gibi etkenler etkili olmustur.
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Son yillarda yapilan arastirmalar ve yayinlanan raporlara gore, yansima doniisiimii konusunun
ilkokul, ortaokul ve lisede Ogretilmesi 6nem arz etmektedir (Ada ve Kurtulus, 2010; Akarsu, 2018;
Hollebrands, 2003; Knuchel, 2004; Milli Egitim Bakanlig1 [MEB], 2010; Ulusal Matematik Ogretmenleri
Konseyi [National Council of Teachers of Mathematics] [NCTM], 2000). Ciinkii yansima doniistimii
konusu matematigin giinliik yasamdaki roliinii anlamada (Hollebrands, 2003; Yaruk, 2014), bazi
matematik konularini (6rn: fonksiyon, eslik ve benzerlik, simetri) kavramsal olarak 6grenmede (Akarsu;
2022; Flanagan, 2001; Yanik, 2006), 6grencilerin Oriintiileri kesfetmelerini ve ¢ikarim yapmalarini
saglamada, uzamsal becerileri kazanmada (Yanik, 2011), matematik problemlerini analiz etmede (Aktas
ve Unly, 2017) ve nokta, diizlem, dogru pargasi, tanim kiimesi, deger kiimesi tanimlarinin kavramsal

olarak 6grenilmesinde 6nemlidir (Akarsu, 2018).

Yansima doniisimii ile ilgili yapilmis calismalarda, Ogretmen adaylarinin yansima
doniisiimiinii anlamada birtakim zorluklar yasadiklar: tespit edilmistir (Akarsu, 2018; Son ve Sinclair,
2010; Yanik, 2006). Bu zorluklar; yansima doniistimiinii matematiksel olarak tanimlama (Desmond,
1997; Hacisalihoglu Karadeniz, Baran, Bozkus ve Giindiiz, 2015; MhLolo ve Schafer, 2014), verilen seklin
yansimasini alirken simetri ekseninin esit uzaklik ve diklik 6zelliklerini kullanabilme (Akarsu, 2018;
Hacisalihoglu Karadeniz ve ark., 2015; Harper, 2002; Yanik, 2006), yansima doniisiimiiniin tanim
kiimesini matematiksel olarak agiklayabilme ve kullanabilme (Akarsu, 2018; Yanik, 2006), figiirii veya
noktay1 diizlemden bagimsiz olarak diisiinerek seklin hareket ettigini diisiinebilme (Akarsu, 2018;
Harper, 2002; Yaruk, 2006), diizlemi matematiksel olarak tanimlayabilme ve bu tanimi yansima

doniisiimiinde kullanabilmedir (Harper, 2002; Yanik, 2006).

Yapilan bu ¢alismalarin sonucunda, yansima doniisiimiinii kavramsal olarak anlamada iki
onemli perspektifin oldugu vurgulanmaistir: hareket ve eslestirme perspektifi (Hollebrands, 2003; Yank,
2006). Hareket ve eslestirme perspektiflerine gore, yansima doniistimiiniin kavramsal olarak
anlasilmasinda yansimanin tanim kiimesinin 6nemli bir rolii vardir (Akarsu, 2018; Flanagan, 2001;
Yanik, 2006). Alan yazinda 6gretmen adaylarinin, yansimanin tanum kiimesi alt konseptini anlamada
hareket perspektifine sahip oldugu vurgulanmaktadir. (Akarsu, 2022; Yaruk, 2006). Yansima
doniistimiiniin tanim kiimesinin hareket perspektifi olarak anlasilmasi matematiksel olarak kavram
yanilgisidir (Flanagan, 2001; Yanik, 2006). Dolayisiyla, yansima doniisiimiiniin kavramsal olarak

anlasilmasinda eslestirme perspektifine sahip olunmasi énemlidir.

Alan yazinda yansima doniisiimii ile ilgili yapilan tanimlamalar incelendiginde hareket
perspektifine yonelik tanimlarin oldugu goriilmektedir (Demir ve Kurtulus, 2019; Kose, 2012). Yansima
doniistimii hareket perspektifine yonelik tanimlardan biri, verilen bir seklin simetri eksenine gore
cevrilmesi ve seklin ilk haline gore ters bir goriintii elde edilebilmesi icin sekillerin diizlem tizerindeki

hareketi olarak gosterilebilir (MEB, 2018). Diger yandan alan yazinda yansima doniisiimii eslestirme
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perspektifine yonelik olarak, diizlem iizerinde bulunan tiim noktalar1 esit uzaklik ve diklik 6zelliklerini
koruyarak yine ayni diizlem {izerinde noktalara doniistiiren birebir ve 6rten bir fonksiyon seklinde
tanimlanmaktadir (Coxford, 1973; Martin, 1982; Zembat, 2007). Hareket ve eslestirme perspektiflerine
yonelik verilen tanimlamalar incelendiginde, hareket perspektifine yonelik kullanilan tanimlamada
“sekillerin diizlem {izerindeki hareketi”, “sekillerin ters ¢evrilmesi” gibi yansima dontistimii hakkinda
kavram yanilgilarina yol acabilecek ifadelere yer verilirken, eslestirme perspektifine yonelik kullanilan

tanimlamada diizlem iizerinde bulunan tiim noktalarin karsilikli olarak hareket etmesi yerine birebir

ve Orten sekilde yansimasi gerektigi ifadeleri kullanilir.

Onceki caligmalar matematik Ogretmen adaylarmin yansima déniisiimiinii anlamadaki
zorluklar1 aciklamaya odaklanmis olsa da matematik Ogretmenlerinin yansima doniisiimiinii
anlamalarindaki gelisimi inceleyen ¢alisma yoktur. Bu ¢alismanin amaci, matematik 6gretmenlerinin
yansima doniislimiinii tanim kiimesi alt konseptine gore anlamada hangi perspektife sahip oldugunu
inceleyerek, eger hareket perspektifine sahiplerse, hareket perspektifinden eslestirme perspektifine

gecis siirecinin nasil olmasi gerektigini ortaya ¢ikarmaktir.

Ogretmen Adaylarinin Yansima Déniisiimiiniin Tanim Kiimesi Alt Konseptini Hareket ve

Eslestirme Perspektifine Gore Anlamasi

Matematik 6gretmenlerinin yansima doniisiimiinii anlamalari ile ilgili ¢alisma yapilmamis
oldugundan, Ogretmen adaylar1 ile yapilan calismalardan ¢ikarimlar yapilarak matematik

ogretmenlerinin yansima doniisiimiinii anlamalar1 yorumlanacaktir.

Alanyazinda yapilan c¢alismalar Ogretmen adaylarinin yansimanin tanim kiimesi alt
konseptinde hareket perspektifine sahip oldugunu gostermistir (Akarsu, 2018; Harper, 2002; Yanik,
2006). Yansimanin tamim kiimesi hareket perspektifine sahip 6gretmen adaylar1 diizlem {izerindeki tiim
noktalar yerine sadece verilen figiire veya noktalara yansima doniisiimiinii uygulamiglardir. Ornegin,
Yanik (2006) 6gretmen adaylarindan biriyle gerceklestirdigi miilakat siirecinde bir ABCD yamugunu
yansitmasim istemistir (Bkz. Sekil 1). Ogretmen aday1 sadece yamugun kose noktalarini ve kenarlarini
secerek yansima doniislimiinii tamamlamistir. Yanik, kose noktalar1 ve kenarlar disinda herhangi bir
sey yansittin m1 diye sordugunda, 6gretmen aday1 “hayir” cevabini vermistir. Ogretmen aday1 yansima
dontistimiinii uygularken diizlemdeki sonsuz noktanin yansitilmasi gerektigini ifade etmesi yerine
sadece verilen sekli ve sekil izerinde belirlenen noktalar1 yansittigini ifade ettigi i¢cin yansimanin tanum

kiimesi hareket perspektifine sahiptir.
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Sekil 1. Ogretmen adayinin yansima doniisiimiinii yamuga uygulamast (s. 98)

Harper (2002) calismasinda, dort smmif 6gretmeni adayi ile geometrik dontistimler konusunda
var olan bilgileri ve gelisimleri hakkinda gerceklestirdigi ¢calismasinda dinamik geometri yazilimi
ortaminda (The Geometer’s Sketchpad) 6gretmen adaylarinin gelisimlerini analiz etmistir. Yansima
doniistimii hakkindaki yaptigi miilakatlardan elde ettigi sonuglar dogrultusunda 4 6gretmen adayinin
da yansitmalar1 gereken alani (tanum kiimesi) ifade etmekte zorluk yasadiklarini belirlemistir.
Ogretmen adaylar1 yansima doniisiimiinii uygularken sadece verilen seklin yansimasimi almslar, sekli
diizlemden bagimsiz olarak diisiinmiisler ve diizlem iizerinde bagka hicbir noktaya yansima
doniisimii uygulamalar1 gerektigini ifade etmemislerdir. Yansima doniisiimii uygulanirken
diizlemdeki biitiin noktalarin yansitilmasi yerine, yalnizca verilen sekli yansittiklari igin dort 6gretmen

aday1 da yansimanin tanim kiimesi hareket perspektifine sahiptir.

Akarsu (2018) ise dort matematik Ogretmen adayinin yansima donistimiini hareket ve
eslestirme perspektiflerine gore nasil anladiklarini miilakatlar yaparak incelemistir. {1k miilakatta dort
Ogretmen adayl da yansimanin tanim kiimesini anlamada hareket perspektifine sahip olduklar
goriilmistiir. Dordiinci miilakat sonunda dort ogretmen aday:r da yansimanin tanim kiimesini
anlamada eslestirme perspektifine sahip olmuslardir. Goriismeler siiresince yansitilacak sekillerin
¢ember, acik sekil, seklin i¢inde ve disinda verilen noktalar ve simetri ekseninin her iki tarafinda sekil
ve noktalar verilmesi 6gretmen adaylarinin yansima doniisiimiinii sadece verilen sekil veya noktalara
degil diizlemdeki biitiin noktalara uygulamalar1 gerektigini anlamada yardimci olmustur. Ornegin,
Ikinci miilakatta 6gretmen adayina bir gember verilerek yansima doniisiimii uygulamasi istenmistir
(Bkz. Sekil 2). C)gretmen aday1 ¢ember {izerinde birkag nokta belirleyerek, simetri eksenine gore
yansimasini alarak ve noktalari birlestirerek yansima doniisiimiinii tamamlamigtir. Ogretmen adayi
“Cember tizerindeki noktalar disinda baska bir nokta yansittin m1?” sorusuna, ¢emberin i¢indeki
merkez noktasini diisiinerek, ayni zamanda ¢emberin igerisinde sonsuz noktay:r da yansittigim”
belirtmistir. Cemberin igerisindeki merkez noktasi Ogretmen adaymi yansima doniisiimiinii
uygularken verilen sekillerin igerisindeki sonsuz noktanin da yansitilmas: gerektigini diisiinmesine

yardimc1 olmustur.
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Sekil 2. Ogretmen adayinin yansima doniisiimiinii gembere uygulamast (s. 69)

Akarsu (2018) dordiincii miilakatta ise 6gretmen adayindan diizlem {izerinde karsilikli iki
bolgede de bulunan sekillere ve noktalara yansima doniisiimii uygulamasini istemistir (Bkz. Sekil 3).
Buradaki amag simetri ekseninin sol tarafindaki sonsuz noktanin simetri ekseninin sag tarafina, simetri
ekseninin sag tarafindaki sonsuz noktanin da simetri ekseninin sol tarafina yansitilmas: gerektigini
diisiinmelerini saglamaktir. Diger bir ifadeyle, yansima doniisiimiiniin simetri ekseninin her iki tarafina
uygulanmasi gerektiginin anlagilmasi amacr ile bu soru sorulmustur. Ogretmen aday1 verilen sekilleri
ve noktalar1 kullanarak simetri eksenine gore yansima doniisiimiinii tamamlamistir. Ogretmen aday1
“Diizlem {izerinde hangi noktalar1 yansittin?” sorusuna “Diizlem {izerinde bulunan biitiin noktalar:
karsilikli olarak yansittigimi” belirtmistir. Diizlem {izerinde karsilikli bolgelerde verilen sekiller ve

noktalar 6gretmen adayinin diizlem iizerindeki tiim noktalarin yansimasi gerektigini diisiindtirmiistiir.

Sekil 3. Ogretmen adayimin diizlem iizerinde karsilikli bolgelerde bulunan sekillere ve noktalara
yansima doniisiimii uygulamasi (s. 75)

Yapilan ¢alismalarda 6gretmen adaylarina uygulanan miilakatlar sayesinde bazi 6gretmen
adaylar1 yansimanin tanim kiimesi hareket perspektifinden eglestirme perspektifine gecisi saglamig
olsalar da, bazi 6gretmen adaylar1 hala hareket perspektifinde kalmigtir. Bu calismada, Akarsu (2018)'in

gelistirdigi goriisme sorular1 matematik Ogretmenlerine uygulanarak, yansima doniisiimiinii
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anlamadaki perspektifleri belirlenerek, eger hareket perspektifine sahiplerse, hareket perspektifinden

eslestirme perspektifine gecis siireleri APOS teorisi ile incelenmistir.
APOS Teorisi

Eylem, siirec, nesne ve sema (Action, Process, Object and Schema) (APOS) teorisi, matematiksel
kavramlarin birey tarafindan zihinde nasil yapilandirildigini ve bireyin kavrami nasil anlayip ifade
ettigini ortaya ¢ikaran bir modeldir (Dubinsky, 1991). APOS teorisi dort yapidan olusur ve bu yapilar
‘asama’ olarak adlandirilan bir zihinsel yap1 modelidir. Bu zihinsel yapilar sirasiyla “eylem, siireg, nesne
ve sema”dir. Bu calismada, Ogretmenlerin yansima doniisiimii tanim kiimesinde sahip olduklari
zihinsel yapilarini ve gelisimlerini (hareket perspektifine mi, eslesme perspektifine mi sahip olduklarin
ya da hareket perspektifinden eslesme perspektifine gecis asamalarindaki degisimlerini) incelemek igin

APOS teorisinden faydalanilmistir.

Bireyler icin bir matematiksel kavramin zihinde daha anlamli bir hale gelmesi, zihinsel yapilar
arasinda kurulan baglantilarla dogru oranti gostermektedir. Kurulan baglantilar bireylerin zihninde
semalar1 olugturur ve bu semalar kavram hakkindaki matematiksel durumlarin anlam kazanmasina
yardim eder (Arnon ve digerleri, 2014). Yansima doniisiimii tanim kiimesi alt konseptinde,
ogretmenlerin hareket perspektifinden eslesme perspektifine gecislerini ortaya ¢ikarmak igin eylem
(action) ve siireg¢ (process) zihinsel yapilarina sahip olmalar yeterlidir (Akarsu, 2018; Yanik, 2006).
Dolayistyla, bu ¢alismada eylem ve siireg zihinsel yapilariin kullanilmasi yeterli olacaktir. Calismada

nesne (object) ve sema (schema) zihinsel yapilar: kullanilmayacaktir.

Eylem zihinsel yapisi, bir matematiksel kavramin anlamlandirilmasi igin yapilan ilk
doniistiirme islemidir. Eylem zihinsel yapisina sahip bir birey icin digsal bir yardim olmadan o kavrama
dair herhangi bir doniisiim yapmak miimkiin degildir. Digsal yardimlar kavramla ilgili formiil, ipucu
ve benzer ornekler olabilir (Oktag ve Cetin, 2016). Digsal bir yardim olmadan doniisiim yapilamadig1
i¢in, uygulanan doniisiimlerin de zihinde canlandirilmasi miimkiin olmaz. Déniisiim uygulayan birey
her adim1 acikca gergeklestirmek zorundadir. Yansima doniisiimiiniin tanim kiimesi anlamada eylem
zihinsel yapisina sahip olan bir birey yansimanin tanim kiimesini, sadece belirtilen sekil ya da noktalar
oldugunu diisiiniir ve sadece bu sekle veya noktaya doniisiim uygular. Ornegin 6gretmen adaylarindan
diizlem iizerinde bulunan bir figiire yansima doniisiimii uygulamalar istendiginde 6gretmen adaylar:

sadece figiire ait noktalar1 yansittiklarini ifade ederler.

Siireg zihinsel yapisi, eylemin siirekli tekrarlanarak ya da bagka eylemlerle baglant: kurularak
igsellestirilmesi sonucu matematiksel kavramin anlamlandirilmis halidir. Eylem zihinsel yapisindaki ve
siire¢ zihinsel yapisindaki matematiksel kavramda anlamsal olarak bir farklilik yoktur. Eylem zihinsel
yapisindaki bir birey doniisiimii gerceklestirmek i¢in siirekli digsal ipuglarina ihtiyag duyarken, siireg
zihinsel yapisindaki bir bireyin digsal yardima ihtiyaci yoktur. Birey eylemi tekrarlayarak

igsellestirmistir ve yaptig1 doniisiimlerin bilincinde olarak zihninde formdillere ya da diger ipuglarina
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ihtiya¢ duymadan canlandirabilir. Bireyler eylem zihinsel yapisinda her adimi gergeklestirmek zorunda
iken, siire¢ zihinsel yapisinda her adimi gergeklestirmek zorunda degildir (Dubinsky, 1991). Yansima
doniisiimiiniin tanim kiimesi anlamada siire¢ zihinsel yapisina sahip olan bir birey yansimanin tanim
kiimesini sadece verilen sekil veya nokta olarak degil, diizlem iizerindeki tiim noktalarin yansimasi

olarak diigliniir ve ifade eder.

Literatiirde APOS teorisi gercevesini kullanarak 6gretmen adaylarinin geometrik dontisiimleri
nasil anladiklarini ve zihinsel yapilarini ortaya ¢ikaran ¢alismalar vardir (Akarsu 2018; Yanik, 2006).
Akarsu (2018) yaptig1 calismasiyla 6gretmen adaylarimin geometrik yansimada zihinsel yapilarinin
hareket perspektifinden eslesme perspektifine nasil gegtiklerini ve hangi faktorlerin bu doniisiimde
etken oldugunu ortaya ¢ikarmistir. Ogretmenlerin geometrik yansimada zihinsel yapilarim APOS
teorisi gergevesi ile incelendigi bir c¢alisma bulunmamaktadir. Bu ¢alisma 6gretmenlerin yansima
dontisiimii tanim kiimesini anlamada sahip olduklar: perspektifleri nedenleri ile belirleyerek, hareket
perspektifinden eslesme perspektifine nasil gectiklerini eylem ve siireg¢ zihinsel yapilarin1 kullanarak

ortaya cikarmaktir. Bu amag dogrultusunda asagidaki sorulara cevap aranmustir.

1- Lise matematik 6gretmenleri yansima doniisiimiiniin tanim kiimesi alt konseptini anlamada
hangi perspektife sahiptirler?
2- Lise matematik 6gretmenlerinin hareket veya eglestirme perspektifine sahip olmalarinin

nedenleri nelerdir?
Yontem
Arastirma Deseni

Bu calismada, matematik 6gretmenlerinin yansima doniisiimii tamim kiimesi alt konseptini
anlamada hangi perspektife sahip olduklarini belirlenmesi ve hareket perspektifinden eslestirme
perspektifine gegis siireclerini derinlemesine analiz edilmesi ihtiyacindan dolay1 nitel arastirma
desenlerinden biri olan durum calismast deseni kullanilmigtir. Durum c¢alismalari, aragtirmacinin
calismaya miidahalesi olmadan calisilan durum tiizerinde ‘nasil’ ve ‘neden’ sorularina cevap bulmak
i¢in kullanulan bir desendir (Yildirim ve Simsek, 2011; Yin, 2009). Her bir 6gretmenin sahip oldugu
perspektif (hareket ve eslestirme perspektifleri); mesleki deneyim siiresi, Ogretmen hazirlik
programlarinda aldiklar bilgi ve becerileri ve derslerinde matematik konularini 6gretme stratejileri gibi
farkli parametrelere bagli olarak degiskenlik gosterebilir. Bu farkliliklar: tespit etmek ve nedenlerini
ortaya ¢ikarmak igin matematik 6gretmenleri ile yar1 yapilandirilmis goriismeler gergeklestirilmistir.
Goriisme kisilerin durumlara bakis agilarini, duygularini, deneyimlerini ve diisiince yapilarini ortaya
c¢ikarmada Onemli bir veri toplama aracidir (Merriam, 2013). Bu arastirmada matematik
Ogretmenlerinin yansima doniisiimiin tanim kiimesi alt konseptinde hareket perspektifine mi,

eslestirme perspektifine mi sahip olduklarim belirlemek, bu perspektiflere sahip olmalarmin
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nedenlerini aciklamak ve hareket perspektifinden eslestirme perspektifine gecis siirecinin nasil olmasi

gerektigini ortaya ¢ikarmak i¢in 6gretmenlerle goriismeler yapilmustir.
Calisma Grubu

Bu arastirmada g¢alisma grubunun tamamini Ankara ilinde MEB’e bagli farkli 6zel okullarda
gorev yapan hepsi farkl iiniversitelerden mezun olmus ikisi kadin, ikisi erkek olmak {izere toplamda
dort lise matematik 6gretmeni olusturmustur. Calismanin katihmcilarinin belirlenmesinde, arastirma
siirecinin hizli ve pratik bir bi¢cimde tamamlanabilmesi i¢in kolay ulasilabilir durum 6rneklemesi
kullanilmistir (Patton, 1987). Katilimcilar, ¢alismanin arastirmacilar: tarafindan goritismelerin uygun,
hizli ve pratik bicimde yapilabilmesi amaciyla belirlenmistir. Matematik 6gretmenlerinin mesleki
deneyim siireleri en az iki, en fazla yirmi yildir. Calisma grubunda yer alan 6gretmenlerin isimleri
calismanin etigi agisindan gizli tutularak Zeynep, Betiil, Okan ve Mehmet olarak kodlanmuistir. Calisma
grubunu olusturan matematik O0gretmenlerine ait cinsiyet, yas ve mesleki deneyim siirelerine ait

demografik dagilim bilgileri Tablo 1" de belirtilmistir.

Tablo 1. Matematik 6gretmenlerine ait demografik dzellikler

Katilimcilar Cinsiyet Yas Mesleki deneyim
siiresi (y1l)

Zeynep K 26 2

Betiil K 33 9

Okan E 39 16

Mehmet E 44 20

Calisma grubunu olusturan dgretmenlerin ¢alismaya katilimlar: tamamen goniilliilitk esasina
dayandirilmistir. Calisma grubunu olusturan kadin Ogretmenlerden birisi fen edebiyat fakiiltesi
matematik boliimii mezunu olduktan sonra pedagojik formasyon egitimi alarak meslege baslamus,
diger kadin 6gretmen ise matematik 6gretmenligi boliimii mezunu olup lisansiistii egitime baslamasina
ragmen birinci y1l sonunda lisansiistii egitimi birakarak tamamen 6gretmenlige yonelmek amaciyla 6zel
bir okulda goreve baslamistir. Calismaya katilan erkek ogretmenlerden biri fen edebiyat fakiiltesi
matematik boliimii mezunu olup lisanstistii egitimini tamamlayarak matematik 6gretmenligi meslegine
baslamis, diger erkek 6gretmen ise fen edebiyat fakiiltesi matematik boliimii mezunu olduktan sonra
pedagojik formasyon egitimi alarak meslege baslamistir. Calisma grubunda cinsiyet dagilimi belirli bir

kriter olmadan bagimsiz olarak belirlenmistir.
Veri Toplama Araglan

Nitel arastirma yonteminden yararlanilan bu c¢alismada veri toplama aract olarak
goriismelerden yararlanilmistir. Goriisme sorulari, arastirmacinin doktora tezi goriisme sorular
(Akarsu, 2018) dikkate alinarak matematik 0gretmenlerinin yansima doniisimii tanim kiimesi alt

konseptinde sahip olduklar1 perspektiflerin ortaya gikarilmasi, bu perspektiflere sahip olmalarinin

568



KEFAD Cilt 23, (Ozel Say1), 2022

nedenleri ve hareket perspektifinden eslestirme perspektifine gegis siirecinde hangi zihinsel yapilarin
olusturuldugunun belirlenmesi amaciyla derinlemesine veri elde edebilmek i¢in olusturulmustur.
Goriismelerde Ogretmenlere sorulmas: planlanan sorularin, calismanmin amacina uygun olup
olmadiginin belirlenebilmesi, sorularin agik bir dille yazilip yazilmadiginin anlasilmasi ve tekrara
diismemek icin gereksiz soru kullanimindan kaginilmasina yonelik uzman goriisii alinarak igerik-
kapsam gecerliligine bakilmistir. Uzmanlardan gelen geri doniitler dogrultusunda gerekli
diizenlemeler yapilarak (bazi sorularin siras: degistirildi, bazi sorular ¢ikarildi) ¢alismada yer alan dort
lise matematik Ogretmenine yoneltilmistir. Bu ¢alismada arastirmamin amacimma uygun sekilde
hazirlanmis olarak bir tanesi kisisel tanima goriismesi, ii¢ tanesi yansima doniisiimiine yonelik olmak
iizere toplamda dort adet yar1 yapilandirilmis goriisme kullanilmistir. {1k goriismede 6gretmenlerin
kisisel bilgilerinin tanimlanmasi (6rn: mesleki deneyim siiresi, egitimsel amaglari, matematik alt yapisi,
siif yonetimi, yansima doniisiimii hakkinda bildigi kavramlarin tamimlar1) amaglanmistir. Tkinci
miilakattan itibaren dordiincii miilakatin sonuna kadar 6gretmenlerin yansima doniisiimii hakkinda
sahip olduklar1 perspektifleri ortaya ¢ikarmak amaciyla sorular hazirlanmistir. Hazirlanan miilakatlar,
Ogretmenlere yoneltilen sorulara yazarak ya da cizerek uygulamali sekilde gostermelerine imkan
verecek sekilde olusturulmustur. Miilakatlarin soru dizilimi, katilimcinin her sayfada bir soru
gormesini ve yalnizca o soruya odaklanarak diger sorular1 gormeden cevap vermesi saglanacak sekilde
diizenlenmistir. Her bir goriismede hazirlanan sorular, arastirmanin amaci dogrultusunda kapsamli bir
gozlem yapmak adina 6zenle olusturulmus farkli soru tiplerini icermektedir. Miilakatlar siiresince
calisma grubunu olusturan &gretmenlere arastirmacilar tarafindan yoneltilen soru tipleri ornekleri

Tablo 2’de belirtilmistir.
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Tablo 2. Matematik 63retmenlerine yoneltilen ornek goriisme sorular

Kisisel bilgileri tanimlamaya yo6nelik sorular

® Kendinden biraz bahseder misiniz? (isim, soy isim, hangi okuldan mezun, kag yillik 6gretmen,

alani)

¢ (Ogretmen olmaya nasil karar verdiniz?

® Kendiniz i¢in ve 6grencileriniz igin egitimsel amaglariniz nelerdir?

® Kendinizi bir matematik 6gretmeni olarak nasil anlatirsiniz, ders isleme sekliniz nedir?
® Bir matematik konusunun sinif ortaminda anlasilip anlasilmadigin nasil tanimlarsiniz?
°

Geometri derslerine giriyor musunuz? Evet ise, dersinizde yansima doniistimiinii anlattiniz m1?
En son ne zaman anlattiniz? Konuya dair deneyimlerinizi veya hatirladiklarinizi aciklar misiniz?

® Yansima doniistimii hakkinda ne 6gretiyorsunuz?

® Kendi kelimelerinizi kullanarak ya da ¢izerek; geometrik yansimaysi, simetri eksenini, noktay,
cizgiyi ve uzay1 tanimlar misiniz?

® Yansima doniisiimii ile ilgili 6zelliklerden bahseder misiniz? Ya da formiiller var ise aciklar
misiniz?

Yansima doniisiimiinde sahip olduklar1 perspektifi ortaya ¢ikarmaya yonelik sorulan sorular

Bu bir yansima midir?

Verilen sekillere gore simetri eksenini bulur musunuz?

Simetri ekseni, nokta ve diizlemi tanimlar misiniz?

Yansima doniisiimiinii nasil yaptiginizi agiklar misiniz?

Yansima dontistimiinii tanimlar misiniz?

Simetri eksenini asag1 ya da yukar1 kaydirdigimda ne gibi degisiklikler olur?
Yansima doniisiimii yapabilmek icin hangi bilgilere ihtiyag vardir?

Yansima doniisiimiinii yaparken neyi yansittiniz?

Bu noktalar disinda baska bir nokta yansittiniz mi1? Evet ise bunlar nelerdir?

Veri Toplama Siireci

Veri toplama siirecinde 6gretmenlerle gerceklestirilen miilakatlarin tamami Covid 19 pandemi
tedbirleri dikkate alinarak yiiz yiize yapilmistir. Her biri Ankara ilinde yasayan 6gretmenler ile ayr
ayr1 gorlismek iizere, onlarin ders programlarina uyan bir takvim olusturulmustur. Uygulama
siirecinde, hazirlanan goriismelerin her biri farkli giinlerde 6gretmenlere uygulanmistir. Goriismeleri
gerceklestirmek i¢in mekan olarak dgretmenlerin gorev yaptiklar: okullar tercih edilmistir. Goriisme
siirecinde 0gretmenlerin izni ve rizasi alinarak arastirmaci tarafindan ses kayit cihazi ile ses kaydi ve
video kamera ile video kaydi1 alinmistir. Gergeklestirilen her bir goriisme en az yirmi bes en fazla altmis
dakikalik zaman diliminde yapilmistir. Bir 6gretmen ile gergeklestirilen miilakatlarin siklig1 en fazla
dort giin aralikli olarak planlanmis ve uygulanmistir. Goriismeler bir arastirmaci tarafindan
gerceklestirilmistir. Goriisme siirecinde arastirmaci katilimc ile giin igerisinde bir araya gelmis,
goriismeyi Ogretmene sunmus ve sorulari dgretmene yoOnelterek cevaplamasini ve gerekli oldugu
yerlerde ¢izimle uygulamasini istemistir. Veri toplama siireci tamamlandiginda ses ve video kayitlar

calismanin arastirmacilari tarafindan transkript edilerek analiz siireci i¢in hazir duruma getirilmistir.
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Toplanan Verilerin Analizi
Calismanin veri analizi, 6gretmenlerle goriismeler siiresince uygulanan yar1 yapilandirilmis
miilakat dokiimanlarindan, video ve ses kayitlarindan yararlanilarak yapilmistir. Miilakatlardan elde
edilen ses ve video kayitlari transkript yontemi ile bilgisayar ortamina kaydedilmistir. Toplanan biitiin
veriler transkript edildikten sonra, ¢alismaya katilan 6gretmenlerin goriisme siiresince kendilerine
yoneltilen sorulara ¢izimler, sozel olarak verdikleri yanitlar ve ses kayitlarindaki ifadelerinden yola
cikilarak hipotezlere dayali bir kodlama yapilmasi planlanmistir. Kodlama siiresince dgretmenlerin
sahip olduklar1 perspektifler, bu perspektiflere sahip olma sebepleri ve hareket perspektifinden
eslestirme perspektifine gecis siireclerindeki gelisimleri ortaya ¢ikarilmistir. Bu calismada veri analizi
siirecinde APOS teorisi kapsaminda eylem (action) ve siireg (process) zihinsel yapilar1 kullanilarak
O0gretmenlerin yansima doniistimii tanim kiimesinde gosterdikleri zihinsel gelisim siirecleri kodlamalar
yoluyla ortaya gikarilmigtir. Kodlama siirecinde, dogru bilgilere ulasabilmek ve dogru analizleri
yapabilmek adina iki arastirmaci tarafindan ayri ayri kodlamalar yapilmistir. Daha sonra yapilan
kodlamalar birbiri ile karsilagtirilmigtir. Farkliliklar varsa tartigsilarak verilerin analizine ait kodlamalara

son seklin verilmesi saglanmistir. Ornek kodlama Tablo 3’te verilmistir.

Tablo 3. Ornek kodlama
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Kod

Ornek katilimc1 cevabi

Yorumlama

Yansimanin tanim
kiimesi eylem
zihinsel yapisi

Yansimanin tanim
kiimesi siireg
zihinsel yapisi

A: Verilen seklin [bir dogru pargasi,
dogru pargasi lizerinde ve dogru parcasi
disinda verilen bir nokta] ve noktanin
tamamladiktan

yansimasini sonra,

diizlem {izerinde neyi yansittigin
aciklar misin?

M: Seklin biitiiniine baktigimda, bir
dogru parcas: ve iki nokta goriiyorum.
Ben burada dogru parcasimi ve iki
noktay1 yansittim.

A: Bu noktalar disinda bagka bir nokta
yansittin m1?

M: Hay1r yansitmadim.

A: Verilen sekillerin ve noktalarin
[Diizlemin saginda {iggensel ve dairesel

bolge, solunda dikdortgensel bolge,
simetri ekseni tizerinde iki nokta]
yansimasini  tamamladiktan  sonra,
diizlem {izerinde neyi yansittigin
agiklar misin?

M: Tim diizlemi karsilikli olarak
yansittik. Yansimanin yalnizca
diizlemin tek tarafinda (diizlemin

yarisindan bahsediyor) gerceklestigini,
diizlemin diger yarisinin bos oldugunu
bos degildir. Tki
diizlem parcasi da sonsuz noktadan

dustuntiriz fakat
olusur ve biz bu tiim noktalarin

tamamini  yansitmis oluruz. Tim

noktalart uygun sekilde diger bolgeye
tagryoruz.

Ogretmenin verdigi yanita gore,
kendisi bu soruda diizlemin yalnizca
bir yarisindan (seklin ve noktalarin
oldugu yar1 diizlem) diger yarisina
yansima yaptigimni diisiinmektedir.
Ayn1 zamanda Ogretmen diizlemin
noktadan

sonsuz olustugunun

farkinda degildir. Yansimanin tanim

kiimesini yalmizca verilen sekil
(dogru parcasi)) ve iki nokta
oldugunu belirtmistir. Ogretmen

burada yansimanin tamim kiimesi
eylem zihinsel yapisina yani hareket
perspektifine sahiptir.

Goriisme  sirasinda  Ogretmenin
yanitina gore, her iki yarim diizlem
tizerinde karsilikli verilen sekilleri
her  iki
parcasinin da sonsuz noktalardan
her iki
kargilikla

gerektigini

gordiigiinde, diizlem

olustugunu, yarim
diizleminde olarak
yansimasi belirtmistir.
Ogretmen burada yansimanin tanim
kiimesi siire¢ zihinsel yapisina yani
gegis

eslestirme  perspektifine

yapmustir.

Arastirmanin Etik izinleri

Yapilan bu ¢alismada “Yiiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi”

kapsaminda uyulmasi belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boliimii olan “Bilimsel

Aragtirma ve Yaymn Etigine Aykir1 Eylemler” bashgr altinda belirtilen eylemlerden higbiri
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Etik kurul izin bilgileri:
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Kurulu
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Tanim kiimesinin diizlemdeki sonsuz noktalardan olustugunun bilinmesi yansima
déniisiimiinii kavramsal olarak anlamada ve uygulamada énemli bir konsepttir. Ogretmenler ile
yapilan goriismelerin sonucunda yansima doniisiimiinii anlamada {i¢ farkl: anlayis ortaya ¢ikmaistir: (1)
yansima doniisiimii tanim kiimesinin sadece verilen sekil ve noktalar olarak anlasilmasi, (2) yansima
dontisiimii tanim kiimesinin verilen sekil ve noktalar disinda seklin i¢ ve dis noktalari olarak

anlasilmasi (3) yansima doniisiimii tanim kiimesinin diizlemdeki biitiin noktalar olarak anlasilmas:
Yansima doniistimii tanim kiimesinin sadece verilen sekil ve noktalar olarak anlagilmasi

Ogretmenler ile yapilan ilk goriismede, dort dgretmenin de yansimanin tanim kiimesini
anlamada eylem zihinsel yapisina sahip oldugu ortaya ¢ikmistir. Yani dort 6gretmen de yansima
doniistimiinii uygularken verilen sekle ve noktalara uygulayarak seklin i¢ini ve disini bos olarak
diisiinmiislerdir. Ornegin, 6gretmenlere bir ABCD yamugu verilip egik simetri eksenine gore yansima

doniistimii uygulamalari istenmistir (Bkz. Sekil 4).

Sekil 4. Birinci goriisme 6rnek yansima doniisiimii
[k olarak, doért dgretmen de dortgenin kdse noktalarm secerek simetri eksenine gore
yansimalarini almiglardir. Daha sonra noktalar: birlestirerek yansima doniisiimiinii tamamlamislardir.
Yansima doniisiimiinii yaparken diizlem {izerinde neyi yansittin sorusuna, 6gretmenlerin cevaplari

asagidaki gibi olmustur (Bkz. Tablo 4).

Tablo 4. Ornek kodlama
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Zeynep Betiil Okan Mehmet

Z: Dortgeni B: Diizlem {izerinde O: Yansima yaparken M: Diizlem {izerinde

yansittim, bu bir yine seklin once kose sadece o dortgenin noktalar1 yansittim.

yamuk yamugu noktalarinin  eksene yansimasini yapmadik, A: Hangi noktalar

yansittim. olan uzakliklarini kose noktalarinin yansittin?

A: Dortgen buldum, sonra bu yansimasini yaptik. M: ABCD noktalar

haricinde bagka bir uzakliklara esit Ayrica oradaki dogru olarak belirttigim

nokta  yansittimiz uzakliklar diger parcalarinin yani seklin ~ noktalar1 yansittim.

mi? bolgede olusturdum,  iizerindeki dortgenin A: Bu noktalardan

Z: Dik uzakliklari, sonra kenarlar1 kenar uzunluklarinin da  bagka bir nokta

kenarlari, koseleri. birlestirdim. yansimalarini yaptik. Eger yansittiginmizi

Bu kadar. A: Bu noktalar disinda yaptigimiz yansima bir  diisiiniiyor musunuz?
herhangi  bir nokta dortgensel bolge olsaydic M: Sadece noktalar

yansittiniz mi1?
B: Hayir yansitmadim.

icindeki noktalarin da
yine yansimalarin

yansittim, sonra

kenarlari birlegtirdim.

yapmus olacaktik.

A: Peki bu soru igin
yapmis olduk mu?

O: Hayur. Bu sekilde
olmadi. Burada sadece
biz dortgeni yansitmis
olduk. Orada verilen
ifade sadece cizgilerden
olustugu icin ici bos
olan bir dortgeni
yansitmis olduk.

A: Bunun haricinde
bagka bir nokta
yansittiniz mi?

O: Koseleri, kenar
uzunluklarini yansittim.
Bu kadar.

Dort 6gretmenin agiklamalar1 gosteriyor ki yansima doniisiimiinii uygularken yansimanin
tarim kiimesini sadece verilen seklin kése noktalar1 ve kenarlari olarak diisiinmiiglerdir. Ogretmenlerin
diizlemdeki biitlin noktalar yerine sadece verilen noktalara veya sekillere yansima doniisiimii
uygulamalari, sahip olduklart yansima doniisiimii ve diizlem tanimlarindan kaynaklaniyor olabilir.
Goriismeye baglamadan 6nce, dort 6gretmenden de yansima doniistimiinii ve diizlemi yazarak ya da
cizerek tanimlamalari istenmistir. Zeynep, yansima doniisiimiini “esit uzakliktaki ayna goriintiisii”;
Betiil, “bir goriintiiniin simetri eksenine gore esit uzaklikta olusan goriintiisii”; Okan, “bir seklin
aynadaki goriintiisi” ve Mehmet, “cismin aynadaki goriintiisii” olarak tanimlamislardir. Bu
tanimlamalardan agikga goriiliiyor ki dort 6gretmen de sekillerin fiziksel goriintiilerini dikkate alarak
yansima doniisiimiinii uygulamislar ve yansima doniisiimiinii matematiksel olarak dogru
tanimlayamamuislardir. Diger yandan Zeynep diizlemi, “3 boyut”; Betiil, “Tiim cisimleri igine alan
bosluk”; Okan, “Iginde yasadigimiz 3 boyutlu bosluk” ve Mehmet, “Eni ve boyu olan sonsuza agilan
sekil” olarak tanimlamislardir. Diizlemin sonsuz noktadan olustugunun bilinmemesi ya da bu tanimin

yansima doniisiimiinde kullanilmamasi yansima déniisiimiinii anlamada kavram yanilgilarina neden

574



KEFAD Cilt 23, (Ozel Say), 2022

oldugu g¢ikarimi yapilabilir. Birinci goriismenin sonunda dort 6gretmen de yansima doniistimiiniin

tanim kiimesini anlamada hareket perspektifine sahiptir.

Yansima doniisiimii tanim kiimesinin verilen sekil ve noktalar disinda seklin i¢ ve dis

noktalar1 olarak anlasilmasi

Birinci goriismede, sadece verilen seklin disinda, seklin icindeki ve disindaki noktalar1 da
diisiinerek yansima doniisiimiinii uygulayabilmeleri i¢in bir dortgen ve dortgenin icinde ve disinda

birer nokta isaretlenerek verilmistir (Bkz. Sekil 5).

Sekil 5. Birinci goriisme 6rnek yansima doniisiimii
Dort 6gretmen de dortgenin once kose noktalarinin yansimasimi alarak ve birlestirerek
dortgenin yansimasinu ifade etmislerdir. Daha sonra dortgenin igindeki ve digindaki birer noktay:
yansitarak yansima dontisimiinii tamamlamislardir. “Yansima doniistimiinii yaparken diizlem
tizerinde neyi yansittin?” sorusuna, Mehmet disindaki {i¢ 6gretmen de “dortgeni, dortgenin igindeki ve
disindaki birer nokta disinda hicbir sey yansitmadiklarini” sdylemislerdir. Mehmet ise diisiincelerini

asagidaki sekilde ifade etmistir:

M: Diizlem iizerinde yine seklin kise noktalarini yansimasini aldim birlestirdim, sonrasinda G noktasin,
sonra I ve H noktalarin yansittim.

A: Bunlar haricinde [dortgen, I, H ve G noktalari] baska bir sey yansittiniz mi?

M: Bunlar disinda noktalar1 [AB, BC, CD, AD] dogru parcalar: iizerindeki noktalar] yansittim,
dolayistyla dirtgeni yansitnig oldum.

A: Yani sadece dortgene ait noktalart m1 yansitmig oldunuz?

M: Hayiwr H ve I noktasini da gordiigiimiiz zaman, bunlar dortgene ait degil yani dogrunun bir bolgesinde
olan tiim noktalar: yansitip, bulusturdum.

A: Birinci bolgede [Simetri ekseninin sol tarafi] baska bir nokta yansittiniz mi?

M: Noktalar eni ve boyu olmayan diizgiin sekillerdir. Yani sonsuz tane nokta vardir aslinda bakarsan,
biz burada bunlarm (belirttigimiz noktalar) var oldugunu kabul ederek kars1 tarafa yansitryoruz, aslinda
biz diizlem parcasini [Simetri ekseninin sol tarafi] komple yansitiyoruz. O sekilde bakiyorum ben. Yani
burada goziikmeyen de bir siirii nokta var, goziikenleri yansittik ama goziikmeyenler de yansir.

Mehmet'in agiklamalar1 gosteriyor ki, dortgenin icinde ve diginda verilen noktalar Mehmet’in
diizlemin sonsuz noktalardan olustugunu hatirlamasina ve bu tamimi yansima doniisiimiinde

uygulamasina neden olmustur. Yani dortgenin i¢inde ve disinda verilen noktalar Mehmet’'in yansima



Akarsu, M. & Iler, K.

dontisiimii uygularken simetri ekseninin sol tarafindaki bolgede goriinen ve goriinmeyen sonsuz
noktaya yansima doniisiimiinii uygulamasi gerektigini hatirlatmistir. Sonug olarak, Zeynep, Betiil ve
Okan yansima doniisiimiinii sadece verilen sekle ve noktalara uygularken, Mehmet simetri ekseninin
sol tarafindaki diizleme uygulamistir. Mehmet yansima doniisiimiinii simetri ekseninin solundaki
diizlemsel bolgeye uygulamasina ragmen, dort 6gretmen de halen yansima dontisiimii tanim kiimesi
eylem zihinsel yapisina sahiptir. Ciinkii simetri ekseninin solundaki diizlemsel bdlgenin saga,

sagindaki diizlemsel bolgenin sola yansitilmasi gerektigini belirtmemislerdir.

Tkinci goriismede, verilen kapali sekiller (6rn: {iggen, dortgen) haricinde 6gretmenlere diizlem
tizerindeki tiim noktalar1 goz 6niinde bulundurarak yansima doniisiimii uygulayabilmeleri icin bir yay
pargasi, yay parcasinin igindeki ve disindaki bolgelerde yer alan noktalar isaretlenerek verilmistir (Bkz.

Sekil 6).

Sekil 6. Ikinci goriigsme 6rnek yansima doniisiimii

Dort 6gretmen de yay pargasinin once baslangi¢ ve bitis noktalarinin yansimasini alarak ve
birlestirerek yansimasini ifade etmislerdir. Daha sonra yay parcasinin i¢ ve dis bolgelerinde bulunan
noktalar1 yansitarak yansima doniistimiinii tamamlamiglardir. Yansima doniisiimiinii tamamlayan
Ogretmenler “Yansima doniisiimiinii yaparken diizlem {izerinde neyi yansittin?” sorusuna, Mehmet
disindaki ii¢ 6gretmen de yanit olarak “yay pargasini, yay parcasinin i¢ ve dis bolgelerinde verilen tig

noktay1 yansittiklarini” belirtmislerdir. Mehmet ise diisiincelerini asagidaki sekilde ifade etmistir:

A: Yansimayt yaparken diizlem iizerinde neyi yansittiniz?

M: Noktalar1 ve yay parcasim yansittim.

A: Hangi noktalar1?

M: Diizlemin solunda goziiken ve goziikmeyen noktalarin hepsini yansittim.
A: Bu noktalar disinda baska bir sey yansittiniz mi?

M: Goriinen ya da goriinmeyen noktalarin disinda baska bir sey yansitmadim.
Mehmet'in agiklamalar1 gosteriyor ki, kapali bir sekil haricinde verilen agik sekilde de

Mehmet'in diizlemin sonsuz noktalardan olustugunu ifade etmesine ve bu yeni bilgiyi verilen acik sekle
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de uygulamasina neden olmustur. Zeynep, Betiil ve Okan yansima doniisiimiinii sadece verilen agik
sekle ve noktalara uygularken, Mehmet simetri ekseninin sol tarafindaki diizlemin tamamina
uygulamistir. Mehmet yansima doniisimiinii simetri ekseninin solundaki diizlemsel bolgeye
uygulamaya devam etmesine ragmen, dort 6gretmen de halen yansima doniisiimii tanim kiimesi eylem
zihinsel yapisina sahiptir. Ciinkii simetri ekseninin solundaki diizlemsel bdlgenin saga, sagindaki

diizlemsel bolgenin sola yansitilmasi gerektigini diisiinmeye baslamamislar ve belirtmemislerdir.

Ugiincii goriismede, kapali ya da agik sekil yerine dgretmenlere diizlemi daha somut sekilde
diistinmelerini saglayacak bi¢imde ici tarali olan bir dortgen, dortgenin i¢inde ve disindaki bolgelerde
bulunan noktalar verilmigtir. Ogretmenlerden yansima doniisiimiinii uygulamalari istenmistir (Bkz.

Sekil 7)

Sekil 7. Ugiincii goriisme drnek yansima doniisiimii

Dort ogretmen de dortgenin once kose noktalarimin yansimasinu alarak ve birlestirerek
dortgenin alamini belirlemistir ve alanin renklendirmesini de yaparak seklin; daha sonra verilen
noktalarin yansimasimi alarak yansima doniisiimiinii tamamlamiglardir. “Yansima doniistimiinii
yaparken diizlem tiizerinde neyi yansittin?” sorusuna, Okan ve Betiil “Dortgensel bolgeyi ve verilen
diger noktalar1 yansittiklarin1” verirken, Zeynep “noktalar1 yansittim, noktalar kiimesini, bu noktalar
kiimesi aslinda sekli olusturuyor bir dortgen sekli vardi” yanitlarini vermislerdir. Mehmet ise “biitiin
noktalari, dogrunun bir tarafinda goriinen ya da goriinmeyen tiim noktalar1 tasidigini, baska nokta

tasimadigin1” seklinde yanit vermistir.

Bunun yani sira 6gretmenlere diizlem tanimini hatirlamalarini ve yorumlamalarini saglatmak
amaciyla Sekil 5 ve Sekil 7 deki dortgenler arasinda yansima doniisiimii uygularken herhangi bir fark
olup olmadigi, olduysa bu farkin ne oldugunu sorgulatan bir soru yoneltilmistir. Zeynep’ in bu soruya
yanit1 “dortgenin igindeki sonsuz dogru parcalarini yansittim sekil 8'de. Sekil 6 de sadece dort tane
dogru pargasi (seklin kenarlar1) yansittim”; Betiil’ iin yanut1 “ikisinde de ben fark varmis gibi diisiinerek
yansitmadim ama birisi yiizey oldugu icin yiizey gosterdim sadece, yani yesil bir yiizey vermissiniz

ben de o ylizeyi doldurdum”; Okan’ in yanit: ise “Sekil 6" da sadece sinirlarin yansimasini yapmistim.
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Burada ise icindeki tarali bolgeyi de yansitmis oldum.” seklinde olmustur. Ug¢ dgretmenin verdigi
cevaplar dogrultusunda, ogretmenler diizlemi bos olarak diistinmektedirler. Aymi zamanda
Ogretmenler sekil yerine nokta yansittiklarinin hentiz farkinda degillerdir. Bu durum da 6gretmenlerin
diizlem tanimini hala hatirlamadiklarinin ve tanimi yansima ddéniisiimiinde kullanamadiklarinin bir
gostergesidir. Diger yandan Mehmet'in yamiti ise “fark eden bir sey yok, her seferinde nokta
yansitiyoruz” seklinde olmustur. Mehmet diizlemin noktalardan olustugunu, bos olmadigim ve

yansima doniisiimii uygularken sekil yerine nokta yansittiginin farkindadar.

Ogretmenlerin yanitlar1 gosteriyor ki, ii¢ 6gretmen (Zeynep, Betiil ve Okan) hala sadece verilen
sekle ve noktalara yansima doniisimiinii uyguladiklarimi belirtirken, Mehmet yalmizca simetri
ekseninin sol tarafindaki diizleme yansima doniisiimii uyguladigini ifade etmistir. Dolayisiyla dort

O0gretmen de hala yansimanin tanim kiimesi eylem zihinsel yapisina sahiptir.
Yansima Doniisiimii Tanim Kiimesinin Diizlemdeki Biitiin Noktalar Olarak Anlasilmasi

Ogretmenler ile yapilan ii¢ gdriismenin sonunda {i¢ 6gretmenin yansimamn tamm kiimesini
anlamada eylem zihinsel yapisina sahip oldugu, bir 6gretmenin ise yansimanin tanim kiimesini
anlamada siire¢ zihinsel yapisina gegis yaptig1 saptanmistir. Yani {i¢ 0gretmen yansima doniisiimiinii
uygularken verilen sekle ve noktalara uygulayarak seklin i¢ini ve disin1 bos olarak diistinmiislerdir. Bir
Ogretmen ise diizlemin sonsuz noktalardan olustugunu, yansima doniisiimiinii yalnizca kendilerine
verilen sekle ya da noktalara degil diizlemin tamamina uygulamas: gerektigini diistinmektedir.
Ornegin, ticlincii goriismede dgretmenlere yoneltilen sorulardan birisi de dgretmenlerin yansima
doniistimiinii uygularken diizlem {izerinde bulunan tiim noktalar1 diisiinerek yansima doniisiimiinii
uygulayabilmeleri i¢in simetri ekseninin saginda ve solunda bulunan sekiller ve noktalar verilmistir ve

Ogretmenlerden yansima doniisiimii uygulamalari istenmistir (Bkz. Sekil 8).

Sekil 8. Uciincii goriisme Ornek yansima doniistimii
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Dort ogretmen de sekillerin kose noktalarini secerek simetri eksenine gore sekillerin

yansimalarini almislardir. Daha sonra noktalar: birlestirerek ve ¢cokgensel bolgelerin renklendirmelerini

yaparak sekillerin yansima doniisiimiinii tamamlamislardir. Son olarak verilen noktalarin da simetri

eksenine gore yansimalarini alarak yansima doniisiimiinii tamamlamislardir. Yansima doniisiimiinii

yaparken diizlem iizerinde neyi yansittin sorusuna, 6gretmenlerin cevaplar1 asagidaki gibi olmustur

(Bkz. Tablo 5).

Tablo 5. Katilimci Cevaplar

Zeynep Betiil Okan Mehmet
A: Verilen sgekli A: Verilen sekli A: Verilen sekli A: Verilen sekli yansitirken,
yansitirken, diizlem yansitirken  diizlem yansitirken, diizlem diizlem iizerinde neyi
tizerinde neyi {iizerinde neyi {izerinde neyi yansittimz?
yansittiniz? yansittiniz? yansittiniz? M: Nokta yansittim yine.
Z: Verilen sekilleri, B: Sekilleri olusturan O: Bu sefer bir A:hanginoktalar1?
noktalar1 ve eksen noktalar kiimesini ~ dairesel, {icgensel ve M: Goziiken ve
tizerindeki yansittim. dikdortgensel gozitkmeyen tiim noktalar:
noktalar1 yansitttm. A: Bunun disinda bdlgeyi yansittim. yansittim. Sadece tagidigim
A: Bunun disinda herhangi bir sey A: Bolge derken noktalarn boyadim.
baska herhangi bir yansittiniz m1? neden Belirginlestirilmis, sekiller
nokta  yansittimiz  B: Hayir bahsediyorsunuz? kars1 tarafta da goriintii
mi? yansitmadim. O: I¢ini olarak belirginlesmis oldu.
Z: Hayir kastediyorum. Aslinda diger sorularda da
yansitmadim. Icindeki biitiin simdi seklin ya da ayna
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noktalardan dogrusunun her iki
bahsediyorum. tarafindaki noktalar1
A: Bunun disinda tasidigimizi  fark  ettim.
herhangi bir nokta Diger tarafta
yansittmiz mi? belirginlestirilmis bir sekil
O: Noktalar var eksen olmadig: igin sanki
tizerinde extra o tasinmamis ya da
noktalar1  yansitmis yansimamis gibi
oldum. gorliniiyordu ama. Dogru!

Aslinda ayna dogrusunun
her iki tarafindaki tim
noktalar1  kargt  tarafa
tasimis oluyorum.

A: Bunun disinda herhangi
bir nokta yansittiniz m1?

M: Bunlarin disinda bagka
bir sey hayir yansitmadim.

Ogretmenlerin aciklamalar1 gosteriyor ki, ii¢ 6gretmen (Zeynep, Betiil ve Okan) yansima
doniisimii uygularken yalmizca kendilerine verilen sekillere ve noktalara yansima doniisimii
uyguladiklarin1 sdyleyerek yansimanin tanim kiimesini verilen sekil veya noktalar olarak
diisiinmiiglerdir. Ogretmenler diizlemin sonsuz noktalardan olustugu tanimi hatirlayamadiklari ya da
kavram yamnilgilar yasadiklari i¢in diizlemin tanimini yansima doniisiimiinde uygulamamaislardir.
Diger yandan Mehmet'in agiklamalar1 gosteriyor ki tiglincii goriismede, diizlemin sonsuz noktadan
olustugunu hatirlamasina, bu tanimi yansima doniisiimiinde uygulamasina neden olmustur. Mehmet
onceki goriismelerde diizlemin sonsuz noktalardan olustugunu belirterek bu tanimi yansima
doniistimiinde kullanamamasina ragmen, {igiincii goriismede kendisine yoneltilen soru ile birlikte
diizlem tanimini dogru sekilde yansima dontisiimiine uygulayabilmistir. Yani simetri ekseninin
saginda ve solunda bulunan sekiller ve noktalar, yansima doniisiimiinii uygularken diizlemi olusturan
noktalarin tamamina yansima doniisiimii uygulamasini saglamistir. Sonug olarak Mehmet haricindeki
ii¢ 6gretmen hala yansimanin tanum kiimesi eylem zihinsel yapisina sahip iken, Mehmet yansimanin

tanim kiimesi siireg zihinsel yapisina gegisi saglamistir.

Ugiincii goriisme sirasinda 6gretmenlere yoneltilen sorulardan birisi de, dgretmenlerin diizlem
tanimini hatirlayarak, bu tanimi yansima doniisiimiine uygulayabilmeleri icin verilmis sar1 renkli

diizlem, diizlem iizerinde verilen yamuk ve noktalardir (Bkz. Sekil 9)
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Sekil 9. Ugiincii goriisme drnek yansima déniisiimii

Ug 6gretmen (Betiil, Okan ve Mehmet) dncelikle sar1 renkli diizlemin simetri eksenine gore

yansimasini, daha sonra da diizlem {iizerinde verilen seklin ve noktalarin simetri eksenine gore

yansimasini alarak yansima doniistimiinii tamamlamiglardir. Zeynep ise yalnizca sar1 renkli diizlemin

simetri eksenine gore yansimasini aldiktan sonra sekillerin ve noktalarin yansimalarini almadan

yansima doniisiimiinii tamamlamistir. Yansima doniislimiinii yaparken diizlem iizerinde neyi

yansittin sorusuna, 6gretmenlerin yanitlar1 asagidaki gibi olmustur (Bkz. Tablo 6).

Tablo 6. Katilimci Cevaplar

Zeynep Betiil Okan Mehmet
Z: Dort tane noktayr  B: Diizlem (sar1 renkli O: Oradaki diizlemi M: Ayna dogrusunun sag
(sar1 renkli diizlemi, diizlemden yansittim. Dortgeni ve ve solundaki biitiin
diizlem olarak degil bahsediyor) sonsuz noktalar: yansittim. noktalar1 yansitmis oldum.
sekil olarak algiliyor noktadan  olusuyor, A:Hangidiizlemdenve A:Bunun disinda herhangi
ve kose hepsini noktalardan bir nokta yansittiniz mi?
noktalarindan yansitamayacagim bahsediyorsunuz? M: Bunlarin disinda bagka
bahsediyor) icin kendime O: Sari renkli diizlem bir sey hayir yansitmadim.
yansittim 6nce. Yani  belirledigim noktalar1 ve bana verilen Bir de ayna dogrusu
tim noktalar yansitarak noktalar bir de dortgen {izerindeki noktalar1
kiimesini yansittim.  tamamladim. A: Bunun disinda yansitmis oldum.
A: Bunun disinda A: Bunun disinda herhangi bir sey A: Yansima ¢izgisinin
herhangi bir sey herhangi bir sey yansittimiz mi? saginda bir sey var mi1?
yansittiniz mi? yansittiniz mi? O: Hayir yansitmadim. M: Saginda goriinmeyen
Z: Hayir B:Hayir yansitmadim. A: Yansima ¢izgisinin noktalar var. Yansima
yansitmadim. saginda bir sey var m1? esnasinda onlar da karst

O: Yansima ¢izgisinin
saginda herhangi bir
sey yoktu.

tarafa goriinmez nokta

olarak tagindi.

Ogretmenlerin yanitlar1 incelendiginde, Zeynep’ in diizlemin matematiksel tamimim

hatirlamadig1 ya da bilmedigi ¢ikarimi yapilabilir. Dolayisiyla verdigi yamitlar dogrultusunda Zeynep’

in yansima doniisiimii uygularken sar1 renkli diizlemi diizlem olarak degil, bir sekil olarak gordiigii ve

bu sekle yansima doniisiimii uyguladig: goriilmiistiir. Zeynep hala diizlemi bog olarak diisiinmektedir.

Betiil yansima doniistimii uyguladig: sar1 renkli diizlemin sonsuz noktalardan olustugunu ifade ederek
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diizlemin tanimin hatirlamaya baslamistir. Yansima doniistimii uygularken, bu noktalarin hepsini tek
tek yansitamayacagin diistindiigii i¢in sadece belirledigi noktalar1 yansittigini ve bu noktalardan harig
baska bir sey yansitmadigini ifade etmistir. Betiil diizlem tanimini hatirlamasina ragmen, bu tanimi
yansima doniisiimiinde uygulayamamuistir. Okan ise bu soruda yansima doniisiimii uygularken sar1
renkli diizlemin tamamini, kendisine verilen dortgeni ve noktalar1 yansittigini ifade etmistir. Bu sayede
diizlemin tanimini hatirlamaya baslamistir. Fakat simetri ekseninin saginda bir sey olmadigimi
diistinmiistiir ve ifade etmistir. Uc Ogretmenin de yanitlarindan agikga goriiliiyor ki, 6gretmenler hala
yansimanin tanim kiimesi eylem zihinsel yapisina sahiptirler. Diger yandan, Mehmet'in simetri
ekseninin saginda ve solunda sonsuz tane nokta bulundugunu, yansima doniisiimii uygularken
diizlem {izerindeki biitiin noktalarin simetri ekseninin sagina ve soluna karsilikli olarak yansimasi
gerektigini belirterek yansima doniistimiinii tamamlamas: kendisinin yansimanin tanim kiimesi siireg

zihinsel yapisinda oldugunu 1 kez daha gostermistir.

Ugiincii gériismenin sonunda gretmenlerden yansima déniisiimiinii tekrar tanimlamalari
istenildiginde, Zeynep “nokta ve noktalar kiimesinin simetri eksenine olan uzakligini, simetri ekseninin
diger tarafina g¢izmektir”; Betiill “Bir seklin goriintiisiiniin simetri eksenine gore esit uzakliktaki
goriintiisii”; Okan ‘su ana kadar hep dogru ile calistigimiz icin o dogruyu ayna olarak kabul edip, onun
karsisinda ve terse bakacak sekilde olusan cisimler’ ve Mehmet ise “Ayna dogrusunun saginda ve
solunda bulunan biitiin noktalar1 karg tarafa tasima islemi” olarak tanimlamiglardir. Ogretmenlerin
yaptiklari son tanimlardan goriilecegi gibi Zeynep, Betiil ve Okan sekillerin fiziksel goriintiilerini goz
oniinde bulundurarak yansima doniisiimii yaptiklari, diizlemi géz oniinde bulundurmadiklar1 bu
ylizden de diizlemi bos olarak diistindiikleri ¢ikarimi yapilabilir. Diizlemin sonsuz noktadan
olustugunu ifade edemedikleri i¢in, bu tanimi yansima doniisiimiinde de kullanamamislardir.
Dolayistyla {i¢ 6gretmen de yansimanin tanim kiimesi eylem zihinsel yapisina sahip olduklar: ortaya
cikarilmistir ve goriismeler siiresince hareket perspektifinden eglestirme perspektifine herhangi bir
gecis gosterememislerdir. Mehmet’ in son yansima doniisiimii tanimi incelendiginde ise, ilk goriismede
yaptig1 tanima gore degisiklik oldugu goriilmiistiir. Mehmet ilk taniminda yansima doniistimiinii
‘cismin aynadaki gortintiisii” olarak belirttigi i¢cin yansima doniisiimii uygularken diizlemi goz 6niinde
bulundurmadig}, sadece verilen sekli ve noktalar1 yansittigini ifade etmistir. Son taniminda ise yansima
doniistimii uygularken diizlemin sonsuz noktalardan olustugunu ve yansimayi simetri ekseninin
saginda ve solunda bulunan tiim diizleme uygulamas: gerektigini ifade etmistir. Dolayisiyla Mehmet’'in
yansimanin tanim kiimesi eylem zihinsel yapisindan siire¢ zihinsel yapisina gegis yaptigt agikca
goriilmektedir. Sonug olarak dort Ogretmen arasindan sadece Mehmet hareket perspektifinden

eslestirme perspektifine gecis saglamistir.

Ug 6gretmenin (Zeynep, Betiil ve Okan) hareket perspektifinde kalma nedenleri incelendiginde

diizlem taniminin matematiksel olarak bilinmemesi ve bu tanimin yansima doniisiimii igerisinde
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kullanilmamas: gosterilebilir. Mehmet’in hareket perspektifinden eslestirme perspektifine gecisinde ise
diizlem tanimini hatirlatacak goriisme sorularinin hazirlanmasi (kapali sekil, agik sekil, seklin i¢inde ve
disinda verilen noktalar ve simetri ekseninin her iki tarafinda sekil ve noktalar verilmesi veya bolgenin
tarali olmasi) ve siirecte sorulan agik uglu sorularin etkisi Mehmet'in yansima doniisiimiinii sadece
verilen sekil veya noktalara degil diizlemdeki biitiin noktalara uygulamasi gerektigini anlamada

yardimci olmustur.
Tartisma ve Yorum

Bu calismada su arastirma sorularina cevap aranmigstir: “Lise matematik 6gretmenleri yansima
dontiisiimiiniin tanim kiimesi alt konseptini anlamada hangi perspektife sahiptirler?”, “Lise matematik
Ogretmenlerinin hareket veya eslestirme perspektifine sahip olmalarinin nedenleri nelerdir?” Dort
O0gretmen ile yapilan ilk goriismede, dort 6gretmenin de yansimanin tanim kiimesini anlamada eylem
zihinsel yapisina sahip oldugu ortaya ¢ikmistir. Yani dort 6gretmen de yansimanin tanim kiimesini
anlamada hareket perspektifine sahiptirler. Dort 6gretmen de yansimanin tanim kiimesini verilen sekil
ve/veya noktalar olarak diisiinerek yansima déniisiimiinii uygulamiglardir. Ogretmenlerin yansima
dontisiimiinii diizlemdeki tiim noktalara degil de sadece verilen sekil veya noktalara uygulamalarinin
bir nedeni, diizlemin matematiksel taniminin yanlis bilinmesi (diizlemi bos olarak diisiinmek) ya da
diizlem taniminin (diizlemin sonsuz noktalardan olusmasi) yansima doniisiimiinde kavramsal olarak

kullanilmamasi olabilir (Hollebrands, 2003; Yanik, 2006).

Dort 6gretmen ile yapilan ii¢ gortismeden sonra Mehmet yansima doniisimiiniin tanim
kiimesini anlamada stireg zihinsel yapisina sahip olurken diger {i¢ 6gretmen eylem zihinsel yapisinda
kalmiglardir. Yani Mehmet yansima doniisiimiinii anlamada hareket perspektifinden egslestirme
perspektifine gecerken, diger ii¢ 0gretmen hareket perspektifinde kalmiglardir. Zeynep, Betiil ve
Okan’in hareket perspektifinde kalma nedenlerinden biri, daha dnce yansima doniisiimii konusunu
ogrenirken diizlemdeki biitiin noktalara yansima dontisiimiinii uygulamalar gerektigini 6grenmemis
ya da hig¢ bu sekilde deneyimlememis olmalarindan kaynaklaniyor olabilir (Akarsu, 2018; Edwards,
2003; Yanik ve Flores, 2009). Biitiin goriismeler boyunca verilen farkli sekillere ragmen diizlemdeki
biitiin noktalara yansima doniisiimiinii uygulamalar1 Zeynep, Betiil ve Okan icin zor ve yeni bir

konsept olarak gelmis olabilir (Holebrands, 2003; Yanik, 2006)

Ug 6gretmenin de yansima doniisiimiinii sadece verilen noktalara ve sekillere uygulama
nedenlerinden biride yansima doniisiimii konusunun kitaplardaki anlatim sekli olabilir (Jones, 2004;
Zorin, 2011). Milli Egitim Bakanlig1 (MEB) ders kitaplar1 incelendiginde, kitaplardaki konu anlatim1 ve
orneklerin sadece verilen noktalara ve gekillere yansima doniisiimii uygulanmasi gerektigine yonelik
oldugu bulunmustur. Diger bir ifadeyle, ders kitaplarinin yansima doniisiimiiniin alt konsepti olan
tanim kiimesini anlamada hareket perspektifine yonelik olarak yazildigidir. Ornegin sekizinci sinuf ders

kitabinda yansima doniisiimii, “bir seklin dogruya gore yansimasi” olarak ifade edilmistir. 12. siifta
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ise yansima doniisiimii, “bir seklin bir noktaya veya bir dogruya gore simetriginin alinmas1” olarak
tanimlanmistir. Bu tanimlar incelendiginde diizlemdeki biitiin noktalarin yansimasimin yapilmasi
yerine, sadece verilen sekil veya noktalara yansima doniisiimiiniin uygulanmasi gerektigini
belirtmektedir. Bu bir kavram yanilgisidir ve kitaplarin eslestirme perspektifine gore diizenlenmesi

gerekmektedir.

Mehmet icin dortgenin i¢inde ve disinda verilen noktalar diizlemin matematiksel tanimim
hatirlamasina yardimeci olarak yansima doniisiimiinde kullanmasina yardimci olmustur. Mehmet’ deki
bu gelisimin nedeni goriismelerde verilen yansitilacak sekillerin farkliligindan kaynaklaniyor olabilir.
Yani, Mehmet daha 6nce yansima doniisiimii uygularken diizlemde sonsuz noktalardan bagimsiz
sadece sekil verilerek 6grenmesinden kaynakli olabilir (Akarsu, 2018). Mehmet’ deki diger bir gelisim
ise simetri ekseninin her iki tarafinda verilen sekil ve noktalardan dolay1 yansima doniisiimiinii sadece
verilen seklin oldugu yar1 diizleme degil, simetrik ekseninin her iki tarafindaki sonsuz noktaya
uygulanmasi gerektigini diisiinmeye baslamasidir. Sonug olarak, yansima doéniistimiinde yansitilacak
seklin cesitliligi diizlemdeki sonsuz noktanin yansitilmasi gerektigini hatirlamada ya da 6grenmede

onemli bir etkendir (Akarsu, 2022).
Sinirlilik

Bu calismanin ii¢ siurliligi bulunmaktadir. Birinci sinirlama ¢alismanin 6rnekleminin dort
katilimar ile siirli kalmasidir. Calismanin yonteminde 6rneklem seciminde kolay ulasilabilir durum
orneklemesi kullanulmas: geregiyle kisa zaman igerisinde konu hakkinda dogru bilgiler aktarabilecek
katilimcilara ulasilmaya calisilmistir ve dort katilimer ile galismanin siirdiiriilmesine karar verilmistir.
Daha genis bir orneklem se¢imi ile galismanin bulgularin farkli yonde olabilecegi goz oniinde
bulundurulmalidir.  Ikinci sinirlama, calismaya katilan Ogretmenlerin gorev kademelerinin lise
matematik Ogretmenleri olmalar1 ile sirh tutulmasidir. Ortadgretim kademesinde egitim veren
ogretmenlerin fonksiyon, yansima, kiime, nokta, diizlem gibi konular1 ve kavramlar1 derslerinde
ilkogretim kademesine gore daha sik kullandiklar igin, goriismeler siiresince daha verimli tecriibe
paylasimi  yapacaklar1 diisiiniilmiistiir. Aym1 zamanda ¢alismaya katilan &gretmenlerle
gergeklestirilecek olan goriismeler siirecinde 6gretmenlerin ¢alisma takvimlerine uyan bir program
yapilmasi gerektiginden yalnizca lise matematik Ogretmenleri ile calisilmasina karar verilmistir.
Uglincii siurlama ise, toplanan verilerin yalnizca sozlii degil, ayni zamanda sdzel olmayan
davraniglardan, kendine o6zgii konusma Ozelliklerinden, jestlerden ve ifadelerden olusmasidir.
Goriismeler sirasinda katilimcilarin diisiincelerini tam olarak ifade edememis olmalar1 géz oniinde
bulundurularak, arastirmacilar katilimcilarin beden dilleri, kullandiklar: ifade bi¢imlerinden ¢ikarim

yapilmistir.

Oneriler
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Bu calismada Ogretmenlerin yansima doniisiimiinde yansimanin tanim kiimesinde sahip
olduklar1 perspektifleri ortaya cikarilarak, hareket perspektifinden eglestirme perspektifine gecis
siiregleri incelenmis ve bu dogrultuda 6gretmenlerle gerekli goriismeler gerceklestirilmistir. Bir sonraki
calismada, 6gretmenlerin simetri ekseni ve diizlem alt konseptlerinde sahip olduklar1 perspektifler

ortaya ¢ikarilarak, hareket perspektifinden eslestirme perspektifine gegis siiregleri incelenebilir.
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Introduction

According to recent studies and published reports, it is essential to teach the subject of geometric
reflection in primary, secondary, and high schools (Ada and Kurtulus, 2010; Akarsu, 2018; Hollebrands,
2003; Knuchel, 2004; Ministry of Education [MEB], 2010; National Council of Teachers of Mathematics
[NCTM], 2000). Because the subject of geometric reflection is substantial to understand the role of
mathematics in everyday life (Hollebrands, 2003; Yanik, 2014), to learn certain mathematical topics (e.g.
function, parity, and similarity, symmetry) conceptually (Akarsu; 2022; Flanagan, 2001), to enable
students to discover patterns and make interpretations, to gain spatial ability (Yanik, 2011), to analyze
mathematical problems (Aktas and Unlii, 2017) and to conceptually learn the definitions of point, line

segment, plane, domain, etc. (Akarsu, 2018).

In the studies conducted on geometric reflection, it has been discovered that teacher candidates
have difficulties understanding the concept of reflection transformation (Akarsu, 2018; Son and Sinclair,
2010; Yanik, 2006). Mathematically defining geometric reflection (Desmond, 1997; Hacisalihoglu
Karadeniz, Baran, Bozkus and Giindiiz, 2015; MhLolo and Schafer, 2014), using the properties of equal
distance and perpendicularity of the axis of symmetry when taking a reflection of a given shape
(Akarsu, 2018; Hacisalihoglu Karadeniz et al.,, 2015; Harper, 2002; Yanik, 2006), mathematically
explaining and using the domain of geometric reflection (Akarsu, 2018; Yanik, 2006), being able to move
a shape by thinking about the figure or point independently of the plane (Akarsu, 2018; Harper, 2002;
Yanik, 2006), being able to define a plane mathematically and using this definition in reflection

transformation are such difficulties (Akarsu, 2018; Harper, 2002; Yanik, 2006).

As a result of these studies, it was emphasized that there are two critical perspectives in
conceptually understanding geometric reflection: motion and mapping perspective (Hollebrands, 2003;
Yanik, 2006). According to the perspectives of motion and mapping, the reflection domain has an
essential role in the conceptual understanding of geometric reflection (Akarsu, 2018; Flanagan, 2001;
Yanik, 2006). In literature, it is emphasized that teacher candidates have a perspective of motion in
understanding the sub-concept of the domain of reflection (Akarsu, 2022; Yanik, 2006). Understanding
the domain of geometric reflection as a perspective of motion is mathematically a misconception
(Flanagan, 2001; Yanik, 2006). Therefore, it is essential to have a mapping perspective in the conceptual

understanding of geometric reflections.

When definitions related to geometric reflection are examined, it is seen that there are
definitions given for the perspective of motion (Demir and Kurtulus, 2019; Kdse, 2012). One of the
definitions for the geometric reflection based on the motion perspective can be represented as the
movement of a given shape relative to the axis of symmetry and obtaining an inverted image that is
relative to the shape’s initial state. On the other hand, in the literature, geometric reflection based on the

perspective of mapping is defined as an injective and surjective function that transforms all points
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located on the plane into points on the same plane while maintaining the properties of equal distance
and perpendicularity. (Coxford, 1973; Martin, 1982; Zembat, 2007). When definitions given for motion
and mapping perspectives are examined, the definitions of the motion perspective contain expressions
such as “the movement of shapes on the plane”, “the inversion of shapes”, which can lead to
misconceptions about geometric reflection. In contrast, the mapping perspective is defined as an

injective and surjective projection points, instead of the mutual movement of all points on the plane.

Although previous studies have focused on explaining the difficulties of pre-service
mathematics teachers understanding of geometric reflection, no study has examined the improvement
in mathematics teachers' understanding of geometric reflection. The purpose of this study is to examine
which perspective mathematics teachers have in understanding the domain of geometric reflection
according to the sub-concept, and to reveal how the transition process should be from the motion

perspective to the mapping perspective, if they have the perspective of motion.

Pre-Service Teachers’ Understanding of the Sub-concept of Domain of Geometric

Reflection Based on Motion and Mapping Perspectives

Since no studies have been conducted on mathematics teachers' understanding of geometric
reflection, their understanding will be interpreted by making inferences from the studies conducted

with pre-service teachers.

Studies conducted in this field have shown that pre-service teachers have a perspective of
motion in the sub-concept of the domain of geometric reflection (Akarsu, 2018; Harper, 2002; Yanik,
2006). Pre-service teachers with a perspective of motion applied geometric reflection to only the given
figure or points instead of all points on the plane. For example, during an interview Yaruk (2006) asked
one of the pre-service teachers to reflect on an ABCD trapezoid (See. Figure 1). The candidate teacher
completed the geometric reflection by selecting only the vertices and edges of the trapezoid. When
Yanik asked if he had reflected anything other than the vertices and edges, the candidate teacher
answered “no”. The teacher candidate has an understanding of the domain of geometric reflection based
on the motion perspective,since he expressed geometric reflection as the reflection of the given shape
and the points on that shape, instead of expressing geometric reflection as the reflection of infinite points

on the plane.
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See Figure 1. A teacher candidate’s application of geometric reflection to a trapezoid (p. 98)

In his study conducted with four prospective classroom teachers, Harper (2002) has analyzed
the progress of their existing knowledge and developments in geometric reflection in a dynamic
geometry software environment (The Geometer’s Sketchpad). According to the results obtained from
his interviews about geometric reflection, he determined that all four teacher candidates had difficulties
expressing the area (domain) they should reflect. When applying geometric reflection, prospective
teachers reflected only the given shape, thought about the shape independently of the plane and did
not express that they should apply geometric reflection to any other points on the plane. Since they
reflect only the given shape, instead of reflecting all the points on the plane when applying the geometric
reflection, all four prospective teachers have the perspective of motion of the domain of geometric

reflection.

By conducting interviews, Akarsu (2018) examined four mathematics teacher candidates’
understanding of geometric reflection according to the motion and mapping perspectives. At the first
interview, all four prospective teachers have the perspective of motion in understanding the domain of
geometric reflection. At the end of the fourth interview, all four prospective teachers understood the
domain of geometric reflection based on the mapping perspective. In these interviews, the shapes that
were given to be reflected, the circle, the open shape, the points given inside and outside the shape, and
the shapes and points on both sides of the symmetry axis, helped prospective teachers to understand
that they should apply the geometric reflection not only to the given shape or points, but to all points
in the plane. For example, in the second interview, the teacher candidate was given a circle and asked
to apply geometric reflection to that circle (See Figure 2). The candidate teacher completed the geometric
reflection by determining several points on the circle, taking its reflection relative to the axis of
symmetry and connecting the points. When asked, "Did you project another point other than the points

on the circle?”, the teacher candidate stated that he had also reflected infinite points in the circle,
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considering its central point. The center point inside the circle helped the teacher candidate think that

infinite points inside the given shapes should also be reflected when applying the geometric reflection.

Figure 2. A teacher candidate’s application of geometric reflection to a circle (p. 69)

In the fourth interview, Akarsu (2018) asked the teacher candidate to apply geometric reflection
to shapes and points located in two opposite regions on the plane (See. Figure 3). The aim here is to
make them realize that the half-plane on the left side of the symmetry axis should be projected onto the
right side and the half-plane on the right side should be projected onto the left side. In other words, this
question was asked to understand that the geometric reflection should be applied to both sides of the
symmetry axis. The teacher candidate has completed the geometric reflection of the given shapes and
points according to the symmetry axis. When asked, "What points did you reflect on the plane?” he
stated that he “reciprocatively reflects all the points located on the plane". The shapes and points given
in the opposite regions on the plane made the teacher candidate realize that all the points on the plane
should be reflected. At the end of the third interview. The candidate teacher’s understanding of the
domain of geometric reflection switched from the perspective of motion to the perspective of mapping,

all with the help of the circle, open shape and mutual shapes on the plane given during the interviews.

See Figure 3. A teacher candidate’s application of
geometric reflection to shapes and points located in opposite regions on the plane (p. 75)
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By conducting interviews, some teacher candidates transitioned from the motion perspective to
the mapping perspective on the domain of geometric reflection. In contrast, other teacher candidates
still remained in the mapping perspective. In this study, the interview questions developed by the
Akarsu (2018) were applied to mathematics teachers to determine their perspectives in understanding
geometric reflection, and if they have a motion perspective, the transition from a motion perspective to

a mapping perspective was examined with the APOS theory.
APOS Theory

The theory of Action, Process, Object and Schema (APOS) is a model that tries to explain how
mathematical concepts are learned in the mental structure (Dubinsky, 1991). The purpose of using
APOS theory is to reveal how a mathematical concept is structured in an individuals mind, how an
individual understands and expresses that concept. The theory of APOS consists of four structures, and
these structures are a model of mental structure called the ‘stages’. These mental structures are,
respectively, action, process, object and scheme. In this study, the theory of APOS was used to examine
teachers cognitive structures and developments of the domain of geometric reflection (whether they
have a motion perspective, a mapping perspective, or their changes during the transition stages from a

motion perspective to a mapping perspective).

The meaningfulness of a mathematical concept for an individual is directly proportional to the
connections established between mental structures. The established connections form schemes in the
minds of individuals, and these schemes help to gain conceptual meaning of mathematical situations
(Arnon et al., 2014). As a sub-concept of the domain of geometric reflection, it is enough for teachers to
have action and process mental structures to transition from a motion perspective to a mapping
perspective (Akarsu, 2018; Yanik, 2006). Therefore, in this study, it will be sufficient to use the mental
structures of action and process. The mental structures of the object and scheme will not be used in the

study.

The first transformation process, performed to make a mathematical concept meaningful, is the
mental action structure. For an individual with a mental action structure, it is impossible to make any
transformation of this concept without external help. External aids can be formulas, hints and similar
examples related to the concept (Oktag and Cetin, 2016). Since transformation cannot be done without
external help, it is impossible to visualize the applied transformations mentally. Each step has to be
performed clearly by the individual implementing the transformation. An individual who has an active
mental structure in understanding the domain of geometric reflection, will think that the domain of
geometric reflection consists of specified shapes or points, and apply the transformation only to this
shape or point. For example, when pre-sercive teachers are asked to apply geometric reflection to a

figure located on a plane, they express that they only reflect the points belonging to the figure.
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In mental structure, a mathematical concept will gain meaning as a result of the internalization
of an action by constantly repeating it or connecting it with other actions. There is no semantic difference
in the mathematical concept of the mental structure of action and the mental structure of the process.
An individual in the action mental structure needs constant external cues to carry out the
transformation, while an individual in the process mental structure does not need external help. The
individual has internalized the action by repeating it. Since he is aware of the transformations he has
made, he can visualize it in his mind without the need for formulas or other clues. While individuals
have to perform every step in the mental structure of action, they do not have to perform every step in
the mental structure of the process (Dubinsky, 1991). An individual who has a process mental structure
in understanding the domain of geometric reflection does not think of the domain of geometric

reflection as the reflection of only a given shape or point but as a reflection of all points on the plane.

In literature, there are studies where the theory of APOS was used to reveal how pre-service
teachers understand geometric transformations and their mental structures (Akarsu, 2018; Yanik, 2006).
In his study, Akarsu (2018) revealed how teacher candidates' mental structures in geometric reflection
transition from the perspective of motion to the perspective of mapping and which factors are effective
during this transformation. There is no study in which teachers' mental structures in geometric
reflection are examined using the theory of APOS. This study has revealed how teachers transition from
the perspective of motion to the perspective of mapping by determining the perspectives they have in
understanding the domain of geometric reflection, using the mental structures of action and process.

For this purpose, the answers to the following questions were sought.

1- What perspective do high school mathematics teachers have in understanding the sub-
concept of the domain of geometric reflection?
2- What are the reasons as to why high school mathematics teachers have the perspective of

motion or mapping?
Method
Research Design

In this study, one of the qualitative research patterns, the case study pattern, was used due to
the need to determine which perspective mathematics teachers have in understanding the sub-concept
of the domain of geometric reflections and analyze the transition processes from the motion perspective
to the mapping perspective in depth. Case studies are a pattern used to find answers to the "how” and
‘why’ questions on the studied subject without the intervention of the researcher (Yildirim and Simsek,
2011; Yin, 2009). Every teacher’s perspective (motion and mapping perspectives) can vary depending
on different parameters such as; the duration of professional experience, skill and knowledge in teacher
preparation programs and their teaching strategies of mathematical topics. To identify these differences

and to reveal their causes, semi-structured interviews were conducted with mathematics teachers. The
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interview is an important data collection tool for revealing individuals' perspectives, feelings,
experiences, and thought structures (Merriam, 2013). In this study, interviews with teachers were
conducted to reveal how the transition process from a motion perspective to a mapping perspective
should be, by determining if teachers understanding of the sub-concept of the domain of geometric
reflections is based on the motion perspective or the mapping perspective and explaining the reasons

as to why they have these perspectives.
Study Group

In this study, the study group consists of a total of four high school mathematics teachers, who
have graduated from different universities, two of whom are women and two of whom are men. All of
whom are working in different private schools affiliated to the Ministry of Education in Ankara
province. In order to determine the participants of the study, easily accessible case sampling was used
to complete the research process quickly and practically (Patton, 1987). The participants were
determined by the researchers of the study in order to conduct interviews in a convenient, fast and
practical way. The duration of professional experience of mathematics teachers is at least two, at most
twenty years. Due to research ethics, the names of the teachers of the study group were kept confidential
and were coded as Zeynep, Betiil, Okan and Mehmet. Demographic information regarding gender, age
and professional experience of the mathematics teachers who make up the study group are given in

Table 1.

Table 1. Demographic characteristics of mathematics teachers

Participants Gender Age Duration of
Professional
Experience (year)

Zeynep F 26 2
Betiil F 33 9
Okan M 39 16
Mehmet M 44 20

The participation of the teachers who made up the study group was based entirely on
volunteerism. One of the women in the study group started her career after getting an education in
pedagocial formation, since she had graduated from the department of mathematics at the faculty of
arts and sciences. In contrast, the other female teacher started a postgraduate program, after graduating
from the department of mathematics teaching. Still, she dropped out at the end of the first year and
started working at a private school as a full-time teacher. One of the male teachers participating in the
study graduated from the mathematics department at the faculty of arts and sciences and started
working as a mathematics teacher after completing his postgraduate education. The other male teacher,
who had graduated from the mathematics department at the faculty of arts and sciences, started his
career after completing a pedagogical formation. The gender distribution in the study group was

determined independently, without any specific criteria.
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Data Collection Tools

In this study, where a qualitative research method was applied, interviews were used as a data
collection tool. To be able to uncover the perspectives that mathematics teachers have in understanding
the sub-concept of the domain of geometric reflections, to determine the reasons as to why they have
these perspectives and which mental structures are formed during the transition from the motion
perspective to the mapping perspective, interview questions were created, while taking into account
the researcher's doctoral thesis (Akarsu, 2018). The content-scope validity of the interview questions
was examined by taking two experts' opinions. The necessary arrangements were made according to
the feedback from experts and the interview question were then directed to the four high school
mathematics teachers involved in the study. Necessary adjustments were made in line with the feedback
from the experts (the order of some questions was changed, some questions were removed). In this
study, four semi-structured interviews were created in total, one of which was a personal recognition
interview. The remaining three were about geometric reflection. The first interview aimed to define
personal information of teachers (e.g., professional experience duration, educational purposes,
mathematical background, classroom management, their definitions of concepts about geometric
reflection). From the second interview until the end of the fourth interview, questions were prepared in
order to reveal the perspectives that teachers have about geometric reflection. The prepared interviews
have been created to allow teachers to demonstrate the questions posed by writing or drawing. The
sequence of the interview questions is arranged so that the participant sees one question on each page
and answers it without seeing other questions, focusing only on that question. Following the purpose
of the study, the questions prepared in each interview contain different types of questions that have
been carefully created in order to make a comprehensive observation. Examples of the types of
questions posed by the researchers to the teachers who made up the study group during the interviews

are shown in Table 2.

Table 2: Sample interview questions directed to mathematics teachers

Questions for identifying personal information
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° Can you tell us a little about yourself? (First name, last name, which school you graduated
from, duration of professional experience, subject)

i How did you decide to become a teacher?

A What are your educational goals for yourself and for your students?

° How would you describe yourself as a mathematics teacher? What is your teaching
method?

A In a classroom setting, how do you define whether a mathematics topic is understood or
not?

i Do you teach geometry? If yes, did you explain geometric reflection in your class? When

was the last time you taught that subject? Can you explain your experiences or memories about
the subject?

d What do you teach about geometric reflection?

i Can you define geometric reflection, symmetry axis, point, line and space by using your
own words or by drawing?

A Can you mention any features about the geometric reflection? Or, if there are, can you
explain formulas?

Questions asked to reveal the perspective they have on geometric reflection

Is this a reflection?

Can you find the symmetry axis of the given shapes?

Can you define the symmetry axis, point and plane?

Can you explain how you do geometric reflection?

Can you define geometric reflection?

What changes occur when the symmetry axis is shifted downwards or upwards?
What information is needed to apply geometric reflection?

What did you reflect when you applied geometric reflection?

Did you project another point other than these points? If yes, which ones?

The Process of Data Collection

During the data collection process, all interviews with teachers were conducted face-to-face,
while the Covid 19 pandemic measures were taken into account. To meet each of the teachers, who live
in Ankara province, a calendar has been created that matches their schedules. In the implementation
process, each of the prepared interviews was applied to teachers on different days. Schools where
teachers work, were preferred as a place to conduct the interviews. During the interview process, the
permission and consent of the teachers were obtained and an audio recording with an audio recorder
and a video recording with a video camera were taken by the researcher. Each interview was conducted
in a time frame of at least twenty-five to a maximum of sixty minutes. The frequency of interviews with
each teacher was planned and implemented with an interval of no more than four days. A researcher
conducted the interviews. During the interview process, the researcher met the participant during the
day, presented the interview to the teacher and asked the teacher to answer the directed question and
apply drawings if necessary. When the data collection process was completed, the audio and video

recordings were transcribed by the study's researchers and made available for the analysis process.

Analysis of the Collected Data
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The study's data analysis was carried out by using semi-structured interview documents and
video and audio recordings, which were applied during the interviews with the teachers. Audio and
video recordings obtained from interviews were saved on a computer using the transcript method. After
all the collected data were transcribed, a hypothesis-based coding was planned to be performed on the
drawings, verbal responses and statements of the teachers participating in the study. During the coding
process, teachers' perspectives, the reasons for having these perspectives, and their progesses in the
transition processes from a motion perspective to a mapping perspective were revealed. In the process
of data analysis of this study, the mental development processes demonstrated by teachers in the
domain of geometric reflection were revealed through encodings, using the action and process mental
structures within the scope of APOS theory. In the coding process, separate encodings were made by
two researchers in order to access the correct information and to make the correct analyses. The codings
were then compared with each other. If there are differences, they are discussed and the final form is

given to the codings belonging to the analysis of the data. The sample coding is given in Table 3.

Table 3: Sample Coding

Code Sample participant's answer Interpretation




Akarsu, M. & Iler, K.

The domain of reflection
mental structure of action

The domain of reflection
mental structure of
process

A: After completing the reflection of
the given shape [a line segment, a
point on the line segment and a
point outside the line segment] and
the point, can you explain what it
reflects on the plane?

M: When I look at the whole of the
figure, I see a line segment and two
points. Here, I have reflected the
line segment and two points.

A: Have you reflected any other
point other than these points?

M: No, I didn't.

A: After completing the reflection of
the
[triangular and circular region on

given shapes and points
the right of the plane, rectangular
region on the left of the plane, two
points on the axis of symmetry], can
you explain what it reflects on the
plane?

M: We have recipocally reflected the
entire plane. We consider that the
reflection occurs only on one side of
the plane (meaning half the plane),
and that the other half of the plane
is empty, but it is not. Both plane
parts consist of infinite points, and
we would reflect all of these points.
We move all the points to the other
region.

According to the teacher's
answer, he/she believes that in
this  question, he/she is

reflecting from only one half of
the plane (the half plane where
the shape and points are
located) to the other half. At the
same time, the teacher is not
aware that the plane consists of
infinite points. He/she stated
that the domain of geometric
reflection consists of only the
given figure (line segment) and
two points. The teacher here
has a mental structure of action
of domain of reflections, in
other words he/she has the
perspective of motion.
the

answer during the interview,

According to teacher's
when he/she saw the given
shapes on the opposite sides of
both half-planes, he/she stated
that both parts of the plane
consist of infinite points, they
should be reflected recipocally
on both half-planes. The teacher
here has switched to a mental
structure of process of domain
of reflections, in other words
he/she has made a transition to
the perspective of mapping.

Ethical Permissions of the Research

In this study, all the rules stated to be followed within the scope of the “Higher Education

Institutions Scientific Research and Publication Ethics Directive” were followed. None of the actions,

entitled “Actions Contrary to the Ethics of Scientific Research and Publication”, which are specified in

the second part of the directive, have been carried out.

Ethics committee permission information:

Name of the board that conducts the ethical evaluation = Agr1 Ibrahim Cecen University Scientific
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Results
Knowing that the domain consists of infinite points in the plane is an essential concept in
understanding and applying geometric reflection. As a result of interviews with teachers, three different
findings of understanding the geometric reflection have emerged: (1) understanding domain of
geometric reflection only as given shapes and points, (2) understanding domain of geometric reflections
as inner and outer points of the shape other than the given shapes and points (3) understanding domain

of geometric reflection as all points in the plane.
Understanding domain of geometric reflection only as given shapes and points

At the first meeting with teachers, it was revealed that all four teachers have an action mental
structure in understanding the domain of geometric reflection. In other words, all four teachers applied
the geometric reflections only to the given shape and points and thought of the inside and outside of
the shape as hollow. For example, teachers were given an ABCD trapezoid and asked to apply geometric

reflection according to the axis of inclined symmetry (See. Figure 4).

Figure 4. Geometric reflections sample of the first interview
First, all four teachers selected the vertices of the quadrilateral and reflected them relative to the
axis of symmetry. Then, by connecting the dots, they completed the geometric reflection. To the question
of what you reflected on the plane when doing geometric reflection, the teachers' answers were as

followed (See. Table 4).
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Table 4: Sample Coding

Zeynep

Betiil

Okan

Mehmet

Z: 1 reflected the
rectangle, it is a
trapezoid, so I

reflected the
trapezoid.

A: Have you
reflected any
other point other
than the
rectangle?

Z: Perpendicular
distances, edges,

vertices. That's it.

B: At first, I found the
distances of the vertices
of the figure to the axis
on the plane, after that I
created distances equal
to these distances in the
other region, later, I
combined the edges.

A: Have you reflected
any point other than
these points?

B: No, I didn't.

O: When reflecting, we
didn't
reflection of

make a
that
rectangle, but we made a

just

reflection of the vertices.
We also made reflections
of the line segments, in
other words, we made
reflections of the side
lengths of the rectangle on
the figure. If the reflection
we made was a
quadrilateral region, we
would also have to make
reflections of the points in
it.

A: And did we it for this
question?

O: No. It was not done in
this figure. Here we have
reflected the
rectangle. According to

only

the given statement, it
consists of only lines,
therfore, we have
reflected a rectangle that
is hollow.

A: Have you reflected any
other point besides this?
O: I reflected the vertices,

the side lengths. That's it.

M: I reflected points on
the plane.

A: What points did you
reflect?

M: I have reflected the
that 1
marked as

have
ABCD

points

points.

A: Do you think you
reflected any other
point other than these
points?

M: I only reflected the
points, then combined

the edges.

The explanations of all four teachers show that when applying the geometric reflection, they

considered the domain of reflection as the given figure and line segment. When applying the geometric

reflection, they thought they had only reflect the vertices and edges of the given figure. The reason as

to why they apply geometric reflections only to given points or shapes instead of all points in the plane,

may be due to teachers’ definitions of geometric reflection and plane. Before starting the interview, all

four teachers were asked to describe the geometric reflection and the plane by either writing or drawing.

Zeynep defined the geometric reflection as “mirror image at an equal distance”; Betiil as “the image

formed at an equal distance relative to the axis of symmetry”; Okan as “the image of a shape in a mirror”

and Mehmet as “the image of an object in a mirror”. These definitions clearly show that all four teachers

defined the geometric reflections mathematically incorrect since they applied them by taking into

account the physical images of shapes.

On the other hand, Zeynep defined the plane as “3 dimensions”; Betiil, as "A space that encloses

all bodies”; Okan as “The 3-dimensional space we live in” and Mehmet as “A shape with width and
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length, that extends to infinity”. It can be inferred that not knowing that the plane consists of infinite
points or not using this definition in geometric reflection causes misconceptions in understanding the
geometric reflection. At the end of the first interview, all four teachers have a motion perspective in

understanding the domain of geometric reflection.

Understanding domain of geometric reflections as inner and outer points of the shape other

than the given shapes and points

In the first interview, apart from the shape they received, they were also given a rectangle and
a point inside and outside the rectangle to apply the geometric reflection to the the points inside and

outside the shape (See. Figure 5).

Figure 5. Geometric reflections sample of the first interview
All four teachers expressed the reflection of the rectangle by first taking the reflection of the
vertices of the rectangle and then combining them. Then, they completed the geometric reflection by
reflecting the points inside and outside the rectangle. To the question, “What did you reflect on the
plane when doing the geometric reflection?" all three teachers except Mehmet said that they” did not
reflect the rectangle at all, except for one point inside and outside the rectangle". Mehmet expressed his

thoughts as follows:

M: I reflected the vertices of the figure on the plane, combined them, then reflected the point G, then the
points I and H.

A: Did you reflect anything other than these [rectangle, I, H and G points]?

M: Apart from these, I reflected the points [points on the segment lines AB, BC, CD, AD], therefore, I
have reflected the rectangle.

A: So you have only reflected the points belonging to the rectangle?

M: No, when we look at the points H and 1, they do not belong to the rectangle, in other words, I reflected
all the points that were in the region of the line and combined them.

A: Have you reflected another point in the first region [the left side of the symmetry axis]?

M: Points are even shapes without width and length. In other words, there are infinite points, we are
reflecting them to the opposite side by accepting that there are (the points we have specified) here, in fact,
we are reflecting the plane part [the left side of the symmetry axis] completely. I'm looking at it that way.
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In other words, there are a lot of points that are not visible, we reflected the ones that are visible, but what
is not visible is also reflected.

Mehmet's explanations show that the points given inside and outside the rectangle caused
Mehmet to remember that the plane consists of infinite points and made him apply this definition in the
geometric reflection. In other words, the points given inside and outside the rectangle reminded
Mehmet that he should apply geometric reflection to the infinite points that appear and do not appear
in the region on the left side of the symmetry axis. As a result, while Zeynep, Betiil and Okan applied
geometric reflections only to the given shape and points, Mehmet applied it to the plane on the left side
of the symmetry axis. Although Mehmet applied the geometric reflection to the planar region of the left
symmetry axis, all four teachers still have the action mental structure of the domain of geometric
reflections. The reason for this is that they did not specify that the planar region to the left of the
symmetry axis should be projected to the right and the planar region on the right should be projected

to the left.

In the second interview, apart from the closed shapes (e.g.: triangle, rectangle) that teachers had
received, they were also given an arc segment, marked points located in inside and outside areas of the
arc segment, for teachers to apply geometric reflection by considering all points on the plane (See. Figure

6).

Figure 6. Geometric reflections sample of the second interview
All four teachers expressed the reflection of the circular segment by first reflecting the points of
origin and endpoints and combining them. Then, they completed the geometric reflection by reflecting
the points located in the inner and outer regions of the circular segment. When teachers, who completed
the geometric reflection, were asked "What did you reflect on the plane when you did the geometric
reflection?” all three teachers except Mehmet stated that they “reflected the circular segment, the three
points given in the inner and outer regions of the circular segment". Mehmet, on the other hand,

expressed his thoughts as follows:

A: Wen you made the reflections, what did you reflect on the plane?
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M: I reflected the points and the circular segment.
A: Which points?
M: I have reflected all the points that appear and do not appear on the plane’s left side.
A: Have you reflected anything other than these points?
M: I didn't reflect anything other than the visible or invisible points.

Mehmet's explanations show that the open shape, apart from the closed shape, made him
continue to express that the plane consists of infinite points and that he should apply this expression to
the geometric reflection on the plane. While Zeynep, Betiil and Okan applied the geometric reflection
only to the given open shape and points, Mehmet applied it to the entire plane on the left side of the
symmetry axis. Although Mehmet continues to apply geometric reflection to the planar region on the
left side of the symmetry axis, all four teachers still have the action mental structure of the domain of
geometric reflections. The reason for this is that they did not start to think or specify that the planar
region to the left of the symmetry axis should be projected to the right and the planar region on the right

should be projected to the left.

In the third interview, instead of a closed or open shape, teachers were given a pentagon with
a shaded area and points located in the areas inside and outside the pentagon to allow them to think
about the plane more concretely. Teachers were asked to apply geometric reflection to this polygonal

region and to the specified points (See. Figure 7)

Figure 7. Geometric reflections sample of the third interview

All four teachers determined the rectangle area by first taking the reflection of the vertices of
the rectangle and combining them, and by colouring the area; they then completed the geometric
reflection of the figure by taking the reflection of the given points. To the question, “What did you reflect
on the plane when doing the geometric reflection?”, Okan and Betiil answered that they “reflected the
tetragonal region and other given points”, while Zeynep gave the following answer “I reflected the
points, a set of points, this set of points actually form a shape, it had a tetragonal shape”. Mehmet replied
with ”all the points, all the points that are visible or not visible on one side of the line, no other point

was reflected".
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In order to encourage teachers to remember and interpret the definition of the plane, a question
was directed to them, to make them think if there are any differences when applying geometric
reflection to the rectangles in figure 6, and figure 8. Zeynep's answer to this question was “I have
reflected infinite line segments of the rectangle in figure 8. In figure 6, I have reflected only four line
segments (edges of the figure); Betiil's answer was “I didn't reflect it thinking that there was a difference
between them, but I showed the surface, because only one of them was a surface, in other words, a green
surface was give, so I filled in that surface”; Okan's answer was "I only reflected the edges in figure 6.
Here, I also reflected the shaded area.” According to the answers given by the three teachers, the teachers
consider the plane to be hollow. At the same time, teachers are not yet aware that they reflect points
instead of shapes. This is an indication that teachers still do not remember the definition of the plane
and cannot use this definition while applying geometric reflection. On the other hand, Mehmet's
response was “nothing has changed, we're still reflecting points”. Mehmet is aware that the plane
consists of points, is not hollow and reflects points instead of shapes when applying geometric

reflection.

The teachers' responses indicate that three teachers (Zeynep, Betiil and Okan) still apply
geometric reflection to only the given shape and points. At the same time, Mehmet stated that he only
applied geometric reflection to the plane on the left side of the symmetry axis. Therefore, all four

teachers still have the action mental structure of the domain of geometric reflections.
Understanding domain of geometric reflection as all points in the plane

At the end of three interviews with teachers, it was found that three teachers still have an action
mental structure in understanding the domain of geometric reflection, and one teacher has made a
transition to a mental process structure in understanding the domain of geometric reflections. In other
words, three teachers applied geometric reflection to only the given shape and points and thought of
the inside and outside of the shape as hollow. On the other hand, a teacher realized that the plane
consists of infinite points and that geometric reflections should be applied, not only to the given shape
or points, but to the entire plane. For example, at the third interview, one question was posed to teachers,
where they were given shapes and points located to the right and left of the symmetry axis so that they
could apply the geometric reflection by considering all the points on the plane. Teachers were asked to

apply geometric reflection (See. Figure 8).
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Figure 8. Geometric reflections sample of the third interview
All four teachers selected the vertices of the shapes and reflected the shapes in accordance to
the axis of symmetry. Then, they completed the geometric reflection of the shapes by connecting the
points and coloring the polygonal regions. Finally, they completed the geometric reflection by taking
the reflections of the given points according to the symmetry axis. To the question of what they reflect

on the plane when doing geometric reflection transformation, the teachers' answers were as follows

(See. Table 5).
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Table 5. Participant Answers

Zeynep

Betiil

Okan

Mehmet

A: When reflecting
the

what did you reflect

given shape,
on the plane?

Z: 1 reflected the
given figures, points
and the points on

the axis.

A: Have you
reflected any other
points other than

that?
Z: No, I didn't.

A: When reflecting the
given shape, what did
you reflect on the
plane?

B: I have reflected the
set of points that make
up the shapes.

A: Have you reflected
anything other than
that?

B: No, I didn't.

A: When reflecting
the given shape, what
did you reflect on the
plane?

O: This
reflected a circular,

time, I
triangular and
rectangular region.

A: What do you mean
when you say region?
O: I mean the inside.
I'm talking about all
the points in it.

A: Have you reflected
any other points other
than that?

O: There are extra
points on the axis that
I've reflected.

A: When
given shape, what did you

reflecting the

reflect on the plane?

M: Again, I have reflected
points.

A: Which points?

M: I reflected all the visible
and invisible points. I have
only coloured the points
that I reflected. It has
emerged, the shapes have
emerged as images on the
opposite side. In fact, I have
noticed that in questions
prior to this, we have
moved the points on both
sides of the shape or mirror
line. But since there was no
apparent shape on the other
side, it seemed as if it had
not been moved or
reflected. Correct! In fact, I
have moved all the points
on both sides of the mirror
line to the opposite side.

A: Have you reflected any
other points other than
that?

M: Other than that, I
haven't reflected anything

else.

The teachers' explanations show that three teachers (Zeynep, Betiil and Okan) thought of the

domain of geometric reflection as given shapes or points by saying that they only applied geometric

reflection to the shapes and points given to them. Teachers did not apply the definition of the plane in

the geometric reflection because they could not remember the definition that the plane consists of

infinite points or because they had misconceptions. On the other hand, Mehmet's explanations show

that he remembers that the plane consists of infinite points at the third interview, which made him apply

this definition in the geometric reflection. Although Mehmet stated that the plane consists of infinite

points, he was not able to use this definition in geometric reflection in previous interviews, but along

with the question posed to him in the third interview, he was able to apply the plane definition to the

geometric reflection correctly. In other words, the shapes and points located to the right and left of the

symmetry axis have made him apply gometric reflection to all of the points that make up the plane. As

a result, while the three teachers other than Mehmet still have the mental action structure of the domain
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of geometric reflections, Mehmet has made the transition to the mental process structure of the domain

of geometric reflections.

During the third interview, one of the questions posed to the teachers contained a yellow-

colored plane, trapezoid and points given on the plane (see. Figure 8), so that the teachers can remember

the plane definition and then apply this definition to the geometric reflections.

Figure 8. Geometric reflections sample of the third interview

Three teachers (Betiil, Okan and Mehmet) completed the geometric reflection by first taking the

reflection of the yellow-colored plane according to the axis of symmetry and then reflecting the given

shape and points on the plane according to the axis of symmetry. On the other hand, Zeynep completed

the geometric reflection after taking only the reflection of the yellow plane relative to the axis of

symmetry, without reflecting the shapes and points. To the question of what you reflected on the plane

when doing the geometric reflection, the teachers' answers were as follows (See. Table 6).

Table 6. Participant Answers

Zeynep

Betiil

Okan

Mehmet

Z: 1 have already
reflected four points
(perceives the yellow
colored plane as a
shape, not as a plane,
and refers to
vertices). So I have
reflected the entire
domain of points.

A: Have you reflected
anything other than
that?

Z:No, I didn't.

B: The plane (he's
the
plane)

talking about
yellow

consists of infinite
points, since I can't
reflect them all, I
by

reflecting points, that

completed it

I have specified.
A: Have
reflected  anything
other than that?

B: No, I didn't.

you

O: I reflected the plane. I
reflected the
and the points.

rectangle

A: What plane and points
are you talking about?

O: The yellow plane and
the points and rectangle
that were given to me.

A: Have you reflected
anything other than that?
O: No, I didn't.

A:Is there anything to the
right of the reflection
line?

O: There was nothing to
the right of the reflections
line.

M: I have reflected all the
points to the right and left
of the mirror line.

A: Have you reflected any
points other than that?

M: Other than that, I
reflected
anything else.

haven't on
I've also
reflected the points on the
mirror line.

A: Is there anything to the
right of the reflection line?
M: There are

points to the right of it.

invisible

During reflection, they
were also moved to the
opposite side as an

invisible point.
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When the teachers’ responses are examined, it can be inferred that Zeynep does not remember
or does not know the mathematical definition of the plane. Therefore, according to her answers, it can
be deduced that Zeynep, when applying geometric reflection, saw the yellow plane as a shape, not a
plane, and applied the geometric reflection to this shape. Zeynep still thinks of the plane as hollow.
Betiil began to remember the definition of the plane by expressing that the yellow-colored plane she
applied the geometric reflection to, consists of infinite points. When applying geometric reflection, she
stated that she did not reflect anything other than the specified points, since she thought that she could
not reflect all of these points individually. Although Betiil remembered the definition of the plane, she
was unable to apply this definition in the geometric reflection. Okan stated that, in this question, he
reflected the entire yellow-coloured plane, the rectangle and the points given to him, when applying
the geometric reflection. Thus, he began to remember the definition of the plane. However, he thought
and expressed that there was nothing to the right of the axis of symmetry. It is clear from the responses
of all three teachers that teachers still have the action mental structure of the domain of geometric
reflections. On the other hand, Mehmet's completion of the geometric reflection by stating that there are
infinite points to the right and left of the symmetry axis, that all points on the plane should be recipocally
reflected to the right and left of the symmetry axis when applying the geometric reflection has shown

one more time that he is in the process mental structure of the domain of geometric reflections.

At the end of the third interview, when teachers were again asked to define geometric reflection,
Zeynep defined it as “drawing the distance of a point and a set of points from the axis of symmetry to
the other side of the axis of symmetry”; Betul as “the image of a shape at equal distance from the axis
of symmetry”; Okan defined it as “backwards-facing objects located in front of a mirror by considering
the line as a mirror since we have been working with lines up until now” and Mehmet “the process of
moving all the points located on the right and left side of the mirror line to the other side”. As can be
seen from the last definitions made by teachers, it can be inferred that Zeynep, Betiil and Okan make
geometric reflections by considering the physical images of shapes, without paying any attention to the
plane. Therefore they think of the plane as hollow. Since they could not express that the plane consists
of infinite points, they could not use this definition in the geometric reflection either. Therefore, it was
revealed that all three teachers have an action mental structure of the domain of geometric reflections.
When Mehmet's last definition of the geometric reflection was examined, it was seen that there were
changes according to the definition he made at the first meeting. In his first definition, Mehmet defined
the geometric reflection as an ‘image of an object in a mirror’ and he stated that he did not consider the
plane, when applying geometric reflection, he only reflected the given shape and points. In his last
definition, he stated that the plane consists of infinite points. When applying geometric reflections, it is
necessary to apply the reflection to the entire plane located to the right and left of the symmetry axis.

Therefore, it is clearly seen that Mehmet made a transition from the mental structure of action to the
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mental structure of the process of the domain of geometric reflections. As a result, among four teachers,

only Mehmet made the transition from the perspective of motion to the perspective of mapping.

When the reasons are examined for staying in the motion perspective of three teachers (Zeynep,
Betiil, and Okan), the teachers may not know the definition of the plane mathematically or they may
not use the definition of the plane in performing geometric reflection. In Mehmet's transition from the
motion perspective to the mapping perspective, the preparation of interview questions that reminded
him of the definition of the plane (closed shape, concave shape, points given inside and outside the
figure, giving shapes and points on both sides of the symmetry axis or shaded region) and the effect of
open-ended questions asked in the process helped to understand that Mehmet should apply the

geometric reflection to all points in the plane, not just given shapes or points.
Discussion and Interpretation

In this study, the answers to the following research questions were sought: “What perspective
do high school mathematics teachers have in understanding the sub-concept domain of geometric
reflection?”, “What are the reasons as to why high school math teachers have the perspective of motion
or mapping?” In the first interview with the teachers, it was revealed that all four teachers have an
action mental structure in understanding the domain of geometric reflection. In other words, all four
teachers have the perspective of motion in understanding the domain of geometric reflections. All four
teachers applied geometric reflections by considering the domain of reflection as given shapes and/or
points. One reason why teachers apply geometric reflection not to all points in the plane, but only to
given shapes or points may be due to the fact that the mathematical definition of the plane is known
incorrectly (thinking of the plane as hollow) or the definition of the plane (the plane consists of infinite

points) is not used conceptually in geometric reflection (Akarsu, 2018; Hollebrands, 2003; Yanik, 2006).

After three interviews with all four teachers, Mehmet had a process mental structure in
understanding the domain of geometric reflection, while the other three teachers remained in the action
mental structure. In other words, while Mehmet transitioned from the perspective of motion to the
perspective of mapping in understanding the geometric reflection, the other three teachers remained in
the perspective of motion. One of the reasons Zeynep, Betul and Okan remain in the perspective of
motion may be because they have not learned or have never experienced geometric reflection of all
points in the plane (Akarsu, 2018; Yanik and Flores, 2009). Despite the different shapes given throughout
all the interviews, it may have been a new and challenging concept for Zeynep, Betiil and Okan to apply

geometric reflection to all points on the plane (Yanik and Flores, 2009).

One of the reasons all three teachers apply the geometric reflection only to the given points and
figures may be how the geometric reflection is explained in the books (Jones, 2004; Zorin, 2011). When
the textbooks of the Ministry of National Education (MEB) were examined, it was found that the lectures

and examples in the books were only for the performing geometric reflection to the given points and
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figures. In other words, the textbooks are written for the supporting motion perspective rather than the
mapping perspective. For example, in the eighth-grade textbook, geometric reflection is defined as "the
reflection of a shape according to the line." In the 12th grade, geometric reflection is defined as “taking
the symmetry of a shape for a point or a line”. When these definitions are examined, it is stated that
instead of reflecting all points in the plane, only the geometric reflection should be applied to the given

shape or points. This is a misconception and books need to be rewritten from a mapping perspective.

For Mehmet, the points given inside and outside the rectangle made him remember the
mathematical definition of the plane and therefore helped him use it in the geometric reflections. The
reason for Mehmet’s development may be due to the variety of shapes, which were given to be reflected
in the interviews. In other words, this could be caused by the fact that, when applying geometric
reflections, Mehmet was only given a shape, independently from the infinite points in the plane
(Akarsu, 2018). Another development in Mehmet is that due to the shapes and points given on both
sides of the symmetry axis, he began to think that the geometric reflection should be applied not only
to the semi-plane where the given shape is located but to all the infinite points on both sides of the
symmetric axis. As a result, in geometric reflections, the diversity of the shape to be reflected is a crucial

factor in remembering or learning that the infinite points in the plane should be reflected (Akarsu, 2018).
Limitation

There are three limitations in this study. The first limitation is that the study sample was limited
to four participants. Because easily accessible case sampling was used in the sample selection method
of this study, participants who could provide accurate information about the subject in a short time
were chosen, and the study was carried on with four participants. It should be taken into account that
with a wider sample selection, the study results may have been different. The second limitation is that
the teachers participating in the study are limited to being high school mathematics teachers. Since the
teachers who provide education at the secondary school level use topics and concepts such as function,
reflection, domain, point, plane more often in their lessons than at the primary school level, it was
thought that they would share their experience more efficiently during the interviews. At the same time,
in the process of interviews with the teachers participating in the study, it was decided to only work
with high school mathematics teachers since a program that matches the teaching schedules had to be
made. The third limitation is that the data collected consist not only of verbal, but also of non-verbal
behavior, peculiar speech features, gestures and expressions. Considering that the participants could
not fully express their thoughts during the interviews, the researchers inferred from the participants'

body language and the forms of expression they used.
Recommendations

In this study, by revealing the perspectives that teachers have in understanding the domain of

geometric reflection, the transition processes from a motion perspective to a mapping perspective were
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examined and required interviews were conducted with teachers. In another study, the transition
processes from the perspective of motion to the mapping perspective can be examined by revealing the

perspectives that teachers have about the sub-concepts of the axis of symmetry and the plane.
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