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Oz: Bu calismanin amaci ortaokul matematik 6gretmenlerinin iiggenler ve dortgenler konusuna iliskin pedagojik alan
bilgilerini; konu alan1 ve 6grenciyi tanima bilgisi baglaminda incelemektir. Arastirma, nitel aragtirma yontemlerinden biri
olan 6zel durum galigmasi olarak yiiriitiilmiistiir. Orneklem, 0-5 yil, 6-10 y1l ve 11y1l ve iizeri mesleki deneyim gruplarindan
esit sayida segilen toplam 12 ortaokul matematik 6gretmeninden olugmaktadir. Caligmanin verileri, tiggenler ve dortgenler
konusundaki ¢esitli senaryo durumlarmi igeren 9 agik uglu soruya verilen cevaplardan ve yari yapilandirmig miilakatlardan
elde edilmistir. Elde edilen veriler, igerik analizi yontemiyle analiz edilmistir. Bulgular, ortaokul matematik 6gretmenlerinin
iicgenler ve dortgenlere yonelik pedagojik alan bilgisinin konu alani bileseninde istenilen diizeyde olmadiklarini; buna karsin
Ogrenciyi tanima bilgisi bileseninde, konu alani bilgisi bilesenine nispeten daha iyi diizeyde olduklarini gdstermektedir.
Ayrica 6gretmenlerin ¢ogunun liggenler ve dortgenler konularina yonelik konu alani bilgilerinde ortaokul dgrencileri ile
benzeyen kavram yanilgilarina sahip olduklar1 belirlenmistir.
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Abstract: The purpose of this study is to investigate pedagogical content knowledge of secondary school mathematics
teachers about triangles and quadrilaterals. In particular, it is focused on knowledge of content and students as two
components of teachers' pedagogical content knowledge. In this study, case study was used as one of the types of qualitative
research methods.. The sample is comprised of 12 secondary school mathematics teachers who are selected equally from the
three groups, namely having teaching experience of 0-5 years, 6-10 years, and 11 and above years. Data is gathered by the
use of 9 open-ended questions including different types of scenarios and semi-structured interviews in relation with triangle
and quadrilateral concepts. The data is analyzed by the use of content analysis method Findings show that secondary school
mathematics teachers' pedagogical content knowledge about triangles and quadrilaterals are not at the desired level in the
component of content knowledge, whereas they are relatively better in the component of knowledge of students. Moreover, it
was determined that teachers have similar misconceptions with secondary school students in triangle and quadrilateral
concepts.
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1. Giris

Etkili bir 6gretim; 6gretmen, 6grenci, sinifin fiziki kosullari, program gibi. daha pek c¢ok sayilabilecek
bilesenin bir araya gelmesiyle miimkiindiir. Ancak bu bilesenlerden en 6nemlisi, diger bilesenlerin uygulayicisi
konumunda olan 6gretmendir (Baki, 2018). 2013 giincellemis ortaokul matematik 6gretim programinda etkili
bir matematik &gretimi i¢in 0gretmenin rolii dgrencilere bilgi aktarmaktan c¢ok, bilgiye nasil ulasilacagina
rehberlik etmek olarak belirtilmektedir (Milli Egitim Bakanligi [MEB], 2013). Bu anlamda &gretim siirecinin en
etkin elemanlarindan Ogretmenlerin gerekli bilgi donanimma sahip olmalari, edindikleri bilgileri 6gretim
siirecinde uygulayabilmeleri biiyiik énem arz etmektedir. Ilgili literatiir incelendiginde gretmenlerin sahip
olmas1 gereken bilgiler ile ilgili ilk ¢aliymalarin Shulman (1986, 1987) tarafindan yapildig1 goriilmektedir.
Shulman (1986) tarafindan yapilan c¢alismada O6gretmenin sahip olmasi gereken bilgiyi konu alani bilgisi,
pedagojik alan bilgisi (PAB) ve program bilgisi olarak ii¢ boyutta ele aldig1 goriilmektedir. Oner'e (2010) gore
bu bilgilerden iizerinde en ¢ok tartisilan pedagojik alan bilgisi olmustur. Yapilan ¢alismalarda 6gretmen
yetistirmede tek basima alan bilgisinin de pedagojik bilgininde etkili olmayacag1 vurgulanmaktadir (Oner,2010).
Baki (2018) pedagojik alan bilgisini pedagoji ve alan bilgisinden olusan bir "karigim" olarak degil bir "bilesim"
olarak ile ifade etmektedir. Gokkurt, Sahin ve Soylu (2012) tarafindan matematik dgretmenlerinin matematiksel
alan bilgileri ile pedagojik alan bilgileri arasindaki iligkinin incelenmesi amaciyla yapilan c¢aliymada
Ogretmenlerin matematiksel alan bilgileri ile pedagojik alan bilgileri arasinda yakin bir iliski oldugu
goriilmiistiir. Ancak, literatiirde etkili bir matematik 6gretiminin alan bilgisinden ¢ok PAB’a bagli oldugunu
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gosteren caligmalarda bulunmaktadir (Bolyard ve Moyer-Packenham, 2008; Fawns ve Nance, 1993).Belirtilen
bu sebepler, hem alan bilgisini hem de pedagojik bilgiyi igerisine alan pedagojik alan bilgisini dnemli
kilmaktadir.

Geometri; uzay, sekil, sembol ve kavram bilgisini iceren matematigin 6nemli alanlarindan birisidir (Fidan ve
Tiirniiklii, 2010). Yapilan literatiir taramasinda iilkemizdeki geometri d6gretimine iligkin yapilan ¢alismalarin az
oldugu ve geometri dgretimi ile ilgili yagsanan giicliikler oldugu goériilmektedir (Yilmaz, Kesan ve Nizamoglu,
2000°den akt., Gokkurt, Sahin, Soylu ve Dogan, 2015, s.56). Bu ¢aligmalar incelendiginde geometrik sekillerin
ve Ozelliklerinin ezberletilmesi, sinirli sayida 6rnek sunumu gibi sebeplerden dolayr geometri &gretiminde
sikintilar yasanmasi, Ogrencilerin icinde yasadiklar1 c¢evreyi yorumlayamamasi, anlamli §grenmenin
gerceklesememesi ve hatta geometriye karsi olumsuz tutum gelistirmesi sonuglarina yol actigi belirtilmistir
(Fujita ve Jones,2007°den akt., Gokkurt ve ark., 2015, s.57). Bu tip durumlarin 6gretim siirecinde olugsmamasi
adma Ogretmenlerin mesleki yeterliligi ¢ok onemlidir (Baki,2013). Dolayisiyla geometri dgretiminde kalici
ogrenmeyi gerceklestirebilmek igin 6gretmenin konu alani bilgisinin yani sira, 6grenci hatalarin1 anlayabilmesi
ve bu hatalar1 giderebilme becerisine sahip olmasi gerekmektedir. Bu nedenle ¢alismada G6gretmenlerin
pedagojik alan bilgisi, konu alani bilgisi ve 6grenciyi tanima bilgisi boyutlarinda degerlendirilecektir. Ayrica
alan yazmi incelendiginde iilkemizde geometri konusu iizerine pedagojik alan bilgisi ile ilgili yapilan
aragtirmalarin sayisinin az oldugu goriilmektedir (Gokkurt, 2014; Gokkurt ve ark., 2015; Gokkurt ve Soylu,
2016). Pedagojik alan bilgisi ile ilgili bahsi gegen bu c¢aligmalarin geometrik cisimler konusu iizerinde
yogunlastig1 ve bunun sebebi olarak da bireylerin geometrik cisimleri 6grenmekte zorlandiklari gosterilmektedir
(Bozkurt ve Kog, 2012; Gokkurt ve ark., 2015). Geometrik cisimler konusunda yasanan bu sikmtilarm bu
konuya temel teskil eden {iggen ve dortgenler konusundan kaynaklanabilecegi sdylenebilir. Nitekim literatiirde
bireylerin tiggenler ve dortgenler konusuna yonelik kavram yanilgilarina sahip oldugu c¢aligmalarda mevcuttur
(Dogan, Ozkan, Cakir, Baysal ve Giin, 2012; Ergiin,2010; Hizarci, Ada ve Elmas, 2006; Kaplan ve Hizarci,
2005; Karpuz, Koparan ve Giiven, 2014). Yukarida belirtilen sebeplerden dolay1r bu g¢aliymada ortaokul
matematik Ogretmenlerinin liggenler ve dortgenler konusuna iliskin pedagojik alan bilgisinin incelenmesi
amaglanmaktadir.

1.1. Arastirmanin Amaci

Bu ¢aligmanin amaci ortaokul matematik 6gretmenlerinin tiggenler ve dortgenler konusundaki pedagojik alan
bilgilerini incelemektir. Bu amaca bagli olarak ¢alismanin alt problemleri asagidaki gibi belirlenmistir:

a)  Ortaokul matematik 6gretmenlerinin tiggenler ve dortgenler konusundaki konu alani bilgileri nedir?
b)  Ortaokul matematik dgretmenlerinin tiggenler ve dortgenler konusuna iliskin dgrenci bilgileri nedir?

2. Yontem

Arastirmada nitel arastrma yontemlerinden biri olan 6zel durum g¢ahigmasi kullanilmistir. Ozel durum
caligmalarinin en temel 6zelligi bir ya da birden fazla durumun derinligine arastirilmasidir (Yildirim ve Simsek,
2016). Bu calismada ise belirli sayidaki ¢aligma grubu ile ortaokul matematik 6gretmenlerinin {iggenler ve
dortgenler konusundaki pedagojik alan bilgileri ayrintili bir sekilde arastirilmasi amagladigindan 6zel durum
calismasi kullanilmistir.

2.1. Calisma Grubu

Bu aragtirma, bir ilge merkezinin farkli ortaokullarinda ¢aligan 12 matematik 6gretmeni ile yiiritiilmistiir.
Calisma grubunda yer alan dgretmenler O1,0,,03,04,05,06,07,05,04,010,011,01, seklinde kodlanmstir. Calisma
grubunun belirlenmesinde amach 6rnekleme yontemlerinden &lgiit drnekleme yontemi kullanilmustir. Olgiit
Ornekleme yontemi Onceden belirlenmis Olgiitleri karsilayan biitiin durumlarin ¢aligmasini saglayan bir
yontemdir (Yildirim ve Simsek, 2016). Bu calismada 6rneklem belirlenirken kullanilan 6lgiitler, 6gretmenlerin
calistiklart ortaokullarin ve mesleki deneyim siirelerinin birbirinden farkli olmasidir. Bu yolla heterojen bir
galisma grubu kullanilarak 6gretmenlerin iggenler ve dortgenler konusuna iligkin farkli bakis agilarini yansitmak
amaglanmigtir. 0-5 y1l, 6-10 y1l ve 11y1l ve iizeri olmak iizere ti¢ farkli mesleki deneyim grubunun her birinden
4’er 6gretmen secilmistir. Ogretmenlerin demografik bilgilerine dair tablo, Tablo 1° de verilmistir.

Tablo 1. Calisma grubundaki 6gretmenlerin demografik bilgileri

Kisiler Mesleki Deneyim
5, 0, 05 0, 05 yil

Os, 05, 07, Og 6-10 yil

O, 019, 011, 012 11 y1l ve iizeri

2.2. Veri Toplama Araglan

Bu ¢alismada nitel veri toplama araglarmdan dokiiman incelemesi ve goriisme kullanilmigtir. Goriisme formu
Gokkurt ve Soylu'nun (2016) c¢aligmalarinda kullandiklar1 formun yapisindan esinlenilerek hazirlanmigtir.
Goriisme formu iki boliimden olugmaktadir. Ik béliimii 6gretmenlerin demografik bilgilerini (Cinsiyet, mesleki
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deneyim, egitim durumu vb.) belirlemeye yonelik sorular olusturmaktadir. ikinci béliim ise gretmenlerin
ticgenler ve dortgenler konusuna iligskin pedagojik alan bilgilerini belirlemeye yonelik ¢esitli senaryo durumlarint
iceren dokuz acik uglu sorudan olusmaktadir. Ogretmenlerin iiggenler ve dortgenler konusuna iliskin pedagojik
alan bilgilerini 6l¢mek amaciyla hazirlanan sorular asagida belirtilen kazanimlara iliskindir. Kazanimlara ydnelik
hazirlanan sorularin dagilimi Tablo 2’de verilmistir.

Tablo 2. A¢ik uglu sorularinin kazanimlara gore dagilimi

Konular Kazanimlar Soru Sayis1

Ucgenler Aci- kenar iligkisi

Diklik merkezi tespiti

Dértgenler Dértgenlerin siniflandirilmasi

Cokgenlerde simetri ekseninin bulunmast

Dortgenlerde kdsegenlerin kesim noktasi 6zelligi

Dértgenlerde cevrenin hesaplanmasi

O|R (R R|lw|kN

Toplam

Pedagojik alan bilgisine yonelik hazirlanan soru 6rnegi Tablo 3’te verilmistir. Hazirlanan bu sorular 3
matematik 6gretmeni ve 2 uzman tarafindan incelenmis olup gerekli diizenlemeler yapilarak kapsam gecerliligi
saglanmustir. Sorularm kullanisliligmi gérmek amaciyla 2 tane ortaokul matematik 6gretmeni ile pilot ¢alismasi
yapilarak gerekli ek diizenlemeler yapilmistir. Ag¢ik uclu bu sorular 6gretmenlere uygulandiktan sonra
ogretmenlerle 20-30 dakika sliren yari yapilandirilmig miilakat yapilmis olup ses kaydmna alinmistir. Bu
miilakatta ek sorulara da yer verilmistir. Yukarida Tablo 3'te verilen “a” sorusu konu alani bilgisine yonelik
hazirlanmigtir. “b” ve “c” sorulari ise 6grenciyi tanima bilgisine yonelik hazirlanmistir.

Tablo 3. Pedagojik alan bilgisine yonelik hazirlanan ag¢ik uglu bir soru 6rnegi

Ucgende A¢1 Kenar iliskisi Sorusu Ogrencinin Coziimii

Ayse 6gretmen asagidaki soruyu Taha' ya soruyor.

c
aile e, dile b esittir. En uzun kenar ¢
dir.
Yulkarndaki sekilde ficgenlerin acilarmm &lciileri c>a =¢ > b =d cevabini vermistir.

verilmistir. Buna gére kenar uzunluklarin biiyiilten
kiiciize dogru siralams: nasil olur? Aciklaymz.

Bu soruya Taha yandaki gibi cevap veriyor.

a) Verilen senaryo durumuna gore grencinin hata yapip yapmadig1 hakkinda ne diisiiniiyorsunuz? Varsa
Ogrencinin yaptigi hata nedir? Ogrencinin bu hatayir yapmasinin sebebi/sebepleri neler olabilir?

b) Varsa 6grencinin yaptig1 hata, bu hatayi anlamasi i¢in 6grenciye soracaginiz soru ve sorular neler olabilir?

¢) Ogrenci hatal ise, bu soruya 6grencinin dogru cevap verebilmesi igin kullanabileceginiz énemli
matematiksel kavram ya da 6n bilgi nedir?

2.3. Veri Analizi

Bu ¢aligmada agik uclu sorular ve yar1 yapilandirilmis miilakatlardan elde edilen verilerin analizinde igerik
analizi yontemi kullanilmustir. Ierik analizi genellikle metinlerin (miilakat dokiimleri, giinliikler vb.) analizinde
kullanilmaktadir (Patton, 2014). Ayni zamanda igerik analizi ile toplanan verilerin ayrintili olarak analizi
yapilarak onceden belli olmayan temalarin ve bu temalar arasindaki iligkilerin ortaya c¢ikarilmasi saglanir
(Yildirim ve Simsek, 2016). Yar1 yapilandirilmig miilakatlar ve acik uglu sorular NVIVO 9.0 nitel veri analiz
programina aktarilarak kodlamalar yapilmistir. Olusturulan kodlamalar, tablolar halinde bulgular kisminda
sunulmustur. Kodlamalar yapilarken 6gretmenlerin konu alani bilgisine yonelik sorulan sorulara verdikleri
cevaplar dogru, yanlis seklinde kodlanmstir. Ogrenciyi tanima bilgisine yonelik sorulara verilen cevaplar ise
Gokkurt ve Soylu’nun (2016) ¢alismasindaki kategoriler dikkate alinarak analiz edilmistir.

3. Bulgular

Ortaokul matematik 6gretmenlerinin iiggenler ve dortgenler konusuna iliskin pedagojik alan bilgileri; konu
alan bilgileri ve 6grenciyi tanima bilgileri olmak iizere iki baslik halinde incelenecektir.

3.1. Konu alani bilgisine iliskin bulgular

Ortaokul matematik 6gretmenlerine liggenler konusuna yonelik 3 soru dortgenler konusuna yonelik 6 soru
yoneltilmis olup sorulara verdikleri cevaplar dogru ve yanlis olarak smiflandirilmistir.

Ogretmenlerin {iggenler ve dortgenler konu alani bilgisine iliskin bilgiler Tablo 4’ de verilmistir.
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Tablo 4.0rtaokul matematik 6gretmenlerinin tiggenler ve dortgenler konu alani bilgisine iligkin bulgular

_ (0—5‘_yll) _ (6-10"y11) (11 yilve iizeri)

0O, 0, 03 O, O O O; O3 O3 Oy Ou Oy
1. soru Dogru 1 1 1 1 1 1 1 1 1 1 1 1
Yanlig 0 0 0 0 0 0 0 0 0 0 0 0
2 soru Dogru 0 0 0 1 0 1 1 0 0 1 0 1
Yanlig 1 1 1 0 1 0 0 1 1 0 1 0
Dogru 1 0 1 1 1 1 1 1 1 1 0 1
3. soru
Yanlig 0 1 0 0 0 0 0 0 0 0 1 0
4.501U Dogru 1 1 1 1 1 1 1 0 1 1 1 1
Yanlig 0 0 0 0 0 0 0 1 0 0 0 0
5 soru Dogru 1 0 0 1 0 1 0 0 0 1 0 0
Yanlig 0 1 1 0 1 0 1 1 1 0 1 1
6. soru Dogru 0 0 0 0 0 0 0 0 0 0 0 0
Yanlig 1 1 1 1 1 1 1 1 1 1 1 1
7 soru Dogru 1 0 0 0 0 1 0 0 0 0 0 0
Yanlig 0 1 1 1 1 0 1 1 1 1 1 1
8. soru Dogru 1 0 0 1 0 1 1 1 1 1 1 1
' Yanlig 0 1 1 0 1 0 0 0 0 0 0 0
9 soru Dogru 1 1 1 1 1 1 1 1 0 1 1 1
' Yanlig 0 0 0 0 0 0 0 0 1 0 0 0
Dogru 7 3 4 7 4 8 6 4 4 7 4 6
Toplam Yanlig 2 6 5 2 5 1 3 5 5 2 5 3
Dogru 21 22 21
Yanlig 15 14 15

Tablo 4’te goriildiigii gibi 6gretmenlerin tiggenler ve dortgenler ile ilgili konu alani bilgileri genel olarak
degerlendirildiginde mesleki deneyimlerine gore gruplarin dogru ve yanlis sayilar1 birbirine yakin oldugu
goriilmektedir. Ancak 6-10 yil mesleki deneyime sahip 6gretmenlerin konu alani bilgileri diger mesleki deneyim
gruplarina gore nispeten daha iyi oldugu sdylenebilir.

Tablo 4’¢ gore tiggenlerde ag1 kenar bilgisine yonelik hazirlanan 1. ve 3. sorular incelendiginde tiggen ¢izimi
ile ilgili 1. soruyu biitin 6gretmenlerin dogru, Sekil 1°deki 3. soruya ise iki 6gretmen (O,, Oy1) yanlis cevap
vermistir.

3) UCGENDE ACI KENAR iLiSKiSi SORUSU OGRENCININ ¢OZUMU
Ayse 6gretmen asagidaki soruyu Taha' ya soruyor. Bu
soruya Taha yandaki gibi cevap veriyor.

aile e, dile b esittir. En uzun kenar c dir.
D c>a = e > b =d cevabini vermistir.
A~
o i
d_760° 57 S
% ,W\ C
e >
57°63° 6
<>
B
Yukandaki sekilde iicgenlerin agilannm Slgiileri
verilmistir. Buna gore kenar uzunluklanm biiyikten
kiiciige dogru siralamisi nasil olur? Aqiklayimz.

Sekil 1. Ucgende a1 kenar iliskisi ile ilgili 3. soru

Farkli mesleki deneyim gruplarina dahil olan bu 6gretmenlerin Sekil 1°deki soruya verdigi yanlis cevaplar su
sekildedir:

O,: “Dogru. Tek tek ben kendim de hani inceledim zaten. Iste burada en uzun kenar c. Burada da e.
Fakat buraya geldigimizde e’ nin karsisinda 60 derecelik a¢i var. Burada 63 derecelik agi var. O yiizden
en uzun kenar c. Burada da 6grenci zaten onu soylemis.”

O11: “Cocuk biiyiik agi, biiyiik kenar goriir; kiiciik aci, kiigiik kenart gériir. Bunun farkinda ama bu iki
ticgenin farkli oldugunu ayri degerlendirmesi gerektigini diisiinmemis. Orada hata yapmis. Burada c, a’
dan biiyiiktiir diyor aslinda ama yanlhs hatirlamiyorsam a, c¢' den biiyiiktiir olmast gerekiyordu. Farkli
ticgenler farkli un....c daha biiyiik bir agi ile gériiniiyor. Ancak diger iicgenle karsilastirilmasi konusunda
e, ¢' den biiyiik oldugu i¢cin a’ da ¢’ den biiyiik.”

Ogretmenlerin verdigi cevaplardan da goriilmektedir ki her iki dgretmen de iicgende ac1 kenar iliskisi olan
“Biiytik a1 kargisinda biiyiik kenar, kii¢iik ag1 kargisinda kiigiik kenar bulunur.” kuralini bilmektedir. Ancak bu
kurali sorunun ¢éziimiinde kullanamamislardir. O, 6gretmeni en uzun kenari dogru belirlemistir. Ancak diger
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kenarlarin siralamasinda égrencinin yapmis oldugu hatayr dogru kabul ettigi goriilmektedir. O1; dgretmeni ise
ticgende ag1 kenar iligkisini ve iki liggenin ayr1 ayr1 degerlendirilmesi gerektigini dogru bilmektedir. Ancak
teorik olarak bildigi bu bilgileri iki tiggeni karsilagtirirken uygulayamamustir.

Uggenlerde diklik merkezini belirlemeye ydnelik hazirlanan Sekil 2°de yer alan 2. soru ise genis ve dik agili
tiggenin diklik merkezinin tespitiyle ilgili iki agamali bir sorudur.

Sevgi Ofretmen agagidaki genis agih ve dik agil OGRENCININ (OZUMU
licgenlerin diklik merkezlerini 6grencilerinden
bulmalarm istemistir.

Ogrenci yukanidaki gizimi yapmigbr. Buna gore;

A A
B/i_\(‘
“Yukaridaki dik o¢gen igin ise diklik merkezi
8 - c =

yoktur.” demigtir.

Ogrendisinin ¢dziimii yandaki gibi olmustur.

Sekil 2. Diklik merkezinin tespiti ile ilgili yoneltilen 2. soru

Ogretmenlerin bu iki soruda konu alam bilgisine ydnelik yanlis cevap vermeleri halinde diklik merkezi
kavramina tam anlamiyla hakim olunamadigi kanaatine varilarak cevaplari yanlis kabul edilmistir. Bu sebeple 2.
soruyu yanlig yapan dgretmenlerin konu alanma ait bulgular ayr1 ayr1 incelenmistir. Genis acil1 tiggenin diklik
merkezinin tespiti ile ilgili hata yapan Ogretmenlerin (01, 0, O3, 05, Og, Og, 011) dik agihi liggenin diklik
merkezinin tespiti ile ilgili hata yapan dgretmenlerden (O, Og ve 011) daha fazla oldugu goriilmektedir. Ayrlca
dik ag1li iiggenin diklik merkezinin tespiti ile ilgili hata yapan O, Og ve Oy; dgretmenlerinin hem genis agili
tiggende hem de dik acili iiggende diklik merkezinin tespitinde hata yapmalar1 dikkati ¢eken bir bulgudur. Genel
olarak degerlendirildiginde 0-5 y1l mesleki deneyime sahip 6gretmenlerin diger gruplara gore daha fazla hata
yaptiklart goriilmiis olup genis acili liggenin diklik merkezinin tespiti ile ilgili verdikleri hatali yanitlar su
sekildedir:

O.: “Ogrenci yiiksekligi yanhs c¢izmis. Yiikseklikleri kenarortayla karistirmis muhtemelen burada.
Yiiksekliklerin ii¢genin disinda olmasi gerektigini fark edememis.”

(?2: “Hatali burada da. Diklik merkezi kavramini algilayamamig, anlayamamig.”
O3 “Hata yapmus. Genis agili tiggende yiikseklik ii¢genin disinda olacakti.”

Mesleki deneyimleri 0-5 yil arasinda olan bu 3 6gretmenin ifadeleri incelendiginde 6gretmenlerin senaryo
durumundaki 6grencinin hatali, genis acili iiggenlerde bazi yiiksekliklerin {iggenin disinda oldugunu
bilmektedirler. Ancak 6gretmenler soru hakkindaki diisiincelerini anlatirken genis agili tiggenlerde yiikseklikleri
dogru cizemedikleri ve diklik merkezini yanlis gosterdikleri ya da bulamadiklari i¢in diklik merkezinin olmadig1
iddia ettikleri goriilmiistiir. Genis agili iggende O3 6gretmeninin yapmis oldugu yiikseklik ¢izimi &rnek olarak
Sekil 3°de verilmistir. Bu nedenle ogretmenlerin bahsedilen bilgileri sadece bilgi diizeyinde bildikleri
sOylenebilir.

Sekil 3.0; 6gretmeninin hatali ¢izimi

O3 6gretmenin yukaridaki ¢izime dair yapmis oldugu aciklama su sekildedir:

>

Os: “Genis agilimin diklik merkezi yok. Ciinkii bende ¢ozemedim.’

Bu nedenle 0-5 yil aras1 mesleki deneyime sahip olan Oy, O,, O3 6gretmenlerinin bahsedilen bilgileri sadece
bilgi diizeyinde bildikleri sdylenebilir.

Dik iicgenin diklik merkezinin tespiti ile ilgili soruya ise farkli mesleki deneyim gruplarindaki 3 dgretmenin
(O, Og ve O11) yanlis cevap verdigi goriilmiistiir. Bu konudaki ifadeleri soyledir:
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O1: “Diklik merkezi yoktur demis. Bence dogru séyliiyor. Ciinkii yine ii¢ tanesi bir noktada kesismiyor.”

Os: “lyi de bunlarin hi¢ diklik merkezi yok muydu? Vardi ya ben hata yapiyorum bir yerde.”

Og 6gretmeninin diklik merkezini bulamadigmni sdylerken, O;; 6gretmeni ise dik iicgende diklik merkezinin
olmadigini iddia etmistir.

O, 6gretmeni ise dik iicgenin yiiksekliklerini Sekil 4’de goriildiigii gibi ¢izmistir.

A

=] v <

Sekil 4.0, 6gretmeninin hatali ¢izimi

Sekil 4 incelendiginde O, dgretmeninin dik tiggende dik kenarlara ait yiikseklik gizimlerinde hatalar yaptig
goriilmektedir.O, dgretmenin yukaridaki ¢izime dair yapmis oldugu aciklama ise su sekildedir:

O, “Ug ayr yiiksekligi de ¢izdigimiz zaman diklik merkezi burada da yok.”

O, 6gretmenin yukarida yapmis oldugu ¢izim ve agiklamalara gore dik agili iiggende diklik merkezinin
olmadigini diisiindiigii goriilmektedir.

Genel olarak dik iiggende diklik merkezi ile ilgili hata yapan dgretmenlerin diklik merkezini bulamamalar1 ya
da olmadigini iddia etmelerinin sebebi; yaptiklar1 agiklamalara ve ¢izimlere bakildiginda dik acili tiggenlerde dik
kenara ait yiikseklik ¢izimi bilgilerinde eksikliklerinin olmasindan kaynaklandig1 s6ylenebilir.

Dértgenlerin ¢evresinin hesaplanmast ile ilgili olan Sekil 5°de yer alan 4. soru genel itibariyle biitin mesleki
deneyim gruplari tarafindan dogru yapilmis olup 1 8gretmen (Og) tarafindan yanlis cevaplanmustr.

4) DORTGENDE EVRE SORUSU OGRENCININ ¢OZUMD

Sinem Ogretmen sekildeki es dosya kagitlarini keserek
>€  boyali gosterilen pargalan atiyor. Daha sonra dgrencisi
Gizem'e yeniolugan sekillerden hangisinin cevresininen
| I blyuk oldugunu soruyor. Gizem: " il geklin gevresien
,L'_-'.lj
- C
>€
] v

buyiik olur.” seklinde yanitiyor
Sekil 5. Dortgenlerde ¢evre hesaplamast ile ilgili yoneltilen 4. soru

Dortgenlerin  smiflandirilmasi iligkin olarak Ogretmenlere 6zel dortgenlerden olan yamuk, deltoid ve
paralelkenarm tanimlanmasina yonelik sirast ile 5., 6. ve 8. sorular yoneltilmistir.

Yamugun tanimlanmasi ile ilgili olan 5. Soru Sekil 6’da verilmistir:

5) YAMUK TANIMLAMASI
Murat Ogretmen yamugun tanimins, * Sadece karsiikh iki kenart birbirine paralel olan disbiikey bir dortgene
yamuk denir.” seklinde yapryor. Daha sonra dgrencilerinden gesithi drnek yamuk cizimleri yapmalanini istiyor.
Ogrendilerin yapmss oldugu cizimler sdyledir:

SELIM

Sekil 6. Yamugun tanimlanmasi ile ilgili yoneltilen 5. Soru

Yamugun tanimlanmasi ile ilgili olan bu soruya farkli mesleki deneyim gruplarindaki 6gretmenleri tarafindan
verilen hatal1 yanitlarin bazilar1 su sekildedir:
O, “Yalmz ifadesi var basinda. Bu yiizden sadece dogru cevap veren Ozan dedim.”
Os: “Sadece karsilikly iki kenar birbirine paralel olacak.”

O “Ozan'in dogru sadece... Paralellik konusunda sadece iki kenari paralel olmasi gerektigi icin
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digerlerinin yanlis oldugunu diisiiyorum.”

Genel olarak biitin mesleki deneyim gruplarinda yanls yapan Ogretmenlerin verdikleri cevaplar
degerlendirildiginde 6gretmenlerin yamugun tanimini yanlig bilmelerinden dolay1 soruda verilen yamuk tanimint
sorgulamadan dogru kabul ederek soruyu cevapladiklar: goriilmektedir. Yamuk kavramimin taniminda ise sadece
karsiliklr iki kenarmin paralel olmasina yogunlagmislardir. Oysa yamuk kavrami en az iki kenar1 birbirine paralel
olan digbiikkey cokgendir. Soruda verilen klasik yamuk seklinin haricinde 6zel dortgenlerden olan kare,
paralelkenar ve dikdortgen de bir yamuktur. Yanhs cevap veren dgretmenlerin bu ayrintiyr bilmedikleri ve
genellikle Sekil 6’daki Ozan adli 6grencinin ¢izdigi klasik yamuk sekline bagl kalarak tanimda da asir1
ozellestirmeye gittikleri goriilmektedir.

Deltoid’in tanimlanmasi ile ilgili olan 6. Soru Sekil 7°de verilmistir:

6) DELTOID TANIMLAMASI
Funda gretmen grencilerinden deltoid’ e ait Srnek gizimler yapmalarin: istiyor. Sgrencilerin yapmis oldugu
cizimler sdyledir:

<

. o ,\/D“r\\‘

MERVE

Sekil 7.Deltoid’in tanimlanmasi ile ilgili yoneltilen 6. Soru

Deltoid’in tanimlanmasi ile ilgili olan bu soruya farkli mesleki deneyim gruplarindaki O6gretmenleri
tarafindan verilen hatali yanitlarin bazilar1 su sekildedir:

Os: “Deltoidi, hani anlatirken ya da gorsel olarak séylerken iki tane birbirinin sey ikizkenar ii¢genin
birlesimi olarak veriyoruz ve ona da uygun ¢izim Ozanin ki...”

Og:  “Evet, birbirinden farkli iki tane ikizkenar iicgenin tabanlarimin  birlesmesiyle  deltoid
olusuyor. ... Birbirinden farkli olmast ve tabanlar: birlesik. Bunlarda da evet tabanlar birlesik ama birbirinden
bir tek sunda evet birbirinden farkli degilmis, ama tabanlar: bu sekilde Ozan'in yaptigi gibi ¢cakisacak.”

A: “Alt alta gelmesi gerekiyor diyorsunuz?”’

Og: “Yani evet, Yani sekiller iist fiste olmayacak. Yani sekiller ¢cakismiyor aslinda. Alt alta boyle ucurtma resmi
gibi olacak deltoid. Hatta oyle tamimlardik biz.”

O10: “Merve, deltoid degil demisimdir. Ciinkii i¢ biikeydir. Kare zaten eskenar dértgen birer deltoid' dir.
Ikizkenar iicgenlerin tabanlarimin birlestirilmesi ile olusan sekil bilivorsunuz. Burada ise hani
kosegenlerinin bir tanesinin aciortay olmasi gerekiyor. Kosegenler bunu saglamiyor. I¢hiikey oldugu icin
bu yiizden Merve’ nin hani bana gore yaptigi deltoid degildir. Yaniliyor da olabilirim ama oyle
diisiindiim.”

Genel olarak deltoid’in tanimi ile ilgili verilen yanitlar degerlendirildiginde &gretmenlerin deltoid’ in
tanimin1 eksik bildikleri goriilmektedir. Deltoid, kosegenlerinden biri, iki ikizkenar {iggenin tabani olan
dortgendir. Dolayisiyla 6gretmenlerin gogu Sekil 7°deki verilen Merve’nin ¢izimi olan i¢ biikey ¢okgenin deltoid
olamayacagmi disiinmektedir. Oysa Merve’nin ¢iziminde verilen i¢ biikey dortgende [BC] kosegeni iKi
ikizkenar liggen tabanini olusturmaktadir. Dolayisiyla Merve’nin ¢izdigi i¢biikey dortgen bir deltoid ornegidir.
Bir kisim 6gretmen ise deltoid’ in taniminda tabanlar1 farkli olan, farkl ikizkenar tiggen vurgusu yapmaktadir.
Oysa verilen dogru tanima gore ikizkenar tiggenlerin farkli olmasi gerektigi belirtilmemistir. Bu nedenle soruda
verilen kare ve eskenar dortgen de bir deltoid olmaktadir. Dolayisiyla bu cevabi veren dgretmenler kare ve
eskenar dortgenin bir deltoid olmasi gerektigini atlamislardir. Bu verilerden hareketle 6gretmenlerin deltoid’in
prototip seklini bildikleri goriilmektedir. Sekil 7°deki Ozan’m ¢izimini dogru kabul etmektedirler.

Paralelkenarin tanimlanmasi ile ilgili olan 8. soru Sekil 8’de verilmistir:

59



M. Ihsan Yurtyapan, I. Karatas

8) OGRENCININ ¢OZOMU
Ismail Sgretmenyandaki SOruyu 1) sk iterdon hangis b prlenarded Cevaman nedenin aklayre
ogrencisi Ahmet'e soruyor. ) A
Ahmet'in soruyu verdigi cevap ve o s « \\/ :
agiklamasi yandaki sekilde Il b)) A O gE "t vd / \\e,'m
verilmistir. M n4 / = = )

| I /.\ . v b gl \\X \//

A—7 X

Sekil 8.Paralelkenarin tanimlanmasi ile ilgili yoneltilen 8. Soru

Paralelkenarin tanimlanmast ile ilgili olan bu soruya 11 yil ve iizeri mesleki deneyimli 6gretmenlerin hepsi
dogru cevap verirken, diger mesleki deneyim gruplarindaki &gretmenleri tarafindan verilen hatali yanitlarin
bazilar1 su sekildedir:

O,: “Yani dogru cevap vermistir dedim. Ciinkii paralelkenarin tamimina bakildigi zaman iste karsilikl
kenari iki kenari birbirine paralel olan dortgene o karsilikl iki agist esit olan dértgene paralelkenar adi
veriyoruz. O yiizden dogru cevabi yapmigtir.”

Os: “Ogrenci dogru cevabi bulmus. Fakat tam olarak paralelkenarin tanimini bilmiyor.’
A: “Tammn bilmiyor diyorsunuz. Peki, hata var mi yok mu?”

Os: “Hata var. Ciinkii dedigine gore karsilikli agilart ve kenarlar birbirlerine paralel oldugu zaman
karsilikly agilart da birbirine esit oldugu zaman bunun paralelkenar olmasi lazim. O zaman bu dérdiiniin
de paralel olmast lazim birbirine. Ciinkii dedigi tamima gore hep karsilikly kenarlart birbirine esit ve
paralel.”

A: “Anladim dogru sikki mi isaretlemis sizce? ”

Os: “Stk olarak dogru sikki isaretlemis.”

A: “Peki, orda hatasi?”

Os: “Hatast tamimi tam olarak bilmiyor. Paralelkenar kavramini 6grenmesi gerekiyor.”

Os: “Sekizinci soruda bence hata yapmamistir. Ciinkii ¢ocuk paralelkenar terimi matematikte geometrik
bir seklin karsiligi oldugu icin, ¢ocuk o seklin, o kavramin dogru seklini bulup isaretlemis. Karsilikli
agilar birbirine egit ve karsilikli kenarlari birbirine paralel.”

A: “Alttaki notun dogru mu oldugunu diisiiniiyorsunuz?”’

Os: “Karsilikli agilar birbirine esit ve paralel oldugu icin demis. Dogru, burada zaten A sikkinda bir
dikdortgen gortiniiyor. Tamam dikdortgenin de biitiin kenarlart birbirine paraleldir. Karsilikli agilar: da
birbirine esittir. Fakat o farkl bir geometrik bir sekildir. Ozel olarak adi dikdortgendir. Yani
paralelkenar degildir.”

s

Genel olarak paralelkenarin tanimi ile ilgili verilen yanitlar degerlendirildiginde standart paralelkenar
seklinin diginda verilen geometrik sekillerin paralelkenar olamayacagmi ve benzer sekilde diislinerek her
geometrik seklin adinm ve 6zelliklerinin farkli olmasi gerektigi ifade edilmistir. Dolayisiyla geometrik sekiller
arasinda bir gegisliligin olmadig1 diisiiniilmektedir. Bahsi gegen (O, O3 ve Os) 6gretmenler sadece Sekil 8’deki
isaretlenen ¢izimi paralelkenar olarak degerlendirmektedirler. Diger se¢ceneklerdeki dikdortgen, kare ve eskenar
dortgenin de birer paralelkenar oldugunu diisiinmemektedirler. Bu nedenle bu diisiince yapisina sahip 0-5 yil ve
6-10 y1l mesleki deneyimli 6gretmenlerin paralelkenar tanimlamasiyla ilgili konu alan1 bilgisinde eksiklikler ve
zihinlerinde paralelkenar ile ilgili prototip bir sekil oldugu sdylenebilir.

_ Dértgenlerde kdsegen bilgisini incelemek amaciyla hazirlanan 7. soruda 10 égretmenin (O, O3, O, Os, Ov,
Og, Og, O, O11, O12) konu alanmi bilgilerinin eksik oldugu Tablo 4’de goriilmektedir. Dortgenlerde kosegen
bilgisi ile ilgili olan 7. soru Sekil 9’da verilmistir:
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7) Burcu asafidaki kare, dikddrtgen, eskenar d8rtgen ve paralelkenar gibi geometrik sekilleri

belirtilen farkh kiselerinden ip ile tavana asiyor. Bu islemler sonucunda ipin uzantisinin hep

dértgenlerin késegenlerinin kesim noktas: olan M noktasindan gectigini gézlemlivor.
" J
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ESKENAR DORTGEN PARALEL KENAR

Bu deney sonucunda ibrahim dgretmen Burcu’ ya "Dértgenlerde kisegenlerin kesim noktas: agirhk
merkezi midir?” seklinde bir soru yéneltivor. Burcu biraz diisiinerek ” Afwhk merkezidir.” cevabim
veriyor.

Sekil 9. Dortgenlerde kosegen bilgisi ile ilgili yoneltilen 7. Soru

Dortgenlerde kdsegen bilgisi ile ilgili olan bu soruya farkli mesleki deneyim gruplarindaki 6gretmenler
tarafindan verilen hatali yanitlarin bazilar1 su sekildedir:

O,: “Ben ogrencinin cevabr dogrudur dedim burada. Tiim dortgenlerin bu dikdortgen ve kare iste
paralelkenar, eskenar dortgen kosegenlerinin kesim noktalarindan gectigi icin ve késegenler birbirini
ortaladigy icin tam agirlik merkezinden geciyor. ”

Os: “Bence dogru diisiinmiis. Dortgenlerin ¢iinkii .. Tabii biitiin dortgenlerin degil. Diizgiin dortgenlerin
agirlik merkezi késegenlerinin kesisim noktasidr.”

Oy “Dogru oldugunu diisiiniiyorum cevabin. Tamam, kesim noktast agirlik merkezi olmali ki ipin bu
sekilde sabitlenmesi gerekiyor.”

Genel olarak dortgenlerde kosegen bilgisi ile ilgili 6gretmenlerin konu alani bilgilerinin yeterli olmadig:
cogunun bilgi eksiklikleri oldugu sdylenebilir. Dortgenlerin kdsegenlerinin kesim noktasi verilen dortgenleri es
parcalara boldiigl i¢in, agirlik merkezi olarak algilamalart dogru bir diisiincedir. Ciinkii kare, paralelkenar,
dikdortgen ve eskenar dortgenlerin kdsegenleri ¢izildiginde es liggenler olustugu igin bu dortgenlerin agirlik
merkezi kosegenlerin kesim noktasi iken biitiin dortgenler i¢in bu durum gegerli degildir (MEB 2014).
Ogretmenlerin bu durumu tiim dortgenlere genellenmesi konu alam bilgisinde eksikliklerin oldugunu
gostermektedir.

Simetri ekseni bilgisini incelemek amaciyla hazirlanan 9. soruya 6-10 yil mesleki deneyime sahip sadece 1
dgretmenin (Os) konu alami bilgisinde eksikler oldugu Tablo 4’ de goriilmektedir. Simetri ekseni bilgisi ile ilgili
9. soru Sekil 10’ de verilmistir:

9) COKGENLERDE SiMETRI EKSENI OGRENCININ ¢6ZUMU
Tiirkan gretmen 8grencisi irem’e standart
bir paralelkenar sekli vererek “Paralelkenar
simetrik bir sekil midir? Simetri dogrularim

cizerek gosteriniz?” seklinde bir soru Simetrk
ydneltiyor. irem ise verilen standart E Simetrik
paralelkenara yandaki cizimleri yaparak sed

sunlan sdyliiyor: “Paralelkenarin kargsilikls Simetri eksen
kenarlar esit oldugundan kargilikh késeler says
birlestirildiginde 2 farkh simetri ekseni elde
edilir. Bir de kargiikli kenarlar: ikiye bélecek
sekilde dogrularla kestigimizde bu
dogrularda simetri ekseni olur” diyor.

Sekil 10. Simetri ekseninin tanimlanmast ile ilgili yoneltilen 9. Soru

Sekil 10°da verilen soru hakkinda 6-10 yi1l mesleki deneyime sahip olan O &gretmeninin agiklamalar su
sekildedir:

Os: “Yani simetri ekseni sekli iki simetrik parcaya bolen ¢izgiler demek. Cocugun cizdigi biitiin ¢izgiler
dogru.”

Os 6gretmeni kavramsal olarak bildigi simetri ekseni bilgisini bu soru iizerinde, standart bir paralelkenarin
simetri eksenini belirlemek i¢in kullanamamustir.

Genel olarak bakildiginda ortaokul matematik 6gretmenlerinin ¢okgende simetri ekseni konu alan1 bilgisinin
yeterli diizeyde oldugu soylenebilir. Ancak Os 6gretmeni tanim olarak dogru bildigi simetri ekseni bilgisini
soruya aktaramamistir. Bu nedenle Os gretmeninin ¢okgende simetri ekseni konu alam bilgisinin yeterli
diizeyde olmadig1 sdylenebilir.
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Ortaokul matematik 6gretmenlerinin dortgenler ile ilgili konu alani bilgileri genel olarak degerlendirildiginde
farkli mesleki deneyim gruplarmin hepsinde yapilan hatalarm kaynaginda prototip sekil bilgileri oldugu
goriilmektedir.

3.2. Ogrenci bilgisine iliskin bulgular

Bu alt problemde ortaokul matematik 6gretmenlerinin liggenler ve dortgenler konusuna ydnelik dgrenci
bilgisinin ne diizeyde oldugu incelenmistir. Pedagojik alan bilgisinin diger bir boyutu olan dgrenciyi tanima
bilgisi; 0grencinin yaptig1 hatanin sebeplerini tespit edebilme, 6grencinin hatasini anlamasi igin &grenciye
yoneltilmesi gereken sorular, 6grencinin dogru cevap verebilmesi i¢in kullanacagi matematiksel bilgi ya da 6n
bilgi kategorilerinde degerlendirilmistir.

Ogretmenlere gore senaryo durumundaki Ogrencilerin liggenler ve dortgenler konusunda hata yapma
sebepleri Tablo 7’de verilmistir:

Tablo 7.0gretmenlere gére senaryo durumundaki dgrencilerin iiggenler ve dértgenler konusunda hata yapma

sebepleri
Kodlar Kisiler
Asir1 Ozellestirme 01, Og, 07, Og, 010, Oy
Bilgi eksikligi O1. 03,04, 05,06, 07, 05,010,011, O1p
Dikkatsizlik 01, 05,07, O, Og, O
Ezberlemesi Oq
Senaryodaki dgretmenin hatali anlatimi 04, O4, Og, O10
Genelleme Oz, Og, Og, Oy
Karsilagtirmamast Or
Kavram yanilgisi Oz, Oy
Simetri ve es kavramlarinin birbirine karigtirilmasi 0,041
Sekilsel diisiinme Oy O, 035,04, 05 Og, 07, 09 019 Oy
Zihinde canlandiramama Oy, 05 Os
Dikddrtgenin simetri ekseni ile karigtirmigtir Oy
Asir1 Kurallagtirma 0,
Unutkanlik O;

Tablo 7’ye gore biitiin mesleki deneyim gruplarmdaki 6gretmenler tarafindan, 6grencilerin {iggenler ve
dortgenlere yonelik sorularda hata yapmalarinin sebepleri ¢ogunlukla bilgi eksikligi, sekilsel diisiinme, asir1
Ozellestirme, dikkatsizlik, olarak ifade etmislerdir.

Bununla ilgili baz1 6gretmenlerin ifadeleri su seklidedir:

Oy: “Ogrencinin bu hata yapmasinin sebebi yani yine bilgi eksikliginden kaynaklaniyordur.”

Os : “Clinkii 0 zaman ¢ocugun a1 kenar bagintisint bilmedigini... Hi¢ bilmemesinden kaynaklanabilir.
Sadece a¢i kavramina bakmis ayri ayri degerlendirmemis. Ama burada aslhinda esitsizlik kavramini biraz
bilmek gerekiyor.”

O; : “180 derece oldugunu bilmemesi ile alakali ya da unutmast ile dikkat etmemesiyle”

Ogretmenlerin bu ifadeleri incelendiginde dgrencilerin hatalarmm tespit edebildikleri ve agiklayabildikleri
gorillmektedir. Ancak hata sebeplerini kavramsallagtirirken yiizeysel ifadeler kullanmayi tercih ettikleri tespit
edilmistir.

Ogretmenlerin agiklamalar1 incelendiginde cogunlukta sdylenen bir diger hata sebebi sekilsel diisiinme,
ozellikle dortgende cevre hesaplamasi sorusunda one ¢ikmaktadir. Bu bulguyu destekleyecek Ogretmen
ifadelerinden bir ka¢1 sunlardir:

Oy: “Simdi samrim séyle bir algi var. Sekillerden ne kadar biiyiik parca kesilirse kesilen o parcalarn yerine
yeni kenarlar ¢ikar. Bu kenarlar onceden yoktu ama simdi var. Dolayisiyla kenar uzunluklarimin arttigim
dolayisiyla da ¢evre uzunlugunun arttigim diisiinmiis olabilir. ...Simdi bunlar biraz ashnda gorsel zekaya da
dayanwyor.”

O, : “...Herhalde soyle diisiinmiis. Iki tane kesip cikardigu icin u bunda daha fazla olusuyo gibi diigiiniip sekil
sayisina bakarak yorum yaptigindan unu herhalde hata yapmig. ”

Oy : “Soyle diisiindii bence... Ya bu benim diigiincem. Ne kadar ¢ok iste ayrinti var. Hani girinti ¢cikinti var. O
daha demek ki uzun dedi. Halbuki ayni.”

O, : “Ogrenci biraz burada sey sekle aldaniyor.”

Goriildiigii gibi 04 ve 02 dgretmenleri, 6grencinin gorsel olarak olay1 yanlis algiladiklarini belirtmektedir.
Ayrica O; ve Oy 6gretmenleri de dgrencinin sekildeki girinti ve ¢ikintilara bakarak hareket ettigini diisiinerek
hata sebebinin sadece sekilsel diisiinme, sekil {izerinde matematiksel hesaplama yapmamalarindan
kaynaklandigini kendi ciimleleriyle ifade etmektedirler.
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Ogrenci hatalarmin sebebi olarak en ¢ok sdylenen ifadelerden birisi de kavram yanilgisi tiirlerinden olan asir1
ozellestirmedir. Bu cevab1 veren 6gretmenler, 6grencinin asir1 6zellestirme yaptigimni dogrudan sdylemeseler de
hata sebebini anlatirken bu yonde agiklamalar yapmuglardir. Bununla ilgili 6gretmenlerin birka¢min ifadesi su
sekildedir:

O1: “ ... Osrenci paralelkenar deyince sadece bunu aklina getiriyor. Sadece bu sekli paralelkenar olarak
zihnine kodladigi icin direkt B’yi isaretlemis.”

O “Ciinkii bunun kalibt var. Hani kafasinda. ... Ilkokuldan beri égretilen paralelkenar budur.”

O;: “Paralelkenar: sadece sekil olarak égrenmis bence. Iki kenart yatik, iste iist ve alttakiler birbirine
paralel.”

Dolayisiyla bu 6gretmenlerin kavram yanilgisi tiirlerini bilmedikleri ama 6grencini hata durumunu dogru bir
sekilde ifade ettikleri goriilmektedir.

Ogretmenlerin  {icgenler ve dortgenler konusunda &grencilerin  yaptiklari hatalar1  anlamasi igin
yoneltebilecegi sorular Tablo 8’de verilmistir.

Tablo 8.0gretmenlerin iicgenler ve dortgenler konusunda &grencilerin yaptiklar: hatalari anlamasi igin
yoneltebilecegi sorular

Konular Kodlar Kisiler

Acilara bakarak en uzun kenar hangisi olabilir? 04, 05 04,05 0604, Oy
Belirttigin kenarlar esit ise bu iicgen ikizkenar iicgendir. O,
O zaman taban agilar1 egit olmaz mi1?
Bir {iggende ag1 ile kenarlar arasinda bir iliski var midir? O OO 05014
Cember iizerinde yarigap ¢izmek igin aldigin baska bir 01,01,
nokta ile farkli iggenler olugturabilir misin?
Cizdigin kenarm uzunlugunu diger kenarin uzunlugu ile 0,0

Lg kargilagtirir misin? )

g;b Clzdlgl? iicgeni hangl' kurala gore ¢izdin? ' ' O,

S Farkli tiggenlerde esit agilar karsisindaki kenarlar esit O Oy Opp
midir?
Bir noktanin bir dogruya olan en kisa uzaklig1 nedir? Os
Bir ii¢genin i¢ agilari toplami1 kag derecedir? 0,
Dik kenarlar nerede birlesir? Oy,
Diklik merkezi nedir?
Dik {iggenin alani nasil bulunur? (o}
Yiikseklik kavrami nedir? O, O10
Diger sekillerde senin soyledigin tanmmi saghyor mu Oy
sagliyor?
Dikdértgen, kare ve eskenar doértgen aym zamanda O; O,
paralelkenar olabilir mi?
Dikdortgende, karede ve eskenar dértgende karsilikli  O; 06070404, 01,
kenarlar, agilar esit midir?

- Dikdortgende, karede ve eskenar dértgende karsilikli Oy O, Og O;0q

= kenarlar paralel midir?

é)o Dértgen, kare ve eskenar dortgen nedir? Bunlarin O,

0 ozellikleri nelerdir?

A Paralelkenarin taniminda sadece karsilikli acilar esit Op
kavrami yeterli midir?
Paralelkenarin kenarlariyla ilgili ne biliyorsun?
Yamugun tanimindaki "sadece” ifadesi ne demek? 0,
Yamukta ayni sey olur mu? Os
Agirlik merkezi bir nokta ise bu deneyde neresi oldugu O,

nasil bulunabilir? Agirlik merkezi nedir?

Tablo 8’ e gore liggende ac1 kenar iliskisi ile ilgili 6gretmenlerin, dgrencinin yaptig1 hatayr anlamasi igin
Ogrencilere soracagi sorular dikkate alindiginda en ¢ok tercih edilen sorunun “Ag¢ilara bakarak en uzun kenar
hangisi olabilir?” sorusu oldugu goriilmektedir. Bu soru 6grencilerin yaptig1 hatay1 anlamasma yonelik, ag1 ile
kenar iligkisi kuralin1 vurgulayici bir nitelikte oldugu soylenebilir. Tablo 8 incelendiginde 0-5 yil ile 6-10 yil
mesleki deneyime sahip 6gretmenlerin, 11 yil ve lizeri mesleki deneyime sahip 6gretmenlere kiyasla bahsi gegcen
soruyu ogrencilere yoneltmekte daha cok tercih ettikleri goriilmektedir. Ogretmenler tarafindan ikinci olarak
kullanilan diger bir soru ise “Bir iiggende a¢i ile kenarlar arasinda bir iliski var midir?” sorusudur. Bu sorunun
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da onceki soruya benzer olmasi dikkati cekmektedir. Ancak bu sorunun, diger soruya gore liggenin kenarlarmi ve
acilarmi birbiriyle karsilagtirmaya daha yoneltici olmasi, ag1 ile kenar arasindaki iligkiyi sezdirmek agisindan
Ogrencinin ac¢1 kenar iligkisini daha iyi gdrmesini ve anlamasini saglayabilir. Bu soruyu tercih eden
Ogretmenlerin mesleki deneyimlerinin ise 6-10 yil ile 11 yil ve {izeri oldugu goriilmektedir. Dolayisiyla 0-5 yil
mesleki deneyime sahip dgretmenlerin hatanin odagimni fark ettirmeye yonelik soru kullandiklarini, deneyimli (6-
10 y1l ve 11 yil ve iizeri) 6gretmenlerin ise a1 ile kenar arasindaki iliskiyi daha sezdirici sorular sormay1 tercih
ettikleri sdylenebilir.

Ote yandan iiggende diklik merkezi ile ilgili dgrencinin yaptig1 hatayr anlamasi icin ise Ogretmenler,
ogrenciye genellikle “Yiikseklik kavrami nedir?” sorusunu sormayi tercih etmislerdir. Bu konunun temelindeki
yiikseklik kavram, yiikseklik ¢iziminin dogru bir sekilde yapilmasi i¢in 6nem arz etmektedir. Ancak senaryo
durumundaki hatanin farkl iiggenlerde yiikseklik ¢iziminin yanlis yapilmasi ve diklik merkezinin dogru tespit
edilememesi oldugu diisiiniiliirse 6grencilere bu soru ile ilgili kavramsal bir soru sormak yerine farkli tiggenlerde
yiikseklik ¢izimine yonelik uygulama sorularinin sorulmasi daha faydali olabilir. Bu bakimdan 6gretmenlerin
¢ogu tarafindan tercih edilen “Yiikseklik kavrami nedir?” sorusunun Ogrencinin sadece sbézel Ggrenmesini
saglayabilecegi ve ezbere yoneltebilecegi sOylenebilir. Tablo 8 incelendiginde diklik merkezi ile ilgili tercih
edilen sorularm tek bir baslk altinda toplanmadigi goriilmektedir. Biitiin mesleki gruplardaki 6gretmenlerin
diklik merkezi ile ilgili farkl sorular tercih ettigi ve bu sorularinda ezbere yoneltici sorular oldugu sdylenebilir.

Tablo 8’e gore 6gretmenlerin, dortgenlerin siniflandirilmasi ile ilgili dgrencinin yaptig1 hatay: anlamasi igin
ogrencilere soracagi sorular dikkate alindiginda en ¢ok sorulacak sorularin “Dikdértgende, karede ve eskenar
dortgende karsilikli kenarlar agilar esit midir?” ve “Dikdortgende, karede ve eskenar dortgende karsilikli
kenarlar paralel midir?” oldugu goriilmektedir. Ogrencilerin dértgenlerin dzelliklerini bilmemeleri ve
smiflandirmada yaptiklar1 hatalar goz oOniine alindiginda bu sorularin 6grencilerin dortgenleri birbirleriyle
kargilagtirmalarini saglayacak, bu yolla dortgenler arasindaki iliskileri gérerek yaptiklari hatalari diizeltmeye
odakli sorular oldugu sdylenebilir. Daha ¢ok 6-10 yil ile 11 y1l ve iizeri mesleki deneyime sahip d6gretmenlerin
bu sorular1 tercih ettikleri Tablo 8’de goriilmektedir.

Dortgenlerde c¢evre hesaplamasi ile ilgili 6grencinin yaptigi hatayr anlamasi i¢in ortaokul matematik
Ogretmenleri tarafindan 6grenciye yoneltilecek sorular incelendiginde en ¢ok kullanilan sorunun “Hangi sekilde
kesim sonucu yeni yiizeyler olugmustur?” sorusu oldugu goriilmektedir. Sirasiyla diger tercih edilen sorulara
bakildiginda “Kestikten sonra kalan ne?” ve “Cikan par¢amin kenar uzunlugu nedir?” seklindedir. Belirtilen
sorular1 genellikle 0-5 yil mesleki deneyime sahip 6gretmenlerin tercih ettigi Tablo 8’de goriilmektedir. Bahsi
gecen Ogretmenler bu sorularla 6grencinin sadece sekilsel diigiinmesinin yeterli olmayacagini, soruyu daha genis
bir perspektiften ele almasi gerektigi farkindaligini 6grenciye sezdirebilmeyi amaglamislardir. Ayrica
Ogretmenlerin bu sorulari ile 6grencilerin mevcut durum tizerinde diisiinmelerini hedefledikleri de sdylenebilir.
Nitekim &grenciye yoneltilen sorular sekli kestikten sonra Ogrenciyi hesaplama yaparak muhakemeye
yonlendirici sorulardir.

Ortaokul matematik 6gretmenlerinin dortgenlerde kdsegenlerin 6zelligi (agwrlik merkezi) ile ilgili sorudaki
ogrenci hatasmin anlagilmasi icin tercih ettikleri sorulara bakildiginda bu soru hakkinda dogru konu alani
bilgisine sahip 2 &gretmenin her birinin farkli hizmet siiresine ve farkli bir soru tipi tercih ettikleri tespit
edilmistir. “Agirlik merkezi nedir?” sorusu dogrudan 6grencinin bilgisine yonelik bir soru olmakla birlikte diger
sorular ise daha ¢ok 6grenciyi diisiinmeye, buldurmaya sevk edici yoneltici sorular oldugu séylenebilir.

Cokgenlerde simetri ekseni sorusunda ise dgrencinin yaptig1 hatayr anlamasi i¢in “Sekil simetri eksenince
katlanirsa A ve B noktalar: ¢akisir mi?” sorusunun her mesleki deneyim grubu 6gretmenleri tarafindan en fazla
tercih edilen soru oldugu goézlenmistir. Bu soru tarzi daha ¢ok 6grenci merkezli olup 6grencinin hatasini
kendisinin kesfetmesine olanak saglamaktadir. Ayrica bu soruda ¢ogu Ogretmen Ogrencilerin hata yapma
sebebinin zihinde canlandiramama olarak belirtmiglerdir. Nitekim 6gretmenlerin hatayr buldurmak icin
sorduklar1 sorular incelendiginde &grencinin gorsel ve uzamsal zekalarini gelistirici, diisiinmeye yonlendirici
sorular oldugu soylenebilir. Bu durumla ilgili 6gretmenlerin bazi ifadeleri asagidaki gibidir:

O, : “Hata yapmasimin sebebi aslinda séyle ¢izdigi zaman kalan parcalar. Sekil olarak birbirine benzese
de iist iiste katlandigi zaman iist tiste oturmayacagint fark edemiyor égrenci. Yani buradaki ¢izdiginde
olusan dortgenler birbirine esittir. Ama bunlar simetrik degil. Bunlar birbirinin dondiiriilmiis halidir.
Ashinda dgrenci bunu zihninde canlandiramiyor... Yani burada simetri eksenini ¢izdi 6grenci mesela. A ve
B iki nokta aldik. Sadece bu iki nokta esit uzaklikta midir diye sorvabiliriz.”

Os : “Hata yapmasimn sebebi olarak ¢ocuk simetri ekseninin iki yamnda kalan parcalarin aym
olmasindan dolay: iist tiste denk gelecegini diisiinmiistiir. Fakat simetri ekseni egik oldugu icin burada
bunlarin ¢akismayacagint st tiste gelmeyecegini fark edememistir. Burada bir gozle ilgili bir stkinti var
yani ¢ocuk géremiyor bakarken...”

A: “Ne sorardik peki hatayr anlamast i¢in?”
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Os : “Bu hatayr anlamas: icin seklin ¢izdigi simetri ekseninin iki yamnda kalan parcalarin simetri
eksenine gore katladigimizda ortiigiip ortiismeyecegini sorarim.”

Ikinci olarak en ¢ok tercih edilen ise “Simetri nedir?” sorusudur. 0-5 y1l mesleki deneyimli 6gretmenler diger
gruplara kiyasla bahsi gegen soruyu tercih etmiglerdir. Bu soru, tanimi bilmeye yonelik bilgi diizeyinde olup
Ogrencinin uygulama becerilerini gelistiremeyecek bir soru tipidir. Senaryo durumundaki sorunun uygulama
diizeyinde bir soru oldugu dikkate alinirsa 6grencilere yoneltilecek sorular daha ¢ok kesfetmeye yoneltici
olmalidir.

Uggenler ve dortgenler konusunda verilen sorulari 6grencinin dogru cevaplayabilmeleri i¢in &gretmenlerin
kullanacagi matematiksel bilgi ya da 6n bilgiler ise Tablo 9’da yer almaktadir:

Tablo 9.Uggenler ve dortgenler konusunda verilen sorulari &grencinin dogru cevaplayabilmeleri igin
Ogretmenlerin kullanabilecegi matematiksel bilgi ya da 6n bilgiler

Konular Kodlar Kisiler
Agi1 kenar iligkisi 01, Oz, 03, 0O, 05, 06, 07' 0809, 011, Oy,
Acortay ve kenarortay Oy
Dikme ¢izme 010' Oy,
Cember tanimi1 0,040,012
5 Eskenar ve ikizkenar tiggen kavrami Oa
g Igiri$, merkez ve ¢ap kavrami (_?10
o Uggen ¢izim kurallar Oy
= Uggen egitsizligi kurali 0,
Ucgenin i¢ agilar1 toplami 0, 0,
Yikseklik '0.7.(“)10
Ucgenlerde benzerlik ve esligin farki 0,
Yarigap kavrami 0505 O
Dértgen Kavrami 0,0,0,,
Dértgenler Arasindaki Iliskiler 0,010,
Paralelkenar Kavrami 0,0605040
Paralellik kavrami 0,01
Yamuk kavrami 01,06
Cevre ile alan iliskisi 0,0,
g Cevre kavrami 04, 0,, 06,09 011, 01,
%) Dikdortgenin kavrami ve 6zellikleri 0,
go Agirlik merkezi ve denge durumu O,
0 Paralelkenar olan dortgenlerde agirlik merkezi  Og
A . . .
kosegenlerin kesim noktasidir.
Kosegen kavrami 0,
Simetri dogrusu ¢izimi Oy
Simetri ekseni tanimi 04, 0, 05 05, Og, Og, 01,015
Simetri tanimi 0y, 0504 05, Oy
Simetrik sekil O
Yansima ve simetri 0O,

Tablo 9 incelendiginde liggenlerde ag1 kenar iligkisinde 6grencinin yaptig1 hatayi anlamasi ig¢in 6gretmenlerin
kullanabilecegi matematiksel bilgi ya da hatirlatacagi 6n bilgilere bakildiginda mesleki grup ayrmmi
gozetilmeksizin biitiin dgretmenler tarafindan ag1 kenar iliskisi bilgisinin tercih edildigi goriilmektedir. Ote
yandan ¢ogunlukla tercih edilen diger kavramlar ¢gember tanimi ve yarigaptir. A¢t kavramina temel teskil eden
¢ember, yarigap kavramlarmin verilmesi ve bunlar arasindaki iliskilerin vurgulanmasini belirten 6gretmenlerin,
temel kazanimmn dogrudan verilmesi gerektigini sdyleyen ogretmenlerden daha az oldugu goriilmektedir.
Ogretmenlerin hatanmn odagindaki kurallar1 dogrudan bilgi olarak vermesi dgrencileri ezber yapmaya 6zendirici
olabilir. Ag1, gember ve yarigap kavramlarinin temel kavramlar ve birbiriyle iligkilerinin verilmesi ise hatalarin
giderilmesinde daha kalic1 ve olumlu etkileri olabilecegi sdylenebilir.

Diklik merkezi ile ilgili 6grencinin yaptigi hatayr anlamasi i¢in 6gretmenlerin kullanabilecegi matematiksel
bilgi ya da hatirlatabilecegi on bilgilerde dikme ¢izme, tiggende i¢ agilar toplami ve yiikseklik kavrami
cevaplarinin esit cogunlukla sdylendigi goriilmektedir. Ogretmenlerin bu ifadelerinden yola gikarak farkli
tiggenlerde diklik merkezinin dogru bir sekilde bulunabilmesi igin yiikseklik kavrami ve dikme ¢izimini
vurguladiklar1 tespit edilmistir. Yiikseklik kavrammna dikkati ¢eken Ogretmenlerin yiiksekligin tanimina
odaklandiklar1 goriilmektedir. Ote yandan “Dikme ¢izimi” cevabmi veren O ve Oy, 6gretmenlerinin 11 yil ve
iizeri mesleki deneyime sahip olduklar1 gériilmektedir. Oy diisiincelerini asagidaki gibi ifade etmektedir:

Oro: “...bir noktadan karsiki kenara dik nasil ¢izilir? Bunu sorardim.”
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Oy 6gretmenin, yukarida bahsedilen soruyu sormasi diklik merkezinin bulunmasi i¢in dikme ¢izimi &n
bilgisinin 6nemini vurguladigini géstermektedir.

01, 6gretmeni ise genis ag1li iicgende dikme ¢izme ile ilgili sunlar1 sdylemistir:

Oip: “...bir dogruya dik bir dogru ¢izme konusunu tekrar eder, genis agili iiggende kenara degil kenarin
uzantisina dik ¢izildigini tekrarlarim.”

Dolayistyla 6gretmenler farkli iiggenlerde diklik merkezinin dogru tespit edilebilmesi i¢in konunun
temelindeki kavramlara dikkat ¢ekmektedirler. Ancak Ogretmenlerin ifadelerinden anlagilacagi tizere bu 6n
bilgilerin 6gretiminde genellikle kurallar1 ezberletme yoluyla ya da anlatim yontemi ile tekrar yapacaklarini
belirtmektedirler.

Dortgenlerin - smiflandirilmasma iligkin - 6grencilerin  hatasii  anlamast i¢in dgretmenlerin  kullanabilecegi
matematiksel bilgi ya da hatirlatacagi 6n bilgi dikkate alindiginda ¢cogunlukla tercih edilen “Paralelkenar kavrami”,
“Dértgenler arasindaki iligkiler”, “Dortgen kavrami” hemen her mesleki deneyim grubu tarafindan sdylenmistir.
Paralelkenar kavrami ve dortgen kavrami dogrudan bilginin verilmesine yonelik olmasi nedeniyle 6grencinin yaptigi
hatay1 anlamasinda anlik etkisi olabilir. Ancak “Dortgenler arasindaki iligkiler” cevabinda karsilasgtirma s6z konusu
oldugu i¢in 6grencilerin kendi yaptig1 hatayi ¢ok boyutlu analiz etme imkani verir. Boylelikle 6grencinin yaptig1 hatay1
daha iyi anlamasin1 saglayabilecegi soylenebilir.

Tablo 9 incelendiginde dortgenlerde cevre hesaplamasi ile ilgili 6grencilerin hatalarini anlamalari igin
kullanabilecek matematiksel 6n bilgi ya da kavram olarak en ¢ok “Cevre kavrami” nm tercih edildigi
goriilmektedir. Bununla ilgili verilen bazi cevaplar su sekildedir:

O:: “Cevre kavramina deginilebilir.”

A: “Matematiksel kavram ya da én bilgi olarak dogru cevap verebilmesi i¢in ne kullaniriz?”

O1,: “Cokgenlerde gevre hesaplama. ... Onu tekrar etmek faydali olacaktir.”

’

A: “Kavram ya da én bilgi olarak ne onerirsiniz?”

Oy : “Yani gevrenin kenar uzunluklart toplami oldugu...”

Yukarida verilen cevaplar incelendiginde ogretmenler 6grencide “Cevre” kavramimin tekrar edilmesi
gerektigini diiglinmektedir.

Tablo 9°da “Cevre kavrami” 0-5 y1l mesleki deneyime sahip 1 6gretmen, 6-10 y1l mesleki deneyime sahip 1
Ogretmen, 11 yil ve {izeri mesleki deneyime sahip 3 Ogretmen tarafindan tercih edildigi goriilmektedir.
Dolayisiyla bu 6n bilginin mesleki deneyimi fazla olan 6gretmenler tarafindan tercih edildigi sdylenilebilir.

Dortgenlerde kosegenlerin 6zelligi (agrlik merkezi) ile ilgili soruda 6grencilerin hatalarin1 anlamalar1 igin
ogretmenlerin kullanabilecegi matematiksel kavram ya da onbilgilerle ilgili verilen cevaplarin “Agwlik merkezi
ve denge durumu’ ve “Paralelkenar 6zelligi olan dértgenlerin késegenlerinin kesim noktasimin agirlik merkezi
oldugu” gibi bilgilerinin kazandirilmasina yonelik oldugu goriilmektedir. Bu bilgilerin kural niteliginde olmasi
Ogrenciyi ezberlemeye yoneltebilecegi diisiiniilebilir.

Dortgenlerde simetri ekseni ile ilgili sorulan soruda ise hemen her mesleki deneyim grubundaki
Ogretmenlerin kullandigi matematiksel kavram ya da on bilgi olarak en ¢ok “Simetri ekseni tanimi” ile “Simetri
tamimy” tercih ettikleri tespit edilmistir. Bu kavramlar sorunun 6grenci tarafindan dogru ¢oziilebilmesi igin
gerekli olan temel kavramlar olup 6grencinin daha ¢ok sdzel 6grenmelerini destekleyici yondedir.

4. Tartisma ve Sonuc¢

Ortaokul matematik Ogretmenlerinin liggenler ve dortgenler ile ilgili konu alani bilgileri genel olarak
degerlendirildiginde 6-10 yil mesleki deneyimi olan 6gretmenlerin tiggenler konusu ile ilgili alan bilgilerinin
diger mesleki deneyim gruplarma gére daha iyi oldugu goriilmektedir. Uggenler ile ilgili konu alan1 bilgisine
yonelik bulgular detayli olarak incelendiginde &gretmenlerin ¢ogunun liggende agi kenar iligkisine yonelik
sorular1 dogru cevapladig: tespit edilmistir. Sorulara yanlis cevap veren 6gretmenlerin ise aci kenar iliskisini
kural olarak bildigi fakat bu bilgiyi sorularda kullanamadiklari, ortak bir kenar1 olan iki tiggende ag1 kenar
iliskisini kullanarak kenarlar1 siralayamadiklar1 goriilmiistiir. Nitekim literatiirdeki baz1 ¢aligmalarda tiggende
kenar ag1 iligkisi ile ilgili yasanan kavram yanilgilart bu ¢aligmadaki bulgular ile benzerlik gostermektedir
(Akuysal, 2007; I¢ ve Demirkol, 2008). Bahsi gecen bu ¢alismalar dgrencilerin ag1 kenar iliskisi konusundaki
kavram yanilgilarim arastirmiglardir. Dolayisiyla 6grencilerin yasadigi bu durum 6gretmenlerin sahip oldugu
kavram yanilgilarindan kaynaklanabilir. Literatiirde 6gretmenlerin konu alan1 bilgisindeki eksiklerin 6grencilerin
kavram yanilgilariyla iligkili oldugunu gosteren pek ¢ok calisma mevcuttur (Berg ve Brouwer, 1991; Even ve
Tirosh, 1995; Sanders, 1993; Tirosh, 2000).

Ucgenlerde diklik merkezinin tespiti ile ilgili dgretmenlerin konu alani bilgisi incelendiginde ise ¢ogu
Ogretmenin hatali bilgiler verdigi tespit edilmistir. Bu konu kapsaminda 6gretmenlere farkli iiggenlerde diklik
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merkezi ile ilgili bir soru yoneltilmistir. Ogretmenler genis acili iiggenin diklik merkezinin tespitinde, dik ag1li
licgene kiyasla daha cok hata yaptiklar1 sonucuna ulasilmstir. Ogretmenlerin yaptig1 ¢izimlerden genis agili
iicgende disaridaki yiikseklikleri ¢izemedikleri, dik ticgende ise dik kenarlarin birer yiikseklik oldugunu
gosteremedikleri, sadece bir veya iki yiiksekligi dogru ¢izebildikleri gozlemlenmistir. Dolayisiyla 6gretmenlerin
farkli ticgenlerde diklik merkezini tespit edememeleri ve yiikseklik cizememeleri, 6n bilgilerinin prototip
sekillerle smirli kalmasmndan kaynaklanabilir. Ilgili literatiirde de yiikseklik kavrammin tamimlanmasi ve
¢izilmesi ile ilgili kavram yanilgilarinin oldugunu gosteren bazi ¢aligmalar mevcuttur (Gokdal, 2004; Giirefe ve
Giiltekin, 2016; Hizarci ve ark., 2006; Kilig, 2013; Yildiz, Olkun ve Akbaba-Altun, 2014). Ortaokul
ogrencilerinin ilerleyen Ogrenim yillarinda alan, hacim hesaplamalar1 vb. geometri konularinda siirekli
karsilasacag1 yiikseklik kavraminin dogru Ogrenilmesi gelecek Ogrenmelerinin daha saglikli olmasini
saglayacaktir. Dolayisiyla 6gretmenlerde var olan bu prototip sekiller 6grencilerde ise asirt 6zelleme tarzindaki
kavram yanilgilarina neden olabilir. Nitekim Yildiz ve arkadaslar1 (2014) tarafindan ortaokul 8. smif
ogrencilerinin tiggende yiikseklik kavramini nasil algiladiklarini anlamak, kavramsal geligmeleri ve kavram
yanilgilarmi ortaya c¢ikarmak amaciyla gerceklestirilen bir ¢alismada 16 Ogrencinin 15’inde yiikseklik
kavramiyla ilgili bilgi eksiklikleri ve bazi alternatif kavramsallastirmalar goriilmiistiir. Bu kavramsallagtirmalar,
bir liggende sadece bir yiiksekligin bulunabilmesi, prototip modelden farkli olan liggen modellerinde yiikseklik
¢iziminin yanlig yapilmasi, iicgende yiiksekligin sadece i¢ bolgesinde olacaginin diisiiniilmesi, dik iicgende
yiiksekligin kenarlardan bagimsiz olmasi gibi durumlardir. Benzer olarak Giirefe ve Giiltekin (2016) tarafindan
yapilan bir baska ¢alismada ise agilarma gore farkli ¢izilmis tiggenlerde ortaokul 8. sinif Ggrencilerinin
yiiksekligin sadece bir tabana ait olanin1 ¢izdigi ve onun da dikeydeki dogru parcasi oldugu tespit edilmistir.

Ortaokul matematik 6gretmenlerinin dortgenler ile ilgili konu alani bilgisine iligkin bulgular detayli olarak
incelendiginde ise dortgende ¢evre hesaplamasina ydnelik soruyu O6gretmenlerin ¢ogunun dogru cevapladigi
goriilmektedir. Ayyildiz (2010) tarafindan yapilan ¢aligmada ilkdgretim ikinci kademe 6grencilerinin geometride
en az kavram yanilgisina sahip olunan konunun ¢evre uzunlugunun hesaplanmasi oldugu belirtilmektedir.
Ogrencilerdeki bu durum &gretmenlerin gevre ile ilgili konu alani bilgilerinin yeterli diizeyde olusunun bir
gostergesi olabilir. Dolayisiyla bu verilerden hareketle 6gretmenlerin dogrudan ¢evre hesaplanmasi ile ilgili konu
alani bilgilerinin yeterli diizeyde oldugu soylenebilir. Bu arastirmada dortgende gevre hesaplamasina iligkin
sorulan soruyu cevaplayamayan ogretmenin ise cevaplayamama sebebini sorudaki kenar uzunluklarmin
verilmemesine baglamasi sorunun tahmin ve diisiinme becerisine dayandigini gosteren dikkat cekici bir
bulgudur. Nitekim Ayyildiz (2010) tarafindan yapilan ayni ¢aligmada ekstra farkli diisiinme becerileri gerektiren
cevre ile ilgili sorular1 cevaplayamadiklar1 goriilmiistiir.

Ortaokul matematik Ogretmenlerinin dortgenlerin siniflandirilmasima yonelik konu alani bilgilerinde
eksikliklerin ve yanliglhiklarin temeline bakildiginda genellikle dortgenler arasindaki iligkilerin &gretmenler
tarafindan kurulamamasmdan kaynakladigi goriilmektedir. Buna bagli olarak da bazi 6zel dortgenlerin
tamimlarini yanlis bildikleri tespit edilmistir. Bu bulgu, ilgili diger ¢alismalar ile 6rtiismektedir (Akkurt, 2010;
Aktas ve Giler, 2011; Akuysal, 2007; Birgin ve Yavuz, 2014). Calismada konu alani bilgi eksikligi olan
ogretmenler gerek aci kenar iliskisini kural olarak, gerekse dortgenlerin prototip sekilleri bilmektedirler. Fakat
ac1 kenar iliskisini c¢esitli durumlarda uygulayamadiklari, dortgenler arast iliskileri tespit edemedikleri
goriilmektedir. Bu durumun olugmasinda dgretmenlerin liggenler konusunun temelindeki geometrik kavramlar
(nokta, dogru, a¢1 vb.) ve dortgenler konusunun temelindeki geometrik sekiller (iggen ve liggen ¢esitleri, kare,
eskenar dortgen, deltoit, yamuk, paralelkenar) hakkindaki 6n bilgilerinde yer alan kaliplagmis bilgilerin etkili
oldugu sdylenebilir. Nitekim literatiirde bu sonucu destekleyen farkli ¢alismalar mevcuttur (Akuysal, 2007;
Alkis-Kiigiikaydin ve Gokbulut, 2013; Birgin ve Ozkan, 2014; Bozkurt ve Kog, 2012; Ergilin, 2010; Yilmaz,
Turgut ve Alyesil-Kabakg1, 2008).

Ortaokul matematik 6gretmenlerinin dortgenlerde agirlik merkezi ile ilgili soruda 6zellikle verilen bilgileri
yeteri kadar incelememesi, yorumlamamasi, soruya elestirel bir bakis agistyla yaklasmamalar1 ve senaryo
durumunda verilen sekillere odaklanmalar1 bir kavram yanilgisi tiirii olan asir1 genellemeye gidilmesine neden
oldugu soylenebilir. Nitekim aragtirmanin bulgularinda bazi 6gretmenlerin soruda verilen senaryo durumunu
dikkate alarak “Tim dortgenlerde kdsegenlerin kesim noktasi agirlik merkezidir.” bilgisinin dogru oldugunu
ifade etmeleri asir1 genellemeye gittiklerini desteklemektedir. Bazi 6gretmenlerin ise hem tiim dortgenlerde
kosegenlerin kesim noktasinmn agirlik merkezi oldugunu hem de diizgiin dortgenlerde agirlik merkezinin
kosegenlerin kesim noktast oldugunu iddia etmeleri geliskili bir durum igerisinde olduklarini gostermektedir.
Ancak bu cevabi veren dgretmenlerin agiklamalari incelendiginde dikdortgen ve paralelkenar: diizgiin dortgen
olarak ifade ettikleri belirlenerek bu konuda bilgi eksiklikleri oldugu tespit edilmistir. Nitekim literatiirde
ortaokul 6grencilerinin dortgenleri tanima ve birbirleri ile iligkilendirmede, dortgenlerin 6zelliklerini kavrama
noktasinda yasadiklarima benzer kavram yanilgilarina 6gretmen ve 6gretmen adaylarinda da rastlanmistir (Birgin
ve Ozkan, 2014; Biitiiner ve Filiz, 2016; Ersen ve Karakus, 2013; Tiirniiklii, 2014).

Simetri ekseni sorusunun dgretmenlerin ¢gogunlugu tarafindan dogru cevaplandigi tespit edilmistir. Yansima
ve simetri konusu ile ilgili caligmalara bakildiginda ogrencilerin ve 6gretmen adaylarinin bu konularda
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zorlandiklari, kavram yanilgilarina diistiikleri tespit edilmistir (Giilden, Ulusoy ve Cakiroglu, 2015; Yavuzsoy-
Kose, 2012). Ogrencilerde gozlemlenen bu kavram yanilgilarmin dgretmenlerden kaynaklandigi sdylenebilir.
Ancak dgretmenlerin simetri ekseni bilgilerini belirlemek icin hazirlanan bu soruda literatiirde yer alanin aksine
paralelkenarm simetrik olup olmadigi (Hacisalihoglu-Karadeniz, Baran, Bozkus ve Giindiiz, 2015; Leikin,
Berman ve Zaslavsky, 2000; Yavuzsoy-Kése ve Ozdas, 2009) sorusuna gretmenler dogru cevap vererek
yanilgiya diismemislerdir. Dolayistyla dogru cevap veren 6gretmenlerin paralelkenarm simetri ekseni konu alani
bilgilerinin yeterli diizeyde olmasi, kendi 6grencilerinde kavram yanilgilarinin olusmasina engel teskil edecegi
sOylenebilir. Soruyu yanlis cevaplayan bir d6gretmen ise; paralelkenarin simetri eksenlerinin egik oldugunu
diisinmektedir. Nitekim literatiirde de 6gretmen adaylarinin simetri ekseni egik olan durumlarin, dogruya gore
simetriyi belirleme konusunda genel olarak sorun yasadiklari tespit edilmistir (Grenier, 1988; Yavuzsoy-Koése,
2012).

Caligmada ortaokul matematik Ogretmenlerinin {iggenler konusuna yonelik Ogrenciyi tanima bilgisi
Ogrencinin yaptig1 hatanin sebeplerini tespit edebilme, 6grencinin hatasini anlamasi i¢in 6grenciye yoneltilmesi
gereken sorular, 6grencinin dogru cevap verebilmesi i¢in kullanacagi matematiksel bilgi ya da on bilgi
kategorilerinde ayr1 ayr1 degerlendirilmistir.

Biitlin mesleki deneyim gruplarmdaki 6gretmenler tarafindan, 6grencilerin iiggenler ve dortgenlere yonelik
sorularda hata yapmalarinin sebepleri cogunlukla bilgi eksikligi, sekilsel diisiinme, asir1 6zelleme, dikkatsizlik
olarak ifade etmislerdir. Ogretmenlerin bilgi eksikligi ve dikkatsizlik ifadelerini kullanmasi hatalar1 fazla detaya
girmeden yiizeysel degerlendirdigini géstermektedir. Clinkii, senaryo durumlarindaki hatalar literatiirde yer alan
kavram yanilgilaridir. Kavram yanilgilar1 yapi itibari ile 6grencilerin yaptiklar: basit hatalardan farklidir. Basit
hatalar; bilgi eksikligi, dikkatsizlik vb. sebeplerden kaynaklandig1 i¢in herhangi bir uyar1 ya da hatirlatma ile
Ogrenci tarafindan diizeltilebilirken, kavram yanilgilarinin altinda 6grencinin 6n 6grenmelerinde yer alan yanlis
bilgilerle baglantili oldugundan diger kavramlarin 6grenilmesinde de olumsuz ydnde etkiler yapmaktadir
(Griffiths ve Preston, 1992; Osbhorne ve Wittrock, 1983; Palmer, 2001). Bu durum 6gretmenlerin, kavram
yanilgilarmi 6grencilerin yaptiklar1 basit hatalar olarak diisiinmemeleri gerektigi sonucunu ortaya gikarmaktadir.
Hata sebepleri ile yapilan detayli agiklamalar incelendiginde genel olarak hata sebeplerini tespit edebildikleri ve
hata sebeplerini agiklayabildikleri goriilmiistiir. Bu bakimdan literatiirde yer alan bazi ¢aligmalarda da benzer
sonuglar elde edilmistir (Gokkurt ve Soylu, 2016; Gokkurt, Sahin ve Soylu, 2016; Gokkurt, Sahin, Soylu ve
Soylu, 2013). Ancak dgretmenlerin hata sebeplerini kavramsallastirmada kendilerinin kavram yanilgis1 ve tiirleri
hakkindaki bilgi eksikliklerinden kaynakli, yapilan &grenci hatalarinin sebeplerini yiizeysel olarak bilgi eksikligi
ve dikkatsizligine bagladiklar: diisiiniilebilir. Nitekim Gokkurt-Ozdemir, Yildiz ve Kogak (2017) tarafindan simif
Ogretmenlerinin geometri dgretimi alanindaki 6grenci bilgilerinin incelenmesi amaciyla yapilan ¢alismada da
Ogretmenlerin ¢ogu senaryo durumlarindaki 6grenci hatalarini ve yanlis anlamalarini belirleyebildikleri ancak bu
hatalarla ilgili yanlis a¢iklamalarin ve kavram yanilgilarm yiizeysel olarak degerlendirdikleri gdzlemlenmistir.
Ogrencilerin soru iizerinde daha ¢ok sekilsel diisiindiigii icin hata yaptigini belirten dgretmenler, sadece sekle
yogunlasarak gorsel olarak olayr yanlis algiladiklarim1 ve gekil iizerinde matematiksel hesaplama
yapmamalarindan dolayr bu hatanin olustugunu ifade etmiglerdir. Ortaokul Ogrencilerinin somut islem
doneminden soyut iglemler donemine gecis asamasinda oldugu diistintildiigiinde literatiirde de geometri 6grenme
alanindaki konularda bu tip gorsel ve islemsel becerilerinin kullanilmasinda ortaokul dgrencilerinin sikintilar
yasadigmi gosteren ¢alismalar mevcuttur (Ay ve Bagbay, 2017; Sarpkaya ve Unlii, 2014). Bu nedenle
Ogretmenlerin dgrencilerin sekilsel diisiindiiklerini ve senaryo durumundaki hataya benzer durumlarla sik sik
karsilagtiklarimi belirterek, 6grencileri bulundugu biligsel gelisim donemine bagh olarak degerlendirmeleri
dgrenciyi tanima bilgisi agisindan son derece dnemlidir. Ogretmenlerin dortgenler konusundaki ilgili sorularda
yapilan hata sebebini agiklarken agir1 6zelleme terimini kullanmadan asir1 6zellestirme durumlarii anlatmasi
Ogretmenlerin kavram yanilgisi tiirleri hakkinda akademik bilgi eksiklikleri oldugunu gostermektedir.

Ogrenciyi tamima bilgisinin ikinci bileseni dgrencinin yaptig1 hatayr anlamasi igin dgretmenin yoneltecegi
soru sorma bilgisidir ve bu bilgi, sorulan sorunun kalitesi ve etkililigi 6gretmenin sorgulama becerisi ile
dogrudan iliskilidir. Ucgenlerle ilgili 6grencinin yaptig1 hatayr anlayabilmesi icin dgretmenler tarafindan
yoneltilebilecek sorulara dair her mesleki deneyim grubundaki c¢ogu O6gretmenin ifadeleri incelendiginde
sorularm On bilgileri hatirlatict olmadigi daha cok sorunun odagindaki bilgiyi sdyletmeye ya da kural
vurgulayici, yonlendirici olmalarindan dolay: diisiik diizeyli sorular arasinda yer almaktadir. Nitekim yapilan
aragtirmalar tarafindan diisiik diizeyli bilgi tabanli sorularm en ¢ok kullanilan soru tiirii oldugu ve 6gretmenlerin
de nadiren de olsa yiiksek diizeyli sorular sormay tercih ettikleri gosterilmistir (Sahin, 2007; Way, 2008). Ancak
literatiirdeki bazi ¢aligmalar soru sorma kabiliyetinin zamanla gelistirilebilecegini de gostermektedir. Bununla
ilgili Kilig (2014) tarafindan yapilan bir arastirmada Ogretmen adaylarmm Ogrencilerle yapacaklar
etkinliklerdeki soru sorma kabiliyetleri ve ogrencilerdeki mevcut kavram yanilgilarma nasil sorularla
yaklagsmalar1 gerektigi noktasinda arastirmaci tarafindan geri bildirim yapildiginda Ogretmen adaylarmin
sorgulama becerilerinde olumlu ydnde degisimin gergeklestigi tespit edilmistir. Dortgenlerle ilgili sorularda
Ogrencinin yaptig1 hatayr anlayabilmesi icin sorulabilecek sorular incelendiginde farkli mesleki deneyim
gruplarindaki 6gretmenlerin birbirinden farkli sorulari tercih ettikleri goriilmektedir. Ancak sorularin genel
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yapist esas almmarak degerlendirildiginde geometrik sekilleri zihinde canlandirmaya ve aralarindaki iliskileri
diisiindiirmeye tesvik edici sorular olduklar1 goriilmektedir. Nitekim Baki (2018) geometrinin amacini diizlemde
ve uzayda geometrik nesnelerin 6zelliklerini tanima, aralarmdaki iliskileri bulma, geometrik yeri tanimlama,
doniisiimleri agiklama ve ifade etme ve geometrik Onermeleri kanitlama olarak 6zetlemektedir.. Bu bakimdan
iliskisel diisiinmeye ve zihinde canlandirmaya yoneltici agik uglu sorularin sorulmasi &grencilerin {ist diizey
geometrik diisiinme becerilerinin gelisimine katki saglayabilir.

Calismada ortaokul matematik Ogretmenlerin {iggenler ve dortgenler konusunda kullanacagi 6nbilgi ve
matematiksel kavramlara bakildiginda da hemen her mesleki deneyim grubundaki dgretmenlerin yanitlarinin
¢ogunlukla dogrudan hatanin odagindaki kavramlari anlatim yontemi ile tekrar etmeye yonelik oldugu
goriilmektedir. Calismanin bu bulgular1 Gokkurt ve Soylu (2016) tarafindan yapilan ¢aligmanin sonuclari ile
benzerlik gostermektedir. Bazi Ogretmenlerin cevaplarinda ise {iggenler konusundaki &grenci hatalarini
diizeltmek icin kullanacagi onbilgi ve matematiksel kavramlarin konu ile ilgili temel kavramlar oldugu
goriilmektedir. Ancak 6gretmenler, 6grencilerin bu kavramlari bilip bilmedigini yoklayarak bilmedikleri takdirde
tekrar ve anlatim yoluyla O6greteceklerini ifade etmislerdir. Dolayisiyla bu durum &grencilerde bilginin ve
kurallarin ezberlenmesine O6zendirici olabilir. Klasik anlamda soru cevap tekniginin kullanildigi 6gretim
stireglerinde Ogrencilere yiiklenen misyon kendilerine yoneltilecek sorularn kaliplagsmis cevaplarini
ezberlemeleri ve ezberledikleri cevaplar1 degistirmeden soylemeleridir (Aydin, 2001). Geometri dersinde anlamli
O0grenmenin saglanabilmesi i¢in kavramlar ve sekiller arasi iligkilerin goriilmesinin 6nemi biiyiiktiir. Bu nedenle
hatanin odagindaki kavrami bilgi olarak vermek yerine 6grencilere daha ¢ok temel 6n bilgileri harekete gegirici,
bulmaya ve diisiinme yonlendirici sorular yoneltilmesi gerekmektedir. Nitekim geleneksel yaklagimlar igerisinde
degerlendirilebilecek ve bu ¢aligmada 6gretmenler tarafindan en ¢ok tercih edilen soru- cevap teknigi bahsedilen
sekilde kullanildiginda Ogrenciler daha aktif olarak, 6gretimde olumlu sonuglarin elde edildigini gosteren
¢aligmalar mevcuttur (Kilig, 2014; Midilli, 2003; Tanigli, 2013). Pedagojik alan bilgisinin boyutlarindan
Ogrenciyi tanima bilgisi, 6grencilerin konu ile ilgili sahip olduklar1 6n bilgilerini, 6grenme giigliiklerini,
hatalarmi tespit edebilmeyi, bu hatalarin arkasindaki sebeplerin neler olabilecegini ve hatalarm giderilmesi i¢in
sahip olmalar1 gereken matematiksel bilgileri bilmeyi kapsamaktadir (Baki, 2018; Shulman, 1987). Etkili bir
Ogretim yapabilmek i¢in 6grencilerin konu hakkinda neyi bilip neyi bilmedigini anlamak, yaptiklar1 hatalar1
tespit edebilmek, gesitli durumlardaki olusan 6grenme giigliiklerini giderebilmek igin 6gretmenlerin konu alani
bilgisi diizeyinin iyi diizeyde olmasi gerekmektedir. Dolayisiyla 6grenciyi tanima bilgisinin, konu alani bilgisiyle
sik1 bir iligki igerisinde oldugu sdylenebilir. Bu bakimdan aragtrmada ortaokul matematik &gretmenlerinin
iicgenler ve dortgenler konusuna iligkin 6grenciyi tanima bilgisi genel olarak degerlendirildiginde konu alani
bilgisine kiyasla daha iyi diizeydedir. Elde edilen bu bulgu literatiirdeki bazi calismalarin sonuglariyla
uyumluluk gostermektedir (Gokkurt ve ark., 2015; Gokkurt, Kogak ve Soylu, 2014; Gokkurt ve Soylu, 2016;
Tanish ve Ata-Baran, 2014).

5. Oneriler

Ortaokul matematik dgretmenlerinin iicgenler ve dortgenler konusuna ait konu alani bilgilerinde eksiklikler
ve kavram yanilgilar1 tespit edilmistir. Bu kavram yanilgilar1 ile alan yazindaki {iggenler ve dortgenler
konusundaki 6grencilerin sahip oldugu kavram yanilgilarinin benzestigi gériilmiistiir. Bu noktadan hareketle
ogrencilerin geometri 6grenme alanindaki 6grenmelerinin kalitesi, 6gretmenlerin konu alanmi bilgileri ile iligkili
oldugu disiiniilebilir. Dolayisiyla ortaokul matematik 6gretmenlerinin gerek tiggenler ve dortgenler konusundaki
bilgi eksiklikleri, kavram yanilgilar1 i¢in gerekse matematigin diger 6grenme alanlarinda yasadiklari sikintilara
yonelik ziimrelerle igbirligi yapabilmeleri, hizmet i¢i egitim seminerlerine ve ¢alistaylara katilmalar1 gerektigi
diigtiniilmektedir.

Ogretmenlerin sahip olduklar1 6grenciyi tanima bilgileri; dgrenciye ulagma, dgrencinin yaptigi hatalari
anlama, bu hatalar1 diizeltme ve 6grencilerde olusabilecek kavram yanilgilarinin oniine gegilmesi noktasinda
onemli bir yere sahiptir. Dolayisiyla dgretmenlerin ders esnasinda Ogrencilerin yasayabilecegi 6grenme
zorluklarini 6nceden tahmin edip derslerde kullanabilecekleri strateji, yontem ve teknikleri belirleyerek ders
planlar1 olusturmalar1 gerekmektedir. Ogretmenlerin derslerini etkin ve verimli olarak tasarlamalarinda ders
planinin dnemi biiyiiktiir. Bu noktada dgretmenlere hem 6grenci bilgilerini ve dgretim stratejileri bilgilerini
gelistirmelerini hem de iicgenler ve dortgenler konusunun amaglanan dogrultuda oOgrencilere etkin bir
Ogretiminin saglamasinda matematik Ogretmenleri ile yapilacak olan ders imecesi teknigi Onerilebilir. Ders
imecesi teknigi kapsaminda oncelikle ders Oncesinde brang 6gretmenleri ile ders planlar1 yapilmaktadir. Daha
sonra bu plan gercevesinde, smifta 6grencilere 6gretim gerceklestirilir ve 6gretim esnasinda brang 6gretmenleri
dersi ve 6grencileri gozlemler. Ders sonrasinda biitiin brang 6gretmenleri bir araya gelerek yapilan ders planinin
eksikleri, derste karsilasilan Ogrenci hata durumlari ve bu durumlara getirilebilecek ¢6ziim Onerileri
gelistirdikleri i¢in 6gretmenlerin pedagojik alan bilgilerinin biitiin boyutlarindaki (konu alani bilgisi, 6gretim
stratejisi bilgisi ve 6grenciyi tanima bilgisi) eksikliklerin giderilmesinde faydali olabilecegi diisiilmektedir.

Geometri 6gretimi i¢in dnemli yontemlerden biri olan bilgisayar destekli 6gretimi tercih eden sadece bir
Ogretmene rastlanmistir. Miifredata bakildiginda geometride kavramlarin Ogretilmesinde dinamik geometri
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yazilimlarinin kullanilmas: gerektigi vurgulanmaktadw (MEB, 2013). Dolayisiyla calismada 6gretmenlerin
bilgisayar destekli egitimi tercih etmemeleri, dinamik yazilimlar hakkinda gerekli bilgi donamina sahip
olmadiklarmi gosterebilir. Bu nedenle, 6gretmenlere hizmet i¢i seminerler verilerek, dgretmenlerin bilgisayar
destekli 6gretim yontemi ve bu yontemin igerisinde yer alan dinamik geometri yazilimlar1 konusunda bilgi sahibi
olmalar1 ve bu yazilimlar1 tiggenler ve dortgenler konusunda etkili bir sekilde kullanma yeterligi kazanmalar1
saglanabilir.

Bu caligmada 6gretmenlerin pek ¢ogu kavram yanilgisi, kavram yanilgismin tiirleri ve geometride sikc¢a
karsilagilan kavram yanilgilarinin neler olduguna dair akademik bilgi diizeylerinin yetersiz oldugu goriilmiistiir.
Dolayisiyla bu konu ile ilgili 6gretmenleri bilgilendirici kilavuz kitaplarin hazirlanmast ve sik¢a karsilasilan
kavram yanilgilarina yer verilmesi, bu kavram yanilgilarinin giderilmesi i¢in 6gretmenlere yardimeci ornek
onerilerin yer almasi matematik 6gretiminin daha etkili yapilmasina olanak saglayacagi diisiiniilmektedir.

Bu arastirmaya benzer nitelikte gelecekte yapilabilecek g¢alismalarda, 6gretmenlerin smif i¢i durumlari
arastirmaci tarafindan gozlemlenerek yapilmasi alan yazina gesitli katkilar saglayabilir. Alan yazininda yapilan
aragtirmalara gore matematik Ogretmenlerinin geometriye yonelik pedagojik alan bilgilerinin geligimlerini
aragtiran c¢alismalara rastlanilamamistir. Bu nedenle arastirmacilara matematik 6gretmenlerinin geometriye
yonelik pedagojik alan bilgilerinin gelisimlerinin izlenmesine olanak taniyan boylamasma ¢aligmalar yapmalar1
onerilebilir.
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An Investigation of Pedagogical Content Knowledge of Secondary School Mathematics
Teachers in Relation with Triangle and Quadrilateral Concepts

1. Introduction

An effective teaching consists of the combination of many components such as teacher, student, physical
conditions of the class and the program. However, the most important of these components is the teacher who is
the implementer of other components (Baki, 2018). . In the updated secondary school mathematics curriculum in
2013, the role of the teacher for an effective mathematics teaching is stated as guiding how to reach the
information rather than transferring information to the students (Ministry of National Education [MoNE], 2013).
In this meaning, it is of great importance that teachers, who are among the most effective members of the
teaching process, have the necessary knowledge, and that they can apply the knowledge they have acquired
during the teaching process. In the related literature, it is seen that the first studies on the knowledge components
that the teacher should have belonged to Shulman (1986, 1987). Shulman (1986) addressed three components of
teacher's knowledge for teaching as content knowledge, pedagogical content knowledge (PCK) and curriculum
knowledge. According to Oner (2010), pedagogical content knowledge was the most discussed of these
knowledge. In the studies are predicted that neither content knowledge nor pedagogical knowledge will be
effective in training teachers (Oner, 2010). Baki (2018) identifies pedagogical content knowledge as an
"amalgam" rather than a "mixture" of pedagogy and content knowledge. In the study conducted by Gokkurt,
Sahin and Soylu (2012) to investigate the relationship between mathematics teacher’s knowledge of mathematics
and pedagogical content, it was observed that there was a close relationship between teacher’s knowledge of
mathematics and pedagogical content. However, there are some studies in the literature that show that effective
mathematics teaching depends on PCK rather than just content knowledge (Bolyard & Moyer-Packenham,
2008; Fawns & Nance, 1993). These stated reasons make pedagogical content knowledge important, which
includes content knowledge and pedagogical knowledge.

Geometry; it is one of the important fields of mathematics including space, shape, symbol and concept
knowledge (Fidan & Tiirniiklii, 2010). In the literature review, it is seen that there are few studies on geometry
teaching in our country and there are difficulties related to teaching geometry (Yilmaz, Kesan & Nizamoglu,
2000 as cited in Gokkurt, Sahin, Soylu, & Dogan, 2015, p. 56). When these studies are examined, it has been
stated that there are difficulties in geometry teaching due to reasons such as memorizing geometric shapes and
features, limited number of sample presentation, students not being able to interpret the environment they live in,
meaningful learning cannot be realized and even developing negative attitude towards geometry (Fujita & Jones,
2007 as cited in Gokkurt et al., 2015, p.57). Professional competence of teachers is very important to prevent
such situations from occurring during the teaching process (Baki, 2013). Therefore, in order to realize permanent
learning in geometry teaching, besides the content knowledge of the teacher, it is necessary to understand the
student mistakes and have the ability to eliminate these mistakes. For this reason, in the study, teachers’
pedagogical content knowledge will be evaluated that content knowledge and student knowledge. In addition,
when the literature is examined, it is seen that the number of studies on pedagogical content knowledge on
geometry in our country is low (Gokkurt, 2014; Gokkurt et al., 2015; Gokkurt & Soylu, 2016). It is shown that
these studies about pedagogical content knowledge focus on the subject of geometric objects and difficulties in
learning geometric objects (Bozkurt & Kog, 2012; Gokkurt et al., 2015).1t can be said that the reasons for these
difficulties related to geometric objects can be caused by the concepts of triangles and rectangles that form the
basis of this subject. Indeed, there are studies in the literature where individuals have misconceptions about
triangles and quadrilaterals (Dogan, Ozkan, Cakir, Baysal & Giin, 2012; Ergiin, 2010; Hizarci, Ada, & Elmas,
2006; Kaplan & Hizarci, 2005; Karpuz, Koparan, & Giiven, 2014). Due to the reasons stated above, this study
aims to examine the pedagogical content knowledge of secondary school mathematics teachers on the topics of
triangles and quadrilaterals.

1.1. The Purpose of the Research

The purpose of this study is to examine the pedagogical content knowledge of secondary school mathematics
teachers on triangles and quadrilaterals. Depending on this purpose, the sub-problems of the study are
determined as follows:

c) What is the secondary school mathematics teachers’ content knowledge on triangles and quadrilaterals?

d) What is the secondary school mathematics teachers’ knowledge of students on triangles and
quadrilaterals?
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2. Method

The research was carried out by using the case study method, which is one of the qualitative research
methods. The main feature of the case studies is that it investigates one or more situations in depth (Yildirim &
Simgek, 2016). In this study, the case study method was used because it aimed to investigate a certain number of
secondary school mathematics teachers' pedagogical content knowledge about triangles and quadrilaterals.

2.1. Participants

This research was carried out with 12 secondary school mathematics teachers working in different secondary
schools of a district center. Teachers in the study group were coded as 01,0,,03,04,05,06,07,05,09,010,011,015.
The scale sampling method, one of the purposeful sampling methods, was used while determining the study
group. The scale sampling is a method that allows all the situations that meet the predetermined criteria to work
(Yildirim & Simgek, 2016). The criteria used in determining the sample in this study are that the secondary
schools and professional experience periods of teachers are different from each other. In this way, by using a
heterogeneous working group, it was aimed to reflect the different perspectives of teachers about triangles and
quadrilaterals. Four teachers were selected from each of three different professional experience groups: 0-5
years, 6-10 years and 11 years and over. The table regarding the demographic information of the teachers is
given in Table 1.

Tablo 1. Demographic information of teachers in the study group

Persons Professional Experience
01,0, 03, Oy 0-5 years

Os, Os, 07, Og 6-10 years

Oy, O10, 011, 012 11 years and over

2.2. Data collection tools

In this study, document review and interview, one of the qualitative data collection tools, were used. The
interview form was prepared inspired by the structure of the form used by Gokkurt and Soylu (2016). The
interview form consists of two parts. The first part consists of questions to determine teachers' demographic
information (gender, professional experience, educational background etc.). The second part consists of 9 open-
ended questions including various scenario situations to determine the pedagogical content knowledge of
teachers about triangles and quadrilaterals. The questions prepared in order to measure the pedagogical content
knowledge of the teachers about triangles and quadrilaterals are related to the objectives stated below. Table
showing the distribution of prepared questions to objectives is given in Table 2.

Table 2. Distribution of open-ended questions by objectives
Subject Objectives Number of Questions  Total
Triangles Angle-edge relationship

Determine the kurtosis center
Quadrilaterals  Classification of quadrilaterals
The symmetry axis in polygons
The cut-off point feature of diagonal in quadrilaterals
Calculation of perimeter in quadrilaterals

RlRR| Wk

An example of a question prepared for pedagogical content knowledge is given in Table 3. These prepared
questions were examined by 3 mathematics teachers and 2 experts, and the necessary regulations were made and
content validity was provided. In order to see the usefulness of the questions, pilot applications were made with
two secondary school mathematics teachers and additional necessary arrangements were made. After these open-
ended questions were applied to the teachers, a semi-structured interview lasting 20-30 minutes was conducted
with the teachers and recorded. Additional questions were included in this interview. The question “a” given in
Table 3 above is prepared for the content knowledge. The questions “b” and “c” were prepared for the

knowledge of students.
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Table 3. Example of open-ended questions prepared for pedagogical content knowledge
Angle-Edge Relation Question in Triangle Student's Solution
Ayse teacher asks Taha the following question.

>C “a” and “e” equals , “d” and “b” equals.
The longest edge is “c”.
c>a = e > b =d has replied.

In the figure above, the dimensions
of the angles of the triangles are
given. Accordingly, how are the side
lengths sorted from large to small?
Please explain.

Taha answers this question as shown.

a) What do you think about whether the student made a mistake according to the given scenario situation?
What is the mistake of the student, if any? What could be the reason / reasons why the student made this
mistake?

b) If there are any mistakes made by the student, what are the questions and questions you will ask the
student to understand this mistake?

c) If the student is wrong, what is the important mathematical concept or prior knowledge that you can use to
answer the question correctly?

2.3. Data analysis

In this study, content analysis method was used to analyze the data obtained from open-ended questions and
semi-structured interviews. Content analysis is generally used in the analysis of texts (interview transcripts,
diaries, etc.) (Patton, 2014). At the same time, by analyzing the collected data in detail, it is ensured to reveal
previously unknown themes and the relationships between them (Yildirim & Simsek, 2016). Semi-structured
interviews and open-ended questions were transferred to NVIVO 9.0 qualitative data analysis program and
coding was done. The created codes are presented in the findings section in tables. While making the codings,
the answers given by the teachers to the questions asked about the content knowledge were coded as true and
false. The answers given to the questions asked for assessing the teacher's knowledge of student were analyzed
by considering the categories in the study of Gokkurt and Soylu (2016).

3. Findings

The secondary school teachers’ "content knowledge" and "knowledge of students” as two sub-components of
pedagogical content knowledge about triangles and quadrilaterals; are examined under two sub-headings.

3.1. Findings about the content knowledge

Secondary school mathematics teachers were asked 3 questions about triangles, 6 questions about
quadrilateral, and their answers were classified as true and false.

Information on the content knowledge of teachers about triangles and quadrilaterals is given in Table 4.

Table 4. Findings about secondary school mathematics teacher’s triangles and quadrilaterals content knowledge
(0-5 years) (6-10 years) (11 years and over)

00 0, 03 O, O Os O; O3 Oy O1p Ou  Op
1. question True 1 1 1 1 1 1 1 1 1 1 1 1
False 0 0 0 0 0 0 0 0 0 0 0 0
2. question True 0 0 0 1 0 1 1 0 0 1 0 1
False 1 1 1 0 1 0 0 1 1 0 1 0
3. question True 1 0 1 1 1 1 1 1 1 1 0 1
False 0 1 0 0 0 0 0 0 0 0 1 0
4. question True 1 1 1 1 1 1 1 0 1 1 1 1
True 0 0 0 0 0 0 0 1 0 0 0 0
5. question True 1 0 0 1 0 1 0 0 0 1 0 0
False 0 1 1 0 1 0 1 1 1 0 1 1
6. question True 0 0 0 0 0 0 0 0 0 0 0 0
False 1 1 1 1 1 1 1 1 1 1 1 1
7. question True 1 0 0 0 0 1 0 0 0 0 0 0
False 0 1 1 1 1 0 1 1 1 1 1 1
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Table 4 continued

(0-5 years) (6-10 years) (11 years and over)
61 62 03 64 65 66 67 08 69 610 611 012
8. question True 1 0 0 1 0 1 1 1 1 1 1 1
False 0 1 1 0 1 0 0 0 0 0 0 0
9. question True 1 1 1 1 1 1 1 1 0 1 1 1
True O 0 0 0 0 0 0 0 1 0 0 0
True I 3 4 7 4 8 6 4 4 7 4 6
Total False 2 6 5 2 5 1 3 5 5 2 5 3
True 21 22 21
False 15 14 15

As seen in Table 4, when teachers' content knowledge about triangles and rectangles are generally evaluated,
it is seen that the right and wrong numbers of the groups are close to each other according to their professional
experience. However, it can be said that teachers with 6-10 years of professional experience have relatively
better in content knowledge than other professional experience groups.

According to Table 4, when the 1st and 3rd questions prepared for the angle edge subject information in
triangles are examined, the first question about the triangle drawing is answered correctly by all teachers.
Whereas, two teachers (O,, O11) gave the wrong answer to the third question as in Figure 1.

S)QUES.TiOT‘\I FOR‘ ANGLE-EDGE STUDENTS' SOLUTIONS
RELATION IN TRIANGLE
Ayse teacher asks Taha the following question.

Taha answers this question as shown.

"a" and "e" equals , "d" and "b" equals.
The longest edge is "c".
c>a = e = b =d has replied.

B
In the figure above, the dimensions
of the angles of the triangles are

given. Accordingly, how are the side
lengths sorted from large to small?
Please explain.

Figure 1. The third question about the angle-edge relationship in the triangle

The wrong answers given by these teachers, who are included in different professional experience groups, to
the question in Figure 1 are as follows:

O,: “True. I have examined it myself one by one. Here is the longest edge "c". Here "e". But when we
come here, there is a 60-degree angle opposite to "e". There's a 63-degree angle here. So the longest
edge "c". Here the student has already said it.”

Ov1: “The child is aware of the rule that the big angle is opposite the big edge, the small angle is opposite
the small edge. But he did not think that these two triangles should be evaluated separately. He made a
mistake there. Here he says that "c" bigger than "a". Actually, but if I remember correctly, "a" is
supposed to be bigger than "“c". Different triangles, different u... . "'c" is across a larger angle. However,
in terms of comparison with other triangles, "e" is bigger than "c", so "a" is bigger than "c".

As seen from the answer given by the teachers that both teachers have an angle-edge relation in the triangle:
"Large edge opposite large angle, small edge opposite small angle™ knows the rule. However, they could not use
this rule to solve the question. The teacher O, determined the longest edge correctly. However, in the ranking of
the other edges, it is seen that the student accepted the mistake he made correctly. The teacher O, is aware of the
angle-edge relationship in the triangle and knows correctly that the two triangles must be evaluated separately.
However, he could not apply this knowledge, which he knew in theory, on the question while comparing two
triangles. The second question in Figure 2, which is prepared to determine the center of perpendicularity in
triangles, is a two-step question regarding the determination of the perpendicular center in wide and right-angled
triangles.
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Sevgi teacher asked the students to find STUDENT'S SOLUTION
the orthogonality center of the obtuse
angle and vertical angle triangles below.

For the triangle above, he says
"There is no orthogonal center.”

E
Her student's solution was as follows.

Figure 2. The second question about determining of orthocenter

In the event that the teachers answered wrongly to any of these two questions regarding the content
knowledge, it was concluded that the concept of the center of perpendicularity could not be fully mastered, and
the answers were accepted incorrectly. For this reason, the findings of the content knowledge of the teachers who
made the second question wrong were examined separately. It is observed that the teachers who make mistakes
about the determination of the center of perpendicularity in obtuse angle triangle (01, O,, Os, Os, Og, Oq, O1,) are
more than the teachers who make mistakes about the determination of the center of perpendicularity of the
vertical angle triangle (O, Ogand Oy;). In addition, it is a remarkable finding that teachers O,, Og and O1;, who
made mistakes about determining the center of perpendicularity of the vertical angled triangle, made mistakes in
the determination of the center of perpendicularity in both the obtuse angled triangle and the vertical angled
triangle. When evaluated in general, it was seen that teachers with 0-5 years of professional experience made
more mistakes compared to other groups, and the wrong answers given by about determining of center of
perpendicularity in the obtuse angled triangle are as follows:

O1: “The student drew the height incorrectly. Probably confused heights with the median. He could not
realize that heights should be outside the triangle.”

O,: “It's wrong here. He could not perceive, understand the concept of the orthocenter. ”
Os: “He made a mistake. In the obtuse angled triangle, the height becomes outside the triangle.”

When the expressions of these 3 teachers, who have professional experience between the ages of 0-5, are
examined, they know that the student in the scenario is wrong and some heights are outside the triangle in obtuse
angled triangles. However, when teachers were expressing their thoughts about the question, it was observed that
they could not draw the heights correctly in the obtuse angled triangles and claim that there was no any center of
perpendicularity because they showed the center of perpendicularity incorrectly or did not find it. The height
drawing made by the teacher O3 in the obtuse angled triangle is given as an example in Figure 3. Therefore, it
can be said that teachers only know the mentioned information at the level of knowledge.

Figure 3. Incorrect drawing of teacher O3

05 teacher's explanation about the drawing above is as follows:

Os: “The obtuse angled triangle has no orthocenter. Because I couldn't solve it either...’

>

For this reason, it can be said that teachers who have professional experience between 0-5 years (O,, O, O3)
know the information mentioned only at the level of knowledge.

It was observed that 3 teachers (02, O8 and O11) in different professional experience groups gave the wrong
answer to the question about determining of the center of perpendicularity of the vertical angled triangle. His
statements on this subject are as follows:

O11: “He says there is no orthocenter. I think he's right. Because again, three of them do not intersect at
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some point.

Og: “But didn't they have any orthocenter? They have orthocenter or I'm making a mistake somewhere. ”

While the Qg teacher said that he could not find the orthocenter, the Oy teacher claimed that there was no
orthocenter in the vertical angled triangle.

The teacher O, drew the height of the triangle as shown in Figure 4.

A

o

E i :

Figure 4. Incorrect drawing of O, teacher

When Figure 4 is examined, it is seen that the teacher O, made mistakes in the height drawings of the vertical
edges of the vertical angled triangle. O, teacher's explanation about the above drawing is as follows:

Oy “When we draw all three heights, here has no the orthocenter.”

According to the drawings and explanations O, teacher made above, it is seen that the teacher thinks that
there is no center of perpendicularity in the vertical angled triangle.

In general, the reason why teachers who make mistakes about the orthocenter in the vertical angled triangle
cannot find the center of perpendicularity or claim that it is not; considering the explanations and drawings they
made, it can be said that the vertical angled triangles are caused by the lack of height information of the vertical
edge.

The fourth question on the calculation of the quadrilaterals perimeter in Figure 5 was generally made by all
professional experience groups and was answered incorrectly by 1 teacher (Og).

4) CALCULATION OF THE PERIMETER STUDENTS' SOLUTION
IN QUADRILATERAL Sinem teacher cuts the equal file papers in
the shape and throws the painted parts,
She then asks her student, Gizem, which
of the newly formed shapes are perimeter
e is the largest. Gizem: "IIL the perimeter
of the shape becomes larger." responds

as.
| I

_ﬁ,‘ﬂ

Figure 5. The fourth question on the calculation of the perimeter in quadrilaterals

The fifth, sixth and eighth questions were asked to the teachers for the identification of trapezoid, deltoid and
parallelogram, which are special quadrilaterals.

The fifth question regarding trapezoid identification is given in Figure 6:

5) IDENTIFICATION OF TRAPEZOID
Murat teacher makes the definition of trapezoid as '"a convex quadrilateral with only

two opposite sides parallel to each other is called trapezoid." And then he wants his
students to make drawings of various tr id -
His students' drawings are as follows:

o . c

OZAN

2 1

/’/

SELiIM

Figure 6. The fifth question about trapezoid identification

Some of the wrong answers given to this question about trapezoid identification by teachers in different
professional experience groups are as follows:

O,: “There is a "just" statement. So I said Ozan who answered correctly.”
Os: “Only two opposite sides will be parallel to each.”

011 “Only Ozan is right... As for the parallelism, | think the others are wrong because only two sides
should be parallel.”
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In general, when the answers given by teachers who made wrong in all professional experience groups were
evaluated, it was seen that the teachers did not query the definition of trapezoid in the question since they did
not know the definition of trapezoid correctly. In the definition of trapezoid, they focused only on the opposed
two edges being parallel. However, the shape of trapezoid is convex polygon with at least two edges parallel to
each other. Apart from the prototype of trapezoid shape given in the question, the square, parallelogram and
rectangle, which are special rectangles, are also trapezoid. It is seen that the teachers who gave the wrong answer
do not know this detail and generally go to the overspecialization in the definition by adhering to the prototype
of trapezoid shape drawn by the student named Ozan in Figure 6.

The sixth question regarding the identification of Deltoid is given in Figure 7:

6) IDENTIFICATION OF DELTOID
Funda teacher wants her students to make drawings of deltoid. Her students'
drawings are as follows: —

=
SELIM
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Figure 7. The sixth question about deltoid identification

Some of the wrong answers given to this question about defining deltoid by teachers from different
professional experience groups are as follows:

O, “When we tell or visually say the deltoid, we give it as a combination of two isosceles triangles and
the drawing that suits him is Ozan's ...”

Og: “Yes, the deltoid is formed by joining the bases of two different isosceles triangles. ... They are different
from each other and the floors are united. In these, yes, the bases are united but yes, they are not different from
each other, but the bases will overlap in this way as Ozan did.”

Researcher: “You say it has to come upside down?”

Og: “So yeah so the shapes won't be overlapping. So the shapes don't actually overlap. Only the floor will be
overlap. The deltoid will be like a kite picture like this. We could even define it that way.”

Oy “Merve, 1 said not deltoid. Because it is concave. Already square, rhombus is deltoid. You know the
shape formed by overlap the bases of isosceles triangles. Here, one of its diagonal should be bisector.
The diagonals do not provide this. Because it is concave, it is not the deltoid that Merve made for me. |
may be wrong, but I thought so.”

When the answers given about the definition of deltoid in general are evaluated, it is seen that the teachers’
definition of deltoid is incomplete. Deltoid is a quadrilateral which one of its diagonal is the floor of two
isosceles triangles. Therefore, most teachers think that the concave polygon, which is the drawing of Merve
given in Figure 7, cannot be deltoid. However, in the concave quadrilateral given in Merve's drawing, [BC]
diagonal forms the floor of two isosceles triangles. Therefore, drawing of Merve's concave quadrilateral is
sample a deltoid. Some teachers emphasize different isosceles triangles with different floors in the definition of
deltoid. However, according to the correct definition given, it is not stated that isosceles triangles should be
different. Therefore, the square and rhombus given in the question is a deltoid. Therefore, the teachers who gave
this answer missed that the square and rhombus should be a deltoid. Based on these data, it is seen that teachers
know the prototype form of deltoid. They accept the drawing of Ozan in Figure 7 correctly.

The eighth question related to the definition of the parallelogram is given in Figure 8:

8) ismail teacher asks the STUDENT'S SOLUTION
next question to his student 1)Which of the following figures is a parallelogram?
Ahmet. Ahmet's answer and Explain the reason for your answer.

/\
explanation to the question - l—" 4 \,
are given in the figure below. , [F]" — b)) A 2/ o i & d) /\ £ e All

B A/ £ ke i D

el A X7

A N mE X X

N\

Since their opposite angles are equal and parallel

Figure 8. The eighth question about the definition of parallelogram
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While all of the teachers with professional experience of 11 years and above answered correctly to this

question about the definition of parallelogram, some of the incorrect answers given by their teachers in other
professional experience groups are as follows:

O,: “Correct answer. Because when we look at the definition of the parallelogram, we call the
parallelogram with two opposed sides of which are parallel to each other and that is the parallelogram
with the opposite two angles. So he made the right answer.”

Os: “The student found the right answer. But he doesn't know exactly the definition of parallelogram.”

R: “You say it does not know its definition. Well, is there any mistake or not?”

Os: “There is a mistake. Because when he says that when the opposite angles and sides are parallel to
each other, when the opposite angles are equal, this should be parallelogram. Then all four should be
parallel to each other. Because according to the definition he says, the opposite sides are always equal
and parallel.”

R: “l understand; do you think it marked the right option?”

Os: “The correct option is marked.”

R: “So what's the error?”

Os: “He doesn't know the definition exactly. He needs to learn the concept of parallelogram.”

Os: “In the eighth question, I think he made no mistake. Because the term parallelogram in a child
corresponds to a geometric shape in mathematics, so the child has found and marked the correct shape of
that shape, that concept. The opposite angles are equal and the opposite sides are parallel.”

R: “Do you think the bottom note is correct?”

Os: “He said that their opposite angles are equal and parallel. Correct, True, here a rectangle already
appears in option A. Okay, all sides of the rectangle are parallel to each other. Their opposite angles are
also equal. But it is a different geometric shape. In particular, its name is rectangular. So it's not

parallelogram.

When evaluating the responses related to the definition of the parallelogram in general, it is stated that the

geometric shapes given outside the standard parallelogram shape cannot be parallelogram and similarly, the
name and properties of each geometric shape should be different. Therefore, it is thought that there is no
transition between geometric shapes. Said teachers (O, O3 and Os) only evaluate the marked drawing in Figure 8
as a parallelogram. It is not thought that there is a parallelogram in the rectangle, square and rhombus in other
options. For this reason, it can be said that there are deficiencies in the content knowledge of teachers with 0-5
years and 6-10 years of professional experience about the definition of parallelogram of, and a prototype
parallelogram in their minds.

Table 4 shows that 10 teachers (O, O3, O, Os, O, Og, Og, O10, O11, O1,) content knowledge is missing in the

seventh question prepared to examine the diagonal information in quadrilaterals. The seventh question about
diagonal information in quadrilaterals is given in Figure 9:

7)The geometric shapes such as the square, rectangle, rhombus and parallelogram below,
are hung on the ceiling with rope from the different corners specified. As a result of
these processes, it is observed that the extension of the rope always passes through M,
which is the cutting point of the diagonal of the quadrilaterals.

SQUARE

T 0.
..Q}‘. :09 " . 4\.-— P
\\._ B -

[ REOMBUS

PARALLELOGRAM

As a result of this experiment, Ibrahim asked Burcu, ""Is the cutting point of the diagonals
in the quadrilaterals the center of gravity?' poses a question. Burcu thinks a little and
"'is the center of gravity." giving the answer.

Figure 9. The seventh question about diagonal information in quadrilaterals

Some of the wrong answers given to this question about diagonal knowledge in quadrilaterals by teachers

from different professional experience groups are as follows:

O,: “Here I said the student's answer is correct. Rectangular and square, parallelogram, rhombus pass
through the full center of gravity, as the diagonal of all the quadrilaterals pass through the cut points and the
diagonals are centered.”

Os: “I think he thought right. Quadrilaterals because... Of course, not all quadrilaterals. It is the
intersection point of the diagonal center of regular quadrilateral.”

Onq1- “I think the answer is correct. Okay, the cutting point should be the center of gravity so that the rope
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is fixed in this way. ”

In general, it can be said that most of the teachers related to diagonal information in quadrilaterals are not
sufficient in the content knowledge, they lack information. Since the cut-off point of the diagonals of the
quadrilateral divides the given quadrilateral into identical parts, it is a correct idea to perceive them as the center
of gravity. Because when the diagonals of square, parallelograms, rectangles and rhombuses are drawn, since the
equivalent triangles are formed, the center of gravity of these rectangles is the cutting point of the diagonals, this
does not apply to all quadrilaterals (MoNE, 2014). The generalization of teachers to all quadrilaterals shows that
there are deficiencies in the content knowledge.

It is seen in Table 4 that only one teacher (Os) who has 6-10 years of professional experience to the ninth
question prepared to examine the symmetry axis information is missing in content knowledge. The ninth
question about symmetry axis information is given in Figure 10:

9)SYMMETRY AXiS iN POLYGONS STUDENT'S SOLUTION
Tiirkan teacher student gave frem a Symmetrical (x)
standard parallelogram shape, "Is the

llel hape symmetrical? Mot
parallelogram shape symmetrical? R etrical ()
Show the symmetry lines by drawing
them." poses a question. Irem, on the

The number of
Parallelogram symmetry axes (4)

other hand, makes the drawings on the
side of the parallelogram, saying:
"Since the opposite edges of the
parallelogram are equal, 2 different
symmetry axes are obtained when the opposite corners are combined. And
when we cut them with the lines to divide the opposite sides into two, the
symmetry axis will occur.”

Figure 10. The ninth question about the definition of the symmetry axis

The explanations of Os teacher who has 6-10 years of professional experience about the question given in
Figure 10 are as follows:

Os: “So the axis of symmetry means lines that divide the shape into two symmetrical parts. All the lines
drawn by the child are correct.”

The teacher Os could not use the symmetry axis information conceptually known on this question to
determine the symmetry axis of a standard parallelogram.

In general, it can be said that secondary school mathematics teachers have sufficient symmetry axis content
knowledge in the polygon. However, the teacher Os could not transfer the symmetry axis information he defined
correctly to the question solution. Therefore, it can be said that the content knowledge of the teacher Os is not
sufficient in the axis of symmetry in polygons.

When the content knowledge of the secondary school mathematics teachers about the quadrilaterals are
evaluated in general, it is seen that the prototype shape information is the source of the mistakes made in all the
different professional experience groups.

3.1. Findings about knowledge of students

In this sub-problem, the level of secondary school mathematics teachers’ knowledge of students about
triangles and quadrilateral is examined. Knowledge of students as one of the components of pedagogical content
knowledge has been evaluated in categories of to identify the causes of the student's error, questions to be
addressed to the student to understand the student's error, mathematical knowledge or prior knowledge that the
student will use to give the correct answer.

According to the teachers, the reasons for making mistakes of the students in triangles and quadrilaterals are
given in Table 7.

Tablo 7. According to the teachers, the reasons why students in scenario status make mistakes about triangles
and quadrilaterals

Codes Persons

Overspecialization Oy, Og, O7, Og, 010, Oy

Lack of knowledge 01, 03,04, 05,05, O7, 0,010,011, Oz
Carelessness O1, 05,07, Og, Og, O12

Memorize Oq

Misrepresentation of the teacher in the scenario 04, 04, Og, O1p

Generalization 0Oz, Op, Og, O12

Not making comparison O
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Table 7 continued

Codes Persons

Misconception 0,, O,

Mixing the concepts of symmetry and equality 0;, Oy

Figural thlnklng Ol. 02' 03’ 04, 05’ 05, O7Y C)gy 010] Oll
Inability to portray in mind 01, 03, 05

Confused with the axis of symmetry of the rectangle Ou

Extreme Rule 0,

Forgetfulness 0,

As seen in Table 7, teachers in all professional experience groups mostly explained the reasons for students'
mistakes in questions about triangles and quadrilaterals as lack of knowledge, formal thinking, overspecialization
and carelessness. Some teacher’s statements about this are as follows:

Oy: “The reason for the student making this mistake is that it is again due to lack of knowledge.

Os: “Because then the child does not know the angle-edge relation ... It may be because it does not know
at all. He only looked at the concept of angle and did not evaluate it separately. But here it is necessary to
know a little bit about the concept of inequality. ”

Y]

O;: “Related to not knowing that it is 180 degrees or not to pay attention or forget”

When these expressions of the teachers are examined, it is seen that the students can identify and explain
their mistakes. However, it was determined that they preferred to use superficial expressions while
conceptualizing the causes of errors.

When the teachers' explanations are examined, another reason for the error that is said in the majority comes
to the fore of figural thinking, especially the question about the calculation of the perimeter in quadrilateral.
Some of the teachers' statements to support this finding are:

Oy “Now I think there is a perception like this. The bigger the pieces are cut from the shapes, the new edges
are replaced by the cut pieces. These edges didn't exist before, but now they exist. Therefore, he may have
thought that the length of the edges has increased and therefore the perimeter has increased. ... Now these are
actually based on visual intelligence.”

Oq: ““... I suppose he thought like this. Because he cuts out two .. | think he made a mistake because he
thought that it was more like this and commented by looking at the number of figures.”

O “I think he thought ... This is my thought. The more details, the zigzags he said, it is longer. However, it is
the same.”

O, “The student focuses more on the shape.’

s

As seen in the statements of teachers O, and O, , they think that the student visually perceives the event
incorrectly. In addition, the teachers of O; and Oy think that the student moves by looking at the zigzags in the
shape, and that the reason for the error is only due to figural thinking and the fact that they do not perform
mathematical calculations on the figure.

One of the most frequently expressed statements as the reason for student errors is overspecialization, which
is one of the misconceptions. Although the teachers who gave this answer did not directly say that the student
was overspecialization, they made explanations in this direction while explaining the reason for the error. The
statements of several teachers about this are as follows:

Oy: “ ... When the student says parallelogram, it only comes to mind. He marked B directly because he
only coded this shape as a parallelogram.”

O1: “Because it has a pattern. Behold your mind. Because he knows it in figure. This is the
parallelogram taught since elementary school.”

O;: “I think, he only learned the parallelogram as a figure. The two sides are horizontal, and the top and
bottom are parallel.”

Therefore, it is seen that these teachers do not know the types of misconceptions, but they correctly express
their students' error status.

The questions that teachers prefer student's for notice their mistakes about triangles and quadrilateral are
given in Table 8.
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Table 8. The questions that teachers prefer students for notice their mistakes about triangles and quadrilateral

Subjects Codes Persons
What can be the longest edge by looking at the angles? 04, 05 04,05 0604, Oy
If the edges you specify are equal, this triangle is an O,
isosceles triangle. Then wouldn't the base angles be
equal?
Is there a relationship between the angle and the edges of s, OgO; 05013
the triangle?
Can you create different triangles with another point you 0,01,
take to draw a radius on the circle?
. Would you compare the length of the edge you drew with 0,0,
= the length of the other edge?
8 According to which rule did you draw the triangle? 0,
= Are the sides opposite the equal angles in different O; O O,
triangles equal?
What is the shortest distance of a point to a line? O
How many degrees is the sum of the inside angles of a O,
triangle?
Where the vertical edges meet? Oy,
What is the center of perpendicularity?
How to find the area of the right triangle? 0,
What is the concept of height? Og, O1o
Does it provide the definition that you say in other ways? Oy
Can rectangle, square and rhombus also be O,0,
parallelograms?
Are the opposite sides, angles equal in the rectangle, ;0407040101
square and rhombus?
Are the opposite sides parallel in the rectangle, square O, O, Og, O;0,
» and rhombus?
s What is a quadrilateral, square and rhombus? What are O,
< their features?
5 Is the concept of only mutual angles equal in the Og
é definition of the parallelogram sufficient?

What do you know about the edges of the parallelogram?

What does the term "just” mean in the definition of the O,
trapezoid?

Does the same thing happen in trapezoid? Os
If the center of gravity is a point, how can we find out O,
where it is in this experiment? What is the center of

gravity?

According to Table 8, when the questions asked by the teachers about the angle-edge relation in the triangle
for the student to understand the error made by the student, the most preferred question is “Which can be the
longest edge by looking at the angles?” This question can be said to have an understanding of the error made by
the students and to emphasize the rule of angle and edge relation. As seen in Table 8, the teachers with
professional experience of 0-5 and 6-10 years of age prefer the question more than the teachers with professional
experience of more than 11 years. Another question frequently used by the teachers is “Is there a relationship
between the angle and the edges in the triangle?”. It is noteworthy that this question is similar to the previous
question. However, the fact that this question is more directed towards comparing the edges and angles of the
triangle with respect to the other question may enable the student to see and understand the angle-edge relation
better in order to realize the relationship between the angle and edge. The professional experience of teachers
who prefer this question is 6-10 years, 11 years and more. Therefore, it can be said that teachers with 0-5 years
of professional experience use questions to make aware of the focus of the error, and experienced teachers (6-10
years and 11 years and above) prefer to ask more intuitive questions about the relationship between angle and
edge.

On the other hand, in order for the student to understand the mistake about the center of perpendicularity in
the triangle, the teachers usually prefer to ask the student the question of "What is the height concept?" The
concept of height at the heart of this subject is important for the correct drawing of the height. However, if the
error in the scenario situation is considered that the wrong drawing of the height in different triangles and the
inability to determine the center of perpendicularity , it may be more useful to ask the application questions
related to height drawing in different triangles instead of asking students a conceptual question. In this respect, it
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can be said that the question of "What is the concept of height?", which is preferred by most of the teachers, can
enable the student to learn only verbally and lead to memorization. As seen in Table 8, the questions asked about
center of perpendicularity of triangle is not collected under a single title. It can be said that the teachers in all
professional experience groups prefer different questions about the center of perpendicularity and these
questions are the questions that lead to memorization.

According to Table 8, given the questions that teachers will ask students to understand the student’s mistakes
in classifying rectangles, “Are the rectangular edges in the rectangle, square and rhombus equal?” and "Are the
opposite sides parallel in the rectangle, square and rhombus?" are the most preferred questions. Considering the
students' not knowing the properties of the quadrilaterals and the errors they made in classification, it can be said
that these questions will enable them to compare the quadrilaterals with each other, and in this way they are
focused on correcting their mistakes by seeing the relationships between the quadrilaterals. It is seen in Table 8
that teachers with 6-10 years and 11 years of professional experience prefer these questions.

When the questions to be asked by the secondary school mathematics teachers to the student in order to
understand the mistake made by the student about the calculation of the perimeter in the quadrilaterals were
investigated, "In what way did the new surfaces formed as a result of cutting?" seems to be the question. When
looking at other preferred questions, respectively, "What remains after cutting?" and "What is the length of the
edge of the piece coming out?" appears to be. The stated questions are generally seen in Table 8, preferred by
teachers with 0-5 years of professional experience. With these questions, the mentioned teachers aimed to make
the student aware of the awareness that it would not be enough to think only formally and that he should address
the question from a wider perspective. It can also be said that with these questions, teachers aim to make students
think about the current situation. As a matter of fact, the questions addressed to the student are the questions that
lead the student to reasoning by calculating after cutting the shape.

Looking at the questions that secondary school mathematics teachers prefer to understand the student error in
the question about the feature of the diagonals (center of gravity) in quadrilaterals, it was determined that each of
the two teachers in different professional experience group who have the correct content knowledge and
preferred a different question type. "What is the center of gravity?" Although the question is directly related to
the knowledge of the student, it can be said that the other questions are the questions that lead the student to
think and find more.

In order for the students to understand their error made about the question of symmetry axis in polygons,
teachers in each professional experience group often used the question of "If shape folds along the axis of
symmetry, do points A and B overlap?". This question style is more student-centered and allows the student to
discover his own error. In addition, in this question, most of the teachers stated that the reason of students'
mistakes was not being able to visualize in the mind. As a matter of fact, when the questions asked by teachers to
find the error are examined, it can be said that there are questions that improve the visual and spatial intelligence
of the student and direct the thought. Some of the teachers' explanations about this situation are as follows:

O, “The reason he made a mistake is actually the remaining parts when he draws like this. Although it is
similar in shape, the student cannot realize that it will not sit on top of each other when folded. So the
quadrilaterals that are formed when you draw here are equal to each other. But these are not
symmetrical. They are rotated from each other. In fact, the student cannot visualize this in his mind ... So
here the student drew the symmetry axis, for example. We got A and B two points. We can only ask
whether these two points are equidistant. ”

Os: ““As the reason for making a mistake, the child thought that the parts on both sides of the axis of
symmetry would be overlapping because the parts were the same. But since the symmetry axis is slanted,
he could not realize that they would not overlap here. There's a problem with one feeling, so the child
can't see it while looking...”

R: “What would we ask to understand the error?”

Os: “In order to understand this error, I ask whether the shape overlaps when we fold the parts on both
sides of the symmetry axis he draws according to the symmetry axis.”

Secondly, the most preferred is “What is Symmetry?”. 0-5 years of professional experienced teachers
preferred the question mentioned compared to other groups. This direct question about the definition of
symmetry is at the level of knowledge to know and it is a question type that cannot improve the student's
application skills. Considering that the problem in the scenario situation is a question at the application level, the
questions that will be directed to the students should be directed to discover more.

The mathematical knowledge or prior knowledge that teachers will use to in order to the student's correctly
answer the questions about triangles and quadrilaterals are given in Table 9:
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Table 9. The mathematical knowledge or prior knowledge that teachers will use to in order to the student's
correctly answer the questions about triangles and quadrilaterals

Subjects Codes Persons

Angle-edge relation 01, 02’ 03' 04, 05’ 06, 07’ Og'Og’ 011, 012
Bisector and median Oy
Perpendicular drawing 040,015
Circle definition 0,04 01,

% Equilateral and isosceles triangle concept O8

= Beam, center and diameter concept Qm

] Triangular drawing rules Oy

= Triangle inequality rule 0,
Sum of the internal angles of the triangle 0,, 0,
Height 0,04
The similarity and difference in the triangle 0,
Radius concept 0304 Og
Concept of quadrants 0.0,0,,
Relationships between quadrants 0,005,
The Parallelogram Concept 0,.0605010
The concept of parallelism 0,04
Trapezoid concept 0,04
Relationship with the environment 0,0,

2 The concept of environment Oy, 0y, 06 Og Oy, Oy,

& The concept and properties of the rectangle 0O,

.'—; Center of gravity and balance 0,

® In parallelograms, the center of gravity is the Og

3 cutting point of the diagonal
Diagonal concept 0,
Symmetry line drawing Oy

Symmetry axis definition

o1. 02 03 05 96: 08 011, O12

Definition of symmetry

05,0304 05 Oy

Symmetrical shape

Reflection and symmetry

Og
0,

When Table 9 is examined, when looking at the mathematical knowledge or the prior knowledge to be

reminded that teachers can use to understand the student's error in the angle-edge relationship, it is seen that the
angle-edge relation information is preferred by all teachers regardless of professional group distinction. On the
other hand, mostly preferred other concepts are circle definition and radius. It is seen that the teachers, who
stated that the concepts of circle, radius and the emphasis of the relations between them, which form the basis of
the angle concept, are less than the teachers who say that the basic acquisition should be given directly. The fact
that teachers give the rules that are the focus of the error as direct information can encourage students to
memorize. It can be said that the concepts of angle, circle and radius, basic concepts and their interrelationships
may have more permanent and positive effects in eliminating errors.

When the mathematical knowledge or the prior knowledge that can be used to understand the error made by
the student in the scenario situation about the center of perpendicularity is examined, it is seen that the height
drawing, the sum of the angles in the triangle and the height concept are said by the teachers with an equal
majority. Based on these expressions, it was determined that the teachers emphasized the concept of height and
height drawing in order to find the center of perpendicularity in different triangles correctly. It is observed that
teachers who draw attention to the height concept focus on the definition of height. On the other hand, it is seen
that O, and Oy, teachers with “Height drawing” answer have professional experience of 11 years and over. Oy
expresses his thoughts as follows:

Oig: “...How to draw a height to the opposite edge from one point?”

Preference of the above-mentioned question by the Oy, teacher, shows that the prior knowledge of the height
drawing emphasizes the importance of the O, teacher to find the orthocenter

Teacher Oy, said the following about the height drawing in an obtuse angle triangle:

Oy,: “...I repeat the subject of drawing a line perpendicular to a line, repeat that in an obtuse angle
triangle, it is drawn perpendicular to the extension of the edge, not the edge.”

Therefore, teachers draw attention to the basic concepts of the subject in order to determine the orthocenter in
different triangles correctly. However, as it can be understood from the statements of the teachers, they state that
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they will do it again through teaching the prior knowledge by means of memorizing the rules or by the method of
expression.

LRI

“Parallelogram concept”, “Relations between quadrilaterals”, “Quadrilateral concept” are mostly mentioned by
almost every professional experience group as mathematical or prior knowledge that can be used by teachers to
understand students' mistakes in classification of quadrilaterals The concept of the parallelogram and the quadrilateral
can be an instantaneous effect on the student's understanding of the error, since it is directed towards giving
information directly. However, since there is a comparison in the “Relations between quadrilaterals™ answer, it allows
students to analyze their own mistake in multi-dimensional way. Thus, it can be said that the student can better
understand the mistake he made.

Asseen in Table 9, "Perimeter concept" is preferred as the most important mathematical prior knowledge or
concept that can be used in the quadrilaterals for understand the student's errors of the calculation of perimeter.
Some answers about this are as follows:

Oy “The concept of the perimeter can be mentioned.”

R: “What do we use to answer correctly as a mathematical concept or prior knowledge?”

O1p: “Perimeter calculation in polygons. ... It will be useful to repeat it.”

R: “What would you suggest as concept or prior knowledge?”’

Oq: “It should be explained that the concept of the perimeter is the sum of the edge lengths...”

As seen from the answers given the above, teachers think that of the “Perimeter” concept should be repeated.
As it is seen in Table 9, “Perimeter concept” is preferred by 1 teacher with 0-5 years of professional experience,
1 teacher with 6-10 years of professional experience, and 3 teachers with 11 years of professional experience.
Therefore, it can be said that this prior knowledge is preferred by teachers with high professional experience.

In the question about the feature of the diagonals (center of gravity) of the rectangles, the answers given
about the mathematical concept or preliminary information that teachers can use to help students understand
their mistakes are aimed to gain knowledge such as "Center of gravity and balance point" and the rectangles of
the parallelograms are the center of gravity. It may be thought that this information is a direct rule, which may
lead the student to memorize.

In the question about the axis of symmetry in quadrilaterals, it is seen that the teachers used in almost every
professional experience group preferred “Symmetry axis definition” and “Symmetry definition” as the
mathematical concept or prior knowledge. These concepts are the basic concepts required to solve the problem
correctly by the student and are in a way to support the student's verbal learning more.

4. Discussion and Conclusion

When the content knowledge of the secondary school mathematics teachers about triangles and rectangles are
evaluated in general, it is seen that the content knowledge about triangles subject of 6-10 years professionally
experienced teachers is better than the other professional experience groups. When the content knowledge
findings of the triangles are examined in detail, it was seen that most of the teachers correctly answered the
questions about the angle-edge relationship in the triangle. It was observed that the teachers who answered the
questions incorrectly knew the angle-edge relation as a rule, but could not use this information in the questions,
and could not sort the edges by using the angle-edge relation in two triangles with a common edge. As a matter
of fact, in some studies in the literature, the misconceptions about the triangle-to-angle relationship are similar to
the findings of this study (Akuysal, 2007; I¢ & Demirkol, 2008). These studies have investigated students'
misconceptions about angle and edge relation. Therefore, this situation experienced by students may be due to
the misconceptions that teachers have. There are many studies in the literature showing that the lack of content
knowledge of teachers is related to student’s misconceptions. (Berg & Brouwer, 1991; Even & Tirosh, 1995;
Sanders, 1993; Tirosh, 2000).

When the content knowledge of the teachers about determined the center of perpendicularity in triangles was
examined, it was found that most teachers gave incorrect information. Within the scope of this subject, a
question was asked to teachers about the center of perpendicularity in different triangles. It was concluded that
teachers made more mistakes in determining the center of perpendicularity of the obtuse angle triangle compared
to the vertical angled triangle. From the drawings made by the teachers, it was observed that they could not draw
the heights outside in the obtuse angle triangle; they could not show that the vertical edges were one height in the
vertical angle triangle; they could only draw one or two heights correctly. For this reason, teachers' inability to
detect the center of perpendicularity in different triangles and draw height may be due to the fact that their prior
knowledge is limited to the prototype shapes. In the related literature, there are some studies showing that there
are misconceptions about defining and drawing the height concept (Gokdal, 2004; Giirefe & Giiltekin, 2016;
Hizarci et al., 2006; Kilig, 2013; Yildiz, Olkun & Akbaba-Altun, 2014). In the following years, the area, volume
calculations of secondary school students etc. learning the concept of height, which will be constantly
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encountered in geometry, will make future learning healthier. Therefore, teachers' perception of shapes with their
prototypes can cause misconceptions in the style of over specialization among students. As a matter of fact, in a
study carried out by Y1ldiz et al. (2014) in order to understand how secondary school 8th grade students perceive
the concept of height in the triangle, to reveal conceptual developments and misconceptions, they determined 15
of 16 students had information deficiencies and some alternative conceptualizations about height concept. These
conceptualizations are situations where only one height can be found in a triangle, the height drawing is wrong in
triangle models that differ from the prototype model, the height in the triangle can only be in the inner region,
and the height in the right triangle is independent of the edges. Similarly, in the other study conducted by Giirefe
and Giiltekin (2016), it was found that secondary school 8th grade students in differently drawn triangles draw
only the one of the height and it is the line segment in the vertical.

When the content knowledge of the quadrilateral of the secondary school mathematics teachers participating
in this study was examined in detail, it was seen that most of the teachers answered the question of the perimeter
calculation of the quadrilateral correctly. In the study conducted by Ayyildiz (2010), it is stated that the subject
of having which the least misconception in geometry of primary school second grade students is the perimeter
calculation. This situation in the students may be an indicator of the sufficient level of the content knowledge of
the teachers about perimeter. Therefore, based on these data, it can be said that the content knowledge about the
direct perimeter calculation of teachers is sufficient. In this research, the teacher could not answer the question
about calculating the perimeter of the rectangle. He showed as a reason to that the lengths of the edges were not
given in the question. This is a remarkable finding that shows that the problem is based on predictive and
thinking skills. Similarly, Ayyildiz (2010) observed that teachers who participated in his study could not answer
perimeter questions that require extra different thinking skills. When we look at the basics of deficiencies and
inaccuracies in the content knowledge of secondary school mathematics teachers about the classification of
quadrilaterals, generally it is seen that the relationships between quadrilaterals are not established by teachers.
Accordingly, it has been found that definitions of some special quadrilaterals are known wrong. This finding
overlaps with other relevant studies (Akkurt, 2010; Aktas & Giiler, 2011; Akuysal, 2007; Birgin & Yavuz,
2014). In the study, teachers with lack of content knowledge know both the angle-edge relation as a rule and the
prototype shapes of the quadrilaterals. However, it has been observed that they cannot apply the angle-edge
relationship in various situations and cannot detect the relationships between the quadrilaterals. In the occurrence
of this situation, the stereotypes in the prior knowledge about the geometric concepts (point, line, angle, etc.)
which are the basis of the subject of triangles and the geometric shapes (triangle and triangle types, square,
rhombus, deltoid, trapezoid, parallelogram) which are the basis of the subject of quadrilaterals can be effective.
Indeed, there are different studies in the literature that support this result (Akuysal, 2007; Alkig-Kiigikaydin &
Gokbulut, 2013; Birgin & Ozkan, 2014; Bozkurt & Kog, 2012; Ergiin, 2010; Y1lmaz, Turgut & Alyesil-Kabake1,
2008).

It was observed that secondary school mathematics teachers did not adequately study the information given
in the question about the center of gravity, did not interpret it enough, and did not approach the problem from a
critical perspective. It can be said that focusing only on the prototype of shapes leads to overgeneralization,
which is a type of misconception. Indeed, in the findings of the study, some teachers: “In all rectangles, the cut-
off point of the diagonal is the center of gravity.” the fact that they think their information is correct supports
their over-generalization. Whereas, some teachers claim that the cut-off point of the diagonals is the center of
gravity in all quadrilaterals and that the center of gravity is the cut-off point of the regular quadrilaterals is in a
contradictory situation. On the other hand, , the explanations of the teachers who gave this answer were
examined, it was seen that they expressed the rectangular and parallelogram as regular quadrilateral. That shows
their deficiencies in this regard. As a matter of fact, in the literature, misconceptions similar to those experienced
by secondary school students in recognizing and associating quadrilaterals with understanding the features of
quadrilaterals were also found in teachers and prospective teachers (Birgin & Ozkan, 2014; Biitiiner & Filiz,
2016; Ersen & Karakus, 2013; Tiirniikli, 2014).

The symmetry axis question was determined to be answered correctly by the majority of teachers. When the
studies on reflection and symmetry are examined, it was found that students and prospective teachers had
difficulties in these issues and fell into misconceptions (Giilden, Ulusoy & Cakiroglu, 2015; Yavuzsoy-Kose,
2012). It can be said that these misconceptions observed in students stem from teachers. However, contrary to
the literature (Hacisalihoglu-Karadeniz, Baran, Bozkus, & Giindiiz, 2015; Leikin, Berman, & Zaslavsky, 2000;
Yavuzsoy-Kose & Ozdas, 2009), the question prepared to determine the knowledge of teachers about the axis of
symmetry was answered correctly by the teachers. Therefore, they did not make mistake by giving the correct
answer. This finding indicates that the teachers who gave the correct answers have sufficient content knowledge
about the symmetry axis of the parallelogram, which will prevent the misconception of their students. One
teacher who answered the question incorrectly; he thinks that the symmetry axes of the parallelogram are
inclined. As a matter of fact, it has been found in the literature that pre-service teachers have a general difficulty
in determining symmetry according to the symmetry line, when the symmetry axis is inclined (Grenier, 1988;
Yavuzsoy-Kose, 2012).1n the study, "the knowledge of students” of the secondary school mathematics teachers
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about the subject of triangles, determining the reasons of the student's mistake, questions that the student should
be asked to understand his own mistake, mathematical knowledge or prior knowledge that the student will use to
answer correctly are evaluated. For teachers in all professional experience groups, the reasons why students
make mistakes in triangles and quadrilaterals are mostly because of lack of knowledge, formal thinking,
overspecialization and carelessness. The fact that use of the expresses of "lack of knowledge" and "carelessness"
by teachers shows that they evaluate the students mistakes superficially without going into much detail. Because
the errors in the scenario situations used in this study are presented as misconceptions in the literature.
Misconceptions are different from the simple mistakes students make in terms of structure. Simple mistakes;
lack of information, carelessness, etc. because it is due to the reasons, while it can be corrected by the student
with any feedback or reminder, since misconceptions are related to the wrong knowledge in the previous
learning of the student, they also have negative effects on the learning of other concepts (Griffiths& Preston,
1992; Osborne & Wittrock, 1983; Palmer, 2001). This leads to the conclusion that teachers should not think of
misconceptions as simple mistakes students make. .When the sources of errors and detailed explanations about
them were examined, it was seen that teachers were able to identify the sources of errors and explain the causes
of errors in general. In this regard, similar results have been obtained in some studies (Gokkurt & Soylu, 2016;
Gokkurt, Sahin & Soylu, 2016; Gokkurt, Sahin, Soylu, & Soylu, 2013). However, when explaining the reasons
for students' mistakes, teachers use expressions of superficial knowledge and carelessness due to their lack of
knowledge about misconception and types. As a matter of fact, in the study conducted by Gokkurt-Ozdemir,
Yildiz and Kogak (2017) to examine student comprehension skills in the field of geometry teaching, it was
observed that teachers were able to identify student errors and misunderstandings in most scenario situations.
However, it was observed that the false explanations and misconceptions about these errors were evaluated
superficially. Teachers state that students make mistakes because they think more formally on the question. The
teachers stated that the students only visually perceive the question by concentrating on the shape and that such
errors occur because they do not perform mathematical calculations on the shape. Considering that the secondary
school students are in the transition process from the concrete operational stage to the formal operational stage
period, there are studies showing that secondary school students have difficulties in using this type of visual and
operational skills in the fields of geometry learning (Ay & Bagbay, 2017; Sarpkaya & Unlii, 2014). For this
reason, stating that students think formally and often encounter situations similar to the error in the scenario
situation, evaluating students based on their cognitive development period is extremely important for teachers'
knowledge of students. When teachers explain the reason for the error made in the related questions about
quadrilaterals, explaining overspecialization situations without using the term of overspecialization shows that
teachers lack academic knowledge about the types of misconceptions.

Knowledge of students as the second component of the pedagogical content knowledge requires the teacher
to understand the mistake made by the student, and this knowledge is directly related to the inquiry ability of the
teacher, the quality and effectiveness of the question asked. The expressions of most of the teachers in each
professional experience group about the questions that teachers can ask to understand the students' mistake about
triangles are low level questions. Because these questions are aimed at emphasizing information or rule rather
than being a reminder of necessary prior knowledge. Indeed, research has shown that low-level knowledge-based
questions are the most frequently used question type, and teachers rarely prefer to ask high-level questions
(Sahin, 2007; Way, 2008). However, some studies in the literature also show that the ability to ask questions can
be improved over time. In the study carried out by Kilig (2014), the teachers were informed about the ability of
prospective teachers to ask questions in their activities and how they should approach to the current
misconceptions in the students. It was determined that the feedback given by the researcher caused a positive
change in the inquiry skills of prospective teachers. When the questions of the teachers regarding the
quadrilaterals related to the students' understanding of the mistake are examined, it is seen that the teachers in
different professional experience groups prefer different questions from each other. However, when it is
evaluated based on the general structure of the questions, it is seen that they are encouraging questions to revive
in mind geometric shapes and to suggest relationships between them. As a matter of fact, in a study by Baki
(2018), the purpose of geometry was specified as recognizing the properties of geometric objects in the plane
and space, finding the relationships between them, defining the geometric place, explaining and expressing the
transformations, and proving geometric propositions. In this regard, asking open-ended questions that lead to
relational thinking and revitalization in mind can contribute to the development of students' high-level geometric
thinking skills.

When the prior knowledge and mathematical concepts that secondary school mathematics teachers will use
about triangles and quadrilaterals in the study, it is seen that the answers of teachers in almost every professional
experience group are mostly aimed at repeating the concepts directly in the focus of the error using the method
of explanation. These findings of the study are similar to the results of the study conducted by Gokkurt and
Soylu (2016). In the answers of some teachers, it is seen that the prior knowledge and mathematical concepts
that will be used to correct student errors on triangles are basic concepts related to the subject. The teachers
stated that they checked whether the students knew these concepts and, if they did not, they would teach through
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repetition and explanation. Therefore, this can encourage students to memorize knowledge and rules. In the
teaching processes that use the question and answer technique as a classic, the mission imposed on the students
is to memorize the stereotyped answers of the questions to be addressed to them and to tell them without
changing the memorized answers (Aydm, 2001). It is important to see the relationships between concepts and
shapes in order to provide meaningful learning in geometry lesson. For this reason, instead of giving the concept
of the focus of the error as information, students should be directed to find and think-guiding questions that will
mobilize basic prior knowledge. As a matter of fact, in this study, when the question-answer technique, which is
the most preferred by teachers, is used in the way mentioned, there are studies showing that students get more
active results in teaching (Kilig, 2014; Midilli, 2003; Tanisli, 2013). Knowledge of students of teachers, which is
one of the components of pedagogical content knowledge, includes knowing the students' prior knowledge,
learning difficulties, their mistakes, what could be the reasons behind these errors, and knowing the
mathematical information they should have in order to eliminate errors (Baki, 2018; Shulman, 1987). In order to
make an effective education, it is necessary to understand what the students know and do not know about the
subject, to detect their mistakes, and to solve the learning difficulties that occur in various situations. In the
realization of the mentioned situations, the level of content knowledge of the teachers should be at a good level.
Therefore, it can be said that the skill knowledge of comprehension the student is in a close relationship with the
content knowledge. In this context, it can be said in the study that teachers' student comprehension skills
knowledge about triangles and rectangles are better than content knowledge. This finding is compatible with the
results of some studies in the literature (Gokkurt et al., 2015; Gokkurt, Kogak, & Soylu, 2014; Gékkurt & Soylu,
2016; Tanigh & Ata-Baran, 2014).

5. Suggestions

Deficiencies and misconceptions were determined in the content knowledge of the secondary school
mathematics teachers about triangles and quadrilaterals. It was observed that students' misconceptions about
triangles and rectangles in the literature were similar with these misconceptions. From this point of view, the
quality of students' learning in geometry can be thought to be related to the content knowledge of the teachers.
Therefore, it is thought that secondary school mathematics teachers should be able to cooperate with other
mathematics teachers , attend in-service training seminars and workshops, both for the lack of knowledge about
triangles and quadrilaterals, for misconceptions, difficulties they experience in other learning areas of
mathematics.

Student comprehension skill knowledge of teachers; It has an important place in reaching the student,
understanding the mistakes made by the student, correcting these errors and preventing misconceptions that may
occur in the students. Therefore, teachers should create lesson plans by predicting the learning difficulties that
students may experience during the lesson and determining the strategies, methods and techniques they can use
in the lessons. Lesson plan is of great importance for teachers to design their lessons effectively and efficiently.
At this point, teachers can be suggested to develop their knowledge of student comprehension skills and
teaching strategies, as well as the technique of lesson study to be done with mathematics teachers in providing
the students with an effective teaching of triangles and quadrilaterals. Lesson plans are made with the branch
teachers before the lesson within the scope of lesson study technique. Then, teaching is done within the
framework of this plan, and during the training, branch teachers observe the course and students. After the
lesson, all branch teachers come together and develop the shortcomings of the lesson plan, student error
situations encountered in the lesson and suggestions for solutions to these situations. For this reason, it is thought
that lesson study can be useful in eliminating deficiencies in all dimensions of teachers' pedagogical content
knowledge (content knowledge, teaching strategy knowledge and knowledge of student comprehension skills).

Only one teacher who preferred computer-aided teaching, which is one of the important methods for teaching
geometry was found. When looking at the curriculum, it is emphasized that dynamic geometry software should
be used to teach concepts in geometry (MoNE, 2013). Therefore, teachers' failure to prefer computer-aided
education may indicate that they do not have the necessary knowledge about dynamic software. For this reason,
by giving in-service seminars to teachers, teachers can be informed about the computer-assisted teaching method
and the dynamic geometry software included in this method and gain the ability to use these software effectively
on triangles and quadrilaterals.

Many teachers were found to have insufficient pedagogical content knowledge about the misconceptions, the
types of misconceptions, and what misconceptions frequently encountered in geometry. Therefore, it is believed
that the preparation of informative guidebooks about this subject and including the misconceptions that are
frequently encountered in the book on the subject, and helpful suggestions for the elimination of these
misconceptions will enable the teaching of mathematics more effectively.

In future studies similar to this research, the classroom situation of the teachers can be observed by the
researcher, and can contribute to the literature. According to the researches in the related literature, studies
investigating the development of pedagogical content knowledge of mathematics teachers regarding geometry
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have not been found. For this reason, researchers may be advised to do longitudinal studies that allow
mathematics teachers to track the development of pedagogical content knowledge regarding geometry.
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