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It is known that many students face various difficulties in learning geometry, which is
one of the sub-branches of mathematics. Knowing the difficulties encountered in
teaching a subject is important for a quality and efficient teaching. The aim of this study
is to determine the difficulties that students encounter while learning about the bisector
and median of triangle. The case study design, one of the qualitative research methods,
was used in the study. The study group consists of 86 secondary school 9th grade
students. The data of the study were obtained through the Triangles Knowledge Test
prepared by the researchers and face-to-face interviews with the participants in 2014-
2015. In the study, descriptive statistics were used in the analysis of the quantitative data
obtained and the descriptive analysis method was used in the analysis of qualitative
data. As a result of the analysis of the data obtained in the study, 22 different difficulties
faced by the students regarding the bisectors and medians of the triangle were identified.
It was determined that the difficulties of "not being able to form the bisector of an angle"
in the issue of the bisector and "not being able to comprehend whether a point in a
triangle is the center of gravity" in the issue of the median are the most encountered
difficulties by the students. It is thought that knowing these difficulties about triangle
bisectors and medians will contribute to the development of methods and techniques to
be applied for better understanding of the subject.
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Matematigin alt dallarindan biri olan geometrinin 6greniminde birgok &grencinin gesitli
zorluklarla karsilastiklar: bilinmektedir. Bir konunun 6gretiminde karsilasilan giigliiklerin
bilinmesi kaliteli ve verimli bir 6gretimin yapilmasinda énemlidir. Bu calismanin amaci,
Ogrencilerin {icgenin aglortay ve kenarortaylar1 konusunu Ogrenirken karsilastiklari
glicliikleri tespit etmektir. Calismada, nitel arastirma yontemlerinden biri olan durum
calismast deseni kullamilmistir. Calisma grubunu 86 ortadgretim 9. simuf Ogrencisi
olusturmaktadir. Calismanin verileri arastirmacilar tarafindan hazirlanan Uggenler Bilgi
Testi ve katilimailarla yapilan yiiz yiize goriismelerle 2014-2015 yillarinda elde edilmistir.
Calismada elde edilen nicel verilerin analizinde betimsel istatistikler, nitel verilerin
analizinde ise betimsel analiz yontemi kullanilmistir. Calismada elde edilen verilerin
analizleri sonucunda, {i¢genin agiortaylar1 ve kenarortaylar1 konusunda ogrencilerin
karsilastigy 22 farkl giigliik tespit edilmistir. Aclortay konusunda “Bir ag¢inin aglortayini
olugturamama”, kenarortay konusunda ise “Uggenin iginde verilen bir noktanin agirhk
merkezi olup olmama durumunu kavrayamama” giigliiklerinin 6grenciler tarafindan en gok
karsilagilan giigliikler oldugu belirlenmistir. Uggenin aglortaylar1 ve kenarortaylari
konusunda elde edilen bu giigliiklerin bilinmesinin konunun daha iyi anlagilmas: yoniinde
uygulanacak yontem ve tekniklerin gelistirilmesine katki sunacag diisiiniilmektedir.

Sorumlu Yazar : Orhan Ciftci, Dr., Milli Egitim Bakanlig1, Tiirkiye, orciftci@gmail.com, ORCID ID: 0000-0002-5969-9464.
Tevfik 1§leyen, Dog. Dr., Atatiirk Universitesi, Tiirkiye, tevfikisleyen@gmail.com, ORCID ID: 0000-0001-9349-4078.

Atif igin: Ciftci, O., & i§leyen, T. (2022). Uggenin aglortaylar ve kenarortaylari konusunda 6grencilerin karsilastiklar: 6grenme
giicliikleri. Kirgehir Egitim Fakiiltesi Dergisi, 23(Ozel Sayn), 509-560.


http://kefad.ahievran.edu.tr/
http://kefad.ahievran.edu.tr/

Ciftci, O. & Isleyen, T.
Giris

C)grenme glicliiklerinin en ¢ok yasandigi derslerden birisi olan matematik dersini bir¢ok
Ogrenci zor olarak gormektedir (Tall ve Razali, 1993). On-sart olus iliskilerinin gliclii oldugu matematik
dersinde bir konuda giiclitk yasayan 6grencinin bu konuyu da kapsayan ileriki konularda basarili
olmasi zordur (Ciftci, 2018). Genelde matematikte kavramsal bilgiyi anlamadan yapilan islem 6gretimi
hatalara ve matematigin sevilmemesine sebep olabilmektedir (Van de Walle, Karp ve Bay-Williams,
2010). Matematik egitimi alanyazini incelendiginde 6grencilerin herhangi bir konuyu 0Ogrenirken
karsilagtiklar1 gilicliikler “kavram yanilgisi” ve “hata” terimleri bashklari altinda ele almmistir
(Bingolbali ve Ozmantar, 2014). Kavram yanilgist bir 6grencinin uzun zamandir kabul ettigi, birden
fazla durumlarda ortaya ¢ikan, 6grenci tarafindan kolay degistirilemeyen, bilimsel gerceklerle celisen
kavramalar iken hata ise matematiksel ifadelerin, fikirlerin yanlis kullanilmasidir (Erbas, Cetinkaya ve

Ersoy, 2009).

Matematigin 6nemli alt dallarindan biri olan, 6gretim programlarinin ayrilmaz bir pargasi olan
geometri alaninda; Ogrenciler geometrik sekilleri, bu sekillerin ozelliklerini ve birbirleriyle olan
iliskilerini 6grenirler. {ligkileri kesfetme, modelleme, problem ¢6zme ve analiz etme gibi {ist diizey
becerilerin kazandirildigr geometride ogrenciler genellikle zorlanirken bazi 6grenciler ise basarisiz
olurlar (Duatepe, 2004). Duval (1998)’e gore geometri 6gretmek rakamsal islemleri 6gretmekten daha
zordur. Geometride matematigin diger alanlarma gore 6grenciler daha ¢ok zorluk yasamaktadirlar
(Chen, 2021). Geometrinin cebire gore karmasik goriilmesinin sebebi geometride gorselligin fazla

olmasi ve kavramlari akilda canlandirmanin zor olmasidir (Karakus, 2008).

Fransiz bilim adami Raymond Duval geometrik aktiviteleri biligsel agidan incelemistir. Duval
(1998)'e gore geometri ii¢ gesit bilimsel siire¢ igermektedir. Bu siireglerden ilki olan gorsellestirme
siireci, bir durumun gosterimi, bir karmasik durumun sezgisel kesfi, biitiinciil bakis ve 6znel dogrulama
gibi siiregleri igerir. Diger bir siire¢ olan olusturma siireci, matematiksel araglar kullanarak geometrik
insalarin yapilmasini icerir. Bu araglar pergel, cetvel veya dinamik yazilim gibi araglardir. Son olarak
muhakeme siireci ise, bir aciklama ya da ispat i¢in bilginin genisletilmesini igermektedir. Bir zorlugu

asabilmek i¢in yapilan her tasima, deneme ve hata muhakemenin bir seklidir.

Geometri 6gretiminde temel olarak kabul edilebilecek kavramlardan biri olan {iggen kavrams,
daha karmasik yapidaki geometrik kavramlarin 6gretiminde sik sik kullanilir (Kaplan ve Hizarci, 2015).
Tam 6grenilemeyen iiggen kavrami geometrinin ilerleyen konularinda giigliiklerle karsilasiimaya sebep
olabilir. Ucgen kavrammin tam oOgrenilebilmesi icin {iggene ait elemanlarin ve bu elemanlarin
ozeliklerinin eksiksiz 6grenilmesi gerekmektedir (Ciftci, 2018). Bir ii¢genin agilarna ait agiortaylar,
kenarlarina ait kenarortaylar, kenar orta dikmeler, yiikseklikler ve bu kavramlarin 6zellikleri {icgenin
yardimer elemanlari olarak okul miifredatlarinda yer almaktadir (MEB, 2013; MEB, 2017). Uggen

kavraminin 6nemli elemanlar: olan bu kavramlarda 6grenci gesitli giicliiklerle karsilasmakta (Altintas
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ve Ilgi'm, 2017; Giil, 2014; Giirefe ve Giiltekin, 2016; Kilig, 2013) ve bu sebepten dolay: tiggen kavraminin
Ogrenimini tam olarak gerceklestirememektedir. Herhangi bir konuyu 6grenirken yasanan giigliikleri
bilmek, etkili bir sekilde anlamay1 saglayacak 6grenme ortamlarmin tasarlanmasinda 6nemli bir adim
olup (Rasmussen, 1998; Yetkin, 2003) Ogreticilere verimli 6gretim yaklasimlarmi se¢mede faydali

olacaktir (Tatar ve Dikici, 2008).

Alanyazinda geometri alaninda giicliikleri tespit etmeye yonelik yapilan calismalar, cebir
alaninda yapilan calismalara nazaran daha azdir. Yapilan calismalar incelendiginde ogrencilerin
geometride cesitli 6grenme giicliiklerine sahip olduklari1 goriilmiistiir. Gutierrez ve Jaime (1999), 190
Ogretmen aday1 iizerinde yazili bir testle bir tiggenin yiikseklik kavramu ile ilgili kavram imajlarmn,
zorluklarinm1 ve hatalarini arastirmislardir. Elde edilen sonuglarda, Ogrencilerin ¢izilmesi istenen
ylikseklik yerine kenarortay ya da kenar orta dikme ¢izme, tepeden tabana dik olmayan herhangi bir
dogru pargasi cizme, istenilen tabandan farkli tabana yiikseklik cizme gibi hatalar yaptiklar tespit
edilmistir. Baran (2011) 6grencilerin ii¢genler konusunda sahip olduklar giigliikleri arastirdig tez
calismasinda;  Ogrencilerin  liggenlerde kavram, tamum ve genellemeleri birbirleriyle
iliskilendirmelerinde cesitli giicliiklere sahip olduklarini tespit etmistir. Uggenlerde karsilagilan
glicliiklerin arastirildig: bir diger calismada, I¢ ve Demirkol (2008) ortadgretim ogrencilerinin tiggenler
konusunda temel hatalarini ve kavram yanilgilarini arastirmislardir. Arastirmacilar bu calismalarinda,
Ogrencilerin sorulardaki verileri iyi analiz edemedigini, dogruda agilar, {icgende agilar ve aci-kenar
konusunda islem hatalar1 yaptiklarini ve dogruda agi ile tiggende agi konularmin o&zelliklerini
karigtirdiklarini belirlemislerdir. Bu calismanin sonuglarina benzer olarak; Ozsoy ve Kemankagli (2004)
da dgrencilerin cemberler konusunda yaptiklar: hata ve yanilgilari inceledikleri calismada; 6grencilerin,
konularin 6zelliklerini karistirdigini ve verileri analiz etmede zorluklar yasadiklarini tespit etmislerdir.
Bununla beraber 6grencilerin bir¢ok islem hatasi yaptiklar1 ve kavramlar arasinda baglant: kurmakta

zorlandiklart sonuglaria ulagilmistir.

Geometride Ogrenciler tarafindan tam anlasilmayan temel kavramlar, ileriki zamanlarda
ogrencilerin gesitli giicliiklerle karsilasmalarina sebep olur. Ogrencilerin temel geometri konularindaki
hatalar1 ve kavram yanilgilarini agilar konusunu baz alarak arastiran Ubuz (1999) yaptig: calismada,
Ogrencilerin geometriksel kavramlari Ozellikleri ile birlikte ele almayip, sadece onlar1 fiziksel
goriiniimlerine gore algiladiklarini belirtmigtir. Ayrica bu ¢alismada 6grencilerin “dogru”, “kenarlar:
paralel acilar”, “liggen”, “cokgen” ve “paralelkenar” gibi temel geometri konularinda kavramsal
yanilgilara sahip olduklarini belirtmistir. Ubuz (1999) 6grencilerin yaptig1 hatalarin hemen hemen her
soruda aym oldugunu, hatalarin yapilmasinin en o6nemli nedeninin Van Hiele teorisinin ilk
geometriksel diisiinme seviyesi olan gorsellik oldugunu belirtmistir. Hershkowitz (1987), Gutierrez
ve Jaime (1999), Blanco (2001) da g¢alismalarinda ogrencilerin geometrideki temel kavramlarda
karsilastiklar gligliiklere dikkat ¢ekmislerdir. Oksiiz (2010)'iin calismasina gore, 0grenciler geometrik

kavramlar: giinliik hayat durumlariyla iliskilendirme konusunda giigliikler yasamaktadir. Kavramsal
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yanilgilarin arastirildigi baska bir ¢calismada Yenilmez ve Yasa (2008) 6grencilerin, “dogru, dogru
pargasi, 151n” konularindaki kavram yanilgilarinmi tespit etmis ve bu yamnilgilarin bazi demografik
degiskenler acisindan farklilasip farklilasmadigini belirlemislerdir. Calismanin sonuglarna gore,
matematik basaris1 yiiksek Ogrenciler, daha diisiik basarili Ogrencilere gore daha az yanilgiya
diismiislerdir. Bunun yani sira geometriye ilgisi yiiksek olan 6grencilerin, daha az ilgili 6grencilere
gore; Tiirkce basarisi yiiksek 6grencilerin de daha diisiik basarili 6grencilere gore yanilgilarinin daha
az oldugu tespit edilmistir. Ayrica yanilgilar cinsiyet agisindan da incelenmis kiz 6grencilerin erkek
Ogrencilere gore testteki daha ¢ok soruyu cevapladigl ve kavram yanilgilarma daha az diistiigii tespit
edilmistir. Ubuz (1999) ise ¢alismasinda kiz 6grencilerin erkek 6grencilere gore daha basarili oldugunu

fakat daha ¢ok yanilgiya diistiiklerini tespit etmistir.

Uzamsal diisiincenin 6nemli yer tuttugu geometride Ogrenciler ii¢ boyutlu cisimleri
diisiinmede ve kavramada cesitli zorluklarla karsilasmaktadirlar. Ozerem (2012) yaptig1 calismada
Ogrencilerin uzunluk, a¢i, doniisiimler, insa ve {i¢ boyutlu sekiller konularinda kavram yanilgilarina,
gecmis bilgi eksikliklerine, muhakeme ve temel islem hatalarina sahip olduklarin elde etmis ve bu
glicliiklerin ortadan kaldirilmasi i¢in 6neriler sunmustur. Uc boyutlu geometrik cisimler konusunun ele
alindigr Kiiciikaydin ve Gokbulut (2013)'un yaptigt calismada ise, calismaya katilan Ogretmen
adaylarinin  higbiri calismada yer alan geometrik cisimlerin tamaminin acilimini dogru olarak
yapamamus, ayrica Ogretmen adaylari geometrik cisimleri tanimlama ve Ornekleme kisminda da
zorlanmuslardir. Tiirniiklii ve Ergin (2016)’in yaptiklar1 calismada da dgrencilerin {i¢ boyutlu cisimlerle

ilgili asir1 6zelleme ve asir1 genelleme yanilgilarina diistiikleri goriilmiistiir.

Ogrenciler 6gretim hayatlarinda konu ve kavramlari 6grenirken cesitli giicliiklerle karsi karsiya
kalirlar. Karsilastiklari bu giigliikler konunun eksik 6grenilmesine; dolayisiyla ileriki konularda da daha
farkli giigliiklerle karsilasmalarina sebep olabilir. Bir konu ya da kavrami 6grenirken karsilasacaklar
giigliikleri bilmek, etkili bir sekilde Ogrenmeyi saglayacak &gretme-6grenme ortamlarinin
tasarlanmasinda Onemli bir adimdir (Rasmussen, 1998; Yetkin 2003). Geometrinin 6nemli bir
boliimiinii olusturan ve geometrik kavramlarin temeli olarak kabul edilen {i¢gen kavrami, geometrinin
diger kavramlarmnin oOgretilmesinde Onemli bir role sahiptir (Zeybek, 2013). Bu dogrultuda bu
¢alismanin amaci, 6grencilerin tiggenin agiortay ve kenarortaylar: konusunu 6grenirken karsilastiklar

giicliikleri tespit etmektir.
Yontem

Calismada nitel arastirma yontemlerinden durum calismast deseni kullanilmistir. Durum
calismalar: bireylerin, gruplarn, kiiltiirlerin, bolgelerin 6zel durumlarinin derinlemesine incelendigi
calismalardir (Patton, 2014). Durum c¢alismalarinda bir olay ya da bir durum ayrintili bir sekilde

agiklanir (Merriam, 2013). Calismada, ortadgretim 9. smif ogrencilerin iiggenin yardimci elemanlar:
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konusunu 6grenmede karsilastiklar: giigliikler derinlemesine incelendiginden dolay1 durum ¢alismasi

deseni tercih edilmistir.
Calisma Grubu

Bu arastirmanin ¢alisma grubunu, Erzurum ilinde 3 farkli okulda 6grenim goren 86 dokuzuncu
sinif 6grencisi olusturmaktadir. Calisma grubunun belirlenmesi asamasinda uygun 6rnekleme yontemi
kullanilmistir. Uygun Ornekleme yonteminde, ¢alisma grubu belirlenirken zaman, para ve isgiicii
kaybini 6nleme g6z 6niinde bulundurulur (Biiyiikoztiirk, Kilig-Cakmak, Akgiin, Karadeniz ve Demirel,
2009). Calisma grubu, Erzurum ili merkez ilgelerindeki 3 farkli okulda 6grenim goéren 6grencilerden

olusturulmustur. Calisma grubunu olusturan 6grencilerin 39'u (%45) kiz, 47’si (%55) erkektir.
Veri Toplama Araglan

Bu c¢alismada, arastirmanin problemi dogrultusunda nicel ve nitel veri toplama araglarindan
faydalanilmistir. Calismanin nicel verileri arastirmac: tarafindan gelistirilen Uggenler Bilgi Testi (UBT)

ile nitel verileri 6grencilerle yapilan goriismelerle toplanmustir.

I"Jggenler bilgi testi (UBT): Calismada Ogrencilerin karsilastiklar: giigliikleri tespit etmek i¢in, 17 agik
uglu, 5 bosluk doldurma ve 2 tane dogru-yanlis sorularindan olusan UBT hazirlanmustir. UBT’de yer
alan sorular, Ortadgretim Matematik Dersi (9-12. siflar) Ogretim Programi'nda yer alan iiggenler
tinitesi altindaki liggenin yardimci elemanlar1 konusu ile ilgili kazanimlar ve kazanim agiklamalar:
dogrultusunda olusturulmustur. Ortadgretim Matematik Dersi (9-12. siniflar) Ogretim Programi'nda
yer alan ilgili kazanimlar ve kazanim agiklamalari su sekildedir (MEB, 2013):

1. Bir agmin agiortayini ¢izer ve 6zelliklerini agiklar.

v’ Agiortay iizerinde alinan bir noktadan aginin kollarina indirilen dikmelerin uzunluklarimn esit oldugu

kesfettirilir.
v’ Pergel-cetvel veya dinamik geometri yazilimlarinda bunlarin karsiligt kullanilir.
2. Uggenin i¢ ve dis aciortaylarinin dzelliklerini gdsterir

v’ Ucgende i¢ ve dis aciortaylarin kesigimlerine dair iliskiler ile i¢ ve dis aciortay teoremlerine yer

verilir.

v’ Uggenin i¢ teget ve dis teget cemberleri ¢izdirilir.

v’ Bilgi ve iletisim teknolojilerinden yararlanilir.

3. Uggenin kenarortaylarinin bir noktada kesistigini gosterir ve kenarortayla ilgili 6zellikleri agiklar.

v’ Kenarortaylarin kesistigi noktamin iiggenin agirlik merkezi oldugu vurgulamir; iiggenin agirlik

merkeziyle ilgili 6zellikler incelenir.
v’ Cetvel-pergel veya dinamik geometri yazilimlarinda bunlarin karsihigi kullanilur.

UBT hazirlanirken 2014-2015 egitim &gretim yilinda Milli Egitim Bakanligma baglh egitim

kurumlarinda okutulan 9. siif matematik ders kitaplarindan (Erbas, Cetinkaya, Giiven, Karatas ve
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Cinkar, 2015; Karakuyu ve Bagci, 2015) yararlanilmistir. Olusturulan test her bir kazanimi en az bir soru
kapsayacak sekilde gelistirilmistir. Testin kapsam gecerligine yonelik, UBT icindeki sorular ilgili
olduklar1 kazanimlari gosteren belirtke tablosu hazirlanmistir. Bu belirtke tablosu ile birlikte hazirlanan
UBT, matematik egitiminde uzman 5 6gretim iiyesi ve deneyimli 4 lise matematik 6gretmeni tarafindan
incelenmistir. Uzmanlardan gelen doniitler sonrasinda testlerde gerekli diizenlemeler yapilarak

kapsam gecerligi saglanmisgtir.

Uzman goriisleri sonrasinda geligtirilen UBT, giivenirlik calismalari igin 2014-2015 egitim
O0gretim yilimin ilk doneminde {ii¢ farkli okuldaki 130 onuncu smif Ogrencisine pilot olarak
uygulanmistir. Arastirma konusu 9. sinif ikinci dénemi konusu oldugundan pilot ¢alismada 10. smuf
Ogrencileri tercih edilmistir. Bu Ogrenciler secilirken seviyelerinin liselere giris puanlarina gore
calismanin yapilacagr okullardaki 6grencilerin seviyeleri ile yakin olmalarina dikkat edilmistir.
Gelistirilen UBT’nin pilot uygulamasi sonucunda her Ogrencinin kagidi puanlandirilmistir.
Puanlandirma her soru icin 0,1,2 seklinde degerlendirilmistir. Tamamen dogru cevaplar icin 2, dogru
cevabin bir kismini igeren cevaplar i¢in 1, yanlis ya da bos cevaplar icin 0 puan verilmistir. Yapilan
degerlendirme sonucunda Ogrencilerin aldig1 puanlar biiyiikten kiiglige dogru siralanarak iist grup
(grubun %27’si) ve alt grup (grubun %27’si) belirlenmistir. Olusturulan bu gruplar g6z oniine alinarak
UBT'nin her bir maddesi igin giigliik (P) ve madde ayirt edicilik (D) degerleri hesaplanmistir. Ayrica
Pilot uygulama sonucunda toplanan verilerin analizi yapilarak UBT'nin KR-20 ig tutarlilik katsayist igin

0.99 olarak bulunmustur.

Goriisme: Calismada Ogrencilerin bilgi testinde verdikleri cevaplarin derinlemesine incelenmesi
amaciyla yapilandirilmamis goriismeler yapilmistir. Her 6grencinin her bir soruya verecegi yanit farkli
olabilecegin dolay1 goriisme formu kullanilmamis, bunun yerine her bir 6grencinin sorular:
cevaplandirdigi UBT kullamlmistir. Hem kontrol hem deney grubunda &grencilerin bilgi testinde
verdikleri cevaplar “Nasil?”, “Neden?”, “Aciklar misin?” gibi ifadelerle sorgulanarak Ogrenme

glicliikleri belirlenmistir.
Aragtirma Siireci

Calisma 2014-2015 yilinda yiiriitilmiistiir. 34 6grencinin bulundugu birinci sinifta (9-A), 27
Ogrencinin bulundugu ikinci smnifta (9-B) ve 25 6grencinin bulundugu {iciincii sinifta (9-C) 6gretmenler
kendi yontemleriyle {iggenin yardimci elemanlar1 konusunun Ogretimini gerceklestirmislerdir.
Ogretmenlerin yaptiklar1 6gretim sonucunda UBT her gruba 2 ders saati siiresince son test olarak
uygulanmigtir. UBT’lerin son test olarak uygulanmasindan sonra 6grencilerin §grenmede karsilastiklart
glicliiklerin belirlenmesi asamasina gecilmistir. Oncelikle ogrencilerin kagitlari incelenmis, yanlis ve
bos sorular1 tespit edilmigtir. Daha sonra 6grencilerin bilgi testinde verdikleri cevaplarin derinlemesine
incelenmesi amaciyla 86 Ogrencinin her biriyle goriismeler yapilmistir. 86 &grenci ile yapilan

goriismeler son testin yapildig1 ertesi giin baslanarak sonrasindaki ii¢ giin igerisinde bitirilmistir.
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Sonraki siirecte goriigmeler bilgisayar ortaminda transkript edilerek yaziya dokiilmiistiir. Ogrencilere
uygulanan testler ve yapilan goriismeler birlikte analiz edilerek 9. sinif 6grencilerinin iiggenin yardimci

elemanlar1 konusunda karsilastiklar: giigliikler tespit edilmistir.
Verilerin Analizi

Ogrencilerin UBT’de sorulara verdikleri yanitlari ayrintili degerlendirerek &grenme
glicliiklerinin tespit edilmesi amaciyla her 6grenciyle gerceklestirilen goriismeler 6grencilerin izinleri
dogrultusunda oncelikle kayit altina alinmistir. Daha sonra bilgisayar ortaminda transkript edilen
veriler betimsel analiz teknigi kullanilarak analiz edilmistir. Betimsel analiz tekniginde elde edilen
veriler 6nceden belirlenen kategorilere gore ozetlenir (Yildirim ve Simsek, 2008). Ogrencilerin
transkript edilen goriismeleri arastirmaci tarafindan tekrar tekrar okunarak yasadiklar: zorluklara ve
sahip olduklar1 kavram yanilgilarina gore belirli gii¢litk basliklar1 altinda toplanmistir. Elde edilen
glicliiklerin her birine bir kod verilmistir (OG1, 0G,, ...). Elde edilen kodlar 6nceden belirli olan, 6gretim
programindaki tiggenin yardimci elemanlar1 konusuna ait kazanumlarin basliklar1 (kategori) altinda
siniflandirilmistir. Her bir belirlenen giicliik Duval'in bilissel modelindeki “gorsellestirme”,
“olusturma”, “muhakeme” siirecleri agisindan ele almarak 6grencilerin karsilastiklar: giigliiklere gore
hangi biligsel siireclerinde sikint: ile karsilastig1 tespit edilmistir. Ortaya cikan giigliikler yiizde ve

frekans tablolar1 yardimiyla sunularak bu giicliigii yasayan ogrencilerle yapilan goriismeler betimsel

olarak verilmistir. Ogrenme glicliikleri belirlenirken 6grenciler 01, 02, ... 086 seklinde kodlanmustir.
Arastirmanin Etik izinleri

Yapilan bu ¢alismada “Yiiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi”
kapsaminda uyulmasi belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boliimii olan “Bilimsel
Arastirma ve Yayin Etigine Aykir1 Eylemler” bashg altinda belirtilen eylemlerden higbiri

gerceklestirilmemistir.

25 Subat 2020 tarihli ULAKBIM kararina gore 2020 yili dncesi aragtirma verileri kullarulan
calismalarda geriye doniik etik kurul belgesi gerekmemektedir. Arastirmanin verileri 2014-2015

yillarinda elde edildiginden etik kurul belgesi alinmamustir.
Bulgular ve Yorum

2014-2015 Egitim Ogretim yilinda {ig farkli okulda 6grenim goren toplam 86 &grencinin iiggenin
yardimar elemanlar1 konusunda karsilastiklart 6grenme giigliikleri ile ilgili bulgular, ilgili konuya ait
Ogretim programinda yer alan kazanim bagliklar altinda verilmistir. Elde edilen 6grenme giigliikleri,
ogrencilerin UBT sorularina verdikleri cevaplar ve her bir 6grenciyle yapilan goriismeler esliginde
incelenerek tespit edilmistir. Ogrencilerin en az bir soruda karsilasmasiyla kayit altina alinan 6grenme
giicliiklerinin yiizde ve frekanslari, 6grencilerle yapilan goriigsmelerin betimsel analizi ve 6grencilerin
ilgili gitigliiklerle karsilastiklar1 sorulara verdikleri yarutlar esliginde asagidaki bagliklar altinda

sunulmustur.
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“Bir acinin agiortayini gizer ve 6zelliklerini agiklar.” Kazanimu ile Tlgili Bulgular

”

“Bir acinin aciortaym cizer ve Ozelliklerini agiklar.” kazamimina (1. kazanim) yonelik
Ogrencilerin karsilastiklar1 giigliikleri belirlemek amaciyla UBT'nin 1, 20, 23 ve 24. sorular
hazirlanmigtir. Ogrencilerin bu sorulara verdikleri yanitlarinin ve gériismelerinin analizleri sonucunda,

bu kazanimla ilgili karsilasilan 6grenme giicliiklerinin frekans ve yiizde degerleri Tablo 2’de

sunulmustur:

Tablo 1. Ogrencilerin 1. kazanim ile ilgili karsilastiklart 53renme giicliiklerinin frekans ve yiizde degerleri

Ogrenme Giigliigii Frekans Yiizde
Bir ac¢inin aglortayini olusturamama (OG) 86 %100
Bir D noktasinin A agisinin aglortayi iizerinde olup

N o 80 %93
olmadigini kavrayamama (OGz)
Bir A agisinin baglangi¢ noktasindan ¢izilen dogru
pargasinin, aginin agiortay1 olup olmadigini 79 %92
kavrayamama (OGs)
Bir acinin agiortay: iizerindeki bir noktanin aginin
kollarina olan uzakliginin esit oldugunu kavrayamama 56 %65

(OGs)

Tablo 1 incelendiginde 1. kazanimla ilgili olarak hazirlanan sorulara iliskin verilen yanitlardan
elde edilen bulgulara gore, 4 farkli 5grenme giicliigii tespit edilmistir. Bu giigliiklerden OG: giigliigiine
ogrencilerin hepsinin, OG: giigliigiine 6grencilerin %93'{iniin, OGs giicliigiine 6grencilerin %92’sinin ve

OGu giigliigiine ise 8grencilerin %65nin sahip oldugu goriilmiistiir.

Bir aginin agiortayini olusturamama giigliigii (OG1): Ogrencilerin UBT kagitlar1 ve goriismeleri
incelendiginde biitiin 6grencilerin, bir aginin agiortayini olusturamama giigliigiine sahip olduklar:
tespit edilmistir. Elde edilen bu giiclitk UBT'nin 1. kazanima yonelik hazirlanan 24. sorusundan elde
edilmistir. Ogrencilerin 24. soruya verdikleri yamtlar incelendiginde, biitiin 6grencilerin verilen
bosluklar: ya bos biraktigi ya da yanlis doldurdugu gozlemlenmistir. Bunun sonucunda &grencilerin
tamaminin pergel-cetvel araglarmi kullanarak bir ac¢min aglortaymi adim adim olusturma
basamaklarin1 kavrayamadiklar1 tespit edilmistir. Bu glicliigli yasayan Ogrenciler, 0zellikle
matematiksel araglar kullanilarak geometrik yapilarin insasini igeren “olusturma” siirecinde sikinti
yasamaktadirlar. OG: giigliigiine sahip O7'nin UBT’de soruya verdigi cevap (Sekil 1) ve &grenci ile
yapilan goriisme su sekildedir:
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““““ -

Yukarida verilen A agisinin agiortayinin adim adim

gizilmesinde bazi ad ilmigti
el 1 adimlar asagida verilmistir. Bos  kalan kisimlari

ad

1. Adim: Pergel belirli bir aralikta acilir ve aginin kollarini kesecek sekilde A merkezli AL_‘_’
bir yay cizilir. e

B
2. Adim: Gizilen yayin aginin kollarini kestigi noktalar belirlenir (§ ve C noktalari). ) :; e
N AT

3. Adm{e.: gel [aAl .m.m\..;éunAo. g

4. Adlm:%mfb:.,..@ﬂz.‘......sﬁbchLi(...&ii.[cl@.“k.a\e,r..\a_c% graf’"‘

Sekil 1. O7'nin UBT’de 24. soru cevabi

Gériismeci: Peki 24. soruyu nasil diisiindiin?

O7: Hangisi? Buydu demi?

Goriigmeci: Uciincii adim demissin ki: Pergel AD uzunlugu...
O7: ..uzunlugunda agilir.

Gériismeci: Tamam. AD uzunlugunda D’yi sen yazmigsin!
O7: Burada biz agiortay mi olusturacaktik?

Goriismeci: Evet.

O7: O yiizden... Mesela bu kadar agt... Yok, bir dakika... Ben ne yaptim nasil diisiinmiistiim. Hah o kadar
acacagiz ki buray: da o kadar uzatip aciortay: bulabilelim.

Gériismeci: Nasil yani uzatacagiz oray:1? Tam ortasim nasil bulacagiz ki agiortay oldugunu bilelim? 4.
adimda “Kenarlar esit olacak sekilde kenarortay ¢izilir.” demissin?

O7: Kenarlarin esit oldugunu bulacagiz basta.

Goriismeci: Nasil yani? Cetvel yok elimizde pergelimiz var.

O7: Sadece pergel var. Yok [cevap yok anlamindal.

Goriismeci: Peki.

Ogrencilerin 24. soruya verdikleri cevaplarinin ve yapilan goriismelerinin analizleri sonucunda
¢oziime yaklagan, mantik yiiriitebilen hicbir dgrencinin olmadig1 goriilmiistiir. Ogrencilerin hepsinin
OG: giigliigiine sahip olmalarinin sebeplerinden en &nemlisi, derslerde pergel-cetvel araglariyla veya

gelisen teknolojik araglarla (6rnegin dinamik yazilim) Ogrencilerin adim adim geometrik ¢izim

etkinlikleri yapmaya aliskin olmamalar1 diistintilebilir.

Bir D noktasinin A acisinin agiortayr iizerinde olup olmadigini kavrayamama giicligi (OGo):
Ogrencilerin UBT'nin 1. sorusuna verdikleri yanitlari analiz edildiginde, bir¢ok 6grencinin herhangi bir
D noktasinin A agisinin agiortay: iizerinde olup olmadigini tam anlamiyla kavrayamadig: tespit
edilmistir. 4 secenekten olusan 1. sorunun biitiin segeneklerini dogru yapan 7 dgrenci haricindeki 80
ogrencinin bu giigliigli yasadig1 tespit edilmistir. OGa giigliigiine sahip olan dgrencilerden bazilari, D
noktasinin A agisinin agiortayi {izerinde olmasi i¢in D noktasindan agiortay kollarina indirilen dogru
parcalarinin uzunluklarinin esit ve aciortay kollartyla 90 derecelik agi yapmasi gerektigini

belirtmektedir. Bu 6grencilere gore, D noktasindan agiortay kollarina 90 dereceden farkli, ayn1 dlgiide
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agiile indirilen dogru pargalari esit uzunlukta olsa bile (UBT 1. soru d sikki), D noktasi aglortay tizerinde
degildir. 0G: glcliigiiyle karsilasan Ogrenciler, bir noktanin bir ac¢inin aglortayr iizerinde olup
olmadigini kavramsal olarak inceleyemediginden, bu konuda herhangi bir bilgisi olmadigindan veya
yanlis bilgisi oldugundan dolay1 “muhakeme” siirecinde sikint1 yasamaktadirlar. Bu 6grencilerden biri

olan O38'in soruya verdigi cevap (Sekil 2) ve 6grenci ile yapilan goriisme su sekildedir:

1) Asagidaki sekillerin hangisinde/hangilerinde D noktasinin A agisinin agiortay iizerinde olup olmadig
kesinlikle séylenebilir? Gerekgeli olarak agiklayimiz.

Cevap: ‘)giluf ) Cevap: De!if'c"’ -
Gerekge; \
ebeaoEl ., el &2

ik eyt o gl

Cevap: ,l.flﬂ.ﬁ.f..k,\t(’i" 4 Cevap: M“&f .

H o ereKge:
TEoL-1PEL. el Aty k...
MH’AH“’“‘" B Ty T —

kesenighr.

Sekil 2. O38'in UBT’de 1. soru cevabi

Gériismeci: 1. soruda D'nin A agistnin agiortay: tizerinde olup olmadigini sorduk. Neye gore cevapladin
bu sorular?

038: Simdi soyle diisiindiim. Eger bu cizgiden (aciortay dogrusu) gecirdigimizde dik olacak (AED ve
AFD acgilarimi kastediliyor) ve iki kenar (DE ve DF kenarlar1 kastediliyor) esitse bence dyle.

Gériismeci: Yani agiortay olmast icin hem dik hem de uzunluklarimin esit mi olmast lazim?
038: Evet bence dyle.

Goriismeci: “b sikkinda degildir.” demissin. Dik oldugunu demedigi icin mi?

038: Hi h1 [onaylyor].

Goriismeci: d sikkinda?

038: Yine aymisi dik olmadig icin.

Goriismeci: Agilar dik olmadi$ icin?

038: Evet

Sekil 2'deki O38'in cevabi ve goriismesi incelendiginde, bu cevabi veren 6grencilerin herhangi
bir D noktasindan aginin kollarina 90 dereceden farkli agilarla esit uzunlukta dogru parcalar:
indirildiginde iki es tiggen olustugunu ve dolayisiyla D noktasinin aginin agiortayi tizerinde oldugunu

kavrayamadiklar: goriilmiistiir.

Bir A acisinin baslangi¢ noktasindan cizilen dogru parcasinin, acinin acgiortayr olup olmadigim
kavrayamama giicliigii (OGs): UBT'nin 20. sorusunda, 6grencilerin bir aginin agiortayini kesfedebilme
bilgileri sorgulanmistir. Bu soruda 6grencilerden, katlama ¢izgisinin her iki tarafinda kalan iiggenler es
olduklarindan katlama ¢izgisinin agiortay oldugunu belirtmeleri beklenmistir. Bu soruya verilen
cevaplar incelendiginde 79 6grencinin, bir ag¢isinin baslangi¢ noktasindan cizilen dogru parcasimin,
aginin agiortay1 oldugunu kavramsal olarak gdsteremedikleri tespit edilmistir. OGs giigliigiine sahip
Ogrenciler bir aginin agiortay1 konusunda yeterli kavramsal bilgiye sahip olmadiklarindan veya sahip

olduklar1 bilgiyi gorsel sekilde kullanamadiklarindan dolayr “muhakeme” ve “gorsellestirme”
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siireglerinde sikint1 yasamaktadirlar. Bu 6grencilerden biri olan O20'nin 20. soruya verdigi cevap (Sekil
3), gorlisme esnasinda yaptigi ¢izim (Sekil 4) ve 020 ile yapilan goriisme su sekildedir:

20)

GCesitkenar {icgen seklindeki bir kagidin, yukandaki gibi katlanip agiimasyla elde
edjlen kgMMnMWdMemmemm

gerekgeli olarak agiklayiniz. - :
t)?ann’v\ \aJL sek I,'_é.,.. 1381"1/(/", ZJ,» Gin 'a{). DQ debend S agl o) ol
Sekil 3. O15'in UBT’de 20. soru cevabi

20 il
) D

~/

<
%

Sekil 4. O15'in 20. sorunun cevabini agiklarken goriisme esnasinda yaptig1 gizim

Gdoriismeci: 20. soruya demissin ki “Ucgenin yiiksekligini gosterir. Kat cizgisiyle tabandaki a1 90 derece
olur.”. Yani neresi 90 derece olur?

O15: Surasi hocam (katlama cizgisinin tabanla yapti§: aciyr kastediyor).

Gériismeci: Yani o zaman soyle mesela suraya aym sekli cizelim (Sekil 4). Ben isimlendireyim. A, B, C
sura D olsun. Dedigin yeri goster bana 90 derece olan yeri?

O15: Burasi hocam iicgenin en dik noktasindan cizilen yiikseklik olur hocam (Sekil 4).
Goriismeci: Ha orast 90 derece. Yani neresi CDA ve CDB agilari?
O15: Evet hocam.

Goriismeci: Peki.

Bir ag¢inin aciortay1 iizerindeki bir noktanin aginin kollarina olan uzaklhiginin esit oldugunu
kavrayamama giicliigii (0Gs): UBT'nin 23. sorusunda ogrencilerden, bir agimin agiortay1 iizerinde
alman bir noktadan agiortay kollarina ¢izilen dikmelerin uzunluklarinin esit olmasi bilgisini kullanarak
coziime ulagmalar1 beklenmistir. Ogrencilerin cevaplar1 ve goriismeleri incelendiginde, 37 6grencinin
bir aginin agiortay1 iizerindeki bir noktanin ag¢mnin kollarina olan uzakliklarinin esit oldugunu
kavrayamadiklar1 gozlemlenmistir. OGs giigliigiiyle karsilasan ogrenciler, bir aginin agiortay1
kavramuyla ilgili yeterli kavramsal bilgiye sahip olmadiklarindan veya bu kavramsal bilgiyi gorsel sekil
tizerinde uygulayamadiklarindan dolayr “muhakeme” ve “gorsellestirme” siireglerinde sikinti
yasamaktadirlar. Bu giicliige sahip 6grencilerden biri olan O13'{in 23. soruya soruya verdigi cevap Sekil

5’de verilmistir:
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23)

(212
Yandakl gekiide [BD) agiortay b +U” =Y
(DE] 1 [48) ~ 3b
(DF) 1 (BC) Sie
|BC| = 13 52
|IBE| =6

|DE| = 4 ise |DF] + |FC| degerini bulunuz.

'
A —~ i

Sekil 5. O13'iin UBT’de 23. soru cevabi
Sekil 5'de verilen O13'iin 23. soruya verdigi cevap incelendiginde, B agisinin agiortay: {izerinde
bulunan D noktasinin, aginin kollar1 tizerinde bulunan A ve F noktalarina uzakliklarini esit alarak hata
yaptig1 goriilmektedir. Aciortay tiizerindeki D noktasindan ag¢imin kollarina ¢izilen dikmelerin
uzunlugunun yani |DE| = |DF| esitligini kullanamayan o6grenciler OGs glicliigline sahip olarak

degerlendirilmistir.
“Uggenin i¢ ve dis agiortaylarinin 6zelliklerini gosterir.” Kazanimi ile Tlgili Bulgular

Ogrencilerin ”Uggenin i¢ ve dis agiortaylarinin 6zelliklerini gosterir.” kazanimina (2. kazanim)
yonelik olan 3, 6, 7, 10, 12, 14 ve 18. sorulara verdigi cevaplar yapilan goriismeler esliginde analiz
edilerek 6grencilerin karsilastiklar1 6grenme giigliikleri belirlenmistir. Elde edilen giigliiklerin frekans

ve ylizde degerleri asagidaki Tablo 2’de sunulmustur:

Tablo 2. Ogrencilerin 2. kazanim ile ilgili karsilastiklart 5grenme giicliiklerinin frekans ve yiizde degerleri

Ogrenme Giigliigii Frekans Yiizde
Bir {icgeninin i¢ aglortayini kavrayamama (OGs) 11 %13
I¢ agiortay teoremini kavrayamama (OGs) 56 %65
Uggenin iki i¢ agiortayinin kesim nokta51.r.1dan uclnct i¢ 64 0,74
aglortayin da gececegini kavrayamama (OGr)

Ic teget cemberi kavrayamama (OGs) 82 %95
Dis agiortay teoremini kavrayamama (OGo) 61 %71
Dis teget gemberi kavrayamama (OGuo) 85 %99
Uggenin iki dis agrortayinin kesisim noktasindan tigiincii 80 %93

koseye ait ig aciortayinin gegecegini kavrayamama (OGi)

Tablo 2 incelendiginde 2. kazanimla ilgili olarak hazirlanan sorulara iliskin verilen yanitlardan
elde edilen bulgulara gore, 7 farkli 6grenme giicliigii tespit edilmistir. Bu glicliiklerden, 6grencilerin
%13iiniin OGs giigliigiine, %65'inin OGs giigliigiine, %74'tiniin OG7 giicliigiine, %95'inin OGs
giicliigiine, %71"inin OGy giigliigiine, %99 unun OGuo giigliigiine ve %93{iniin de OGu giicliigiine sahip

oldugu belirlenmistir.

Bir iicgeninin i¢ agiortayin1 kavrayamama giicliigii (OGs): Ogrencilerin UBT'nin ti¢genin i¢ agiortayini
ieren sorularina verdigi yanitlari ve goriismeleri incelendiginde 6grencilerin %13'iiniin OGs giigliigiine
sahip olduklar1 tespit edilmistir. Bu gligliige sahip 6grencilerden bazilar ii¢genin i¢ agiortaylarinin her
{iggen icin ayn1 zamanda kenarortay olacagini bazilari ise yiikseklik olacagini belirtmislerdir. OGs
glicliigiine sahip 6grenciler, agiortay kavramu ile ilgili kavramsal bilgi eksikligi sebebiyle ilgili sorularda

bilgilerini genisletememekte veya sahip olduklar1 bilgileri yanhs kullandiklarindan dolay1
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“muhakeme” siireglerinde sikinti yasamaktadirlar. Bu 6grencilerden biri olan O17'nin ilgili soruya

verdigi yanit (Sekil 6) ve 017 ile yapilan goriisme asagidaki gibidir:

vandaki ABC iicgeninde [AD], A agisina ait aciortaydir.

3

) |AB| = 4
|AC| = 6
|BD| =3

olduguna gore |DC| nu bulunuz.

\0ul =3

Sekil 6. O17'nin UBT’de 3. soru cevabi

Gériismeci: Peki 3. soruya bakalim? 3. soruya da demigsin ki |DC|=3 olur. Neye gére?

0O17: Burada sey vermigim sanirim. Kenar vermisim a, a diye ismini.

Gariismeci: Peki bir sey sorayim oncelikle: AD'nin BC'nin yiiksekligi oldugunu vermis miyiz biz sana?

O17: Vermemissiniz.

Gariismeci: Peki neden 90° yazdin?

O17: Yani ikiye béler diye 90, 90 diye.

Goriismeci: Yani A agist ikiye boliinmiis diye AD'de asaguy1 ikiye boler diye diistiniiyorsun?

O17: Evet.

Gériismeci: Peki BD ile DC’nin esit oldugunu nereden biliyoruz?

O17: Ikiye boldiigii icin yani iki es sey oluyor.

Goriigmeci: Peki.

Sekil 6'daki O17’nin soru ¢oziimii ve goriismesi incelendiginde, verilen ii¢gen eskenar veya
ikizkenar {icgen olmamasina ragmen agiortay1 hem yiikseklik hem kenarortay aldig goriilmektedir. Bu

hatay1 yapan 6grenciler, bir {iggenin bir i¢ a¢isina ait agiortayinin her zaman kenarortay veya yiikseklik

olmadigini kavrayamadiklarindan dolay1 OGs giigliigiine sahip olarak degerlendirilmistir.

f¢c aciortay teoremini kavrayamama giicliigii (OGe): Ogrencilerin i¢ agiortay teoremine yonelik
bilgilerini sorgulamak amaciyla UBT’'nin 3. sorusu hazirlanmistir. Bu soruya verilen yamtlar
incelendiginde 6grencilerin %65 inin OGs giicliigii yasadig tespit edilmistir. OGs giigliigiine sahip olan
ogrencilerin cogunlugu kenarlar arasinda yanlig oranti kurmuslardir. I¢ agiortay teoremiyle ilgili
kavramsal bilgileri eksik ya da yanlis olan bu ogrenciler “muhakeme” siireclerinde sikinti

yasamaktadirlar. Bu &grencilerden biri olan O15'in 3. soruya verdigi yanit ve O15 ile yapilan gériisme

asagidaki gibidir:
3) Yandaki ABC iiggeninde [AD], A agisina ait agiortaydir.
|AB| = 4
|AC| =6
BD| =3

olduguna gore |DC| nu bulunuz.

3 _ Geypern b=l

Sekil 7. O15'in UBT’de 3. soru cevabi
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Goriismeci: Peki 3. sorudan devam edelim. 3.soruya da demissin ki %= %. Neden boyle bir sey
soyledin? Nerden kurdun bu orantiy?

O15: llk 6nce hocam kiiciiklerle kiigiiklerin orani, biiyiiklerle biiyiigiin orani hocam. Yani BC'nin
tiimiinii aldim x+3, AC biiyiik oldugu icin AC’yi aldim hocam.

Gériismeci: Neden bu formiil nerden geliyor? Yani bu bir formiil mii?

O15: Soyleydi ama hocam! Hocam kiiciiklerle kiiciiklerin carpimu esit olmali, biiyiiklerle biiyiiklerin
carpimuna. Oyle bir kural vard: ama tam hatirlayamadim hocam.

Goriismeci: Tam hatirlayamiyorsun. Peki.
Ogrencilerin 3. soruya verdikleri cevaplar: incelendiginde 6grencilerin i¢ aglortay teoremini

kavrayamadig tespit edilmis olup bu 6grenciler OGs giicliigiine sahip olarak degerlendirilmistir.

Ucgenin iki i¢ agiortaymin kesim noktasindan iiciincii i¢ aciortayin gececegini kavrayamama
giicliigii (0Gr): UBT'nin 7. sorusunda &grencilerden, iiggenin iki kosesinden gelen i¢ agiortaylarmin
kesim noktasina iiglincii kdseden c¢izilen dogru parcasmnin da agiortay oldugu bilgisini kullanarak
sonuca ulagmalari beklenmektedir. Ogrencilerin soru cevaplari ve goriismeleri incelendiginde
ogrencilerin %74 {iniin OG giigliigiine sahip oldugu tespit edilmistir. Bu giigliige sahip 6grenciler iki
i¢ aciortayin kesim noktasindan iiglincii i¢ agiortaymn da gececegini kavrayamadiklar igin 7. soruyu
cdzememislerdir. OG7 giigliigiine sahip dgrenciler, iiggenin agilarma ait agiortaylarimin bir noktada
kesistigi bilgisini kavrayamadiklarindan veya bu bilgiyi ilgili soruda uygulayamadiklarindan dolay1
“muhakeme” ve “gorsellestirme” siireclerinde sikinti yasamaktadirlar. Bu 6grencilerden biri olan

O3'tin UBT’de soruya verdigi yamt (Sekil 8) ve 6grenci ile yapilan goriisme su sekildedir:

7) ABC licgeninde

m(ABD) = 30°, m( DBC) = 30°
m( ACD) = 25°, m( DCB) = 25°

ise. m( DAC") kag derecedir? Cevabinizi gerekgeli olarak
agiklayimz.

Sekil 8. O3'tin UBT"de 7. soru cevabi

Goriismeci: Peki, 7. soruya baktigimda, tam ¢bzememigsin. Yani A agisin 70° bulmugsun. Devamini
getirememigsin. Neden?

O3: Hocam biiyiik iicgende 70 buldum da...

Goriismeci: Tamam.

O3: Gerisini getiremedim.

Gariismeci: Niye acaba? Ya su AD nin 6zelligi ne ki acaba burada?

03: AD'nin... [diisiiniiyor]

Goriismeci: Bilmiyorsun?

O3: Hicbir fikrim yok hocam.

Goriismeci: Peki.

Sekil 8 ve ogrencinin goriismesi incelendiginde O3, iiggenin koselerinden gelen [BD] ve
[CD]'nin kesim noktasi olan D noktasinin i¢ agiortaylarin kesim noktast oldugunu kavrayamamus,

dolayisiyla [AD]'nin de agiortay olmasi gerektigini diisiinememistir. Bu sekilde i¢ agiortaylarin bir

noktada kesisecegini kavrayamayan 6grenciler OG- giiliigiine sahip olarak degerlendirilmistir.
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I¢ teget cemberi kavrayamama giicliigii (OGs): Ogrencilerin UBT’de ilgili sorulara verdigi yamtlar ve
goriismeleri analiz edildiginde, 6grencilerin %95’inin ii¢genin i¢ teget ¢emberi kavraminda giigliik
yasadiklari tespit edilmistir. OGs giigliigiine sahip olan bu dgrenciler bir {iggenin i¢ teget cemberinin
seklini veya oOzelliklerini bilmemektedir. Kavramsal bilgilerinde eksiklik olan bu 0Ogrencilerin
kargilastign OGs giiliigii “muhakeme” siireclerinden kaynaklanmaktadir. Ogrencilerin karsilagtiklart
0Gs glicligii, UBT'de cevapladiklari 6, 12, 14 ve 18. sorulardan elde edilmistir. Bu 6grencilerden biri
olan O14 ile yapilan goriigsme ve 6grencinin goriisme esnasinda yaptigi cizim su sekildedir:

Goriismeci: 18. soruya da demigsin ki bir iicgenin 1 tane i¢ teget cemberi vardir. Gosterir misin bana 1
tane i¢ teget cember? Bir tane iicgen ¢iz onunda bir tane i¢ teget cemberi olsun.

O14: Merkezi buraysa...[ciziyor] (Sekil 9)
Goriismeci: Bu mesela su ¢izdigin iicgenin i¢ teget cemberi bu mu?
O14: Bilmiyorum.

/(b’a)

il
/|

/

Sekil 91. O14'iin bir iicgenin i¢ teget cemberini gdsterimi
Sekil 9 incelendiginde O14’iin bir {iggenin i¢ teget cemberini bilmedigi goriilmektedir. OGs
glcliigiine sahip olan farkli 6grencilerin goriismeler esnasinda bir iiggenin i¢ teget cemberini cesitli

sekillerde gosterimi Sekil 10’da verilmistir:

480;)

Sekil 10. OGs giigliigiine sahip baz1 6grencilerin bir iiggenin i¢ teget gemberi gosterimi
Dis agiortay teoremini kavrayamama giicliigii (OGo): Ogrencilerin UBT'nin 10. sorusuna verdikleri
yanitlar1 ve goriismeleri incelendiginde, 6grencilerin %71’inin OGs giicliigiine sahip oldugu tespit
edilmistir. Bu glicliige sahip 6grencilerin 10. soru ¢oziimiinde dis agiortay teoremini uygularken
kenarlarin uzunluklar1 arasinda yanlis orantt kurduklar1 ya da dis agiortay teoremini bilmedikleri
goriilmiistiir. OGs giigliigiine sahip dgrenciler dis aglortay teoremi ile ilgili kavramsal bilgi eksikligine
sahip olduklarindan dolay1 karsilastiklari, bu giiclitk “muhakeme” siirecinde yasadiklari sikintidan
kaynaklanmaktadir. Yanlis orant1 kuran O3’iin soruya verdigi yant (Sekil 11) ve O3ile yapilan goriisme

asagidaki gibidir:



Ciftci, 0. & Isleyen, T.

10))( F Yandaki ABC iiggeninde [AC], FAD agisina
By DS A ait agiortaydir.
. |4B| = 6 cm ?
<= 4 6 ; |AD| = 3 em
|IDC| = 4cm

g = b . - olduguna gére |BD| nu bulunuz.

Sekil 21. O3'iin UBT’de 10. soru cevab1

Gériismeci: Peki 10. soruyu nasil 8 bulduk?

O3: 4’iin hocam, yine dis aciortay. Bir dakika... Su hocam dis aciortay AC...

Goriismeci: Evet.

O3: Dis agtortay. Dis aciortaydan 4’iin 3'e orani, x'in 6'ya orani dedim.

Gériismeci: 4'iin 3’e orani, x'in 6'ya orani olur mu peki? Yani niye oyle diisiiniiyorsun?
O3: 4'iin gordiigii kenara, x'in gordiigii kenar dedim.

Goriismeci: Hum. Peki.

Dis teget cemberi kavrayamama giicliigii (OGuo): Ogrencilerin UBT sorularina verdikleri yamtlarinin
incelenmesi sonucunda, Ogrencilerin %99unun bir {icgenin dis teget cemberinin seklini veya
ozelliklerini bilmedigi tespit edilmistir. Bu grencilerin OGuo giigliigiine sahip olduklart UBT'nin 6, 14
ve 18. sorularma verdikleri yanitlarda belirlenmistir. Ogrencilerin OGuo giigliigiiyle karsilasma sebebi
“muhakeme” siireglerinde dis teget cember ile ilgili kavramsal bilgi eksikligi yasamasidir. OGuio
giicliigiine sahip olan O5 ile yapilan goriisme ve grencinin dis teget cember gosterimi (Sekil 12) su

sekildedir:

Gériismeci: 18'in b’sine gecelim. 1 tanede dig teget cemberi vardir demigsin. 18b diyeyim buraya. Cizer
misin bana dig teet cemberi?

O5: ... [cevrel cember ciziyor] (Sekil 12)
Goriismeci: Koselerden gecen cember dis teget cemberdir, oyle mi?
O5: Evet.

Goriismeci: Peki.

~)
Sekil 12. O5'in bir {iggenin dis teget cemberi gosterimi

Sekil 12’de O5’in bir {iggenin dis teget cemberi yerine {icgenin cevrel cemberini gosterdigi
goriilmektedir. OGuo giicliigiine sahip olan farkli 6grencilerin bir iiggenin gevrel gemberini cesitli

sekillerde gosterimi $ekil 13’de verilmistir:
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Sekil 13. OGu giigliigiine sahip bazi dgrencilerin bir iiggenin dis teget cemberi gdsterimi
Ucgenin iki dis acgiortayinin kesisim noktasindan iigiincii koseye ait i¢ agiortayinin gegecegini
kavrayamama giicliigii (OGu): Ogrencilerin UBT'nin 14. sorusuna verdigi yanitlar ve goriismeleri
incelendiginde, 6grencilerin %93’iiniin, bir ii¢genin iki dis aclortaymnin kesisim noktasindan iigiincii
koseye ait i¢ aglortayinin da gececegi bilgisini kavrayamadiklar tespit edilmistir. Bu kavramsal bilgi
eksikligi “muhakeme” siireci ile ilgili bir durumdur. OGu giicliigiine sahip 6grencilerden biri olan

O24’tin goriigsmesi asagidaki gibidir:

Goriismeci: 14. soruyu da bos birakmigsin. Neden?

024: Dis agilarimin ii¢ dis acistmn. .. Bir dakika, ABC iicgeni. Su iki taraftan gelen A’min dis agisi, C'nin
dis acist. Ikisinin birlesim noktasi, Suradan bir sey gelmis de. O...

Gériismeci: Aciortay olur mu? ( Iki dis aglortayin kesisim noktasina iiciincii koseden gelen dogru parcasi
kastediliyor)

024: Aciortay mi! Onu bilemiyorum.

Goriismeci: Peki.

Ogrencinin goriismesinde de goriildiigii gibi, OGn giigliigiine sahip 6grenciler bir iiggenin iki
dis aglortayinin kesisim noktasindan {iciincii koseye ait i¢ agiortayinin gececegini kavrayamadiklar

i¢in, 6grencilerin 14. soruyu ¢6zemedikleri tespit edilmistir.

“Ucgenin kenarortaylarinin bir noktada kesistigini gosterir ve kenarortayla ilgili

ozellikleri aciklar.” Kazanimu ile Ilgili Bulgular

Ogrencilerin “Uggenin kenarortaylarinin bir noktada kesistigini gosterir ve kenarortayla ilgili
ozellikleri agiklar.” kazanimini (3. kazamim) elde edip etmediklerini belirlemek amaciyla UBT'nin 4, 9,
13 ve 17. sorular1 hazirlanmistir. Ogrencilerin bu sorulara verdikleri yanitlarimin ve goriismelerinin
analizleri sonucunda, bu kazanimla ilgili karsilasilan 6grenme giigliiklerinin frekans ve yiizde degerleri

Tablo 3’de sunulmustur:

Tablo 3. Ogrencilerin 3. kazanim ile ilgili karsilastiklart 6grenme giicliiklerinin frekans ve yiizde degerleri

Ogrenme Giigliigii Frekans Yiizde
Agirlik merkezinin zelliklerini kavrayamama (OGr2) 48 %56
Ucgenin iginde verilen bir noktanin agirlik merkezi olup olmama

- 76 %88
durumunu kavrayamama (OGis)
Sozel ifade ile verilen soruyu sekle aktaramama (OGu) 36 %42

Tablo 3 incelendiginde 6grencilerin 3. kazanimla ilgili olarak hazirlanan sorulara verdigi

yanitlarindan ve goriismelerinden elde edilen bulgulara gore, 3 farkhi O6grenme giicliigii tespit
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edilmistir. Bu giiglitkklerden OGn giigliigiine dgrencilerin %56’sinin, OGus giigliigiine dgrencilerin

%88'inin ve OGu giigliigiine de 6grencilerin %42’sinin sahip oldugu belirlenmistir.

Agirlik merkezinin 6zelliklerini kavrayamama giicliigi (OG1): Ogrencilerin UBT'de 4. soruya
verdikleri yanitlari, goriismeleri egliginde analiz edildiginde 48 Ogrencinin, agirlik merkezinin
ozelliklerini kavrayamadigi ve OGu giicliigiine sahip olduklari goriilmiistiir. Bu giicliige sahip
Ogrencilerin bazilar1 {icgenin agirlik merkezinin herhangi bir kosesinden gelen kenarortayin ortadan
esit iki parcaya ayirdigini, bazilari ise ii¢genin kenarortaylarinin daima agiortay veya yiikseklik
olacagimi diisiinmektedir. Bir tiggenin agirlik merkezi ile ilgili eksik ya da yanlis bilgiye sahip olan bu
dgrenciler “muhakeme” siirecinde yasadiklar: sikintidan dolay: OGr: giigliigiiyle karsilasmuslardir. Bu
ogrencilerden biri olan O31'in ilgili soruya verdigi cevap (Sekil 14) ve O31 ile yapilan goriisme su

sekildedir:

4
) Yandaki sekilde G noktasi ABC uggeninin

abirhk merkez)
|DG| = 3x
ICG| = Sx+ 2 Sh = Sy 42

olduguna gore |CD| nin tamsay degerini N —
bulunuz,

Sekil 14. O31’in UBT’de 4. soru yaniti

Gariismeci: 4. soruda G noktasini agirlik merkezi olarak vermisiz. Sen 3x’i, 5x+2"ye esitlemissin. Niye
esitledin?

031: Agirlik merkezi iicgenin tam orta noktast.

Goriismeci: Orta nokta oldugu icin mi esitledin?

O31: Evet hocam dyle.

Uggenin iginde verilen bir noktanin agirlik merkezi olup olmama durumunu kavrayamama giigliigii
(OGu): Ogrencilerin UBT’'nin 3. kazamima yonelik hazirlanan sorulara verdigi yanitlar analiz
edildiginde 6grencilerin %88’inin, {i¢genin i¢inde verilen bir noktanin iiggenin agirlik merkezi olup
olmadigini kavrayamadig1 gézlemlenmistir. OGus giigliigiine sahip olan bu 6grencilerin UBT'nin 9, 13,
17 ve 19. sorularm ya yanlis ¢ozdiikleri ya da bu sorulari bos biraktiklari tespit edilmistir. OGi3
glicliigiiyle karsilan 6grenciler agirlik merkezi kavramiyla ilgiyi yeterli bilgiye sahip olmadiklarindan
dolay1 “muhakeme” siirecinde veya sahip olduklar: bilgiyi ilgili soruda sekil {izerinde kullanmay1
kesfedemediklerinden dolay: “gorsellestirme” siirecinde sikinti yasamaktadirlar. Bu 6grencilerden

birinin cevap kagid: (Sekil 15) ve dgrenci ile yapilan goriisme asagidaki gibidir:
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9) Bir ABC Uggeninde D noktasi [AB] kenarinin orta noktas: olmak
Uzere [CD] kenarortay giziliyor. Daha sonra [AC] dogru pargas:
Uzerinde E noktasi belirlenerek [BE]dogru pargas: giziliyor,

[CD] n [BE] = (M}

[CM| = 6 br S/t N &
|MD| = 3 br én \ 0

|IME| =5 br 15 Y= C
olduguna gore |BM| nu bularak cevabinizi gerekgeli olarak v ? : | g ro
2r 0 Vi oS ¢ ‘ ’
agiklayiniz, (o : wothm :
o Do 2w ALLLL SRS ——————

Sekil 35. O8'in UBT’de 9. soru yaniti

Gériismeci: 9. soruya bakiyorum. 9. soruyu 10 bulmussun?
08: Orantilayarak yaptim.

Gériismeci: Niye orantiladin? Yani bu M'nin 6zelligi ne ki burada? Cizmissin sekli. Sonra demigsin ki
CDA 90 derece. M'nin ozelligi ne burada?

O8: Kenar orta dikmelerinin birlesim noktas: olarak gelmis.

Gdoriismeci: Oyle bir sey demiyor ama soruda! Kenarortaylarin kesim noktast oluyor. “M” o halde nedir?
O8: I agirlik merkezi degil.

Goriismeci: Degil mi?

08: Agirlik merkezi degil.

Goriismeci: Peki o zaman.
Sozel ifade ile verilen soruyu gsekle aktaramama giicliigii (0Gua): Ogrencilerin 3. kazamima yonelik
hazirlanan UBT'nin 9. sorusuna verdikleri yaritlar ve goriismeleri incelendiginde, 36 grencinin sézel
olarak verilen geometrik kavramlari sekle aktaramadiklar1 goriilmiistiir. OGu giigliigiine sahip bu
ogrencilerin geometriyi sekil odakli kavradiklari, sekil olmadigi durumlarda giiclitk yasadiklar
diislintilmektedir. Bu 6grenciler adim adim sekli insa edemediklerinden dolay: yasadiklar: giiclitk
“olusturma” siirecinden kaynaklanmaktadir. Bu 6grencilerden birinin soruya verdigi cevap (Sekil 16)

ve bu 6grenci ile yapilan goriisme su sekildedir:

©] 8ir ABC Gggeninde D noktast [AB] kenarinin orta noktas: olmak

_—
Uzere [CD) kenarortays ciziliyor. Daha sonra [AC oAy ~ k \ 5 ]) I
Uzerinde E noktasi belirlenerek [BE|dogru N'[Ws']‘::lm:‘ - _T){' ‘ \/ N . ‘
[€D] n [BE] = (M) .
ICM| = 6 br

|IMD] = 3 br

IME| = 5 br

olduguna gore |BM| nu bularak cevabimizi gerekgeli olarak

agiklayimiz.

Sekil 46. O20'nin UBT'de 9.soru cevab1

Goriismeci: Peki, 9.soruya da “sekil verin” demigsin!
020: Evet.

Gériismeci: Sekli kendin cizemiyor musun?

020: Hayzr.

OGu giigliigiine sahip diger bir 6grencinin 9. soruya verdigi yanit (Sekil 17) ve 6grendi ile

yapilan goriisme asagidaki gibidir:
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g}
9) Bir ABC iicgeninde D noktasi [AB] kenarinin orta noktasi olmak /f
zere [CD] kenarortay giziliyor. Daha sonra [AC] dogru pargasi
Gzerinde E noktasi belirlenerek [BE]dogru pargas giziliyor. &
) [cD] n [BE] = (M)
|CM| = 6 br
|IMD| = 3 br
|IME| =5 br fl A
olduguna gore |[BM| nu bularak cevabinizi gerekgeli olarak
agiklayiniz.

Sekil 17. O48'in UBT'de 9.soru cevabi

Goriismeci: 9. soruya bakalim.

048: Bunu hic anlamadim bile. ..

Goriismeci: Peki.

Elde edilen bulgular 6grencilerin ii¢genin agiortay ve kenarortaylari konusunda cesitli
glicliiklere sahip olduklarin gostermektedir. Karsilasilan giigliiklerin ¢ogunlugunun %50'nin {izerinde
oldugu gozlemlenmistir. Uggenin agiortaylar1 konusunda dgrenciler tarafindan en ¢ok karsilagilan
giicliigiin “Bir aginin agiortaymi olusturamama (OG1)” giicliigii, {icgenin kenarortaylari konusunda ise
en ¢ok karsilasilan giigliigiin ”Uggenin icinde verilen bir noktanin agirlik merkezi olup olmama

durumunu kavrayamama (OGus)” giigliigii oldugu tespit edilmistir.
Sonucg ve Tartisma

Bu calismada 9. sif Ogrencilerinin ii¢genin agiortaylar1 ve kenarortaylar1 konularmi
Ogrenirken karsilastiklart giicliikler belirlenmistir. Ogrencilere uygulanan UBT’nin ve ogrencilerle
yapilan goriismelerin analizi sonucunda 6grencilerin gesitli giicliiklerle karsilastiklar: tespit edilmistir.
Duval (1998) geometri 0gretimini gorsellestirme, olusturma ve muhakeme olmak {izere ii¢ bilimsel
siiregte tanimlamis; Ogrencilerin karsilastiklar: gligliiklerin bu {i¢ bilissel diizey arasinda iliski

kurulamamasindan kaynaklandigini belirtmistir.

Aragtirmada, 6gretim programindaki “Bir aginin agiortayin ¢izer ve Ozelliklerini agiklar.”
kazanimma (1. kazanim) ydnelik elde edilen bulgularda &grencilerin hepsinin bir aginin agiortayimi
olusturamama (OG») giicliigiine sahip oldugu belirlenmistir. UBTdeki ilgili soruda 6grencilerden cizim
uygulamalarini adim adim yaparak bir a¢inin agiortaymi olusturmalar: istenmistir. Elde edilen veri
analizlerinde 6grencilerin hi¢birinin ¢izimi dogru yapamadig: tespit edilmistir. Yapilan goriismelerin
analizlerinde bir¢ok 6grencinin pergel-cetvel uygulamalarina sicak bakmadig1, geometri sorularini sekil
odakli anlamlandirdigl tespit edilmistir. Adim adim insa uygulamalarinda basarili olamayan
ogrencilerin Duval (1998)'in tanimladig: bilissel siireglerden 6zellikle, matematiksel arag ve gereglerle
geometrik ingsalarin yapilmasini igeren “olusturma” siirecinde sikinti yasadiklari diistiniilmektedir.
C)grencilerin “olusturma” siirecinde yasadig1 sikinti diger bilissel siireclerle (“gorsellestirme” ve
“muhakeme”) iliski kurulmasini engellediginden dolayi, bu 6grencilerin OG: giigliigiine sahip
olduklar: tespit edilmistir. Elde edilen bu glicliige paralel olarak Karakus (2014) ve Tosun (2019)'un

yaptig1 arastirmalarda da 6grencilerin geometrik ingalarda zorlandig tespit edilmistir.
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MEB’in matematik dersi 6gretim programlarinda (MEB, 2013; MEB, 2017) yer verdigi adim

adim pergel-cetvel uygulamalarini yaptirmak 6grencilere gesitli faydalar saglamaktadir. Pergel cetvel
insalar1 6grencilerin geometri diisiinme seviyelerini gelistirir (Napitupulu, 2001), 6grencilere mantiksal
diisiinme becerisi saglar, 6grencilerin geometrik sekillerin 6zelliklerini daha iyi anlamalarina yardimai
olur (Fahlberg-Stojanovska ve Stojanovski, 2009; Hoffer, 1981). Alanyazinda pergel-cetvel insalari
olarak yer alan ¢izim uygulamalar1 pergel ve cetvel somut materyalleriyle yapilacag: gibi gelistirilen
dinamik yazilimlarla da yapilabilir (Ciftci ve Tatar, 2014). Ogrencilerin hem pergel, cetvel gibi somut
araclar1 kullanmasi hem de bilgi ve iletisim teknolojilerinden faydalanmasi1 MEB ortadgretim matematik
dersi 6gretim programinda tesvik edilmektedir (MEB, 2013; MEB 2017). Ulkemizde yapilan geometri
derslerinde bu tarz uygulamalarin goéz ardi edildigi ya da etkili bir sekilde yapilamadig:
diistintilmektedir. Goriisme esnasinda bazi 6grenciler bu uygulamalarla hi¢ karsilasmadigini, geometri
konularinda genellikle sekil {izerinden soru ¢ozdiiklerini belirtmislerdir. Oysaki adim adim yapilan
ingalarla 6grenciler geometrik kavramlarin temel ozelliklerini 6grenme ve uygulama imkani bulur
(Freeman, 2008). Geometrik kavramlar1 tam ogrenemeyen Ogrenciler ilerleyen konularda birgok
glicliiklerle karsilagirlar. Ulkemizde geometri alaninda yasanan sorunlarin temellerinden birinin bu
oldugu soylenebilir. Acikgiil ve Arslaner’in (2015) yaptiklar1 arastirmada, 6gretmen adaylarindan
bazilarinin daha 6nce adim adim ¢izim etkinlikleri yaparak geometrik yer tespit etme problemleri ile

karsilasmadiklarini ifade ettikleri goriilmiistiir.

Aragtirmada 1. kazanimla ilgili elde edilen bulgulara gore, 6grencilerin %93’iintin bir D
noktasinin A agisinin agiortayt iizerinde olup olmadigim kavrayamama giigliigiiyle (OG2) karsilagtigt
tespit edilmistir. Bu konuda giigliik yasayan 6grencilerin bir¢ogu, bir D noktasinin A agisinin agiortay1
olmast igin gerekli sartin D noktasindan a¢inin kollarina ¢izilen dogru pargalarinin ag¢inin kollar: ile
yaptig1 acinin 90 derece ve uzunluklarinin birbirlerine esit olmasi gerektigi diistincesinde olduklari
gozlemlenmistir. Bu 6grenciler, D noktasindan aginin kollarina ¢izilen dogru pargalarinin aginin kollar:
ile yaptig1 acilarin birbirine esit 90 dereceden farkli bir a¢t ve uzunluklarinin birbirlerine esit olmasi
durumunda D noktasinin aginin agiortayi tizerinde olmadigini sdyleyerek hata yapmaktadirlar. Ayrica
elde edilen verilerin analiz sonucu dgrencilerin %92’sinin bir A agisinin baslangi¢ noktasindan ¢izilen
1$1n1n, aginin agiortay olup olmadigimi kavrayamama (OGs), %65'inin ise bir aginin agiortay1 iizerindeki
bir noktanin aginin kollarina olan uzakligmin esit oldugunu kavrayamama (OGy) gicliiklerine sahip
olduklar gériilmiistiir. Ogrencilerin OG: giigliigiine sahip olmalarmin OG:, OGs ve OG: giigliikleri ile
karsilagmalarina sebep oldugu diistiniilmektedir. OG: giigliigii yasayan 6grencilerin kavramsal bilgi
eksiklikleri oldugundan &zellikle “muhakeme”, OGs ve OGi giigliikleri yagayan dgrencilerin kavramsal
bilgi eksiklikleri oldugundan veya bilgilerini soru tizerinde kullanamadiklarindan dolay1 “muhakeme”
ve “gorsellestirme” biligsel siireclerinde sikinti yasadiklari ve bilissel siiregler arasinda iliski

kuramayarak 6grenme giigliikleri ile karsilastiklar: tespit edilmistir. Ogrencilerin, bir ag¢inin aglortayin
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adim adim olusturup kavramsal bilgiyi iyi sekilde 6grendiklerinde OGz, OGs ve OG: giigliikleri ile

karsilasma ihtimallerinin azalacag diisiiniilmektedir.

”Uggenin i¢ ve dis aglortaylarinin Ozelliklerini gosterir.” kazanimi (2. kazanim) ile ilgili
bulgular1 incelendiginde, 6grencilerin %13’liniin bir li¢genin i¢ agiortay kavramini yanlis kavradiklar:
(OGs) tespit edilmistir. Bu dgrencilerden bazilari {iggenin bir agisina ait i¢ agiortayini yiikseklik ya da
kenarortay kavramlariyla karistirmaktadir. Bazilari ise tiggenin bir agisina ait aciortayin her liggen
cesidi igin aym1 zamanda kenarortay ve yiikseklik olacagini belirtmektedir. 2. kazanim ile ilgili UBT’de
gelistirilen sorularda ogrencilerden {i¢genin ii¢ kenarindan gelen agiortaylarmin bir noktada kesistigi
bilgisini kullanarak dogru cevaba ulasmalari beklenmistir. Ogrencilerden %74'nlin {icgenin iki ig
agiortayinin kesim noktasindan {igiincii i¢ agiortayn da gegecegini kavrayamama (OGy), %93'{iniin ise
ticgenin iki dis aglortayinin kesisim noktasindan iiclincii koseye ait i¢ agiortaymnin gececegini
kavrayamama (OGn) giicliikleri ile karsilagtiklari tespit edilmistir. Bir iiggenin agiortaylarmnin kesim
noktasi {iggenin i¢ teget ya da dis teget gemberlerinin kesim noktasidir. Ogrencilerin bu noktalari
kesfedememelerinin sebebinin, 6grencilerin i¢ teget cember ve dis teget cember kavramlarini yeterince
kavrayamamasi olarak diisiiniilmektedir. Zira arastirmada 6grencilerin %95inin i¢ teget gember (OGs),
%99'unun dis teget cemberi kavrayamama (OGu) giigliikleriyle karsilastiklari tespit edilmisgtir.
Ogrencilerin yiiksek g¢ogunlugu bir iicgenin i¢ teget ve dis teget cemberlerinin gosterimini veya
ozelliklerini bilmemektedir. Acikgiil ve Arslaner (2015)'in yaptif1 ¢alismada da, i¢ teget cemberin
merkezinin {i¢genin i¢ agiortaylarinin kesistigi nokta, dis teget cemberin merkezinin ise ii¢genin iki dis,
bir i¢ aglortaymnin kesistigi nokta olmasi bilgilerinin 6grencilerin biiyiik ¢ogunlugu tarafindan
kavranamadig: tespit edilmistir. 2. kazanimla ilgili bulgular 1s13§1nda 6grencilerin %65’inin i¢ aglortay
teoremini (OGs), %71’inin ise dis agiortay teoremini kavrayamama (OGo) giigliikleriyle karsilastiklar:
sonucu elde edilmistir. Bu 6grenciler, ii¢genin bir agiortaymin kenarlarin uzunluklarinin arasinda
olusturdugu iligkiyi ya bilmemekteler ya da yanlis bilmektedirler. Tkinci kazanimla ilgili grencilerin
sahip olduklar1 0Gs, 0Gs, OGs, OGs ve OGuo glicliikleri daha ¢ok kavramsal bilgi eksikliginden
kaynaklandigin dolay1 6grencilerin 6zellikle “muhakeme”, OG7 ve OGu giigliikleri dgrencilerin hem
kavramsal bilgi eksikligi hem de ilgili sorularda gorsel olarak bilgiyi kesfedememelerinden
kaynaklandigindan dolay: 6grencilerin 6zellikle “muhakeme” ve “gorsellestirme” biligsel siireclerinde
sikint1 yasadiklar1 diisiiniilmektedir. Herhangi bir biligsel siiregte sikint1 yasayan 6grenciler bilissel

siirecler arasinda iligski kuramadigindan dolay1 6grenciler 6grenme giigliikleriyle karsilasmaktadirlar.

Aragtirmada UBT'nin “Uggenin kenarortaylarmin bir noktada kesistigini gosterir ve
kenarortayla ilgili Ozellikleri agiklar.” kazamimi (3. kazarum) ile ilgili sorularindan elde edilen
bulgularda 6grencilerin %56’sinin kenarortaylarin kesim noktasi olan agirlik merkezini kavrayamama
giicliigii (OGn2) yasadig1 tespit edilmistir. Bu giigliige sahip 6grencilerden bazilari agirlik merkezinin
kenarortaylar1 tam ortadan ikiye boldiigii, bazilar1 koseden 1 kenardan 2 oraninda boldiigii yanls

bilgisine sahiptir. OGu giigliigiine sahip baz1 dgrenciler de agirlik merkezinden gegen iiggenin yardimci
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elemaninin aclortay veya yiikseklik olacagini diistinmektedir. Ayrica 6grencilerin %88’inin {iggenin
icindeki bir noktanin agirlik merkezi olup olmadigini kavrayamama glicliigiiyle karsilastig1 tespit
edilmistir (OGus). Bu giigliige sahip 6grencilerin gogunlugunu OGr giigliigiine sahip 6grenciler
olusturmaktadir. OGr giicliigiine sahip dgrenciler kavramsal bilgi eksikligine sahip olduklarindan
dolay1 6zellikle “muhakeme”, OGs giicliigiine sahip 6grenciler hem kavramsal bilgi eksikligi hem de
ilgili soruda bilgiyi kesfedemediklerinden dolay1 o6zellikle “muhakeme” ve “gorsellestirme”
siireclerinde sikint1 yasadiklar1 diisiiniilmektedir. Giil (2014), 6grencilerin ii¢genler konusuna yonelik
matematiksel basarilarini Olctiigii ve Ogrencileri Van Hiele diizeylerine gore analiz ettigi
arastirmasinda, ¢alismanin uygulandig1 6grencilerin yarisinin agirlik merkezi kavramini ve agirlik
merkezinden bir tiggenin kenarortaylarinin gectigini bilmediklerini tespit etmistir. Dinamik geometri
yazilimlariin 6grencilerin geometrik diisiinme, geometri basaris1 ve ispat yapma becerisi {izerindeki
etkilerini inceleyen Kili¢ (2013) da yaptig1 calismada, 6grencilerin agirlik merkezini tanimlayabildigini
fakat agirlik merkezinin kenarortay: hangi oranda (2:1 orani) boldiigii bilgisini bilmedikleri sonucuna
ulasmistir. Arastirma konusunun 6gretim programindaki 3. kazanimiyla ilgili elde edilen diger bir
giicliik, 6grencilerin sozel ifade ile verilen soruyu sekle aktaramamasidir (OGus). Tiim grencilerin
%42’sinin olusturdugu bu glicliige sahip 6grenciler sadece sdzel ifadesi verilen {i¢iincii kazanim ile ilgili
sorunun seklini ya gizememis ya da yanlis cizmislerdir. Elde edilen bulgular dogrultusunda OGus
gligliigiline sahip 6grencilerin “olusturma” siirecinde sikint1 yasayan dgrenciler oldugu, bu 6grencilerin
geometriyi sekil odakli anlamlandirdiklari, geometride sozel sorulara sicak bakmadiklar: hatta bazi
ogrencilerin sozel soruyu gordiiklerinde soruyu okumadan gectikleri gozlemlenmistir. Fischbein
(1993)'e gore geometride sekli yorumlayabilmek igin kavramsal alt yap1 gelismis olmalidir. Ogrencilerin
OGus giigliigiine sahip olmalarinin sebebinin, geometrik kavramlari tam &grenmeden sekil odakl
ornekler ¢ozmesinden kaynaklandig1 soylenebilir. Elde edilen sonuca paralel olarak Karpuz, Koparan
ve Giiven (2014) yaptiklar: ¢calismada dgrencilerin sekilsiz sorularin ¢dziimiinde kavrami temsil eden
sekli ¢izemedikleri, sekil ve kavram arasinda kurmalar1 gereken bagmntiy1 kuramadiklar: sonuglarin

elde etmiglerdir.

Arastirmanin sonuglar1 incelendiginde 6grencilerin karsilagtiklar1 6grenme giigliiklerinin en
onemli sebebinin 6grencilerin geometrik kavramlar1 tam 6grenememeleri oldugu diisiiniilmektedir.
Geometrik kavramlar1 tam Ogrenemeyen Ogrenciler problem ¢oziimlerinde giigliiklerle
karsilasmiglardir. Sirali 6grenme sistemine sahip geometri alaninda tam Ogrenilemeyen kavramlar
ileriki kavramlarin o6grenilmesini de olumsuz ydnde etkilemektedir. Alanyazinda Ogrencilerin
geometrik kavram bilgisinin eksikligi bir¢ok arastirmanin sonucunda elde edilmistir (Akuysal, 2007;
Ayvaz, Giindiiz ve Bozkus, 2017; Blanco, 2001; Biitiiner, 2017; Gutierrez ve Jaime, 1999; Giil, 2014;
Giirefe ve Giiltekin, 2016; Giirefe, Yarar, Pazarbasi ve Es, 2014; Karpuz ve digerleri., 2014; Kilig, 2013,
Ozerem, 2012; Ubugz, 1999). Ogrencilerin kavram bilgilerinin eksik olmasi Ogrencilerin yanlis

genellemeler ve tahmini ¢dziimler yapmalaria sebep olmaktadir. Ornegin, agirlik merkezi kavramint
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tam 0grenemeyen bir 6grenci agirlik merkezini tiggenin biitiin yardimci elemanlarinin gectigi merkezi
olarak diisiinebilmektedir. Ayrica kavramsal bilgi eksikligi olan 6grenciler 6zellikle sekil iizerindeki
geometri problemlerinde sekli biitiinciil goriip ¢oziim igin yeterli kesifleri yapamamaktadirlar.
Ogrencilerin geometride yasadig1 giicliik sebeplerinden biri de dgrencilerin geometri problemlerini
sekil odakli kavramalaridir. Ogrencilerin sdzel olarak sekilsiz verilen sorulari sekle aktaramadiklari,
yanlis aktardiklari ya da hi¢ bakmadan gectikleri gozlemlenmistir. Barut ve Retnawati (2020) yaptiklar:
arastirmada bu sonuca paralel olarak 6grencilerin gorsellestirme becerilerinin eksik oldugunu, geometri
ile ilgili terimleri ve sembolleri anlayamadig1 ve uygun muhakeme yetersizliklerine sahip olduklarini
tespit etmistir. Ayuningtyas, Mardiyana ve Pramudya (2019)'nun yaptiklari ¢calismada da 6grencilerin
geometrik akil yiiriitme yeteneklerinin diisiik oldugu ortaya ¢ikmistir. Bunlarin altinda yatan sebebin
Ogrencilerin kavram bilgilerindeki eksiklik oldugu sdylenebilir. Kavram bilgileri eksik olan 6grenciler
temel olarak “muhakeme” siireci olmak iizere “gorsellestirme” ve “olusturma” siireglerinde de sikint1
yasamaktadirlar. Dolayisiyla bu ti¢ siireg arasinda zincirleme baginti kuramayan 6grenciler geometri

problemlerini ¢6zememekte ve 6grenme giigliikleriyle karsilagsmaktadirlar (Duval, 1995).
Oneriler

Arastirmada elde edilen her bir 6grenme gilicliigii oraninin yiiksek olmasi, Ogrencilerin
bir¢ogunun geometride sikint1 yasadigini gostermektedir. Karsilasilan 6grenme giicliiklerinin en biiyiik
sebeplerinden birisi 6grencilerin temel geometrik kavram bilgilerinde eksiklik olmasidir. Bu yiizden
yapilan 6gretimde oncelikle kavramsal bilgilerin eksiksiz dgrenilmesi ve dgretilmesi onerilmektedir.
Kavramlarin iyi Ogrenilerek cesitli etkinliklerle kavramlar arasinda baglantilar kurulmasinin
ogrencilerin geometrik diisiinme seviyelerini artiracag1 diisiiniilmektedir. Ozellikle ilkokul ve
ortaokulda kavramsal 6grenmeye 6nem verilerek, 6grencilerin ileriki yillarda 6grenme giigliikleriyle
karsilasmamalar1 adina 6grencilerin geometrik kavram temelleri saglam atilmalidir. Ayrica geometri
Ogretiminde dinamik geometri yazilimlar1 etkin kullanilarak 6grencilerin gorsellestirme, olusturma ve
muhakeme siireglerini ayr1 ayr1 gelistirmek ve bu siiregler arasindaki iligkileri gii¢lendirmek adina

cesitli etkinlikler yapilabilir.
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Introduction

Many students find mathematics, which is one of the courses in which learning difficulties are
experienced the most, challenging (Tall and Razali, 1993). It is difficult for a student who has difficulties
in a subject in a mathematics course, where the prerequisite relationships are strong, to be successful in
further subjects including this subject (Ciftci, 2018). In general, teaching operations without
understanding conceptual knowledge in mathematics can cause mistakes and dislike for mathematics
(Van de Walle, Karp and Bay-Williams, 2010). When the literature on mathematics education is
reviewed, the difficulties that students encounter while learning any subject are discussed under the
terms "misconception” and "error” (Bingdlbali and Ozmantar, 2014). Misconceptions are concepts that
are accepted by a student for a long time, occur in more than one situation, cannot be easily changed by
the student, and contradict scientific facts, while error is the misuse of mathematical expressions and
ideas (Erbas, Cetinkaya and Ersoy, 2009). In the field of geometry, which is one of the important sub-
branches of mathematics and an integral part of the curriculum, students learn geometric shapes, their
properties, and their relationships with each other. In geometry, where high-level skills such as
exploring relationships, modeling, problem-solving, and analysis are gained, students generally have
difficulties, while some students fail (Duatepe, 2004). According to Duval (1998), teaching geometry is
more difficult than teaching numerical operations. Students experience more difficulties in geometry
than in other areas of mathematics (Chen, 2021). The reason why geometry is seen as complex compared
to algebra is that there is a lot of visuality in geometry and it is difficult to visualize the concepts in mind

(Karakus, 2008).

The French scientist Raymond Duval studied geometric activities from a cognitive perspective.
According to Duval (1998), geometry includes three kinds of scientific processes. The visualization
process, which is the first of these processes, includes processes such as a representation of a situation,
intuitive exploration of a complex situation, holistic view, and subjective verification. Another process,
the rendering process, involves making geometric constructions using mathematical tools. These tools
are tools such as compass, ruler, or dynamic software. Finally, the reasoning process involves extending
knowledge to an explanation or proof. Every move, trial, and error to overcome a challenge is a form of

judgment.



Ciftci, O. & Isleyen, T.

The concept of the triangle, which is one of the basic concepts in geometry teaching, is
frequently used in teaching more complex geometric concepts (Kaplan and Hizarci, 2015). The concept
of the triangle, which is not fully learned, may cause difficulties in the later subjects of geometry. In
order to fully learn the concept of the triangle, it is necessary to learn the elements of the triangle and
the properties of these elements (Ciftci, 2018). The bisectors of the angles of a triangle, the medians of
the sides, the median perpendiculars, the heights, and the properties of these concepts are included in
the school curriculum as auxiliary elements of the triangle (MEB, 2013; MEB, 2017). In these concepts,
which are important elements of the triangle concept, the student encounters various difficulties
(Altintas and Hgﬁn, 2017; Giil, 2014; Giirefe and Giiltekin, 2016; Kilig, 2013) and therefore cannot fully
learn the concept of triangle. Knowing the difficulties experienced while learning any subject is an
important step in designing learning environments that will provide an effective understanding
(Rasmussen, 1998; Yetkin, 2003) and it will be useful for teachers in choosing efficient teaching

approaches (Tatar and Dikici, 2008).

In the literature, studies to identify the difficulties in the field of geometry are less than the
studies in the field of algebra. When the studies are reviewed, it is seen that the students have had
various learning difficulties in geometry. Gutierrez and Jaime (1999) investigated the concept images,
difficulties, and errors related to the concept of the height of a triangle with a written test on 190 pre-
service teachers. In the results obtained, it was determined that the students made mistakes such as
drawing a median or a central perpendicular instead of the desired height to be drawn, drawing any
straight-line segment that is not perpendicular to the base from the top to the base, and drawing a
different height from the desired base to the base. Baran (2011) found that students had various
difficulties in associating concepts, definitions, and generalizations in triangles with each other in his
thesis study in which he investigated the difficulties that students have about triangles. In another study
investigating the difficulties encountered in triangles, I¢ and Demirkol (2008) investigated the basic
mistakes and misconceptions of secondary school students about triangles. In their studies, the
researchers determined that the students could not analyze the data in the questions well, they made
calculation errors about angles in a straight line, angles in a triangle, and angle-sides in a straight line,
and they confused the properties of angles in a straight line with angles in a triangle. Similar to the
results of this study, Ozsoy and Kemankasli (2004) also found that students were confused about the
properties of the subjects and had difficulties in analyzing the data in their study in which they
examined the mistakes and misconceptions made by students about circles. However, it was concluded
that the students made many operational mistakes and had difficulty in establishing a connection

between the concepts.

Basic concepts in geometry, which are not fully understood by students, cause students to
encounter various difficulties in the future. Ubuz (1999), who investigated students' mistakes and

misconceptions in basic geometry subjects based on the subject of angles, stated that students did not
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consider geometric concepts with their properties, but only perceived them according to their physical
appearance. In addition, in this study, he stated that students had conceptual misconceptions about
basic geometry subjects such as "line", "parallel angles”, "triangle", "polygon" and "parallelogram". Ubuz
(1999) stated that the mistakes made by the students were the same in almost every question, and that
the most important reason for making mistakes was visuality, which is the first level of geometrical
thinking of the Van Hiele theory. Hershkowitz (1987), Gutierrez and Jaime (1999), and Blanco (2001)
also drew attention to the difficulties students encountered in basic concepts in geometry in their
studies. According to Oksiiz (2010), students had difficulties in associating geometric concepts with
daily life situations. In another study investigating conceptual misconceptions, Yenilmez and Yasa
(2008) identified students' misconceptions about "line, line segment, and ray" and determined whether
these misconceptions differed in terms of some demographic variables. According to the results of the
study, students with high achievement in mathematics were less likely to make mistakes than students
with low achievement. In addition, it was determined that students with a high interest in geometry
had fewer misconceptions than students with a high level of Turkish success compared to less interested
students. In addition, the misconceptions were also examined in terms of gender, and it was found that
female students answered more questions in the test than male students and had fewer misconceptions.
Ubuz (1999), on the other hand, found that female students were more successful than male students,

but they made more mistakes.

In geometry, where spatial thinking has an important place, students face various difficulties in
thinking and comprehending three-dimensional objects. In his study, Ozer (2012) found that students
had misconceptions about length, angle, transformations, construction, and three-dimensional shapes,
lack of previous knowledge, reasoning, and basic operation errors, and offered suggestions for
eliminating these difficulties. In the study of Kii¢iikaydin and Gokbulut (2013), in which the subject of
three-dimensional geometric objects was discussed, none of the pre-service teachers participated in the
study could not explain all the geometric objects in the study correctly, and the pre-service teachers also
had difficulties in defining and sampling geometric objects. In the study conducted by Tiirniikli and
Ergin (2016), it was observed that students made mistakes of over-specializing and over-generalizing
about three-dimensional objects. Students face various difficulties while learning subjects and concepts
in their education life. These difficulties they encounter may cause them to learn the subject
incompletely and therefore to encounter different difficulties in future subjects. Knowing the difficulties
they will encounter while learning a subject or concept is an important step in designing teaching-
learning environments that will provide effective learning (Rasmussen, 1998; Yetkin 2003). The concept
of the triangle, which forms an important part of geometry and is accepted as the basis of geometric
concepts, has an important role in teaching other concepts of geometry (Zeybek, 2013). In this direction
the purpose of the current study is to determine the difficulties that students encounter while learning

the subject of bisector and medians of triangles.
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Method

In the study, case study design, one of the qualitative research methods, was used. Case studies
are studies that examine the special situations of individuals, groups, cultures, and regions in depth
(Patton, 2014). In case studies, an event or a situation is explained in detail (Merriam, 2013). In the study,
the case study design was preferred because the difficulties faced by the 9t-grade students in learning

the subject of auxiliary elements of the triangle were examined in depth.
Participants

The participants of this research consist of 86 9*-grade students studying in 3 different schools
in Erzurum. Convenient sampling method was used in the determination of the study group. In the
convenient sampling method, prevention of time, money, and labor loss is taken into consideration
while determining the study group (Biiyiikoztiirk, Kilig-Cakmak, Akgiin, Karadeniz and Demirel,
2009). The study group consisted of students studying in 3 different schools in the central districts of

Erzurum province. 39 (45%) of the students constituting the study group are girls and 47 (55%) are boys.
Data Collection Tools

In this study, quantitative and qualitative data collection tools were used in line with the
research problem. The quantitative data of the study were collected by the Triangles Knowledge Test
(TKT) developed by the researcher, and the qualitative data were collected through interviews with the

students.

Triangles Knowledge Test (TKT): In order to determine the difficulties faced by the students in the
study, TKT consisting of 17 open-ended, 5 fill-in-the-blank, and 2 true-false questions was prepared.
The questions in the TKT were formed in line with the acquisitions and outcome explanations related
to the auxiliary elements of the triangle under the triangles unit in the Secondary Education
Mathematics Lesson (9t-12th grades) Curriculum. The relevant acquisitions and acquisition
explanations in the Secondary Education Mathematics Lesson (9t-12th Grades) Curriculum are as

follows (MNE, 2013):
1. Being able to draw the bisector of an angle and explain its properties

v' It is discovered that the lengths of the perpendiculars lowered into the arms of the angle from a point

taken on the bisector are equal.
v’ Their equivalents are used in compass-ruler or dynamic geometry software.
2. Being able to show the properties of the interior and exterior bisectors of a triangle

V' Relationships of the intersection of interior and exterior bisectors and interior and exterior bisector

theorems are given in a triangle.

v The inner tangent and outer tangent circles of the triangle are drawn.
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v Information and communication technologies are used.

3. Being able to show that the medians of the triangle intersect at a point and to explain the

properties of the median.

v’ Itis emphasized that the point where the medians intersect is the centroid of the triangle; the properties

related to the center of gravity of the triangle are examined.
V' In ruler-compass or dynamic geometry software, their equivalents are used.

While preparing the TKT, 9*-grade mathematics textbooks (Erbas, Cetinkaya, Giiven, Karatas
and Cinkir, 2015; Karakuyu and Bagci, 2015) used in educational institutions affiliated to the Ministry
of National Education in the 2014-2015 academic year were used. The created test was developed to
include at least one question for each acquisition. For the content validity of the test, a table of
specifications was prepared to show the questions in the TKT and the acquisitions they are related to.
TKT, which was prepared with this specification table, was examined by 5 lecturers who are experts in
mathematics education and 4 experienced high school mathematics teachers. After the feedback from

the experts, necessary adjustments were made in the tests and the content validity was ensured.

Developed after expert opinions, TKT was piloted to 130 10t-grade students in three different
schools in the first semester of the 2014-2015 academic year for reliability studies. Since the research
subject is the subject of the second semester of the 9t-grade, 10™-grade students were preferred in the
pilot study. While selecting these students, attention was paid to ensure that their levels were close to
those of the students in the schools where the study would be conducted, according to their high school
entrance scores. As a result of the pilot application of the developed TKT, each student's paper was
scored. Scoring was evaluated as 0, 1, and 2 for each question. 2 points were given for completely correct
answers, 1 point for answers containing only part of the correct answer, and 0 points for incorrect or
blank answers. As a result of the evaluation, the scores of the students were ordered from highest to
lowest, and the upper group (27% of the group) and the lower group (27% of the group) were
determined. Considering these groups, the difficulty (P) and item discrimination (D) values were
calculated for each item of the TKT. In addition, the data collected as a result of the pilot application

was analyzed and the KR-20 internal consistency coefficient of the TKT was found to be 0.99.

Interview: In the study, unstructured interviews were conducted in order to examine the
answers given by the students in the knowledge test in depth. Since each student's answer to each
question may be different, the interview form was not used, instead, TKT, in which each student
answered the questions, was used. In both the control and experimental groups, the answers given by
the students in the knowledge test were questioned by asking “How?”, “Why?”, “Can you explain?”

and learning difficulties were determined.

Research Process
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The study was carried out in 2014-2015. In the first grade with 34 students (9-A), in the second
grade with 27 students (9-B), and in the third grade with 25 students (9-C), the teachers taught the
subject of auxiliary elements of the triangle with their own methods. As a result of the teachers' teaching,
TKT was applied to each group as a post-test for 2 hours. After the TKTs were applied as a post-test,
the stage of determining the difficulties students faced in learning was started. First of all, the papers of
the students were examined, and incorrect and empty questions were determined. Then, interviews
were conducted with each of the 86 students in order to examine the answers given by the students in
the knowledge test in depth. Interviews with 86 students started the day after the post-test and were
completed within three days. In the next process, the interviews were transcribed in the computer
environment. The tests applied to the students and the interviews were analyzed together and the

difficulties faced by the 9th-grade students about the auxiliary elements of the triangle were determined.
Analysis of Data

In order to determine the learning difficulties by evaluating the answers given by the students
to the questions in TKT in detail, the interviews with each student were first recorded in line with the
permission of the students. Then, the data transcribed in the computer environment were analyzed
using the descriptive analysis technique. The data obtained in the descriptive analysis technique are
summarized according to predetermined categories (Yildirim and $imsek, 2008). The interviews of the
students transcripted were read over and over again by the researcher and gathered under certain
difficulties according to the difficulties they experienced and the misconceptions they had. A code was
given to each of the difficulties obtained (LD1, LD2, etc.). The codes obtained were classified under the
predetermined titles (category) of the acquisitions related to the auxiliary elements of the triangle in the
curriculum. Each identified difficulty was handled in terms of "visualization", "creation" and
"reasoning" processes in Duval's cognitive model, and it was determined in which cognitive processes
the students encountered difficulties according to the difficulties they encountered. The difficulties that
emerged were presented with the help of percentage and frequency tables, and the interviews with the
students who had this difficulty were given descriptively. While determining the learning difficulties,

students were coded as S1, S2, and S86.
Ethical Permissions of Research

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

which is the second part of the directive, has been taken.

According to the ULAKBIM decision dated February 25, 2020, retrospective ethics committee
certificate is not required for studies using research data before 2020. Since the data of the study were

obtained in 2014-2015, an ethics committee certificate was not obtained.
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Findings and Interpretation

Findings related to the learning difficulties faced by 86 students studying at three different
schools in the 2014-2015 academic year about the auxiliary elements of the triangle are given under the
acquisition titles in the curriculum of the relevant subject. The learning difficulties obtained were
determined by examining the answers given by the students to the TKT questions and the interviews
with each student. The percentages and frequencies of learning difficulties recorded when students
encounter at least one question are presented under the following headings, accompanied by the
descriptive analysis of the interviews with the students and the answers given by the students to the

questions they encountered with the related difficulties.

Findings Regarding to Learning Outcome of “Being able to draw the bisector of an angle and

explain its properties.”

1st, 20th, 2314, and 24t questions of TKT were prepared in order to determine the difficulties faced
by the students towards the learning outcome (1% outcome) “Being able to draw the bisector of an angle
and explains its properties.” As a result of the analyzes of the answers given by the students to these
questions and their interviews, the frequency and percentage values of the learning difficulties related
to this outcome are presented in Table 1:

Table 1. Frequency and percentage values of learning difficulties encountered by students regarding the 1st
learning outcome

Learning Difficulty Frequency Percentage

Inability to form the bisector of an angle (LD1) 86 %100
Inability to comprehend whether a point D is on the

bisector of angle A (LD2) 80 %93
Not being able to comprehend whether the line segment

drawn from the starting point of an angle A is the bisector 79 %92
of the angle (LD3)

Inability to grasp that the distance of a point on the bisector 56 %65

of an angle to the arms of the angle is equal (LD4)

When Table 1 is examined, it is seen that 4 different learning difficulties were determined
according to the findings obtained from the answers given to the questions prepared for the 1st
outcome. Of these difficulties, it was observed that all of the students had the LD1 difficulty, 93% of the
students had the LD2 difficulty, 92% of the students had the LD3 difficulty and 65% of the students had
the LD4 difficulty.

Difficulty in forming the bisector of an angle (LD1): When the TKT papers and interviews of the
students were examined, it was determined that all students had difficulty in forming the bisector of an
angle. This difficulty was obtained from the 24" question of TKT, which was prepared for the 1st
outcome. When the answers given by the students to the 24t question were examined, it was observed
that all the students either left blank or filled in the blanks incorrectly. As a result, it was determined

that all of the students could not comprehend the steps of creating the bisector of an angle step by step
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by using the compass-ruler tools. Students who experienced this difficulty had difficulties especially in
the process of "creating", which involves the construction of geometric structures using mathematical
tools. The answer given by S7, who has LD1 difficulty, to the question in TKT (Figure 1) and the
interview with the student are as follows:

P

A— >

Yukarida verilen A agisinin agiortayinin adim adim

izilmesinde bazi ad g ilmisti 3
tmamiayniz. ¢l 1 adimlar asagida verilmistir. Bos  kalan kisimlari
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1. Adim: Pergel belirli bir aralikta acilir ve aginin kollarini kesecek sekilde A merkezli ALﬂ
bir yay gizilir. e
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2. Adim: Gizilen yayin aginin kollarini kestigi noktalar belirlenir (B ve C noktalari). »é;(:/l
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Figure 1. S7's answer to question 24 in TKT

Interviewer: How did you think about question 24?

S7: Which one? Is that it?

Interviewer: You said the third step: Compass AD length...
S7: It is opened in length...

Interviewer: OK. You wrote the D in length AD!

§7: Are we going to create bisector here?

Interviewer: Yes.

S7: That's why... For example, such an angle... No, wait a minute... What did I do? and how did I think?
Hah, we're going to open it so much that we can extend this place that long and find the bisector.

Interviewer: How are we going to extend it? How do we find the middle so we know it’s the bisector?
In step 4, did you say “The median is drawn so that the sides are equal.”?

S7: Firstly, we will find that the sides are equal.
Interviewer: How so? We don't have a ruler, we have a compass.
S7: There is only a compass. None [meaning no answer].

Interviewer: Okay.

As a result of analyzes of the answers given by the students to the 24" question and their
interviews, it was seen that there were no students who approached the solution and were able to
reason. The most important reason why all of the students have LD1 difficulty can be considered that
the students are not accustomed to doing step-by-step geometric drawing activities with compass-ruler

tools or developing technological tools (for example, dynamic software) in the lessons.

Difficulty in understanding whether a point D is on the bisector of angle A (LD2): When the answers
given by the students to the 1%t question of TKT were analyzed, it was determined that many students
could not fully grasp whether any point D was on the bisector of angle A. It was determined that 80

students had this difficulty, except for 7 students who made all the options of the 1st question, which
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consisted of 4 options, correct. Some of the students with LD2 difficulty stated that in order for the D
point to be on the bisector of the A angle, the straight lines descended from the D point to the bisector
branches must be equal in length and make an angle of 90 degrees with the bisector branches. According
to these students, point D was not on the bisector, even if the line segments descended from the D point
to the bisector branches at an angle different from 90 degrees and at the same angle were of equal length
(TKT 1t question option d). The students who encountered the LD2 difficulty did not experience
difficulties in the “reasoning” process because they could not conceptually examine whether a point is
on the bisector of an angle, did not have any knowledge about it, or had incorrect information. The
answer given by one of these students, S38, to the question (Figure 2) and the interview with the student

are as follows:

1) Asagidaki sekillerin hangisinde/hangilerinde D noktasimin A agisinin agiortayl Uzerinde olup olmadigi
kesinlikle séylenebilir? Gerekgeli olarak aciklayimiz.

Cevap: D@ﬁluv' 7 Cevap: Dﬁdf‘lcl" .
Gerekge; erekce:
kool Dl A

ik L esnatnighil.......

)
Cevap: ,ljf.lﬁ.f..{'.’,“((’t‘“’ . Cevap: W“&f =
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Figure 2. 538's answer to the 1st question in TKT

Interviewer: In question 1, we asked whether D is on the bisector of angle A. How did you answer these
questions?

538: Now I thought like this. If we pass it through this line (the bisector line) it will be perpendicular
(referring to angles AED and AFD) and if the two sides are equal (referring to sides DE and DF), I think
s0.

Interviewer: So for it to be a bisector, does it have to be both perpendicular and equal in length?
S§38: Yes, I think so.

Interviewer: “It is not in option b.” you said. As it wasn’t said to be upright?

S38: Huh, [confirms].

Interviewer: In option d?

538: The same again, since it is not perpendicular.

Interviewer: Because the angles are not right?

538: Yes

When 538's answer and interview in Figure 2 were examined, it was seen that the students who
gave this answer could not comprehend that when straight lines of equal length are lowered from any
point D to the arms of the angle with angles other than 90 degrees, two equilateral triangles are formed

and therefore the D point is on the bisector of the angle.

Difficulty in understanding whether the line segment drawn from the starting point of an angle A

is the bisector of the angle (LD3): In the 20t question of TKT, students' knowledge of discovering the
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bisector of an angle was questioned. In this question, students were expected to state that the fold line
was a bisector, since the triangles on both sides of the fold line are congruent. When the answers given
to this question were examined, it was determined that 79 students could not conceptually show that
the line segment drawn from the starting point of an angle was the bisector of the angle. Students with
LD3 difficulties had difficulties in the "reasoning" and "visualization" processes because they did not
have sufficient conceptual knowledge about the bisector of an angle or could not use the information
they had visually. The answer given by S20, one of these students, to question 20 (Figure 3), the drawing

he made during the interview (Figure 4), and the interview with S20 are as follows:

20)

GCesitkenar {icgen seklindeki bir kagidin, yukandaki gibi katlanip agiimasiyla elde
edjlen kgwmmwwdm&dmmmwbmm
gerekgeli olarak agiklayiniz.

Ucgesin yoksekligun Sk, Vb cinginle 4ol agt 30 oVl

Figure 3. S15's answer to the 20™ question in TKT

20 il
) D

<
B

Figure 4. T15's drawing during the interview while explaining the answer to question 20

Interviewer: You answered to the 20" question, “It shows the height of the triangle. The angle at the
base with the fold line becomes 90 degrees.”. So what would be 90 degrees?

§15: Here is my teacher (referring to the angle the fold line makes with the base).

Interviewer: So, let’s draw the same shape here, for example (Figure 4). I'll name it. Let A, B, C be D.
Show me where you claimed as 90 degrees?

S15: This is the height drawn from the steepest point of the triangle, teacher (Figure 4).
Interviewer: Oh, it's 90 degrees there. So where are the CDA and CDB angles?
S§15: Yes, sir.

Interviewer: Okay.
Difficulty in grasping that the distance of a point on the bisector of an angle to the arms of the angle
is equal (LD4): In the 23 question of TKT, the students were expected to reach a solution using the
knowledge that the perpendiculars drawn from a point taken on the bisector of an angle to the bisector
arms are equal in length. When the answers and interviews of the students were examined, it was
observed that 37 students could not comprehend that the distance of a point on the bisector of an angle
to the arms of the angle is equal. Students who encounter LD4 difficulty experience difficulties in the
"reasoning" and "visualization” processes because they do not have sufficient conceptual knowledge

about the concept of the bisector of an angle or cannot apply this conceptual knowledge to a visual
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figure. The answer given by 513, one of the students with this difficulty, to question 23 is given in Figure

5:

23)

(< | 2 J
Yandakl sekiide [BD) agiortay b +U” = ¢
[DE) £ [4B) b
(DF] 1 [BC) e
|BC| = 13 53
|IBE| =6

|DE| = 4 ise |DF] + |FC| degerini bulunuz.

e
Fuk

J A
i —

Figure 5. The Answer of 513 to question 23 in TKT

When the answer given by 513 given in Figure 5 to the 234 question is examined, it is seen that
point D on the bisector of angle B made an error by taking the distances of the point D on the bisector
of angle B equal to the points A and F on the arms of the angle. Students who could not use the equation
IDE|=IDF| of the length of the perpendiculars drawn from the D point on the bisector to the arms of
the angle were evaluated as having LD4 difficulty. When the answer given by S13 given in Figure 5 to
question 23 is examined, it is seen that point D on the bisector of angle B makes an error by taking the
distances from points A and F on the arms of the angle equal. Students who could not use the equation
IDE|=IDF| of the length of the perpendiculars drawn from the D point on the bisector to the arms of

the angle were evaluated as having LD4 difficulty.

Findings regarding to the Learning Outcome of “Being able to" show the properties of the
interior and exterior bisectors of a triangle." Learning difficulties faced by students were determined
by analyzing the answers given to questions 3, 6, 7, 10, 12, 14 and 18, about the outcome of "being able
to show the properties of interior and exterior bisectors of triangles." which are related to the learning
outcome (2" outcome). The frequency and percentage values of the difficulties obtained are presented

in Table 2 below:

Table 2. Frequency and percentage values of learning difficulties faced by students regarding the 2nd learning
outcome

Learning Difficulty Frequency Percentage
Inability to grasp the interior bisector of a triangle (LD5) 11 %13
Inability to grasp the interior bisector theorem (LD6) 56 7065
Inability to grasp that the third interior bisector of a triangle will

. . o 64 %74
pass through the intersection of the two interior bisectors (LD7)
Inability to grasp in tangent circle (LD8) 82 %95
Inability to grasp the exterior bisector theorem (LD9) 61 %71

Inability to grasp outer tangent circle (LD10) 85 %99
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Inability to grasp that the interior bisector of the third vertex
passes through the intersection of the two exterior bisectors of a 80 %93
triangle (LD11)

When Table 2 is examined, it is seen that 7 different learning difficulties have been identified
according to the findings obtained from the answers given to the questions prepared for the 2 outcome.
Of these difficulties, it was determined that 13% of students had LD5 difficulty, 65% had LD6 difficulty,
74% had LD?7 difficulty, 95% had LDS8 difficulty, 71% had LD9 difficulty, 99% had LD10 difficulty, and
93% also had LD11 difficulty.

Difficulty in comprehending the interior bisector of a triangle (LD5): When the answers and
interviews of the students to the questions of TKT involving the interior bisector of the triangle were
examined, it was determined that 13% of the students had the difficulty of LD5. Some of the students
with this difficulty stated that the interior bisector of the triangle would be the median for each triangle
at the same time, while others stated that it would be the height. Students with LD5 difficulty could not
expand their knowledge in questions related to the lack of conceptual knowledge about the concept of
bisector, or they had difficulties in their "reasoning" processes because they misused the information
they had. The answer given by one of these students, S17, to the related question (Figure 6) and the

interview with S17 are as follows:

yandaki ABC iicgeninde [AD], A agisina ait agiortaydir.

3

! |AB| = 4
|AC| = 6
BD| =3

olduguna gére |[DC| nu bulunuz.

2 - \oul=3

Figure 6. S17's answer to the 3rd question in TKT
Interviewer: So let’s look at question 3?7 You said in the third question, | DC1=3. According to what?
§17: I think 1 gave something here. I gave the edge a, the name a.
Interviewer: Well, let me ask something first: Did we tell you that AD is the height of BC?
517: You did not.
Interviewer: So why did you write 90°?
S§17: That is, that it would divide it into 90 90.
Interviewer: So you think that because angle A is bisected, it divides AD down into two?
§17: Yes.
Interviewer: So how do we know that BD and DC are equal?
§17: Since it divides into two, two equal things happen.

Interviewer: Okay.

When the question solution and interview of 517 in Figure 6 is examined, it is seen that the
student took the bisector as both the height and the median, although the given triangle was not
equilateral or isosceles. The students who made this mistake were evaluated as having LD5 difficulty
because they could not comprehend that the bisector of an interior angle of a triangle is not always the

median or the height.
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Difficulty in grasping the interior bisector theorem (LD6): The third question of TKT was prepared in
order to question the knowledge of the students about the interior bisector theorem. When the answers
given to this question were examined, it was determined that 65% of the students had LD6 difficulties.
The majority of students with LDé6 difficulty set up the wrong proportion between the edges. These
students, whose conceptual knowledge about the interior bisector theorem was incomplete or wrong,
had difficulties in their "reasoning" processes. The answer given by one of these students, S15, to

question 3 and the interview with S15 are as follows:

3) Yandaki ABC iigeninde [AD], A agisina ait agiortaydir.
|AB| = 4
|AC| =6
|BD| =3

olduguna gore |DC| nu bulunuz.
S RS T =lpeip édﬂ(a

L T * =0 4

Figure 7. 515's answer to the 3¢ question in TKT

Interviewer: Okay, let’s continue with question 3. In the third question, you said that 3/4=(x+3)/6. Why
did you say such a thing? Where did you get this ratio?

S15: First, the ratio of the minors to the minors, the ratio of the larger to the larger. So I took all of BC
x+3, since AC is big, I got AC, sir.

Interviewer: Why does this formula come from? So this is a formula?

S15: It was like this, but my teacher! Sir, the product of the small and the small should be equal to the
product of the big and the big. There was such a rule, but I can't remember exactly, sir.

Interviewer: You can't remember exactly. Alright.
When the answers given by the students to the 34 question were examined, it was determined
that the students could not comprehend the interior bisector theorem, and these students were

evaluated as having LD6 difficulty.

Difficulty in understanding that the third interior bisector passes through the intersection of the two
interior bisectors of a triangle (LD7): In the 7™ question of TKT, students were expected to reach the
conclusion by using the knowledge that the line segment drawn from the third corner to the intersection
point of the interior bisectors coming from the two corners of the triangle is also the bisector. When the
students' question answers and interviews were examined, it was determined that 74% of the students
had LD7 difficulty. Students with this difficulty could not solve the 7™ question because they could not
comprehend that the third bisector would pass through the intersection of the two bisectors. Students
with LD7 difficulty experience difficulties in the "reasoning" and "visualization" processes because they
cannot grasp the knowledge that the bisectors of the angles of the triangle intersect at a point or cannot
apply this knowledge to the related question. The answer given by S3, one of these students, to the

question in TKT (Figure 8) and the interview with the student are as follows:
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7) ABC lg¢geninde

m(ABD) = 30°, m( DBC)= 30°
m( ACD) = 25°, m( DCB) = 25°

ise m( DAC) kag derecedir? Cevabinizi gerekgeli olarak
agiklayimz,

Figure 8. S3's answer to the 7% question in TKT

Interviewer: Well, when I looked at the 7™ question, I saw that you were not quite clear. So you found
angle A of 70°. You couldn't continue. Why?

S3: Sir, I found 70 in the big triangle...

Interviewer: OK.

S3: I could not bring the rest.

Interviewer: Why? And what is the feature of this AD here?
S3: AD’s... [thinks]

Interviewer: You don't know?

S3: I have no idea, sir.

Interviewer: Okay.

When Figure 8 and the student's interview were examined, it was seen that S3 could not
comprehend that the intersection point of [BD] and [CD], which came from the corners of the triangle,
was the intersection point of the interior bisectors, and therefore, he could not think that [AD] should
also be bisector. In this way, the students who could not comprehend that the interior bisectors would

intersect at one point were evaluated as having LD7 difficulty.

Difficulty in comprehending the tangent circle (LD8): When the answers and interviews of the
students to the related questions in TKT were analyzed, it was determined that 95% of the students had
difficulties in the concept of the tangent circle of the triangle. These students with LD8 difficulty do not
know the shape or properties of the tangent circle of a triangle. The LD8 difficulty faced by these
students, who have a lack of conceptual knowledge, stems from their "reasoning" processes. The LD8
difficulty faced by the students was obtained from the 6%, 12, 14t and 18t questions answered in the
TKT. The interview with 514, one of these students, and the drawing that the student made during the

interview are as follows:
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Interviewer: You said in question 18 that a triangle has one tangent circle. Can you show me 1
tangent circle? Draw a triangle and ten have a tangent circle.
S14: If the center is here... [draws] (Figure 9)
Interviewer: For example, is this the tangent circle of the triangle you drew?
S14: I don't know.
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Figure 9. 514's representation of the tangent circle of a triangle
When Figure 9 is examined, it is seen that 514 does not know the tangent circle of a triangle.
The various representations of the tangent circle of a triangle during the interviews of different students

with LD8 difficulty are given in Figure 10:
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Figure 10. Inset circle representation of a triangle by some students with LD8 difficulty

Difficulty in comprehending the external bisector theorem (LD9): When the answers and interviews
of the students to the 10t question of TKT were analyzed, it was determined that 71% of the students
had LD9 difficulty. It was observed that students with this difficulty set up the wrong proportion
between the lengths of the sides while applying the exterior bisector theorem in the solution of the 10
question, or they did not know the exterior bisector theorem. Students with LD9 difficulty face because
they have a lack of conceptual knowledge about the exterior bisector theorem, and this difficulty stems
from the difficulties they experience during the "reasoning" process. The answer given by 53, who made

the wrong proportion, to the question (Figure 11) and the interview with S3 are as follows:

10))( F Yandaki ABC iigeninde [AC], FAD agisina
Sy DS A ait agiortaydir.
i) 4 |AB| = 6 cm
<= 4 6 ; |AD| = 3 cm
|IDC| = 4cm
g = 5 . - olduguna gére |BD| nu bulunuz.

Figure 11. S3's answer to the 10™ question in TKT
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Interviewer: So how did we find 8 in question 10?

S3: The outer bisector of 4 again. Wait a minute... external bisector AC...

Interviewer: Yes.

53: External bisector. From the exterior bisector, I said the ratio of 4 to 3, the ratio of x to 6.
Interviewer: Would the ratio of 4 to 3 be the ratio of x to 67 So why do you think so?

S3: 1 thought the edge that 4 sees is the edge that x sees.

Interviewer: Hmm. Alright....
Difficulty in comprehending the outer tangent circle (LD10): As a result of examining the answers
given by the students to the TKT questions, it was determined that 99% of the students did not know
the shape or properties of the outer tangent circle of a triangle. It was determined that these students
had LD10 difficulty in their answers to the 6%, 14, and 18" questions of the TKT. The reason why
students encounter the LD10 difficulty is that they lack conceptual knowledge about the outer tangent
circle in the "reasoning" processes. The interview with S5, who has LD10 difficulty, and the student's

representation of the outer tangent circle (Figure 12) are as follows:

Interviewer: Let’s move on to b of 18. You said there is 1 outer tangent circle. I'll say 18b here. Can
you draw me the outer tangent circle?

S5: ... [draws a circle] (Figure 12)
Interviewer: The circle passing through the vertices is the outer tangent circle, is it?
55: Yes.

Interviewer: Okay....

A -I
Figure 12. S5's representation of the outer tangent circle of a triangle
In Figure 12, it is seen that S5 shows the circumscribed circle of a triangle instead of the outer

tangent circle of a triangle. Various representations of the circumcircle of a triangle by different students

with LD10 difficulty are given in Figure 13:

Figure 13. Representation of the tangent circle of a triangle by some students with LD10 difficulty
Difficulty in comprehending that the interior bisector of the third vertex passes through the
intersection of the two exterior bisectors of the triangle (LD11): When the answers and interviews of

the students to the 14" question of TKT were examined, it was determined that 93% of the students
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could not comprehend the knowledge that the interior bisector of the third vertex would pass through
the intersection of the two exterior bisectors of a triangle. This lack of conceptual knowledge is related

to the "reasoning" process. The interview of 524, one of the students with LD11 difficulty, is as follows:

Interviewer: You left question 14 blank. Why?

524: Three exterior angles of exterior angles... One minute, triangle ABC. The exterior angle of A coming
from those two sides is the exterior angle of C. At the junction point of the two, something came from
there.

Interviewer: Will it be bisector? (referring to the line segment coming from the third vertex to the
intersection of the two exterior bisectors)

S§24: Bisector? I don’t know.

Interviewer: Okay.

As seen in the student's interview, it was determined that the students with LD11 difficulty
could not solve the 14t question because they could not comprehend that the interior bisector of the

third vertex would pass through the intersection of the two exterior bisectors of a triangle.

Findings regarding to the Learning outcome of “Being able to indicate that the medians of a

triangle intersect at a point and to explain the properties of the median.”

The 4%, 9th, 13th, and 17t questions of TKT were prepared in order to determine whether the
students achieved the learning outcome (3¢ outcome), “being able to indicate that the medians of a
triangle intersect at a point and explains the properties of the median.” As a result of the analyzes of the
answers given by the students to these questions and their interviews, the frequency and percentage

values of the learning difficulties encountered regarding this outcome are presented in Table 3:

Table 3. Frequency and percentage values of learning difficulties encountered by students regarding the 3rd
learning outcome

Learning Difficulty Frequency Percentage

Inability to grasp the features of the center of gravity (LD12) 48 % 56
Inability to comprehend whether a given point in a triangle is
the center of gravity or not (LD13)

Not being able to translate the question given by verbal
expression (LD14)

76 % 88

36 % 42

When Table 3 is examined, 3 different learning difficulties were identified according to the
findings obtained from the students’ answers to the questions prepared about the 3¢ outcome and from
their interviews. Among these difficulties, it was determined that 56% of the students had the LD12

difficulty, 88% of the students had the LD13 difficulty and 42% of the students had the LD14 difficulty.

Difficulty in comprehending the features of the center of gravity (LD12): When the answers given by
the students to the 4t question in TKT were analyzed along with their interviews, it was seen that 48
students could not comprehend the features of the center of gravity and they had LD12 difficulty. Some

of the students with this difficulty thought that the median of the triangle coming from any corner of
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the centroid of the triangle divided the middle into two equal parts, while others thought that the
medians of the triangle would always be the bisector or the height. These students, who have incomplete
or incorrect information about the center of gravity of a triangle, faced the LD12 difficulty because of
the difficulties they experienced during the "reasoning" process. The answer given by 531, one of these

students, to the related question (Figure 14) and the interview with S31 are as follows:

4
) ~ Yandaki sekilde G noktas ABC Uggeninia

abirhk merkez)

|DG| = 3x »

S ICG} = Sx+2 DK o= AL
[ K olduguna gore |CD| nin tamsay degerini —r
- ) . bulunuz, '
a ( -7 = -

Figure 14. S31's answer to the 4t question on TKT

Interviewer: In question 4, the G point is given as the center of gravity. You equated 3x to 5x+2. Why
did you feel the need to equalize?

S31: The center of gravity is the middle point of the triangle.
Interviewer: Did you equalize because it was the midpoint?
S31: Yes, sir, it is.

Difficulty in understanding whether a given point in a triangle is the center of gravity or not (LD13):
When the answers given by the students to the questions prepared for the 37 outcome of TKT were
analyzed, it was observed that 88% of the students could not comprehend whether a given point in the
triangle was the center of gravity of the triangle. It was determined that these students with LD13
difficulty either solved questions 9, 13, 17, and 19 of the TKT incorrectly or left these questions blank.
Students who meet the LD13 difficulty have difficulties in the "reasoning" process because they do not
have sufficient knowledge about the concept of center of gravity, or in the "visualization" process
because they cannot discover how to use the knowledge they have on the figure in the related question.
The answer sheet of one of these students (Figure 15) and the interview with the student are as follows:
9) Bir ABC Uggeninde D noktasi [AB] kenarinin orta noktas: olmak

Uzere [CD] kenarortay: giziliyor. Daha sonra [AC) dogru pargasi

Uzerinde E noktasi belirlenerek [BE]dogru pargas: giziliyor.

(CD]  [BE] = (M)

|CM| = 6 br

IMD| = 3 br

IME| =5 br

olduguna gore |BM| nu bularak cevabinizi gerekgeli olarak
agiklaymnz,

Figure 15. S8's answer to the 9™ question in TKT

Interviewer: I'm on question 9. Did you find the answer to the 9" question 10?
S8: I did it proportionately.

Interviewer: Why did you rate it? So what is the property of M? The shape you drew. Then you said
that CDA is 90 degrees. Does M have a feature?

§8: It came as the junction point of the edge middle pillars.
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Interviewer: There is no such thing in the question! It becomes the intersection point of the medians.
What then is the "M"?

S8: It is not the center of gravity.
Interviewer: Isn't it?
S8: 1t is not the center of gravity.

Interviewer: Well then.
Difficulty in conveying the verbally given question into shape (LD14): When the answers and
interviews of the students to the 9t question of the TKT prepared for the 3 outcome were analyzed, it
was seen that 36 students could not translate the verbally given geometric concepts into shape. It is
thought that these students with LD14 difficulty comprehend geometry in a shape-oriented manner and
experience difficulties when there is no shape. Since these students could not construct the shape step
by step, the difficulty they experienced stems from the "creation" process. The answer given by one of

these students to the question (Figure 16) and the interview with this student are as follows:

@) sir ABC uggeninde D noktas: [AB] kenarinin orta noktass olmak P \ l |
Uzere [CD) kenarortays iziliyor. Daha sonra [AC] dogru pargas: \{ \('| \ \/ N | / [
Uzerinde E noktasi belirlenerek [BE]dogru pargasi giziliyor. =T N <
[CD] n [BE] = (M) :
|ICM| = 6br
|MD] = 3 br
IME| = 5 br
olduguna gore |BM| nu bularak cevabimizi gerekgeli olarak
agiklayimiz.

Figure 16. 520's answer to question 9 in TKT

Interviewer: Well, you wrote “I want a shape” in question 9!
520: Yes.

Interviewer: Can’t you draw the shape yourself?

520: No.

The answer given by another student with LD14 to question 9 (Figure 17) and the interview

with the student is as follows:

a
9) Bir ABC iicgeninde D noktasi [AB] kenarinin orta noktasi olmak /F
zere [CD] kenarortay giziliyor. Daha sonra [AC] dogru pargasi
Gzerinde E noktasi belirlenerek [BE]dogru pargasi giziliyor. &
9 [CD] n [BE] = (M)
|CM| = 6 br
|IMD| = 3 br ﬁ
|IME| =5 br A
olduguna gore |BM| nu bularak cevabinizi gerekgeli olarak
agiklayimiz.

Figure 17. 548's answer to question 9 in TKT

Interviewer: Let’s look at question 9.
S48: I didn’t even understand that at all...

Interviewer: Okay.

The findings show that students have various difficulties with the bisector and medians of
triangles. It was observed that the majority of the difficulties encountered were above 50%. It has been
determined that the most common difficulty encountered by the students regarding the bisectors of a

triangle is "Not being able to form the bisector of an angle (LD1)", and the most common difficulty about
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the medians of the triangle is "Not being able to comprehend whether a given point in a triangle is the

center of gravity or not (LD13)".
Conclusion and Discussion

In this study, the difficulties encountered by 9*-grade students while learning the subjects of
bisectors and medians of triangles were determined. As a result of the analysis of the TKT applied to
the students and the interviews with the students, it was determined that the students faced various
difficulties. Duval (1998) defined geometry teaching in three scientific processes: visualization, creation,
and reasoning; stated that the difficulties encountered by the students stemmed from the inability to
establish a relationship between these three cognitive levels. In the study, it was determined that all of
the students had the difficulty of forming the bisector of an angle (LD1) in terms of the learnig outcome
(1st learning outcome),"being able to draw the bisector of an angle and explains its properties.” In the
related question in TKT, the students were asked to create the bisector of an angle by doing the drawing
applications step by step. In the data analysis obtained, it was determined that none of the students
could draw correctly. In analyzes of the interviews, it was determined that many students did not take
kindly to compass-ruler applications and gave meaning to geometry questions based on shape. It is
thought that students who are not successful in step-by-step construction practices have difficulties in
the cognitive processes defined by Duval (1998), especially in the "constructing" process, which includes
geometric constructions with mathematical tools and materials. It has been determined that these
students have LD1 difficulty, since the difficulties experienced by the students in the "creation" process
prevent them from establishing relationships with other cognitive processes ('visualization" and
"reasoning"). Parallel to this difficulty, in the researches conducted by Karakus (2014) and Tosun (2019),

it was determined that students had difficulties in geometric constructions.

Having step-by-step compass-ruler applications included in the mathematics curriculum of the
Ministry of National Education (MNE, 2013; MNE, 2017) provides various benefits to students.
Compass ruler constructions improve students' geometry thinking levels (Napitupulu, 2001), provide
students with logical thinking skills, and help students better understand the properties of geometric
shapes (Fahlberg-Stojanovska and Stojanovski, 2009; Hoffer, 1981). Drawing applications, which are
included in the literature as compass-ruler constructions, can be made with concrete materials of
compass and ruler, as well as with dynamic software developed (Ciftci and Tatar, 2014). Students are
encouraged both to use concrete tools such as compass and ruler and to benefit from information and
communication technologies in the MNE secondary school mathematics curriculum (MNE, 2013; MNE
2017). It is thought that such applications are ignored or cannot be done effectively in geometry lessons
in our country. During the interview, some students stated that they have never encountered these
applications, and that they usually solve questions on geometry issues. However, with step-by-step
constructions, students have the opportunity to learn and practice the basic features of geometric

concepts (Freeman, 2008). Students who cannot fully learn geometric concepts face many difficulties in
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the following subjects. It can be said that this is one of the foundations of the problems in the field of
geometry in our country. In the study conducted by Acikgiil and Arslaner (2015), it was observed that
some of the pre-service teachers stated that they did not encounter geometric location problems by

doing step-by-step drawing activities before.

According to the findings of the 1st outcome in the study, it was determined that 93% of the
students had difficulty in comprehending whether a point D is on the bisector of angle A (LD2). It was
observed that many of the students who had difficulties in this subject thought that the necessary
condition for a point D to be the bisector of angle A was that the angle made by the line segments drawn
from the D point to the arms of the angle should be 90 degrees and their lengths should be equal to each
other. These students made a mistake by saying that the D point was not on the bisector of the angle, if
the angles made by the lines drawn from the D point to the arms of the angle were different from each
other and their lengths were equal to each other than 90 degrees. In addition, as a result of the analysis
of the data obtained, 92% of the students had difficulties in not being able to comprehend whether the
ray drawn from the starting point of an angle A was the bisector of the angle (LD3), and 65% of them
did not understand that the distance of a point on the bisector of an angle to the arms of the angle is
equal (LD4). It is thought that the fact that students have LD1 difficulty causes them to encounter LD2,
LD3, and LD4 difficulties. Since students with LD2 difficulties have conceptual knowledge deficiencies,
especially students with "reasoning", LD3 and LD4 difficulties have conceptual knowledge deficiencies
or cannot use their knowledge on the question, they have difficulties in "reasoning" and "visualization"
cognitive processes and they encounter learning difficulties by not being able to establish a relationship
between cognitive processes. It is thought that when students create the bisector of an angle step by step
and learn the conceptual knowledge well, the probability of encountering LD2, LD3, and LD4

difficulties will decrease.

When the findings related to the learning outcome (2" outcome), "being able to show the
properties of the interior and exterior bisectors of a triangle” were examined, it was determined that
13% of the students misunderstood the concept of the interior bisector of a triangle (LD5). Some of these
students confuse the interior bisector of an angle of a triangle with the concepts of height or median.
Others state that the bisector of an angle of a triangle will also be the median and the height for each
type of triangle. In the questions developed in the TKT regarding the 24 outcome, the students were
expected to reach the correct answer by using the knowledge that the bisectors from the three sides of
the triangle intersect at a point. It was determined that 74% of the students were unable to comprehend
that the third inner bisector would pass through the intersection of the two inner bisectors of the triangle
(LD7), and 93% of them were unable to comprehend that the inner bisector of the third vertex would
pass through the intersection of the two outer bisectors of the triangle (LD11). The intersection of the
bisectors of a triangle is the intersection of the triangle's inner tangent or outer tangent circles. It is

thought that the reason why the students cannot discover these points is that they do not understand
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the concepts of inner tangent circle and outer tangent circle sufficiently. Because, in the study, it was
determined that 95% of the students had difficulties in comprehending the inner tangent circle (LD8)
and 99% of the students were unable to comprehend the outer tangent circle (LD10). Most of the
students do not know the representation or properties of the inner tangent and outer tangent circles of
a triangle. In the study conducted by Acikgiil and Arslaner (2015), it was determined that the majority
of students did not grasp the information that the center of the inner tangent circle is the point where
the inner bisectors of the triangle intersect, and that the center of the outer tangent circle is the point
where two outer and one inner bisector of the triangle intersect. In the light of the findings related to
the 274 outcome, it was concluded that 65% of the students had difficulties in understanding the interior
bisector theorem (LD6) and 71% of them had difficulties in understanding the exterior bisector theorem
(LD9). These students either do not know or misunderstand the relationship between the lengths of the
sides of a bisector of a triangle. Since the LD5, LD6, LD8, LD9, and LD10 difficulties of the students
related to the second outcome mostly stem from the lack of conceptual knowledge, the students'
especially "reasoning", LD7 and LD11 difficulties stem from both the lack of conceptual knowledge and
the inability of the students to visually discover the information in the related questions. It is thought
that they have difficulties in "reasoning” and "visualization" cognitive processes. Students who have
difficulties in any cognitive process are faced with learning difficulties because they cannot establish a

relationship between cognitive processes.

In the research, in the findings obtained from the questions about the learning outcome (3rd
outcome), "being able to show that the medians of the triangle intersect at a point and explain the
properties related to the median”, it was determined that 56% of the students had difficulty in
comprehending the center of gravity, which was the cut-off point of the medians (LD12). Some of the
students with this difficulty had the wrong information that the center of gravity divided the medians
exactly in the middle, and some of them divided it from the corner 1 to 2 sides. Some students with
LD12 difficulty also thought that the auxiliary element of the triangle passing through the center of
gravity would be the bisector or the height. In addition, it was determined that 88% of the students had
difficulty in understanding whether a point in the triangle was the center of gravity or not (LD13). The
majority of students with this difficulty consisted of students with LD12 difficulty. It is thought that
students with LD12 difficulties have problems especially in "reasoning" because they have a lack of
conceptual knowledge. In his research, Giil (2014), in which he measured the mathematical
achievements of students on the subject of triangles and analyzed the students according to their Van
Hiele levels, determined that half of the students to whom the study was applied did not know the
concept of center of gravity and that the medians of a triangle pass through the center of gravity. In his
study, Kili¢ (2013), who examined the effects of dynamic geometry software on students' geometric
thinking, geometry success and ability to prove, concluded that students could define the center of

gravity, but they did not know at what rate (2:1 ratio) the center of gravity divided the median. Another
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difficulty obtained regarding the 34 acquisition of the research subject in the curriculum was that the
students could not translate the question given in verbal expression into form (LD14). Students with
this difficulty, which is composed of 42% of all students, could not draw the shape of the question
related to the third outcome, which was given only verbal expression, or they drew it incorrectly. In line
with the findings, it was observed that students with LD14 difficulty were the ones who had difficulties
in the process of "creating”, that these students gave meaning to geometry with a shape focus, that they
did not take kindly to verbal questions in geometry, and that some students did not read the question
when they saw the verbal question. According to Fischbein (1993), the conceptual infrastructure must
be developed in order to interpret the shape in geometry. It can be said that the reason why students
have LD14 difficulty is that they solve shape-oriented examples without learning geometric concepts
thoroughly. In parallel with the result obtained, Karpuz, Koparan and Giiven (2014) found in their study
that the students could not draw the shape representing the concept in the solution of amorphous

questions and could not establish the necessary relationship between the figure and the concept.

When the results of the research are examined, it is thought that the most important reason for
the learning difficulties faced by the students is that the students do not fully learn the geometric
concepts. Students who could not fully learn geometric concepts encountered difficulties in solving
problems. Concepts that are not fully learned in the field of geometry with a sequential learning system
also negatively affect the learning of future concepts. The lack of geometric concept knowledge of
students in the literature has been obtained as a result of many researches (Akuysal, 2007; Ayvaz,
Giindiiz and Bozkus, 2017; Blanco, 2001; Tiimer, 2017; Gutierrez and Jaime, 1999; Giil, 2014; Giirefe and
Giiltekin, 2016; Giirefe, Yarar, Pazarbasi and Es, 2014; Karpuz et al., 2014; Kilig, 2013, Ozerem, 2012;
Ubuz, 1999). Lack of students' conceptual knowledge causes students to make wrong generalizations
and predictive solutions. For example, a student who does not fully understand the concept of the center
of gravity may think of the center of gravity as the center where all the auxiliary elements of the triangle
pass. In addition, students with a lack of conceptual knowledge cannot see the shape holistically and
make sufficient discoveries for solutions, especially in geometry problems on the shape. One of the
reasons for the difficulties that students have in geometry is that students comprehend geometry
problems in a shape-oriented manner. It was observed that the students could not translate the verbally
given formless questions into shape, conveyed them incorrectly, or passed without looking at all. In
their study, Barut and Retnawati (2020) determined that in parallel with this result, students lacked
visualization skills, could not understand geometry-related terms and symbols, and had appropriate
reasoning deficiencies. In the study of Ayuningtyas, Mardiyana, and Pramudya (2019), it was revealed
that students' geometric reasoning abilities were low. It can be said that the underlying reason is the
lack of students' conceptual knowledge. Students with incomplete conceptual knowledge experience

difficulties in the processes of "reasoning" and "visualization" and "creation". Therefore, students who
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cannot establish a chain link between these three processes cannot solve geometry problems and

encounter learning difficulties (Duval, 1995).
Suggestions

The high rate of each learning disability obtained in the study shows that most of the students
had difficulties in geometry. One of the biggest reasons for the learning difficulties encountered is the
lack of basic geometric concept knowledge of the students. For this reason, it is recommended to learn
and teach the conceptual information completely in the teaching. It is thought that learning the concepts
well and establishing connections between various activities and concepts will increase the geometric
thinking levels of the students. By giving importance to conceptual learning especially in primary and
secondary schools, the geometric concept foundations of students should be laid firmly so that students
do not encounter learning difficulties in the future. In addition, dynamic geometry software can be used
effectively in geometry teaching, and various activities can be carried out to improve students'
visualization, creation, and reasoning processes separately and to strengthen the relationships between

these processes.
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