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Feyza ALIUSTAOGLU

MATEMATIK OGRETMEN ADAYLARININ PRiZMA VE
SILINDIRE YONELIK KAVRAM iIMAJLARININ TANIMLAR],
CiZIMLERI VE GRUPLANDIRMA BECERILERI KAPSAMINDA
INCELENMESI

0z

Bu arastirmada ilkogretim matematik 6gretmen adaylarinin prizma ve silindire
yonelik kavram imajlarini ortaya ¢ikarmak amaglanmistir. Bu amag dogrultusun-
da 6gretmen adaylarinin bu geometrik cisimlere yonelik tanimlari, farkl ¢izimleri
ve verilen geometrik cisimleri gruplandirma bigimleri incelenmistir. Aragtirma
durum calismasi modeline dayali olarak yiiriitiilmiistir. Aragtirmanin c¢aligma
grubunu Tirkiyenin kuzeyinde bulunan bir iniversitenin egitim fakiiltesi ilkogre-
tim matematik 6gretmenligi boliimiinde birinci sinif diizeyinde 6grenim goren 45
ogretmen aday1 olusturmaktadir. Oncelikle uygun 6rnekleme yéntemi kullanila-
rak belirlenen 6gretmen adaylarina silindir ve prizmaya yonelik tanimlama, ¢izim
yapma ve gruplama becerilerini igeren geometrik cisimler bilgi testi uygulanmus-
tir. Ardindan maksimum gesitlilik 6rneklemesi yontemine dayali olarak 6gretmen
adaylarinin verdikleri cevaplarin incelenmesi sonucunda 6 6gretmen adayi ile go-
rigmeler gerceklestirilmistir. Bilgi testine verilen cevaplarin analizi igerik anali-
zi teknigine dayali olarak gerceklestirilmistir. Gorlisme verilerinin analizinde ise
betimsel analiz teknigi kullanilmistir. Arastirmadan elde edilen sonuglar 6gretmen
adaylarinin tanimlars, ¢izimleri ve gruplandirma bigimleri basliklar: altinda sunul-
mugtur. Arastirma sonucunda 6gretmen adaylarinin silindir ve prizma tanimlari-
nin tam olarak yeterli olmadigi, bu geometrik cisimlere yonelik kritik 6zellikleri
ayirt etmekte giiclitk yasadiklar: bulunmustur. Kavram imajlar1 genellikle silindir
i¢in dairesel tabanli ve prizma i¢in ¢okgen tabanli ve dik cisimler seklindedir. Ci-
zimlerinde genellikle prototip algiya dayali ¢izim yapmuislar, gruplandirmada da
prototip 6rnekleri ayirt etmekte zorlanmamislar ancak prototip olmayan 6rnekleri
ayirt etmekte zorlanmiglardir. Kavram imajlarinin kavram tanimlarina gore daha
baskin oldugu gorilmustiir. Ayrica matematiksel dili kullanmada hatalar yaptikla-
r1 ve konu ile ilgili alan bilgilerinde de eksikler oldugu tespit edilmistir. Silindir ve
prizma arasindaki hiyerarsik iligki distindiigtinde 6gretmen adaylarinin genellikle
bu cisimleri ayrik kiimeler olarak diisiinmekle birlikte farkl: fikirlere sahip oldu-
gu sonucuna ulagilmistir. Arastirmadan elde edilen sonuglara dayal: olarak gesitli
oOneriler getirilmistir.

Anahtar Kelimeler: Kavram Imaj1, Matematik C)gretmen Adaylari, Prizma,
Silindir.
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EXAMINATION OF PROSPECTIVE MATHEMATICS TEACHERS'
CONCEPT IMAGES OF PRISM AND CYLINDER IN THE SCOPE OF
THEIR DEFINITIONS, DRAWINGS AND GROUPING SKILLS

ABSTRACT

In this study, it was aimed to reveal the concept images of prospective mathe-
matics teachers (known hereafter as PMTs) about prisms and cylinders. For this
purpose, PMTs" definitions of these geometric objects, their different drawings,
and the way they grouped the given geometric objects were examined. The re-
search was conducted based on the case study model. The study group for the
research consisted of 45 prospective teachers studying at the first grade level in the
department of primary education mathematics teaching at the faculty of educati-
on of a university in the north of Turkey. Firstly, the geometric objects test, which
includes the skills of defining, drawing, and grouping cylinders and prisms, was
applied to the PMTs. Then interviews were conducted with six PMTs. The analysis
of answers to the geometric object test was carried out based on the content analy-
sis technique. The descriptive analysis technique was used in the analysis of the
interview data. The results obtained from the research were presented under the
headings of the PMTS’ definitions, drawings, and grouping styles. As a result of the
research, it was found that the PMTSs’ definitions of cylinder and prism were not
fully sufficient, and they had difficulty distinguishing the critical features. Concept
images are based on prototype examples, usually in the form of right objects with a
circular region base for a cylinder and a polygon base for a prism. It was seen that
the concept images were more dominant than the concept definitions. In addition,
it was determined that they made mistakes in using the mathematical language
and that there were deficiencies in the content knowledge about the subject. When
considering the hierarchical relationship between the cylinder and the prism, it
was concluded that the PMTs generally thought of these objects as discrete sets,
but had different ideas. Various suggestions were made based on the results obta-
ined from the research.

Keywords: Cylinder, Concept image, Prism, Prospective Mathematics Teachers.
e 2 2k
GIRIS

Geometrik cisimler konusu matematik 6gretim programlarinda oldukca genis
bir yere sahiptir. Ayrica geometrik cisimler giinlik hayatimizin bir pargasi olup
(Baykul, 2014) ¢evremize baktigimizda bir¢ok yerde geometrik cisimler karsimiza
gikmaktadir (Gokbulut & Ubuz, 2013). Onemli konular olan geometrik cisimler
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konusunda ortaokul 6grencilerinin, 6gretmen adaylarinin ve dgretmenlerin zor-
luklar yasadiklarini belirten bir¢cok ¢aligma mevcuttur (Accascina & Rogora, 2006;
Akayuure, 2021; Avgoren, 2011; Battista & Clements, 1996; Cakmak, Konyalioglu
& Isik, 2014; Kogak, Gokkurt Ozdemir & Soylu, 2017). Geometrik cisimler iginde
yer alan prizma ve silindir, giincel egitim reformlarinda tanimmasi, 6zelliklerinin
farkinda olunmasi ve iliskilendirme becerisine sahip olunmas: gereken konular
olarak belirtilmektedir (NCTM, 2000; NCTM, 2006). Bu konulardaki tanimlar,
ozellikler, genellemeler, islemler ve baglantilar ile ilgili calismalarin 6nemli oldugu
soylenmektedir (Armah, Cofie & Okpoti, 2017).

Uluslararas: geometri kitaplarinda ve literatiirde silindir ve prizma arasinda
iliskilendirme yapilmaktadir. Ornegin Van de Walle, Karp ve Bay-Williams (2014):
“Tabani ¢okgen olan silindirlere prizma denir” ifadesine yer vererek tiim prizma-
lar1 silindirlerin 6zel bir hali olarak ele almiglardir. Diger taraftan silindir kavrami-
nin 6zel bir prizma olarak ele alinamayacak kadar kapsamli bir kavram oldugu ve
geometri 6gretiminde 6nemli bir rolii oldugu belirtilmektedir (Yemen Karpuzcu &
Isiksal Bostan, 2013). Geometrik cisimlerin 6zelliklerine gore hiyerarsik siniflandi-
rilma becerisinin geometri 6gretim programinin 6nemli bir parcasini olusturdugu
ve geometrik cisimler asindaki hiyerarsik iliskilerin anlagilmasinin, muhakeme ve
sorgulama becerilerinin gelisiminde 6nemli oldugu vurgulanmaktadir (Clements,
2003; Fujita & Jones, 2007).

Tiirkiyedeki 6gretim programlarinda ise ortaokulda prizma konusu 8. siuf
diizeyinde dik prizma olarak ele alinmakta ve dik prizma: “Tabanlar: birbirine eg
¢okgen ve yan yiizleri taban diizlemlerine dik, ayn1 zamanda bir kenar1 ¢okgenin
bir kenarina es birer dikdortgen olan cisimler” seklinde tanimlanmaktadir (Boge
& Akally, 2018). 10. sinifta da tekrar dik prizma seklinde ele alinmakta (Mavis, Giil,
Solaklioglu, Tarku, Bulut & Goksen, 2021) ve ortaokul ve ortadgretim diizeyinde
genellikle bilindik ¢okgen tabanli (kare, ti¢gen, dikdértgen) prizmalara yer veril-
mis olup daha az sayida da olsa besgen ve altigen prizma ¢izimleri de mevcuttur.
Silindir konusu ise 8. sinif diizeyinde dik dairesel silindir olarak ele alinmakta ve
dik dairesel silindir: “Ust ve alt tabani es dairelerden ve bu tabanlarin cevresindeki
noktalar: birlestiren dogru parcasinin tabanlara dik olmasiyla olusan geometrik
cisim” olarak tanimlanmaktadir (Boge & Akalli, 2018). Ortadgretim diizeyinde ise
11. sinifta gegmekte olup, 6ncelikle silindirik yiizey ardindan da silindir tanimina
yer verilmektedir (Seymen, Gazioglu, Yildirim & Meral, 2021). Bu tanim yapilir-
ken tabanlar1 daire olmayan, herhangi bir yiizey olan silindir gérseline yer veril-
mistir ancak ardindan 6gretim programinda dik dairesel silindirlere yer verildigi
i¢in dik dairesel silindir tizerinden agiklamalar yapilmis ve prototip dik dairesel
silindir 6rneklerine yer verilmistir. Ortaokul ve ortadgretim matematik progra-
minda prizma ve silindir arasindaki hiyerarsik iliskiye ise dogrudan yer verilme-
mektedir ancak 11. sinifta prizmanin ve silindirin hacminin anlatildig kisimda:
“Kenar sayisini (n) artirdiginizda prizmanin tabanlari cokgenden daireye; prizma,
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silindire dontisecektir” ifadesi ge¢mektedir (Seymen vd., 2021). Bu da silindirlerin
daha genel bir kavram oldugunun sezdirildigini gostermektedir ancak dogrudan
bir iliskilendirme yapilmamaktadir.

Ogretmenlerin 6gretmenlik gorevini en iyi sekilde yerine getirmek iin ii¢ bo-
yutlu cisimler konusunda yeterli alan ve pedagojik alan bilgisine sahip olmalar:
gerektigi belirtilmektedir (Akayuure, 2021). Geometride yasanan islemsel ve kav-
ramsal 6grenme eksikleri (Star & Stylianides, 2013; Haapasalo & Kadijevich, 2000)
ile zayif uzamsal alg1 ve hatali tanimlar (Riastuti, Mardiyana & Pramudya, 2017)
geometri 6grenmede bazi problemler olarak ifade edilmektedir. Kiligoglu (2020),
geometrik sekil, geometrik cisim gibi kavramlarin 6gretmen adaylar: tarafindan
tanimlanmasini ele alan ¢aliymasinda, kavramlarin icerigi hakkinda net bilgisi
olmayan, ezbere dayali tanim yapan, tanimlarinda bazi kavramlarin kullanimina
6nem gostermeyen 6gretmen adaylarinin oldugunu belirtmistir.

Literatiir incelendiginde geometrik cisimlerden prizma ve silindir ile ilgili yap1-
lan galigmalarda 6gretmen adaylarinin ve 6gretmenlerin bu cisimleri tanimlanma-
sinda ve 6rneklendirilmesinde kavram yanilgilarinin oldugu (Alkis Kiigitkaydin
& Gokbulut, 2013; Altayli, Konyalioglu, Hizarc1 & Kaplan, 2014); alan bilgileri-
nin prizma (Gokbulut & Ubuz 2013; Gokkurt & Soylu, 2016) ve silindir (Kara-
kus, 2018; Kogak vd., 2017) i¢in yeterli olmadig belirtilmektedir. Ayrica 6gretmen
adaylarinin geometrik cisimlerden silindir ve prizmay1 (Gokbulut, 2010; Gokkurt,
2014; Karakus & Ersen, 2021; Ulusoy, 2019; Zeybek $imsek, 2019); silindiri (Er-
tekin, Yazici ve Delice, 2014; Karakus, 2018) ve prizmay1 (Bozkurt & Kog, 2012;
Gokbulut & Ubuz 2013; Unlu & Horzum, 2018) uygun sekilde tanimlayamadiklar1
ve matematiksel tanim yapmakta zorlandiklarini gosteren ¢aligmalar mevcuttur.
Benzer sekilde Tiirniiklii ve Ergin (2016) sekizinci sinif 6grencilerinin prizmay1
tanimlamakta zorlandiklarini, tanimlarini yaparken zihinlerinde olusan imgeyi
tarif etmeye ¢alistiklarini; Uygun, Guner ve Simgek (2022) de yedinci sinif gren-
cilerinin prizma ve silindiri tanimlamakta zorlandiklarin: ifade etmektedir. Yine
Hasanah ve Yulianti (2020) lise 6grencilerinin prizma kavramini anlamadiklarini,
bu nedenle konu ile ilgili kavram yanilgilarina sahip olduklarini belirtmektedir.
Man’n (2019) galigmasinda ise matematik 6gretmenlerinin prizma ve silindire ilis-
kin tanimlar1 uygun sekilde yapamadiklar1 sdylenmektedir.

Tanimlarla ilgili yasanan sorunlardan biri de 6gretmen adaylarinin (Alkis Kii-
gitkaydin & Gokbulut, 2013; Ubuz & Gokbulut, 2015) ve 6gretmenlerin (Gokkurt
& Soylu, 2016; Tsamir, Tirosh, Levenson, Barkai & Tabach, 2015) tanima ait kri-
tik ozellikleri ayirt etmede giiclitk ¢cekmeleridir. Yine bir¢ok ¢alismada matema-
tik 6gretmen adaylarmnin (Ertekin vd., 2014; Bozkurt & Kog, 2012; Gokbulut &
Ubuz, 2013; Karakus, 2018; Ulusoy, 2019; Zeybek Simsek, 2019); matematik 6g-
retmenlerinin (Gokkurt & Soylu, 2016) ve ortaokul 6grencilerinin (Ergin & Tiir-
niikli, 2015; Tirniikli & Ergin, 2016) silindir ve/veya prizmaya yonelik kavram
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imajlarinin zayif oldugu belirtilmektedir. Diger taraftan 6grencilerin ve 6gretmen
adaylarinin ii¢ boyutlu geometrik cisimler arasindaki hiyerarsik siniflandirmanin
(Gokbulut & Ubuz, 2013; Gokkurt, Sahin, Soylu & Dogan, 2015; Isiksal Bostan &
Yemen Karpuzcu, 2017; Karakus & Ersen, 2021; Kog¢ & Bozkurt, 2011; Uygun vd.,
2022; Zeybek Simsek, 2019) anlasilmasinda giigliikk yasadiklarini belirten ¢alisma-
lar da mevcuttur. Tiim bu ¢aligmalar incelendiginde silindir ve prizma konularinin
bir¢ok giicliik barindiran konular oldugu goriilmektedir.

Ogrencilerin istenilen nitelikte egitim almalar1 igin gelecegin dgretmeni ola-
cak 6gretmen adaylarinin geometri i¢in 6nemli konulardan olan prizma ve silin-
dir ile ilgili kavram imajlarini ortaya ¢ikarmanin, ne tiir bilgiye sahip olduklarinin
ve zihinlerinde ne tiir yapilar olusturduklarinin belirlenmesinin 6nemli oldugu
ditsiiniilmektedir. Ayrica yapilan ¢aligmalar incelendiginde matematik 6gretmen
adaylarinin prizma ve silindir ile ilgili kavram imajlarin1 birlikte inceleyen her-
hangi bir ¢calismaya rastlanmamistir. Genellikle silindir ve koni; prizma ile piramit
arasindaki iliskiye ya da silindir veya prizmadan birine odaklanilmistir. Bu ¢alis-
mada prizma ve silindir arasindaki hiyerarsik iliski de incelenmis olup 6gretmen
adaylarinin bu iki geometrik cismi nasil ele aldiklarini karsilastirmali olarak ince-
lemenin alana katk: sunacag: diisiiniilmektedir. Bu dogrultuda ¢alismanin amacini
matematik 6gretmen adaylarinin prizma ve silindire yonelik tanimlar, ¢izimleri ve
gruplandirmalarinin (6rnek, 6rnek olmayan durumlar, herhangi bir gruba girme-
yen cisimler) incelenerek kavram imajlarinin ortaya ¢ikarilmas olusturmaktadir.
Aragtirmanin problemini: “Matematik 6gretmen adaylarinin prizma ve silindire
yonelik kavram imajlari nasildir?” sorusu olusturmakta olup arastirma sorular ise
su sekildedir:

1. Matematik Ogretmen adaylarinin prizma ve silindire yonelik yaptiklar:
tanimlar nelerdir?

2. Matematik 6gretmen adaylarinin prizma ve silindire yonelik yaptiklari
¢izimler nelerdir?

3. Matematik 6gretmen adaylarinin prizma ve silindire yonelik gruplandirmalar:
nasildir?

Teorik Cerceve
Kavram Imaji

Bu ¢aligmada matematik 6gretmeni adaylarinin kavram imajlar1 Tall ve Vin-
ner’in (1981) kavram imaji teorisine gére incelenmis olup bu teoride kavram tani-
mi ve kavram imaji terimleri kullanilmaktadir. Kavram tanimi (concept definition)
ilgili kavrami agiklamada kullanilan, kavrami net bir sekilde belirleyen kelimeler

https://doi.org/10.7822/omuefd.1197895 d



Matematik Ogretmen Adaylarinin Prizma ve Silindire Yonelik ..

biitiini; kavram imaji (concept image) ise bireyin zihninde bir kavramla ilgili var
olan zihinsel sekilleri, resimleri, 6zellikleri ve stiregleri iceren tiim biligsel yapila-
r1 ifade etmektedir. Matematik kavramlarinin 6grencilerin zihinlerinde nasil ya-
pilandirildiginin incelendigi bir¢ok ¢alismada bu terimler ile karsilagilmaktadir
(Clements & Battista, 1992; Fujita & Jones, 2007; Tall & Vinner, 1981; Tirnuklii &
Ergin, 2016).

Kavram imaj1 bir zihinsel siireg i¢inde bilingsiz ya da bilingli olarak sekillenerek
bireylerin biliglerinde yer bulmakta olup dinamik bir yapiya sahiptir ve deneyim-
lerle degisip gelisebilmektedir (Tall & Vinner, 1981). Ogrencinin zihninde 6grene-
cegi kavrama yo6nelik bir imaj1 yoksa 6ncelikle verilen tanim, agiklama ve 6rnekler
yardimiyla kavrama ait bir imaj olusturulmaktadir. Ancak 6grencinin zihninde
kavrama yo6nelik bir imaj varsa bu imaj 6gretmenin a¢iklamalari, ders kitabindaki
tanim ve orneklere dayali olarak degisip farklilasabilmekte ya da degismeden kala-
bilmektedir (Vinner, 1983). Ogrencinin kavram imajinin olusmasinda égrencinin
kavrami 6grendigi ortam, 6gretmenin 6gretim icin kullandig1 yontem, teknik ve
materyaller gibi bircok faktor vardir (Karakus, 2018).

Kavram tanimi ve kavram imaji bagimsiz diisiiniilemeyen, birbiri ile etkilesi-
me gegebilen yapilardir (Vinner, 1991). Tanimlar ve &grencilere sunum sekilleri,
kavram tanimi ile kavram imaji iliskisini sekillendirmektedir (Zazkis & Leikin,
2008). Tsamir, Tirosh ve Levenson (2008) da 6grencilerin zihninde gorsel sunum
ve deneyimlere bagli olarak 6nce kavramla ilgili kavram imajinin olustugunu, iler-
leyen siiregte kavrama ait formal tanimin 6grenenin zihninde yer edindigini be-
lirtmektedir. Yeni bir kavram ogretirken kavramin tanimi net olarak verilse bile
formal tanima hemen ulasilamayabilir. Vinner (2011) da kavram imaji ile kavram
taniminin her zaman paralel olmadigini ve karar vermede genellikle kavram ima-
jinin baskin oldugunu savunmaktadir. Kisinin kavrama ait kavram imaji yanls ise
yapacagi kavram tanimi da dogru olmayacaktir (Olkun & Toluk Ucar, 2007). Diger
taraftan bir kavramin sadece taniminin bilinmesi kavramin dogru anlasildigini ke-
sin olarak gostermemektedir (de Villiers, 1998). Kavram imajlarinin dogru sekilde
olusmasini saglayan faktorlerden biri kavram imaji olusturuldugu farkinda olarak
secilen orneklerdir. Tanimlarla birlikte 6rnekler ve karsit 6rneklerin de matema-
tiksel bir kavramin zihinde olusturulmas: siirecinde rolii vardir (Monaghan, 2000;
Wilson, 1990) ve geometri 6gretiminde kavrama ornek olan durumlar yaninda
ornek olmayan durumlara da 6rnekler verilmesi 6nerilmektedir (Oberdorf & Tay-
lor-Cox, 1999; Tsamir vd., 2008).

Orneklerin ve Kritik Ozelliklerin Kavram Imajindaki Rolii
Ornekler, genellikle ilk akla gelen ve gruplandirirken karsilagtirmanin temeli

olarak alinan 6rnekler (prototip 6rnekler), bunlara ek 6rnekler ve tersine 6rnekler
(non-examples) olarak i¢ gruba ayrilmaktadir (Attneave, 1957; Reed, 1972; Rosch,
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1973). Prototip 6rnekleri dikkate alarak kavrama ait kritik olan ve olmayan 6zellik-
lerin iyi ayirt edilememesi ve gruplamalarin bu 6rneklere dayali olarak yapilmasi
kavram olusumunda engel teskil edebilmektedir (Hershkowitz, 1989; Tsamir vd.,
2008). Bu tip ornekler cogunlukla kavramla 6zdeslesmekte ve kavram i¢in farkl
bigimler diisiiniilememektedir (Avgoren, 2011). Ogrencilerin kavram imajlarinin
olusumunda prototip 6rneklerin rolii biiyiik olup (Levenson, Tirosh & Tsamir,
2011) prototip 6rneklerin 6grencilerin kavram yanilgist olusturmalarina (Hers-
hkowitz, 1989) ve kavramla ilgili sinirli algilar olusturarak kavramla ilgili hatali
yapilar olusturmalarina neden olabilecegi (Fujita & Jones, 2007) belirtilmektedir.
Ornegin Gokkurt ve Soylu'nun (2016) galigmasinda prizma igin kare dik prizma ve
tiggen dik prizma gibi 6rneklerin verilmesinin egik prizma ya da ongen prizmay1
prizma olarak disinmemeye neden olabilecegi sdylenmektedir. Bu sinirl algila-
rin 6niine gecebilmek i¢in kavram tanimlar1 (Monaghan, 2000) ve gesitli 6rnekler
(Hershkowitz, 1989) tizerinden kavrama ait kritik 6zelliklerin vurgulanmasi 6ne-
rilmektedir.

Kavrama ait kritik 6zellikler kavramlarin gerek ve yeter kosullar altinda ta-
nimlanmasini ve kavramin 6rneklerini iceren kiimede yer almasini saglamaktadir
(Hershkowitz, 1989; Tall & Vinner, 1981). Hershkowitze (1989) gore ders kitap-
larinda yer alan tanima ait ifadeler kritik 6zellikleri icermelidir ve tanimlarda yer
alan bu ozellikler kisilerin karar vermelerinde temel olusturabilmektedir. Kritik
olmayan ozellikler ise genellikle kisilerin sahip olduklar1 prototip kavram imajla-
rina dayali olusan 6zelliklerdir (Sarfaty & Patkin, 2013). Bu nedenle tanim yapar-
ken kritik ve kritik olmayan ozelliklerin iyi belirlenmesi gerekmekte olup (Hersh-
kowitz, 1989) aksi takdirde kavram yanilgilari ile karsilagilabilmektedir (Gokbulut
& Ubuz, 2013). Ornegin, Gokkurt ve Soylu (2016) prizmanin kritik 6zelliklerini:
“Tabanlarinin ¢okgen olmasi, tabanlarinin esit ve paralel olmasi ve yanal yiizey-
lerinin paralel olmasi, iki paralel taban ile sinirlandirilan prizmatik bolge olmasi”
seklinde belirtmektedir. “Tabani kdseli olan cisimler prizmadir” gseklindeki tanim
ise tabanlarin ¢okgen olmasi kritik 6zelligini icermekte ancak diger kritik 6zellik-
leri igermemekte ve piramitlerin de prizma olabilecegi gibi bir kavram yanilgisina
sebep olmaktadir (Gokbulut & Ubuz, 2013). Diger taraftan iyi bir tanimin 6nemli
kriterlerinden bir digerinin hiyerarsik olma oldugu (Van Dormolen & Zaslavsky,
2003) ve geometrik cisimler arasindaki hiyerarsik iliskinin anlasilmasi i¢in de kav-
ramlara yonelik yapilan tanimlarin hiyerarsik tanimlar olmasina dikkat edilmesi
gerektigi belirtilmektedir (Zeybek Simsek, 2019).

Ogretmenin alan bilgisi, 6grenme ve dgretme siirecinin niteligi tizerinde
dogrudan etkili olup (Baki, 2013) istenilen 6grenme ortamlarinin olusturulmasinda
ogretmenlerin bilgi diizeyi 6nemli role sahiptir (Putnam, Heaton, Prawat & Re-
millard, 1992). Ogretmenler, 6grencilerin kavram imajlarinin gelisimini etkile-
yen 6nemli faktorler arasinda yer almaktadir (Tsamir vd., 2015). Ogretmenlerin
verdikleri drneklerin dogru, acik, dikkat ¢ekici ve matematiksel inceliklerin a¢iga
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kavusturulmasina yardimei olabilecek (Zodik & Zaslavsky, 2008) ve cismi uygun
sekilde temsil edecek nitelikte olmasi 6grencilerin kavramlari dogru sekilde anla-
malarini (Zazkis & Chernoff, 2008), kavram yanilgilarina diismemelerini (Cak-
mak vd., 2014) ve uygun kavram imaji olusturmalarini saglamaktadir (Weber,
Porter & Housman, 2008). Ogretmenlerin sahip olduklar1 alan bilgileri, prototip
orneklerle sinirli olmamalidir; 6gretmenler, 6grencilerin zihninde dogru kavram
imaj1 olusturacak nitelikte 6rnekleri bilmelidirler (Gokkurt, 2014). Diger taraftan
geometrik kavramlarin tanimlari tam olarak 6grenilmeli ve hangi kritik 6zelliklere
sahip olmalari1 gerektigi bilinmelidir (Hershkowitz, 1989). Anlamli geometri 6gre-
nimi, kavramlarin ve kavramlar arasindaki guiglii iligkinin derinlemesine anlagil-
masini gerektirmektedir (Tall & Vinner, 1981).

YONTEM

Arastirma Modeli

Arastirma durum ¢aligmast modeline dayali olarak ytiriitiilmistir. Durum ¢a-
ligmasi bir ya da daha fazla olayin, programin, ortamin, sosyal grubun ya da sis-
temlerin derinlemesine incelendigi yontem olarak tanimlanmaktadir (McMillan,
2000). Bu arastirmada da 6gretmen adaylarinin silindir ve prizma kavramlarina
iliskin kavram imajlar1 bir durum olarak ele alinarak inceleme yapilmistir.

Calisma Grubu

Aragtirmanin ¢alisma grubunu Tiirkiye'nin kuzeyinde bulunan bir devlet {ini-
versitesinin egitim fakiiltesi ilkgretim matematik 6gretmenligi boliimiinde birin-
ci sinif diizeyinde 6grenim goren 45 dgretmen aday1 olusturmaktadir. Ogretmen
adaylar1 ortaokul ve lisede geometrik cisimler konusunu giris kisminda belirtildigi
sekli ile 6grenmislerdir. Lisans diizeyinde ise birinci sinif dersleri arasinda yer alan
Matematigin Temelleri IT dersi kapsaminda geometrik cisimler konusu islenmek-
tedir ancak veri toplama siireci gergeklestirilmeden 6nce bu ders kapsaminda bu
konu heniiz islenmemistir. Dolayisiyla 6gretmen adaylarinin lisans egitiminin ba-
sindaki bilgileri tespit edilmek icin uygun durumdadir. Ayrica 6gretmen adaylari-
nin bu diizeye gelene kadar Matematige 6zgii aldiklar1 dersler fonksiyonlar, limit,
stireklilik ve tiirev konularini iceren Analiz 1; sayilar ve islemler ile cebir 6grenme
alanlarina yonelik konular iceren Matematigin Temelleri I ve Matematik Tarihi
dersleri ile sinirhidir. Heniiz matematik egitimine yonelik herhangi bir ders alma-
muslardir, egitim ile ilgili aldiklar1 dersler ise Egitime Giris ve Egitim Sosyolojisi ile
sinirlidir.

Caligma grubunun belirlenmesinde segkisiz olmayan 6rnekleme yoéntemlerin-
den uygun 6rnekleme yontemi (convenience sampling) kullanilmaistir.
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Uygun 6rnekleme kisaca zaman, para ve isgiicii agisindan var olan sinirliliklar ne-
deniyle 6rneklemin kolay ulagilabilir ve uygulama yapilabilir birimlerden secilmesi
seklinde tanimlanmaktadir (Cohen & Manion, 1998). Caligma grubunda yer alan
ogretmen adaylari aragtirmacidan farkli bir ders almaktadirlar. Ogretmen adaylari-
nin ¢aligma kapsaminda gergeklestirilen goriismelere se¢imi ise ¢aligma 6ncesinde
uygulanan geometrik cisimler testinin incelemesine dayali olarak yapilmistir. Go-
riigmeler i¢in 6rneklem secim yontemi olarak amagh 6rnekleme yontemlerinden
maksimum c¢esitlilik 6rneklemesi kullanilmigtir. Bu 6rnekleme metodunda amag
goreli olarak kiiclik bir 6rneklem olusturarak bireylerin gesitliligini maksimum
derecede yansitmaktir (Marshall, 1996). Goriismeler geometrik cisimler ile ilgili
farkls algilar: olan alt1 6gretmen adayi ile yapilmistir. Gorigme yapilan 6gretmen
adaylarindan OA29 ve OA30 erkek; OA4, OA12, OA16 ve OA27 kadindir. Ayrica
her bir 6gretmen aday1 gortisme i¢in istekli olmuslardir.

Veri Toplama Araglari ve Verilerin Toplanmasi

Aragtirmada veri toplama araci olarak aragtirmaci tarafindan gelistirilen “Ge-
ometrik Cisimler Testi” kullanilmigtir. Bu test iki boliimden olusmaktadir. Birinci
boliimde 6gretmen adaylarinin prizma ve silindiri tanimlamalari ve ardindan her
iki geometrik cisme yénelik ii¢ farkli ¢izim yapmalari istenmistir. Ikinci boliimde
ise verilen 14 geometrik cisme yonelik olarak (Sekil 1): “a) Sekilde goriilen cisimleri
nasil gruplandirirsiniz? Her bir grup icin gruplandirmay: neden bu sekilde yaptigi-
mzi agiklayimz. b) Yaptigimz siniflamada herhangi bir gruba ait olmayan cisimler
oldu mu? Eger oldu ise bu cisimlerin neden herhangi bir gruba ait olmadigini agik-
layimiz” sorusunu cevaplamalari istenmistir. Bu cisimler belirlenirken ortaokul ve
lise matematik 6gretim programlarinda geometrik cisimlerin ele alinis bicimle-
rinden (MEB, 2018a; MEB, 2018b), konu ile ilgili kaynaklardan (Van de Walle vd.,
2014) ve ilgili literatiirden (Ertekin vd., 2014; Karakus, 2018; Zeybek Simsek, 2019)
yararlanilmistir.

Hazirlanan test uygulama oncesinde iki matematik egitimcisine, bir 6l¢me ve
degerlendirme uzmanina ve bir dil uzmanina inceletilmistir. Uzmanlar testin ilk
kisminin uygun oldugunu belirtmiglerdir. Ikinci boliim i¢in soru kokiiniin diizen-
lenmesi ile ilgili 6neride bulunmuslardir. ikinci boliimiin ilk halinde “Sekilde gérii-
len cisimlerden hangileri silindirdir?”, "Sekilde goriilen cisimlerden hangileri prizma-
dir?” gibi soru kokleri yer almaktadir. Ancak uzmanlar silindir, prizma vb. isimler
verilmeden 6gretmen adaylarinin dogrudan kendilerinin gruplandirma yapmala-
riin daha dogru olacagini belirtmislerdir. Bu nedenle soru koki belirtildigi sekil-
de diizenlenmistir. Ayrica farkli bir konuda (dortgenler) hazirlanan benzer bir test
bir 6nceki y1l birinci sinifta 6grenim goren 6gretmen adaylarina uygulanmigstir. Bu
uygulama pilot uygulama olarak diigiiniilerek testin uygulama stirecinde ne kadar
stire verilecegi planlanmis, 6gretmen adaylarinin testin her iki bolimiini ayri ayr1
yaklasik 20 dakikada tamamlamalari istenmistir.
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Sekil 1. Geometrik Cisimler Testindeki Sekiller

Covid-19 salginindan dolay1 6gretmen adaylar: bu donemde uzaktan egitim
almakta olup uygulama Zoom programi aracilig ile yapilmistir. Verdikleri cevap-
larin not olarak etkisi olmayacag belirtilmis, cevaplarini igtenlikle vermeleri isten-
migtir. Uygulama stirecinde 6gretmen adaylar: ile goriintiilii ve sesli olarak iletigim
kurulmugtur. Ogretmen adaylari da herhangi bir sorulari oldugunda aragtirmacrya
sorularini yoneltebilmislerdir. Uygulama siireci ve goriismeler Zoom programu ile
kayit altina alinmustir. Ogretmen adaylarinin yaptiklar: tanimlardan ve gizdikleri
sekillerden etkilenmemeleri i¢in birinci bolim teslim alindiktan sonra ikinci bo-
limii cevaplamalar: istenmigtir. Cevaplarini kagitlara yazip tarayarak verilen siire
i¢inde tiniversitenin uzaktan egitim sistemindeki 6dev uygulamasina yiiklemislerdir.

Yazili cevaplari incelendikten sonra iclerinden segilen alt1 6gretmen adayr ile
Zoom programi aracilidy ile sesli ve gortntiilii olarak gortismeler yapilmistir. Her
bir 6gretmen adayu ile yapilan goriisme yaklasik 25 dakika stirmiistiir. Yaptiklar:
tanimlar, ¢izimleri ve gruplandirmalari tizerine konusulmus, verdikleri cevaplar-
dan emin olup olmadiklari, tanim yaparken nelere dikkat ettikleri, neden bu ¢i-
zimleri yaptiklari, gruplandirmay1 neye gore yaptiklar: sorulmugtur.

Verilerin Analizi
Ogretmen adaylarinin prizma ve silindire yonelik yaptiklari tanimlar igerik

analizine tabi tutulmustur. Icerik analizinde temel amac birbirine benzer verileri
belirli kavramlar cercevesinde bir araya getirmek ve bunlar1 okuyucunun anlaya-
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bilecegi sekilde diizenleyerek yorumlamaktir (Forman & Damschroder, 2008). Bu
kapsamda prizma ve silindir tanimlari i¢in kategoriler ve kodlar olusturulmus, bu
kodlara ait frekanslar tablo ile sunulmusg ve yorumlar yapilmistir. Prizma ve silindir
ile ilgili yapilan ti¢ farkli ¢izim ve testin ikinci boliimiinde verilen cisimlere daya-
I1 gruplandirmalar Excelde kodlanmistir. Ardindan bu kodlamalara dayali Excel
aracilig ile grafikler olusturulmustur. Goriisme verilerinin analizinde ise betim-
sel analiz teknigi kullanilmistir. Betimsel analizde goriisiilen bireylerin goriiglerini
carpici bicimde yansitmak amaci ile dogrudan alintilara yer verilmekte olup amag
bulgular: diizenlenmis ve yorumlanmis sekilde okuyucuya sunmaktir (Yildirim &
Simsek, 2016). Goriigme verilerinin analizinde betimsel analiz tekniginin se¢ilme
nedeni 6gretmen adaylarinin teste verdikleri cevaplari goriigmelerden alinan dog-
rudan alintilarla desteklemektir. Bu kapsamda her bir alt problemle ilgili 6gretmen
adaylarinin goriisme kesitleri sunulmus ve yorumlanmstir. Goriisme transkript-
leri uzun oldugu i¢in her bir alt problemde goriisiilen tiim 6gretmen adaylarinin
goriisme diyaloglarina yer verilmemistir. Farkli alt problemlerde 6gretmen aday-
larinin teste verilen cevaplar: agiklayacag: diistintilen goriisme kesitleri sunulmus,
ayrica tiim alt problemlere biitiin olarak bakildiginda her bir 6gretmen adayindan
verilen goriisme kesitlerinin dengeli olmasina dikkat edilmistir.

Gecerlik, Givenirlik ve Etik

Kodlama giivenirligi i¢in aragtirmaci ve matematik egitimi alaninda gorev
yapmakta olan bir akademisyen tarafindan veriler ayr1 ayr1 kodlanmistir. Miles ve
Huberman (1994) tarafindan gelistirilen giivenirlik formiilii (Givenirlik: Goriis
Birligi / Goriis Birligi + Goriis Ayrilig1) kullanilmis olup degerlendiriciler arasi
uyum yiizdesi % 92 olarak bulunmustur. Farkli kodlama yapilan kisim tanimlarla
ilgili olup bu kisma yo6nelik kodlama tekrar gézden ge¢irilmistir. Ayrica zamanla-
ma giivenirliginden de yararlanilmus, veriler ilk kodlama tizerinden 1 ay gegtikten
sonra aragtirmaci tarafindan tekrar kodlamistir. Kodlamalarin uyumlu oldugu go-
rilmistiir. Verilerin nasil analiz edildigine yonelik bir 6rnek Sekil 2'de verilmis-
tir. Verilen 6rnek tanimlarin nasil analiz edildigi ile ilgili olup sekilde goriildiigii
gibi 6nce tanimlardan kodlara ulasilmis ardindan bu kodlara ait kategoriler
olusturulmustur.
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Ogretmen adayr Tanim

0A1 Alt ve Ust tabanlan es sekil ve paralel olan lg boyutlu sekil

6A2 Alt ve st tabami daire olan ve bir dikdortgenin bir kenan etrafinda 360 derece donmesi ile olusan geometrik sekil

OA3 Alt ve Gst tabam dogrularla birlegtirilmig kapal sekil

OA1 Alt ve {ist tabani eg 1
Alt ve Ust tabami paralel 1

0A2 Alt ve iist tabari daire 1
Dikddrtgenin bir kenar etrafinda 360 derece dénmesi sonucu olusan 1

0A3 Alt ve Ust tabani dogrularla birlestirilmis 1
IFADELER
Kodlama Frekans

o1 Ug boyutlu 1
Sekil 1

OA2 Geometrik sekil 1

OA3 Kapali 1
Sekil 1

Sekil 2. Silindire Yonelik Tanimlarin Nasil Analiz Edildigine Bir Ornek

Etik Kurul izin Bilgileri

Yapilan bu ¢alismada “Yitksekogretim Kurumlar: Bilimsel Arastirma ve Yayin
Etigi Yonergesi” kapsaminda uyulmasi belirtilen tiim kurallara uyulmustur.

Etik Degerlendirmeyi Yapan Kurul Adi: Kastamonu Universitesi Sosyal ve Be-
seri Bilimler Aragtirma ve Yayin Etigi Kurulu

Etik Degerlendirme Kararinin Tarihi: 25.03.2021

Etik Degerlendirme Belgesi Say1 Numarasi: E-16498365-050.01.04-2100025489

BULGULAR

Bu boliimde sirasi ile 6gretmen adaylarinin prizma ve silindire yonelik yap-
tiklar1 tanimlarin, ¢izimlerin ve prizma-silindir gruplandirmalarinin analizine yer
verilmistir. Her bir alt probleme yo6nelik olarak oncelikle tiim 6gretmen adaylarina
uygulanan teste verilen cevaplara dayali bulgular, ardindan goriisme yapilan 6gret-
men adaylarinin bulgulari sunulmustur.

Ogretmen Adaylarimin Prizma ve Silindire Yonelik Yaptiklart Tamimlarin Analizi
Bu béliim 6gretmen adaylarinin prizma ve silindir kavramlarina yonelik yap-

tiklar1 tanimlarin igerik analizine dayali bulgular1 icermektedir. Prizmaya yonelik
analiz Tablo 1'de sunulmugtur.
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Tablo 1. Prizmaya Yonelik Yapilan Tanimlarin Igerik Analizi

Kategori Kod Frekans

Olan 3

Birbirine paralel 7

Birbirine eg 6

Cokgen 8

Alt ve Ust Taban1 Dizgin gokgen !
Diizgiin geometrik sekil 1

Diizlemsel sekil 1

Dogrularla birlestirilmis 2

Paralel dogrularla birlestirilmis 1

Toplam 30

Birbirine eg 4

Birbirine paralel 5

Cokgenlerden olugan 1

Tabanlar1 Farkl1 diizlemlerde olan 3
Diizgiin ¢okgen olan 1

Dogrularla birlestirilmis 1
Toplam 15

Birbirine eg 2

Geometrik sekillerden olusan 1

Dogru pargalariyla birlestirilmis 2

Tabam ve Tavam Yan yitizeyle birlestirilmis 1
Koselerinden birlestirilmis 1

Dik birlestirilmis 1

Sonsuz dogrularla birlestirilmis 1

Toplam 9

-na gore isimlendirilen 4

Kare olan 1

Tabam

Ve bir tepesi olan 2

Toplam 7
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Dikdortgen olan
Esit olan
Dértgen olan
Daire olan
Yan Yiizleri Tabana dik
Ayni veya farkli sekil olabilen

Koseleri birbirine degen {iggenlerden
olusan

Toplam

Kapali yiizeyler igeren

Diizgiin geometrik sekiller igeren
Agilimi

Geometrik sekiller igeren

Toplam

@ NN

Tablo 1 incelendiginde prizma ile ilgili yapilan tanimlarda genelde prizmada
taban kavramia odaklanildig: goriilmektedir. Taban kavraminin kullanildig: ta-
nimlarda en ¢ok “alt ve tist taban1” ifadesinin (f=30) gectigi goriilmektedir. “Ta-
ban1” ifadesinin kullanildig: tanimlardan “tabani ve bir tepe noktasi olan” ifadesi
prizma i¢in yanlis bir tanim olup piramidi ifade etmektedir. Benzer sekilde “tabani
kare olan” ifadesinin gectigi tanimda da piramit tanimi yapildig: goriilmiistiir. “Ta-
banlar1 diizgiin ¢okgen olan” ifadesi de yanlislik icermektedir; ¢iinkii prizmanin
tabanlarinin diizgiin ¢okgen olma zorunlulugu yoktur. Diger taraftan prizma ile
ilgili tanimlarda “yan yiizleri” ve “agilimi” kavramlaria odaklanilan tanimlar da
mevcut olup bu tanimlarda da yanlis ifadeler géze carpmaktadir. Tablo 2'de ise
silindir kavramina yonelik yapilan tanimlarin icerik analizine dayali sonuglar su-

nulmustur.

Tablo 2. Silindire Yonelik YaPilan Tanimlarin igerik Analizi

Kategori Kod Frekans

Es 14
Paralel 17
Daire 14
Dogrularla birlestirilmis 7

. Cember 2

Alt ve Ust Tabani

Simetrik 1
Ayni diizlemde 1
-nin her noktasindan birlegsmesi sonucu olusan 1
-nin sayisiz dogruyla birlesmesi sonucu olusan 1
Toplam 56
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Dogru pargalariyla birlestirilmis 1

Paralel dogru pargalariyla birlestirilmis 4

Tabanlart Farkli diizlemlerde 5
Birbirine eg 5

Birbirine paralel 1
Toplam 16

Dikdortgen 7

Yan Yiizii Dairesel bolge 1
Toplam 8

2 es daire ve 1 dikdortgen ya da kareden olusan 2

Agilimi 2 es daire ve 1 dikd6rtgenden olusan 3
Toplam 5

Dikdortgenin 360° donmesi ile olusan 8

Bir Kenar1 Etrafinda Kare veya dikdortgenin 360° donmesi ile olugan 1
Toplam 9

Tablo 2 incelendiginde silindir ile ilgili yapilan tanimlarda da prizmaya ben-
zer olarak genellikle taban kavramina odaklanildig goriilmektedir. Bu kavramin
kullanildig: tanimlarda “alt ve tst taban1” ifadesi (f=56) oldukga fazla gegmektedir.
Silindir ile ilgili yapilan tanimlardan “yan yiizii dairesel bolge” ifadesinin gegtigi
tanim yanlig bir tanimdir. Ayrica 6gretmen adaylar1 prizma ve silindir i¢in yaptik-
lar1 tanimlarda ayrit kavramina yer vermemisler, tabanlarin dogru parcalari ya da
dogrular ile birlestirildigini belirtmislerdir. Yine silindirin tabanlarinin daire ol-
masinin yaninda gember oldugunu belirten 6gretmen adaylar1 da vardir. Prizma ve
silindir kavramlarina iligkin tanimlarda 6ne ¢ikan ifadeler Sekil 3’te gosterilmistir.

-
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W Prizma W Silindir

Sekil 3. Ogretmen Adaylarinin Prizma ve Silindir Tanimlarinda One Cikan

Ifadeler
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Sekil 3 incelendiginde prizma taniminda en ¢ok “li¢ boyutlu” ifadesinin (f=14),
silindir taniminda ise en ¢ok “sekil” ifadesinin (f=13) kullanildig1 gorilmektedir.
Silindir ve prizmanin her ikisini de tanimlarken farkl: ifadelere odaklanildigy; bu
ifadelerin bazilarinin dogru bazilarinin ise yanls oldugu soylenebilir. Diger ta-
raftan “yliksekligi olan” seklinde kodlanan ifade silindir tanimlarinda “yiiksekli-
¢i olan” seklinde; prizma tanimlarinda ise “en, boy ve yiiksekligi olan” seklinde

gecmektedir.

Goriisme yapilan 6gretmen adaylarinin yaptiklari tanimlardan ve goriisme ke-

sitlerinden 6rnekler Tablo 3’te sunulmustur.

Tablo 3. Ogretmen Adaylarinin Prizma ve SilinDire Yonelik Yaptiklari Tanim-

lardan Ve Goriigsme Kesitlerinden Ornekler

Ogretmen

Adayt Tanimlar

Goriigsme Kesitleri

Prizma: En, boy, yiikseklik bulunduran 3 boyutlu kapali cisim.

Silindir: Alt ve Ust tabani egit gemberlerden olugan ve bu ¢emberlerin

0A4

belli bir ylukseklikle {uzunlukla) birlestirilmesiyle olusan 3 boyutlu kapali cisim.

A: Tanimlarini inceleyelim.
Diizenlemek istedigin bir ifade
var m1?

OA4: Prizma igin belirli

bir hacme sahip oldugunu
belirtmigim. Aslinda
tabanlarinin es oldugunu da
soylesem daha iyi olurmus.

A: Silindir i¢in ne soylersin?

OA4: Silindir icin aklimda
canlanan gekil tabanlarinin
¢ember olmast. Goziimiin
o6niine ortaokulda da
gordiigiimiiz cisim geliyor.

Prizma: Tavani ve tabani belli geometrik sekillerden olugan,
. taban ve tavami yan yiizeyle birlestirilmis geometrik cisim.
OA27

Silindir: Tavani, tabani daireden olugan ve birbirine paralel olacak

sekilde yan ylzeyi olan geometrik cisim.

A: Tanimlarini inceleyelim.
Diizenlemek istedigin bir ifade
var m1?

OA27: Prizma igin geometrik
sekiller eksik olmus. Sizin
verdiginiz sekillerden sonra
fikrim degisti. illa ki {iggen,
dikdortgen gibi sekiller olmasi
gerekmiyor. Tabanlar1 birbirine
es olsa yeterli olur.

A: Silindir igin ne soylersin?

OA27: Silindir igin taban ve
tavan kelimelerini kullanmigim.
Opysaki simdi ben sekli ters
gevirsem taban ve tavan yer
degistirecek. Tabanlar1 daireden
olugan seklinde diizeltebilirim.
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A: Tanimlarini inceleyelim.

Prizma: Tabanlan birbirine paralel farkli duzlemlerde iki esit tabani olan Diizenlemek iStedigin bir ifade

var m1?
ve tabanlan dizgin ¢okgen olan geometrik cisim.

0A29 Silindir: Tabanlar birbirine paralel farkh dizlemlerde iki esit OA29: Prizmada tabanlari
diizgiin gokgen olmali demisim.

Cokgen olmasi yeterli. Diizgiin

gokgen olmasina gerek yok.

tabani olan geometrik cisim.

Tablo 3 incelendiginde 6gretmen adaylarinin gériismelerde tanimlarinda bazi
diizenlemeler yaptiklar1 séylenebilir. Alt1 6gretmen adayi ile yapilan gériismede
yaptiklari tanimlarda genellikle zihinlerinde canlanan cisimlerin etkili oldugu, 6g-
retmen adaylarinin prizma ve silindir ile ilgili algilarinin birbirinden farklilagtig
gorilmistiir.

Ogretmen Adaylarinin Prizma ve Silindire Yonelik Yaptiklar: Cizimlerin Analizi
Bu boliimde 6gretmen adaylarinin prizma ve silindir kavramlarina yoénelik

yaptiklar ¢izimlerin analizine dayali bulgular sunulmugtur. Prizmaya yo6nelik ya-
pilan ¢izimlerin igerik analizi Sekil 4’te gosterilmistir.

Frekans

5
0 ll II - - - ]

Dik Yatay Egik Dik Yatay Herhangi
prizma prizma prizma dilindir  silindir  bir egriye
dayali
silindir
YANLIS DOGRU BOS

Cizimler

W lgizim W 2gizim 3.¢izim
Sekil 4. Prizmaya Yonelik Yapilan Cizimlerin Igerik Analizi

Sekil 4 incelendiginde toplam yanlis ¢izim sayis1 16 olup yanlis ¢izimler in-
celendiginde genellikle prizma yerine piramit ¢izildigi (f=9), bunun disinda da
alt ve tist tabani es olmayan ¢izimlere (f=2), alt ve st tabani ters yonlii ¢izimlere
(f=2) ve koni ¢izimine (f=2) yer verildigi goriilmistiir. Prizma igin yapilan dogru
gizimlere bakildiginda ise her ti¢ ¢izimde de en ¢ok dik prizma ¢izimine yer veril-
digi goriilmektedir. Ug farkh ¢izim yapmalar1 gerektiginde genellikle prizmanin
tabanindaki ¢okgenin kenar sayisini degistirme yoluna gitmislerdir. Dikey priz-
malar iginde daha ¢ok kare prizma, kiip, tiggen prizma ve dikdortgenler prizmasi
gizimleri yapilmistir. Bunun disinda ¢ok daha az olmakla birlikte sirasi ile altigen
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prizma, besgen prizma, sekizgen prizma ve yamuk prizma ¢izimleri de mevcuttur.
Prizma i¢in yapilan dogru ¢izimleri dik prizmanin ardindan yatay prizmalar takip
etmektedir. Egik prizma ¢izen ¢ok az 6gretmen aday1 vardir (f=4). Bu ¢izimlerin
disinda hiyerarsik iliskiyi diistinerek prizma ¢izmeleri istendiginde silindir ¢izen
az sayida Ogretmen aday1 mevcuttur (f=7). Silindir ¢izimlerinin 1'i yatay silindir,
41 dik silindir olup tabanlar1 cember seklindedir ve 2’si herhangi bir egriye dayali
dik silindir ¢izimidir. Silindire yonelik yapilan ¢izimlerin igerik analizi ise Sekil 5’te
sunulmustur.

g5
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<
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YANLIS DOGRU BOS
Cizimler

ml gam m2 gizim 3. ¢izim

Sekil 5. Silindire Yonelik Yapilan Cizimlerin Igerik Analizi

Sekil 5 incelendiginde toplam yanlis ¢izim sayisi 5 olup yanlis ¢izimlerde genel-
likle tabanlar1 es olmayan ya da tabanlar1 paralel olmayan ¢izimlere yer verilmistir.
Dogru gizimlere bakildiginda 1. ¢izim i¢in 6gretmen adaylarinin tamamina ya-
kinmnin dik silindir ¢izdigi goriilmektedir (f=41). 2. ¢izimlerde dik silindir olarak
kodlanan 6gretmen adaylarinin (f=2) 1. ¢izimi egik silindirdir. Bunun diginda 2.
ve 3. ¢izimlerde dik silindir ¢izenler 1. sekildeki dik silindirin daha kisa/uzun ya
da genis/darini ¢izmiglerdir (sirast ile f=8 ve f=6). Dik silindir ¢izimlerini yatay
silindir ve egik silindir ¢izimleri takip etmektedir. Cok az sayida 6gretmen aday1
(f=3) ise ikinci ¢izimlerinde dik silindiri ¢apraz dondiirerek ¢izmislerdir, bu du-
rum dondiiriilmiis silindir olarak kodlanmigtir. Ayrica 2. ve 3. ¢izimlerde herhangi
bir egriye dayal: silindir ¢izimi yapan (siras1 ile f=5 ve f=4) 6gretmen adaylar1 da
mevcuttur. Hiyerarsik iligkiyi diisiinerek silindir ¢izmeleri istendiginde prizma gi-
zen 6gretmen adaylarinin frekans: 18dir. Bu ¢izimlerden ¢ogu dik prizma, ¢ok az1
ise yatay ya da egik prizma seklindedir. Prizmalar genellikle ti¢gen, kare, dikdort-
gen prizma ya da kiip seklinde ¢izilmis, bir 6gretmen aday1 altigen prizma bir 6g-
retmen aday1 ise yildiz seklinde on iki-gen prizma ¢izimine yer vermistir. Sekil 4 ve
5’te yer alan cisimlerin her birine birer érnek 6gretmen adaylarinin gizimlerinden
alinmis ve Sekil 6da sunulmustur. Her bir cisim igin cisimler arasindaki farklari
gormek adina birer 6rnege yer verilmis, cisimlerin farkli tiirlerine girilmemistir.
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Ayrica silindir olarak kodlanan cisimler herhangi bir egriye dayal: silindir hari¢
tabanlar1 cember ya da daire seklindedir.

7

yatay prizma

egik prizma

dik prizma

oD Y g

yatay silindir daha kisa/uzun-
herhangi bir egriye genig/dar dik silindir
Heoeilindin egik silindir
il silindir dayals silindir
Dogru ¢izimlere drnekler
—1
\
= {
ny | )
. 3 \ koni
tabanlar: paralel degil tabanlari es degil
tabanlari farkly
piramit ybnlere bakmakta

Yanls cizimlere Srnekler

Sekil 6. Ogretmen Adaylarinin Prizma ve Silindir I¢in Yaptiklar1 Cizimlerden
Ornekler

Goriisme yapilan 6gretmen adaylariin yaptiklar gizimlere ve goriisme kesit-
lerine iliskin 6rnekler Tablo 4’te sunulmustur.
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Tablo 4. Ogretmen Adaylarinin Prizma ve Silindire Yonelik Yaptiklar1 Cizimler
ve Goriisme KesitleriNden Ornekler

Ogretmen Aday1 Cizimler Goriigsme Kesitleri

Prizma
A: Cizimlerini neye gore
yaptigini agiklar misin?

OA12: Silindir deyince
@ cesitlerinden bahsetmek

istedim. Dik silindir, egik

silindir ve kiip ¢izdim.

A: Kiip de sana gore bir
Silindir silindir 6yleyse? Yani taban-

lariin mutlaka daire olmasi

gerekmiyor?

OA12: Bence daire olmak
| zorunda degil. Prizma da
bir silindirdir diyebilirim.
A: Prizma i¢in dikdértgen-
ler prizmasi, dik silindir ve

0A12 kiip gizmigsin.

OAI12: Hmm. Burada
aslinda bir kafa karigikligim
var. Silindir prizma m1
yoksa prizma silindir mi?
Hangisi hangisini kapstyor
seklinde. Liseden kalan
bilgim yeterli olmamis.

A: Anladim. Peki su anda
ne diigiintiyorsun?

OA12: Aslina bakarsaniz
silindiri prizmanin altina
almam su an gok sagirtt
beni. $Simdi olsa bunu
gizmezdim. Evet, bence
prizma silindirin alt kitmesi.
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0OAl6

Prizma

Silindir

A: Cizimlerini neye gore
yaptigini agiklar misin?

OA16: Aklima bu sekiller
geliyor. Silindir igin dikey
konumda, egik olarak

ve yatay olarak farkli
konumlardaki duruslarini
¢izdim. Prizma i¢in
tabanlarina gore farkli
prizmalar ¢izdim.

0A29

Prizma

g @ B

Silindir

| * |

A: Cizimlerini neye gore
yaptigini agiklar misin?
OA29: Silindir igin ilk ¢izim
akla gelen ilk sekil. 2. ve 3.
Cizimlerde silindirin daha
genis bir kitme oldugunu
belirtmek istedim. Hem
silindirde hem prizmada
ayni sekiller ¢izdim.

A: Prizma gizimleri igin ne
soylersin?

OA29: Prizmada iste gokgen
olmasina dikkat ettim
tabanlarinin. Ondan sonra
farkli diizlemlerde yapinca
tabanlariny, birlegtirmek
kaldi.

Tablo 4 incelendiginde 6gretmen adaylarinin prizma ve silindir ile ilgili farkli
¢izimler yaptiklar1 goriilmektedir. Ilk ¢izimleri genellikle akillarina gelen ilk cisim
olarak ¢izmislerdir. Baz1 6gretmen adaylar1 prizma ve silindiri ayrik kiimeler ola-
rak gérmektedir. Bazilar1 aralarinda hiyerarsik bir iliski oldugunu diistinmektedir
ancak hangisinin hangisini kapsadigi konusunda emin degildir. Bazi 6gretmen
adaylar1 ise net bir sekilde aralarinda hiyerarsik bir iliski oldugunu diistinmektedir.

Ogretmen Adaylarinin Prizma ve Silindire Yonelik Gruplandirmalarimin Analizi

Bu boliimde 6gretmen adaylarinin verilen cisimleri gruplandirmalarina ait
bulgular sunulmus, gruplandirma bigimleri Sekil 7de gosterilmistir.
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Frekans

o

C|S|mler
m Silindir m Prizma m Silindir ve prizma Grubu yok
W Firamit B Kesik piramit W Koni W Prizma ve piramit
m Konive piramit m Prizma ve grubu yok m Silindir ve grubu yok m Bos

Sekil 7. Ogretmen adaylarinin verilen cisimleri gruplandirma bigimleri

Sekil 7 incelendiginde 6gretmen adaylarinin gogunlugunun g ve k cisimlerini
silindir grubuna; a, ¢, f, h, 1 ve i'yi ise prizma grubuna dahil ettikleri goriilmekte-
dir. Genellikle cisimler ayrik kiimeler olarak distintilmiis; yalnizca prizma ya da
yalnizca silindir grubuna dahil edilmistir. Bir cismi hem silindir hem de prizma
grubuna dahil eden 6gretmen adaylarinin sayist oldukea azdir. Herhangi bir gruba
ait olmadig1 diistiniilen cisimler b, e, j, 1 ve m seklindedir. B, e ve Inin bir grubu
olmadigini diisiinen 6gretmen adaylar1 daha biiylik cogunluktadir. J ve m icin ise
grubu olmadigini diistinen 6gretmen adaylar1 daha ¢ok olsa da, prizma veya si-
lindir oldugunu diisiinen 6gretmen adaylarinin sayisi da oldukga fazladir. Bunun
disinda d cismi 6gretmen adaylarinin biiyiik ¢ogunlugu tarafindan koni sinifina
dahil edilmistir. Baz1 gruplandirmalarin ise yanlis oldugu goriilmektedir. Bir cismi

“prizma ve piramit”, “prizma ve grubu yok’, “silindir ve grubu yok” siniflarina ayni
anda dahil eden 6gretmen adaylarinin cevaplari yanlis cevaplara ornektir. Diger
bir yanlis cevap h cisminin kesik piramit olarak isimlendirilmesidir. Bunun diginda
bazi cisimler grubu oldugu halde herhangi bir grubunun olmadig: belirtilmistir:
a (yatay licgen prizma), h (yamuk dik prizma), i (egik kare prizma) ve k (egik si-
lindir). Goriigme yapilan 6gretmen adaylariin segimleri $ekil 8de sunulmustur.
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Sekil 8. Goriigme Yapilan Ogretmen Adaylarinin Verilen Geometrik Cisimleri
Gruplandirma Bi¢imleri

Ogretmen adaylarinin verilen cisimleri gruplandirma ile ilgili bazi ortak fikir-
leri olsa da farkl: fikirlere de sahip olduklar: goriilmektedir. Goriismelerden ulagi-
lan bulgular ve gériisme kesitleri Tablo 5’te sunulmustur.

Tablo 5. Ogretmen Adaylarinin Verilen Cisimleri Gruplandirmalarina Dayalt
Gortismelerden Ulagilan Bulgular ve Gortisme Kesitleri

Ogretmen adaylarinin silindirlerin ve prizmalarin tabanlarina dayali algilarinin farklilagtigt
gorilmistir.

A: Gruplandirmalari neye gore yaptigini agiklar misin?

OA29: Yaptigim tanimlar gibi, prizma iki es cokgen taban olmaly, silindir ise tabanlari eg olan
herhangi bir gekil olabilir.

OA30: Prizma igin alt ve {ist tabani birbirine paralel olmali. €yi prizmalara yanlislikla dahil
etmisim. Bir grubu yok bence.

OA4: Prizmalari gruplandirirken tabanlarinin ayni olup olmadigina, silindirler igin tabanlarinin
gember olup olmadigina baktim.

Ogretmen adaylarinin silindir ve prizma arasindaki hiyerarsik iliski konusunda farkli fikirlere
sahip oldugu gorillmiistiir. OA4 ve OA16 silindir ve prizmay1 ayrik kiimeler olarak diisiinmektedir.
OA27 ve OA30 gruplandirma ile ilgili yapilan gdriismelerde silindirlerin prizmalarin alt kiimesi
oldugunu diistindiiklerini ifade etmislerdir. Bu 6gretmen adaylarinin tanimlarinda ve ¢izimlerinde
ise hiyerarsik iliski oldugunu disiindiiklerine dair bir ifade yoktur. OA30'un hiyerarsik iliskiye
dayall fikri gdriigme swrasinda degismisti. OA27 ise hiyerarsik iliski oldugunu diisiindiigiini
ifade etmektedir ama bu durumu tanim, ¢izim ve segimlerine yansitamamistir. OA12 ve OA29
ise prizmalar1 silindirlerin alt kiimesi olarak diisiindiiklerini ifade etmislerdir. OA12’nin tanimi
bu hiyerarsik iliskiyi yansitmaktadir, ¢izimlerinde hiyerarsik iliski ile ilgili kafa karigikligi vardur,
secimlerinde ise hiyerarsik iligkiyi dikkate almamustir ancak gizimlerle ve gruplandirma ile ilgili
gbriigme sirasinda prizmalarin da silindir oldugunu séylemistir. OA29’un ise tanimlary, gizimleri ve
yaptig1 gruplandirmalar prizmalarin silindirlerin alt kiimesi oldugunu distindiigiinii gostermektedir.
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A: Peki silindir ve prizma arasinda herhangi bir hiyerarsik iliski var mi sence?
OA4: Higbiri higbirinin alt kitmesi oldugunu diisiinmityorum. Bence birbirinden ayrik kiimeler.

OA16: Bence ayr1 geometrik cisimler.

A: Peki silindir ve prizma arasinda herhangi bir hiyerarsik iliski var mi sence?

0OA30: Aslinda ayrik olduklarini diisiiniiyordum. Silindir alt ve iist tabani gember. Prizma gokgen.
Ama simdi inceleyince ikisinin de alt ve iist taban1 ayn1. Ortak noktalar1 var. Bence silindir
prizmadir ama prizma silindir degildir.

A: Buna nasil ulagtin?
OA30:Prizmada taban gember olursa silindir oluyor.
A:O zaman g ve Ky1 tekrar incelemeni istesem?
OA30: Bu durumda bunlar silindirdir ve ayn1 zamanda prizmadur.
A: Bu durumda g ve k igin ne soylersin? Sadece silindir grubuna dahil etmissin?
0A27:Gk silindir. Ciinkii tabani ve tavani daire ve birbirine paralel. Silindir tanimina uyar.

Ama ayni zamanda prizmadir diyebilirim. Hocam hani silindir ayr1 bir isimdir ya silindir diye 6gren-
misizdir o gruba alirim ama aym zamanda prizmadur. Ozel isim oldugu icin bu sekilde almigtim.

A: Peki silindir ve prizma arasinda herhangi bir hiyerarsik iliski var mi sence?

OA12: Aslinda silindir prizmanin iist kiimesidir. A ve ¢ prizmadir ayni zamanda da silindirdir. Bu
gibi sekilleri ayn1 zamanda silindire de alabilirim.

A: Prizma igin aldiklarinin hepsini silindir grubuna da almigsin. Bu da tanim ve gizimindeki hiyerar-
sik iligkiyi desteliyor gibi.

OA29: Evet.
A: Silindir ve prizma arasindaki hiyerarsik iliskiyi nasil ifade edersin?

OA29:Silindirde tabanlarinin eg olmasi yetiyor. Yani silindir daha genis, prizma onun alt kiimesi
olmus oluyor. Ciinkii prizmada ¢okgen olmast sart1 var.

Alt ve iist tabani paralel ve es olan ancak ¢okgen olmayan cisimleri (j ve m) gruplandirma konusun-
da farkli fikirlere sahip olduklar: goriilmiistiir.

A: j ve m igin ne soylersin?

OAL16: ] ve m aligkin oldugumuz dikdértgen, iiggen gibi sekiller olmadig1 igin prizma grubuna
dahil etmedim. Tabanlari daire degil o yiizden silindir grubuna da almadim. (Taniminda da silindi-
rin alt ve st tabanin dairelerden olustugunu belirtmistir)

A: Jve m yi de prizma olarak almissin? Mutlaka tabanlar: dortgen, besgen olmast sart degil mi sana gore?
OA27:Tabanlarin birbirine es ve paralel olmast yeterli.
A: ] ve m i¢gin ne séylersin? Neden silindir grubuna dahil edebiliriz?
OA29: Tabanlar eg paralel ve farkli diizlemde.
A:Tabanlarinin ¢okgen olmasi gerekmiyor mu?

0A29: Silindirde gerekmiyor. Ama prizmaya almam gokgen olmadig1 igin.
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Herhangi bir grubu olmayan cisimler (b, e ve 1) ile ilgili farkli goriislere sahip olduklar: gortlmiis-
tiir. B ve €nin bir grubu olmadigini diisiinenler daha fazladir. Ancak I'yi tabanlarin paralelligine
dikkat etmeyerek silindir grubuna alanlar da vardir.

A: Herhangi bir grubu olmayan cisimler igin ne soylersin?

OA29: b igin silindir desem tabanlari esit degil. Tabanlar1 esit olsa bile birlestirilme sekli yanlis.
Dogru pargalari ile birlesmemis. Ide tabanlar birbirine paralel degil. eden bir par¢a alinmus.

A: lyi de silindir olarak almissin. Nedenini agiklar misin?

OA4: Tabanlar1 daire oldugu igin.

Prizmanin tabanlarini genellikle bilindik ¢okgenler olarak diistinmektedirler. h cismini tabanlar:
yamuk oldugu (alislmis dortgenlerin disinda) icin prizma grubuna almayanlar vardir. OA29'da bu
sekilde gruplandirma yapmug ancak goriisme sirasinda hatasini fark etmistir.

A:Bagka diizenlemek istedigin durum var mi?

OA29: Ryi su an fark ettim. Kyi de prizma almaliyim. Diizgiin olmasi sart degil. Uygulamada
yazdiktan sonra diizgiin yazmamaliydim diye diistindiim aslinda.

A: higin ne séylersin?

OA12: hde tabanlar yamuk seklinde. Prizmalar genelde kare, {icgen, dikdértgen gibi tabanlar
oluyordu. O yiizden karar veremedim.

TARTISMA, SONUC VE ONERILER

Bu ¢aliymada matematik 6gretmen adaylarinin prizma ve silindir ile ilgili kav-
ram imajlar1 yaptiklari tanimlar, ¢izimler ve gruplandirma bicimleri gergevesinde
analiz edilmistir. Ayrica 6gretmen adaylarinin teste verdikleri cevaplar ve yapilan
goriigme kesitleri birlikte degerlendirilerek kavram imajlarinin nasil oldugu ile il-
gili yorumlamalar yapilmistir.

Yapilan tanimlar, ¢izimler ve gruplandirma bigimleri birlikte diisiiniildii-
giinde 0gretmen adaylarinin prizma ile ilgili kavram imajlarinin genellikle dik
prizma seklinde oldugu goriilmiistiir. Sonuglar farkli diizeylerdeki katilimcilarin
prizma algilariin dik prizma seklinde oldugunu belirtilen ¢aligmalar ile benzerdir
(Gokkurt & Soylu, 2016; Horzum & Ertekin, 2018; Man, 2019; Tiirniiklii & Ergin,
2016; Unlu & Horzum, 2018). Diger taraftan &gretmen adaylarinin prizma algi-
lar1 bilindik ¢okgen tabanli prizmalar seklinde olup bu durum kavram imajlari-
nin prototip algilara dayali oldugunu gostermektedir. Prizma ¢izimlerinde altigen
prizma ve yamuk prizma ¢izimlerde yok denecek kadar azdir; ongen, on iki-gen
kenarli gibi farkl ¢izimlere ise hi¢ rastlanmamustir, sadece bir 6gretmen aday1 yil-
diz seklinde prizmayu silindir ¢izimine dahil etmistir. Bir¢ok ¢aligmada benzer se-
kilde ortaokul 6grencilerinin (Ergin & Tirniikli 2015; Tiirniikli & Ergin 2016);
ortadgretim Ogrencilerinin (Avgoéren, 2011); 6gretmen adaylarinin (Gokbulut &
Ubuz 2013; Karakus ve Ersen, 2021; Ulusoy, 2019; Gokbulut, 2010; Zeybek Sim-
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sek, 2019) ve 6gretmenlerin (Gokkurt & Soylu, 2016; Man, 2019) prizma ile ilgili
kavram imajlarinin belirtilen prototip 6rneklerle sinirli oldugu belirtilmektedir.
Gruplandirmada ise 6gretmen adaylar1 yine en ¢ok bilindik ¢okgen tabanli dik
prizmalar1 prizma grubuna dahil etmislerdir ancak altigen dik prizmayi ve altigen
prizma kadar olmasa da yamuk dik prizmay1 da prizma olarak almislardir. Yine
de bu segimler prototip prizmalara gore 6zellikle yamuk i¢in azdir. Benzer sekilde
Yurniwati ve Soleh (2019)’in galismasinda da 6gretmen adaylarinin yamuk taban-
l1 prizma ile ilgili algilarinin kisitli oldugu belirtilmektedir. Diger taraftan Altayli
vd’nin (2014) ¢alismasinda belirtilen bazi 6gretmen adaylarinin tiggen prizmay:
prizma olarak almamalar: bu ¢alismada elde edilen sonuglardan farklilasmakta-
dir. Uggen prizma ogretmen adaylarinin cizimlerinde ve gruplandirmalarinda
yer verdikleri prizmalardandir. Benzer sekilde bu c¢aligmada kiip de ¢izimlerde
en ¢ok yapilan prizma ¢izimlerindendir. Bu sonug ortaokul 6grencilerinin (Ergin
& Turnikli, 2015) kipti prizma olarak gérmemeleri ile farklilagmakta, Zeybek
SimseK'in (2019) ¢aligmasinda 6gretmen adaylarinin kiipti prizma olarak almalari
ile ise benzerlik gostermektedir. Bu farkliliklarin katilimcilarin sinif seviyesinden
kaynaklanabilecegi diistintilmektedir. Karakus ve Erser’in (2021) ¢aligmasinda da
son sinif 6gretmen adaylarinin birinci sinif 6gretmen adaylarina gore geometrik
cisimleri tanimlama ve prototip olmayan ¢izimler yapmada daha bagarili olduklar1
bulgusuna ulagilmistir.

Ogretmen adaylarinin silindir ile ilgili kavram imajlar1 ise dairesel tabanli ve
dik silindir seklindedir. Bu sonug bir¢ok ¢alisma ile 6gretmen adaylarinin (Ertekin
vd., 2014; Gokbulut 2010; Gokkurt, 2014; Karakus ve Ersen, 2021; Kogak vd., 2017)
ve 6gretmenlerin (Man, 2019; Tsamir vd., 2008) silindiri dairesel tabanl algilama-
lar1 agisindan benzerdir. Zeybek Simsek (2019)’in ve Karakus (2018)’un da belirt-
tigi gibi silindirin tabanlarinin daire olarak alinmasi durumunda herhangi kapali
bir egri olabilme durumu goz ard1 edilmektedir. Bu ¢aligmada da 6gretmen aday-
larmin prototip algilarinin sinirli gorsel algilar olusturarak kavrami smnirlandigt
goriillmiistiir. Ogretmen adaylarinin ¢ogu tabanlar1 birbirine eg ve paralel ancak
¢okgen ya da daire olmayan cisimlerin (j ve m) bir grubu olmadigini diisiinmekte,
daha az sayida olsa da bazilar1 ise bu cisimleri prizma veya silindir gruplarimna da-
hil etmektedir. Benzer sekilde Karakus (2018)’un ¢aligmasinda da ayni (m) cismi
silindir grubuna dahil edilmemistir. Bu durum 6gretmen adaylarinin silindir i¢in
¢ogunlukla prototip imajlara sahip olduklarini ve geometrik cisimler hangi kritik
ozellikle sahip oldugunda silindir ya da prizma olacag ile ilgili bilgilerinin net ol-
madigin gostermektedir. Benzer sekilde 6gretmen adaylarinin silindir ve prizma-
nin (Ulusoy, 2019) ve prizmanin (Gékbulut & Ubuz, 2013; Gokkurt & Soylu, 2016)
kritik 6zelliklerini ayirt etmede zorluk yasadiklar: belirtilmektedir.

Calismadan elde edilen sonuglar bir¢ok caligma ile 6gretmen adaylarinin
(Karakus, 2018; Gokkurt 2014; Kogak vd., 2017) ve 6gretmenlerin (Tsamir vd.,
2008) silindir ile ilgili kavram imajlarinin dik silindir olmas1 agisindan benzerlik
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gostermektedir. Ozellikle ders kitaplarinda yer alan silindir gibi geometrik cisimle-
rin tanimlarinin genel tanimlar yerine 6zel tanimlar (dik dairesel silindir vb.) tize-
rinden ag¢iklanmasindan kaynakli olabilecegi belirtilmektedir (Yemen-Karpuzcu
ve Isiksal-Bostan, 2013). Ayrica ders kitaplarinda genellikle prototip 6rneklere yer
verilmekte (Ertekin vd., 2014), bu durum da 6gretmen adaylarinin her iki geomet-
rik cisim i¢in prototip kavram imajlarina sahip olmalarina sebep olmaktadir. Her
ne kadar 11. sinif ders kitabinda silindirin dairesel disinda farkli tabanlara da sahip
olabilecegi belirtilse de verilen 6rnekler bu durumu yansitmada yeterli kalmamak-
tadir. Sadece prototip modeller tizerinde duruldugunda geometrik cisimlerle ilgili
kavram imgesi ile kavram tanimi arasindaki tutarsizlik ortaya ¢ikmaktadir (Mo-
naghan, 2000). Buna dayali olarak 6grencilerin derslerde farkli 6rnekler ile karsi
karsiya getirilmesi 6nemlidir (Uygun vd., 2022). Diger taraftan 6gretmen adaylar1
tanimlarda (yan yiizlerin dikdortgen olmasi vb.) ve ¢izimlerde genellikle dik priz-
ma/silindirlere yer vermisler, gruplandirmada ise dik prizmalar/silindirler kadar
olmasa da yatay ve egik prizmalar1 ve silindirleri taniyabilmislerdir. Buna dayali
olarak 6gretmen adaylarinin gruplandirmada ¢izim yapmaya gore daha basarili
olduklar1 s6ylenebilir.

Kritik ozellikler ile ilgili diger bir sorun ise bir cismin silindir ya da prizma
olabilmesi i¢in gereken 6n sartlarin genel ifadelerle aciklanmasidir. Prizmanin
hangi kritik 6zelliklere sahip oldugunu tam olarak bilmeyerek prizmay1 ti¢ boyutlu
herhangi bir geometrik cisim olarak algilayan ve 6zellikle piramitleri de prizma
olarak diisinen 6gretmen adaylari vardir. Benzer sekilde 6gretmen adaylarinin
silindiri (Kogak vd., 2017), prizmay1 (Goékbulut, 2010; Gokkurt & Soylu, 2016;
Unlu & Horzum, 2018; Zeybek $imsek, 2019) ve silindir ile prizmay1 (Karakus ve
Ersen, 2021) “kat1 bir cisim, hacmi olan, ayritlar1 olan” gibi sadece silindire/priz-
maya 6zgii olmayip {i¢ boyutlu cisimler i¢in gecerli olabilecek nitelikte ifadelerle
acikladiklar: belirtilmektedir. Yine arastirma bulgularina benzer olarak 6gretmen
adaylarinin prizma ¢izimlerinde ve/veya secimlerinde baska geometrik cisimlere
ve Ozellikle piramitlere yer verdiklerini (Gékbulut & Ubuz 2013; Gokkurt & Soylu,
2016; Ulusoy, 2019; Zeybek Simgek, 2019) gosteren ¢aligmalar mevcuttur. Benzer
sekilde 6gretmen adaylarinin ¢ogunun prizma ve piramit arasinda ayrim yapama-
dig1 belirtilmektedir (Noto, Priatna ve Dahlan, 2019). Geometrik cisimler konu-
su ogretilirken prizma ve silindirlerin kritik 6zelliklerine deginilmesi 6nemlidir
(Uygun vd., 2022).

Herhangi bir grubu olmayan cisimleri (b, e ve 1) ¢ogu 6gretmen aday1 dogru
belirleyebilmistir ancak 6zellikle (1) seklini paralelligi ihmal ederek tabanlar:1 da-
ireden olustugu icin silindir olarak diisiinen ve gizimlerinde de bu sekle benzer
gizimler yapan 6gretmen adaylar1 vardir. Bu sonug Zeybek $imsek (2019) ve Ka-
rakus’'un (2018) caligmalari ile 6gretmen adaylarinin kesik silindiri silindir olarak
gizmeleri ya da gruplandirmalar agisindan benzerdir. Benzer sekilde Tsamir vd.
(2008) ile Gokbulut'un (2010) ¢alismalarinda da tabanlar1 daire oldugu icin kesik
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koni silindir olarak alinmigtir. Arastirmadan elde edilen diger bir sonug kavram
imajlarinin kavram tanimlaria gore baskin olmasidir. Benzer sekilde Karakus
(2018) da ilkokul ve ortaokulda silindir i¢in verilen agiklama ve 6rneklere dayali
olarak ogrencilerin zihninde silindire iliskin bir imaj olustugunu, lise matematik
Ogretim programinda silindir i¢in daha kapsamli bir tanim verilmesine kargin bu
tanimin 6gretmen adaylarinin mevcut imajlarini degistirmede etkili olmadigini
belirtmektedir. Bagka caligmalarda da kavrama yonelik kavram imajlarinin kavram
tanimlarina gore daha baskin kullanildig ifade edilmektedir (Clements & Sarama,
2011; Vinner, 2011; Zeybek Simsek, 2019).

Silindir ve prizma arasindaki hiyerarsik iliski diistindigiinde 6gretmen aday-
larmnin genellikle bu cisimleri ayrik kiimeler olarak diistinmekle birlikte farkl fi-
kirlere sahip oldugu tespit edilmistir. Ogretmen adaylar1 prizmalar1 ¢okgen taban-
1 (Gokbulut, 2010; Gokbulut & Ubuz, 2013; Ulusoy, 2019), silindirleri ise daire
tabanl (Ulusoy, 2019) olarak gorsellestirmektedirler ve bu durumun bu iki geo-
metrik cismi ayrik kiimeler olarak gérmeye neden oldugu diisiiniilmektedir. Hiye-
rarsik iliski oldugunu diisiinen 6gretmen adaylarindan bazilarinin fikirleri ise ¢ok
net degildir. Hiyerarsik iliski oldugunu diistinenler arasinda ¢izimlerde genellikle
silindirler daha genis bir kiime olarak algilanmis, gruplandirmada ise az da olsa
iki tirli de iliski oldugunu diisiinenlerin oldugu gortilmustiir. Literatiirdeki calis-
malarda da bu konudaki gorislerin farkli oldugu, silindiri 6zel bir prizma olarak
diistinen 6gretmenler (Gokkurt & Soylu, 2016; Man, 2019) ve 6gretmen adaylar:
(Gokbulut & Ubuz, 2013; Isiksal Bostan & Yemen Karpuzcu, 2017; Karakus, 2018;
Ulusoy, 2019; Zeybek Simsek, 2019) ile prizmay1 6zel bir silindir alan 6gretmen
adaylarinin (Ertekin vd., 2014) oldugu belirtilmektedir. Ayrica bazi 6gretmen
adaylarinin silindir ve prizma arasindaki hiyerarsik iliski hakkinda fikirlerinin net
olmadig1 (Akayuure, 2021) ve yine 6gretmen adaylarinin ¢ogunun silindir ve priz-
ma arasinda bir iliski olmadigini distindiikleri (Karakus ve Ersen, 2021) sonucuna
ulagilmistir. Van de Walle vd. (2014) prizmalarin ayni zamanda silindir oldugunu
ifade etmekte ve birgok 6grencinin bu tiir bir iliskilendirmeyi kuramadigini ifade
etmektedir. Tirkiyedeki matematik 6gretim programlarinda prizmalar ¢ok yiizli
olarak kabul edildigi i¢cin 6gretmen adaylarinin bu tiir iliskilendirmeleri kurmakta
zorlandiklar1 disiiniilmektedir.

Ogretmen adaylarinin biiyiik ¢ogunlugunun matematiksel dili kullanma
konusunda eksiklerinin oldugu goriilmiistiir. Bu yanlis kullanimlardan biri taban
kavraminin “alt ve {ist tabanlar1” ve “tabani ve tavani” seklinde ele alinmasidir. Hor-
zum ve Ertekin’in (2018) ¢aliymasinda matematik 6gretmen adaylarinin konum
degisikliginde de tabani yere degen kisim olarak gordiikleri belirtilmektedir. Bu
galismada 6gretmen adaylar1 bir masa {izerinde kare yiizeyi {izerinde duran kare
prizmaya kare prizma adini vermekte, ancak ayn1 prizmaya, dikdortgen yiizeyinde
durdugunda dikdortgen prizma demektedirler. Benzer sekilde Gokkurt ve Soylu
(2016) 6gretmenlerin; Bozkurt ve Kog (2012) 6gretmen adaylarinin prizma i¢in ve
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Altayli vd. (2014) 6gretmen adaylarinin prizma ve silindir i¢in yaptiklar: tanim-
larda taban ve tavan kelimesini kullanarak matematiksel hata yaptiklarini belirtil-
mektedir. Diger taraftan tanimlarda 6ne ¢ikan ifadelerde sekil ve geometrik sekil
kavramlarinin kullanildig: goriilmektedir. Bircok ¢aligmada da ti¢ boyutlu geomet-
rik cisimler icin 6gretmen adaylarinin sekil (Ertekin vd., 2014; Karakus, 2018);
geometrik sekil (Bozkurt & Kog, 2012; Ulusoy, 2019); ti¢ boyutlu sekil (Bozkurt
& Kog, 2012; Kogak vd., 2017; Unlu & Horzum 2018); ii¢ boyutlu geometrik sekil
(Unlu & Horzum 2018) kavramlarini kullanarak hata yaptiklar1 belirtilmektedir.
Hatali terim igeren diger bir durum ise dogru parcalari, dogrular gibi kavramlara
yer verilmesi ancak ayrit kavraminin kullanilmamasidir. Gékkurt ve Soylu (2016)
Ogretmenlerin ayrit yerine kenar kavramini kullanarak matematiksel hata yaptik-
larin, Kiligoglu (2020) de 6gretmen adaylarinin ayrit kavramini yiizey, kenar ve
kosegen gibi kavramlarla karistirdiklar: ifade etmektedir. Diger taraftan silindir
ile ilgili yaptiklar1 tanimlarda ve gortisme kesitlerinde silindirin tabanlarinin daire
yerine cember oldugunu ifade edenler olmustur. Bu sonug Kogak vd’nin (2017) ¢a-
ligmast ile benzerdir. Dilin matematik 6grenmedeki rolii ve 6zellikle matematiksel
dilin 6nemli oldugu (Ginsburg, Lee & Boyd, 2008) dikkate alindiginda 6gretmen
adaylarinin hatal ifadelerinin gesitli sorunlara yol agabilecegi soylenebilir.

Arastirmadan elde edilen sonuglara dayali olarak asagidaki oneriler getirilmistir:
o Ders kitaplarinda prototip 6rnekler disinda drneklere de yer verilmelidir.

o Ogretmenler dgretim siirecinde ornekleri ve karsi-6rnekleri kullanmali,
sinifta bu Ornekler iizerinden tartisma ortami olusturarak derslerini
yurtitmelidir.

o Matematiksel dilin dogru ve etkili kullanimina 6zen gosterilmelidir.

o Kavram tanimi ile kavram imaji arasinda dengesizlik olusmamasi i¢in 6gre-

tim stirecinde verilen tanimlarin ve 6rneklerin birbiri ile uyumlu olmasina
dikkat edilmelidir.

o Ogretmen adaylarina lisans egitimleri siirecinde bu konular ile ilgili alan
bilgilerindeki eksikleri giderecek nitelikte egitim verilmelidir.

Tesekkdir ve Aciklamalar

Caligmaya katk saglayan tiim 6gretmen adaylarina tesekkiir ederim.
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EXAMINATION OF PROSPECTIVE MATHEMATICS TEACHERS'
CONCEPT IMAGES OF PRISM AND CYLINDER IN THE SCOPE OF
THEIR DEFINITIONS, DRAWINGS AND GROUPING SKILLS

ABSTRACT

In this study, it was aimed to reveal the concept images of prospective mathe-
matics teachers (known hereafter as PMTs) about prisms and cylinders. For this
purpose, PMTs definitions of these geometric objects, their different drawings,
and the way they grouped the given geometric objects were examined. The rese-
arch was conducted based on the case study model. The study group for the re-
search consisted of 45 prospective teachers studying at the first grade level in the
department of primary education mathematics teaching at the faculty of education
of a university in the north of Turkey. Firstly, the geometric objects test, which
includes the skills of defining, drawing, and grouping cylinders and prisms, was
applied to the PMTs. Then interviews were conducted with six PMTs. The analysis
of answers to the geometric object test was carried out based on the content analy-
sis technique. The descriptive analysis technique was used in the analysis of the
interview data. The results obtained from the research were presented under the
headings of the PMTS’ definitions, drawings, and grouping styles. As a result of the
research, it was found that the PMTS’ definitions of cylinder and prism were not
tully sufficient, and they had difficulty distinguishing the critical features. Concept
images are based on prototype examples, usually in the form of right objects with a
circular region base for a cylinder and a polygon base for a prism. It was seen that
the concept images were more dominant than the concept definitions. In addition,
it was determined that they made mistakes in using the mathematical language
and that there were deficiencies in the content knowledge about the subject. When
considering the hierarchical relationship between the cylinder and the prism, it
was concluded that the PMTs generally thought of these objects as discrete sets, but
had different ideas. Various suggestions were made based on the results obtained
from the research.

Keywords: Cylinder, Concept Image, Prism, Prospective Mathematics Teachers.
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MATEMATIK OGRETMEN ADAYLARININ PRiZMA VE
SILINDIRE YONELIK KAVRAM iMAJLARININ TANIMLAR],
CiZIMLERI VE GRUPLANDIRMA BECERILERI KAPSAMINDA
INCELENMESI

0z

Bu arastirmada ilkogretim matematik 6gretmen adaylarinin prizma ve silindire
yonelik kavram imajlarini ortaya ¢ikarmak amaclanmistir. Bu ama¢ dogrultusun-
da 6gretmen adaylarinin bu geometrik cisimlere yonelik tanimlari, farkl ¢izimleri
ve verilen geometrik cisimleri gruplandirma bigimleri incelenmistir. Aragtirma
durum calismasi modeline dayali olarak yiiriitiilmiistir. Aragtirmanin caligma
grubunu Tirkiyenin kuzeyinde bulunan bir iniversitenin egitim fakiiltesi ilkogre-
tim matematik 6gretmenligi boliimiinde birinci sinif diizeyinde 6grenim goren 45
ogretmen aday1 olusturmaktadir. Oncelikle uygun 6rnekleme yéntemi kullanila-
rak belirlenen 6gretmen adaylarina silindir ve prizmaya yonelik tanimlama, ¢izim
yapma ve gruplama becerilerini igeren geometrik cisimler bilgi testi uygulanmus-
tir. Ardindan maksimum gesitlilik 6rneklemesi yontemine dayali olarak 6gretmen
adaylarinin verdikleri cevaplarin incelenmesi sonucunda 6 6gretmen adayi ile go-
rigmeler gerceklestirilmistir. Bilgi testine verilen cevaplarin analizi icerik anali-
zi teknigine dayali olarak gerceklestirilmistir. Gortisme verilerinin analizinde ise
betimsel analiz teknigi kullanilmistir. Arastirmadan elde edilen sonuglar 6gretmen
adaylarinin tanimlars, ¢izimleri ve gruplandirma bigimleri basliklar: altinda sunul-
mugtur. Arastirma sonucunda 6gretmen adaylarinin silindir ve prizma tanimlari-
nin tam olarak yeterli olmadigi, bu geometrik cisimlere yonelik kritik 6zellikleri
ayirt etmekte gicliik yasadiklar: bulunmustur. Kavram imajlar1 genellikle silindir
i¢in dairesel tabanli ve prizma i¢in ¢okgen tabanli ve dik cisimler seklindedir. Ci-
zimlerinde genellikle prototip algiya dayali ¢izim yapmuislar, gruplandirmada da
prototip 6rnekleri ayirt etmekte zorlanmamislar ancak prototip olmayan 6rnekleri
ayirt etmekte zorlanmiglardir. Kavram imajlarinin kavram tanimlarina gore daha
baskin oldugu gorulmustiir. Ayrica matematiksel dili kullanmada hatalar yaptikla-
r1 ve konu ile ilgili alan bilgilerinde de eksikler oldugu tespit edilmistir. Silindir ve
prizma arasindaki hiyerarsik iligki distindiigtinde 6gretmen adaylarinin genellikle
bu cisimleri ayrik kiimeler olarak diisiinmekle birlikte farkl: fikirlere sahip oldu-
gu sonucuna ulagilmistir. Arastirmadan elde edilen sonuglara dayali olarak gesitli
oOneriler getirilmistir.

Anahtar Kelimeler: Kavram Imaj1, Matematik Ogretmen Adaylari, Prizma,
Silindir.
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INTRODUCTION

The subject of geometric objects has a wide place in mathematics teaching prog-
rams. In addition, geometric objects are a part of our daily lives (Baykul, 2014), and
when we look around us, geometric objects appear in many places (Goékbulut &
Ubuz, 2013). There are many studies stating that secondary school students, pros-
pective teachers, and teachers have difficulties with geometric objects, which are
important subjects (Accascina & Rogora, 2006; Akayuure, 2021; Avgéren, 2011;
Battista & Clements, 1996; Cakmak, Konyalioglu & Isik, 2014; Kogak, Gokkurt Oz-
demir & Soylu, 2017). In geometric objects, prisms and cylinders are mentioned in
current education reforms as subjects to be recognized, aware of, and able to relate
(NCTM, 2000; NCTM, 2006). It is said that studies on definitions, features, gene-
ralizations, operations, and connections on these subjects are important (Armabh,
Cofie & Okpoti, 2017).

Correlations are made between cylinders and prisms in international geo-
metry books and literature. As an example, Van de Walle et al. (2014) included the
statement: “Cylinders with polygonal bases are called prisms” and considered all
prisms to be special cases of cylinders. Furthermore, the cylinder concept is too
comprehensive to be considered a special prism, and it serves a vital role in teac-
hing geometry (Yemen Karpuzcu & Isiksal Bostan, 2013). It is emphasized that the
hierarchical classification skill of geometric objects according to their properties
constitutes an important part of the geometry curriculum, and understanding the
hierarchical relations between geometric objects is important in the development
of reasoning and inquiry skills (Clements, 2003; Fujita & Jones, 2007).

In education programs in Turkey, the subject of the prism is handled as a right
prism at the 8™-grade level and is defined as: “Objects with congruent polygons
and side faces perpendicular to the base planes, and whose one side is equal to
one side of the polygon” (Boge & Akilly, 2018). In the 10™-grade, it is considered
again as a right prism (Mavis, Giil, Solaklioglu, Tarku, Bulut & Goksen 2021; and
in secondary and high school education levels, prisms with polygonal bases (squ-
are, triangle, rectangular) are generally known, and there are also pentagonal and
hexagonal prism drawings, albeit less frequently. The subject of the cylinder is at
the 8™-grade level, is handled as a right circular cylinder, and is defined as: “The
geometric object formed by the upper and lower bases of congruent circles and
the perpendicularity of the line segment connecting the points around these bases
to the bases” (Boge &Akally, 2018). At high school, it takes place in the 11"-grade,
and first of all, the cylindrical surface is defined, and then the cylinder definition is
given (Seymen, Gazioglu, Yildirim & Meral, 2021). While making this definition,
the image of the cylinder, which is any surface without a circular region, was inc-
luded, but since right circular region-based cylinders were included in the curricu-
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lum, explanations and examples are given according to prototypical right circular
cylinders. The hierarchical relationship between the prism and the cylinder is not
directly included in the secondary and high school mathematics curriculum, but
in the 11"-grade, when the volume of the prism and the cylinder is explained:
“When you increase the number of sides (n), the bases of the prism change from
polygon to circle; the prism will turn into a cylinder” (Seymen et al., 2021). This
shows that cylinders are implied to be a more general concept, but a direct corre-
lation is not made.

It is stated that teachers should have sufficient content and pedagogical con-
tent knowledge about three-dimensional objects in order to fulfill their teaching
duties in the best way (Akayuure, 2021). Procedural and conceptual learning defi-
ciencies in geometry (Star & Stylianides, 2013; Haapasalo & Kadijevich, 2000) and
poor spatial perception and faulty definitions (Riastuti, Mardiyana & Pramudya,
2017) are expressed as some problems in learning geometry. Kiligoglu (2020), in
her study dealing with the definition of concepts such as geometric shape and ge-
ometric object by prospective teachers, stated that there are prospective teachers
who do not have clear information about the content of the concepts, make defi-
nitions based on rote, and do not attach importance to the use of some concepts
in their definitions.

In studies on prism and cylinder, it is stated that prospective teachers and
teachers have misconceptions about defining and exemplifying these objects (Alkis
Kiigiikaydin & Gokbulut, 2013; Altayli, Konyalioglu, Hizarci & Kaplan, 2014). It
is stated that the content knowledge is not sufficient for prism (Gokbulut & Ubuz
2013; Gokkurt & Soylu, 2016) and cylinder (Karakus, 2018; Kogak et al., 2017).
In addition, studies are showing that prospective teachers cannot define cylinder
and prism (Gokbulut, 2010; Gokkurt, 2014; Karakus & Ersen, 2021; Ulusoy, 2019;
Zeybek Simgsek, 2019); cylinder (Ertekin, Yazici & Delice, 2014; Karakus, 2018)
and prism (Bozkurt & Kog, 2012; Gokbulut & Ubuz 2013; Unlu & Horzum, 2018)
properly and have difficulty making mathematical definitions. Similarly, Ttirntikld
and Ergin (2016) state that 8"-grade students have difficulty defining the prism,
and they try to describe the image formed in their minds while making their defi-
nitions; and Uygun, Guner, and Simgek (2022) also state that 7"-grade students
have difficulty defining the prism and cylinder. Again, Hasanah and Yulianti (2020)
state that high school students do not understand the concept of prism, therefore
they have misconceptions about the subject. In Man’s (2019) study; it is said that
mathematics teachers cannot properly define the prism and cylinder.

One of the problems with definitions is that prospective teachers (Alkis
Kiigiikaydin & Gokbulut, 2013; Ubuz & Gokbulut, 2015) and teachers (Gokkurt
& Soylu, 2016; Tsamir, Tirosh, Levenson, Barkai & Tabach, 2015) have difficulty
distinguishing critical features of definition. Again, in many studies, it is stated that

OMU EFD, 2023, Cilt 42, Say1 1, Sayfa 33-96



Feyza ALIUSTROGLU [T

prospective mathematics teachers (Ertekin et al., 2014; Bozkurt & Kog, 2012; Gok-
bulut & Ubuz, 2013; Karakus, 2018; Ulusoy, 2019; Zeybek Simsek, 2019); mathe-
matics teachers (Gokkurt & Soylu, 2016) and secondary school students (Ergin &
Tlrntikl, 2015; Tarniikli & Ergin, 2016) have weak concept images of cylinder
and/or prism. On the other hand, some studies show that students and prospec-
tive teachers had difficulties understanding the hierarchical classification between
three-dimensional geometric objects (Gokbulut & Ubuz, 2013; Gokkurt, Sahin,
Soylu & Dogan, 2015; Isiksal Bostan & Yemen Karpuzcu, 2017; Karakus & Ersen,
2021; Ko¢ & Bozkurt, 2011; Uygun et al., 2022; Zeybek Simgek, 2019). When all
these studies are examined, it is seen that the cylinder and prism subjects have
many difficulties.

It is thought that it is important to reveal the concept images of the prospec-
tive teachers, who will be the teachers of the future, about the prism and cylinder,
which are important topics for geometry, and to determine what kind of knowl-
edge they have and what kind of structures they have created in their minds so that
the students receive the desired education. In addition, when the studies were
examined, no study was found that examined the concept images of PMTs about
prisms and cylinders. Often the focus is on the relationship between the cylinder
and the cone, the prism and the pyramid, or one of the cylinders or prisms. In this
study, the hierarchical relationship between the prism and the cylinder was also
examined, and it is thought that it will contribute to the field by comparatively
examining how the PMTs deal with these two geometric objects. In this direction,
the aim of the study is to reveal the concept images by examining the definitions,
drawings, and groupings (example, non-example cases, objects that do not belong
to any group) of PMTs for prism and cylinder. The problem of the research is:
“How are the PMTSs’ concept images of prism and cylinder?” The sub-problems
are as follows:

1. What are the definitions of PMTS’ for prism and cylinder?

2. What are the drawings of PMTS’ for prism and cylinder?

3. What are the groupings of PMTS’ for prism and cylinder?

Theorical Framework

Concept Image

In this study, PMTS’ concept images were examined according to the concept
image theory of Tall and Vinner (1981), and the terms concept definition and con-

cept image are used in this theory. Concept definition is a set of words that are
used to explain the related concept and that clearly define the concept; on the other

https://doi.org/10.7822/omuefd.1197895 d



Matematik Ogretmen Adaylarinin Prizma ve Silindire Yonelik ..

hand, concept image refers to all cognitive structures that include mental shapes,
pictures, features, and processes related to a concept in the mind of the individual.
These terms are encountered in many studies examining how mathematical con-
cepts are structured in students’ minds (Clements & Battista, 1992; Fujita & Jones,
2007; Tall & Vinner, 1981; Tirntklii & Ergin, 2016).

A concept image is shaped unconsciously or consciously in a mental process
that takes place in the cognition of individuals, has a dynamic structure, and can
change and develop with experiences (Tall & Vinner, 1981). If the student does
not have an image in his or her mind for the concept he or she will learn, first of
all, an image of the concept is created with the help of the definition, explanation,
and examples given. However, if there is an image of the concept in the mind of
the student, this image may change and differentiate or remain unchanged based
on the teacher’s explanations, definitions, and examples in the textbook (Vinner,
1983). There are many factors in the formation of the concept image of the student,
such as the environment in which the student learns the concept and the method,
techniques, and materials used by the teacher for teaching (Karakus, 2018).

Concept definition and concept image are structures that cannot be thought of
independently and can interact with each other (Vinner, 1991). Definitions and the
way they are presented to students shape the relationship between concept definiti-
on and concept image (Zazkis & Leikin, 2008). Tsamir, Tirosh and Levenson (2008)
also stated that depending on the visual presentation and experiences in the minds
of the students, first a concept image of the concept is formed, and the formal de-
finition of the concept takes a place in the learner’s mind in the following process.
Even if the definition of the concept is given clearly when teaching a new concept,
the formal definition may not be reached immediately. Vinner (2011) also argues
that concept image and concept definition are not always parallel and that concept
image is usually dominant in decision-making. If the concept image is wrong, the
definition of the concept will not be correct (Olkun & Toluk Ugar, 2007). On the
other hand, knowing only the definition of a concept does not definitively show
that the concept is understood correctly (de Villiers, 1998). One of the factors that
ensure the correct formation of these concept images is the examples chosen with
the awareness of creating a concept image. Along with definitions, examples and
non-examples also play a role in the creation of a mathematical concept in the
mind (Monaghan, 2000; Wilson, 1990), and it is reccommended to give examples of
non-examples as well as examples of concepts in geometry teaching (Oberdorf &
Taylor-Cox, 1999; Tsamir et al., 2008).

The Role of Examples and Critical Features in Concept Image

Examples are generally divided into three groups: examples that come to mind
first and are taken as the basis of comparison when grouping (prototype examp-
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les), additional examples, and reverse examples (non-examples) (Attneave, 1957;
Reed, 1972; Rosch, 1973). Considering the prototype examples, the inability to dis-
tinguish the critical and non-critical features of the concept and make groupings
based on these examples may constitute an obstacle in the formation of the concept
(Hershkowitz, 1989; Tsamir et al., 2008). Such examples are mostly identified with
the concept, and different forms cannot be considered for the concept (Avgoren,
2011). Prototype examples play a major role in the formation of students’ concept
images (Levenson, Tirosh & Tsamir, 2011), and it is stated that these examples
may cause students to create misconceptions (Hershkowitz, 1989) and form faulty
structures related to the concept by creating limited perceptions about the concept
(Fujita & Jones, 2007). For example, in the study of G and Soylu (2016), it is said
that giving examples such as square and triangular right prism for prism may cause
people not to think of oblique prism or decagonal prism as prism. In order to avoid
these limited perceptions, it is recommended to emphasize the critical features of
the concept through concept definitions (Monaghan, 2000) and various examples
(Hershkowitz, 1989).

Critical features of the concept enable the concept to be defined under neces-
sary and sufficient conditions and to be included in the set containing examples
of the concept (Hershkowitz, 1989; Tall & Vinner, 1981). According to Hersh-
kowitz (1989), the definitions in the textbooks should include critical features, and
these features in the definitions can form the basis for people’s decision-making.
Non-critical features are generally based on prototypical concept images that pe-
ople have (Sarfaty & Patkin, 2013). For this reason, it is necessary to define criti-
cal and non-critical features well (Hershkowitz, 1989); otherwise, misconceptions
may be encountered (Gokbulut & Ubuz, 2013). For example, Gokkurt and Soylu
(2016) state the critical features of a prism as “the bases are polygonal, the bases
are equal and parallel, the lateral surfaces are parallel, and the prismatic region is
bounded by two parallel bases”. The definition of “objects with angular bases are
prisms” includes the critical feature of bases being polygons, but it does not inclu-
de other critical features and causes the misconception that pyramids can also be
prisms (Gokbulut & Ubuz, 2013). On the other hand, it is stated that one of the
important criteria of a good definition is that it be hierarchical (Van Dormolen &
Zaslavsky, 2003) and that the definitions made for concepts should be hierarchi-
cal in order to understand the hierarchical relationship between geometric objects
(Zeybek Simsek, 2019).

The teacher’s content knowledge has a direct impact on the quality of the learn-
ing and teaching process (Baki, 2013) and the knowledge level of the teachers plays
an important role in the creation of the desired learning environments (Putnam,
Heaton, Prawat & Remillard, 1992). Teachers are among the important factors af-
fecting the development of students’ concept images (Tsamir et al., 2015). The fact
that the examples given by the teachers are accurate, clear, remarkable, and capable
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of helping to clarify the mathematical subtleties (Zodik & Zaslavsky, 2008) and rep-
resenting the object appropriately ensures that students understand the concepts
correctly (Zazkis & Chernoff, 2008), do not fall into misconceptions (Cakmak et
al., 2014), and create an appropriate concept image (Weber, Porter & Housman,
2008). Their content knowledge should not be limited to prototypical examples;
they should know examples that will create the right concept image in the minds
of students (Gokkurt, 2014). On the other hand, the definitions of geometric con-
cepts should be learned exactly, and it should be known which critical properties
they should have (Hershkowitz, 1989). Meaningful geometry learning requires an
in-depth understanding of concepts and the strong relationship between concepts
(Tall & Vinner, 1981).

METHOD

Research Model

The research was conducted based on the case study model. A case study is
defined as a method in which one or more events, programs, environments, so-
cial groups, or systems are examined in depth (McMillan, 2000). In this study, the
concept images of the PMTSs regarding the concepts of prism and cylinder were
examined as a case.

Study Group

The study group for the research consisted of 45 PMTs studying at the first
grade level in the Department of Primary Education Mathematics Teaching in the
Faculty of Education of a state university in the north of Turkey. They studied the
subject of geometric objects in secondary and high school, as stated in the intro-
duction part. At the undergraduate level, the subject of geometric objects is seen
within the scope of the Fundamentals of Mathematics II course, which is among
the first-year courses, but this subject had not yet been covered in this course be-
fore the data collection process was carried out. Therefore, PMTs knowledge at the
beginning of their undergraduate education was suitable for determining. In addi-
tion, the mathematics-specific lessons taken by the PMTs until they reach this level
are limited to Analysis I (a course containing the subjects of functions, limits, con-
tinuity, and derivatives), Fundamentals of Mathematics I (a course containing sub-
jects related to numbers and operations, and algebra learning areas), and History
of Mathematics. They have not yet taken any course in mathematics education, the
courses they take related to education are limited to Introduction to Education and
Educational Sociology.
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Convenience sampling, one of the non-random sampling methods, was used
to determine the study group. This sampling is briefly defined as the selection of
the sample from easily accessible and applicable units due to limitations in terms
of time, money, and labor (Cohen & Manion, 1998). The study group consisted
of the PMTs, who are taught a different course by the researcher. The selection of
the PMTs for the interviews was made based on the examination of the geomet-
ric objects test applied before the study. Maximum variation sampling, one of the
purposive sampling methods, was used as the sample selection method for the in-
terviews. The purpose of this sampling method is to create a relatively small sample
and to reflect the diversity of individuals at the highest level (Marshall, 1996). The
perceptions of the PMTs interviewed about geometric objects are shown in Table 5
in detail. In addition, PMTs of different genders were also asked to be included in
the interview; PMT29 and PMT30 are male, and others are female. Also, each PMT
was willing to be interviewed.

Data Collection Tools and Data Collection

The “Geometric Objects Test” developed by the researcher, was used as a data
collection tool in the research. This test consists of two parts. In the first part, PMTs
were asked to define the prism and cylinder and then make three different drawin-
gs for both geometric objects. In the second part, for the 14 geometric objects given
(Figure 1), the question was asked to be answered: “a) How would you group the
objects seen in the figure? For each group, explain why you did the grouping in this
way. b) Are there any objects that do not belong to any group in your classification? If
so, explain why these objects do not belong to any group.” While determining these
objects, the ways in which geometric objects are handled in the secondary and
high school mathematics curriculum (MoNE, 2018a; MoNE, 2018b), the resources
related to the subject (Van de Walle, 2014), and the related literature (Ertekin et al.,
2014; Karakus, 2018; Zeybek Simsek, 2019) were used.

Before the application, a language specialist, an assessment and evaluation spe-
cialist, and two mathematics educators examined the prepared test. Experts stated
that the first part of the test was appropriate. For the second part, they made sug-
gestions about the arrangement of the question root. In the first version of the se-
cond part, “Which of the objects seen in the figure are cylinders?” and “Which of the
objects seen in the figure are prisms?” question roots were used. However, experts
stated that it would be more correct for the PMTs to group themselves directly
without giving names such as cylinders, prisms, etc. For this reason, the root of the
question has been arranged as stated. In addition, a similar test prepared on a dif-
ferent subject (quadrilaterals) was applied to PMTs studying in the first grade the
previous year. Considering this was a pilot application, it was planned to complete
both parts of the test separately in approximately 20 minutes.
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Figure 1. Objects in the Geometric Objects Test

Due to the COVID-19 pandemic, the PMTs were receiving distance education
during this period, and the application was made through the Zoom program. It
was stated that the answers they gave would not have any effect on a grade, and
they were asked to give their answers sincerely. During the implementation pro-
cess, visual and audio communication were established with the PMTs. They were
also able to direct their questions to the researcher when they had any questions.
The application process and interviews were recorded with the Zoom program. In
order for the PMTs not to be affected by the definitions they made and the sha-
pes they drew, they were asked to answer the second part after the first part was
received. They wrote and scanned their answers on papers and uploaded them to
the homework application in the university’s distance education system within
the given time.

After examining their written answers, video interviews were conducted with
six of them through the Zoom program. The interviews were video-recorded, and
the interview with each PMT lasted approximately 25 minutes. The definitions
they made, drawings, and groupings were discussed, and it was asked whether they
were sure of their answers, what they paid attention to when making a definition,
why they made these drawings, and how they made the grouping.
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Analysis of Data

The definitions of PMTs were subjected to content analysis. The main purpo-
se of content analysis is to gather similar data within the framework of certain
concepts and interpret them in a way that the reader can understand (Forman &
Damschroder, 2008). In this context, categories and codes were created for prism
and cylinder definitions, the frequencies of these codes were presented in tables,
and comments were made. Three different drawings of the prism and cylinder and
groupings based on the objects given were coded in Excel. Then, graphs were cre-
ated using Excel based on these encodings. The descriptive analysis technique was
used in the analysis of the interview data. In the descriptive analysis, direct quo-
tations are included in order to reflect the views of the interviewed individuals in
a striking way, and the aim is to present the findings to the reader in an organized
and interpreted way (Yildirim & Simsek, 2016). The reason for choosing the desc-
riptive analysis technique in the analysis of the interview data is to support the
answers given by the PMTs to the test with direct quotations from the interviews.
In this context, the interview sections of the PMTs related to each sub-problem
were presented and interpreted. Since the interview transcripts are long, the inter-
view dialogues of all the PMTs interviewed for each sub-problem were not inclu-
ded. Interview sections, which are thought to explain the answers given to the test
in different sub-problems, were presented, and when all sub-problems were con-
sidered as a whole, attention was paid to ensure that the interview sections given
from each PMT were balanced.

Validity, Reliability and Ethics

The researcher and an academician who works in the field of mathematics edu-
cation separately coded the data for coding reliability. The reliability formula (Re-
liability: Consensus/Consensus + Disagreement) developed by Miles and Huber-
man (1994) was used, and the percentage of agreement between the evaluators was
found to be 92%. The part with different coding is related to the definitions, and the
coding for this part has been revised. In addition, timing reliability was also used,
and the data were recoded by the researcher one month after the first coding. The
codes were found to be compatible. An example of how the data was analyzed is
given in Figure 2. The example given is about how the definitions are analyzed, as
can be seen in the figure, first the codes were obtained from the definitions, and
then the categories belonging to these codes were created.
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PAT Definition

PRIT1 A three-dimensional shaps whose lower and upper bases are equal and parallel.

PMT2 Grometric shape formed by the rotation of a rectanghe 260 degrees arcund one of its sides, with a circle at lower and upper bases
PRITS Closed figure with kower and upper bases combined with straight lines

T Lawer and upper hases ane equal 1
Lawar and ipicer hadcs afe parallal 1
AT Layear and upper hases arn eircular region
Farmed by 360° ratation of the rectangle areund one edge 1
[LGLE] Loweer aned upper bases are combaned with steaight lines 1

EXPRESSIONS
cCoding Fraguancy
PRIT1 Thires i nslonal
Shapa
PMTZ Geametric shaps
PRITS Closed
Shapa

Figure 2. An Example of How Definitions For Cylinder Are Analyzed
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RESULTS

In this section, the definitions, drawings, and prism-cylinder groupings made
by the PMTs for prism and cylinder are analyzed, respectively. For each sub-prob-
lem, first the findings based on the answers given to the test administered to all
PMTs were presented, and then the findings of the PMTs interviewed were pre-
sented.

Analysis of the PMTS’ Definitions of Prism and Cylinder

This section includes findings based on the analysis of the PMTS’ definitions of
prism and cylinder. The analysis of the prism is presented in Table 1.
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Table 1. Content Analysis of the Definitions for the Prism

Category Code Frequency
With 3
Parallel 7
Equal 6
Polygon 8
Lower and Upper Bases Regular polygon '
Smooth geometric shape 1
Planar shape 1
Combined with straight lines 2
Combined with parallel lines 1
Total 30
Equal 4
Parallel 5
Polygon 1
Bases In different planes 3
Regular polygons 1
Combined with straight lines 1
Total 15
Equal 2
Made up of geometric shapes 1
Combined with line segments 2
Base and Ceiling Combined with side surface 1
Combined with corners 1
Combined vertically 1
Combined with endless lines 1
Total 9
Named according to 4
Square 1
Pase A(ild a vertex 2
Total 7
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Side Faces

Rectangular

Equal

Quadrilateral

Circular region

Perpendicular to the base

Can be the same or different shape

Composed of triangles with their
corners touching each other

Total

Opening

Containing closed surfaces
Containing regular geometric shapes
Containing geometric shapes

Total

@ N RN

When examining Table 1, it was seen that the definitions made about the prism
generally focus on the concept of the base in the prism. In the definitions in which
the concept of base was used, the phrase “lower and upper bases” (f = 30) was
mostly used. Among the definitions, “with a base and a vertex” is an incorrect defi-
nition for a prism and expresses a pyramid. Similarly, it was seen that the definition
of a pyramid was used in the definition in which the expression “with a square
base” was used. The statement “with regular polygons on bases” is also inaccurate
because the bases of the prism do not have to be regular polygons. On the oth-
er hand, there were also definitions focusing on the concepts of “side faces” and
“opening” among these definitions, and they are also wrong expressions. In Table
2, the analysis for the cylinder was presented.

Table 2. Content Analysis of the Definitions for the Cylinder

Category Code Frequency

Equal 14
Parallel 17
Circular region 14
Combined with straight lines 7
Circle 2

Lower and Upper Bases Symmetrical 1
In the same plane 1
Formed as a result of the merging of all points of 1
Formed as a result of the combination of the 1
innumerable straights of
Total 56
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Combined with line segments 1
Combined with parallel line segments 4
Bases In different planes 5
Equal 5
Parallel 1
Total 16
Rectangle 7
Side Faces Circular region 1
Total 8
Consisting of 2 equal circular Region and 1 5
rectangle or square
Opening Consisting of 2 equal circular region and 1 3
rectangle
Total 5
Formed by 360° rotation of the rectangle 8
Around One Edge Formed by 360° rotation of a square or rectangle 1
Total 9

When examining Table 2, it was seen that the definitions of the cylinder generally
focus on the concept of the base, similar to the prism. In the definitions in which this
concept was used, the expression “lower and upper bases” (f = 56) was mentioned
quite a lot. The definition in which the expression “circular region on the side face”
was used is an incorrect definition. In addition, the PMTs did not include the concept
of edge in 3D objects in their definitions for prism and cylinder; they stated that the
bases were combined with line segments or lines. There were also PMTs who stated
that the bases of the cylinder are circles as well as the circular regions. The prominent
expressions in the definitions of prism and cylinder are shown in Figure 3.
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Figure 3. Expressions That Stand out in the PMTs’ Definitions of Prism and
Cylinder
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When examining Figure 3, it was seen that the expression “three-dimensional”
(f = 14) was mostly used in the definition of the prism, and the expression “shape”
(f = 13) was mostly used in the definition of the cylinder. Focusing on different
expressions when describing both cylinder and prism; it can be said that some of
these statements are true and some are false. On the other hand, the expression
coded as “with height” was stated as “with height” in cylinder definitions and as
“with width, size, and height” in prism definitions.

Examples of the definitions and interview sections made by the PMTs inter-
viewed are presented in Table 3.

Table 3. Definitions and Interview Sections of the Pmts About Prism And
Cylinder

Goriigsme Kesitleri
PMT Definitions $

R: Let's examine your
Prism: A three-dimensional closed object with width, definitions. Is there an
expression you want to edit?
size, and height.
PMT4: I stated that it has a
certain volume for the prism. In
fact, it would be better if I said

Cylinder: A three-dimensional closed object consisting of that their bases were equal.

PMT4 . - -
equal circles with lower and upper bases and combining R: What would you say about

. . . . i 2
these circles with a certain height. the cylinder?

PMT4: What comes to mind for
the cylinder is that the bases of
the shapes are circles. The object
we saw in middle school comes
to mind.

R: Let's examine your
Prism: A geometric object whose base and ceiling definitions. Is there an
expression you want to edit?

are composed of certain geometric shapes, whose base
PMT27: Geometric shapes

and ceiling are combined with the side surface. are an incomplete expression

for prism. I changed my mind
after the shapes you gave me.

It doesn't necessarily have to

be in shapes like triangles or
rectangles. It would be enough if
the bases were the same.

Cylinder: A geometric object with a circular base and

PMT27 ceiling and side surfaces parallel to each other.

R: What would you say about
the cylinder?

PMT27: I used the words "base
and ceiling" for the cylinder.
However, if I reverse the shape
now, the floor and ceiling will
change places. I can fix the bases
as circles.
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Prism: A geometric object with two equal bases in R: Let's examine your
definitions. Is there an

different planes whose bases are parallel to each other N .
expression you want to edit?

and whose bases are regular polygons.
PMT?29 PMT29: I said that in a prism,
the bases should be regular
Cylinder: A geometric solid with two equal bases in polygons. It's enough to be
polygonal. It doesn't need to be

different planes whose bases are parallel to each other. a regular polygon

When examining Table 3, it can be said that the PMTs made some adjustments
to their definitions during the interviews. In the interviews with six PMTs, it was
observed that the objects envisioned in their minds were effective in the definiti-
ons they made, and the perceptions of the PMTs about the prism and the cylinder
differed from each other.

Analysis of the PM'Ts’ Drawings of Prism and Cylinder
In this section, findings based on the analysis of the drawings made by the

PMTs for the prism and cylinder were presented. The analysis of the drawings for
the prism is shown in Figure 4.

Frequency
=3

; I
. I. - - - |
V]

Right Horizontal Obligue Right Horizontal Cylinder
prism prism prism cylinder cylinder basedon
any curve

'WRONG CORRECT BLANK
Drawings

mFirstdrawing  mSecond drawing Third drawing

Figure 4. Analysis of the Drawings Made for the Prism

When examining Figure 4, the total number of wrong drawings was 16. It was
generally seen that a pyramid was drawn instead of a prism (f = 9); other than that,
there were drawings with unequal lower and upper bases (f = 2), opposite lower
and upper bases (f = 2), and a cone (f = 2). When looking at the correct drawings
for the prism, it was seen that the right prism was mostly included in all three
drawings. When they wanted to make three different drawings, they usually chose
to change the number of edges of the polygon at the base of the prism. In right pris-
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ms, mostly square, triangular, and rectangular prism and cube drawings were made.
There were also hexagonal, pentagonal, octagonal, and trapezoidal prism drawings,
although much less frequently. The correct drawings for the prism were followed by
the horizontal prisms, and there were very few PMTs who drew an oblique prism.
There were few PMTs who drew cylinders when asked to draw prisms by conside-
ring the hierarchical relationship (f = 7). Cylinder drawings include 1 horizontal
cylinder, 4 right cylinders with bases of circles, and 2 cylinders based on any curve.
The analysis of the drawings made for the cylinder is presented in Figure 5.
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Figure 5. Analysis of the Drawings Made for the Cylinder

When examining Figure 5, the total number of wrong drawings was 5, and they
generally include drawings with unequal bases or non-parallel bases. Looking at
the correct drawings, it was seen that almost all of the PMTs drew the right cylin-
der for the first drawing (f = 41). The first drawing of the PMTs (f = 2), which was
coded as a right cylinder in the second drawing, was an oblique cylinder. Apart
from that, those who drew the right cylinder in the second and third drawings
drew the shorter/longer or wider/narrower of the right cylinder in the first figure.
Right-cylinder drawings were followed by horizontal and oblique cylinder drawin-
gs. Very few PMTs drew the right cylinder by turning it diagonally in their second
drawing, which was coded as a rotated cylinder. There were also PMTs who drew
cylinders based on any curve in the second and third drawings. The total number
of PMTs who drew a prism by considering the hierarchical relationship was (f =
18) when asked to draw a cylinder. Most of these drawings were right prisms, and
very few were horizontal or oblique prisms. Prisms were generally drawn in the
form of triangles, squares, rectangular prisms, or cubes, while a PMT included a
hexagonal prism, and a PMT drew a dodecagon prism in the form of a star. An
example for each of the objects in Figures 4 and 5 was taken from the drawings
of the PMTs and presented in Figure 6. For each object, an example was given in
order to see the differences between the objects, but different types of objects were
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not entered. In addition, objects coded as cylinders have their bases in the form of
circles or circular regions, except for cylinders based on any curve.

harizontal prism

1
;-/ oblique prism

sapht prisn
e
= =5 CL) -
- lorizoutal cylinder s 1 R snomter/loager-
- - i i el o8 widernamower
right eylinder obligue cylinder sy curve right cylimder
Examples of corvect drawings
o T4
X ‘
\ 1 {
A L
. T cone
bases are nof parallel bases are pot equal ——
pyvamid different directions

Examples of wrong drawings

Figure 6. Examples of PMTs Drawings for Prism and Cylinder

Examples of the drawings and interview sections made by the PMTs inter-
viewed are presented in Table 4.
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Table 4. Drawings and Interview Sections of the PMTs About Prism and Cylinder

PMT Drawings Interview Sections

Prism R: Could you explain how
you made your drawings?

. PMT12: When it comes to
cylinders, I wanted to talk
about their types. I drew the

right cylinder, the oblique
cylinder, and the cube.

R: So the cube is a cylinder
for you, then? Their bases
don't necessarily have to be

~ \ N circular regions.
[\ PMTI12:Ithinkitdoesn't

Cylinder

have to be. I can say that a
prism is also a cylinder.

R: You have drawn a
rectangular prism, right
cylinder, and cube for a
prism.

PMT12

PMT12: Hmm. I actually
have some confusion
here. Are cylinders prisms
or prisms cylinders?
Which covers which? My
knowledge from high
school was not enough.

R: Got it. So what do you
think right now?

PMT12: As a matter of fact,
I was very surprised when I
put the cylinder under the
prism. I wouldn't draw this
now. Yes, I think the prism
is a subset of the cylinder.
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Prism

R: Could you explain how
you made your drawings?
PMT16: These shapes come

to mind. For the cylinder,
PMT16 Cylinder I drew it in different

positions: vertically,

obliquely, and horizontally.

For the prism, I drew
CE) different prisms according
to their bases.

Prism R: Could you explain how
you made your drawings?

G PMT29: The first drawing
@ for the cylinder is the

‘.’ first shape that comes to

mind. In other drawings, I

Cylinder wanted to point out that the
cylinder is a larger set than
the prism. I drew the same
shapes on both the cylinder
and the prism.

R: What would you say
about the prism drawings?

PMT29: I paid attention to
the fact that the bases of the
prism are polygons. After
that, when you do it on
different planes, it remains
to combine the bases.

When examining Table 4, it was seen that the PMTs made different drawings
about the prism and cylinder. They usually drew the first objects that came to their
minds. Some PMTs see prisms and cylinders as discrete sets. Some think that there
is a hierarchical relationship between them, but they are not sure which covers
which, and some PMTs clearly think that there is a hierarchical relationship betwe-
en them.

Analysis of the PMTs Groupings of Prism and Cylinder

In this section, the findings of the PMTs grouping of the given objects were
presented, and the grouping ways are shown in Figure 7.
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Figure 7. PMTs Ways of Grouping the Given Objects

When examining Figure 7, it was seen that the majority of the PMTs were as-
signed g and k to the cylinder group, and they included a, ¢, f, h, 1, and i to the
prism group. Generally, objects were thought of as discrete sets, included in only
the prism or cylinder group. The number of PMTs who included an object in both
groups was quite low. Objects that were not thought to belong to any group were
b, e, j, |, and m. The PMTs who thought that b, e, and I do not have a group are in
the greater majority. For j and m, although there were more PMTs who thought
that they had no groups, the number of PMTs who thought that they were prism or
cylinder was also quite high. Apart from that, d was included in the cone class by
the majority of the PMTs. The answers of the PMTs who included an object in the
classes “prism and pyramid”, “prism and no group”, and “cylinder and no group” at
the same time were examples of wrong answers. Another wrong answer was that
the object h called a truncated pyramid. Also, although some objects have groups,
it was stated that they do not have any groups: a (horizontal triangular prism), h
(trapezoidal right prism), i (oblique square prism), and k (oblique cylinder). The
choices of the PMTs interviewed are presented in Figure 8.
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Figure 8. The Way of Grouping the Given Geometric Objects by the Interviewed
PMTs

Although the PMTs have some common ideas about grouping the given ob-
jects, it is seen that they also have different ideas. The findings obtained from the
interviews and the interview sections are presented in Table 5.

Tablo 5. Findings and Interview Sections Obtained From the Interviews Based
on the Pmts’ Grouping of the Given Objects

It was observed that the perceptions of the PMTs based on the bases of the cylinders
and prisms differed

R: Could you explain how you made the groupings?

PMT29: Like the definitions I made, a prism must have two equal polygonal bases, and a cylinder can
be any shape with equal bases.

PMT30: For a prism, the upper and lower bases must be parallel to each other. I accidentally included
e in the prisms, and I don't think e has a group.

PMT4: While grouping the prisms, I checked whether their bases were equal, and for cylinders,
whether their bases were circles.

It was seen that the PMTs had different ideas about the hierarchical relationship between the
cylinder and the prism. PT4 and PT16 consider the cylinder and prism as discrete sets. PMT27 and
PMT30 stated that they think cylinders are a subset of prisms in the interviews about grouping.
There is no statement in the definitions and drawings of these PMTs that they think there is a
hierarchical relationship. PT30's idea of the hierarchical relationship changed during the interview.
PMT?27 stated that she thinks there is a hierarchical relationship, but she could not reflect this
situation in her definition, drawing, and groupings. PMT12 and PMT29 stated that they thought of
prisms as a subset of cylinders. PMT12's definition reflects this hierarchical relationship. There is
confusion about the hierarchical relationship in her drawings; she did not consider the hierarchical
relationship in her choices, but during the interview about the drawings and grouping, she said that
prisms are also cylinders. PMT29's definitions, drawings, and groupings show that he thinks prisms
are a subset of cylinders..
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R: Do you think there is any hierarchical relationship between cylinder and prism?
PMT4: I don't think any of them are subsets of any of them. I think they are discrete sets.
PMT16: 1 think they are discrete geometric objects.

R: Do you think there is any hierarchical relationship between cylinder and prism?

PMT30: Actually, I thought they were separate. The lower and upper bases of the cylinder are circles.
Prism polygon. But when I examine it now, both the lower and upper bases are the same. They have

« »

common points. I think “a” cylinder is a prism, but a prism is not a cylinder.
R: How did you arrive at this?
PMT30: If the base is a circle in a prism, it becomes a cylinder.
R: Then what if I ask you to review g and k again?
PMT30: In this case, these are cylinders and also prisms.
R: What would you say for g and k, then? You just included it in the cylinder group?

PMT27: g and k are cylinders. Because the bases and ceilings are circular regions and parallel to each

other. Fits the cylinder description. But I can also say that it is a prism. Sir, you know that cylinder is a

different name; we learned that it is a cylinder, so I include it in that group, but it is also a prism. I got
it that way because it's a special name.

R: Do you think there is any hierarchical relationship between cylinder and prism?

PMT12: Actually, the cylinder is the superset of the prism. a and c are prisms and also cylinders. I can
also get shapes like this on the cylinder.

R: You put all the objects you took for the prism into the cylinder group. This seems to support the
hierarchical relationship in the definition and drawing.

PMT29: Yes.
R: How would you describe the hierarchical relationship between cylinder and prism?

PMT29: 1t is enough for the bases of the cylinder to be equal. So the cylinder is wider, and the prism
becomes its subset. Because there is a condition that the bases of the prism must be polygons.

It was observed that they have different ideas about grouping the objects (j and m) whose lower and
upper bases are parallel and equal but not polygonal.

R: What would you say for j and m?

PMT16: 1 did not include j and m in the prism group because they are not familiar shapes such as
rectangles and triangles. The bases are not circular regions, so I did not include them in the cylinder group.
(She also stated in her definition that the lower and upper bases of the cylinder consist of circular regions)

R: You also took j and m as prisms? Isn't it necessary to you that the bases of the prism be rectangular,
pentagonal, etc.?

PMT27: 1t is enough that the bases are equal and parallel to each other.
R: What would you say about j and m? Why can we include it in the cylinder group?
PMT29: The bases are equal and on different planes.
R: Aren't their bases should be polygons?

PMT?29: 1t is not required in the cylinder. But I do not take these objects for prism, since their bases are
not polygons.

It was observed that they had different opinions about the objects (b, e, and 1) that did not belong to
any group. There were more PMTs who thought that b and e did not have a group. However, there were
also those who took I to the cylinder group without paying attention to the parallelism of the bases.
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R: What would you say about objects that do not have any groups?

PMT29: If I say cylinder for b, the bases are not equal. Even if the bases are equal, the way they are
combined is wrong. There aren't any straight segments connecting it. In I, the bases are not parallel to
each other. Taken part of e.

R: You also took | as a cylinder. Can you explain why?

PMT4: Because their bases are circular regions.

They usually thought of the bases of the prism as familiar polygons. There are some who do not
include the object “h” in the prism group because its bases are trapezoidal. PMT29 grouped in this
way but realized his mistake during the interview.

R: Is there anything else you want to edit?

PMT?29: I noticed h right now. I should also take h as a prism. It doesn't have to be a regular polygon. I
actually thought I shouldn't have written "regular” after writing it in the application.

R: What would you say for h?

PMT12: At h, the bases are trapezoid. Prisms generally had bases such as squares, triangles, and
rectangles. That's why I couldn't decide.

DISCUSSION, CONCLUSION AND RECOMMENDATIONS

In this study, PMTs concept images of prism and cylinder were analyzed with-
in the framework of their definitions, drawings, and grouping styles. In addition,
the answers given by the PMTs to the test and the interview sections were evaluated
together, and interpretations were made about how the concept images were.

When the definitions, drawings, and grouping styles are considered together,
it is seen that concept images related to prisms are in the form of a right prism.
The results are similar to the studies that stated that the prism perceptions of the
participants at different levels were in the form of the right prism (Gokkurt & Soy-
lu, 2016; Horzum & Ertekin, 2018; Man, 2019; Tiirniikli & Ergin, 2016; Unlu &
Horzum, 2018). On the other hand, PMTSs’ prism perceptions are in the form of
familiar polygon-based prisms, which shows that concept images are based on pro-
totypical perceptions. In prism drawings, hexagonal and trapezoidal prisms were
negligible, and different drawings such as decagonal and dodecagonal prisms were
never encountered. Only one PMT included the star-shaped prism in his cylinder
drawing. Similarly, in many studies, it is stated that the concept images of second-
ary school students (Ergin & Tiirniiklii 2015; Tiirniikli & Ergin 2016); high school
students (Avgoren, 2011); prospective teachers (Gokbulut & Ubuz 2013; Karakus
ve Ersen, 2021; Ulusoy, 2019; Gokbulut, 2010; Zeybek Simsek, 2019) and teachers
(Gokkurt & Soylu, 2016; Man, 2019) are limited to the prototypical examples. In
the grouping, the PMTs included the most familiar polygon-based right prisms in
the prism group, but they also took the hexagonal right prism and the trapezoidal
right prism as prisms, although not as much as the hexagonal prism. However,
these selections are particularly small for trapezoidal prisms compared to proto-
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typical prisms. Similarly, in the study of Yurniwati and Soleh (2019), it is stated
that prospective teachers’ perceptions about trapezoidal prisms are limited. On the
other hand, Altayli et al. (2014) stated that some prospective teachers did not take
the triangular prism as a prism, which differs from the results obtained in this
study. A triangular prism is one of the prisms that PMTs include in their drawings
and groupings. Similarly, in this study, the cube is one of the most common prism
drawings. This result differs in that secondary school students (Ergin & Tiirniikli,
2015) do not see the cube as a prism, and it is similar to the fact that prospective
teachers took the cube as a prism in Zeybek Simsgek’s (2019) study. It is thought that
these differences may be due to the class level of the participants. In the study of
Karakus and Ersen (2021), it was found that senior pre-service teachers were more
successful in describing geometric objects and making non-prototype drawings
compared to freshman pre-service teachers.

The concept images of the PMTs about the cylinder are in the form of a circular
region base and a right cylinder. This result is similar to many studies stating that
prospective teachers (Ertekin et al., 2014; Gokbulut 2010; Gokkurt, 2014; Karakus
& Ersen, 2021; Kogak et al., 2017) and teachers (Man, 2019; Tsamir et al., 2008) per-
ceive the cylinder as circular region bases. As Zeybek Simsek (2019) and Karakus
(2018) stated, if the bases of the cylinder are taken as a circular region, the condition
that the bases of the cylinder can be any closed curve is ignored. In this study, it
was seen that the prototypical perceptions of the PMTs were limited by their lim-
ited visual perceptions. Most of the PMTs think that there is no group of objects (j
and m) whose bases are equal and parallel to each other but are not polygons or
circular regions. Some, though less numerous, include these objects in prism or
cylinder groups. Similarly, in the study of Karakus (2018), the same (m) object was
not included in the cylinder group. This shows that the PMTs mostly have prototype
images for the cylinder, and it is not clear what critical properties geometric objects
have as cylinders or prisms. Similarly, it is stated that prospective teachers have dif-
ficulties distinguishing the critical features of the cylinder and prism (Ulusoy, 2019)
and the prism (Gokbulut & Ubuz, 2013; Gokkurt & Soylu, 2016).

The results obtained from the study are similar to many studies in that the con-
cept images of the prospective teachers (Karakus, 2018; Gokkurt 2014; Kogak et
al., 2017) and teachers (Tsamir et al., 2008) are right cylinders. It is stated that this
situation may be due to the fact that the definitions of geometric objects such as
cylinders in the textbooks are explained over specific definitions (right circular re-
gion cylinder, etc.) instead of general definitions (Yemen-Karpuzcu & Isiksal-Bos-
tan, 2013). In addition, textbooks usually include prototypical examples (Ertekin
etal., 2014), which causes prospective teachers to have prototypical concept images
for both geometric objects. Although it is stated in the 11*-grade textbook that the
cylinder can have different bases other than circular regions, the examples given
are not sufficient to reflect this situation. When only prototype models are empha-

OMU EFD, 2023, Cilt 42, Say1 1, Sayfa 33-96



reyza ALIUSTROGLU T

sized, the inconsistency between the concept image of geometric objects and the
concept definition emerges (Monaghan, 2000). Based on this, it is important that
students are confronted with different examples in the lessons (Uygun et al., 2022).
On the other hand, the PMTs generally included right prisms and cylinders in
definitions (side faces being rectangular, etc.) and drawings, and they were able to
recognize horizontal and oblique prisms and cylinders in the grouping, although
not as much as right prisms and cylinders. Based on this, it can be said that the
PMTs are more successful at grouping than drawing.

Another problem with critical properties was explaining the prerequisites for
an object to be a cylinder or a prism with general expressions. There were PMTs
who perceived the prism as any three-dimensional geometric object and especially
considered the pyramids as prisms because of not knowing exactly what critical
properties the prism has. Similarly, the prospective teachers only described the
cylinder (Kogak et al., 2017), the prism (Gokbulut, 2010; Gokkurt & Soylu, 2016;
Unlu & Horzum, 2018; Zeybek Simsek, 2019) and the cylinder and the prism (Kar-
akus & Ersen, 2021) as “a solid object, with a volume, with edges” It is stated that
they are not specific to the cylinder or prism but explain them with expressions
that can be valid for three-dimensional objects. Again, similar to the research find-
ings, there are studies showing that prospective teachers include other geometric
objects, especially pyramids, in their prism drawings and/or groupings (Gokbu-
lut & Ubuz 2013; Gokkurt & Soylu, 2016; Ulusoy, 2019; Zeybek Simsek, 2019).
Similarly, it is stated that most prospective teachers cannot distinguish between
prism and pyramid (Noto, Priatna, & Dahlan, 2019). While teaching the subject of
geometric objects, it is important to mention the critical properties of prisms and
cylinders (Uygun et al., 2022).

Most of the PMTs were able to correctly identify the objects (b, e, and 1) that
do not have any group, but there were PMTs who ignored the parallelism of the
(1) object and thought of it as a cylinder since its bases are circles and drew similar
shapes in their drawings. This result is similar to the studies of Zeybek Simsek
(2019) and Karakus (2018) in terms of PMTs drawing or grouping the truncated
cylinder as a cylinder. Similarly, Tsamir et al. (2008) and Gokbulut (2010) have also
taken the truncated cone as a cylinder since its bases are circular regions. Another
result obtained from the research is that concept images are dominant compared to
concept definitions. Karakus (2018) states that an image of the cylinder is formed
in the minds of the students based on the explanations and examples given for
the cylinder in primary and secondary schools. Although a more comprehensive
definition is given for the cylinder in the high school mathematics curriculum, this
definition is not effective in changing the current images of prospective teachers.
Similarly, in some studies, it is stated that concept images related to the concept are
used more frequently than concept definitions (Clements & Sarama, 2011; Vinner,
2011; Zeybek Simsek, 2019).

https://doi.org/10.7822/omuefd.1197895 d



Matematik Ogretmen Adaylarinin Prizma ve Silindire Yonelik ..

When considering the hierarchical relationship, it was determined that the
PMTs generally think of these objects as discrete sets but have different ideas.
They visualize prisms as polygon-based (Gokbulut, 2010; Gokbulut & Ubuz, 2013;
Ulusoy, 2019) and cylinders as circular region-based (Ulusoy, 2019), and this is
thought to cause them to see these two geometric objects as discrete sets. The ideas
of some of the PMTs who think that there is a hierarchical relationship are not
very clear. Among those, cylinders are generally perceived as a larger set in the
drawings, and there are those who think that there are two types of relationship,
albeit a little, in the grouping. In the studies, opinions on this subject were also
different. It is stated that there are teachers (Gokkurt & Soylu, 2016; Man, 2019)
and prospective teachers (Gokbulut & Ubuz, 2013; Isiksal Bostan & Yemen Kar-
puzcu, 2017; Karakus, 2018; Ulusoy, 2019; Zeybek Simsek, 2019) who think of the
cylinder as a special prism, and that there are prospective teachers who think of
the prism as a special cylinder (Ertekin et al., 2014). In addition, it was concluded
that some prospective teachers’ ideas about the hierarchical relationship between
cylinder and prism are not clear (Akayuure, 2021) and that most of the prospective
teachers think that there is no relationship between cylinder and prism (Karakus
& Ersen, 2021). Van de Walle et al. (2014) state that prisms are also cylinders and
that many students cannot establish such a relationship. Since prisms are accepted
as polyhedral in mathematics teaching programs in Turkey; it is thought that PMTs
have difficulties establishing such associations.

Another result obtained from the research is that the majority of PMTs have de-
ficiencies in using mathematical language. One of these misuses is considering the
concept of base as “lower and upper bases” and “base and ceiling”. In the study of
Horzum and Ertekin (2018), it is stated that prospective mathematics teachers see
the base as the part that touches the ground in the change of position. In this study,
the PMTs call the square prism standing on the square surface a square prism, but
they call the same prism a rectangular prism when it is standing on the rectangular
surface. Similarly, it was stated that, for prism, teachers (Gokkurt & Soylu, 2016)
and prospective teachers’ (Bozkurt & Kog, 2012) and for prism and cylinder, pro-
spective teachers (Altayli et al., 2014) made mathematical mistakes by using the
words “base and ceiling” in their definitions. On the other hand, it is seen that the
concepts of shape and geometric shape are used in the definitions. In many studies,
for three-dimensional geometric objects, prospective teachers made mistakes by
using the concepts of shape (Ertekin et al., 2014; Karakus, 2018); geometric shape
(Bozkurt & Kog, 2012; Ulusoy, 2019); three-dimensional shape (Bozkurt & Kog,
2012; Kogak et al., 2017; Unlu & Horzum 2018) and three-dimensional geometric
shape (Unlu & Horzum 2018). Another situation that is misused is that concepts
such as line segments and lines are included, but the concept of edge in 3D objects
is not used. Gokkurt and Soylu (2016) also state that teachers make mathematical
mistakes by using the concept of edge in 2D shapes instead of edge in 3D objects.
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Gokkurt and Soylu (2016) state that teachers make mathematical mistakes by us-
ing the concept of edge of 2D instead of edge of 3D, and Kilicoglu (2020) states
that prospective teachers confuse the concept of edge of 3D with concepts such as
surface, edge of 2D, and diagonal. On the other hand, in the definitions they made
about the cylinder and in the interview sections, some stated that the bases of the
cylinder were circles instead of circular regions. This result, reported by Kogak
et al. (2017), is similar to the study. Considering the role of language in learning
mathematics and especially the importance of mathematical language (Ginsburg,
Lee & Boyd, 2008), it can be said that incorrect statements of PMTs may cause
various problems.

Based on the results of the research, the following recommendations were made:

« In addition to the prototype examples, non-prototypical examples should
also be included in the textbooks.

o Teachers should use examples and non-examples in the teaching process and
conduct their lessons by creating a discussion environment based on these
examples.

o Care should be taken to make the correct and effective use of mathematical
language.

o Care should be taken to ensure that the definitions and examples given in the
teaching process are compatible with each other so that there is no imbalance
between the concept definition and the concept image.

o During their undergraduate education, prospective teachers should be pro-
vided with training that will make up for the deficiencies in their content
knowledge on these subjects.

Thanks and Explanations

I would like to thank all prospective teachers who contributed to the study.
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