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This study aims to examine the content knowledge of middle school mathematics
teachers about the concept of unit in measurement in mathematics education. A
qualitative research approach was used in the study. The study was conducted with six
mathematics teachers. Participants were determined by the purposive sampling
method. The data were collected through semi-structured interviews prepared by the
researchers. It was observed that most participants did not use expressions such as the
appropriateness of the unit, the use of equivalent units, or the repetition of units, which
are among the characteristics of the measurement concept. Based on the comments of
the participants, it was observed that there were deficiencies in their specialized content
knowledge. It has been observed that there are problems, especially in capturing the
patterns in student mistakes regarding the unit concept and noticing the generalizations
developed by the students. Apart from not noticing the source of error, it was observed
that the teacher made the same mistake. It was stated that the students had difficulties
in comprehension due to their abstractness. Including the content of the unit concept in
in-service training courses for specialized and horizon content knowledge is
recommended.
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Bu calismada, ortaokul matematik dgretmenlerinin matematik egitiminde Slgmede birim
kavramina yonelik alan bilgilerinin incelenmesi amaglanmistir. Calismada nitel arastirma
yaklasimi kullanilmustir. Calisma alt1 ortaokul matematik 6gretmeni ile yiiriitiilmiistiir.
Katiimalarin  belirlenmesinde amacli  drnekleme yontemlerinden &lgiit drnekleme
kullanilmugtir. Veriler aragtirmacilar tarafindan hazirlanmis olan yari1 yapilandirilmis
goriismeler ile 6rnek durumlar {izerinden toplanmistir. Bulgularn analizi sonucunda
katiimeilarin - ¢ogunlugunun o6l¢gme kavrammin karakteristiklerinden olan birimin
uygunlugu, es birimlerin kullamimi, birimlerin yinelenmesi gibi ifadeleri kullanmadig:
goriilmiistiir. Verilen 6rnek durumlari yorumlama kisminda katithmclarm ozel alan
bilgilerinde eksiklikler oldugu goriilmiistiir. Ozellikle birim kavramma yonelik 6grenci
hatalarindaki oriintiileri yakalama ve dgrenciler tarafindan gelistirilen genellemeleri fark
etme konusunda sikintilar oldugu goriilmiistiir. Nitekim hata kaynaginin fark edilmemesi
bir yana aymi hatamin 6gretmen tarafindan da yapildigi gozlenmistir. Ogrencilerin soyut
olmasindan dolay1r kavramada sikinti yasadig: ifade edilmistir. Matematik alan bilgisi
agisindan bakildiginda genel alan bilgisinde sikinti olmamakla birlikte 6zel ve yatay alan
bilgisine yonelik olarak birim kavramina iliskin igeriklere dgretmenlere verilen hizmet ici
egitim kurslarinda yer verilmesi 6nerilmektedir.
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Bireyler bir¢ok alanda karsilastiklar1 problemlerle basa ¢ikabilmek i¢in matematik ile elde

edilen becerilere ihtiya¢ duymaktadirlar. Matematigin alt 6grenme alanlarindan olan Slgme bu tiir
becerilerin kazandirilmasinda énemli bir igleve sahiptir. Olgme fiziksel bir nesnenin bir niteliginin, bu
niteligin miktarin1 belirlemeye yarayan bir birim segilerek bu birimle karsilastirilmasi seklinde
tanimlanabilmektedir (Bright, 1976). Olcme, Ogrencilerin giinliik hayatta sikca karsilastiklar: bilgi ve
becerileri icermektedir (Milli Egitim Bakanligi [MEB], 2009). Giinliik hayatta karsilasilan aligveris {icreti,
uyuma siiresi, boy ve kilo hesaplama, gidilen mesafe vb. pek ¢ok durum 6l¢me faaliyetini icermektedir.
Insanlar gecmisten beri Ol¢me ile ilgili bu ve benzeri faaliyetler i¢inde bulunmuslar; kendi 6l¢me
yontemlerini ve 6lgme birimlerini kullanmiglardir. Olgme eylemi temelde ii¢ asamadan olugmaktadir.
[k asama nesnelerin 6lgiilecek 6zelliginin belirlenmesidir. Ornegin dlciilecek nesnenin agirhig, alani
veya hacminin dlciilmesi gerekebilir. Tkinci asama olarak nesnenin dlgiilecek 6zelligine uygun bir birim
se¢imi yapilmasidir (Olkun ve Ugar, 2007). Secilen bu birim karis, kula¢ veya adim gibi standart
olmayan bir birim olabilecegi gibi bilinen standart bir birim de olabilmektedir (Olkun ve Ugar, 2007).
Son asama ise Olgiilmesi gereken nesneyi segilen dlgme birimi ile karsilastirmaktir. Bu karsilastirma
eslestirme, kaplama veya doldurma gibi cesitli yollarla yapilabilmektedir. Ogretim programinda
ogrencilerin, once sezgiye dayali karsilastirma ve siralama yapmasi, sonrasinda standart olmayan ve

standart birimleri kullanarak 6l¢me yapmalar1 hedeflenmektedir (MEB, 2018).

Olgme konusunda yapilan ¢aligmalar incelendiginde, genel olarak 6grencilerin lgme konusuna
iliskin kavramsal 6grenmede zorlandig, ¢evre, alan ve hacim 6l¢me gibi konularin anlamlandirilmadan
ezbere Ogrenilen formiiller seklinde anlasildig1 goriilmektedir (Battista ve Clements, 1996; Dagh ve
Peker, 2012; Karaca, 2014; Moyer, 2001; Tan-Sisman ve Aksu, 2016). Biitiin siuf diizeylerinde
ogrencilerin alan ve cevre kavramini karigtirdiklari belirlenmistir (Dagli, 2010). Olgme eyleminin
asamalaridan olan Slgiilecek nesnenin 6zelligini belirleme, birim se¢me ve karsilastirma 6grencilerin
anlamada zorlandiklar1 énemli fikirlerdir. Ol¢menin ikinci asamasi olan birim secimi iizerinde
durulmasi gerekmektedir. Olgme araci olarak birimin anlagilmasi alan hesaplanabilmesi igin gerekli
goriilmektedir (Cavus-Erdem, 2018). Ciinkii alan 6l¢me eylemi belirli bir diizlemde uygun olan 6lgme
biriminden kag tanesinin kaplama i¢in kullanilacaginin belirlenmesidir. Ayni durum hacim ve uzunluk
iginde gecerli olmakta ve birim kavraminin anlasilmasinin bu kavramlarin anlasilmasinda rol oynadig:
goriilmektedir. Nitekim bu konuda 6gretmen adaylari ile yapilan ¢alismalar konunun 6nemini ortaya

koymaktadir (Esen ve Cakiroglu, 2012; Simon ve Blume, 1994).

Simon ve Blume (1994) 6gretmen adaylarinin alan 6l¢gmeye iligskin alan bilgilerini arastirdiklari
calismasinda, katilimcilardan dikdortgen seklindeki bir masanin alaninin yine dikdortgen seklindeki
kartlardan kag tanesiyle kaplanabilecegini bulmalari istenmistir. Ogretmen adaylari iki farkli kaplama

yontemi sunmuslar ve bu yontemlerin farkliliklar: tizerine smifta tartismuslardir. Bu yontemlerden
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birincisi alanin toplam birim sayis1 yardimiyla bulunmasi, ikincisi ise alanin verilen kii¢iik dikdortgen
seklindeki kartlarin kenar uzunluklar1 yardimiyla bulunmasi seklinde olmustur. Ancak katilimcilar
tarafindan bu durum fark edilememistir. Ayrica siire¢ boyunca yapilan agiklamalar {izerinden
O0gretmen adaylarmin dikdortgenin alan bagintisina nasil ulasildigini bilmedikleri sonucuna
ulasilmistir. Birim dizilerinin sekil ve biiyiikliigiiniin, alan 6l¢me igin segilen birime ve nesnenin
boyutlarina bagh olma durumunun da algilanamadig: ulagilan bir diger sonuctur. Esen ve Cakiroglu
(2012) da 6gretmen adaylarmin hacim 6l¢gmede birim kullanmaya yonelik kavrayislarini goriismeler
yoluyla incelemiglerdir. Ogretmen adaylarina érnek bir durum verilmis ve bunu degerlendirmeleri
istenmistir. Bu sekilde hacim 6l¢me ile ilgili diisiinceleri ve standart olmayan birimler ile hacim 6lgmeye
yonelik diisiinceleri irdelenmistir. Ornek durumda verilen yanls 6grenci ¢dziimiiniin katilimcilarin
bazilar1 tarafindan fark edilmedigi ve bu yanhsin bazi katihmcilar tarafindan tekrar edildigi
goriilmiistiir. Ote yandan O’Keefe ve Bobis (2008) ilkokul 6gretmenlerinin uzunluk, alan ve hacim
konusuna yonelik temel kavramlara iliskin bilgileri ile 6grencilerin dlgme siirecini yapilandirmalarina
iliskin bilgilerini arastirmislardir. Farkli deneyim yilina sahip dort 6gretmene 6l¢meye iliskin temel
kavramlar ve siirece yonelik sorular sorulmus ve 6grenci 6grenmeleriyle ilgili bilgileri sorgulanmustir.
Katilimailarin alan 6lgmeye iliskin anlamlandirmalarinin sinirli oldugu ve bu sebeple alan 6l¢me
siirecini Ogrencilerin nasil yapilandirdiklarina yonelik cok fazla bir bilgiye sahip olmadiklar:
goriilmiistiir. Ayrica alan 6lgme konusunda farkli 6gretim yontem ve tekniklerini kullanmadiklar1 da
belirlenmistir. Arastirmalarin sonuglar1 diisiiniildiigiinde Ogretmen ve Ogretmen adaylarinin
matematiksel kavramlar ve siireglere yonelik aciklama ve gosterimlerinde eksiklikler oldugu ifade
edilebilmektedir. Bu durumun dogal olarak ogrenci Ogrenmelerini olumsuz etkiledigi
diisiiniildiigiinde ogretmenlerin alan Dbilgileri {izerine yapilacak c¢alismalara ihtiya¢ oldugu

goriilmektedir.

C)gretmenin matematik egitimini etkileyen en 6nemli bilesenlerden biri oldugu bilinmektedir.
Ogretmenin sahip olmasi gereken bilgileri iceren ¢alismalar Shulman (1986) tarafindan yapilmistir. Ball
ve arkadaglar1 (2008), Shulman (1986) tarafindan tanimlanan 6gretmen bilgisi modelinden hareketle
matematik 6gretmenlerine yonelik bir kavramsal ¢ergeve ortaya koymuslardir. Bu kavramsal gercevede
Ogretmenlerin matematik 6gretmek icin sahip olmas: gereken bilgiler pedagojik alan bilgisi ve alan
bilgisi olarak ele alinmigtir. Pedagojik alan bilgisi konu alaninin nasil 6gretilecegiyle ilgili bilgi tiirtidiir.
Bu bilgi tiirii, alan ve 6grenci bilgisi, alan ve 6gretim bilgisi ile alan ve program bilgisi olmak {izere {ig
kategoriye ayrilmistir. Bu bilgi tiirlerinden bir digeri olan alan bilgisi ise genel alan bilgisi, 6zel alan
bilgisi ve yatay alan bilgisi olmak iizere {i¢ kategoriye ayrilmistir. Bu calismada amag¢ 6gretmenlerin
birim kavraminin nasil olustuguna iliskin anlayislarini incelemek oldugu icin diger bilgi tiirlerine (alan
ve 0grenci bilgisi, alan ve 6gretim bilgisi ile alan ve program bilgisi) girilmemistir. Bu baglamda birim

kavramu alan bilgisi kismi1 baz alinarak incelenmistir. Bu sebeple bu bilgi tiirleri agiklanmustir.
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Sekil 1. Matematik 6gretimi i¢in gerekli bilgi alanlar1 (Ball, Thames ve Phelps, 2008)

Sekil 1 de goriilen genel alan bilgisi 6gretime 6zgii olmayan, Ogretim ortami harici de
kullanilabilen matematiksel bilgi ve becerilerden olusmaktadir. Matematik bilen her bireyin sahip
olabilecegi bilgi tiiriidiir. ki ondalikli ifade arasinda bir sayinin belirlenmesi, uzunluk birimlerini
birbirine déniistiirebilme buna drnek verilebilir. Ogretmenin matematikteki bir konunun programda
bulunan diger konularla iligkili olma durumunu bilmesi yatay alan bilgisi seklinde ifade edilmektedir
(Ball, ve digerleri., 2008). Ornegin 6lgmede birim kavramini iislii ifadelerdeki bir saymin karesi ve kiipii
konulariyla iliskilendirebilme bu bilgi tiiriine girmektedir. Mevcut ¢calismada yatay alan bilgisi ile ilgili
veriler smirli oldugu igin bu bilgi tiirti genel alan bilgisi altinda ele alinmaktadir. Son olarak 6zel alan
bilgisi ise Ogretmenlerin haricinde herhangi bir uzmanlik alaninda veya &gretim ortami disinda
kullanilmayan bilgi tiirii seklinde tanimlanmaktadir (Ball, ve digerleri., 2008). Bu bilgi tiiriine 6rnek
olarak matematiksel fikirler sunabilme, farkli gosterimlerin faydalarini bilme, 6grenci hatalarinda var
olan Oriintiileri bulma, 6grenciler tarafindan olusturulan algoritmalarin genelleme durumunu belirleme
verilebilir (Hill, Schilling ve Ball, 2004). Bu ¢alisma i¢in goriisme sorularinda verilen 6rnek durumdaki
Ogrenci ¢oziimlerini yorumlayabilme bu bilgi tiirtine girmektedir. Goriisme sorular1 bu bilgi tiirlerine

gore hazirlanmis olup buna gore analiz edilmeye ¢alisilmistir.

Ogretmen bilgisine yonelik yapilan arastirmalar, 6gretmen ve dgretmen adaylarmnin sahip
olduklar1 alan bilgilerinin 6gretim metotlarin1 ve dolayll olarak 6grencilerin basarilarini etkiledigini
gostermektedir (Ball, Hill ve Bass, 2005; Hill, ve digerleri, 2008). Bu durumda 6grenci 6grenmelerinin
desteklenebilmesi igin 6gretmenlerin iyi bir alan bilgisine sahip olmalar1 gerekmektedir. Ogretmenlerin
alan bilgilerinin belirlenmeye calisildig1 bazi arastirmalarda 6gretmenlerin matematik alan bilgileri
lisans doneminde aldiklar1 matematik dersleri ile iligkilendirilmistir (Rowan, Correnti ve Miller, 2002;

Wayne ve Youngs, 2003). Ote yandan 6gretmenlerin matematik 6gretmeleri adina bu derslerin yeterli
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olmadig1 ve matematik alan bilgisinin yap1 ve Ozelliklerinin siif baglami igerisinde ele alinmast
gerektigi vurgulanan bir diger durumdur (Franke, Carpenter, Levi ve Fennema, 2001; Hiebert,
Gallimore ve Stigler, 2002). Matematik alan bilgisini sinif baglaminda ele alan ¢alismalar 6gretmenlerin
farkli konulara (sayilar, kesirler, cebir gibi) iliskin alan bilgilerinde 6nemli eksiklikler oldugunu
belirtmiglerdir (An, Kulm ve Wu, 2004; Isiksal, 2006; Simon ve Blume,1994; Ozmantar ve Bingolbali,
2009). Ogretmenin, egitim-6gretim siirecindeki rolii diisiiniildiigiinde alan bilgilerinin bilinmesi 6nemli
goriilmektedir. Nitekim Ogretmenler ile temel kavramlara yonelik yapilacak calismalarin onemli
oldugu ve onlarin diisiinme yapilarinin incelendigi ¢alismalara ihtiya¢ duyuldugu belirtilmektedir
(Esen ve Cakiroglu, 2012). Bu acidan sahada deneyime sahip 6gretmenlerin l¢gmede birim kavramina

yonelik alan bilgilerinin incelenmesi 6nemli goriilmektedir.
Arastirmanin Amaci

Bu ¢alismada, matematik 6gretmenlerinin 6l¢gmede birim kavramina yonelik diisiincelerinin
incelenmesi amaglanmistir. Ogretmenlerin birim kavramina yénelik alan bilgileri lgme kavramina ait
olan su karakteristikler baglaminda ele alinmistir; niteligi tanima, birim kavrami ve birimin uygunlugu,
es birimlerin kullanimi, birimlerin yinelenmesi. Arastirma problemi “Matematik &gretmenlerinin
ol¢gmede birim kavramina yonelik alan bilgileri nasildir?” seklindedir. Bu amaca uygun olarak asagida

verilen alt problemlere cevap aranmuistir.
o Matematik 6gretmenlerinin 6lgmede birim kavramina yonelik genel alan bilgileri nasildir?
© Matematik 6gretmenlerinin 6l¢mede birim kavramina yonelik 6zel alan bilgileri nasildir?
Yontem

Calismada nitel arastirma yaklasimi kullanilmistir. Nitel aragtirmalar bir konuyu detayli ve
derinlemesine arastirma imkani sunmaktadir (Patton, 2002). Matematik 6gretmenlerinin 6l¢gmede birim
kavramma yonelik algilarinin goriismeler {izerinden incelenmesi amaclandigl igin nitel arastirma
yaklagimlarindan olgu bilim (fenomenoloji) deseni kullanilmistir. Olgu bilim deseni bir grubun bir olgu
ya da bir durum hakkindaki tecriibelerinin anlamli hale getirilmesi seklinde ifade edilmektedir
(Creswell, 2007). Ayrica farkinda olunan ancak derinlemesine ve ayrintili bir anlayis sahibi olunmayan
olgulara odaklanma amaclanmaktadir (Yildirim, 2018). Buradaki olgulardan kasit olaylar, algilar,
deneyimler, yonelimler, kavramlar ve durumlardir. Giinliik hayatta karsilasilan ancak tam anlaminin
kavranamadigi olgular: arastirmay1 amaglayan ¢alismalar i¢in olgubilim deseni uygun arastirma zemini
olusturmaktadir(Yildirim, 2018). Bu baglamda arastirmanin amaci bilinen bir kavram olan birim
kavrammin katilimcilar tarafindan nasil algillandigini arastirmak oldugu igin nitel arastirma

yaklasimlarindan olgu bilim deseninin kullanim1 uygun goriilmiistir.

Calisma Grubu
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Calismanin amaci geregi devlet okullarinda gorevli ortaokul matematik Ogretmenleriyle
arastirma yuriitiilmiistiir. Calisma grubu farkl illerdeki devlet okullarinda gorev yapan farkli mesleki
deneyim yillarina sahip ortaokul Ogretmenlerinden olusmaktadir. Calismada 4'ii kadin 2’si erkek
toplam 6 ortaokul matematik Ogretmeni ile goriisiilmiistiir. Katihmcilarin belirlenmesinde amagh
ornekleme yontemlerinden o6lgiit 6rneklemesi kullanilmistir. Olciit 6rnekleme ile katilimcilar 6nceden
belirlenmis bir dizi Olgiitii karsilama durumuna gore segilmektedir (Yildirim ve Simsek, 2018).
Calismadaki olciitler su sekilde belirlenmistir: Katiimcilarin matematik 6gretmeni olmasi ve en az 3
yillik deneyime sahip olmalar1. 3 yillik deneyim sart1 uzaktan egitim stireci diisiiniilerek en azindan bir
yillik yiiz ylize egitim-0gretim deneyimine sahip olunmas: gerektigi diisiiniilerek koyulmustur.
Katilimcilar goniilliilitk esasina gore belirlenmistir. Ayrica ¢alismaya katilan katilimcilarin isimleri
yerine deneyim yillarina gore coktan aza dogru cesitli sekillerde kodlamalar kullanilmigtir. Ornegin 19
yillik deneyime sahip 8gretmen O1, 15 yillik deneyime sahip dgretmen O2 seklinde kodlanmustir. Tablo

1’de katiimcilarin deneyim yillar1 ve mezun olunan okul tiirtine gore dagilimlar: verilmistir.

Tablo 1. Katilimcilarin deneyim yillar: ve mezun olunan okul tiiriine gore dagilimi

Deneyim Yili En Son Mezun Olunan Okul Tiirii Matematik Ogretmeni
19 yil Lisans O1
15 yil Lisanstistii o2
13 yil Lisanstistii o3
6yil Lisans O4
4 yil Lisans 05
3yl Lisanstistii 06

Tablo 1 de goriildiigii gibi katilimcilardan 3'ii lisans mezunuyken diger 3'ii ise lisansiistii (O3

ve 06 doktora 6grencisi, O2 yiiksek lisan mezunu) mezunudur.
Calismada Kullanilan Veri Toplama Araglar:

Veriler hazirlanmis olan yari yapilandirilmis goriismeler ile 6rnek durumlar {izerinden
toplanmistir. Nitel arastirmalarin 6zelligi geregi (Fraenkel ve Wallen, 2012) elde edilen veriler
genelleme amaciyla degil fikir sunma amagh kullanilmaktadir. Goriisme formunda demografik bilgiler
de yer almaktadir. Ogretmenlerin mezun olduklar1 okul tiirii (lisans, lisansiistii) ile mesleki kidem
yillarinin arastirmanin bulgular: ile iligkili olarak sunulmasi beklenmistir. Hazirlanan goriisme
formunun kapsam gecerligi i¢in farkli {iniversitelerden iki matematik egitimcisinin uzman gortisiine
basvurulmus ve formun arastirma problemine uygun olup olmadig: ile yeterliligine dair goriis
alinmigtir. Uzman goriigleri sonrasi bir matematik 6gretmeni ile pilot ¢alisma yapilmis ve gerekli
diizeltmeler (6rnegin pedagojik alan bilgisini 6l¢tiigii diisiiniilen sorular ¢ikarilmis, soru sayisi zaman
sinir1 nedeniyle azaltilmis ve bazi ifadeler daha net anlasilmasi yoniinde verilen 6neriler dogrultusunda
degistirilmistir) yapilip goriisme formuna son hali verilmistir. Yar1 yapilandirilmis goriisme sorularinin
son hali toplam 10 soru olup arastirmacilar tarafindan ilgili alan yazindan (Cift¢i, 2015; Esen ve
Cakiroglu, 2012; Simon ve Blume, 1994) yararlanilarak olusturulmustur. Goriisme sorular: genel olarak

Ogretmenlerin birim kavraminin olusumuna yonelik diisiincelerini ortaya ¢ikarmaya yonelik
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hazirlanmustir. Ilk bes soruda (1, 2, 3, 4. ve 5) Ogretmenlerin birim kavrami hakkinda 6nemli gordiigii
fikirler ile br? ve br® olusumuna yonelik diisiincelerinin ortaya ¢ikarilmas1 amaclanmuistir. Ornegin
“Ol¢me siirecinde birim fikrinin yeri hakkinda ne diistiniiyorsunuz?” ile “Birim kare ve birim kiip
olusumu hakkinda ne diistintiyorsunuz?” sorular1 bu amaca yonelik hazirlanmistir. 6 ve 7. sorular
ornek durumlar {izerinden birim kullanimini yorumlamay1 gerektirirken ($ekil 2’de verilmistir) son {ig
soru (8, 9 ve 10) ise alan formiilii ile birim kare say1s1 arasindaki iligkiyi ortaya ¢tkarma amacina yonelik
hazirlanmigtir. Calismanin giivenirligi icin arastirmaci etkisini azaltmak adina biitiin goriismeler ayni
kisi tarafindan yapilmigtir. Goriismeler pandemi nedeniyle Zoom platformu {izerinden
gerceklestirilmis ve video kaydi alinmistir. Katihmcilardan video kaydi igin izin alinmistir. Asagida

goriisme sorularina eklenen iki 6rnek durum verilmistir.

Alan 6lgmeye yonelik 6rnek durum Hacim olgmeye yonelik 6rnek durum

6. Feyza Ogretmen Ogrencilerine bir karton ve kiglk dikdortgen kartlar wan
dagitmistir. Daha sonra ogrencilerden bu kartonu kaplamak igin kag adet karta
ihtiyag duyulacagini bulmalarini istemistir. Ayrica dikdortgenlerin Gst (ste
getirilmemesi ve kesilmemesi gerektigine dikkat edilmesini istemistir. Ogretmen
ogrencilerinin kartonu kaplama streglerini incelerken iki farkli cevap dikkatini
gekmistir. ilk gruptaki égren_ciler kartlar yatay bir diizen iginde yerlestirip sonucu — Birim
6x4=24 bulurken (Sekil a), Ikinci gruptaki 6grenciler katlari hem yatay hem de Ve s s s—

dikey bir diizen icinde yerlestirerek sonucunun 3x4=12 (Sekil b) oldugunu | I l
savunmuslardir.

—3)

7.Ahmet 6gretmen hacim konusunda boyutlar yukaridaki gibi
verilen dikdértgenler prizmasinin hacmini 6grencilere sormustur.

Ahmet 6gretmenin bu soruyu sormasindaki amaci ne olabilir?
Feyza 6gretmenin bu soruyu sormadaki amaci ne olabilir? Ogrencilerden gelebilecek olasi cevaplar nelerdir?
Siz bu 6grenci ¢oziimleri hakkinda ne diigiiniiyorsunuz?

Sekil 2. GOrlisme sorularindan 6rnek durumlar

Sekil 2 de verilen 6rnek durumlardan alan 6l¢gme igin olan durum Simon ve Blume (1994)
calismasindan uyarlanmistir. Ogrencilere birim kare kavramimin 6neminin kavratilmasina yonelik
hazirlanmistir. Ornek durumda verilen kiigiik dikdértgen ile biiyiik seklin alanini bulmaya yonelik
Ogrenci ¢oziimleri verilmistir. Ik ¢6ziim kiiciik birim sayisi lizerinden yapilirken ikinci ¢6ziim verilen
dikdortgen birimin uzun kenar1 baz alinarak yapilmistir. Katihimciarin bu durumu fark edip
yorumlamalar1 beklenmistir. Hacim 6l¢gmeye yo6nelik verilen durum ise Esen ve Cakiroglu’nun (2012)
calismalarinda kullanilan bir sorudan uyarlama yapilarak hazirlanmistir. Soruda bir cismin {i¢ farkh
acgidan goriiniimii verilmistir. Dikdortgenler prizmasinin hacminin yaninda uzunluklar: verilmis olan
kiiciik birim cinsinden bulunmasi istenmistir. Ayrit uzunluklar: 1 cm, 2 cm, 1cm seklinde olan birimin
biiyiik cisim igindeki konumlandirmalari 1. ve 2 sekilde farklilik gostermektedir. ik yerlestirmeyi
takiben ikinci yerlestirmede goriinen yiize 4 tane kiiglik birim gelmesi gerekirken birimin yonii
degistirilip iki tane gelmistir. Hacim 6grenmede formiil kullanma ezbere 6grenildigi icin bu sekilde bir

soruda da ¢Ooziim hemen goriillen yiizlerdeki birim sayillarmin carpilmasi seklinde
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gerceklesebilmektedir. Deneyimli 6gretmenlerin 6zel alan bilgisine yonelik olan bu durumu fark etmesi
ve olas1 6grenci hatalari ile bu hatanin kaynaklarimni belirleyebilmesi beklenmistir. Diger sorular da ilgili

alan yazin arastirilarak arastirmacilar tarafindan olusturulmustur.
Veri Analizi

Ogretmenler ile yapilan goriismelerden elde edilen veriler nitel tekniklerle ¢oziimlenmistir.
Goriismelerden elde edilen video kayitlari izlenerek yazili metinlere déniistiiriilmiistiir. Ogretmenlerle
goriismelerden elde edilen verilerden kod ve temalar belirlenmeye ¢alisilmistir. Bunun igin verilerin
analizinde igerik analizi kullanilmigtir. Icerik analizi yapmada amag benzer verileri belirli kavram ve
temalar etrafinda toplamak ve bunlar1 okuyacak kisilerin anlayabilecegi sekilde diizenleyip
yorumlamaktir (Yildirim ve Simsek, 2018). Ogretmenlerle goriismelerden elde edilen kod ve temalar
yorumlanirken Ball ve digerlerinin (2008) matematik 6gretmenlerine yonelik kavramsal ¢ercevesinden
yararlanilmistir. Buna gore d6gretmenlerin matematik 6gretmek igin sahip olmasi gereken alan bilgisi;
genel alan bilgisi, yatay alan bilgisi ve 6zel alan bilgisi olmak {izere {i¢ baslk altinda ele almmustir.
Calismada yatay alan bilgisi ile ilgili veriler siirli oldugu i¢in bu bilgi tiirii genel alan bilgisi altinda ele
almmustir. Goriisme sorular1 bu bilgi tiirlerine gore analiz edilmeye calisilmistir. Goriismeler birinci
yazar tarafindan yapilmis olup veri analizi kismi her arastirmaci tarafindan ayr1 ayr1 yapilmis ve daha
sonra bir araya getirilerek ortak kodlar olusturulmustur. Farkli kodlar i¢in arastirmacilar bir araya
gelerek bu kodlar iizerinde tartisip fikir birligine varmislardir. Ogretmenlerin goriismeler sirasinda
verdikleri cevaplar ve 6rnekler dikkate alinarak arastirmacilar tarafindan belirlenen kod ve temalar

bulgular boliimiinde 6gretmenlerin cevaplarindan dogrudan alintilar yapilarak sunulmustur.
Arastirmanin Etik izinleri

Yapilan bu ¢alismada “Yiiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi”
kapsaminda uyulmasi belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boliimii olan “Bilimsel
Arastirma ve Yaymin Etigine Aykir1i Eylemler” bashg altinda belirtilen eylemlerden higbiri

gerceklestirilmemistir.

Etik kurul izin bilgileri: Etik degerlendirmeyi yapan kurul ad1 = Hacettepe Universitesi Etik

Komisyonu

Etik degerlendirme kararinin tarihi= 14.03. 2022

Etik degerlendirme belgesi say1 numarasi= E-35853172-399-00002085056
Bulgular

Matematik 0gretmenlerinin 6l¢mede birim kavramina yonelik alan bilgilerinin incelenmeye
calisildigl bu arastirmada oncelikle ilk alt problem olan “Matematik 6gretmenlerinin 6l¢mede birim

kavramina yonelik genel alan bilgileri nasildir?” sorusuna yonelik bulgulara yer verilmistir. Bu kisimda
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ilk olarak matematik 6gretmenlerinin “Matematik egitiminde birim kavramimi nasil agiklarsimmiz?”

sorusuna yonelik verdikleri cevaplardan elde edilen kodlar Sekil 3'te sunulmustur.

aralk

en onemli belirlenen

olcme hacim =
O

uzunluk e @

£ cinsin

.@ doldurma

Sekil 3. Katilimcilarin birim kavramina yonelik diisiincelerinden elde edilen kodlar
Matematik egitiminde 6l¢gmede birim kavramina yonelik katilimcilarin goriislerinden elde
edilen kodlar 6l¢mede birim temas: altinda toplanmustir. Bu kisimda ¢ogunlukla 6l¢mede birim
denilince uzunluk, c¢evre, alan ve hacim gibi kavramlar ile standart 6l¢me birimlerinin diistiniildiigii
goriilmektedir. Ote yandan iki boyut, iig¢ boyut, kare, kiip, kaplama vs. gibi kavramlarin daha az (O5,

06) diistiniildiigii goriilmiistiir. Katilimcilarin birim kavramima yonelik bir 6gretmen olarak 6nemli

gordiigii fikirlerden elde edilen kod ve temalar Tablo 2 de sunulmustur.

Tablo 2. Birim kavrami hakkinda onemli goriilen fikirlerden elde edilen kod ve temalar

Temalar Kodlar Katilimailar
Sonucu anlamlandirma 01, 03, 02, 04, 05, O6
Boyut 03, 04, 02, 05, 06
Anlamlilik Onem 01, 03, 02, 05, O6
Aidiyet 04, 02, 05, 06
Thtiyag hissettirme 03, 06
Temel sey (6lgme igin) 03
Nesnelerin ozellikleri 01, 02, 03, 04, 06
Kullanim Olgme yapma 01, 02, 03, 06
Standartlagtirma 03, 02, 04, O6
Oran, Karsilastirma, Olgme araci 03

Tablo 2 de birim fikrine yonelik 6nemli goriilen fikirler kullanim ve anlamlilik olmak tizere iki
tema altinda toplanmistir. Anlamlilik temasi altinda birim kavramini anlamlandirmaya yonelik
katilimcilarin 6nemli gordiikleri fikirlerden boyut, aidiyet (standart birim kullaniminda uzunluk, alan
veya hacim hangisine ait oldugunu gosterme), nem ve sayisal verinin anlamlandirilmasi (yani birimsiz
kullanilan sayisal ifadelerin anlamsiz oldugu) en fazla ifade edilirken, kullanim temasi altinda 6l¢iilecek

nesnelerin Ozellikleri, dlgme yapma ile standartlastirma daha ¢ok kullanilan kavramlar olmustur.
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Ozellikle sonucu anlamli kilmak adina birimleri yazdirmaya ¢ok 6nem verildigi belirtilmistir. Buna

yonelik asagida katilimcilara ait alintilara yer verilmistir.

“....cocuklarin bahsettigi sadece sayilarin oldugu bir yerde neyden bahsettiklerini
anlayamayabilirdik yani birim kavrami nedense orada boyut olayma ¢ok 6nem veriyorum.
Hani boyutla iliskilendirmelerini énemsiyorum o yiizden sikinti olurdu giinliik hayatta da
derslerde de hani bir seyi anlamamizi saghyor bahsettigimiz seyin ne oldugunu anlamamizi
saghyor.” (O4)
Asagida ayni kisiden (O2) farkli kodlara ait alintilara yer verilmistir.

“Birim herhangi bir kavrami agiklamak i¢in, onun neye ait oldugunu gostermek igin
kullandigimiz kavram... yani kavramlari neye ait oldugunu gostermek i¢in kullandigimiz iste
uzunluk 6l¢iisii mii agirlik Olgiisii mii sivi Slgiisti mii bunlar ifade etmek igin kullandigimiz
kavramlar... birim olmazsa yani havada kaliyor birim demek onun nereye ait oldugunu
gostermek i¢in kullandigimiz bir kavram yani birimsiz oldugu zaman hani bir ziimreye veya
bir seye ait olup olmadigini bilemiyoruz iste boy 6l¢iiyoruz 10 dedigimiz zaman bu santim mi
iste uzunluk mu agirlik mi1 bilemedigimiz i¢in birim burada ¢ok énemli bence... elde ettigimiz

verinin nereye ait oldugunu kavramamizi sagliyor... sonugta kavram kargasasmni &nlemis
oluyor. Bu nedenle birimin ortaya ¢gtkmasi degerlidir diye diisiiniiyorum.” (O2)

Burada O2'nin hem 6lgme yapma hem de 6nem ve aidiyet ile ilgili diisiincelere sahip oldugu
goriilmektedir. Asagida bir diger bilgi tiiri olan yatay alan bilgisine ait bir alintiya yer verilmistir.
Verilen alintida O6'min birim kavramu ile iislii ifadeler konusu arasinda iliski kurmaya calistig
goriilmektedir.

“Ug boyutlu cisimlerin hacmini dlgerken aslinda ne kadar yer kaplamalar1 deyince zaten hacim

akillarina gelmesi gerekiyor dgrencilerin. Neden hacim diye bahsediyoruz {i¢ boyutlu oldugu

i¢in orada da bir kiip kavrami karsimiza cikiyor bu iislii ifadeleri 6gretirken oradaki kiip
kavramini hatirlatiyor sey dedim zeka kiipleri var boyle renkli kiipler dedim hani orada kiip

kavrami bizim zeka kiiptii {i¢ boyutlu oldugundan biz de iiste 3 sayisim gordiigtimiizde kiipii
diye okuyacagiz falan diye biraz bagdastirmaya calistim...” (O6)

Bu kisimda galismanin ikinci alt problemi olan “Matematik 6gretmenlerinin 6lgmede birim
kavramina yonelik &zel alan bilgileri nasildir?” sorusuna yonelik bulgulara yer verilmistir. Oncelikle
matematik 6gretmenlerinin birim kare ve birim kiip olusumuna yonelik diisiincelerinin irdelendigi
sorulara yonelik katiimcilarin goriislerinden elde edilen kod ve temalar ile 6rnek durumlara yonelik
bulgulara yer verilmistir. Tablo 3 de alan ve hacim 6l¢gme i¢in kullanilan birim kare ve birim kiip
olusumuna dair 6gretmenlerin goriislerinden elde edilen kod ve temalar sunulmustur. Burada birim
kare ve birim kiip olusumundan kasit tek boyutlu birim kullanimindan iki boyutlu ve ii¢ boyutlu birim

kullanimina gegis asamasidir.
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Tablo 3. Katilimcilarin alan ve hacim 6lgme icin kullamlan birim kare ve birim kiip olusumuna yonelik
diigiincelerinden elde edilen kod ve temalar

Temalar Kodlar Birim Katilimailar
Farkl cevaplar(birime gore degisen Birim kare/kiip 01, 02, 03, 04, 05,
cevaplar) 06
Kenarlarin ¢arpimi, genelleme Birim kare 01, 02, 03, 04, 05,06
i§1emsel Kenar sayisi, uzunluk sayist Birim kare 02,01, 03, 04, 06
Farkl1 gorevler(alan ve hacim 6lgme) Birim kare/kiip 02, 03, O4
Standart birim kullanim1 Birim kiip 02, 04, 06
Ayni gorev(6lgme yapma) Birim kare/kiip 01, 06
Materyal kullanimi, boyut farki Birim kare/kiip 01, 02, 04, 05, O6
Yiizeyi/i¢ini doldurma Birim kare/kiip 03, 04, O5
Farkli alanlarla iligkilendirme Birim kare/kiip 03, 04
Kavramsal Yatay- dikey yerlestirme, sira dizilim Birim kare 03,05
Kaplama, birim sayis1 Birim kare 05, 06
Birim yineleme Birim kare/kiip 06

Katilimcilarin birim kavramina yonelik goriislerinden elde edilen kodlar islemsel ve kavramsal
olarak iki tema altinda toplanmustir. Islemsel temasi altindaki kodlardan kenarlarin carpimi ile farkli
cevaplar (birime gore degisen cevaplar) biitiin katiimcilar tarafindan ifade edilirken kavramsal temasi
altinda birim yineleme, kaplama, doldurma ve iligskilendirmenin ¢ok az katilimci tarafindan belirtildigi
goriilmektedir. Nitekim Ogretmenlerin 6l¢gme kavramina ait olan karakteristiklerden olan; birimin
uygunlugu, es birimlerin kullanimi, birimlerin yinelenmesi gibi ifadeleri kullanmasi beklenmistir.
Kavramsal anlamaya yo6nelik daha ¢ok materyal kullanimi ile boyut farki ¢ogu katilima tarafindan

ifade edilmistir.

Ayrica 6rnek durumlardan elde edilen bulgulara bakildiginda O4 birinci 6rnek durum (alan
kavramma yonelik) icin 6gretmenin hatali birim se¢imi yaptig1 seklinde yorum yapmus ve 6grenci
¢ozlimlerini yorumlayamamustir. Dikdortgenin uzun kenarmi baz alan Ogrencinin karmasik
diisiindiigiinii belirtmis ancak agiklama yapamamuistir. Standart olmayan birim ile hacim Sl¢timiine
yonelik verilen ikinci 6rnek durum (hacim kavramina yonelik) i¢in 6gretmenin {i¢ boyut fikrini
kavratmaya calistigim ve birim kiip vermesi gerektigini belirtmistir. O2 de birinci 6rnek durum (alan
kavramina yonelik) icin 6gretmenin hatali birim se¢imi yaptig1 seklinde yorum yapmis ve &grenci

¢oziimlerini yorumlayamamistir. Asagida O2’ye ait alintiya yer verilmistir.
“Ashinda burada hani dikdortgen vermesi bence hatali birim kare yani kare vermesi daha
mantikli olur kare verse ciinkii farkli cevaplar ortaya ¢ikmazdi burada ayrni cevabi bulurdu.
Onun icin mesela iki farkli sekilde cevap gelmis 6grencilerden... kare olsa ayn1 cevap verecek

ogrenci farkli bir cevap verme sansi olmayacakti... ¢iinkii kare olsaydi ikinci 6grenci ister yatay
ister dikey yerlestirsin ayni sonucu bulacakti...” (O2)

O2 ayrica olasi 6grenci cevabi igin ¢6ziim yaptiginda ikinci durumdaki dizilimin degistigini
fark edememis ve cevap olarak 24 birim olacagini belirtmistir. Ayrica metrik uzunlugu kullanmanin
gerekmedigini belirtmistir. Asagida O2'nin ifadelerine yer verilmistir.

“Simdi yatay olarak yerlestirdigimiz zaman 4 tane var kisa kenar1 boyunca 2 tane tabana kag
tane yerlestiriyoruz bundan 8 tane yerlestiriyor 4 x 2'nin 8 tane yiikseklikte 3 tane burada
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baktigimiz zaman sekiz ¢arpi iicten 24 tane diye cevap gelmistir... Direk orada sekli saymuistir
say1 saymustir 4 tane var orada 2 tane orada seklinde yani uzunluk kullanacak bir durum yok
aslinda orada bizim uzunlugu vermemize herhangi bir gerek olmuyor ...“(O2)

O1 de birinci 6rnek durumda Ogrenci ¢Oziimlerinden birinin yanlis oldugunu belirtmis
¢oziimleri yorumlayamamis sadece sayisal agidan ikinci ¢dziimiin yanlis oldugunu ifade etmistir.
Hacim i¢in verilen 6rnek durumda &grencilerin farkli yerlestirmeler yapabilecegini belirtmis ancak
soruda degisen yerlesim diizenini fark edememistir. Ogrencilerden beklenen hatali yanit O1 tarafindan
da yapilmistir. O3 de alan igin verilen durumda ilk ¢6ziimiin seklin icini dolduran birim sayisi
oldugunu belirtirken ikinci ¢dziimii anlamadigini belirtmistir. Tkinci ¢6ztimde tek bir kenar uzunlugu
tizerinden gidildigini ifade ederken neden bunun yapildigini anlamadigini belirtmistir. Hacim igin
verilen durumda ilk ¢6ziim Onerisinde 6grencilerden gelebilecek olasi hatay1r yapmis ancak kiigiik
birimin uzunlugundan yola ¢ikarak hesapladiginda bir tuhaflik oldugunu belirtmistir. Birka¢ kez
denedikten sonra ikinci dizilimin farkli oldugunu ve bunun 6grencileri hataya gotiirecegini belirtmistir.
Verilen birimin kiip gibi goriildiigiinti ve hacim formiiliinden yola ¢ikarak yanlis cevaplar gelecegini
ifade etmistir. O4 alan icin verilen durumda Ogretmenin standart olmayan birim kullanimim
amagcladigin belirtirken 6grenci ¢oziimleri igin ikinci ¢6ziimiin nedenini anlamadigini ifade etmistir.
Ilk grubun kiiciik dikdortgen sayisi iizerinden alami buldugunu, ikinci grubun tam olarak ne
amagladigini bilmedigini ifade etmistir. Ote yandan kiigiik dikddrtgenin uzun kenarini referans
aldiklarini fark etmis ancak bunun nedeni olarak gerekge gosterememistir. Tkinci 6rnek durum igin
ogretmenin farkli birimler verildiginde ¢ocuklarin cismin hacmini nasil bulabileceklerini yani ezbere
bir anlayistan ziyade yorumsal bir bakis agisi getirmeyi amagladigini ifade etmistir. Olas1 6grenci
¢ozimlerinde Onceki katilimcilarla benzer sekilde 24 cevabin1i vermis ancak kii¢lik birimin
uzunluklarini kullandiginda farkli sonug ¢iktigini fark etmistir. Bunun nedeni {izerinde diisiinmiis
ancak bir sonuca ulasamamistir. O5 de ilk durum icin 6gretmenin amacini anlamadigini belirtmis
ogrenci ¢ozlimleri icin ikinci grubun ¢6ziimiinii yorumlayamamuistir. Ayrica bu tarz bir soruyu kendi
ogrencilerine uygulamayacagmi ifade etmistir. Tkinci 6rnek durumu &gretmenin birim degisikligini
gozlemleme amaciyla sormus olabilecegini belirtmis ve olas1 6grenci cevaplarinda cevabin 24 birim
seklinde bulunacagmni ifade etmistir. O5 de olasi 6grenci hatasmi dngdremedigi gibi aymi hatayi
uygulamistir. O6 ilk 6rnek durumda iizerine diisiiniip cizimler yaptiktan sonra iki ¢oziim arasindaki
farki ifade etmistir. [lk ¢dziimde alan hesabinin kiigiik dikddrtgen birim cinsinden yapildigim, ikinci
coztimde ise kiiciik dikdortgenin uzun kenari iizerinden hesaplandigini ifade etmistir. Ogretmenin
birim kullaniminin 6nemine ve birimin biitiin uzunluklarinin birbirine egit (birim kare) olmasi
gerektigine vurgu yapmak istedigini belirtmistir. Ikinci durum igin birim kiip verilmedigi igin birimin
yerlesiminden kaynakl farkli 6grenci cevaplar: gelebilecegini belirtmistir. Bu durumlarin birim kare ve
birim kiip kullanimini hissettirmeye yonelik soruldugunu ifade etmistir. O6 6rnek durumlarda égrenci
¢ozlimlerini yorumlayabildigi gibi olas1 6grenci hatalarin1 da 6ngodrmdistiir. Ote yandan 01, 02, 04 ve

05 olast 6grenci hatasini fark edemedikleri gibi benzer hatay: da yapmuslardir. Bu durum standart
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olmayan birimlerin kullaniminda katilimcilarin da ciddi sikintilar1 oldugunu gostermektedir.
Calismanin son kisminda matematik 6gretmenlerinin birim kavraminin 6gretimine yonelik yasadiklar
zorluklar ve bu zorluklarla basa ¢ikma yollarina dair goriislerinden elde edilen kodlar Tablo 4 de

verilmistir.

Tablo 4. Birim kavraminin 63retimine yonelik yasanilan zorluklar ve ¢oziim yollar:

Zorluk yasayan Zorluklar Cozim Yollar Katilimailar
Kavrayamama 03, 02, 05, O6
Soyut Olmast Gorsellestirme 01, 02, 04, O5
Ogrenci Dontisumler, Gegisler Materyal Kullanimi, 01, 04, O5
Bireysel farkliliklar Somutlastirma 02, 06
Ogretmen Kavramdan kaynakl 01,05, 06
Ogrenci/Ogretmen  Ezberletme, Ezberleme 03,01
Giinliik hayatta olmamast Giinliik Hayat 04, 05
C)gretmen Derine inmeme, Yiizeysel verme Ornekleri, 03,04, 06
Firsat Kollamak
Ogrenci/Ogretmen  Standart olmayan birim kullanimi ~ Birim kare ve kiip 03, 04, O6
kullanimi

Tablo 4 de verilen katilimcilarin birim kavramina yonelik zorluklar1 6gretmen ve 6grencinin
yasadig1 zorluklar seklinde ikiye ayrilabilmektedir. Ogrencilerin genel olarak kavrayamama, soyut
olmas1 ve doniisiimlerde sikinti yasadigi belirtilirken, Ogretmenlerin giinlitk hayatta ¢ok
kullanilmamasindan kaynakli bazi birimlerin anlatiminda sikinti yasadig ifade edilmistir. Ozellikle
smifta gosterimde kiiciik olan (Im, 1cm, Imm) birimlerin gosterilebildigi ancak biiyiik olan (1 hm, 1
km) birimlerin gosterilmesinde sikint1 yasandig belirtilmistir. Buna yonelik ¢6ziim 6nerileri ise giinliik
hayat ornekleri, gorsellerin kullanimi ve somutlastirma seklinde olmustur. Ayrica standart olmayan
birimlerin kullanimindan kaynakli da 6grenci ve 6gretmenlerin zorluklar yasadig: belirtilmistir. Bunun
icin de birim kare ve birim kiip kullanimi &nerilmistir. Nitekim 6rnek durumlarda bu kisimda
dgretmenlerin sikinti yasadig1 goriilmiistiir. Asagida O5'in yasadig1 zorluklara yonelik goriislerine yer
verilmistir.

“Yaninda birim yazmiyorsa kafasindan gecen seyleri anlamamiz da aslinda zorlasiyor...

Mesela ¢ocuk 1 kilometreyi gérmek istiyor biz ona 1 milimetreyi gosterdigimiz zaman 1 metreyi

gosterdigimiz zaman hocam diyor 1 kilometre bazen ¢ocuklar bunu isteyebiliyor. Bu noktada

belki iste gorseller kullanilabilir ya da mesela simdi yiiriiyiis yapiyoruz ne kadar yiiriiyecegiz

hesaplayalim gibi yani bunlarin aslinda biraz da zamanin kollamak gerek, cocuklara boyle
yagantisal seyler sunmak...”

Asagida bir katilimcinin standart olamayan birim kullanimi ve somut 6rnek kullanimina

yonelik gortislerine yer verilmistir.

”Birim kavraminda biz bir dikdortgen birimini kullanacaksak o dikdoértgen birimini
kullandigimizda kisa ve uzun kenar1 farkli uzunluklara sahip oldugundan cocugun kafasi
karisabilir ayni benim kafamin karismasi gibi o ylizden mutlaka ayni kenar uzunluklarina sahip
eger alan Olgme yapiyorsa bir kare kullanmamiz gerekir yani birimimizin biitiin kenar
uzunluklar1 esit olmali... Yoksa farkli kenar uzunluklarma sahip sekil kullandigimiz da
¢ocuklardan farkli cevaplar gelebilir... Eger kare ve kiip kavramina ¢ok asina degillerse hani bu
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nereden ¢ikt1 gibi olabiliyorlar o yiizden somut 6rnekler iizerinden gitmek en azindan daha
yararli oluyor... Hani zeka kiipii renkli ¢eviriyorsunuz haaa diyorlar tamam 3 tane boyutu
vardir seklinde... Ya da ¢ocuk zaten ilkokuldan asina olarak geliyorsa kare nedir kiip nedir
seklinde birim kavraminda zorluk cekmiyor ama digerleri bayag1 bir zorluk gekiyor...” (O6)

O6 burada &zellikle standart olamayan birim kullaniminin zorluklara neden oldugunu acik¢a
belirtmektedir. Ayrica somut 6rnek kullaniminin énemine de vurgu yaptig1 goriilmektedir. Asagida
O2'nin ogrencilerin yasadig1 zorluklara yonelik goriislerine yer verilmistir.

“Birim kavraminin anlasilmasina yonelik zorluklar ¢ocugun soyut somut hani bu kavramlari

soyut somut kisminda anlamasi biraz zorlasiyor. Yani agik¢asi onun igin gorsel olarak mutlaka

bunun desteklenmesi gerekiyor ki cocuk buradaki birimi net kavrayabilsin yani hacimdir iste
alandir bunlari net kavrayabilsin yani...” (02)

Tartisma, Sonug ve Oneriler

Matematik Ogretmenlerinin matematik egitiminde 6l¢mede birim kavramina yonelik alan
bilgilerinin incelendigi bu ¢alismada, dl¢gmede birim kavraminin katiimcilarin ¢ogunlugu tarafindan
uzunluk, ¢evre, alan ve hacim gibi kavramlar ile standart 6l¢gme birimleri seklinde diisiiniildiigii tespit
edilmistir. Katilimcilarin birim kavramina yonelik bir 6gretmen olarak énemli gordiigi fikirlerden
anlamlilik temas: altinda boyut, aidiyet ve sayisal verinin anlamlandirilmasi en fazla ifade edilirken,
kullanim temasi altinda ise olgiilecek nesnelerin 6zellikleri, Slgme yapma ile standartlagtirma daha fazla
kullanilan kavramlar olmustur. Ozellikle sonucu anlamli kilmak adina birimleri yazdirmaya ok énem
verildigi biitiin katihmcilar tarafindan ifade edilmistir. Bu agidan genel alan bilgisi yoniinden bir

eksiklik olmadig1 goriilmiistiir.

Katiimcilarin birim kare ve birim kiip olusumuna yonelik goriislerinden islemsel temasi
altinda toplanan kodlardan kenarlarin ¢arpimi ile farkli cevaplar biitiin katihmecilar tarafindan ifade
edilirken kavramsal temasi1 altinda birim yineleme, kaplama, doldurma ve iliskilendirmenin ¢ok az
katilimar tarafindan belirtildigi goriilmiistiir. Bu durum islemsel anlamaya agirlik verildigi seklinde
yorumlanmustir. Nitekim matematik 6gretmenlerinin sahip oldugu bilginin niteligine dikkat ¢eken
calismalar 6gretmenlerin matematik bilgilerinin hem iliskisel hem de derinlemesine bir yapida olmasi
gerektigini vurgulamaktadir (Ball, 1988; Ball ve diger, 2005). Alan bilgilerinin 6rnek durumlar
iizerinden irdelenmeye calisildigr kisimda katilimcilarin 6zel alan bilgilerindeki eksiklikler goze
carpmustir. Matematik 0gretmenlerinin dikdortgenin alanmin birimlerin yinelenmesi ve yinelenme
sayisinin belirlenmesi sonucu bulundugunu fark etmesi ve bu yinelenme sayisinin da belirli bir diizen
igcinde yapildigimi kesfetmesi beklenmektedir (Cift¢i, 2015). Yani birim karelerin siitun ve satirlar
boyunca belli bir diizen i¢inde ele alinmas: gerekmektedir. Nitekim kaplama eylemi eger belli bir diizen
icinde yapilirsa 6lgmede kolaylik saglayabilmektedir (Van de Walle, Karp ve Bay-Williams, 2012).
Katihmcilardan sadece ikisinin sira diziliminden bahsettigi, birim yinelemeden ise sadece bir
Ogretmenin bahsettigi goriilmiistiir. Nitekim ilkokul 6gretmenlerinin uzunluk, alan ve hacim konusuna
yonelik temel kavramlara iligkin bilgilerinin incelendigi bir ¢alismada katilimcilarin alan 6l¢meye iliskin

anlamlandirmalarinin  simirli oldugu ve bu sebeple alan Olgme siirecini Ogrencilerin nasil
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yapilandirdiklarina yonelik ¢ok fazla bir bilgiye sahip olmadiklari goriilmiistiir (O’Keefe ve Bobis,
2008).

Ogretmenler alan formiiliiniin toplam birim kare sayisini daha kolay bir sekilde hesaplamaya
dayandigini ve bu toplam birim kare sayisin1 hesaplamak i¢in de siitun ve satir sayilarinin ¢arpilmasi
gerektigini belirtmislerdir. Ancak alan kavramina yonelik verilen ornek durumdaki 6grenci
¢ozlimlerini bir katiimci hari¢ digerleri yorumlayamamistir. Nitekim Simon ve Blume (1994) de
ogretmen adaylar1 ile benzer sonuglara ulagmistir. Ozellikle birim kavramina yonelik 6grenci
hatalarindaki Oriintiileri yakalama ve Ogrenciler tarafindan gelistirilen genellemeleri fark etme
konusunda ciddi eksiklikler oldugu goriilmiistiir. Hata kaynaginin fark edilmemesi bir yana ayni
hatanin 6gretmen tarafindan da yapildig1 g6zlenmistir. Bu sonuca paralel olarak Esen ve Cakiroglu'nun
(2012) calismasinda da verilen yanlis 6grenci ¢oziimiiniin katilimcilarin bazilar tarafindan fark
edilmedigi ve bu yanlisin bazi katihmcilar tarafindan tekrar edildigi goriilmiistiir. Katiimcilarin
goriislerine yatay alan bilgisi acisindan bakildiginda birim kavramu ile iislii ifadeler konusu, rasyonel
sayilarda say1 dogrusunda birim kullanimi, grafikler igin birim kullamimi ve karekdoklii ifadeler ile
iliskilendirmelerin yapildig1 goriilmiistiir. Ancak bu iliskilendirmelerin sadece iki katilimci tarafindan
yapildigr gortilmiistiir. Son olarak birim kavramina yonelik yasanan zorluklarin 6gretmen ve
dgrencinin yasadigi zorluklar seklinde ikiye ayrildigi goriilmiistiir. Ogrencilerin soyut olmasindan
dolayr kavramada ve doniisiimlerde sikinti yasadifi, Ogretmenlerin giinlitk hayatta ¢ok
kullanilmamasindan kaynakli bazi birimlerin anlatiminda sikint1 yasadig: ifade edilmistir. Nitekim
6l¢gme konusunda yapilan ¢alismalar incelendiginde, genel olarak 6grencilerin 6l¢me konusuna iliskin
kavramsal 6grenmede zorlandigi, konularin anlamlandirilmadan ezbere 6grenilen formdiiller seklinde
anlasildig1 goriilmektedir (Battista ve Clements, 1996; Dagli ve Peker, 2012; Karaca, 2014; Moyer, 2001;
Tan-Sisman ve Aksu, 2016). Katihmcilar tarafindan ayrica bu zorluklara yonelik ¢oziim onerileri de

sunulmustur.

Bu calismanin bulgularindan yola ¢ikarak sadece birim kavraminin anlatimina ydnelik
etkinliklerin lisans diizeyinde ders olarak eklenmesi ve bu kavramin 6nemi {iizerinde durulmasi
onerilmektedir. Matematik alan bilgisi agisindan bakildiginda genel alan bilgisinde sikint1 olmamakla
birlikte 6zel ve yatay alan bilgisine yonelik olarak bu kavrama iligkin iceriklere yer verilebilir. Ozellikle
standart olmayan birim kullaniminda katilimcilarin 6grenci hatalarim1 6ngoremedigi gibi benzer
hatalar1 yaptig1 diisiiniildiigiinde standart olmayan birim kullanimi tizerinde durulmas: gerektigi
goriilmektedir. Buna gore ortaokul 6gretim programinda bu kavrama yonelik daha ¢ok kazanima yer
verilmesi halinde 6gretmenlerin birim kavrami tizerine daha ¢ok yogunlasacag diisiiniilmektedir. Bu
durumda da 6l¢gme 6grenme alaninda yasanan sikintilarin azalacagi diistiniilmektedir. Gerek standart
gerekse standart olmayan birimlere yonelik farkindalik olusturmalari i¢in bu kavrama yonelik hizmet

i¢i egitim kurslar verilebilir. Bu kurslarin verimli olmas1 adimna kurs igeriklerinin grup tartismalari ile
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verilmesi onerilmektedir. Ayrica birim kavramina yonelik sinif i¢i gdzlemlerin yapildigi bir caligma ile

mevcut calismanin sonuglarmin karsilastirildig: bir calisma yapilmasi da onerilmektedir.
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Introduction

Individuals generally employ their mathematics-related knowledge to solve problems in daily
life. Measurement, which is one of the sub-learning areas of mathematics, has an essential function in
gaining mathematical skills. Measurement can be defined as the comparison of a property of a physical
object with a unit used to quantify that property (Bright, 1976). It is related to various knowledge and
skills that students frequently meet daily (Ministry of National Education [MONE], 2009). Many
subjects, such as shopping cost, sleeping time, height and weight calculation, and distance include
measurement activities encountered in daily life. People have been engaged in measurement-related
activities in the past and have used their measurement methods and measurement units. The
measurement activities generally cover three steps: The first step is determining the objects' property to
be measured. For example, it may be necessary to measure the weight, area or volume of the object to
be measured. The second step is to select a unit for measurement use (Olkun and Ucgar, 2007). This unit
can be a non-standard unit such as span, fathom or step, or it can be a standard unit (Olkun and Ugar,
2007). The last step is to compare the object with the selected measurement unit. This comparison can
be made in various ways, such as matching, coating or filling. In the educational program, it is aimed
that students first make comparisons and rankings based on intuition then measure using non-standard

and standard units. (MONE, 2018).

Research generally suggests that students have difficulty in conceptual learning about
measurement, and they regard topics such as measuring perimeter, area and volume as formulas
learned by rote without making sense (Battista and Clements, 1996; Dagli and Peker, 2012; Karaca, 2014;
Moyer, 2001; Tan-Sisman and Aksu, 2016). It has been stated that students at all grade levels confuse
the concepts of area and perimeter (Dagli, 2010). Determining the property of the object to be measured,
choosing a unit and making a comparison which are part of the measurement, are essential ideas that
students have difficulty in understanding. The second stage of measurement, unit selection, is one of
the topics emphasized during the teaching process. Because regarding the unit as a measurement tool
is considered necessary to calculate the area (Cavus-Erdem, 2018). Therefore, the act of measuring an

area is determining how many suitable measuring units should be used for covering aparticular area.
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The same situation is valid for volume and length, and it is seen that understanding the concept of a
unit plays a significant role in understanding these concepts. In addition, studies on student teachers

reveal the importance of these topics (Esen and Cakiroglu, 2012; Simon and Blume, 1994).

In the study by Simon and Blume (1994), which investigated pre-service teachers’ content
knowledge on measuring area, the participants were asked to find out how many rectangular cards can
cover the area of a rectangular table. They presented two different coating methods and discussed the
differences of these methods in the class. The first of these methods was to find the area with the help
of the total number of units, and the second one was to find the area using the side lengths of the given
small rectangular cards. However, the participants cannot comprehend the details of these methods.
The study concluded that the pre-service teachers did not know how to connect the area with the
rectangle shape. Another finding is that the shape and size of the unit arrays depend on the unit selected
for area measurement and the object's dimensions. Esen and Cakiroglu (2012) also examined pre-service

teachers’ understanding of using units in measuring volume through interviews.

An example was given to the participants, and they were asked to evaluate it. In this way, their
thoughts on measuring volume and their thoughts on measuring volume with non-standard units were
examined. It was found that some of the participants did not notice the incorrect solution given in the
example. Furthermore, some of them repeated the same error in their answers. On the other hand,
O’Keefe and Bobis (2008) investigated primary school teachers” knowledge of the basic concepts of
length, area and volume and their knowledge about students’ structuring of the measurement process.
Four teachers with different years of experience were asked questions about the basic concepts of
measurement and the process, and their knowledge about student learning. It was observed that the
participants' comprehension about the field measurement was limited; therefore, they did not have
much information about how the students may structure the field measurement process. It was also
determined that they did not use different teaching methods and techniques in area measurement.
Considering these findings, it can be stated that there are deficiencies in the explanations and
representations of the in-service teachers and pre-service teachers about mathematical concepts and
processes. Given that this situation naturally affects student learning negatively, it is confident that there

is a need for studies on teachers’ content knowledge.

It is known that teachers are one of the most important components affecting mathematics
education. The study by Shulman (1986) revealed the knowledge that teachers should have. Ball et al.
(2008) put forward a conceptual framework for mathematics teachers based on the teacher knowledge
model developed by Shulman (1986). In this conceptual framework, the knowledge that teachers should
have is divided into two groups as pedagogical content knowledge and content knowledge.
Pedagogical content knowledge is about how to teach a specific subject area. It is grouped under three

categories: teaching content and student information, teaching content and teaching information, and
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teaching content and program information. Content knowledge is divided into three categories: general
content knowledge, special content knowledge and horizon content knowledge. Since this study iis
study aims to examine teachers’ understandingof how the unit concept is formed, other types of
knowledge (content and student knowledge, content and teaching knowledge, and content and
program knowledge) are not included in the study. In the study, the concept of unit is examined based

on the content knowledge. The related information types are given below:

Subject Matter Knowledge Pegagogical Content Knowledge
...—-""_'—_-.__.__._ _-—‘—'__"—'—..__._
Knowledge
of content
Common el
tent
GO students Knowledee
knowledge Special ized 5
content o ;Ontent
‘ | an
Horizon el Knowledge curriculum
content of content
knowledge and teaching
“-—.._._l_—_‘_‘_-__.__.__'___,._l—"'-‘_

Figure 1. Information types required for mathematics teaching (Ball, Thames and Phelps, 2008)

Figure 1 shows the necessary knowledge types for mathematics teaching, but some them may
be used for other domains of teaching. Mathematical knowledge and skills are the knowledge that every
individual who knows mathematics can have. Determining a number between two decimal expressions
or converting length units to each other can be given as its examples. The teachers’” knowledge of
whether a subject in mathematics is related to other subjects in the program is the horizon content
knowledge (Ball, et. al., 2008). For example, associating the concept of unit in measurement with the
square and cube of a number in exponential expressions is part of this knowledge. In the study the
horizontal domain knowledge is considered under general domain knowledge. Finally, specialized
content knowledge is defined as the type of knowledge used by teachers (Ball, et al., 2008). An example
of this type of knowledge is to present mathematical ideas, know the benefits of different
representations, find patterns in student errors, and determine the generalization status of algorithms
created by students (Hill, Schilling and Ball, 2004). Being able to interpret the sample solutions given in
the interview items used in this study falls under this type of knowledge. Interview items have been
developed according to these types of information, and the findings are discussed based on this

framework.
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Studies on teacher knowledge show that the content knowledge of teachers and of student
teachers affects their teaching methods and, therefore, students' success (Ball, Hill, and Bass, 2005; Hill,
et al., 2008). Teachers should have a piece of good content knowledge in order to support student
learning. Some studies reported that teachers’ mathematics content knowledge was associated with the
mathematics courses they took during their undergraduate years (Rowan, Correnti, and Miller, 2002;
Wayne and Youngs, 2003). On the other hand, it is also emphasized that these courses are not sufficient
for teachers to teach mathematics and that the structure and characteristics of mathematics content
knowledge should take into consideration the classroom context (Franke, Carpenter, Levi and Fennema,
2001; Hiebert, Gallimore and Stigler, 2002). Studies dealing with mathematics content knowledge in the
context of the classroom stated that there are significant deficiencies in teachers’ content knowledge on
different subjects (such as numbers, fractions, algebra) (An, Kulm, and Wu, 2004; Isiksal, 2006; Simon
and Blume, 1994; Tzmantar and BingTlbali, 2009). Considering the role of the teacher in the education-
teaching process, it is important to know the content knowledge. Therefore, studies about the basic
knowledge of teachers are important, and there is a need for studies examining their thinking structures
(Esen and Cakiroglu, 2012). It is essential to examine the content knowledge of teachers who have

experience in the content about the concept of unit in measurement.

Aim

In this study it is aimed to examine the thoughts of mathematics teachers about the concept of
a unit in measurement. Their content knowledge about the unit concept has been discussed in the
context of the following characteristics of the measurement concept; recognition of quality, concept of
unit and suitability of unit, use of equivalent units, and repetition of units. The study's research problem

is formulated as follows: “How is the content knowledge of mathematics teachers about the concept of

unit in measurement?” In line with this aim, the study attempts to answer the following:

o At which level do math teachers have content knowledge about the unit concept in

measurement?

o At which level do math teachers have specific content knowledge about the unit concept in

measurement?
Method

The study was designed as qualitative research. Qualitative research provide an opportunity to
investigate a topic in depth (Patton, 2002). Since the study aims to examine the perceptions of
mathematics teachers towards the concept of unit in measurement through interviews, the
phenomenology design, one of the qualitative research approaches, was used. This design is defined as
making the experiences of a group about a phenomenon or a situation meaningful (Creswell, 2007). In
addition, it also aims to focus on the phenomena that we may be aware of but do not have an in-depth

and detailed understanding (Yildirim, 2018). What phenomena mean here is events, perceptions,
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experiences, orientations, concepts and situations. The phenomenology design constitutes a suitable
research ground for studies that aim to investigate the phenomena encountered in daily life, but whose
full meaning cannot be comprehended (Yildirim, 2018). The use of phenomenology design was deemed
appropriate since the research aimed to investigate how the concept of unit, which is a known concept,

was perceived by the participants.
Participants

The study participants are secondary school mathematics teachers with varying levels of
teaching experience working at public schools in different cities. Interviews were made with six
secondary school mathematics teachers. Of them four were female and 4 male. Criterion sampling,
which is one of the purposive sampling methods, was used to select the participants. Through the
criterion sampling, participants are selected based on a set of predetermined criteria (Yildirim and
Simsek, 2018). The criteria used in the sampling process were determined as follows: The participants
must be a mathematics teacher and have at least 3 years of experience. The 3-year experience
requirement has been set considering the distance education process used in the recent period.
Therefore, they were required to have at least one year of face-to-face education experience. The other
point was that the participants should participate in the study voluntarilvoluntarily. Instead of using
the names of the participants various codes were used based on their years of teaching experience. For
instance, a participant with a 19-year experience of in teaching was coded as T1 or another one with a
15-year of experience in teaching was coded as T2. Table 1 presents the distribution of the participants

based on their teaching experience and educational background.

Table 1. Distribution of the participants based on their teaching experience and educational background

Teaching experience (in years) Educational background Codes
19 years Undergraduate T1
15 years Graduate T2
13 years Graduate T3
6 years Undergraduate T4
4 years Undergraduate T5
3 years Graduate T6

As can be seen in Table three participants had undergraduate education and the remaining

three had graduate education (T3 and T6 were doing PhD and T2 had a master’s degree).
Data collection tools

The data of the study were collected through interviews. Due to the requirements of qualitative
research (Fraenkel and Wallen, 2012), the data obtained are used to present ideas, not to make

generalizations. Demographic information is also included in the interview form. The educational
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background of the participants (undergraduate, graduate) and their teaching experience were
employed in the discussion of the study's findings. An interview form was developed by the authors
based on the relevant studies. (Ciftci, 2015; Esen and Cakiroglu, 2012; Simon and Blume, 1994). For the
content validity of the interview form, it was reviewed by two education specialists on mathematics
education working at different universities. They analysed the from concerning whether or not it served
for the research problems and whether or not it adequately covered the topic at hand. Following this
review, a pilot study was conducted on one mathematics teacher. Based on the pilot study's findings,
necessary corrections were made on the form. For example, some of the items were removed from the
form. In addition, the number of questions was reduced due to the time limit, and some expressions
were changed in line for a clearer understanding. After these modifications, the interview form was
finalized. The final version of the semi-structured interview form included ten questions. The interview
questions were generally designed to reveal the teachers' views on the formation of the unit concept.
The first five questions (1, 2, 3, 4. and 5) are about the significant points regarding the unit concept for
teachers. They also deal with the teacher views on the construction of the br2 ve br3. Sample items from
this group are as follows: “What do you think about the role of the unit concept in the measurement
process?” and “What do you think about unit square and unit cube formation?” The items 6 and 7.
required making comments on using units based on samples (see Figure 2). The last three items in the
interview form (8, 9 and 10) are designed to reveal the relationship between the area formula and the
unit square number. The same author made the interviews to improve the reliability. Due to the
pandemic, the interviews were held via the Zoom platform and were recorded. Permission was
obtained from the participants for video recording. Below are two examples of situations added to the

interview questions.

Situation related to area measurement Situation related to volume measurement

6. . Feyza teacher distributed a cardboard and small rectangular cards to her
students, She then asked the students to figure out how many cards would be
needed to cover this cardboard. She also wanted to be careful that rectangles
should not be overlapped or cut. While the teacher was examining the cardboard
coating processes of his students, two different answers caught his attention.
While the students in the first group placed the cards in a horizontal order and
found the result 6x4-24 (Figure a), the students in the second group argued that | ] I £ . @

the result was 3x4-12 (Figure b) by placing the floors in both a horizontal and ¢ lem
vertical order

7. Teacher Ahmet asked the students about the volume of the
rectangular prism, whose dimensions are given as above.

What could be the purpose of Ahmet teacher asking this question?
What are the possible answers from the students?

Sekil a. Sekil b.

What could be the purpose of Feyza teacher in asking this
question? What do you think about these student solutions?

Figure 2. Sample interview items
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The case for field measurement given in Figure 2 was adapted from the study of Simon and
Blume (1994). It was designed to make students comprehend the importance of the unit square concept.
Students’ solutions are given to find the area of the small rectangle and the large shape given in the
example case. While the first solution is based on the small number of units, the second is based on the
long side of the rectangular unit. Participants were expected to notice and interpret this situation. The
situation for measuring volume was designed by adapting a question used in the study of Esen and
Cakiroglu (2012). In the question, the view of an object from three different angles is given. In the
question, the volume and lengths of the rectangular prism are given and it is asked to find the answer
in small units. The position of the unit, whose edge lengths are 1 cm, 2 cm, and 1 c¢m, in the large object
differs in two cases in Figure 2. While there should be 4 small units on the face appearing in the second
position after the first position, two units appear since the direction of the unit was changed. Given that
using formulas in volume learning is learned by rote, a question such as this can be solved by
multiplying the unit numbers in the visible faces. Experienced teachers were expected to realize this
situation and to identify potential student errors along with its sources. Other questions were also

created by authors based on the relevant studies.
Data analysis

The data obtained from the interviews with the teachers were analyzed using qualitative
techniques. The video recordings of the interviews were transcribed and converted into written texts.
Codes and themes were developed based on the interview data. For this purpose, content analysis was
used to analyse the data. Content analysis aims to gather data about certain concepts and themes, and
to organize and interpret them in a way that readers can understand. (Yildirim and Simsek, 2018). While
interpreting the codes and themes obtained as a result of the analysis of the interviews, the conceptual
framework for mathematics teachers developed by Ball et al. (2008) was used. In this framework, the
content knowledge teachers should have to teach mathematics is categorized under the following three
headings: common content knowledge, horizon content knowledge and specialized content knowledge.
Since the study's data on horizon content knowledge is limited, it was added to the common content
knowledge. The first author made the interviews, and the data analysis was carried out by each author
separately. Then they met to form common codes. The authors reached a consensus on different codes
as a result of their discussions. Considering the answers and examples given by the participants during
the interviews, the codes and themes determined by the authors were presented in the findings section

by directly quoting the answers of the teachers.
Ethical permission

In this study, all the rules specified in the Higher Education Institutions Scientific Research and
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Findings

In this study, in which the field knowledge of mathematics teachers about the concept of unit
in measurement is examined, first of all, the first sub-problem, "How is the common content knowledge
of mathematics teachers about the concept of unit in measurement?" The findings for the question are
included. In this part, first of all, mathematics teachers asked, "How do you explain the concept of unit
in mathematics education?” The codes obtained from the answers given to the question are presented

in Figure 3.

The findings of the study, in which the content knowledge of mathematics teachers about the
concept of unit in measurement is analysed, were discussed first regarding the first research problem,
namely “How is the content knowledge of mathematics teachers about the concept of unit in
measurement?” In order to answer this question, the participants were asked to reply the following
question in the interview: “How do you explain the concept of unit in mathematics education?” The

codes were developed from the answers to this question which are presented in Figure 3.
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Figure 3. Codes developed from the teacher views about the unit concept
The codes developed from the teacher views about the unit concept are grouped under the unit's

theme in measurement. As shown in Figure 3, the participants expressed the concept of unit in
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measurement in terms of terms such as length, perimeter, area and volume, and standard measurement

units. On the other hand, it was seen that concepts such as two-dimensionality, three-dimensionality,

square, cube, and covering were mentioned less (T5, T6). The codes and themes obtained from the

important ideas of the participants as a teacher about the unit concept are presented in Table 2.

Table 2. Codes and themes obtained from important ideas about the concept of unit

Themes Codes Participant codes
Making sense of the result T1, T3, T2, T4, T5, T6
Dimension T3, T4, T2, T5, T6
Making sense Importance T1, T3, T2, T5, T6
Belonging T4, T2, T5, Té6
Need T3, T6
Basic thing (for measuring) T3
Properties of objects T1, T2, T3, T4, T6
Use Measuring T1, T2, T3, T6
Standardization T3, T2, T4, T6
Ratio, Comparison, Measuring tool T3

As can be seen in Table 2 the important ideas for the participants about unit in measurement

were grouped under two themes: making sense and use. Under the first theme the participants consider

important to make sense of the concept of unit, size, belonging (indicating which one belongs to length,

area or volume in the use of standard units), importance and making sense of numerical data (that is,

numerical expressions used without units are meaningless) were mostly expressed. Under the use

theme, measuring and standardization have been the concepts that are used more frequently. In

particular, it was stated by the participants that great importance was attached to have student to write

the units in order to make the result meaningful. Some quotations from the participant statements about

these themes are given below:

“....we might not be able to understand what the children were talking about in a place with

only numbers. In other words, I attach great importance to size in the unit concept. Because
students should associate it with size. If this were not the case, it would be a problem both in
daily life and in lessons because these provide understanding of the subject.” (T4)

“The unit is used to explain any concept and to show which concept belongs to where. In other
words, it is a concept we use to show what concepts belong to where. For example, it may be a
measure of length, a measure of weight, or a measure of liquid. Without a unit, it is impossible
to show where something belongs to. For example, when we say 10 while measuring height,
the unit needs to be added to the number. Otherwise, we cannot know whether this number
refers to length or weight. That's why the unit is so important. The unit allows us to understand
where data we obtain belongs to. In this way, it avoids conceptual confusion. That's why I think
it is important to express the unit.” (T2)

In the example above, it is seen that T2 has thoughts about both measuring and the importance

of the unit in stating the source of belonging. A quotation about the horizontal area information is given

below. Here it is seen that T6 tried to establish a relationship between the concept of unit and the subject

of exponential expressions.

“When asked how much space these objects take up when measuring the volume of three-
dimensional objects, students should already think of volume. Why do we talk about volume,
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because these objects are three-dimensional. So here comes the concept of a cube. While teaching
exponential expressions, I said that there are Rubik's Cubes, colorful cubes, because they remind
the concept of cube. Since our cube concept is three-dimensional, I tried to reconcile it a little so
that when we see the number 3 on top, we will read it as the cube or something...” (T6)

The findings on the research question, At which level do math teachers have content knowledge
about the unit concept in measurement? are discussed in this section. Table 3 show the codes and themes
developed from the interview data about the unit concept in measurement and the unit cube. Here, the
formation of unit square and unit cube means the transition from one-dimensional units to two-

dimensional and three-dimensional units.

Table 3. Codes and themes about unit square and formation of unit cube concerning area and volume

Themes Codes Unit Participant codes
Different answers (based on units) unit square /cube T1, T2, T3, T4, T5, T6
Multiplication of sides, generalization  unit square T1, T2, T3, T4, T5,T6
Number of sides, number of lengths unit square T2, T1, T3, T4, T6

Procedural Different tasks (measuring area and unit square /cube T2, T3, T4
volume)

Standard unit usage unit square T2, T4, T6
Same task (measuring) unit square /cube T1, T6
Material use, size difference unit square /cube T1, T2, T4, T5, T6
Surface/filling unit square /cube T3, T4, T5
Associating with different fields unit square /cube T3, T4

Conceptual Horizontal-vertical placement, row Unit square T3, T5
arrangement
Covering, number of unit Unit square T5, T6
Unit repetition unit square /cube T6

The codes about unit square and formation of unit cube concerning area and volume are
grouped under two themes, namely procedural and conceptual. While different answers (answers that
vary according to the unit) from the codes under the operational theme were expressed by all
participants, it is seen that under the conceptual theme, unit repetition, covering, filling and association
were stated by very few participants. Teachers were expected to use expressions such as the suitability
of the unit, the use of equivalent units, and the repetition of units, which are among the characteristics
of the measurement concept. With the use of more materials for conceptual understanding, the size

difference was expressed by most of the participants.

In addition, the findings obtained from the sample cases show that T4 commented that the
teacher made an incorrect unit selection for the first sample case (for the concept of area) and could not
interpret the student’s solutions. He stated that the student thought it was complex based on the long
side of the rectangle, but he could not explain. He stated that for the second example case (for the
concept of volume) given for volume measurement with non-standard units, the teacher tried to make
the idea of three dimensions comprehended and he should give unit cubes. In T2, he commented that
the teacher made an incorrect unit selection for the first example case (for the concept of field) and the

student could not interpret his solutions. Below is an excerpt from the statements of T2.
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“Actually, I think it is wrong to give a rectangle here. It would make more sense to give a unit
square or square. If he used a square, different answers would not have arisen and he would
have found the same answer here. Therefore, students provided two different answers. If square
was used, the student would have given only one answer. Because the student would not have
a chance to give a different answer. Because if the square was used, the second student would
find the same result whether he placed it horizontally or vertically....” (T2)

T2 also did not realize that the sequence in the second case had changed when he made a solution for
the possible student answer and stated that there would be 24 units. He also stated that it is not
necessary to use the metric length. Below are the statements of T2.
“When we place it horizontally there are 4 of them. There are 2 on the short side. How many of
these do we put on the floor? 8 of them. There are 8 out of 4 x 2 results. There are 3 in height.

Eight times three is 24, that answer was given. The student counted the shape: 4 there and 2
there. In fact, there is no use for length. There is no need for us to give the length. ...”(T2)

In the first example, T1 stated that one of the student's solutions was incorrect but could not
interpret the solutions. He only stated that the second solution was incorrect in terms of numbers. In
the example given for the volume, he stated that students can make different placements. However, he
could not notice the changing layout in the question. The incorrect answer given by the students was
also made by T1. T3 stated that the first solution for the area was the number of units that fill the shape
but stated that he did not understand the second solution. While he stated that a single edge length was
used in the second solution, he stated that he did not understand why this was done. In the case given
for the volume, he made an error that the students could make in the first solution, but he stated that
there was something strange when he calculated it based on the length of the small unit. After trying
several times, he stated that the second sequence was different and this would cause students to give
incorrect answers. He stated that the given unit was seen as a cube and that incorrect answers would be
given based on the volume formula. While T4 stated that the teacher intended to use non-standard units
in the example about area, he stated that he did not understand the reason for the second solution of
the students. He reported that the first group found the area over the number of small rectangles. The

participant stated that he did not know exactly what the second group intended.

On the other hand, this participant noticed that the students referred to the long side of the
small rectangle, but could not explain why. Regarding the second example, this participant stated that
the teacher aimed to develop an interpretive point of view that allows children to find the object's
volume by giving different units. Concerning possible student solutions, this participant answered 24,
similar to the previous participants. However, this participant noticed that different results were
obtained when he used the lengths of the small unit. He thought about the reason for this, but could not
conclude. The teacher coded as T5 stated that he did not understand the purpose of the teacher in the
example. This participant could not interpret the solution of the second group in the student solutions
in the same example. In addition, this teacher stated that he would not apply such a question to his
students. The participant stated that the teacher might have asked for the unit change to observe in the

second example and stated that the possible answer would be 24 units. The participant coded as T5
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could not foresee the possible student error and made the same error himself. The participant who was
coded as T6 expressed the difference between the two solutions after thinking about the first example
making drawings. This participant stated that in the first solution, the area is calculated in units of the
small rectangle, and in the second solution, it is calculated over the long side of the small rectangle. T6
also stated that the teacher wanted to emphasize the importance of using units and that all unit lengths
should be equal (unit square). In addition, this participant stated that since the unit cube is not given in
the second example, different student answers may be given due to the placement of the unit. The
participant stated that these situations were asked to show unit square and unit cube use. T6 was able

to interpret the students’ solutions and predicted possible student errors.

On the other hand, the participants coded as T1, T2, T4 and T5 did not realize the possible
student errors and made a similar error. This situation shows that the participants have serious
problems using non-standard units. In the last part of the study, the difficulties experienced by
mathematics teachers in teaching the unit concept and their views on coping with these difficulties are

discussed. The codes related to these are given in Table 4.

Table 4. Difficulties regarding the teaching of the unit concept and potential solutions

Person having Difficulty Solution Participant
difficulty codes
Not being able to comprehend T3, T2, T5, T6
Being abstract Visualization T1, T2, T4, T5
Students Transformations, Transitions Use of materials, T1, T4, T5
Individual differences Concretization T2, T6
Teacher Conceptual difficulties T1, T5, T6
Student/teacher Route teaching and learning T3, T1
Lack of any example in daily life Examples from daily T4, T5
Teacher Not using in-depth information, life, T3, T4, Té6
using superficial information Using opportunities
Student/teacher Use of a nonstandard unit Using the unit square T3, T4, T6
and cube

As can be seen in Table 4 the difficulties reported by the participants are divided into two
categories: difficulties experienced by teachers and difficulties experienced by students. Regarding the
latter, the participants mentioned the students’ inability to comprehend the topic and the abstract nature
of the topics. Concerning the difficulties experienced by teachers the following are reported: lack of
examples of the topic in daily life. Participants reported that small size units (Im, 1cm, Imm) are easy
to discuss in clasrooms, but it is hard to discuss large units (1 hm, 1 km). They suggested that using
daily life examples, visuals and concrete examples may reduce the problems. In addition, the
participants stated that students and teachers experienced difficulties using non-standard units. The use

of unit square and unit cube is suggested to reduce this difficulty. In exemplary cases, it has been
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observed that teachers have difficulties in regard to this. Below are the statements of T5 about the
difficulties he experienced.
“ If there is no unit written next to the number, it becomes difficult for us to understand it. For
example, the children wants to see 1 kilometer, when we show him 1 millimeter or 1 meter, they
cannot fully understand them. In these cases, visuals can be used or questions can be asked such

as let's calculate how long we will walk. In this way, connections can be made with real-world
events...”

Below is the statements of a participant in regard to the use of a non-standard unit and the use
of concrete examples.
” When we use a rectangle as a unit concept, the children may be confused because the short
and long sides of the rectangle have different lengths. Therefore, we must use a square which
have the same side lengths. In other words, all the side lengths of our unit must be equal.
Otherwise, when we use shapes with different side lengths, different answers may come from
the children. If they are not very familiar with the concept of square and cube, it is more useful
to use concrete examples. For example, when we say you are turning a Rubik’s cube, the
students understand and they say that it has 3 dimensions. Or, if the child already knows what

a square is and what a cube is from their knowledge gained at primary school, he has no
difficulty in unit concept. But if the students do not know them, they have difficulty....”(T6)

T6 clearly states the sources of difficulty in the use of non-standard units. In addition, the
participant emphasized the importance of the use of concrete examples. The statements of T2 in regard
to the difficulties experienced by students are given as follows:

“Difficulties in understanding the unit concept are related to the children’s understanding of

abstract and concrete concepts. For this reason, these subjects need to be supported visually so
that they can clearly understand the unit here....”(T2)

Discussion, conclusion and suggestions

In this study, in which the content knowledge of mathematics teachers on the concept of unit in
measurement in mathematics education was examined, it is found that most of the participants
considered the concept of unit as length, perimeter, area and volume, and regarded it in terms of
standard measurement units. Under the first theme the participants consider it important to make sense
of the concept of unit, size, belonging (indicating which one belongs to length, area or volume in the
use of standard units), importance and making sense of numerical data (that is, numerical expressions
used without units are meaningless) were mainly expressed. Under the use theme, measuring and
standardization have been the concepts that are used more frequently. In particular, it was stated by the
participants that great importance was attached to have a student to write the units in order to make
the result meaningful. Therefore, the participants do not have apparent deficiencies in terms of their

common content knowledge.

While different answers were expressed by all participants with the product of the sides from
the codes based on the participants' views gathered under the operational theme of unit square and unit
cube formation, it is seen that very few participants specified unit repetition, covering, filling and

association under the conceptual theme. This was interpreted as the participants’ emphasis on
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procedural understanding. Studies that draw attention to the nature of the knowledge that mathematics
teachers should have emphasized that teachers’ mathematical knowledge should be both relational and
in-depth (Ball, 1988; Ball et al., 2005). In the study where the field knowledge was examined through
examples, the deficiencies in the special content knowledge of the participants were observed. It was
expected that the mathematics teachers would realize that the area of the rectangle can be found as a
result of the repetition of the units and the determination of the repetition number, and that this
repetition is made in a certain order (Ciftci, 2015). In other words, unit squares should be handled in a
certain order along columns and rows. If the covering action is done in a certain order, it can facilitate
measurement (Van de Walle, Karp, and Bay-Williams, 2012). It is seen that only two of the participants
talked about the rank order and only one teacher talked about the unit repetition. A study examining
primary school teachers’ knowledge on the basic concepts of length, area and volume found that the
participants had limited understanding of area measurement. Therefore, they did not have much

information about how students structured the area measurement process (O’Keefe and Bobis, 2008).

The teachers stated that the area formula is based on calculating the total number of unit squares
more easily and that the number of columns and rows should be multiplied to calculate this total
number of unit squares. However, in the example given for the area concept, the participants could not
interpret the students' solutions except for one participant. Similarly, Simon and Blume (1994) reached
similar results in their study on pre-service teachers. It was found that the participants had severe
deficiencies in revealing the patterns in students’ incorrect solutions regarding the unit concept and in
recognizing the generalizations developed by the students. It has been observed that the same incorrect
solution was given by the teacher, aside from the fact that the source of the error was not noticed. In
parallel with this result, it was reported in the study of Esen and Cakiroglu (2012) that the incorrect
student solution was not noticed by some of the participants who repeated the same incorrect answer.
When the views of the participants are examined in terms of horizon content knowledge, it is seen that
the concept of unit and the subject of exponential expressions are associated with using units on the
number line in rational numbers, the use of units for graphs and square root expressions. However, it
is seen that only two participants made these associations. Finally, it is found that the difficulties
experienced regarding the unit concept were divided into two groups: the difficulties experienced by
the teacher and those experienced by the student. It is stated that students have difficulties in
comprehension and transformations of the concepts due to their abstractness and that teachers have
difficulties in expressing some units because they are not used much in daily life. When the studies on
measurement are examined, it is seen that students generally have difficulty in conceptual learning
about measurement and the topics are understood as formulas learned by rote without making sense
of them (Battista and Clements, 1996; Dagli and Peker, 2012; Karaca, 2014; Moyer, 2001; Tan-Sisman and

Aksu, 2016). Participants suggested some solutions to overcome these problems.
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Based on the findings of this study, it is suggested that activities for the expression of the unit
concept should be added as an undergraduate course and the importance of this concept should be
emphasized. In terms of mathematics content knowledge, there is no problem in general content
knowledge, but content related to this concept can be included for special and horizon content
knowledge. It is seen that the use of non-standard units should be emphasized, especially when it is
considered that the participants could not predict students’ incorrect answers and made similar
mistakes in the use of non-standard units. Accordingly, it is thought that teachers will focus more on
the concept of unit if more acquisitions for this concept are included in the middle school program.
Therefore, problems experienced in measurement and learning might be reduced. In-service training
courses on this concept can be offered to raise awareness for both standard and non-standard units. In
order for these courses to be productive, it is recommended that group discussions should accompany
the course contents. In addition, it is recommended to conduct a study in which classroom observations

are made on the concept of the unit and in which the results of the current study are compared.

1104



KEFAD Cilt 24, Say1 2, Agustos, 2023
Kaynakca

An, S, Kulm, G., & Wu, Z. (2004). The pedagogical content knowledge of middle school, mathematics
teachers in China and the US. Journal of Mathematics Teacher Education, 7(2), 145-172. doi:

10.1023/b:jmte.0000021943.35739.1c

Ball, D. L. (1988). Knowledge and Reasoning in Mathematical Pedagogy: Examining What Prospective Teachers
Bring to Teacher Education. Unpublished Doctoral Dissertation, Michigan State University, East
Lansing.

Ball, D. L., Hill, H. C., & Bass, H. (2005). Knowing mathematics for teaching: Who knows mathematics
well enough to teach third grade, and how can we decide?. American Educator, 29(1), 14-17.
http://hdl.handle.net/2027.42/65072

Ball, D. L., Thames, M. H., & Phelps, G. (2008). Content knowledge for teaching: What makes it special?
Journal of Teacher Education, 59(5), 389-407. doi: 10.1177/0022487108324554.

Battista, M. T. & Clements, D. H. (1996). Students' understanding of threedimensional rectangular

arrays of cubes. Journal of Research in Mathematics Education, 27(3), 258-292.

Bright, G. W. (1976). Estimation as part of learning to measure. National Council of Teachers of Mathematics
Yearbook.

Creswell, J. W. (2007). Qualitative inquiry and research design: Choosing among five approaches. Thousands
Oaks, CA: SAGE Publications.

Cavus-Erdem. Z. (2018). Matematiksel modelleme etkinliklerine dayali 63renim siirecinin alan dlgme konusu
baglaminda incelenmesi. Yayinlanmamig Doktora Tezi, Adiyaman Universitesi, Egitim Bilimleri

Enstitiisii, Adiyaman.

Ciftci, S. K., (2015). Ortaokul matematik 6gretmenlerinin alan bilgilerinin 63retim materyali gelistirme temelli
mesleki gelisim ¢alismast baglaminda incelenmesi. Yaymnlanmamis Doktora tezi, Hacettepe

Universitesi, Egitim Bilimleri Enstitiisii, Ankara.

Dagli, H. & Peker, M. (2012). [lkégretim 5. smif dgrencileri geometrik sekillerin cevre uzunlugunu
hesaplamaya iliskin ne biliyor? Kuramsal Egitimbilim  Dergisi, 5(3), 330-351.
http://www keg.aku.edu.tr/

Esen, Y., & Cakiroglu, E. (2012). Tlkégretim matematik 6gretmen adaylarinin hacim 6lgmede birim
kullanmaya yonelik kavrayislart. MAT-DER Matematik Egitimi Dergisi, 1(1), 21-30.
https://dergipark.org.tr/fen/pub/med/issue/10435/127798.

Franke, M. L., Carpenter, T. P., Levi, L., & Fennema, E. (2001). Capturing teachers’ generative change:

A follow-up study of professional development in mathematics. American Educational Research

Journal, 38(3), 653-689. https://doi.org/10.3102/00028312038003653.



Satan, N., & Gelbal, S.

Fraenkel, J. R., & Wallen, N.E. (2012): How to design and evaluate research in education. (8. Baski). New

York: McGraw-Hill international Edition.

Hiebert, J., Gallimore, R., & Stigler, J. W. (2002). A knowledge base for the teaching profession: What
would it look like and how can we get one? Educational Researcher, 31(5), 3-15.

https://doi.org/10.3102/0013189X031005003.

Hill, H. C,, Blunk, M. L., Charalambous, C. Y., Lewis, J. M., Phelps, G. C,, Sleep, L., & Ball, D. L. (2008).
Mathematical knowledge for teaching and the mathematical quality of instruction: An
exploratory study. Cognition and Instruction, 26(4), 430-
511.https://doi.org/10.1080/07370000802177235.

Hill, H. C, Schilling, S. G., & Ball, D. L. (2004). Developing measures of teachers’ mathematics
knowledge  for  teaching. @ The  Elementary  School  Journal, — 105(1),  11-30.

https://sii.soe.umich.edu/newsite_temp/documents/hill_schill_ball.db.r59E46.

Isiksal, M. (2006). A study on pre-service elementary mathematics teachers’ subject matter knowledge and
pedagogical content knowledge regarding the multiplication and division of fractions. Unpublished
Doctoral Dissertation, Institute of Education Sciences, Middle East Technical University,

Ankara.

Karaca, Aydm. O. (2014). 8. sunif Ggrencilerin uzunluk, alan ve hacim 6lgme kavramlarim anlamaya iliskin
yeterliliklerinin incelenmesi. Yaymlanmamuis Yiiksek Lisans Tezi, Egitim Bilimleri Enstitiisii,

Karadeniz Teknik Universitesi, Trabzon.
Milli Egitim Bakanlig1 (2009). 6-8. Siniflar 6gretim programi. Ankara: Talim ve Terbiye Kurulu Bagkanlig1.

Milli Egitim Bakanhg: (2018). Matematik dersi 6gretim programi (Ilkokul ve ortaokul 1, 2, 3, 4, 5, 6, 7 ve 8.
stniflar). Ankara: MEB Yayinlar.

Moyer, P. S. (2001). Are we having fun yet? How teachers use manipulatives to teach mathematics.
Educational Studies in Mathematics, 47(2), 175-197.

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1054&context=teal _facpub

Olkun, S. & Toluk Ugar, Z. (2007). Ilkégretimde etkinlik temelli matematik 6gretimi. (3.baski) Ankara: Maya

Akademi Yayin Dagitim.

O’Keefe, M., & Bobis, J. (2008). Primary teachers’ perceptions of their knowledge and understanding of
measurement. In M. Goss, R. Brown, & K. Makar (Eds), Navigating currents a directions (pp. 391-
398). Brisbane, OLD: MERGA.

Ozmantar, M. F. & Bingdlbali, E. (2009). Siuf &gretmenleri ve matematiksel zorluklari. Gaziantep
Universitesi Sosyal Bilimler Dergisi, 8(2), 401-427.
https://eds.s.ebscohost.com/eds/pdfviewer/pdfviewer?vid=0&sid=6dbc652f-f9d5-4b80-8767-
1ba5ee2bd765%40redis.

1106



KEFAD Cilt 24, Say1 2, Agustos, 2023

Patton, M. Q. (2002). Two decades of developments in qualitative inquiry: A personal, experiential

perspective. Qualitative social work, 1(3), 261-283. https://doi.org/10.1177/1473325002001003636.

Rowan, B., Correnti, R., & Miller, R. (2002). What large-scale survey research tells us about teacher
effects on student achievement: insights from the prospects study of elementary schools. The
Teachers College Record, 104(8), 1525-1567. https://doi.org/10.1111/1467-9620.00212.

Shulman, L. (1986). Those who understand: Knowledge growth in teaching. Educational Researcher, 15(2),
4-14. https://doi.org/10.3102/0013189X015002004.

Simon, M. A., & Blume, G. W. (1994). Mathematical modeling as a component of understanding ratio-
as-measure: A study of prospective elementary teachers. The Journal of Mathematical Behavior,
13(2), 183-197. https://doi.org/10.1016/0732-3123(94)90022-1

Tan-Sisman, G. & Aksu, M. (2016). A study on sixth grade students” misconceptions and errors in spatial
measurement: Length, area, and volume. Infernational Journal of Science and Mathematics
Education, 14: 1293-1319. https://doi.org/10.1007/s10763-015-9642-5

Van De Walle, J. A., Karp, K. S. & Bay-Williams, ]J. M. (2012). Ilkokul ve ortaokul matematigi: Gelisimsel
yaklasimla 6gretim (Cev. S. Durmus). Ankara: Nobel Yayincilik.

Wayne, A. J., & Youngs, P. (2003). Teacher characteristics and student achievement gains: A review.
Review of Educational Research, 73(1), 89- 122. https://doi.org/10.3102/00346543073001089

Yildirim, A. & Simsek, H. (2018). Sosyal bilimlerde nitel arastirma yontemleri. (11. Baski). Ankara: Seckin
Yayinevi. s.242-243.



