KEFAD

http://kefad.ahievran.edu.tr

KEFAD Cilt 23, (Ozel Say), 2022

Ahi Evran Universitesi
Kirsehir Egitim Fakiiltesi Dergisi

ISSN: 2147 - 1037

Mathematics Teachers’ Instructional Explanations and Estimation

Skills about Area Measurement

Simge Sayin
Umare Ozdemir
Ayse Tugba Oner

Article Information

Abstract

@ CrossMark

DOI: 10.29299/kefad.997703

Received:  20.09.2021
Revised: 13.02.2022
Accepted:  17.03.2022

Keywords:
Instructional Explanation,

Secondary School
Mathematics Teachers,

Estimation Skill,

Measurement Estimation

Teachers develop instructional explanations with their pedagogical content
knowledge. These explanations are effective on students' learning. This study aims to
determine instructional explanations of mathematics teachers about area measurement,
whether they use measurement estimation skills in their instructional explanations,
and what strategies they use if they do. The study was conducted with 12 middle
school mathematics teachers within various years of experience. Instructional
explanations were obtained by semi-structured interviews and analyzed descriptively
according to understanding levels that were developed by Kinach (2002a).
Measurement estimation skills were also examined. The study concluded that teachers’
instructional explanations are mainly at the instrumental level. In the sub-categories of
this level, they are mostly distributed as directly expressing the rules and relations and
directly expressing how a procedure will be applied. Teachers made an instructional
explanation by including the estimation skill in the question that obviously required
estimation but did not mention estimation in other questions. The reference point
strategy was used by teachers. Last, teachers’ measurement estimation was found
partially correct because of not using any numerical explanation about area
measurement.
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Ogretmenler sahip olduklari pedagojik alan bilgisi dogrultusunda 6gretimsel agiklamalar
gelistirirler ve bu agiklamalar Ogrencilerin Ogrenmeleri iizerinde c¢ok etkilidir. Bu
calismanin amaci matematik Ogretmenlerinin alan 6lgme konusundaki &gretimsel
agiklamalarimi incelemek, Ogretimsel agiklamalarinda Ol¢lim tahmini becerisi kullanip
kullanmadiklarin tespit etmek ve kullaniyorlarsa hangi stratejiler oldugunu belirlemektir.
Farkli kidem yillarina sahip 12 ortaokul matematik gretmeni ile gerceklestirilen ¢alismada
Ogretimsel aciklamalar yari yapilandirilmis goriisme formuyla elde edilmis ve Kinach
(2002a) tarafindan gelistirilen anlama d{izeyleri cercevesinde betimsel olarak analiz
edilmigtir. Ayrica Slgiim tahmini becerileri de incelenmistir. Ogretmenlerin Ggretimsel
acgiklamalarinin islemsel diizeyde yogunlastigi, bu diizeyin alt kategorilerinde ise en ¢ok,
kural ve iliskileri dogrudan ifade etme ve bir prosediiriin nasil uygulanacagmi dogrudan
ifade etme olarak dagildigi belirlenmistir. Ogretmenler tahmin gerektirdigi belli olan
soruda tahmin becerisine yer vererek Ogretimsel acgiklama yapmis, diger sorularda
tahminden s6z etmemislerdir. Tahmine iliskin yapilan aciklamalarda referans alma
stratejisi kullamilmig, tahmin sonuglari sayisal veri icermediginden kismi tahmin olarak
degerlendirilmistir.
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Her derste oldugu gibi matematik dersinde de en 6nemli rollerden birisini 6gretmen {istlenir.
Ogretmen, Ogretim programlari gercevesinde rehber (Altun, 2004) rolii iistlenerek dersin
yiiritiilmesini saglayan temel kisidir. Ogrenme-dgretme siireclerinde bir 6gretmende aranan en kritik
ozellik Ogretmenin matematik alan bilgisidir ki; bu bilgi matematik 6grenme-6gretme siirecinde
varilmak istenen sonuglara ve hedeflenen matematiksel kavramlarin 6grenme ve uygulanabilme
iligkilidir (Shulman, 1986). Matematigi 6gretmek icin yapilandirilan bu bilgi, pedagojik alan bilgisi
olarak adlandirilmaktadir ki (Shulman, 1986), matematikgiler ile matematik egitimcilerini birbirinden
ayiran ozelliktir. Ogretmen, sahip oldugu matematiksel bilgiyi, pedagojik alan bilgisi sayesinde
Ogrencinin biligsel diizeyine uygun olarak ve matematigin soyut diinyasini anlagilir kilacak sekilde
ogretimsel olarak aciklar (Ma, 2010). Ogretimsel agiklamalar matematik 6gretmeninin matematik dersi
baglaminda 6grenciye sundugu tiim iceriktir (Leinhardt, 2010) ve “bir 6grenci ya da 6grenci grubuna

Ozel bir 6gretim amaciyla tasarlanmis agiklamalardir” (Leinhardt ve Steele, 2005, s. 90).

Ogretmenlerin matematik alan bilgileri ile bu bilgileri anlama diizeyleri 6gretimsel
agiklamalarina dogrudan yansimaktadir (Kinach, 2002a; 2002b). Iyi &gretimsel agiklamanin nasil
olacagina ve nelere bagl olduguna iliskin matematik 6gretmen adaylariyla calisan Kinach (2002a;
2002b), ogretmenlerin ogretimsel agiklamalarinin matematigi anlama diizeyleriyle iliskili oldugunu

ifade etmis ve matematigi anlama diizeylerini siniflandirmstir.
Anlama Diizeyleri

Calismanin teorik cergevesini Kinach (2002a) anlama diizeyleri olusturmaktadir. Kinach
(2002a), ogretimsel agiklamalara iliskin kuramsal yapiyir Skemp (1978) tarafindan ortaya konulan
islemsel (instrumental) ve iligkisel (relational) olarak matematigi anlama ayrimin kullanip, Perkins ve
Simmons (1988)'1n gelistirdigi matematiksel ve bilimsel kavramlar1 derinlemesine anlamaya ait bilgi
diizeyleri olan igerik/konu (content), kavram (concept), problem ¢O6zme, epistemik ve
arastirma/sorgulama (inquiry) diizeyleri {izerinde degisiklikler yaparak insa etmistir. Boylelikle
Kinach anlama diizeylerini islemsel ve iliskisel olarak iki kissmda ayirmustir. Igerik/konu (content)
diizeyi anlama islemsel anlama olarak; kavram, problem ¢dzme, epistemik ve arastirma/sorgulama
diizeylerini ise iligkisel anlama altinda siiflandirmigtir. Bu diizeyler hiyerarsik olmamakla beraber
sadece bilgi ya da anlama diizeylerini belirtmek amaciyla tasarlanmis ayn1 zamanda birbirlerinden
ayrik degillerdir yani bir diizeyde yasanan durum kisinin bakis agisina gore digerine ait de olabilir.
Islemsel diizeyi anlama ki igerik/konu diizeyi anlama da denilebilir, matematiksel bilgi dogrudan
sunulur ve kurallar, formiiller, ezberlenecek Ogeler yer alir, matematiksel bilginin

dayanaklandirilmas;, iligskilendirilmesi s6z konusu degildir, bilgi sadece islemleri siirdiirecek kadardir
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(Kinach, 2002a). Bu diizeyde bilgi 6grenciler tarafindan kazanilmak yerine direkt alinir ve en yiizeysel

anlama diizeyidir.

Miskisel diizey anlamanin ilk sinifi olan kavram diizeyi anlama, matematiksel bilginin 6n
ogrenmelerle iligskilendirilmesinin yapildigi, tanim, kural ve islemlerin ne anlama geldiginin
acgiklandigi, say1 dogrusu, cebir karolar1 gibi materyallerin kullanilmasiyla altta yatan matematiksel
fikirlerin ortaya ¢ikarilmasinin amaclandigi, oriintiilerin ve iligkilerin belirlendigi diizeydir (Kinach,
2002a). Analitik stratejilerden yararlanarak alternatif ¢oziimler {izerinde sorgulama ve tartismanin
yapildigi, ¢oziime iliskin yapilacaklarin problem baglaminin mantigindan, hikayesinden ve
matematiksel sembollerin anlamindan c¢ikarilmasimin amaglandigi diizey problem ¢6zme diizeyi
anlama olarak tanimlanmistir (Kinach, 2002a). Bu diizeyde Oriintii bulma, benzer problem ¢6zme,
geriye dogru calisma veya bir durumu farkli durumlara uygulama gibi problem ¢6zmeye yonelik
adimlar da mevcuttur. Matematiksel baglantilarin sebeplerinin bilimsel olarak ispatlandigi, bilginin
kaynag1 ya da nasil test edildigi gibi bilgiye dair bilgilerin oldugu diizey ise epistemik diizey
anlamadir (Kinach, 2002a; 2002b). Yeni bir bilginin ya da teorinin {iretildigi, 6grencilerin yeni
matematiksel iliskiler kegfetmeye yoneldikleri, problem kurduklar1 ve sorguladiklar
arastirma/sorgulama diizeyi anlama (Kinach, 2002a) olarak tanimlanmigstir. Eger bir sinif ortaminda
bir kavram 0gretimi anlatarak olusturuluyorsa arastirma/sorgulama diizeyi anlamanin ortaya ¢itkmasi

miimkiin degildir (Kinach, 2002a).

Kaliteli 6gretimsel agiklamalar, 6grencilerin onceki kavram ve becerilerinin iistiine insa
edilmesi, onlarin kavram yanilgilarini ve yasadiklar1 zorluklar1 dikkate alarak hazirlanmasi, dikkatle
secilmis gosterimlerin ve aralarindaki baglantinin kullanilmasi, anlamli ve dogru bilgilerin sunulmasi
ve islemde yer alan adimlarin anlamlandirilarak tanimlanmasi gibi o0zellikleri igermelidir
(Charalambous, Hill ve Ball, 2011). Ogretmenin uygulamak istedigi &gretim modeli, modelin
uygulanis bigimi, ders kitab1 igerikleri, Ogretmenin kullandig1 benzetmeler, giinliik yasamla
iliskilendirme c¢abalar1 ve analojiler, &grencinin Ogrenme eyleminde neyi, ne kadar ve nasil
dgrenecegini cok derinden etkilemektedir (Bingdlbali ve Ozmantar, 2015) ve bu baglamda gretimsel
agiklamalarin dogru secilmemesi 6grencinin kavram yanilgilari olusturmasina ya da ezberleyerek
anlamli bir 6grenme gerceklestirememesine neden olabilir. Ogretimsel aciklamalarin  farkh
cergevelerle incelendigi (bkz. Baki, 2013; Charalambous ve digerleri, 2011; Karakus, 2017; Levenson,
Tirosh ve Tsamir, 2006; Sirmaci ve Gokkurt Ozdemir, 2016; Thanheiser, 2009) goriilmektedir; ancak
Kinach (2002a,200b) tarafindan sunulan matematiksel kavramlari anlama diizeyleri kullanilarak
Ogretimsel agiklamalarin incelendigi calismalar 6zellikle sayilar ve islemler 6grenme alanlarinda
yogunlasmaktadir (bkz. Alkan, 2016; Gokkurt, Sahin ve Soylu, 2012; Kinach 2002a, 2002b; Korkmaz,
2021; Toluk Ugar, 2010, 2011). Ayrica veri isleme (Akyildiz, 2019) ve cebir (Giiler ve Celik, 2016)
O0grenme alanlarinda da smirli sayida ¢alisma bulunmaktadir. Calismalar, siuf 6gretmeni adaylari

(Toluk Ugar, 2010, 2011), matematik 6gretmeni adaylar1 (Akyildiz, 2019; Giiler ve Celik, 2016; Kinach,
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2002a, 2002b; Toluk, 2011), sinif dgretmenleri (Korkmaz, 2021) ve matematik ogretmenleri (Alkan,
2016; Gokkurt ve digerleri, 2012; Korkmaz, 2021) ile gerceklestirilmistir. Bu ¢alismalarin bulgular:
incelendiginde ise katilimcilar 6gretmen aday1 da olsa 6gretmen de olsa Ogretimsel agiklamalarinin
yogunlukla islemsel diizeyde olmasi (Alkan, 2016; Akyildiz, 2019; Gokkurt ve digerleri, 2012; Giiler ve
Celik, 2016; Kinach 2002a, 2002b; Korkmaz, 2021; Toluk Ugar, 2010, 2011) dikkat cekici bir sonucken,
iliskisel diizeyde (Akyildiz, 2019; Kinach 2002a, 2002b) 6zellikle kavram (Alkan, 2016; Giiler ve Celik,
2016) ve problem ¢ozme (Korkmaz, 2021) anlama diizeyinde simirli sayida katihmeci agiklamasi

oldugu goriilmektedir.
Ol¢iim Tahmini

Olgme; giinliik yasamda &rnekleri sikga goriilen, énemli bir konu oldugu herkes tarafindan
ifade edilen (Zembat, 2015), Milli Egitim Bakanligi (MEB) matematik dersi 6gretim programinda (1-8.
smiflar) her sinif seviyesinde yer alan matematik 6grenme alanlarindan biridir. Matematigin temel
konularindan olan 6l¢me konusuna iliskin dgrencilerin 6grenme ¢iktilar1 incelendiginde, 6lgme
kavramlarmi Ogrenmede ve bu kavramlar iliskilendirmede giiclitk yasadiklar1 ve formiilleri

ezberleyerek sonuca ulasmaya calistiklar1 goriilmiistiir (Dagli, 2010; Tan Sisman ve Aksu, 2009).

Tahmin konusu yigmn tahmin, islemsel tahmin ve 6l¢iim tahmini olarak {i¢ bashk altinda
incelenmistir (Berry, 1998; Dowker, 1992). Birden fazla nesnenin bir araya geldiginde olusturdugu
¢oklugun sayismin belirlenmesi yigin tahmin (Akkusci, 2019), matematiksel islem ve matematik
problemlerinin sonucunu bulmada hesaplama yapmadan, en uygun ve gergege yakin sonuglar
verilmesi islemsel tahmin (Dowker, 1997), bir nesnenin 0l¢iilerinin 6l¢gme araci kullanilmadan yaklastk

olarak belirlenmesi ise 6l¢tim tahmini (Budak, 2019) olarak tanimlanmustir.

Tahmin, 6l¢gmenin giinlitk yasama yansidigl, ayni zamanda da 6grencilerin zorlandig1 bir
beceridir ve bu nedenle 6l¢gme konularmin 6gretimi yapilirken tahmin iceren 6rneklere, etkinliklere
yer verilmesi Ogrencilerin tahmin becerisini kazanmalarina ve gelistirmelerine imkan vermektedir
(Satan, 2020). Kisiler giinliik yasamda sik¢a kullanilan tahmin becerisinde sonuca en yakin degere
ulasmak i¢in gesitli kisa yollar kullanirlar, bu kisa yollar da tahmin stratejisi olarak ifade edilmektedir
(Van de Walle, Karp ve Bay-Williams, 2019). Olgiim tahmininde kullanilan bazi stratejiler; birim
tekrari, fiziksel olarak orada olan ya da olmayan bir refensla karsilastirma, sikistirma, alt boliimlere
ayirma, on bilgileri kullanma, zihinsel metre olarak ifade edilmektedir (Gooya, Khosroshahi ve Teppo,

2011).

Olgiim tahmini ve kullanilan stratejiler ile ilgili caligmalar incelendiginde 6grencilerin dlgiim
tahmini stratejilerini kullanmada zayif olduklar goriilmiistiir (Bulut ve Sener, 2017; Kumandas ve
Giindiiz, 2014; Tekinkir, 2008). Ayrica smif diizeyinin artmasiyla kullanilan 6l¢iim tahmini stratejileri
de zenginlesmektedir (Kumandas ve Giindiiz, 2014; Siegel, Goldsmith ve Madson, 1982; Tekinkir,

2008). Boz Yaman ve Bulut (2017) 6gretmenler ile yaptiklar: ¢alismada 6gretmenlerin genel olarak
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tahmin becerilerinin ve kullanilan stratejilerin farkinda olmalarina ragmen, 6gretimde bu becerilere

¢ok fazla yer vermediklerini belirtmislerdir.

Ol¢menin matematigin onemli ve temel konularindan olmasi, 6l¢menin alt 6grenme alanlar:
olan uzunluk 6l¢me, alan 6l¢gme, hacim 6l¢gme ve 06l¢ii birimlerinin doniistiiriilmesi gibi konularmnda
ogrencilerin formiil odakli hareket etmeleri ve yasadiklar: zorluklar (Tan Sisman ve Aksu, 2009), MEB
matematik 6gretim programinin 6zel amaglari ve kazanimlar1 arasinda tahmin becerisinin 6nemli bir
beceri olarak yer almasi ve ayrica kazanimlarda da deginilmesi, ancak 6gretmenlerin derslerinde
tahmin becerisine yeteri kadar yer vermemeleri (Boz Yaman ve Bulut, 2017), alanyazinda 6l¢me
alanina ve oOzelinde de alan Olgmeye iliskin Ogretimsel aciklamalari konu edinen bir calismaya
rastlanilmamis olmasi sebebiyle bu c¢alismanin alanyazina katki saglayacag: diistiniilmektedir.
Alanyazinda Ogretmen veya Ogretmen adaylarmnin Ogretimsel agiklamalarinin islemsel diizeyde
yogunlasiyor olmasi bilginin kurallar ve prosediirlere bagli olarak Ogrencilere aktarilmasina,
dolayisiyla 6grencilerde kavramsal bir anlamanin olusmamasina sebep olabilmektedir. Alan 6lgme
kavramina dair matematik 6gretim programinda yer alan kazanimlar incelendiginde ise 6grencilerden
beklenenin verilen bir geometrik seklin alan bagintisini olusturma oldugu goriilmektedir (MEB, 2018).
Ogrencilere kazandirilmaya calisilan bu hedefler kavramsal anlamay:1 gerektirirken, matematik
ogretmenlerinin bu konulara dair anlamalarinin 6grencilerin anlama diizeylerini etkileyecegi goz
oniinde bulunduruldugunda, 6gretmenlerinin 6gretimsel actklamalarinin hangi matematiksel anlama
diizeyinde oldugunu belirlemenin incelenmesi biiyiik 6nem tasimaktadir. Ayrica bu agiklamalarda
tahmin becerisine ne kadar yer verildiginin arastirilmasi da bir baska deginilmesi gereken noktadir
¢iinkii matematik Ogretim programinda Ozellikle tahmin becerisinin kazandirilmasma yonelik

agiklamalar yer almaktadir (MEB, 2018).

Calismanin amacit matematik Ogretmenlerinin alan o6l¢gme konusunda olusturduklari
Ogretimsel agiklamalari Kinach (2002a) matematigi anlama diizeyleri baglaminda degerlendirmek,
ogretimsel agiklamalarinda tahmin becerisi kullanip kullanmadiklarin tespit etmek ve kullaniyorlarsa

hangi stratejiler oldugunu belirlemektir. Bu amacla su arastirma sorularina yanit aranmustir:

1. Matematik 6gretmenlerinin alan 6l¢gme konusuna yonelik 6gretimsel agiklamalar1 anlama

diizeylerine gore incelendiginde nasildir?

2. Matematik 6gretmenlerinin alan 6l¢me konusuna yonelik 6gretimsel agiklamalar: tahmin

becerisi kullanimi agisindan nasildir?
Yontem

Matematik 6gretmenlerinin alan 6l¢gme konusuna ait matematik problemlerinin ¢dziimiinde
kullandiklar1 6gretimsel agiklamalar: anlama diizeyleri baglaminda ortaya ¢ikarmak ve 6l¢tim tahmini
becerilerine yer verip vermediklerini belirlemek amaciyla tasarlanmis bu calisma nitel bir

arastirmadir. Bu tip arastirmalar, “g6zlem, goriisme ve dokiiman analizi gibi nitel veri toplama
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yontemlerinin kullanildigi, algilarin ve olaylarin dogal ortaminda gercekgi ve biitiinciil bir bigimde
ortaya konmasina yonelik nitel bir siirecin izlendigi” (Yildirim ve Simsek, 2016, sy. 41) arastirmalardir.
Genel nitel arastirmalar (generic qualitative inquiry), nitel yontemlerin kullanildig1 ancak bilinen nitel
aragtirma yaklasimlarinin (durum ¢alismasi, olgubilim gibi) herhangi birisinin se¢ilmedigi ve sadece
arastirma sorusunun cevaplandirilmaya calisildig1 arastirmalardir (Patton, 2015). Bu ¢alismada
matematik 6gretmenlerinin alan 6l¢gme konusuna dair 6gretimsel agiklamalarinin anlama diizeylerine
gore belirlenmesi ve tahmin becerisine yer verip vermediklerinin, veriyorlarsa ne gibi strateijler
kullandiklarinin tanimlanmas: amaglandig1 igin Patton (2015)'mn belirttigi genel nitel arastirma
kullanilmisgtir. Ogretimsel acgiklamalar1 belirlemek i¢in sinif ortaminda gozlem ya da goriisme gibi
farkli yollar kullanilabilir. Goriigsmelerin kisilerin diistincelerini, duygularmi agiga ¢ikarmada
kullanilan giiglii bir yontem (Bogdan ve Biklen, 1992) olusu ve ayn1 zamanda ¢alismanin yiriitildiigii
donemde salgin sebebiyle smif ortaminda gozlem yapmanin zorlayici olmasindan dolay1 goriisme
yoluyla veri elde etmenin daha uygun olacag: diisliniilmiistiir. Calismada kuramsal cerceve olarak
kabul edilen ve Kinach (2002a) tarafindan uyarlanmis olan matematigi anlama dtizeyleri kullanilarak

betimsel analiz yoluyla veri analizi gerceklestirilmistir.
Calisma Grubu

Arastirmanin ¢alisma grubu, amagh 6rnekleme yontemi ile belirlenmistir. Nitel ¢alismalarda
calisma grubuna karar verilirken genelleme yapmaktan ziyade ayrintili agiklama yapmak
amaglandigindan (Creswell, 2012) katilimcilarin sec¢iminde g¢alismanin amacina uygun olarak belli
bazi kriterlere uyup uymadiklarina dikkat edilir (Johnson ve Christensen, 2014). Bu calismada yer alan
katilimailar icin aranan ilk kriter ogretmenlerin ortaokul matematik 6gretmeni olmalaridir. Ikinci
kriter ise dgretmenlerin kidem siireleridir. Ogretmenlerin 6gretim deneyimleri arttikga kavramsal
bilgilerinin de gelistigi (Abd-El-Khalick, 2006; Roehrig ve Nam, 2011), deneyim siireleriyle diisiince ve
Ogretimsel uygulamalarinda da farkliliklar oldugu (Borko ve Livingston, 1989; Leinhardt, 1989; Niess,
2005) goz oniinde bulundurularak, katilimcilarda aranacak kidem siireleri 1-5 y1l, 6-10 y1l ve 10 yil ve
iistii seklinde gruplandirilmistir. Oncelikle ka¢ katilma ile galismanin gerceklestirecegine karar
verilmistir. Katilimc1 sayisi1 belirlenirken Guest, Bunce ve Johnson (2006) veri doygunluguna iliskin
yaptiklari ¢alismada ilk alt1 goriismeyle en temel temalari {iretmede, 12 goriismeyle ise %90 {izerinde
doygunluga; ayrica Francis ve digerleri (2009) ise, on ile 17 goriismeyle veri doygunluguna ulastiklar:
goz oniinde bulundurularak 12 katilimcida karar kilinmistir. Katilimcilarin her birinin kidem yillarina
gore esit sayida (i.e. 1-5 yil 4 katilimci, 6-10 yil 4 katilimei, 10 yil ve iistii 4 katilimcr) olmasina dikkat
edilmistir. Creswell (2012) 6rnekleme stratejilerinin veri toplamaya baslamadan ya da veri toplamaya
basladiktan sonra olmak tiizere farkliik gosterdigini belirtmistir. Arastirmacilar bu asamada her bir
kidem siiresi kategorisinde katilimci elde edebilmek icin veri toplamaya baslarken amagh 6rnekleme
stratejilerin birisi olan kartopu ornekleme (Creswell, 2012) ile miilakat esnasinda katilimcilara farkl

kidem siirelerinde olan ortaokul matematik Ogretmeni tavsiye etmelerini istemis ve bu sekilde
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amagcladiklar1 farkli kidem siirelerinde olan 12 katilimciya ulasilarak calisma gergeklestirilmistir.
Katilimcilardan calismada yer almak istediklerine dair onaylari aydimnlatilmis onam formu ile

alinmigtir.
Veri Toplama Arac1

Calismada ortaokul matematik Ogretmenlerinin alan O6l¢me konusundaki ogretimsel
acgiklamalarinin Kinach (2002a)'in gelistirdigi anlama diizeyleri baglaminda belirlenmesi ve ol¢iim
tahminine yoOnelik kullandiklar1 stratejilerin agiga c¢ikarilmasi amaciyla goriisme sorular
kullanilmistir. Arastirmacilar tarafindan sekiz acik uglu matematik sorusundan olusan goriisme
sorulari, ilk olarak uzman goriisiine sunulmustur. Ug tane matematik egitimi uzmanindan goriis
almmistir. Bu goriislere gore; sorularin siralamasi degistirilmis, soruyu olusturan ifadelerde
diizenlemeler yapilmis, benzer nitelikte oldugu diisiiniilen sorular azaltilmis ve &gretmenlerden
istenenin ne oldugunun anlasilmasi i¢in ilave agiklamalar eklenmistir. Bu diizenlemeler ile goriisme
sorularinin sayisi altiya indirilmistir. Uzman goriisii sonrasinda goriisme sorular1 tizerinde revizyon
ihtiyact olip olmadigina karar vermek amaciyla pilot goriismeler yapilmigtir. Ilk pilot goriismenin
sonrasinda goriisme sorularinin sonuncusunda sorunun igeriginde yer alan farkli iki araba tiirii
katilimer tarafindan anlagilamadig igin bu soruya sdz edilen arabalara ait gorseller eklenmistir. Tkinci
pilot goriisme yapilmis ve sonrasinda herhangi bir diizenlemeye gerek duyulmamuistir. Calismanin
gerceklestirilecegi 12 katilimar ile pilot goriismeler sonrasinda karar kilinan alti soru ile miilakatlar
yapimustir. Goriisme sorularinin ilkinde 6gretmenlerden 5. siuf 6grencisine “alan” kavramini nasil
acikladigini anlatmalari istenmistir. Tkinci soruda bir dik {iggen verilmis ve altinci sinif grencilerine
dik {iggenin alaninin hesaplanmasina dair nasil bir agiklama yaptiklar1 sorulmustur. Uctincii soruda
yedinci smif 6grencilerine kdsegen uzunluklar bilinen eskenar dortgen seklindeki bir fayans ile alani
bilinen bir bélgenin kaplanmasi durumunda ihtiya¢ duyulacak fayans sayisinin bulunmasina yonelik
islemlerin yapilmasi ve agiklanmasi, dordiincii soruda dikdortgensel bir bolgenin karesel bolgelere
ayrilmasinin ortaokul diizeyinde &grencilere agiklanmasi, besinci soruda farkli alanlara sahip
dikdortgensel bolgelerin bir araya gelmesiyle olusan karesel bolgenin kenar uzunlugunun
bulunmasina iliskin acgiklamalarin yapilmasi istenmistir. Sonuncu soruda sedan ve pickup iki arag
gorselinin yer aldig1 ve araglara ait otopark bolmelerinin alanlarinin tahmin edilmesinin istendigi bir
probleme dair nasil 6gretimsel aciklama yaptiklari sorulmustur. Yar1 yapilandirilmis goriismeler
esnasinda katilmcinin ¢dziimde yer verdigi ancak agiklamadig: birim doniistiirme islemlerine dair

arastirmacilar tarafindan ek sorular yoneltilmistir. Asagida bu ek sorulara 6rnekler sunulmustur

“Peki hocam, cevirme asamasinda yani m?’den cm?‘ye cevirme asamasinda nasil bir agiklama

yapardimz?”

“Onu nasil hatirlatirsiniz hocam? 7.simiftaki 6grenci onu kazanim olarak gérmiiyor 6. Sinifta alan 6l¢ii

birimlerini goriiyor. O doniisiimii hatirlatmaniz gerektiginde ne dersiniz nasil aciklarsiniz?”
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Veri Toplama Siireci

Arastirmanin verileri bir video konferans platformu {izerinden, 12 ortaokul matematik
Ogretmeniyle yar1 yapilandirilmis goriismeler sonucunda elde edilmistir. Yar:1 yapilandirilmis
goriisme ile katilmcinin diistincelerini derinlemesine agiklamasina (Biiyiikoztiirk, Kilig Cakmak,
Akgtin, Karadeniz ve Demirel, 2020), Ogretimsel agiklamalarina yon veren temel fikirlerini
anlatmasma ve Ol¢iim tahmine yonelik agiklamalarmin ne oldugunun anlasilmasimna imkan
sunulmustur. Goriisme sirasinda, goriisme sorular1 ekrana yansitilmis ve katilimcidan, her bir
sorunun ¢oziimdiine iligskin, soruda ifade edilen 6grenci smif seviyesine uygun olarak ne tiir islemler,

anlatimlar yapacagini actklanmasi istenmistir.
Veri Analizi Siireci

Verilerin analiz edilmesine goriisme kayitlarinin transkripsiyonu ile baslanmis ve elde edilen
metinlerin betimsel analizi yapilmistir. Bu asamada ogretmenlerin oncelikle alan Ol¢meye dair
bilgisinin dogrulu kontrol edilmis, eger sorunun ¢oziimii yanlis ise 6gretmenlerin cevaplar1 analize
dahil edilmemistir. Ogretmenlerin 6gretimsel agiklamalar1 Kinach’in (2002a) gelistirmis oldugu
anlama diizeylerine gore incelemistir. Bu asamada Alkan'nin (2016) 6gretimsel agiklamalara iliskin
Kinach'in (2002a) gelistirmis oldugu anlama diizeylerine dair olusturdugu alt kategoriler baz alinarak
Ogretimsel aciklamalarin kategorilerine karar verilmistir. Alkan (2016) islemsel diizeye ait; tanim
dogrudan ifade etme (IB1), kural ve iligkileri dogrudan ifade etme (IB2), bir prosediiriin nasil
uygulanacagini dogrudan ifade etme (IB3) olarak ii¢ alt kategori belirlemistir. Arastirmacilar
tarafindan Alkan’in (2016) islemsel diizeyde belirledigi bu iig alt kategoriye ek olarak matematiksel
ogretim “hileleri” (IB4) dordiincii alt kategori olarak eklenmistir. Bu kategorinin dahil edilmesinde
Toluk Ugar (2011)m elde etmis oldugu sonuglardan ve Kinach’'mn (2002a) bahsettigi mantiksal
hilelerden yola ¢ikilarak karar verilmistir. Matematiksel 6gretim hileleri; 6gretmenlerin 6gretimsel
acgiklamalarinin matematiksel nedenlere dayanmadigi, bir tiir kolay ya da akilda kalici hikaye,
benzetme gibi durumlardan olusmaktadir (Kinach 2002a; Toluk Ugar, 2011). Tliskisel diizeyde yer alan
her bir anlama diizeyini de kendi icinde ii¢ alt kategoriye ayiran Alkan (2016) kavramsal diizeyi
aciklayicl diizey olarak tanimlamis ve bu diizeyde, tanimin ne anlama geldigini agiklama (AB1), iliski
ve Ozelliklerin ne anlama geldigini agiklama (AB2), ¢6ziim adimlarin ve gerekgelerini agiklama (AB3)
seklinde alt kategoriler gelistirmistir. Problem ¢6zme diizeyini de, aciklamalarinda modelleme gibi
analitik stratejilerden yararlanma (PB1), kavramin anlamlarim1 bir problem durumu igerisinde
kullanma (PB2), bir problemi farkli problem ¢6zme stratejilerinden yararlanarak ¢ozme (PB3);
epistemik diizeyi ise, agtklamalarinda matematiksel bilginin (ilgili konu kapsaminda) kaynagina ve
gelisimine vurgu yapma (EB1), aciklamalarinda matematigin diger disiplinlerdeki roliine vurgu
yapma (EB2), matematiksel iligkilerin altinda yatan nedenleri gerekgelendirerek ispatlama (EB3)

olarak belirlemistir (Alkan, 2016). Alkan (2016), sonuncu anlama diizeyi olan arastirma/sorgulama



Saymn, S., Ozdemir, U., & Oner, A. T.

diizeyine ait alt kategoriler belirtmedigi icin, arastirmacilar Kinach'm (2002a) agiklamalari
dogrultusunda arastirma/sorgulama diizeyine yonelik alt kategorileri su sekilde belirlemistir:
Acgiklamalarinda Ogrencileri yeni matematiksel iliskileri kesfettirmeye yonlendirme (SB1), yeni
problem durumlar1 kurdurmaya yonelik ¢alismalar gerceklestirme (SB2), ve kavramlari sorgulayici
yaklasimlara yer verme (SB3). Tablo 1’de bu calismada yer alan katilimcilar tarafindan verilen
cevaplar kullanilarak, bazi Ogretimsel aciklamalarin alt kategorilerine ait Ornek ciimlelere yer

verilmistir.

Tablo 1. Ornek 6§retimsel agiklama alt kategorileri

C)gretimsel Katilimcmin agiklamasi
Aciklama
Kategorisi

Ornek 1: 14 m? bir alan dosemek icin... Once tabii ki bunun alani bulmas: gerekiyor. Eskenar
B3 dortgenin alanini bulmas: gerekiyor. e garp: f bolii 2’den bunun alanimi buldurup
daha sonra biitiin alani boldiirmem gerekiyor

Ornek 2: Simdi mesela dikdértgenin alanini dnceden biliyorlar. Hani 5. Sinifta, onun yarisi

AB2/AB3  oldugunu gosterebilirim, kagit kesilebilir ya da dikdértgenin alanini buldurup bunun
kosegen yardimiyla ayrildigini, tam iki parcaya boliindiigiinii sdyleyip hani o yiizden
tiggenin alaninda taban carp: yiikseklik bolii iki kullandigimizi o sekilde anlatirim
yani.

Ornek 3: Sonrasinda zaten biz 7. simif 6grencilerine eskenar dértgen formiiliinii veriyoruz. Yani
B2 kosegen uzunluklar: ¢arpim bolii 2. Sonra da kaplamak istedigimiz alanin icerisinde
bu eskenar doértgenin alanindan kag tane var, diye yaptirirdim.

Ornek 4: Kamile Hamim damda, Mehmet dayim camda, merhaba merbaha, diye. Yani bu
B4 tekerleme aslinda 6grencilerin hani zihninde ¢ok daha kalicilik ortaya gikartiyor ve bu
sayede hani 6grenci birim doniistiirmede ¢ok fazla sikint1 ortaya ¢ikarmuyor.

Ornek 5: Ben &nce uzunluk kavramiyla bagliyorum, baglamayt tercih ediyorum. Tek boyuttan

AB1 iki boyuta ge¢mis oluyoruz. Alan kavramiyla birlikte tek boyuttan iki boyuta ge¢mis
oluyoruz. Oncelikle bu farkindaligi olusturmaya calistyorum. Alanda artik karsimiza
bir yiizey gikiyor. Bu tabii kare olabilir, {icgen alabiliyor, dikdortgen olabilir, daire
olabilir. [lerleyen zamanlarda 7'nci sinifta eskenar dértgen yamuk vs olabilir. Ama ilk
etapta dedigim gibi ikinci boyuta gectigimizden bahsediyorum. Ikinci boyutu oldugu
icin artik burada bir en ve bir boydan soz edebiliriz. Bu aradaki yiizeyi
doldurdugumuzu anlattyorum. Bunun igin bazen dinamik yazilimlar kullaniyoruz,
bazen tahtaya cizimler yapabiliyoruz.

Ornegin katilmcr O3 eskenar dértgenin alanina iliskin soruda Tablo 1’de yer alan &rnek
1’deki aciklamay1 yapmustir. O3 bu agiklamasinda alanin bulunmasmna iliskin sadece islem
adimlarindan s6z etmis yani bir prosediiriin nasil kullanilacagimni dogrudan ifade etme (IB3) alt

boyutunda islemsel diizeyde olan bir 6gretimsel agiklamada bulunmustur.

Katiimear O8 ise {iggenin alanma iliskin 6rnek 2'deki &gretimsel agiklamayr yapmustir:
Katilmer O8'in burada {iggenin alanimi dikdértgenin alanuyla iliskilendirerek iliski ve 6zelliklerin ne
anlama geldigini aciklama (AB2) alt boyutunda ve ayrica alan formiiliinii buldururken nereden

geldigine, yani dikdortgeni kullandigina ve bu sonuca ulasirken sekil gibi gorsel Ogelerden
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yararlandig1 icin ¢6ziim adimlarini ve gerekgelerini acgikladigi AB3 kategorisinde acgiklayici diizey bir

ogretimsel agiklamada bulundugu goriilmiigtiir.

Katiimar O10 egkenar dortgenin alaminin hesaplanmasi gereken soruda ornek 3'teki
Ogretimsel agiklamayr yapmuistir. Burada eskenar dortgen biciminde verilen fayansin alaninin
bulunmasi icin dogrudan formiil kullanimina giderek kural iliskileri dogrudan ifade etmeyi sectigi

B2 kategorisinde bir 6gretimsel agiklama yapmustir.

Katilimer O4 alan 6lcii birimlerinden m? ile cm? arasinda déniisiim yapilmasi gereken soruya
iliskin 6rnek 4’teki 0gretimsel agiklamasinda bir tekerleme ile alan 6l¢ii birimlerinin siralamasindan
s6z ederek matematiksel bir aciklama yapmayip bir 6gretim “hilesi” kullanarak IB4 kategorisinde

O0gretimsel agiklamada bulunmustur.

Katilmar O7, érnek 5'teki “alan” kavrammin dgretimine iliskin dgretimsel aciklamasinda
“alan” kavrammin ne anlama geldigini aciklamis, uzunluktan alana gecisi boyut kavramiyla

iliskilendirerek anlattig1 AB1 kategorisinde 6gretimsel agiklama yapmustir.

Olgiim tahmini ve kullanilan stratejileri belirlemede 6gretmenlerin verdikleri cevaplar, tahmin
becerisi kullanma durumlarmna gore, arastirmacilar tarafindan daha onceden belirlenen “dogru

2

tahmin”, “kismi tahmin” ve “yanlis tahmin/agiklama yok” kodlarina uygun olarak eslestirilmistir.
Tahmin stratejisi kullanarak sonucu sayisal bir veri olarak ifade etmek “dogru tahmin”, strateji
kullanip ancak sonucu sayisal veri olarak ifade etmemek “kismi tahmin” ve herhangi bir strateji
kullanmayip tahminde bulunmamak “yanlis tahmin/agiklama yok” olarak degerlendirilmistir.
Ornegin katilimcinin “Bu arag yaklasik 5 m’ye 1,5 m olsa, diger arag bunun 1,5 kat biiyiigii olsa herhalde en
az 12 m?2 bir alana ihtiyag¢ olurdu” seklinde verecegi bir cevap “dogru tahmin” olarak kodlanabilecek bir
ornek olarak diisiintilmiistiir ¢linkii burada sorunun dogru yamitina yonelik sayisal degerler
kullanilmistir. Ancak hig bir katilimc1 dogru tahmin kategorisine uygun bir cevap vermedigi igin bu
yanit arastirmacilar tarafindan ornek olarak tiretilmistir. “Tam olarak bilemiyorum, digerinden biiyiik
olacaktir ancak 5-10 kat da degildir” seklinde verilen katiimci yaniti ise kismi tahmin olarak
kodlanmuistir, ¢iinkii dogru cevaba yakin sayisal degerler igermeyen ancak daha biyiik/kiiclik

seklinde bir tahminine yer verildiginden dolay1 “kismi tahmin” kategorisi uygun goriilmiistiir. Daha

sonra katilimcilarin kullandiklar: tahmin stratejileri belirlenmistir.

Verilerin analizinde katilimcilardan alman 72 6gretimsel agiklamanin iki tanesinin yanlis
olmasi ve iki soruya da cevap almmamamasindan 6tiirii kalan 68 6gretimsel agiklama iki arastirmact
tarafindan farkli zamanlarda kodlanmistir. Arastirmacilar yaptiklar: kodlamalarin 65 tanesinde ayni
diizey ve alt kategori tespit etmiglerdir. Kodlayicilar aras: giivenirlik ise Miles ve Huberman (1994)
tarafindan onerilen formiil ile hesaplanmis ve %955 olarak tespit edilmistir. Ug ogretimsel
agiklamanin alt kategorilerinde farkli kodlamalar yapildig: icin arastirmacilar bir araya gelerek bu

aciklamalar hakkinda tekrar analiz yaparak goriis birligine varmaistir.
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Arastirmanin Etik izinleri

Yapilan bu calismada “Yiiksekogretim Kurumlar1 Bilimsel Arastirma ve Yayin Etigi
Yonergesi” kapsaminda uyulmas: belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boliimii
olan “Bilimsel Arastirma ve Yayin Etigine Aykir1 Eylemler” bashg: altinda belirtilen eylemlerden

hicbiri gerceklestirilmemistir.
Etik kurul izin bilgileri:
Etik degerlendirmeyi yapan kurul adi=Istanbul Medeniyet Universitesi Egitim Bilimleri Etik Kurulu
Etik degerlendirme kararinin tarihi=07.06.2021
Etik degerlendirme belgesi say1 numarasi=2021/06-25
Bulgular

Ortaokul matematik 6gretmenlerinin alan 6lgme konusuna dair 6gretimsel agiklamalarinin
anlama diizeyleri ve kullandiklar1 acgiklamalarda olgiim tahminine ne kadar yer verdikleri; yer
verdiler ise hangi tahmin stratejisini kullandiklarinin arastirildigi bu ¢alismaya dair sonuglar oncelikle
Ogretimsel agiklamalarin smiflandirilmasi, alan 6lgme konusuna dair sorular bazinda her bir
Ogretimsel agiklamaya dair sonuglar ve tahmin becerisine ait bulgular seklinde bu boéliimde yer

almaktadir.
Kinach Anlama Diizeylerine Gore Ogretimsel Aciklamalarin Siniflandirilmast

Calismada her bir soru igin 6gretmenlerin 6gretimsel agiklamalar1 diisiiniildiigiinde toplamda
72 Ogretimsel acgiklama elde edilmesi gerekirken, iki Ogretimsel agiklamanin yanlis olmasi ve iki
soruya da cevap alinamamasindan dolay1 68 Ogretimsel agiklama analiz edilmistir. 68 ogretimsel
acgiklama islemsel diizey ile agiklayict diizeyde yer alirken, problem ¢dzme diizeyi, epistemik diizey
ve arastirma sorgulama diizeyinde tespit edilmemistir. Elde edilen verilerin Tablo 2’de sunulan
dagilima gore Ogretimsel agiklamalarin yaklasik %66,18'i islemsel diizey anlama seviyesinde,
%33,82’si de agiklayicr diizeydedir. Ogretimsel agiklamalarin alt kategorilere gore dagilimimn
acgiklandigr Tablo 2'ye gore toplam 114 tane kodlama yapildig: goriilmektedir. Elde edilen kodlama
sayistnin 68’den fazla olmasmnin sebebi bir Ogretimsel acgiklamamin birden fazla alt kategori

bulundurmasi durumudur.
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Tablo 2. Ogretimsel agiklamalarin anlama diizeylerinin alt kategorilerine gore dagilim

Diizeyler  Say1 % Alt kategoriler Say1 %
Tanimi dogrudan ifade etme (iB1) 3 2,63
Kural ve iligkileri dogrudan ifade etme (IB2) 30 26,32
Bir prosediiriin nasil uygulanacagini dogrudan ifade 30 26,32
etme (IB3)
Islemsel 45 66,18 Matematiksel 6gretim hilesi kullanma (IB4) 2 1,76
Diizey
Tanimin ne anlama geldigini agiklama (AB1) 14 12,28
Migki ve dzelliklerin ne anlama geldigini aciklama (AB2) 19 16,67
Aciklayic Coztim adimlarini ve gerekgelerini agiklama (AB3) 16 14,04
Diizey 23 33,82

“Alan” Kavramina Dair Ogretimsel A¢iklamalar
Ogretmenlerin alan kavramina iliskin 6rnek 6gretimsel agiklamalar su sekildedir:

“Kapladig1 yer genelde kareli bilge iizerinden kareli kdgit iizerinden dikdortgene geldiginizde tabii kag

karelik yer kapliyor kareleri sayarak oyle baslhyoruz” aciklamasinda o0gretmen; dikdortgenin alani igin

kapladigr yerin bulunmasinda birim kareleri saydirmaktan s6z ederek kural ve iligkileri dogrudan

ifade ettigi IB2 kategorisinde bir 6gretimsel agiklamada bulunmustur.

Smifin alanin1 daha dogrusu en kolay gosterilen alanlardan bir tanesi diizgiin sekiller, kare ya
da dikdortgen oldugu icin. Smif da karolarla kaph oldugu igin alan kaplamak daha rahat
olurdu. Dikey ya da dikey ve yatay siralar1 saydirip carptigim anda ortaya ¢ikacaktir alan
zaten. Herhangi bir dikey, herhangi bir yatay. Onlarin kolayina gelir. Boya ile de anlatilabilir
muhtemelen. Imm...Hani boyadigimiz bolge alandir seklinde 1 diisiinebilirim. Duvar boyasi
veya hali. Metrekare mantifin1 oradan biliyordurlar diye diisiiniiyorum beginci simuf
Ogrencisi.

biciminde yapilan 6gretimsel aciklama ise AB1 kategorisindedir. Ciinkii burada 6gretmen alan

kavramimi giinliik yasamdan orneklerle ne anlama geldigini aciklamaya ¢alismustir.

Cocuklar az ¢ok ilkokuldan gelirken o kavrami bildikleri i¢in uzun kenar kisa kenar
carpiyoruz alanmi buluyoruz ya da iste bir bélgenin alanmi dedigi zaman direkt aklina
¢ocugun hatta sordugumuz zaman o da direkt dikdortgenle basliyor, kisa kenar uzun kenar
seklinde. Herhalde ilkokulda bu sekilde verildigi i¢in, anlatildig: i¢in yerlestirildigi icin

bigiminde yapilan 6gretimsel a¢iklama ise dikdortgeninin alaninin uzun kenar ¢arpi kisa kenar olarak

dogrudan ifade edilmesini igerdiginden IB1 alt kategorisinde yer almaktadir.

Aciklayia1 diizeyin AB1 alt kategorisinde 6rnek olarak sunulan agsagidaki agctklamada ise; alan

kavramina ait somut 6rnekler verilmesi, ¢evre kavramindan hareketle alan kavramina gecis yapilmasi

yer almaktadir.

Tk 6ncelikle alan kavramimin ne oldugunu anlatmak icin cevremizden drnekler verdirmeye
calisirdim ve alan kavramini ilk &nce giinlitk hayatimizda nerede duydugunu 6grenmeye
calisirdim. Cevre ile alan arasindaki iliskiyi fark ettirip, 6nce ¢evrenin ne oldugunu, sonra da
alanin da gevre ile iliskisini agiklay1p alan kavramini o sekilde agiklardim

Genel anlamda alan kavramina yonelik 6gretimsel agiklamalar incelendiginde, katihmcilarin

altis1 (%50) islemsel diizeyde diger altis1 (%50) aciklayici diizeyde 6gretimsel agiklama yapmustir. Alan
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kavraminin ne oldugununun anlamlandirilmasindan ziyade alanin degerinin bulunmas: iizerine inga
edilen agiklamalar islemsel diizey anlama kapsamindadir. Agiklamalarin bir kismi 6gretmenlerin
islemsel anlama diizeyinde kalan yani aslinda en yiizeysel aciklama tiirii olan ogretimsel agiklama
yaklagimin tercih ettiklerini gostermektedir. Bunun yani sira iligkisel anlama diizeyinden en temeli
olan kavramsal anlama (agiklayici) diizeyine uyan oOgretimsel aciklamalar kullanildigr da
goriilmektedir. Ancak iliskisel anlama diizeyinin diger siniflar1 olan problem ¢6zme ya da epistemik
diizeyde bir 6gretimsel agiklamaya rastlanmamistir. Alan kavraminin nasil tanitildigina dair sorulan
soruda Ogretmenlerin 6gretimsel agiklamalarinda matematiksel bilginin kaynagina ya da gelisimine

vurgu yapan herhangi bir agiklama 6rnegine rastlanmamustur.
Dik Ucgenin Alanina Dair Ogretimsel A¢iklamalar

Dik {i¢ggeninin alanina dair 6gretmenlerden birinin (%8,33) islemsel diizeyde, 11'nin (%91,66)
aciklayici diizeyde 6gretimsel agiklama yaptigr goriilmiistiir. Asagida dik ii¢genin alanina ait formdile
ulastirmak icin bir prosediiriin nasil uygulanacagimnin dogrudan ifade edildigini gosteren islemsel
diizeyde ve IB3 alt kategorisinde dgretimsel agiklama yer almaktadir.

Cocuklar gordiiglin tizere taban 8 birim ve yiiksekligi bizim burada bulmamiz gerekiyor.

Simdi yiikseklik nasil bulunuyordu? Onemli olan alanda o tabana ait yiikseklik. Yani su da

aslinda yiikseklik olur. Ama sunu da dik ¢izelim. Bu da bir yiikseklik. Ama bu yiikseklik su

tabana ait. Bizim tabanimiz eger 8 ise bu 8 birime ait yiiksekligi bulmamiz gerekiyor. O daha
nerede, surada dikine yani 4 birim. 4 birim oldugu icin bunlar1 ¢arpip 2’ye bdlebiliriz. Zaten

biz ne demistik dipnot olarak da? Dik tii¢cgende dik kenarlar ne oluyordu? Bizim
yiiksekligimiz olarak da adlandirilabiliyordu aslinda

Asagida yer alan agiklayic diizey ve AB2 alt kategorisindeki aciklamalarda ise dik {iggenin
alanina iliskin bagintiy1 dogrudan sunmak yerine, alana ulasmak icin dikdortgenin alanindan hareket
edilmesi veya es bir dik tiggen daha cizip dikdortgen olusturulmasi gibi yeni bilginin 6nceki bilgiden
hareketle buldurulmas: yer almaktadir.

Dikdortgene tamamlayalim bunu diyorum once hani dikdortgen tamamlarsa muhtemelen

karelerin tamamini sayabilecek sonra onun yarist oldugunu fark edebilecek oradan iste
iliggenin alanina ulasip 4x 8=32 yarisindan 16 dikdortgene tamamlamasin soylerim

Ben bir tane daha iiggen ¢izip bunun bir dikdoértgenin aslinda yarist oldugunu gosterirdim.
Dikdortgenin alanini daha ©nceden bildikleri i¢in. Normalde dikdortgenin alani nasil
buluyorsam o sekilde alanini hesaplayip, bunu da seklini yaris1 oldugu igin yarisina boyle
bolerek formiilii o sekilde ¢ikartirdim

Ogretmenlerin dik iicgenin alanina dair problem ¢oziimiinde kullandiklari 6gretimsel
acgiklamalarin dikdortgenin alanindan yararlanilarak anlatilmasi en sik rastlanan bulgu olmustur.
Iliskisel diizey anlamanin en temel diizeyi olan kavram (agiklayici) diizey anlama seviyesindeki
Ogretimsel aciklamalarin kullanilmasinin islemsel diizey anlamaya kiyasla tercih edildigi

goriilmektedir.
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Eskenar Dértgenin Alanina Dair Ogretimsel Agiklamalar

Bu kisim ile ilgili olarak katilimcilarin sekizi (%66,6) islemsel diizeyde, iigii (%25) aciklayici
diizey ogretimsel agiklama yapmustir, bir katiimcr ise yanls cevap vermistir. Islemsel diizeyde
anlama seviyesinde yer alan asagidaki acgiklamada eskenar dortgenin alamimin kosegenlere bagh
formiiliiniin direkt uygulanmasinin yer aldigi, bir formiiliin prosediiriin nasil uygulanacaginin
gosterildigi IB3 alt kategorsindeki agiklama goriilmektedir.

Zaten biz 7. smif Ogrencilerine eskenar dortgen formiiliinii veriyoruz. Yani kosegen

uzunluklar1 ¢arpim bolii 2. Sonra da kaplamak istedigimiz alanin igerisinde bu eskenar
dortgenin alanindan kag tane var, diye yaptirirdim.

Asagida yer alan diger 6gretimsel agiklamada ise eskenar dortgenin alaninin bulunmasi igin,
eskenar dortgenin kdsegen uzunluklarinin dikdortgenin kenar uzunlugu olacak sekilde dikdortgene
tamamlayip, dikdortgenin alanindan hareketle eskenar dortgenin alan bagintisiin bulunmasi ve
sonrasinda formiile doniistiiriilmesi yer almaktadir. Islem adimlarimi gerekgelendiren, formiiliin
altinda yatan nedenleri agiklayan bu ifadeler agiklayic1 diizey ve AB3 alt kategorsinde yer almaktadir.

Dikdortgenin koselerini ¢izdigimiz zaman eskenar dortgen koselerinden ¢izdigimiz zaman

dikddrtgeni aslinda dort es pargaya ayirdigimizi goriiyoruz. Bu dort es par¢anin da aslinda iki

es tiggene ayrildigini goriiyor 6grenci bunlardan birer tanesi. Her birinin birer tanesi eskenar
dortgene ait. Dolayisiyla burada yine dikdortgenin alanimin yarisi oldugunu, herhangi bir
eskenar dértgenin bir dikdortgenin yarisi, alaninin yarisi oldugunu gorebilir. Iste biz ne
yapiyoruz o zaman? Kosegenlerden bir tanesi dikddrtgen uzun kenari. Diyelim ki burada

ornegin 20 cm olabilir, digeri de kisa kenar1 14 cm olabilir. Normalde dikdortgen alan1 14
carp1 20 olacakti ama eskenar dortgen yarisini almis oluyor.

Ogretmenlerin egkenar dortgenin alanina dair &gretimsel agiklamalari incelendiginde,
islemsel diizeyde kalan 6gretimsel agiklamalarinin kural ve iligkileri dogrudan ifade etme (IB2) ve bir
prosediiriin nasil uygulanacagini dogrudan ifade etme (IB3) alt kategorilerinde toplandig1, agiklayic
diizey anlamada seviyesindeki 6gretimsel agiklamalarin ise iliski ve ozelliklerin ne analama geldigini
agiklama (AB2) ve ¢6ziim adimlarini ve gerekgelerini agiklama (AB3) olarak verildigi bulunmustur.
Ogretmenlerin biiyiik cogunlugunun eskenar dértgenin alanina dair agiklamada formiil kullanmay1
tercih ettikleri, dik ticgenin alanina dair aciklamalarinda oldugu gibi alan formdiiliiniin kavramsal
olarak nereden geldigini aciklamaktan kac¢indiklar1 goriilmiistiir. Yiizeysel bir 6gretimsel aciklama
olan islemsel diizeyde anlama igeren agitklamalara yer verilmis, iliskisel diizeyde olan problem ¢6zme
diizeyi veya epistemik diizeyde agiklamalara yer verilmemistir. Halbuki &gretmenlere sorulan
eskenar dortgenin alanmmin bulunmasini gerektiren soru problem seklinde tasarlanmis yani soru
tizerinden alan bulmay: gerektirecek sekilde sunulmustur. Dolayisiyla goriisme sorusunun kendi
tasaris1 dahi problem ¢ozme diizeyinde bir ac¢iklama sunmaya olanak saglamasina ragmen
ogretmenlerin prosediir kullanimi ile soruyu ¢ozdiirmeye yonelik agiklama yaptiklarn dikkat

¢cekmistir.
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Alan Ol¢me Birimlerine Dair Ogretimsel A¢iklamalar

Katilimcilarin tamami alan 6l¢gme birimlerinin ¢evrilmesi i¢in merdiven-basamak metaforu
kullanmistir. Birimleri sira ile ezberleten ve asagl yonde carpariz, yukari yonde boleriz gibi
matematiksel temellendirmeden uzak ifadeler islemsel diizey anlamayi1 gostermektedir. Ayrica
birimleri sarki tekerleme gibi sOyleyerek hafizada kalmalarini saglamak da 6gretim hilesi olarak ifade
edilmektedir (Toluk Ucgar, 2011) ve bu ifadeler de islemsel diizeyde anlamay1 gosteren aciklamalardir.
Katilimcilarin tamami birim doniistiirme isleminde m?yi cm?ye doniistiirmeyi tercih etmislerdir.
Bunun sebebini de cm?yi m?ye doniistiirmek i¢in 10000’e boldiiklerinde elde edilen sonucun ondalik
say1 olmasi1 ve dgrencilerin ondalik sayilarla islem yapmada istenen diizeyde bulunmamalar1 olarak
ifade etmislerdir. Asagida islemin nasil uygulanacaginin anlatildig1 IB2 alt kategorisinde yer alan ii¢

adet 6gretimsel aciklama O0rnegi yer almaktadir:

“Metre desimetre santimetre... Yani 2 basamak var. Ama kare olunca bir 2 daha sifir geliyordu. Totalde

ne olacak 4 tane sifir gelmis olacak.”

“Merdiveni hatirlatirdim. Yani igte metrekareden santimetrekareye gitmek daha kolay oldugu icin onu
tercih ederdim.”
m?2 ‘den cm?2 ‘ye kag basamak, nereye gidiyoruz diye sorardim. 2 basamak asag1 gidecegini ve

her basamakta da 2 sifir ekleyeceginden toplamda 14’tin yanina 4 tane sifir eklemesi
gerektigini yapip, islemi yapardim.

Asagidaki Ornekte ise, bir Ogretim hilesi olan tekerleme ile alan Ol¢me birimlerinin
ezberletildigi IB4 alt kategorisinde dgretimsel agiklama drnegi goriilmektedir.
Kamile Hanim damda, Mehmet dayim camda, merhaba merhaba, diye. Yani bu tekerleme

aslinda 6grencilerin hani zihninde ¢ok daha kalicilik ortaya gikartiyor ve bu sayede hani
0grenci birim donitistiirmede ¢ok fazla sikint1 ortaya ¢ikarmiyor.

Tahmin Becerisinin Kullanimina Dair Bulgular

Katilmcilarin 6gretimsel aciklamalarinda tahmin becerisini kullamip kullanmadiklarina ve
eger kullaniyorsa ne gibi stratejilere yer verdiklerini anlamak amaciyla, 0gretimsel agiklamalar:

incelenmistir. Ogretmenlerin tahmin becerisi kullanimlarina iliskin sonuglar Tablo 3'te yer almaktadir.

Tablo 3. Tahmin becerisinin kullanmimina iliskin dagilim

Say1 %
Dogru tahmin - -
Kismi tahmin 10 83,33
Yanlis tahmin/Ac¢iklama yok 2 16,67

Katilmailarin onu (%83,33) baglaminda tahmin gerektirdigi belli olan soruya islemsel
diizeyde Ogretimsel aciklama yapmus, iki katilimci ise agiklama yapamamustir. Yapilan ag¢iklamalarin
timiinde 6gretmenler nasil agiklama yapacaklarini anlatirken sayisal anlamda sorunun ¢oziimiiniin
tahmininin nasil yapilacagindan ziyade sozel olarak agiklamaya odaklanmis, dolayisiyla aciklamalar

“kismi tahmin” kategorisine uygun gortilmiistiir. Kismi tahmin yapanlarin dokuzu (%90) tahmin
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stratejisi olarak referans alma stratejisini kullanmistir. Bir katilimci ise sorunun tahmin becerisi
gerektirdigini anlamis ancak istenen cevaba iliskin tahminde bulunamamistir. Katilimcilarin
Ogretimsel agiklamalarindan bazilar1 asagidaki gibidir:
Biiyiik ara¢tan da anlamamiz gereken sey seklin daha da biiyiidiigiidiir. Ama boy olarak ayni,
sadece genislik olarak farkliysa boyunu ayni tutup genisligini diizenleyebiliriz. Yani Ali

Bey’in yonetime diyecegi Metin Bey’in ¢izilen otopark ¢izgisinden daha genis yonde bir
cizgiye ihtiyaci var.

“1,5 kat daha biiyiik gibi duruyor ortalama.”
Benim aracim sedan standart otopark ¢izgisi bana uyar dediyse benim aracim sedan degil

pickup o zaman standart otopark c¢izgisi bana uymaz diyecek, onu uygunsa buna dar
gelecektir ben daha genis ¢izgi istiyorum

“Tam olarak él¢iilerinin orvanlar: ne kadar bijyiiktiir bilemiyorum. Sedanmn kag katidwr? Kag katidir

derken tabi burada 1/2 ve 1/3 katlarindan bahsediyoruz. 5 -10 kat: degil elbette.”

Yukarida yer verilen 6gretimsel aciklama orneklerinde pickup aracin, sedan aractan biiyiik
oldugu ve bu nedenle daha biiyiik otopark alanina ihtiya¢ duyulacaginin tahmin edilmesi, sedan
arabay1 referans kabul ederek yapildig1 yani zihinde bilinen bir nesneden hareketle tahmin edildigi

(Gooya ve digerleri., 2011) icin referans alma tahmin stratejisi kullanilmistir.
Sonuc ve Tartisma

Bu calismada matematik 6gretmenlerinin alan 6l¢gme konusuna dair 6gretimsel aciklamalarini
Kinach (2002a) anlama diizeyleri baglaminda degerlendirmek, 6gretimsel agiklamalarinda tahmin
becerisi kullanip kullanmadiklarini tespit etmek ve kullaniyorlarsa hangi stratejiler oldugunu
belirlemek amacglanmistir. Calismada Ogretmenlerin 6gretimsel agiklamalarinin islemsel diizey ve
iliskisel diizeyin en temel diizeyi olan agiklayici diger bir ifade ile kavramsal diizey anlamada
yigildiklar1 goriilmiistiir. Alan kavraminin tanimina yonelik 6gretimsel agiklamalarda alanin bir yeri
kaplama olduguna dair tanimlar ile dikdortgenin alanina yonelik aciklamalarin yer oldugu dikkat
cekmektedir. Bu aciklamarin en yiizeysel diizey olan islemsel diizeyde ve kavramsal diizeyde
toplandigi bulunmustur. Uggenin alanina yénelik aciklamalarda ise en dikkat cekici sonug
dikdortgenin alani tizerinden agiklamalarin gergeklestirilmis olmasidir. Bu baglamda 6gretmenlerin
liggenin alanina dair Ogretimde bu sekilde bir Ogretimsel aciklamaya yer vermeleri bilginin
ezberletilmesinden ziyade kavramsallagtirilmasi agisindan onem tasimaktadir. Ancak egkenar
dortgenin alani i¢in yapilan Ogretimsel agiklamalarda ise aymi durum s6z konusu degildir.
C)gretmenlerin burada en ¢ok islemsel diizeyde anlama ile agiklamalarda bulunmalar1 ve formiil
kullanimina en ¢ok burada yer vermis olmalari1 6nemli bir baska bulgudur. Goriismeler sonunda alan
6lgme konusuna dair 6gretimsel agiklamalarin ¢ogunlukla islemsel diizeyde kaldigi, daha sonra ise
iligkisel diizeyin en temeli olan kavramsal diizeyde kaldig1 goriilmiistiir. Matematik 6gretmenlerinin
goriisme sorularinda yer alan bazi matematik problemlerinin ¢oziimiine dair agiklamalarinda iliskisel

diizeyde yer alan problem ¢ézme diizeyinde anlamaya yonelik bir 6gretimsel aciklamaya dahi yer
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vermemeleri dikkat gekicidir. Ogretmenlerin 6gretimsel agiklamalarinin cogunlukla islemsel diizeyde
olmasi sonucu farkli konularda 6gretmen ya da ogretmen adaylarimin 6gretimsel agiklamalarin
inceleyen calismalarla da paralellik gostermektedir; zira alanyazinda yer alan diger arastirmalarin
bulgular1 ¢ogunlukla Ogretimsel agiklamalarin islemsel ya da kavramsal diizeyde yigildigim
gostermektedir (Alkan, 2016; Akyildiz, 2019; Gokkurt ve digerleri, 2012; Giiler ve Celik, 2016; Kinach
2002a, 2002b; Korkmaz, 2021; Toluk Ucar, 2010, 2011).

Ogretmenlerin 6gretimsel agiklamalarinin neden yiizeysel diizeyde kaldiginin derinlenmesine
incelenmesi bu anlamda 6nem tasimaktadir. Alanyazinda yer alan bir ¢ok ¢alismada ve bu ¢alismada
da dgretmenlerin islemsel diizeyde agiklamalar yapmalarinin altinda yatan sebeplerin arastirilmasi ve
ayrintilandirilmasina dair ¢alismalara ihtiya¢ vardir. Bu sebeplerden biri; 6gretmenlerin matematik
Ogretim programinda yer alan kazanimlari bir egitim-6gretim yilinda yetistiremeyeceklerini
diistinmeleri ve islemsel diizeyde kural, iliskileri ve bir prosediiriin nasil uygulanacagim dogrudan
ifade ederek kisith bir zamanda dgretimsel siireci tamamlamaya caligmalar1 olabilir. Ogretmenlerin
gerekcelere yani iliskisel diizeyde Ogretimsel aciklama yapmanin zaman kaybr olduguna, kural
vererek hizlica gecmeye niyetli (Gokkurt ve digerleri, 2012) olduklar1 belirtilmistir. Ogretmenlerin
aslinda ileri anlama diizeyinde olmalarina ragmen islemsel diizeyde 6gretimsel aciklamalar yaparak
ogrencilere konuyu daha rahat agiklayabileceklerini diisiinmeleri ya da 6grencilerin daha kolay
anlayabileceklerini diisiinmeleri bu c¢alismada da goriisme kayitlar1 sonlandirildiktan sonra
katilimailarla yapilan tesekkiir konusmasinda ortaya g¢ikan bir bulgudur. Katilimcilardan bazilar ise
Ogretimsel aciklamalar: belirleyici unsurlardan birinin de 6grencilerin matematik basar1 seviyeleri
oldugunu dile getirmistir. Katilimcilar bazi siuflarda ylizeysel bazi siniflarda ise derinlemesine
dgretimsel agiklamalar yaptiklarini ifade etmistir. Ogrencilerin dnceki bilgileri {izerine yeni bilgilerin
inga edilmesi 6gretimsel agiklamalarda saglanmas: gereken bir kosuldur (Leinhardt ve Steele, 2005)
ancak bu durumun ogrencilerin 6n bilgi (ya da kavrama seviyeleri) farkliliklar1 one siiriilerek
niteliksiz ya da ytlizeysel 0gretimsel agiklama yapilmasi anlamina gelmemelidir. Ayrica matematik
Ogretim programinda vurgulanan ve ogrencilerin kazanmasi beklenen hedef davranis ve becelerin

istenilen diizeyde olmamasiyla da sonuglanabilir.

Matematik O6gretmelerinin Ogretimsel agiklamalarinin islemsel ya da acgiklayicr diizeyde
olmasinin bir diger sebebi ise 6gretmenlerin matematik alan bilgilerinin iligkisel diizey olan problem
¢Ozme, epistemik ve arastirma/sorgulama diizeyinde agiklamalara yer vermek igin yeterli olmamasi
olabilir. Matematik Ogretmenlerinin lisans egitimleri siirecinde &zellike 0gretmen aday: olduklar:
donemde aldiklar1 egitimin Onemli rol oynadig1 asikardir. @gretmen adaylarinin  6gretimsel
acgiklamalarinin matematik 6gretim programinda hedeflenen diizeyde bir 6grenmeyi saglayabilecek
yeterlikte olmamas: (Toluk Ugar, 2010), pedagojik alan bilgilerinin &gretim stratejileri boyutunda
istenen diizeyde olmamasi ve bundan hareketle 6grencileri anlamada ve etkili bir matematik 6gretimi

saglamada gilicliik yasamalar1 (Sahin, Erdem, Basibiiyiik, Gokkurt ve Soylu, 2014) 6gretmenlerin
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Ogretimsel aciklamalariin yiizeysel bir sekilde olmasimin altinda yatan sebebi giiclendirmektedir.
C)gretmen adaylar icin 6gretimsel aciklamalari yaratmanin hi¢ de kolay olmadigr (Kinach, 2002a)
bilinmekle beraber 6gretmenler icin de ayni durum s6z konusu ya da tercih edilememesi bir segenek
olabilir. Ancak nedeni ne olursa olsun pedagojik alan bilgisinin bir parcasi olan matematik alan
bilgisinin (Shulman, 1986) O&nemi Ogretimsel acgiklamalarda rol oynamasi kaginilmazdir
(Charalambous ve digerleri, 2011). Sirurli matematik alan bilgisinin 6gretmen (Blum & Krauss, 2008;
Gokkurt ve digerleri, 2012; Gokkurt ve Soylu, 2016; Tekin-Sitrava, 2014) ya da 6gretmen adaylarinin
(Ding, He, ve Leung, 2014; Evan, 1993) pedagojik alan bilgisini etkiledigi goriilmektedir ve ayrica
Ogretimsel aciklamalarin niteligiylede giiclii bir baglantisi vardir (Charalambous ve digerleri, 2011).
Dolayisiyla 6gretmenlerin iyi bir matematik alan bilgisine sahip olmalari onlarin kavram ve kurallara
yogunlasmis Ogretimsel aciklamalara da hakim olmalarimi saglar. Bu agiklamalar Ogrencilerin
gerceklestirdigi aktiviteleri derinlemesine anlamalarina yardimci olurken 6grenme siirecinde bilissel
semalarinin olusumunda da énemli yer tasir (Wittwer ve Renkl, 2008). Ornegin, Asya iilkelerinde ve
Amerika Birlesik Devletlerinde (ABD) gorev yapan matematik Ogretmenlerinin ogretimsel
acgiklamalar arasindaki farkin kavram ve kurallarin arkasinda yatan ve neden calistigimi aciklayan
kavramsal aciklamalar oldugu gortlmiistiir (Perry, 2000). Bir konunun ogretiminde matematik
ogretmenlerinin O6gretimsel agiklamalariyla kullandiklari ornek tiirleri incelendiginde aciklayic
boyutta aciklama yapan 6gretmenlerin konular aras iliski igeren, gelistirici ya da drnek dis1 6rneklere
yer verdikleri, islemsel boyutta olanlarin ise standart ornekleri kullandiklar1 ortaya konmustur
(Alkan, 2016). Ogretmenlerin standart ve gelistirici rneklere yer verdikleri (Alkan, 2016) dikkate
alindiginda 6gretmenlerin pedagojik alan bilgisinin Kinach (2002a) anlama diizeyleri baglaminda
incelendiginde yiizeysel ya da temel diizeyde oldugu dolayisiyla da sinifta 6grencinin matematigi
anlama diizeyini de etkileyecek ag¢iklamalarin yaninda ornek tiirlerinin de ¢ok farkililasmadig1 ve bu
derste kullanilan agiklama ve Orneklerden olustugu (Leinhardt, 2001) dikkate alindiginda
ogretmenlerin aciklamalar: ne kadar ytizeysel olursa 6rneklerinin de o kadar farklilasmayacagi fikrine
ulagilabilir. Ogretimsel agiklamanmin dgretilen kavrama yoénelik hem 6rnek hem de érnek olmayan
durumlar1 icermesi (Leinhardt ve Steele, 2005) gerektiginden Ogretmenlerin de &gretimsel

aciklamalarinin en az kavramsal diizeyde olmasi nitelikli bir 6gretim i¢in kaginilmazdir.

Katiimcilarin deneyim yillarina gore hangi diizeyde Ogretimsel aciklama yaptiklar:
calismanin temel amaci olmasa da, bu ¢alisma sonucunda dikkat ¢ekici bir bulgu, 11-15 yil deneyime
sahip Ogretmenlerin aciklamalarmin kavramsal diizey ac¢iklama oldugudur. Her ne kadar bu
katilimailarin 6gretimsel agiklamalar: problem ¢ézme veya diger iligkisel diizey anlama seviyesinde
acgiklamalar olmasa da islemsel diizeyde olmayan, daha ziyade kavrama ait iliski ve 6zelliklerin ne
anlama geldiginin agiklandigi, ¢6ziim adimlarinin ve gerekgelerinin agiklandig1 kategorilerde

yogunlagsmasi ezberden uzak bir 6gretim yapilmaya cahsildiginin gostergesi olabilir. Deneyimli
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Ogretmenlerin problemleri daha hizli bir gsekilde uygun problem ¢6zme stratejilerine gore
tanimladiklar1 ve meslekte yeni olan Ogretmenlere kiyasla kavramlara daha detayli bir hakim
olduklar1 goriilmektedir (Wittwer ve Renkl, 2008). Boylelikle kavramlarin ve prosediirlerin altinda

yatan nedenleri 6gretimsel aciklamalarinda da kullanabilirler.

Ogretmenlerin Ogretimsel aciklamalarinin Ogrencilerin basarilar1 iizerinde etkisi oldugu
bilindigine gore problem ¢6zme ve epistemik diizeylerde 6gretimsel agiklamalar yapabilen 6gretmen
adaylar1 yetistirmek ve smif ortaminda ise ileri anlama diizeylerinde agiklamalar yapilmasina olanak
saglayacak ortamlar1 6gretmenlere saglamak ya da 6gretmenlerin bu ortamlar1 yaratmasini beklemek
gerekir. Ogretmenlerin bu tiir agiklamalar: daha sik kullanmasi, bir matematiksel bilginin kaynagina
vurgu yapilmasi, fikrin nereden geldiginin iliskilerle 6grencilere vurgulanmasi 6grencilerin anlaml

o0grenme gerceklestirmelerine faydali olacaktir.

Tahmin becerisinin kullanimina iliskin sorularda da katilimcilarin baglaminda tahmin
gerektirdigi belli olan sorularda tahmin becerisi kullandiklar1 diger sorularda tahmin becerisine yer
vermedikleri goriilmiistiir. Boz Yaman ve Bulut (2017) tahmin hakkindaki 6gretmen goriislerini
incelendikleri ¢alismalarinda 6gretmenlerin tahmin becerisine derslerinde yer vermedikleri sonucuna
ulasmislardir. Tahmine yonelik uygulamalarin 6grencilerin 6lgme anlayislarini degerlendirmede
ogretmenler agisindan faydali oldugu (Gooya ve digerleri., 2011) goz 6niinde bulunduruldugunda ve
tahmin becerisine hem uluslararasi hem de ulusal 6gretim programinda yer verilirken 6gretmenlerin
bu becerileri artiracak ya da strateji kullanima yonelik islemlere yer vermeyen 6gretimsel agiklamalar

yaptiklar: goriilmektedir.
Oneriler

Ogretmenlerin 6gretimsel agiklamalarinda kendi 6grenme deneyimleri rol oynamaktadir
(Karakus, 2017; Leinhardt, 2010; Toluk Ugar, 2011). Bu baglamda &gretmenlerin lisans egitimleri
sirasinda, heniiz 6gretmen aday1 iken matematik Ggretimine dair aldiklari derslerde &gretimsel

acgiklamalarini iligkisel diizeyde yapmalarini saglayacak uygulamalara yer verilebilir.

Matematigin soyut yapisinin anlasilmas: ve iliskilendirmenin yapilabilmesi icin ogretimsel
aciklamalar esnasinda Ogretmenlerin materyal kullanimi desteklenmeli ve Ogretmenlerin derste
kullanacaklar1 somut materyallere erisimleri ve okullarda bu materyallerin tedarik edilmesi
kolaylastirilmalidar. Ogretmenlerin alan Ol¢me birimlerini Ogretmede ve hatirlatmada basamak
metaforu disinda alternatif yontemlere ihtiya¢ duyduklar1 goriilmektedir. Bu baglamda MEB Ders
Aletleri Yapim Merkezi'nin yayinladigi ortaokul matematik ders arag listesine 6l¢me birimlerinin

birbiriyle iligkisini gosterir somut materyaller hazirlanarak eklenebilir.

Alan 6l¢gme matematik 6gretim programinin ilkokul 3. siif kazanimlarinda baslar ve 4. sinif
ile ortaokul boyunca devam eder. Ilkokul seviyesindeki ogretim icin &gretmenlerin 6gretimsel

aciklamalar1 islemsel olmayip kavramsal anlamayi saglayacak diizeyde olmalidir ve alan o6lgme
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konusunda Ogrencilerin semalarmin dogru bir sekilde olusturulmasi gerekmektedir. Bunun igin
derslerde Ogrencilerin aktif oldugu, alami hesaplanacak yiizeylerin kenar uzunluklarinin cetvel
kullanarak 6l¢iildiigii, birim kareler kullanilarak zemin-yiizey kapladiklar1 bazi somut uygulamalara
yer verilebilir. Eger her 6grenciye cetvel iceren bir 6lgme seti, birim kareler somut modelleri gibi
araglar saglanirsa 6l¢me alanina ait kazanimlarin hedeflenen sekilde 6grenilmesine katkida bulunulur.
Birim kareler, ders kitaplarnin arka sayfalarma ek olarak koparmali kagit materyal seklinde
hazirlanabilir ve 6l¢iim setleri de tipki ders kitaplarinin iicretsiz sunulmas: gibi 6grencilere bedelsiz

olarak verilebilir.

Ortaokulda ise 6gretmenler alan 6l¢gme konusuna iliskin ilkokulda baslamis olan bir siireci
devam ettirirler. [lkokuldan gelen 6grencilerde varolmasi gereken-beklenen matematiksel becerilerin
neler oldugunun belirtildigi ve konuya hangi diizeyden baslanabileceginin yer aldig1 6gretmen
kilavuz kitaplari hazirlanabilir. Daha 6nceki matematik 6gretim programinda (bkz. MEB, 2005) yer
alan 6gretmen kilavuz kitaplar1 6gretmenlere rehberlik eden, dersin akis: icin 6rnek bir plan sunan,
alternatif 6rneklere yer veren ve dgrencilerin yapabilecegi hatalara iliskin notlar igeren ve bu yoniiyle
de 6gretmenin dersine bir gerceve ¢izmesini saglayan ve bdylelikle 6gretimsel agiklamalarina destek
olan yaymnlar olarak goriilmekteydi. Bu nedenle matematik dersi 6gretmen kilavuz kitaplar1 tekrar

hazirlanabilir.

Tim bunlara ek olarak Ogretmenlerin mesleki gelisimlerine katki saglayacak her tiirlii
etkinligin (seminer, proje katilimi vb.) 6gretimsel agiklamalarinin niteligine artirmalarinda fayda

saglamasi da miimkiindiir.
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Introduction

As in every lesson, the teacher takes on one of the essential roles in mathematics. The teacher
is the main person who ensures the conduct of the course by taking the role of a guide (Altun, 2004)
within the framework of the curriculum. The most critical feature sought in a teacher in the learning-
teaching processes is the teacher's knowledge of mathematics. This knowledge is related to how the
teacher configures mathematics in the best way to achieve the desired results in the mathematics
learning-teaching process and the level of learning and application of the targeted mathematical
concepts (Shulman, 1986). This knowledge, which is structured to teach mathematics, is called
pedagogical content knowledge (Shulman, 1986), which is the feature that distinguishes mathematics
educators from mathematicians. The teacher explains the mathematical knowledge in an instructional
way utilizing their pedagogical content knowledge following the student's cognitive level to make the
abstract world of mathematics understandable (Ma, 2010). Instructional explanations are all the
content that the mathematics teacher presents to the student in the context of the mathematics lesson
(Leinhardt, 2010) and are “explanations that are designed with the specific purpose of teaching a

student or group of students” (Leinhardt and Steele, 2005, p. 90).

Teachers' subject matter knowledge and their level of understanding of mathematics
knowledge are directly reflected in their instructional explanations (Kinach, 2002a; 2002b). Kinach
(2002a; 2002b), who worked with pre-service mathematics teachers, stated that teachers' instructional
explanations were related to their understanding of mathematics and classified their level of

understanding of mathematics.
Understanding Levels

This study used levels of understanding mathematics proposed by Kinach (2002a) as a
theoretical framework. Kinach (2002a) has built the theoretical structure of instructional explanations
by making changes on the content, concept, problem-solving, epistemic, and inquiry levels related to
the knowledge levels for the in-depth understanding of mathematical and scientific concepts
developed by Perkins and Simmons (1988), also by using the statements introduced by Skemp (1978)

on the distinction between understanding mathematics at instrumental or relational levels. Thus,
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Kinach divided the levels of understanding into two parts: instrumental and relational. Content level
understanding is instrumental understanding, while the conceptual, problem solving, epistemic, and
inquiry levels are classified under relational understanding. Although these levels are not hierarchical,
they are designed only to indicate the level of knowledge or understanding. They are also not
mutually exclusive, so a situation experienced at one level may belong to another according to one's
point of view. In instrumental understanding level, which can also be called content level
understanding, mathematical knowledge is presented directly and includes rules, formulas, items to
be memorized, and there is no grounding or association of mathematical knowledge; the knowledge is
just enough to continue the operations (Kinach, 2002a). At this level, knowledge is directly acquired

rather than deeply understood by students and is the most superficial level of understanding.

Concept level understanding is the first level of relational understanding, at which
mathematical knowledge is associated with previous learning experiences. At this level, definitions,
rules, and operations are explained, the underlying mathematical ideas are aimed to be revealed by
using materials such as number lines and algebra tiles, and patterns and relationships are determined
(Kinach, 2002a). Problem-solving level understanding is defined as where questioning and discussion
are made on alternative solutions by making use of analytical strategies, and it is aimed to extract
what will be done about the solution from the logic of the problem context, its story, and the meaning
of mathematical symbols (Kinach, 2002a). There are also steps for problem-solving at this level, such
as finding patterns, solving similar problems, working backward, or applying a situation to different
situations. The epistemic level understanding is at the level where there are the reasons for
mathematical connections are scientifically proven, the source of knowledge or how it is tested, and
information about knowledge (Kinach, 2002a; 2002b). The inquiry level understanding is defined as in
which a piece of new knowledge or theory is produced; students tend to explore new mathematical
relationships pose problems and questions (Kinach, 2002a). If a concept is only formed by explanation
made by the teacher in a classroom environment, it would be difficult to observe inquiry-level

understanding (Kinach, 2002a).

Quality instructional explanations should include certain characteristics such as building on
students' existing concepts and skills, taking into account their misconceptions and difficulties, using
carefully selected representations and connections between them, presenting meaningful and accurate
information, and describing the steps in a procedure by giving meaning to them (Charalambous, Hill,
and Ball, 2011). The teaching methods that the teacher wants to apply; the way the method is applied;
the contents of the textbook, and the metaphors used by the teacher; also the efforts to associate it with
daily life and the analogies deeply affect what, how much, and in which way the student will learn in
the learning activities (Bingolbali and Ozmantar, 2015) and this context. Not choosing the proper
instructional explanations may cause the student to form misconceptions or not learn meaningfully by

memorizing the data. It is seen that instructional explanations are examined in different frameworks
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(see Baki, 2013; Charalambous et al., 2011; Karakus, 2017; Levenson, Tirosh, and Tsamir, 2006; Sirmaci
and Gokkurt Ozdemir, 2016; Thanheiser, 2009); however, studies examining instructional
explanations using the levels of understanding of mathematics presented by Kinach (2002a,200b)
concentrate mainly on numbers and operations (see Alkan, 2016; Gokkurt, $Sahin, and Soylu, 2012;
Kinach 2002a, 2002b; Korkmaz, 2021; Toluk Ucar, 2010, 2011). In addition, there are limited studies in
the domains of statistics (Akyildiz, 2019) and algebra (Giiler and Celik, 2016). The studies were
conducted with pre-service elementary teachers (Toluk Ucgar, 2010, 2011), pre-service mathematics
teachers (Akyildiz, 2019; Giiler and Celik, 2016; Kinach, 2002a, 2002b; Toluk, 2011), elementary
teachers (Korkmaz, 2021) and mathematics teachers (Alkan, 2016; Gokkurt et al.,, 2012; Korkmaz,
2021). When the findings of these studies are examined, whether the participants are pre-service
teachers or teachers, their instructional explanations are primarily at the instrumental level (Alkan,
2016; Akyildiz, 2019; Gokkurt et al., 2012; Giiler and Celik, 2016; Kinach 2002a, 2002b; Korkmaz, 2021;
Toluk Ugar, 2010, 2011), which is an important result, while a limited number of participant
explanations are available at the relational level (Akyildiz, 2019; Kinach 2002a, 2002b), especially at the
concept (Alkan, 2016; Giiler and Celik, 2016) and problem-solving (Korkmaz, 2021) level

understanding.
Measurement Estimation

Measurement is one of the learning domains at every grade (1 to 8) level in the Ministry of
National Education (MoNE) mathematics curriculum. It is stated that examples of measurement are
frequently seen in daily life and accepted by everyone to be an essential subject (Zembat, 2015). When
the learning outcomes of the students about measurement, which is one of the primary subjects of
mathematics, are examined, it is seen that they have difficulty in learning measurement concepts and
associating these concepts, and they try to reach the result by memorizing the formulas (Dagli, 2010;

Tan Sisman and Aksu, 2009).

The subject of estimation is analyzed under three categories: numerosity estimation,
computational estimation, and measurement estimation (Berry, 1998; Dowker, 1992). Determining the
number of multiplicities created when more than one object comes together, it is called the numerosity
estimation (Akkusci, 2019), giving the most relevant and realistic results without calculating the
results of mathematical operations and mathematical problems, is called computational estimation
(Dowker, 1997), approximation of the dimensions of an object without using a measuring tool was

defined as the measurement estimation (Budak, 2019).

Estimation is a skill in which measurement is reflected in daily life, and students have
difficulties simultaneously; therefore, including examples and activities that include predictions while
teaching measurement subjects allow students to gain and develop their estimation skills (Satan,

2020). People use various shortcuts to reach the closest value in the estimation skill, which is

106



KEFAD Cilt 23, (Ozel Say), 2022

frequently used in daily life, and these shortcuts are expressed as estimation strategies (Van de Walle,
2008, Karp, and Bay-Williams, 2019). Some strategies used in measurement estimation are as follows:
unit iteration, using a reference point, squeezing, dividing into parts, using prior knowledge, and

mental meter (Gooya, Khosroshahi, and Teppo, 2011).

When the studies on measurement estimation and the strategies used were examined, it was
seen that students were weak in using measurement estimation strategies (Bulut and Sener, 2017;
Kumandas and Giindiiz, 2014; Tekinkir, 2008). In addition, the measurement estimation strategies
being used get richer with the increase in the grade level (Kumandas and Giindiiz, 2014; Siegel,
Goldsmith and Madson, 1982; Tekinkir, 2008). In their study with teachers, Boz Yaman and Bulut
(2017) stated that although teachers are generally aware of measurement estimation skills and their

strategies, they do not use these skills during their teaching.

Several reasons guide the current study. First of all, measurement is considered as one of the
critical and fundamental contents in mathematics. Second, students may have difficulties measuring
length, area, and volume, and use memorization to convert measurement units (Tan $Sisman and
Aksu, 2009). Third, estimation is an essential skill among the standards and subject-specific learning
outcomes stated in the mathematics curriculum. Fourth, teachers do not include sufficient estimation
skills in their teaching (Boz Yaman and Bulut, 2017). To this end, not having a study about
instructional explanations on area measurement in the literature makes this study salient to
investigate. Also that it is thought that this study will contribute to the literature relatively, the fact
that the instructional explanations of teachers or pre-service teachers in the field literature are
concentrated at the instrumental level understanding may cause the transfer of mathematical
knowledge to students depending on the rules and procedures, thus causing a conceptual
understanding not to be formed in the students. When the mathematics curriculum standards about
area measurement are taken into account, students are expected to find the area formula of a given
geometric shape (MoNE, 2018). These standards require conceptual understanding, so considering
that mathematics teachers' understanding of these concepts is effective on students' understanding
levels, it is of great importance to examine the level of mathematical understanding of teachers'
instructional explanations. In addition, investigating how much measurement estimation skill is
included in these explanations is another point that should be mentioned because there are statements

about improving students’ estimation skills emphasized in the mathematics curriculum (MoNE, 2018).

This study aims to determine the instructional explanations of mathematics teachers about
area measurement in the context of the level of understanding mathematics proposed by Kinach
(2002a), identify whether they use estimation skills in their instructional explanations, and investigate

what strategies they use. For this purpose, answers to the following research questions were sought:
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1. How are the instructional explanations of mathematics teachers on area measurement when

examined according to their level of understanding?

2. How are the instructional explanations of mathematics teachers on area measurement

regarding their use of estimation skills?
Method

This study is designed to be qualitative research to reveal the instructional explanations used
by mathematics teachers to solve mathematical problems related to area measurement in the context
of their level of understanding and determine whether they include measurement estimation skills.
Qualitative research is one through which “qualitative data collection methods such as observation,
interview, and document analysis are used, and a qualitative process is followed to reveal perceptions
and cases realistically and holistically in their natural environment” (Yildirim and $imsek, 2016, p. 41).
Generic qualitative inquiry is research that uses qualitative methods but does not choose any of the
known qualitative inquiry approaches (such as case study, phenomenology) and tries to answer only
the research question (Patton, 2015). In this study, the generic qualitative inquiry stated by Patton
(2015) was used, as it was aimed to determine the instructional explanations of mathematics teachers
on area measurement according to their level of understanding and to define whether they include
estimation skills, and if so, what strategies they use. Different ways such as observation in the
classroom environment or interview could be used to identify instructional explanations; however, it
was thought that it would be more appropriate to obtain data through interviews since interviews are
a powerful method used to reveal people’s thoughts and feelings (Bogdan and Biklen, 1992). At the
same time, it was challenging to make observations in the classroom environment due to the epidemic
during the study period. Data analysis was carried out through descriptive analysis using the levels of
understanding mathematics, which is accepted as the theoretical framework in the study and

modified by Kinach (2002a).
Participants

The sample group of the research was determined by the purposive sampling method. While
deciding on the study group in qualitative studies, it is aimed to make detailed explanations rather
than generalizations (Creswell, 2012), so whether they comply with specific criteria following the
purpose of the study in the selection of the participants (Johnson and Christensen, 2014). The first
criterion sought for the participants in this study is that the teachers are secondary school mathematics
teachers (aka Grade 5-8). The second criterion is the teachers’ years of teaching experience. It should
be noted that as teachers’ teaching experience increases, their conceptual knowledge also improves
(Abd-El-Khalick, 2006; Roehrig and Nam, 2011), and there are differences in their experience, thought,
and instructional practices (Borko and Livingston, 1989; Leinhardt, 1989; Niess, 2005). The years of

teaching experience of the participants are grouped as 1-5 years, 6-10 years, 10 years, and above
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experience. First of all, it was decided how many participants would work within the study. While
determining the number of participants, Guest, Bunce, and Johnson (2006) produced the most basic
themes with the first six interviews and reached data saturation above 90% with 12 interviews in their
study about data saturation. Also, Francis et al. (2009) declared that they reached data saturation with
ten to 17 interviews; therefore, it was decided on conducting the study with 12 participants in this
study. Attention was paid to ensure that each participant group had an equal number of years of
teaching experience (i.e., 4 participants for 1-5 years, 4 participants for 6-10 years, 4 participants for ten
years and above). Creswell (2012) stated that sampling strategies differ before or after data collection.
At this stage, researchers used the snowball sampling (Creswell, 2012) technique, which is one of the
purposive sampling strategies, to obtain participants in each teaching experience category.
Researchers asked the participants to recommend a secondary school mathematics teacher with
different teaching experience years during the interview. The study was carried out by reaching 12

participants. Each participant’s consent was obtained with an informed consent form.
Data Collection Tool

In the study, interview questions were used to determine the instructional explanations of
secondary school mathematics teachers about area measurement in the context of understanding
levels developed by Kinach (2002a) and to reveal the strategies they use for measurement estimation.
The interview questions consisting of eight open-ended mathematics questions were first presented to
the expert opinion by the researchers. Opinions were received from three mathematics education
experts. According to their feedback, the order of the questions has been changed, the expressions that
make up the question have been edited, the questions thought to be similar have been reduced, and
additional explanations have been added to understand what is required from the teachers. With
these regulations, the number of interview questions was reduced to six. After the expert opinion,
pilot interviews were conducted to decide whether there was a need to revise the interview questions.
After the first pilot interview, figures related to the question (i.e., cars) were added to the last question
since the participant could not understand the two different cars included in the last interview
questions. The second pilot interview was held, and no adjustments were needed afterward.
Interviews were conducted with 12 participants with six questions that were decided after the pilot
interviews. In the first interview questions, the teachers were asked to explain how they teach the
concept of "area" to the fifth-grade student. In the second question, a right triangle was given, and
they were asked how they explained the calculation of the area of the right triangle to their sixth-grade
students. In the third question, they were asked how to solve and explain the operations to find the
number of tiles needed if a rhombus-shaped tile of known diagonal lengths is covered with a region of
the known area to their seventh-grade students. In the fourth question, the teachers were asked how
the division of a rectangular shape into squares was explained to secondary school students. Then in

the fifth question, they were asked to explain the area of square formed by rectangular shapes with
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different areas to the seventh-grade student. It is requested to explain finding the side length of the
quadratic region formed by combining the areas. The last question asked how they provided an
instructional explanation for a problem in which sedan and pickup vehicle figures were included, and
the areas of the parking spaces of the vehicles were asked to be estimated. During the semi-structured
interviews, additional questions were asked by the researchers about the unit conversion processes
where the participant included in the solution but did not explain in detail. Below are examples of

these additional questions.

“Well, how would you explain the conversion phase, that is, in the conversion phase from square meters

to square centimeters?”

How do you make your students recall that? This is not a 7th-grade standard. It is taught in
the 6th grade; they study the units of measurement. How would you describe it when you
need to be reminded of that conversion?

Data Collection Process

The data were obtained through a video conference platform through semi-structured
interviews with 12 secondary school mathematics teachers. With the semi-structured interview, the
participant was allowed to explain their thoughts in depth (Biiyiikoztiirk, Kilig Cakmak, Akgiin,
Karadeniz, and Demirel, 2020), to explain the basic ideas that guide their instructional explanations,
and to understand what their explanations for measurement estimation are. During the interview, the
interview questions were projected onto the screen, and the participant was asked to explain what
kind of operations and explanations s/he would make in accordance with the class level of the student

expressed in the question regarding the solution of each question.
Data Analysis Process

The data analysis started with the transcription of the interviews, and the descriptive analysis
of the obtained texts was made. At this stage, the teachers' knowledge about area measurement was
checked whether it was correctly solved or not, and if the solution of the problem was wrong, the
teachers' answers were not included in the analysis. Teachers' instructional explanations were
analyzed according to the level of understanding mathematics used by Kinach (2002a). At this stage,
the categories of instructional explanations were decided based on the subcategories created by Alkan
(2016) regarding the levels of understanding developed by Kinach (2002a) regarding instructional
explanations. Alkan (2016) identified three subcategories of the instrumental level: expressing the
definition directly (IB1), expressing rules and relationships directly (IB2), and expressing how a
procedure will be applied directly (IB3). In addition to these three subcategories, researchers were
added mathematical teaching "tricks" (IB4) as the fourth subcategory. The inclusion of this category
was decided based on the results obtained by Toluk Ugar (2011) and the logical tricks mentioned by
Kinach (2002a). Mathematical teaching tricks consist of teaching with an easy or catchy story, analogy,

where teachers' instructional explanations are not based only on mathematical reasons (Kinach 2002a;
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Toluk Ugar, 2011). Alkan (2016), who divides each understanding level at the relational level into three
subcategories, defined the conceptual level as the explanatory level. At this level, she has developed
subcategories in the form of explaining what the definition means (AB1), explaining what the
relationship and characteristics mean (AB2), explaining the solution steps and reasons (AB3). For the
problem-solving level, subcategories were: Using analytical strategies such as modeling in
explanations (PB1), using the meanings of the concept in a problem situation (PB2), solving a problem
using different problem-solving strategies (PB3). Considering the epistemic level, it was determined as
emphasizing the source and development of mathematical knowledge (within the scope of the
relevant subject) in their explanations (EB1), emphasizing the role of mathematics in other disciplines
in their explanations (EB2), proving the underlying causes of mathematical relations by justifying
them (EB3) (Alkan, 2016). Becasue Alkan (2016) did not specify the subcategories of the last level of
understanding, the level of inquiry, the researchers determined the subcategories for the level of
inquiry as follows, in line with the explanations of Kinach (2002a): Guiding students to discover new
mathematical relationships in their explanations (SB1), carrying out studies aimed at establishing new
problem situations (5B2), and including interrogative approaches to concepts (SB3). In Table 1, sample
sentences belonging to the subcategories of some instructional explanations are given by using the

answers given by the participants in this study.

Table 1. Example instructional description subcategories

Instructional Explanation of the participant
Description
Category

Example 1: To cover an area of 14 m?... First, of course, the student has to find its area. It is
IB3 needed to find the area of the rhombus. I need to make student find this area from e
times f over 2 and then divide the whole area.

Example 2: Now, for example, they know the area of the rectangle beforehand. In the 5th grade, I
AB2/AB3 can show that it is half, the paper can be cut, or I can find the area of the rectangle and
say that it is divided with the help of a diagonal, that it is divided into exactly two
parts. Hence, we use the base times the height divided by two in the triangle area.
Example 3: Afterward, we already give the 7th-grade students the rhombus formula. So the
IB2 length of diagonals are multiplied and divided by 2. Then I would have it done to see
how many of these rhombuses are in the area we want to cover.
Example 4: Mrs. Kamile is on the roof, Uncle Mehmet is on the window, saying hello, hello. In
IB4 other words, this nursery rhyme creates much more permanence in the students'
minds, and in this way, the student does not face much trouble in unit conversion.
Example 5: Istart with the concept of length; first, I prefer to start this way. We are moving from
AB1 one dimension to two dimensions. We pass from one dimension to two dimensions
with the concept of area. First of all, I am trying to create this awareness. A surface
now appears in the concept of area. Of course, it can be a square, a triangle, a
rectangle, or a circle. In the future, there may be a rhombus trapezoidal, etc., in the 7th
grade. But as I said in the first place, I am talking about moving to the second
dimension. Since it has a second dimension, we can now talk about width and length
here. I tell you that we have filled the surface in between. Sometimes, we use dynamic
software to draw on the board to show.
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For example, participant T3 explained Example 1 in Table 1 in the question about the area of
the rhombus. In this explanation, T3 only talked about the process steps of finding the area; s/he made
an instructional explanation at the instrumental level in the sub-dimension of directly expressing how

to use a procedure (IB3).

On the other hand, participant T8 made the instructional explanation regarding the area of the
triangle in example 2: In the sub-dimension of explaining what relations and properties mean by
relating the area of the triangle to the area of the rectangle (AB2), and also where it came from, that is,
s/he used the rectangle when finding the area formula, and to this conclusion. It was seen that s/he
made an explanatory instructional explanation in the AB3 category, in which s/he explained the

solution steps and justifications, as s/he made use of visual elements such as shapes while reaching.

Participant T10 made the instructional explanation in example 3 for the question in which the
area of the rhombus should be calculated. Here, s/he made an instructional explanation in the IB2
category, in which s/he chose to directly use the formula to find the area of the tile given in the form of

a rhombus.

Participant T4 did not make a mathematical explanation by mentioning the order of area
measurement units with a rhyme in the instructional explanation in example 4 regarding the question
that requires conversion between m? and cm? and made an instructional explanation in the IB4

category by using instructional "trick."

Participant T7 explained what the concept of "area" means in her/his instructional explanation
of teaching the concept of "area" in example 5. S/he made an instructional explanation in the AB1
category, which s/he explained by associating the transition from length to the area with the concept

of dimension.

The answers given by the teachers in determining the measurement estimation and the
strategies used were matched under the codes of "correct estimate,” "partial estimate,” and "false
estimate/no explanation" previously determined by the researchers, according to their use of
estimation skills. Expressing the result as numerical data by using the estimation strategy was
evaluated as "correct estimation,” using a strategy but not expressing the result as numerical data was
evaluated as a "partial estimation,” and not using any strategy and not making an estimation was
evaluated as "incorrect estimation/no explanation." For example, if the participant was said, "If this
vehicle were approximately 5 m by 1.5 m, if the other vehicle was 1.5 times larger, I guess it would be at least 12
m2 would need a space" would be considered as an example that can be coded as "correct estimate"
because numerical values for the correct answer to the question are used here. However, the
researchers created this answer as an example since no participant answered the correct estimate
category suitably. The participant's response as "I do not know exactly, it will be bigger than the other, but

not 5-10 times" was coded as a partial estimate because the "partial estimate" category was deemed
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appropriate since it included an estimate of greater/smaller, which did not include numerical values

close to the correct answer. Then, the prediction strategies used by the participants were determined.

In the data analysis, the remaining 68 instructional explanations were coded by two
researchers at different times since two of the 72 instructional explanations received from the
participants were incorrect, and no answer could be received for two other questions. Researchers
identified the same level and subcategory in 65 of their coding. Inter-coder reliability was calculated
with the formula suggested by Miles and Huberman (1994) and was determined as 95.5%. Because
different coding was done in the subcategories of the three instructional explanations, the researchers

came together and reached a consensus by reanalyzing these explanations.
Ethical Permissions of the Study

Throughout the analysis, all guidelines specified to be applied within the scope of the
"Scientific Research and Publication Ethics Directive for Higher Education Institutions" were
implemented. None of the actions stated under the title "Actions Against Scientific Research and

Publication Ethics," which is the second part of the directive, were performed during the study.
Ethics committee permission information

Name of the committee that made the ethical evaluation = Istanbul Medeniyet University Educational

Sciences Ethics Committee

Date of ethical review decision = June 07, 2021

Ethics evaluation document issue number = 2021/06-25
Results

The level of understanding of secondary school mathematics teachers' instructional
explanations on area measurement and the extent to which and how much they include measurement
estimation in the explanations they use; whether they did is presented in this section. The results of
this study, which investigated which estimation strategy they used, are included in this section in the
form of classification of instructional explanations, results for each instructional explanation based on

questions about area measurement, and findings related to estimation skills examined.
Classification of Instructional Explanations According to Kinach Understanding Levels

Considering the instructional explanations made by the teachers for each question in the
study, a total of 72 instructional explanations should be obtained. In comparison, 68 instructional
explanations were analyzed because two instructional explanations were wrong, and no answer could
be obtained for two other questions. While 68 instructional explanations occurred at the procedural
and explanatory levels, the problem-solving, epistemic, and inquiry levels were not determined.

Regarding the distribution of the data obtained in Table 2, 66.18% of the instructional explanations are
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at the instrumental understanding level and 33.82% at the explanatory level. According to Table 2,

which presented the distribution of instructional explanations, the following subcategories are

explained; it is seen that a total of 114 codings were made. The number of coding obtained is more

than 68 because some instructional explanations contain more than one subcategory.

Table 2. Distribution of understanding levels of instructional explanations by subcategories

Levels Number % Subcategories Number %
Expressing the definition directly (IB1) 3 2.63
Expressing rules and relationships directly 30 26.32
(IB2)
Expressing directly how a procedure will be 30 26.32
Instrumental 45 66.18 performed (IB3)
Level Using a mathematical teaching trick (IB4) 2 1.76
Explaining what the definition means (AB1) 14 12.28
Explaining what relationships and properties 19 16.67
Explanatory mean (AB2)
Level 23 33.82  Explaining the operation steps and reasons 16 14.04
(AB3)

Instructional Explanations on the Concept of "Area"
Sample instructional explanations of teachers regarding the concept of area are as follows:

“we start by counting the squares on the checkered paper when it comes to the area of rectangle” The

teacher made an instructional explanation in the IB2 category, in which s/he directly expressed the

rules and relations, by talking about counting the unit squares in finding the space it occupies for the

area of the rectangle.

The classroom area, or rather, one of the easiest areas to show, is regular shapes, square or
rectangular. Since the classroom is also covered with tiles, it would be more comfortable. The
area will appear as soon as I count and multiply the vertical or vertical and horizontal rows.
Any vertical or horizontal. It comes easy for them to understand. It can also be explained by
painting. Ermm... I can think of it as the surface we paint is the area. Wall paint or carpet. I
think they know the square meter logic from there, as fifth-grade students.

This instructional explanation was in the AB1 category because the teacher tried to explain what the

concept of the area means with examples from daily life.

Children know somewhat the concept from primary school, we multiply the long side with
the short side, we find the area, or when the area of shape is the topic, the child thinks of, and
when we ask him, it starts with a rectangle, the short side or the long side. Probably because it
was given this way in primary school, because it was emphasized because it was explained in
that way

was coded in the IB1 subcategory since it includes expressing the area of the rectangle directly as the

long side times the short side.

The following explanation, presented as an example in the AB1 subcategory of the

explanatory level, gives concrete examples of area and transitions from the concept of environment to

area.
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First of all, I would try to give examples from our environment to explain what the concept of
area is, and I would try to learn where the concept of area was first heard by the students in
their daily life. I would make them realize the relationship between the perimeter and the
area, first explain what the perimeter is, then explain the relationship between the area and
the perimeter and explain the concept of area in that way.

When the instructional explanations for the area concept were examined in general, six (50%)
of the participants made instructional explanations at the instrumental level, and the other six (50%) at
the explanatory level. The explanations built on finding the value of the area rather than making sense
of what the area concept is are within the scope of instrumental level understanding. Some
explanations showed that teachers prefer the instructional explanation approach, the most superficial
explanation, which remains at the instrumental understanding level. In addition, instructional
explanations that fit the conceptual understanding (explanatory) level, which is the most basic of the
relational understanding level, were used. However, no instructional explanation was found at the
level of problem solving or epistemic understanding. In the question asked about how the concept of
the area was introduced, no examples of explanations emphasizing the source or development of

mathematical knowledge were found in the instructional explanations of the teachers.
Instructional Explanations on the Area of a Right Triangle

One of the teachers (8.33%) made an instructional explanation about the area of the right
triangle at an instrumental level, and 11 (91.66%) at an explanatory level. Below is an instructional
explanation at the instrumental level and in the IB3 subcategory, which shows how to apply a formula

for the area of the right triangle.

Dear students, as you can see, the base is 8 units, and we need to find the height here. How
was the height found now? The important thing is the height of that base in the area. So that is
height. However, let us draw this upright. This is also a height. However, this height belongs
to that base. If our base is 8, we need to find the height of these 8 units. Where is it, right there,
4 units? Since there are 4 units, we can multiply them and divide them by 2. After all, what
did we say as a footnote? What happens to side (i.e. opposite or adjacent) in a right triangle? It
could actually be called our height.

In the explanations in the explanatory level and AB2 subcategory below, instead of directly
presenting the relation related to the area of the right triangle, it is aimed to find new information
based on previous knowledge, such as moving from the area of the rectangle to reach the area, or

drawing another right triangle and forming a rectangle.

I say let us complete this to make a rectangle first, you know, if the rectangle was completed,
they will probably be able to count all the squares and then realize that it is half of it. From
there, I will reach the area of the triangle and complete it from 4x 8=32 halves to 16 rectangles.

I would draw another triangle and show that it is actually half of a rectangle. Because they
already know the area of the rectangle. Normally, I would calculate the area of the rectangle in
the same way as I find the area, and divide it in half, since it has half its shape, and derive the
formula that way.



Saymn, S., Ozdemir, U., & Oner, A. T.

The most common finding was that the instructional explanations used by the teachers in
solving problems about the area of the right triangle were explained by using the area of the rectangle.
It was found that the use of instructional explanations at the concept (explanatory) level
understanding, which is the most basic level of relational level understanding, is preferred over the

instrumental understanding level.
Instructional Explanations on the Area of the Rhombus

Regarding this part, eight (66.6%) of the participants made an instructional explanation at the
instrumental level, three (25%) at the explanatory level, and one participant gave an incorrect answer.
In the explanation below, which is at the instrumental level understanding and in theIB3 subcategory,
in which the direct application of the formula of the area of the rhombus depends on the diagonals,
and how to apply a formula to the procedure is seen.

Afterward, we already give the 7th-grade students the rhombus formula. So the diagonal

lengths are multiplied and divided by 2. Then I would have it done to see how many of these
rhombuses are in the area we want to cover.

In the other instructional explanation given below, in order to find the area of the rhombus,
the length diagonals of the rhombus are completed into the sides of rectangle to create a rectangle, and
the area of the rhombus was found from the area of the rectangle and then converted into a formula.
These statements, which justify the process steps and explain the reasons behind the formula, were at
the explanatory level and in the AB3 subcategory.

When we draw the corners of the rectangle, we see that when we draw from the corners of the

rhombus, we divide the rectangle into four equal parts. The student sees that these four

congruent parts are divided into two congruent triangles. One of each belongs to a rhombus.

So here again, they can see that the rectangle area is half; any rhombus is half of a rectangle,

half its area. So what are we doing then? One of the diagonals is the long side of the rectangle.

Let's say it could be 20 cm, for example, and the other short side could be 14 cm. Normally the
area of the rectangle would be 14 times 20, but the rhombus takes up half.

When the teachers' instructional explanations about the rhombus area were examined, the
instructional explanations remaining at the instrumental level were grouped under the subcategories
of directly expressing the rules and relations (IB2) and directly expressing how to apply a procedure
(IB3). It was found that the instructional explanations at the explanatory level of understanding were
given as explaining what the relationship and features mean (AB2) and explaining the solution steps
and reasons (AB3). It was observed that the majority of the teachers preferred to use formulas while
explaining the area of the rhombus, and they avoided explaining where the area formula came from
conceptually as they did for the area of the right triangle. Instructional explanations were at the
superficial level, and there were no explanations at the problem-solving or epistemic level of
understanding. Although the design of the interview question itself allows explaining the problem-
solving level, it was noted that the teachers made explanations for solving the question with the use of

the procedure.
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Instructional Explanations on Area Measurement Units

All of the participants used the ladder method to convert area measurement units. Statements
that memorize the units sequentially and multiply downwards, divide upwards, or so on, which are
far from mathematical foundations, show instrumental level understanding. In addition, ensuring that
the units remain in the memory by singing or like rhymes is also expressed as a teaching trick (Toluk
Ugar, 2011) and these expressions are explanations that show understanding at the instrumental level.
All participants preferred to convert m? to cm? in the unit conversion process. They stated that the
reason for this was that when they divided the number by 10000 to convert cm? to m?, the result
obtained was a decimal number, and the students were not at the desired level in dealing with
decimal numbers. Below are three examples of instructional explanations in the IB2 subcategory,

where the procedure is explained:

“Meter, decimeter, centimeter... So there are 2 steps. However, when it was a square, remember that

another 2 zeros were coming. What will happen in total There will be 4 zeros.”

“I would make them remember the ladder. So here I would prefer it as it is easier to go from square to

square centimeter.”

I would ask how many steps from m2 to cm2, to where are we going? Since it will go down 2
digits and it will add 2 zeros in each digit, saying that I would have to add 4 zeros in total next
to 14, and I would do the operation.

The example below shows an example of instructional explanation in the IB4 subcategory,
where area measurement units are memorized as a teaching trick.
Mrs. Kamile is on the roof, my uncle Mehmet is on the window, saying hello, hello. In other

words, this nursery rhyme creates much more permanence in the students' minds, and in this
way, the student does not face much trouble in unit conversion.

Findings on the Use of Estimation Skills

Instructional explanations were examined to understand whether the participants used the
estimation skill in their instructional explanations and what strategies they included. The results of

teachers' use of estimation skills are given in Table 3.

Table 3. Distribution of the use of estimation skill

Number %
Correct estimation - -
Partial estimate 10 83.33
Wrong estimation/No explanation 2 16.67

Ten participants (83.33%) made an instructional explanation at the instrumental level to the
question, which required estimation, and two participants could not explain at all. In all of the
explanations, while the teachers were explaining how to explain, they focused on verbal explanation
rather than how to estimate the problem's solution in numerical terms, so the explanations were

considered suitable for the "partial estimation” category. Nine (90%) of the partial estimators used the



Saymn, S., Ozdemir, U., & Oner, A. T.

reference point strategy as their estimation strategy. On the other hand, one participant understood
that the question required estimation skills but could not estimate the desired answer. Some of the
instructional explanations of the participants are as follows:
We have to understand the bigger vehicle gets that the shape accordingly gets bigger.
However, if it is the same length, only different in width, we can keep the same height and

edit the width. In other words, Mr. Metin, whom Ali Bey will call the management, needs a
line in a wider direction than the car park line drawn.

“Looks like 1.5 times bigger on average.”
If she said that his vehicle is a sedan, the standard parking line fits me at first, but now he has

to declare that his vehicle is now not a sedan but a pickup, then the standard parking line does
not suit for his vehicle. Therefore, he should say that he wants a wider line in the parking lot.

I do not know exactly how big their proportions are. How many times bigger is the pickup car
than to sedan car? When we say how many times it is, of course, we are talking about 1/2 and
1/3 multiples here. Not 5-10 times, of course.

In the instructional explanation examples given above, estimating that the pickup vehicle is
larger than the sedan vehicle and therefore a larger parking area will be needed was made by
accepting the sedan as a reference so that from an object known in mind (Gooya et al., 2011) was used

as a reference point known as an estimation strategy.
Conclusions and Discussion

This study aimed to determine the instructional explanations of mathematics teachers on area
measurement in the context of Kinach's (2002a) understanding levels, whether they use estimation
skills in their instructional explanations, and what strategies they use. In the present study, it was
found that the instructional explanations of the teachers were stacked in the instrumental level of
understanding and the conceptual level, which is the most basic level of the relational level of
understanding. It is noteworthy that in the instructional explanations for area concept, there are
definitions that the area covers a place and explanations about the rectangle area. It was found that
these explanations are collected at the instrumental and conceptual levels, which are the most
superficial ones. The most striking result in the explanations for the triangle area was that the
explanations were made over the rectangle area. It is important that teachers need to include such an
instructional explanation in teaching the area of a triangle for conceptualizing knowledge rather than
rote learning. However, the same is not the case in the instructional explanations for the area of the
rhombus. Another important finding is that the teachers mostly made explanations at the
instrumental understanding level and mainly included formulas here. At the end of the interviews, it
was seen that the instructional explanations on the area mostly remained at the instrumental level and
then at the conceptual level. It is noteworthy that mathematics teachers did not even include an
instructional explanation for understanding at the relational level of problem-solving in their
explanations of the solution of some mathematical problems in the interview questions. Instructional

explanations of the teachers were mainly at the instrumental level, and this finding also showed
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parallelism with the studies examining the instructional explanations of teachers or pre-service
teachers on different concepts. The findings of other studies in the literature showed that instructional
explanations were mostly stacked at the instrumental or conceptual level (Alkan, 2016; Akyildiz, 2019;
Gokkurt et al., 2012; Giiler & Celik, 2016; Kinach 2002a, 2002b; Korkmaz, 2021; Toluk Ugar, 2010, 2011).

In this sense, it is crucial to examine in-depth why teachers' instructional explanations remain
at a superficial level. Regarding many studies in the literature and this study, investigating and
elaborating the reasons behind teachers' explanations at the instrumental level is needed. One of these
reasons; maybe that teachers think that they cannot accomplish to teach standards in the mathematics
curriculum in one academic year, and they try to complete the instructional process in a limited time
by directly expressing the rules, relations, and how a procedure will be applied, which were at the
instrumental level. It was pointed out that the teachers intend to pass quickly by giving rules and
think that it is a waste of time to make instructional explanations at the relational level (Gokkurt et al.,
2012). Also, during the thank-you speech process made with the participants after the interview
recordings were terminated, the teachers indicated that they thought that they could explain the
subject to the students more efficiently by making instructional explanations at the instrumental level
or that the students would understand it more easily, although they were actually at the advanced
level of understanding. Some participants stated that one of the determining factors in the
instructional explanations is the students' mathematics performance. Participants stated that they
made superficial instructional explanations in some classes and in-depth instructional explanations in
some classes. Building new knowledge on students' previous knowledge is necessary for instructional
explanations (Leinhardt & Steele, 2005), but this should not mean unqualified or superficial
instructional explanations by citing differences in students' prior knowledge (or comprehension
levels). In addition, it may result that the target behaviors and skills that are emphasized in the

mathematics curriculum and expected to be acquired by the students are not at the desired level.

Another reason mathematics teachers' instructional explanations were at the instrumental or
explanatory level may be that teachers' knowledge of mathematics is insufficient to include
explanations at the relational level of problem-solving, epistemic, and inquiry. It is obvious that
mathematics teachers' undergraduate education plays an essential role, especially when they are
teacher candidates. The fact that the pre-service teachers’ instructional explanations were not
sufficient to provide teaching according to a targeted level of standards in the mathematics curriculum
(Toluk Ugar, 2010), their pedagogical content knowledge is not at the desired level in the dimension of
teaching strategies, and accordingly, they have difficulties in understanding students and providing
an effective mathematics teaching (Sahin, Erdem, Basibiiyiik, Gokkurt, & Soylu, 2014) reinforces the
underlying reason why teachers' instructional explanations remain superficial. Although it is known
that it is not easy to create instructional explanations for pre-service teachers (Kinach, 2002a), the same

is valid for teachers, or it may be an option not to be preferred. However, whatever the reason is, it is
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inevitable that mathematics subject matter knowledge (Shulman, 1986), which is a part of pedagogical
content knowledge, plays a role in instructional explanations (Charalambous et al., 2011). The limited
subject matter knowledge of teachers (Blum & Krauss, 2008; Gokkurt et al., 2012; Gokkurt & Soylu,
2016; Tekin-Sitrava, 2014) or pre-service teachers (Ding, He, & Leung, 2014; Evan, 1993) affects the
pedagogical content knowledge and also has a strong connection with the quality of instructional
explanations (Charalambous et al., 2011). Therefore, when teachers have excellent mathematical
subject matter knowledge, it also helps them to master the instructional explanations focused on
concepts and rules. While these explanations help students understand the activities they perform in-
depth, they also play an important role in forming their cognitive schemas in the learning process
(Wittwer & Renkl, 2008). For example, it has been seen that the difference between the instructional
explanations of mathematics teachers working in Asian countries and the United States (USA) is the
conceptual explanations behind the concepts and rules and explaining how they work (Perry, 2000).
When the types of examples used by mathematics teachers with their instructional explanations in
teaching a concept were examined, it was revealed that the teachers who made explanations in the
explanatory dimension included developmental or non-exampling examples that included relations
between the subjects. In contrast, those in the instrumental dimension used standard examples (Alkan,
2016). Considering that teachers include standard and improving examples (Alkan, 2016) when
teachers' pedagogical content knowledge is examined in the context of Kinach's (2002a) understanding
levels, it was found that the types of examples did not differ much in addition to the explanations that
will affect the student's understanding of mathematics in the classroom. It can be said that this
situation may be effective in student learning. Considering that the knowledge of teaching
mathematics consists of explanations and examples used in the lesson (Leinhardt, 2001), it can be
concluded that the more superficial the teachers' explanations, the more their examples will not differ.
Since the instructional explanation should include both exemplary and non-exemplary situations
(Leinhardt & Steele, 2005) regarding the concept being taught, it is inevitable for qualified teaching

that the instructional explanations of the teachers should be at least at the conceptual level.

Although the level of instructional explanation according to the participants' years of
experience is not the study's primary purpose, a remarkable finding from this study is that the
explanations of teachers with 11-15 years of experience were made explanations at the conceptual
level. Although the instructional explanations of these participants were not at problem-solving or
other relational level understanding, the fact that they concentrate on the categories that are not at the
instrumental level, but rather explain what the relation and features of the concept mean, and explain
the solution steps and reasons, may be an indication that an attempt is made to teach away from rote
learning. Experienced teachers define problems more quickly according to appropriate problem-

solving strategies and have a more detailed grasp of concepts than teachers who are new to the
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profession (Wittwer & Renkl, 2008). Thus, they can also use the underlying reasons for concepts and

procedures in their instructional explanations.

Since it is known that the instructional explanations of the teachers affect the success of the
students, it is necessary to train pre-service teachers who can make instructional explanations at
epistemic and problem-solving levels and provide teachers with environments that will allow for
explanations at advanced understanding levels in the classroom environment, or wait for the teachers
to create these environments. It will be beneficial for students to realize meaningful learning by using
such explanations more frequently by teachers, emphasizing a source of mathematical knowledge,

and emphasizing where the idea comes from with relationships.

In the questions about the use of the estimation skill, it was seen that the participants used
estimation skills in the questions that required estimation in the context, and they did not include
estimation skills in the other questions. Boz Yaman and Bulut (2017), in their study examining
teachers' opinions about estimation, concluded that teachers do not include estimation skills in their
lessons. Considering that estimation practices are beneficial for teachers in evaluating students'
understanding of measurement (Gooya et al., 2011) and estimation skill is included in both
international and national curricula, findings of teachers making instructional explanations that will

neither increase these skills nor include operations for strategy use was a disappointment.
Suggestions

Teachers' learning experiences play a role in their instructional explanations (Karakus, 2017;
Leinhardt, 2010; Toluk Ugar, 2011). In this context, practices that will enable teachers to make their
instructional explanations at a relational level in the lessons they take on mathematics teaching while

they are still pre-service teachers can be included during their undergraduate education.

To understand the abstract structure of mathematics and make connections, teachers' use of
materials should be supported during instructional explanations, and teachers' access to concrete
materials that they will use in the lesson and the provision of these materials in schools should be
facilitated. It is seen that teachers need alternative methods other than the ladder method in teaching
and reminding area measurement units. In this context, concrete materials showing the relationship
between measurement units can be prepared and added to the tool list for the secondary school

mathematics course published by the MoNE Course Equipment Production Center.

Standards about area measurement in the national mathematics curriculum begin at the 3rd-
grade and continue throughout middle school. For primary school level teaching, teachers'
instructional explanations should be non-instrumental but at a level to provide conceptual
understanding, and students' schemas for measuring areas should be formed correctly. For this, some
concrete applications can be included in the lessons where the students are active such as the lengths

of the sides of the shapes to be calculated are measured using a ruler, and they cover the ground
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surface using unit square. If each student is provided with tools such as a measuring set with a ruler
and concrete models of unit square, it will contribute to the targeted learning of the standards about
area measurement. Unit squares can be prepared in the form of tear-off paper material in addition to
the back pages of textbooks, and measurement sets can be given to students free of charge, just as

textbooks are provided free of charge.

In secondary school, teachers continue a process that started in primary school on area
measurement. Teacher's books can be prepared in which the required-expected mathematical skills of
students coming from primary school are stated, and the level at which the subject can be started is
explained. The teacher's books included in the previous mathematics curriculum (see MoNE, 2005)
guide teachers, provide an example plan for the course of the lesson, include alternative examples,
and include notes about the mistakes that students can make, and thus enable the teacher to draw a
framework for the lesson. Thus, they were seen as publications that supplemented with instructional

explanations. For this reason, mathematics lesson teacher's books can be rereleased.

In addition to all these, it is possible that any activity such as seminar and project participation
that will contribute to the professional development of teachers can be beneficial in increasing the

quality of their instructional explanations.
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