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Oz

Caligmanin amaci, 6grencilerin matematiksel diisiinme siirecine yonelik 6gretmen farkindaliklarini ve
fark etme stratejilerini incelemektir. Durum ¢alismasi deseni kullanilan ¢alisma, Ankara’daki bir
ortaokulun yedinci smif diizeyinde egitim veren bir matematik Ogretmeninin derslerinde
gerceklestirilmistir. Caligmanin verileri 6gretmenle yapilan yar yapilandirilmis goriismeler, simf ici
video kayitlari, &grenci gozlemleri ve oOgrenci ¢alismalarindan elde edilen dokiimanlar yoluyla
toplanmustir. Ogrenci diisiinmelerini gdzlemleme siirecinde istatistik konularini igeren dort modelleme
etkinligi kullanilmistir. Toplanan veriler igerik analizi ve betimsel analiz yontemiyle analiz edilmistir.
Ogretmenin 6grenci diisiinmelerine yonelik neleri fark ettigine iliskin 3 kategori elde edilmistir: (a)
Kavramsal anlama (b) islemsel anlama ve (c) matematiksel dil kullammi. Ogretmenin 6grenci
diigiinmeleriyle ilgili farkindaliklarinin ¢ogunlukla kavramsal anlamalar iizerinde yogunlastigi tespit
edilmistir. Ogretmenin fark ettiklerini nasil ifade ettigiyle ilgili ise su kategorilere ulasilmistir: (a)
Tamimlama ve agiklama, (b) degerlendirme ve yorumlama ile (c) gerekcelendirme. Ogretmen uygun
model gelistirme siirecindeki 6grencilerinde fark ettigi durumlar tekrarlama, fazladan duyma ve tarafli
duyma seklinde tanimlamigtir. Fark ettigi durumlarla ilgili stireci ya da sonucu yorumlamis, cesitli
degerlendirmeler ~ yapmustir.  Ogretmen  yorumlarini  gerekgelendirirken — de,  6grenci
soylemleri/davraniglarindan kanitlar sunmus veya 6grencileriyle ilgili bilgilerinden ve beklentilerinden

yola ¢ikarak tahminde/varsayimlarda bulunmustur.
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Giris

Ogretmen farkindaligi, 6gretmen yeterliklerinin énemli bir boyutudur ve etkili égretim icin
gerekli bir etkendir (van Es ve Sherin, 2002). Farkindalik, Goodwin (1994) tarafindan “mesleki
bakis/dikkat”, Mason (2002) tarafindan ise “kasith fark etme” olarak adlandirilmistir. Bir
ogretmen icin farkindalik, 6grencilerinin diisiinceleriyle, sdylemleriyle, davraniglariyla, vb.
sekillerde smiftaki varligmin farkinda olup, onlarin ne demek istedigini yorumlayarak
eksiklerini ya da ihtiyaglarini belirleyebilme becerisi olarak tanimlanmaktadir (Ball, 1997;
Jacobs, Lamb, ve Philipp, 2010; van Es ve Sherin, 2002). Buna gore, 6gretmenlerden ders
anlatirken ayni1 zamanda, Ogrencilerinin sdylemlerine, davranislarina, diislincelerine,
diistincelerini ifade ederken hangi analojileri veya gosterimleri kullandiklarina dikkat etmesi
beklenir (Barnhart ve van Es, 2015; van Es, Cashen, Barnhart ve Auger, 2017). Ogretmenlerin,
ozellikle Ogrenci Ogrenmesi ve anlamasina yonelik hemen her durumda farkindaliklar
sergileyebilmeleri; fark ettikleri bu durumlarla ilgili 6grencileri hakkinda sistematik bir oriintii
olusturabilmeleri ve eger anlama eksikligi veya yanlis bir davranig gdzlemlerlerse buna hizla
miidahale edebilmeleri gereckmektedir (Leatham, Peterson, Stockero ve Van Zoest, 2015;
Miller, 2011). van Es ve Sherin (2002), farkindalik becerisine sahip Ogretmenlerin, (a)
bulunduklart sinifin durumu hakkinda onemli ya da kayda deger bulunan noktalari
belirleyebildiklerini, (b) smif i¢i etkilesimler ile 6grenme-0gretme stratejileri arasinda
baglantilar kurabildiklerini, (¢) sinifi¢i etkilesimleri sekillendirme siirecinde, 6grencilerin konu
hakkindaki bilgilerini kullanarak derslerini diizenleyebildiklerini vurgulamaktadir. Leinhardt,
Putnam, Stein ve Baxter (1991) 6gretmenin fark ettigi bu noktalar1 veya durumlari zihnine
kaydettigi “kontrol noktalar1” olarak adlandirmaktadirlar. Ogretmen fark ettii bu kontrol
noktalar1 tiizerinden degerlendirmeler yaparak, dersinde olumsuz giden bir durumu,
ogrencilerinin anlamadig1 bir konuyu veya yanlis anlamalar1 gidermek ic¢in anlik yanitlar,
cozlimler olusturabilmelidir. Ancak simif ortamlar1 6gretmenlerin gozlemlemesi gereken
oldukga fazla séylem, davranis ve durum igeren karmasik ortamlar (Sherin, Russ ve Colestock,
2011) olmasi nedeniyle 6gretmenlerin 6grenci 6grenmelerini destekleyecek 6nemli noktalar
belirleyebilme ve buna gore derslerini diizenleyebilme becerisine sahip olmasi gerekir
(Schoenfeld, 2011). Ogretmenlerin dgretimsel faaliyetlerini gelistirebilmek icin sinif ortaminda
dikkate almalar1 gereken 6nemli bir bilesen 6grenci diisiinmeleridir (Didis Kabar ve Erbas,

2019; Fernandez, Llinares ve Valls, 2013; Leatham vd., 2015).

Etkili matematik 6gretimi icin 6gretmenlerin, 6grenci diistinmelerini fark etmeleri ve

gelistirmek iizere Ogrenci Ogrenmelerini destekleyici Ogretimsel faaliyetler hazirlamalar
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gerekmektedir (National Council of Teachers of Mathematics [NCTM], 2000). Bu baglamda

farkindalik becerisi, matematik egitimcileri ve arastirmacilar tarafindan son yillarda ele alinan
bir konu olmustur. Matematik 6gretmenlerinin ve dgretmen adaylarinin, 6grencilerin matematiksel
diisinmeleri hakkinda neleri fark ettikleri, nasil yorumladiklar1 ve bu becerilerini nasil
geligtirebilecekleri hakkinda ¢alismalar yapilmistir (Baki ve Isik, 2018; Barnhart ve van Es, 2015;
Colestock, 2009; Crespo, 2000; Erickson, 2011; Fernandez, Llinares ve Valls, 2013; Goodwin, 1994;
Jacobs ve Philipp, 2011; Kilig, 2018; Krupa, Huey, Lesseig, Casey ve Monson, 2017; Nicol ve Crespo,
2003; Sherin, 2001, 2007; Tataroglu Tasdan, 2019; van Es ve Sherin, 2002). Matematik
egitimcilerinin galismalarinda, 6gretmen farkindaligina iliskin iki modelin dikkate alindigi
gozlenmistir (Jacobs ve Philipp, 2011; van Es ve Sherin, 2002). Bunlardan biri, Jacobs, Lamb
ve Philipp (2010) “6grencilerin matematiksel diisiinmelerine yonelik mesleki farkindalik”
olarak bahsettikleri tanimdir. Matematik 6gretmenlerinin 6grenci diislinmelerini fark etme
becerilerini; (a) matematiksel olarak 6grencilerin kullandiklari stratejileri fark edebilmek, (b)
ogrencilerin kullandiklar1 ifadeler, semboller ve fikirlerine yonelik matematiksel yorumlar,
tespitler yapabilmek ve (c) 6grencilerin ihtiyaglari tespit edildikten sonra matematiksel anlamda
nasil ¢6ziim yollar1 sunacagini belirleyebilmek seklinde tanimlamiglardir (Jacobs ve Philipp,
2011). Van Es ve Sherin (2001, 2002, 2007, 2008) ise Goodwin (1994)’in tanimladigi
“profesyonel bakis agis1” kavramindan yola ¢ikarak matematik 6gretmenlerinin sinif ortaminda
gelisen olaylara veya durumlara nasil baktiklari, neleri gordiikleri ve nasil ¢oziimler

bulduklartyla ilgilenmislerdir.

Yapilan bazi arastirmalarda 6gretmenlerin fark ettikleri olgu, sdylem ve durumu nasil
ifade ettiklerine deginildigi gozlenmistir (Crespo, 2000; Wallach ve Even, 2005). Bu
caligmalara gore Ogretmenlerin sinif ortaminda fark ettikleri noktalart nasil ifade ettikleri
aslinda nasil yorumladiklarina dair ipuglar igermektedir (Jacobs vd., 2007). Dolayisiyla,
Crespo (2000)’nun 6grencilerin s6z ve davraniglarin1 yorumlamak, Wallach ve Even (2005) ile
Ball (1997)’in 6grencileri gérmek ve duymak olarak nitelendirdigi fark etme stratejileri,
ogretmenin Ogrencilerinde gbzlemledigi durumlari nasil fark ettigini ortaya koymaktadir. Bu
konuda yapilan ¢aligmalara bakildiginda, Jacobs ve digerleri (2007) farkindalik becerisi olan
bir matematik 6gretmeninin, 6grencisi ile ilgili fark etti§i bir noktay1 (a) belirleme, (b)
tanimlama, (c) yorumlama ve (d) yanitlama gibi fark etme stratejileri oldugunu tespit
etmislerdir. Wallach ve Even (2005) 6gretmenin nasil fark ettigiyle ilgili dort kategori ve
bunlardan ikisine ait alt kategoriler belirlemislerdir. Bu kategoriler; (a) tanimlama, (b)
aciklama, (c) degerlendirme ve (d) gerek¢elendirmedir. Wallach ve Even (2005), 6gretmenin

fark ettiklerini nasil yorumladigiyla ilgili verileri incelemek iizere videolar1 pek cok kez
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izlemisglerdir. Bu sirada 6gretmenin bazen, 6grencilerinin sdylemedigi sozler veya yapmadigi

davraniglar lizerinden, bazen de Ogrencilerin sdylediklerinden fazlasini duyup yorumlar
yaptigin1 fark etmislerdir. Bunun iizerine, Ogretmenin farkindaliklarini tanimlamasi ve
aciklamasi sirasinda 6grencilerinde bazen olmayani duyma, bazen fazladan duyma gibi farkli
durumlar gdzlemlediklerini belirtmislerdir. Ogretmenin ‘duyma stratejileri’ olarak belirttikleri
bu yorumlar1 da su sekilde isimlendirmislerdir: Fazlasin1 duyma (over hearing), tarafli duyum
(biased hearing), duymama (non hearing- tamamiyla gérmezden gelme), uyumlu duyum
(compatible hearing - dogru anlama) ve goz ard1 etme (under hearing - bazi kisimlar1 gérmezden
gelme). Wallach ve Even (2005) duyma stratejilerini inceledikleri ¢alismada sadece tanimlama
ve agiklama boyutlari ig¢in bu alt boyutlar1 belirlemislerdir. Colestock ve Sherin (2009) ise,
ogretmenlerin izledikleri videolarda fark ettikleri 6zellikleri ve bu oOzellikleri ifade etme
sekillerini “fark etme stratejileri” ad1 altinda incelemislerdir. Colestock ve Sherin 6gretmenlerin
fark etme stratejilerini bes kategoride toplamislar ve bunlari “karsilastirma yaparak, genelleme
yaparak, bakis agisi belirleyerek, yansitici diisiinerek ve problem ¢ozerek” seklinde
adlandirmiglardir. Bu arastirmada da 6grenci diisiinmelerine yonelik gretmen farkindaliklar
ve fark etme stratejileri incelenmistir. Ogretmenin izledigi videolarda degerli buldugu
noktalarin neler oldugu Jacobs ve Philipp (2011)’in tanimi dikkate alinarak belirlenmis ve alan
yazindan desteklenerek (Crespo, 2000; Wallach ve Even, 2005) 6gretmenin fark ettiklerini
yorumlama siirecinde fark etme stratejilerinden hangilerinin kullanildig: ortaya ¢ikarilmaya

calisiimustir.

Tiirkiye’de ogretmenlerin, ozellikle 6grencilerin matematiksel diisinmelerine yonelik
farkindalik becerileri hakkinda bilginin sinirli oldugu goriilmektedir (Baki ve Isik, 2018; Didis
Kabar ve Erbas, 2019; Giiner ve Akyiiz, 2017a; Kili¢, 2018; Tataroglu Tasdan, 2019). Bunun
sebeplerinden biri de 6grenci diistinmelerinin gézlemlenebilecegi sinif ortamlarinin oldukga az
olmasidir. Ogrenciler diisiincelerini, ancak, onlarin daha fazla konusmasini gerektiren tartisma
ortamlarinin yaratilmasi ve 6gretmenleri tarafindan dikkatle dinlenilmesi sonucu agikca ortaya
koyabilmektedirler (NCTM, 2000). Matematiksel modelleme perspektifi bu tir smf

ortamlarinin olusturulmasinda etkili bir yaklagimdir.

Matematiksel modelleme perspektifini temel alan siniflarda 6grenciler, ¢evrelerindeki
gergek durum ya da olaylarla ilgili etkinliklere uygun ¢6ziim yollarini arayarak, karar verme
yetisini gelistirmek ve akranlar1 ile durumu degerlendirmek iizere gruplara ayrilmakta,
ogretmen de onlara kendi bilgilerini {iretme siirecinde yardimci roller iistlenmektedir. Siirecte

ogrenciler, grup arkadaslariyla ve tiim sinifla diisiincelerini paylasmakta, matematiksel olarak
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neler bildigini, hangi kavram yanilgilarina sahip oldugunu, hangi noktalarda zorlandiklarini

ogretmen rehberligindeki, tartisma ortamlarinda kendisi agiklamaktadir. Boylelikle 6gretim
planlarinda matematiksel modelleme yaklasimini temel alan 6gretmenler, 6grencilerinin nasil
distindiiklerini anlama ve yakindan gozlemleyebilme, matematiksel diistinme siirecleri
hakkinda bilgi sahibi olma, 6grencinin hangi matematiksel ¢6ziim yontemini kullandig1r ve
neden bunu sectigini inceleyebilme firsati bulabilmektedirler (English, 2003; Huang, 2011).
Dolayisiyla modelleme etkinliklerinin 6gretmen farkindaligini ortaya koymakta uygun bir
yaklasim oldugu diisiintilerek, arastirmanin uygulama siirecinde Lesh ve Doerr (2003)’in

matematiksel modelleme perspektifi temel alinmustir.

Modelleme etkinliklerinin ¢6ziimii sirasinda, 6grenciler matematigin pek ¢ok dgrenme
alanina (sayilar, geometri, veri isleme (istatistik), vb.) yonelik ¢aligmalar yapmakta ve bu yolla
Ogretmenler 6grencilerinin belirli matematik konularina yonelik diisiinceleri hakkinda fikir
sahibi olabilmektedir. Bu calismada veri isleme &grenme alanina odaklanilmistir. Istatistik
konulari, ¢cogu 6grencinin 6grenmekte zorlandigi bir konudur (Ben-Zvi ve Garfield, 2004;
Garfield, delMas ve Zieffler, 2012; Koparan, 2014; Zieffler, Park, Garfield, Delmas ve Bjornsdottir,
2012). Matematigin bu konularinda zorlanan 6grencilerin matematiksel diisiincelerini ortaya
cikararak, onlarin konuyla ilgili neler bildikleri, bilgilerinin dogrulugu, yanlishigi, nerelerde
hatalar yaptiklar1 hakkinda 6gretmenin derslerini diizenlemesi gerekebilir (Garfield ve Ben-Zvi,
2009). Modelleme etkinliklerinin, rutin problemlerin aksine, 6grencilerin {izerinde diislinmesi
ve dikkate almasi gereken birden fazla veriyi barindiran problem durumlarini igermeleri
nedeniyle istatistik konularinin 6gretiminde kullanilmasinin uygun oldugu diisiiniilen
etkinliklerdir (Doerr ve English, 2003). Bu baglamda, 6grencilerin kendilerini ifade etmekte,
diisiincelerini ortaya ¢ikarabilmekte, hangi stratejileri neden kullandiklarini agiklayabilmekte
uygun bir ortam sundugu i¢in modelleme etkinliklerinin uygulanmasinin, 6gretmenlerin,
ogrencilerinin istatistik konular1 baglaminda matematiksel diigiincelerini goérme, fark etme ve
anlamlandirma siirecinde kolaylik saglayan bir ara¢ olacagi diisiiniilmiistiir. Biitiin bunlar
dikkate alinarak bu arastirmada; ortaokul 7. sinif diizeyinde veri isleme konular ile iligkili
matematiksel modelleme etkinliklerinin uygulandig: bir siifta 6grencilerini gézlemleyen bir
ogretmenin, Ogrencilerinin matematiksel diisiinmeleri ile ilgili neleri fark ettigi ve bu
farkindaliklarin1 nasil ifade ettigi, nasil yorumladigi incelenmistir. Buradan hareketle

arastirmanin problemleri su sekildedir:

1. Matematiksel modelleme siirecindeki dgrencilerini gézlemleyen bir 6gretmen 6grenci

diisinmelerine yonelik neleri fark etmektedir?
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2. Matematiksel modelleme siirecindeki 6grencilerini gézlemleyen bir 6gretmen 6grenci

diisinmelerine yonelik farkindaliklarini nasil yorumlamakta ve hangi stratejilerle ifade
etmektedir?

Alanyazin Taramasi

Ilgili alanyazin incelendiginde, matematik 6gretmenleri ve dgretmen adaylarinin grenci
diistinmelerine yonelik farkindalik becerileri, fark etme diizeyleri ve farkindalik becerisinin
Ogrenilebilir olmasi ile ilgili ¢alismalarin oldugu tespit edilmistir (Baki ve Isik, 2018;
Colestock, 2009; Colestock ve Sherin, 2009; Friesen ve Kuntze, 2020; Kilig, 2018; Santagata,
Zannoni ve Stigler, 2007; Star ve Strickland, 2007; Tataroglu Tasdan, 2019; Taylan, 2015a,
2015b). Ornegin Colestock (2009) yaptig1 bir ¢aligmada, bir matematik dgretmeninin sadece
ogrenci diisiinmesiyle ilgili farkindaliklarini incelemistir. Calismanin sonuglarinda 6gretmenin
ogrenci diisiinmesine yonelik fark ettigi noktalari; (a) ¢oziimle ilgili 6grenci gerekgeleri (b)
problem ¢dzme siirecindeki 0grenci diisiinmesi (c) problem c¢oziimii sirasinda 6grencinin
yasadigr zorluklar (d) oOgrencilerin sorduklari anlamli matematiksel sorular seklinde
gruplamistir. Star ve Strickland (2007), Ogretmen adaylarinin farkindalik becerilerini
gelistirebileceklerini ortaya koymuslardir. Calismada 6gretmen adaylar1 bir donem boyunca
sinif ortamindaki 6nemli anlar fark etmelerini saglayacak sekilde yapilandirilmis bir ders
almiglardir. Bu dersi almadan 6nce sadece sinif yonetimine odaklanan 6gretmen adaylarinin,
dersi aldiktan sonra sinif ortami, sinif yonetimi, gorevler, matematiksel icerik ve iletisim gibi
alanlarda farkindaliklar yasadiklarini tespit etmislerdir. Santagata vd. (2007), yaklasik 140
ogretmen adayiyla iki yil siiren ¢alismalarinda, 6gretmen adaylarinin izledikleri videolarda
neleri fark ettiklerini belirlemeye ¢alismiglardir. Verilerin analizinde yapilan kodlamalarla,
ogretmen adaylarinin detaylandirma, matematiksel igerik, 6grenci 6grenmesi, elestirel yaklasim

ve alternatif stratejiler hakkinda farkindaliklar1 olduguna yonelik bes kategoriye ulagmislardir.

Tiirkiye’de yapilan calismalarin ¢ogunlugu 6gretmen adaylarinin fark etme becerileri
ve diizeyleri ile (Giiner ve Akyliz, 2017a, 2017b; Kilig, 2018; Kilig, 2019; Tataroglu Tasdan,
2019) ilgili olup, 6gretmenlerle yapilan sinirli ¢alismanin oldugu belirlenmistir (Baki ve Isik,
2018; Taylan, 2015a, 2015b). Ogretmen adaylarina odaklanan ¢alismalardan Tataroglu Tastan
(2019) 20 matematik 6gretmen adayina fonksiyon kavraminin 6gretimine iliskin ders videosu
izletmis ve fark ettikleri durumlar yazili olarak istemistir. Ogretmen adaylarinin hem pedagojik
stratejiler, smif i¢i iletisim gibi genel hem de fonksiyon kavramiyla ilgili spesifik konulara
yonelik farkindaliklar1 oldugunu ancak 6gretmen adaylarinin {ist diizey farkindalik becerisi

gosteremediklerini belirtmistir. Giliner ve Akyiiz (2017a) ders imecesi yontemiyle 6gretmen
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adaylarmin farkindalik becerilerinin gelistirilebilecegini ortaya ¢ikarmistir. Baki ve Isik (2018)

aragtirmaya aldiklar alt1 6gretmenden, ders imecesine katilan dordiiniin 6grenci diislinmelerine
yonelik farkindalik diizeylerinin yiiksek, katilmayan iki 6gretmenin ise fark etme becerisinin

diistik diizeyde oldugunu tespit etmislerdir.

Matematiksel diisiinmeye yonelik 6gretmen ve 6gretmen adaylarinin fark etme becerisi
hakkindaki alanyazina bakildiginda, belirli matematik alanina yogunlasan ¢aligmalarin oldugu
gozlenmistir (Borko, Jacobs, Eiteljorg ve Pittman, 2008; Carpenter, Fennema, Peterson ve
Carey, 1988; Franke ve Kazemi, 2001; Giiner ve Akyiiz, 2017b; Schifter, 2011). Ornegin,
Jacobs vd. (2010) tam sayilarla ilgili Ogrencilerin matematiksel diisiinmelerine yonelik
ogretmen farkindaligini arastirmistir. Schifter (2011) 6zel olarak ele aldig1 cebir alt 6grenme
alaniyla ilgili ilkogretim ogretmenlerinin 0grenci diisiinmelerini fark etme becerilerini
incelemigtir. Gliner ve Akyiiz (2017b) geometri 6grenme alaniyla ilgili ¢evre ve alan
konularinda 6grencilerin neleri, nasil diisiindiiklerine dair dort 6gretmen adayimin bilgisi
iizerine bir ¢alisma yapmislardir. Caligma sonuglarinda, 6gretmen adaylarinin ¢evre ve alan
konularinda 6grencilerin bilgileri ve yapabilecekleri ¢oziimlerle ilgili beklenti ve tahminlerinin
oldukga sinirli oldugu elde edilmistir. Taylan (2015b) O6grencilerini ¢arpma ve bolme
islemleriyle ugrasirken gozlemleyen 3. sinif 6gretmeninin neleri fark ettigini incelemistir.
sekilde agikladig1 ve kendi 6gretimsel faaliyetlerinde kullanmak iizere dikkate aldigi tespit
edilmistir. Alanyazin taramasinda, veri isleme konularinda 6gretmenin fark etme becerisinin
ele alindig1 bir ¢aligmayla karsilagiilmamistir. Bu ¢alismada veri isleme 6grenme alaninda
ogretmen farkindaliklarinin ortaya ¢ikarilmasiyla ulagilan bulgularin alana katki saglayacagi

diistiniilmektedir.
Yontem
Arastirma Deseni

Arastirma nitel arastirma yontemlerinden durum ¢aligsmasi olarak tasarlanmistir. Arastirmada,
bir Ogretmenin matematiksel modelleme siirecindeki Ggrencilerinin - matematiksel
diistinmelerine dair neleri, nasil fark ettigi detayli olarak ortaya konmaya calisilmistir. Yin
(1994)’e gore bu tiir amaglar i¢in durum calismalart en uygun arastirma yaklagimidir.
Arastirmada, bir 6gretmenin, matematiksel modelleme etkinlikleri siirecindeki Ogrencileri
hakkindaki farkindaliklari, ele alinan durum olarak diisiiniildiiglinde, uygun olan nitel arastirma

deseni, tekli durum ¢aligmasi deseni olarak belirlenmistir (Creswell, 2007).
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Calisma Grubu

Arastirmada, incelenen durumla ilgili diisiincelerini agikca ifade edebilen, aragtirmaci ile rahat
bir iletisim kurabilen, 16 yillik mesleki deneyimi olan, yeniliklere agik, bilimsel arastirmalara
Oonem veren ve arastirmaya goniillii olarak katilmak isteyen bir 6gretmen segilerek amaca uygun
bir 6rnekleme yoluna gidilmistir. Amagli 6rneklemlerde katilimcilar aragtirma konusuna uygun
Ozelliklere sahip olan ve konuya dair deneyimleri dikkate alinarak secilmektedir (Baskale,
2016).

Veri Toplama Araglari

Durum c¢alismasinin 6zelliklerinden biri, birden fazla veri kaynagi ve tiiriintin kullanilmasidir.
Dolayisiyla arastirmanin problemine ve arastirmacinin beklentilerine gore gozlem, goriisme ve
dokiiman inceleme gibi veri toplama yontemleri tek basina ya da birkac1 bir arada olacak sekilde
kullanilabilmektedir (Creswell, 2007). Arastirma siirecinde, ¢oklu veri kaynaklarinin (gézlem,
goriisme ve dokiiman analizi) kullanilmasi bir 6gretmenin farkindaliklarinin ortaya ¢ikarilmasi
ve derinlemesine incelenmesine olanak saglamistir. Veri toplama siirecinde kullanilan araglar

asagida detaylandirilmistir:
Goriismeler

Arastirmada en fazla veri goriismelerden elde edilmistir. Ogretmen farkindaligma iliskin
caligmalarin cogunda video kayitlar tizerinden yapilan goriismeler olduk¢a zengin veri kaynagi
olmustur (Sherin ve van Es, 2005). Siirecte 6gretmenle yapilan goriismelere dair bilgiler Tablo

1’de ¢esit, siire ve konu acisindan ayrintili olarak verilmistir.

Tablo 1. Gériismelerle ilgili Detaylar

Goriisme . Sayis1 ve
o Gortisme Icerigi ‘
Cesidi Siiresi

Ogretmenin istatistik konular1 hakkindaki diisiinceleri, bu

.....

. kadar 6nemli buldugu, 6gretimi sirasinda nasil bir ders isledigi Bir
:g ve hangi noktalarda zorlandig1 ele alinmigtir. Ayrica oturum,
’é ogrencilerinin istatistik konularina yonelik bilgi ve becerileri, 50 dk.
:5 kavram yanilgilari, matematiksel diisiinceleri, matematiksel

ifadeleri vb. bilgiler sorularak ogretmenin 6grencileriyle ilgili

diistinceleri hakkinda fikir sahibi olunmustur.
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Ogretmenin,  dgrencilerinin ~ modelleme  etkinliklerinin
cozlimiinde yasayabilecekleri olas1 sikintilar, etkinliklerin 4 oturum,
icerdigi kavramlarla ilgili 6grenci bilgileri, hangi noktalarda  Her biri
hatalar yapabilecekleri, neler diisiinebilecekleri gibi 6gretmenin =~ 35 ~ 40
Ogrenci bilgisini ortaya ¢ikarmaya yonelik sorular yoneltilmistir. dk.

Bu sorularla genelde matematik; Ozelde istatistik konulari (~ 35 dk

Uygulama Oncesi
Gorlismeler

hakkinda Ogretmenin Ogrencilerini ne kadar tanmidig

X 4)
yordanmaya caligilmistir.
Gorlisme baslamadan oOnce Ogretmenden ¢oziim
kagitlarin1  incelemesi istenmistir. Burada amag;
ogretmenin Ogrencilerinin  kagitlarim1 ve uygulama
anint  hatirlatmak, bununla birlikte G6grencilerin
kagitlarindaki matematiksel diistinmeye dair bilgileri, 8 oturum,
videoda goremeyecegi yazi ve islemleri yakindan
5 gormesini saglamaktir. Bu sirada Ogretmene sadece 2 odak
5 = o - o e gruba ait
< 80 Kagitta neler goriiyorsunuz?”, “Ogrenciler ne
g N e N . . 8 video
3 s diistinmiis sizce, neler yapmis?” gibi genel bir ifade ile
: S L k
(8 S goriisme  baglatilmis, baska hi¢cbir miidahalede aydi
2 < e . y lizerinden,
& bulunulmadan 6gretmenin ¢oziim kagitlarinda neler
Qo ..
ﬁ gordiiglinti anlatmasi istenmistir. Her biri
g 90 -~
=
2 ) 120dk.
> Ogretmen video Kklipleri izlerken arastirmaci soru
yoneltmemis, hi¢bir miidahalede bulunmamistir. Bu (ortalama
; " . ; . 105dk.x8)
= siireg, 6gretmene birakilarak onun kendince onemli
% buldugu, degerli saydig1 olay ve durumlar hakkinda
% konusmas: beklenmistir. Ogretmenin fark ettigi
Q
-;2 durumlar1 kendinin tespit ettigi ve fikirlerini beyan

ettigi bir goériisme silireci olmusgtur.

Gozlemler

Yapilan uygulamalar boyunca modelleme siirecindeki smif ortami, 6grenciler ve 6gretmen,

alman izinler dogrultusunda, video ve ses kaydi ile desteklenerek arastirmaci tarafindan



530 B. Tiirker Biber ve . E. Yetkin Ozdemir / Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 53, 521-554, 2021
gozlemlenmistir. Ayrica uygulama oncesindeki ilk iki hafta toplamda 6 ders saati, 6gretmenin

gerek veri isleme gerekse diger konularda ders isleyis siirecinin degerlendirilmesi amaciyla
pilot gézlemler yapilmistir. Uygulamalar dncesinde yapilan gézlemler 6gretmenle olan iletisim
ve samimiyet agisindan faydalar saglamistir. Ogretmen fikirlerini daha rahat agiklayabilmis,
giiven ortam1 kurulmus ve derslerinin video ile izlenmesi sirasinda davranislarinda tedirginlik

gozlenmemistir.
Dokiimanlar

Modelleme etkinlikleri igin gruplara ayrilan 6grencilerin ¢oziim kagitlari, diger 6grenci tirtinleri
(poster, mektup, rapor, vb.), arastirmacinin derslerde tuttugu notlar ve 6gretmen ile yapilan
goriigmeler sirasinda alinan notlar veri toplama siirecinde kullanilan dokiimanlar olarak analiz

edilip degerlendirilmistir.
Matematiksel modelleme etkinlikleri

Arastirmada Lesh ve Doerr (2003)’in tanimladigi model ortaya c¢ikaric1 etkinlikler
uygulanmistir. Modelleme etkinliklerinin belirlenmesi sirasinda veri isleme 6grenme alani
kapsaminda 6 ve 7. sinif diizeyine uygun etkinliklerin segilmesine dikkat edilmistir. Her biri
merkezi egilim olgiileri, arastirma sorusu olusturma, veri toplama ve diizenleme, tablo ve grafik
olusturma gibi kavram ve beceriler igeren etkinliklere iligskin ayrintilar asagida verilen tabloda

belirtilmistir.

Tablo 2. Model Ortaya Cikarma Etkinlikleri ve Ozellikleri

M.Modelleme o
Etkinlik Konusu
Etkinligi
Mc Donalds sirket miidiirii, kazanglarini artirmanin yollarini aramaktadir.
Bu amagcla, miisterilerin Mc Donalds’1 tercih etme nedenleri konusunda bir
MMEL_ arastirma yaparak miisterilerden verdigi anketi 1-5 arasi puanlamalarini
Restoran ister. Ogrencilerden, 10 miisteriye ait anket verisinin bulundugu tablo
Problemi yardimiyla miisterilerin Mc Donalds’t neden tercih ettiklerini bulmalari

istenmektedir. (Tablo agiklik bulmak isteyen 6grencileri yaniltacak veriler

icermektedir. Yani aciklik hesaplamak bu veri seti i¢in uygun degildir.)

Bir okul miidiirii ve beden egitimi 6gretmeni okullarindan segecekleri bir

Ogrenciyi olimpiyatlardaki uzun atlama yarigmalarina gondermek



B. Tiirker Biber ve 1. E. Yetkin Ozdemir / Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 53, 521-554, 2021 531

MME2_ istemektedir. 3 Ogrenci arasinda bir se¢im yapilmasi gerekmektedir.
Uzun Atlama Ogrencilerden, yapilan 6 yarismadan elde edilen uzun atlama verilerinin
Problemi tablosunu inceleyerek olimpiyatlara gonderilecek 6grencinin belirlenmesine
yardime1 olmalar1 istenmektedir. (Tablo olarak sunulan veri seti u¢ degerler
icermektedir.)
Bir okul miidiirii okul bahgesini diizenleyen gizli kisiyi bulup tesekkiir etmek
MME3 istemektedir. Bahcedeki ayak izini kullanarak gizli kisinin boyu hakkinda
- fikir sahibi olmak isteyen miidiir 6grencilerden yardim istemektedir.
Biiytik Ayak .
) (Ogrencilere biiyiik bir ayak izi fotokopisi verilir, izdeki ayak uzunlugundan
Problemi boy uzunlugunu tahmin etmeleri istenir. (Ogrencilerden verileri kendilerinin
olusturmalar1 ve organize ederek etkinlige en uygun cevabi bulmalar
beklenmektedir.)
Bir hava yolu sirketinde calismaya baslayan Ahmet, Istanbul trafigi
MME4_ nedeniyle ise ge¢ kalmaktan korkmaktadir. Kendine bir taksi sirketi
Taksi belirleyerek bu soruna bir ¢6ziim bulmak istemektedir. Yakinindaki 3 taksi
Problemi duragindan giiniin degisik zamanlarinda ¢agirdig: taksilerle ilgili bir veri

tablosu olusturan Ahmet’e, bu verilerden yola ¢ikarak ise zamaninda

gitmesini saglayacak sirketi bulmasinda yardimci olunmasi gerekmektedir.

Veri Toplama Siireci

Arastirmada her biri yaklasik 100 dakika siiren modelleme etkinliklerini 4 hafta boyunca
ogretmen uygulamistir, arastirmaci ihtiya¢ oldugunda 6gretmene uygulama siirecinde yardimda
bulunmustur. Her modelleme etkinligi 6ncesinde bir on etkinlik uygulanmistir. Bu 6n etkinlikler
bir oyun oynama, kii¢iik bir piyes canlandirma, 6grencilere diislindiiriicii sorular sorma gibi
etkinlikler olmustur. Modelleme etkinliginin uygulanmas: asamasinda, oncelikle 6gretmen
gerekli malzeme ve dokiimanlari dagitmis ve problem durumunu belirlemeleri istenmistir. Bu
sirada Ogretmen ve arastirmact Ogrencilere miidahalede bulunmadan gruplar arasinda
dolasarak, matematiksel diisiinmelerine iliskin notlar almislardir. Ogrencilerden verilen siirede
kullandiklar1 ¢6zlim yollarni, siirecteki diislincelerini, se¢imlerinin neden dogru oldugunu

aciklayan raporlar sunmalar1 istenmistir. Etkinlik sonunda degerlendirme yapmak ftizere,
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gruplarin gelistirdikleri modeller ve ¢6ziim yollarmna iligkin ayrintilar hakkinda 6grencilerin

matematiksel olarak kendilerini ifade ettikleri, tartisma ortamlar1 olusturulmustur.
Veri Analizi

Ogretmenin fark ettiklerini belirlemek iizere icerik analizi yontemi kullamlmistir. Fark etme
stratejilerinin ortaya ¢ikarilmasi i¢in veriler alanyazinda bulunan Crespo (2000) ve Wallach ve
Even (2005)’nin 6gretmenin duyma stratejileri Ve 6gretmenin kendi ifadelerinden belirlenen
kategoriler lizerinden betimsel analiz yontemiyle tekrar analiz edilerek &gretmenin genel

egilimi betimlenmeye c¢alisilmistir.

“Fark edilenler” kategorisinde 6gretmenin, 6grencilerinin matematiksel diisiinmeleri ile ilgili
odaklandig1 noktalar ifade edilmistir. Ogretmenin bu siirecte dgrencileriyle ilgili dzellikle
tizerinde durdugu ii¢ tema olmustur: (a) Kavramsal anlama, (b) islemsel anlama, (c)
matematiksel dil kullanimi. Ogretmenin fark ettigi durumlarin egilimini ortaya ¢ikarmak iizere

frekans hesaplamalar1 yapilmis, bulgularda ayrintili sunulmustur.

Ogretmenin fark ettiklerini nasil ifade ettigi “Fark etme stratejileri” kategorisinde yer
almistir. Ogretmenin odaklandig1 olaylar1 nasil fark ettigini aciklarken ilk anda (a) durumu
tanimladigi, ardindan (b) durumu degerlendirdigi, sonra da (c) degerlendirmelerini
gerekgelendirdigi belirlenmistir. Analizler sirasinda verilerden, her bir tema altinda, 6gretmenin
fark etme stratejilerini detaylandiran alt temalar tespit edilmistir (Tablo3). Tablo 3’te yer alan
analiz semasinda elde edilen tema ve alt temalarin nasil kodlandigina iliskin tanimlar ayrintil

goriilmektedir.

Tablo 3. Fark Etme Stratejileri

Fark Etme Stratejileri Tema ve Alt Temalar

Ogretmen fark ettigi durumla ilgili 6grencilerin aralarinda

Tekrarlama gecen konusma, diisiinme ve davraniglarini aynen goriip

sOyler.

Ogretmen Ogrencileri ile ilgili onceki bilgilerini kullanarak,
Tanimlama ve N
siif icindeki durumlari iizerinden agiklama yapar. Ogretmen,
aciklama
Tarafli duyma  varsayimlarina dayanarak fark ettigi durumla ilgili eksik veya

hatali agiklamalarda bulunur. (Duydugu bir seyi kendi

yorumlarini da katarak sdyleme)
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Ogretmen, 6grencilerin sdylemedigi bir seyi sdylediklerini,

Fazlasini
duyma yapmadiklari bir seyi yaptiklarini varsayarak, kanit1 olmayan
durumlardan bahseder. (Olmayan1 Duyma)
L Ogretmen uygun model olusturma siirecine yonelik

Siireci deg.
Degerlendirme degerlendirme ve yorum yapar.
ve yorumlama

Sonucu deg. Ogretmen sonuca yénelik degerlendirmelerde bulunur.

Kanitlama Ogretmen fark ettigi durumlara dair degerlendirmelerini
Gerekcelendir yoluyla ogrenci davranig veya sozlerine dayandirarak gerekgelendirir.
me Tahmin Ogretmen fark ettigi durumlara dair tahminlerde bulunur.

yoluyla (Ogretmen burada kendi beklentilerini de siralayabilir.)

Analizler sirasinda, 6gretmenin videoyu izlerken fark ettigi bir durumu nasil anlattigina
iliskin kodlamalar yapilmis, ardindan benzer kodlar bir araya getirilerek uygun temalarda
toplanmustir. Ornegin, 6gretmenin 6grenci sdylemleri veya davranislarini aynen alip ifade ettigi
soylemlere dair kodlar “tekrarlama stratejisi” altinda toplanmistir. Kodlamalar sonrasi
olusturulan temalar, arastirmacilar tarafindan tekrar goézden gegirilerek ortak temalar

belirlenmistir.
Arastirmanin Gegerlik ve Giivenirligi

Nitel aragtirmalarda gegerlik ve giivenirlik ¢alismalar1 inanilirlik, tutarlik (giivenirlik), teyit
edilebilirlik (onaylanabilirlik) ve aktarilabilirlik kriterleri ile saglanmaktadir (Stake, 2000). Bu
baglamda, arastirmanin i¢ gecerligine karsilik gelen inandiriciligin saglanabilmesi igin,
uygulamaya alinan 6gretmenle uzun siireli irtibat kurma, siirekli gézlem, veri gesitlemesi, ele
alinan konunun ayrintili agiklanmasi ve meslektas degerlendirmesi yontemlerinden
yararlanilmigtir (Lincoln ve Guba, 1986; Shenton, 2004). Arastirmanin aktarilabilirligi igin,
amacli 6rnekleme ve siiregle ilgili ayrintili betimleme yontemi kullanilmistir. Arastirma
verilerinin benzer katilimci ve arastirmalar igin tutarhigi (giivenirlik) acisindan, veri toplama
araglari, veri toplama siiresi ve alanyazin taramasi detayli olarak sunulmus olup, teyit
edilebilirligini (onaylanabilirlik) artirabilmek igin veri tiggenlemesi, arastirmaci 6n yargilarini
azaltma yontemlerinden ve literatiirden yararlanilmistir. Bu baglamda, arastirmanin verileri veri
iicgenlemesi (goriisme, gozlem, alan notlart ve 6grenci dokiimanlari) yoluyla toplanmus,

ogretmeni tanimak ve arastirmaci 6n yargisini ortadan kaldirmak i¢in okulda ve smifta uzun
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stireli kalinarak gézlemler ve goriismeler gerceklestirilmistir. Ayrica veri toplama siireci benzer

konuda ¢alisma yapan bir yiiksek lisans &grencisi tarafindan goézlenmis, topladigi verileri
kodlamis ve kendi alan notlartyla birlikte destekledigi degerlendirmelerini arastirmacilarla
paylagsmistir. Arastirmacilar kodlamalar tizerinde sik sik goriismeler yaparak kodlamalarla ilgili

fikir birligi saglamislardir.
Bulgular
Ogretmenin Fark Ettigi Durumlar

Modelleme stirecindeki 6grencilerini gozlemleyen Berra 6gretmenin 6grenci diistinmeleri ile
ilgili fark ettikleri, kavramsal anlama, islemsel anlama ve matematiksel dili kullanma olmak
iizere {i¢ tema altinda toplanmistir. Ogretmenin kavramsal anlama ve islemsel anlama temalari
altinda 4, matematiksel dil kullanim1 temas: altinda ise 2 farkli noktada yogunlastig1 tespit

edilmistir. Tablo 4’te 6gretmenin fark ettigi noktalar ve sikliklar1 goriilmektedir.

Tablo 4. Ogretmenin fark ettiklerine iliskin belirlenen temalar ve sikliklar:

Temalar Alt Temalar 0] %

Istatistiksel dlgiimler
Kavramsal Anlama Veri toplama siireci 34 60
Orneklem biiyiikliigii
Kavramsal degisim/gelisim
Islemlerin dogrulugu/yanlislig:
Islemsel Anlama Islem hatalar 12 28

Matematiksel Dil Matematiksel terimleri dogru 7 12

Tablo 4 incelendiginde, 6gretmenin dgrencilerinin kavramsal anlamalarina daha ¢ok (%60)
odaklandig1 goriilmektedir. Kavramsal anlamalara yonelik farkindaliklarinin yaklasik yarisi
kadar (%28) islemsel anlamalara dikkat ettigi bununla birlikte tiim farkindaliklarinin % 12’si

kadar da matematiksel dil kullanimina odaklandig: belirlenmistir.
Kavramsal anlama

Ogretmenin dgrencilerinin kavramsal anlamalariyla ilgili farkindaliklarinin (a) istatistiksel

Ol¢iimler (A.O., medyan, aciklik, mod), (b) veri toplama siireci, (c¢) drneklem biiytikliigii, (d)
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istatistiksel kavramlara iliskin anlamalarindaki degisim/gelisim olmak {izere dort alt temada

yogunlastig1 belirlenmistir. Berra 6gretmenin istatistiksel 6l¢iimlerle ilgili 6grenci anlamalarina
odaklandig1 ve O&grencilerin uygun istatistiksel Ol¢iimii belirlemekte kavramsal bilgi
eksikliklerinin olduguna dikkat cekmistir. Ornegin, Restoran etkinliginde dgrenciler tablodaki
miisteri puanlarindan yiiksek olanlar1 isaretleyerek modu hesaplamislardir. Diger istatistiksel
Olgtimlerle sonucu daha anlamli hale getirmek isteyen 6grenciler, miisterilerin Mc Donalds’1
tercih etme sebepleriyle ilgili anket verileri tizerinden her bir kategoriye ait aritmetik ortalama
hesaplamislardir. Ardindan aritmetik ortalama sonuglarini siralayarak medyanin kag¢ oldugunu
belirlemiglerdir. Burada 6gretmenin &grencilerin aritmetik ortalama sonuglarini siralayarak
medyani bulmaya calismalarinin istatistiksel olarak hatali olmasina deginmesi beklense de bu
noktada bir farkindalig1 gozlenmemistir. Berra 6gretmen 6grencilerin verilen tablodan medyan
hesabimi tahmin edebilecekken direkt isleme gegmelerine odaklanmistir. Ogrencilerin veri
setini incelemeden veya tahminlerde bulunmadan isleme ge¢melerini fark eden 6gretmen
sunlar1 ifade etmistir: “Medyan, ‘siralamada ortada o var’ diyor. Yani medyanda siralama onemli
onu yapabilmis. Ama burada, tabloda goriiniiyor aslinda medyan hani iist veri grubunun yani bu
verilere gore iicten fazla puan alanlarin sayisi zaten ¢ok fazla, oradan medyan... Ama hi¢ nerede
kullamildiklar: konusunda yorum yapmuyorlar, yani diisiinmiiyorlar. (MMEI 7GK)” Bu etkinlikte
(Restoran etk.) ankete katilanlar 1-5 arasi puanlama yaptiklari i¢in agiklik hesabi hep ayni
sonucu (5-1=4 puan) vermektedir. Dolayisiyla bu etkinlikte agiklik hesaplamak uygun bir
olgiim degildir. Ancak 6grenciler agikligi da hesaplamiglardir. Ogretmen 6grencilerinin Veri
setine uygun istatistiksel 6l¢limiin hangisi oldugunu belirlemeden hesaplama yapmalarim
kavramsal bilgilerindeki eksikliklerle iliskilendirmis ve “A¢ikiikia karar vermeye c¢alisiyorlar.
Aciklik zaten hepsinde ayni (4 puan) onu gorvemiyorlar. A¢ikligin burada bir rol oynamayacagini fark
edemediler. Ashinda acikligin ne demek oldugunu biliyoriar [islemsel kurallar biliyorlar] sadece ne ise
yaradigini ne i¢in, nerede, nasil kullanilacagini kavramsal olarak hichbir sekilde bilememisler yani.
(MMEI _7GE)” ifadesinde dgrencilerin agiklikla ilgili hatalarina deginmistir. Berra Ogretmen
kendisiyle ilgili bir 6z elestiride bulunarak, derste gecen kavramlarin anlamlar1 tizerinde ¢ok
durmadigini dolayisiyla kavramsal Ogrenmenin eksik kaldigmi fark ettigini belirtmistir.
Ogretmen &grencilerin matematiksel tanimlarin kavramsal yapisina degil, islemsel siirece
odaklandiklarini, 6rnegin agiklik hesabini, biiyiik veriden kii¢lik verinin ¢ikarilmasiyla elde
edilen bir sonu¢ olarak zihinlerinde yapilandirdiklarini fark etmis ve “Benim bu konular: ¢ok
ayrintili veremedigim icin de... Hani aciklik nedir? Biiyiik veri eksi kiiciik veri... Ama niye yapilir?
(MME2_7GE)” sdyleminde bulunmustur. Ogretmenin bu konudaki farkindalig1 su ifadeleriyle

de orneklendirilebilir: “Simdi modlart hesapliyorlar. Hangisi ¢ok tekrarlanmis. Onlart da dogru
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bulmuslar. Ama onunla ilgili de... Neden kullandiklarini ¢ok agiklayan bir rapor degil. Yani ne

yaptiklarinin ¢ok bilincinde olmadan sadece islem yapmislar galiba. (MMEI 7GE)”

Berra Ogretmen, dgrencilerin ¢dziim igin gerekli verilerin neler oldugunu belirlemekte
zorlandiklarin1 gozlemlemis, veri toplama sireciyle ilgili bilgilerinde eksiklikler olduguna
deginmistir. Ozellikle Biiyiik Ayak etkinliginin uygulanmasi sirasinda dgrencilerin zorlandiklar
acikca gozlenmistir. Bu etkinlikte, verilerin 6grenciler tarafindan olusturulmasi ve en etKili
¢oziim yolunun belirlenmesi beklenmektedir. Ogrenciler ilk anda uzunca bir siire verilen
ayakkabi izine esit uzunluktaki ayakkabi numaralarini bulmalar1 gerektigini, ihtiyaglari olan
verileri nasil toplayacaklarini ve baglanti kuracaklarmi bilememislerdir. Uygulamaya
basladiktan 10-15 dakika sonra, problemin verilenlerinin sadece bir ayakkabi izi oldugunu,
dolayistyla buna benzer ayakkabi izi uzunluklari bulabilirlerse problemi ¢ozebileceklerini fark
etmislerdir. Ardindan siniftaki arkadaslarindan topladiklari ve ailelerinden hatirladiklari verileri
bir araya getirmeye ¢alismiglardir. Topladiklari verileri diizenlemekte zorluk ¢eken dgrenciler,
matematiksel gésterimlerle veriyi anlamli hale getirmedikleri i¢in uygun ¢6ziim yolunun hangi
istatistiksel Olgiimle saglanabilecegini kestirememislerdir. Berra Ogretmen durumla ilgili
farkindaligini su ifadeleriyle belirtmistir: “Etkinlikte boyla baglanti kurulmast isteniyor ama uzun
stire ayakkabr numarasindan ¢ikamiyorlar ilk etapta. Daha fazla ayakkabi numaras: bilgisine
ihtiyaglart oldugunu anlayamadilar. Sonra arkadaslarindan, benden de sordular. Hatirlayanlar
annesinin, babasuin ayakkabr numaralarim da yazdilar. Ama not alma igini diizgiin yapamadilar.

Diizenleyemediler... Simdi... Oran kurmaya ¢alistyorlar. Ha sey kendi ayagim él¢tii ayakkabt numarast

41 onun, 27 cm uzunluga denk oldugundan bahsediyor. Sonunda bir oran kurdular. ”(MME3_7GE).

Berra 6gretmen ayrica, 6grencilerin ¢oziim siirecinde orneklem biiyiikliigii ile evren
arasindaki iliskiye degindiklerini fark etmistir. Berra 6gretmen, 6grencilerin kendi aralarindaki
konugmalarindan, veri ¢coklugunun bir baska deyisle 6rneklem biiyiikliigliniin evreni daha 1yi
temsil edecegine iliskin bilgilerine dikkat ¢ekmis ve “Ogrenci "Veri grubunun sayisin ne kadar
¢cok artirtrsak, o kadar dogru sonuca yaklasiriz’ diyor. Yani deneyim miktar: ne kadar ¢ok artarsa o
kadar iyi oldugu konusunda bilgiler veriyor. Mantikli seyler soyliivorilar... (MMEI 7GK)” sdyleminde
bulunmustur. Ogretmenin kavramsal anlamalarla ilgili odaklandig: bir baska nokta, uygulanan
her modelleme etkinligi sonras1 kavramsal anlamalarinda ve kavramlar1 kullanimlariyla ilgili
ogrencilerinde gozlemledigi olumlu degisimlerdir. Ogretmen, dgrencilerin ilk etkinlik olan
Restoran etkinliginde ¢o6ziim igin gerekli olmamasina ragmen agiklik hesapladiklarin
belirtmistir. Sonraki modelleme etkinligi olan Uzun Atlama etkinliginde ise Ogrencilerin
acikligin roliinii, 6nemini fark ettiklerini ve agiklik kavramini daha iyi anladiklarini

gozlemledigini belirtmistir. Bu baglamda, Berra Ogretmen’in, “Yani aritmetik ortalamayr hemen
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hemen hepsinde uyguladilar. Ama a¢ikligin fonksiyonunu daha net gordiiler, Riskin ne demek oldugunu

daha iyi anladilar burada, bu etkinlikte a¢ikligin onemi anlasildi.”(MME2_7GK) sOylemiyle

ogrencilerindeki gelisime dair gozlemlerini dile getirdigi goriilmiistiir.
Islemsel anlama

Yapilan gozlemlerde, Ogretmenin Ogrencilerinin islemsel bilgileriyle ilgili (a) islemlerin
dogrulugu/yanlishgi, (b) islem hatalari, (c) hesap makinesi kullanimi1 ve (d) tahmin becerilerine
iliskin farkindaliklar1 oldugu tespit edilmistir. Ogrenciler genellikle istatistiksel Slciimleri
(aritmetik ortalama, tepe deger, ortanca, aciklik hesabi gibi...) hesaplarken alisageldikleri
islemsel kurallar1 siralayarak ¢dziime gitmektedirler. Bu siirecte Berra Ogretmen’in modelleme
etkinliklerini izlerken en ¢ok odaklandigi noktalardan biri 6grencilerin islem hatalaridir.
Omegin, Ogrenciler aritmetik ortalama hesaplarken toplama isleminde hata yapmuslardir.
Ogretmen videoyu izlerken siiregte gordiigii bu hatanin hemen farkina varmustir. “Burada bir
islem hatasi yapiyorlar. Yani o ¢ok onemli degil. Evet. Ama sonucu etkiledi tabi en sonunda.
(MMEI_7GK)” ifadesinde islem hatalarini dile getirmektedir. Ogretmenin islem hatalarina
odaklandig1 bir bagka ornek olayda ise, onemli bir kavramsal eksiklik olmasina ragmen ilk
odaklandig1 noktanin islem hatast oldugu goriilmiistiir. Bu duruma 6rnek olarak verilebilecek
olay su sekildedir: Ogrenciler ilk modelleme etkinligindeki her bir kategoriye ait verilerin (1-5
aras1 anket puanlama) aritmetik ortalamasini hesaplamis ardindan bu aritmetik ortalama
sonuclarinin en biiyiik olanindan en kiigiik olanini ¢ikararak (3,7 - 2,2 =1,5) aciklik bulmaya
calismaktadirlar. Ogrencilerin yaptig1 bu islemlerin kavramsal bir anlammin olmadigini fark
etmesi beklenen Ogretmen, Ogrencilerin ondalik gosterimleri virgiilsiiz olarak isleme alip
sonugta ¢ikan ifadeye virgiil koymadan yorum yapmalarina odaklanmistir. Ogretmenin bu
duruma Ornek ifadeleri soyledir: “Agiklik 15° diyor. Yani ¢ok yanlis sonuglar bulmuslar! Neye
yaradigin bile bilmiyor. 37°den 22’yi ¢ikardi halbuki 3,7 den 2,2’yi ¢itkarmasi gerekiyordu, islem
sonrasinda virgiilii yerine koymadigi icin aciklik 1,5 degil 15 ¢ikti ve bu sonug bir ise yaramaz.
(MME1 7GE)”. Ayrica bu 6rnekte 6grencilerin bulduklari sonucun verilen problem durumu i¢in
uygun bir sonug olup olmamasiyla ilgili bir kontrol yapmadiklar goriilmektedir. Ogretmenin

bu konuyla ilgili de bir farkindalig1 gézlenmemistir.

Ogretmenin, etkinlikler sirasinda hesap makinesi kullanimini pek tasvip etmedigi kontrol
amagcl kullanilmasi gerektigini diisiindiigii gzlenmistir. Ogrencilerin islemleri hesap makinesi
kullanmadan yapiyor olmalarinin onun i¢in olduk¢a onemli olduguna isaret eden ifadesi

soyledir: “Islemlerde de hep el yordami [hesap makinesi kullanmadan] ile yapmalar da giizel bir sey.
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Tek tek ugrasmislar. Belli ki ¢alistiklar biitiin verileri tek tek degerlendirmisler, belli yani. O agidan bu

grup olumlu, gayet giizel. (MME2 7GK)”

Ogretmenin islemsel hatalarla ilgili bir baska farkindaligi &grencilerin tahmin
becerilerindeki eksiklikler {izerinedir. Uzun Atlama etkinliginde 6grencilerin aritmetik ortalama
hesab1 yaparken topladiklar1 verileri, veri sayisina bélmeleri sirasinda islem hatasi yaptiklarini
gbren dgretmen, 0grencilerinin sayilarla arasinin ¢ok iyi olmadigini, sayilar ve biiyiikliikleri
zihinlerinde canlandirma ve tahmin etmede eksiklikleri oldugunu belirtmistir: “Bak ne kadar
yanlis gidiyor. Zaten tam boliinecek otuz alti altiya, o virgiilii dogru yerinde... Yanlis tahmin etme...
Bazi ogrencilerin bélerken tahmin etme giicii yok maalesef. Cocuklara o kadar ben diyorum ki sayilarla

oyun oynayin. Yani on besin, doksan icinde ka¢ kez olabilecegini tahmin edebilmelisiniz artik

biiyiikliikleri. Ama yok maalesef. (MME2 7GE)”
Matematiksel dil kullanimi

Video kayitlarinda 6grencilerin diisiincelerini matematiksel olarak ifade etmekte zorlandiklar
gbzlenmistir. Berra Ogretmen de oOgrencilerin kavramlar1 bilseler dahi ifade edemiyor
olmalarma ve anlatmakta zorlandiklarina deginmistir. Uzun Atlama etkinliginde 6grencilerin,
okullar aras1 uzun atlama yarislarina gonderecekleri kisiyi secerken, veri setindeki hangi kritik
verilere odaklanmalar1 gerektigini, bu veriler dahilinde hangi ¢6ziim yolunun en uygun modeli
gelistirmeyi saglayacagini diisiiniirken ortaya c¢ikan matematiksel sdylemler Ogretmenin
dikkatini ¢cekmistir. Odak gruplardan birinde, 6grenciler tablodaki veriler tizerinden aciklik
hesaplamaya baglamiglardir. Bu sirada ogrencilerden biri arkadasina, neden agikligi
hesapladiklarini sormustur. Hesaplamay:1 yapan Ogrencinin sOylemlerine dikkat c¢eken
ogretmenin farkindaligir su sozleriyle orneklendirilebilir: “A¢ikligi az olan Seyda’min en iyi
atladigim” soyliiyor. A¢ikligin az olmasinin iyi bir sey oldugunu biliyorlar, aradaki farkin az olmasinin.
Ama ifade ederken istikrarli, daha diizenli, daha birbirine yakin oldugunu ¢ok yorumlamiyorlar. Sadece

“A¢ikhg kiiciik olan iyidir kardes.” deyip geciyorlar. Aciklayamiyor, izah edemiyor. A¢ikligin ne demek
oldugunu biliyor ama arkadagsina izah edemiyor, onu ikna edemiyor. (MME2 7GE)”.
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Ogretmenin Fark Etme Stratejileri

Berra 6gretmenin, farkindaliklarini ifade ederken toplamda 147 kez fark etme stratejilerini
kullandig1 belirlenmistir. Fark etme stratejilerinin kavramsal, islemsel ve matematiksel dil

kullanimina y6nelik dagilimi asagidaki frekans tablosunda detaylandirilmistir (Tablo 5).

Tablo 5. Ogretmenin Fark Etme Stratejileri

Kavramsal  Islemsel Mat. Dil Toplam
Fark Etme Stratejileri f % f % f % f %
Tanimlama ve agiklama 31 21,0 15 10,2 7 47 53 36
Tekrarlama 11 7,4 7 4.7 3 20 21 14,3
Tarafli duyma 10 6,8 6 4.0 2 1.3 18 12,2
Fazlasini duyma 10 6,8 2 1,3 2 14 14 9,5

Degerlendirme ve yorum 24 16,3 13 8,8 6 4,0 43 29,2

Siireci deg. 19 12,9 9 6,1 6 40 34 23,1

Sonucu deg. 5 3,4 4 2,7 0 0,0 9 6,1
Gerekgelendirme 28 190 17 115 6 40 51 34,7

Tahmin 14 95 13 88 3 20 30 20,4

Kanitlama 14 9,5 4 2,7 3 20 21 14,3
Fark Etme Stratejileri 83 565 45 30,6 19 129 147 100
Toplam

Tablo incelendiginde, 6gretmenin en ¢ok (% 36) tanimlama ve agiklama sirasinda
farkindalik ifadelerini kullandig1 belirlenmistir. Tanimlama ve agiklamalarint ¢ogunlukla
ogrenci davranis ve sdylemlerini tekrarlama (% 14,3) stratejisiyle ifade ettigi gézlenmistir. Ote
yandan Ogretmen, Siirecte, ogrencileriyle ilgili tarafli duyma (%12,2) ve varsayimlarda
bulunarak 6grencilerin yaptiklarindan/séylediklerinden fazlasin1 duyma (%9,5) stratejileriyle
farkindaliklarini ifade etmistir. Ogretmenin fark ettigi durumlara ydnelik ¢ogunlukla siirece (%
23,1) ve tgte biri kadar da sonuca (% 6,1) iliskin degerlendirmelerinin oldugu tespit edilmistir.
Ogretmenin farkindaliklariyla ilgili gerekgelerine bakildiginda, daha ¢ok tahmin yoluyla (%
20,4) ifade ettigi, ancak 6grencilerden alintilar sunarak kanitlara dayandirdigi gerekgelerinin de

olduk¢a fazla (% 14,3) oldugu belirlenmistir. Veriler incelendiginde, 06gretmenin
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farkindaliklarini tanimlama bigimi ile gerekceleri arasinda bir takim baglantilar gézlenmistir.
Ogretmenin tekrarlama bigiminde sundugu farkindaliklarma iliskin gerekgelerini kanitlarla
destekledigi, fazladan duyarak fark ettigi durumlari ise daha ¢ok tahmin yoluyla
gerekcelendirdigi belirlenmistir. Daha agik ifade etmek gerekirse; 6gretmenin &grencileri
hakkindaki onceki/genel bilgilerine dayanarak fazladan duyma stratejisiyle ifade ettigi

durumlar yine onlarla ilgili bilgilerini goz dniinde tutarak tahminlerle agikladig1 gézlenmistir.
Ogretmenin Fark Ettiklerini Tanimlama ve Actklama Stratejileri

Ogretmenin fark ettiklerini tanimlama ve aciklama siireci Tablo 5°den incelendiginde, en fazla
(% 21) kavramsal anlamaya iliskin farkindaliklarini tanimladig1 goriilmiistiir. Ogretmenin tiim
farkindaliklarinin % 10,2’si islemsel anlama, % 4,7’si ise matematiksel dilin kullanimiyla ilgili
farkindaliklaridir.

Ogretmen kavramsal anlamalara iliskin fark ettiklerini tanimlarken, Ogrenciler
kavramlart hem dogru hem de yanlis kullandiklarinda, genellikle 6grencilerin sdylem veya
davranislarini aynen tekrarlamaktadir. Ornegin, < Veri grubunun sayisini ne kadar ¢ok artirirsa, o
kadar dogru sonuca yaklasiriz.” diyor. Yani deneyim miktar: ne kadar ¢ok artarsa o kadar iyi oldugu
konusunda bilgiler veriyor. (MMEI 7GK)” sdylemine bakildiginda; O6gretmenin, 6grencinin
¢oziimle ilgili sdylemini aynen tekrar ederek fark ettigi durumu agiklamaktadir. Ogrenciler
kavramlart yanlis kullandiklarinda onlarin aslinda dogruyu bildiklerini ama o an igin
anlatamadiklarin1 ifade etmeye ¢alisirken gordiiklerini tarafli duymaktadir. Buna bir 6rnek
verilirse; “Asil biliyorlar anlatamadilar. Tek tek. Aritmetik ortalamada her puanin etkisi oldugunu izah
edemediler yani. Sadece en yiiksek puan olan 5 puani verenlerin sonucu etkiledigini, digerlerinin
etkilemedigini diistindii herhdlde... (MME1_7GK)” s0yleminde 6grencilerini tanidigi i¢in duruma
yorum getirmektedir. Ornekte &gretmen, ogrencilerin aritmetik ortalamayla ilgili bazi
kavramsal bilgileri (verilerin degigmesi ile aritmetik ortalamanin degisebilecegini, ug
degerlerin aritmetik ortalamay1 etkileyecegi) bildiklerini varsaymakta ve buna dayanarak
yorum yapmaktadir. Ote yandan, dgrencilerin hatali kavramsal bilgilerini gdzlemlediginde ve
merkezi egilim Olgiilerini hangi durumlarda, neden kullandiklariyla ilgili aciklama
yapamadiklarinda ¢ogunlukla fazladan duymaktadir. Bu duruma 6rnek verilebilecek ifadesi su
sekildedir: “Neden aritmetik ortalama? Buna daha ¢ok giivendiler. Sanki mod sonucunun, yetmedigini
diistindiiler orada. Mesela burada mod 5 ¢iktt ama 4 verinin 1, 1 tanesinin de 2 oldugunu diistiniirsek
aritmetik ortalama da yani mod 5 de ¢iksa aritmetik ortalama olarak geride kalabilecekti diger verilerde

yani. (MME1 _7GK)” Bu 0Ornekte 6gretmen, Ogrencilerden mod sonucunun, uygun modelin
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gelistirilmesi i¢in yeterli bir bilgi saglamadigina dair herhangi bir konusma veya davranis

gbzlenmemis olmasina ragmen bu tiir bir yorumda bulunmustur.

Ogretmen islemsel anlamalara iliskin fark ettiklerini tanimlarken, ¢ogunlukla tekrarlama
ve tarafli duyma stratejilerini kullanmistir. Ozellikle islemsel hatalara yonelik farkindaliklarini
tarafli duyma yoluyla ifade etmistir. Ogretmenin Ogrencilerini taniyor olmasi yaptiklari
islemlerden veya eylemlerden ne demek istemis olabileceklerine dair varsayimlarda
bulunmasina sebep olmustur. Ikinci modelleme etkinliginde 6grencilerin aritmetik ortalama
hesabi1 yaparken topladiklar1 verileri, veri sayisina bélmeleri sirasinda islem hatasi yaptiklarini
gbren dgretmen, 0grencilerinin sayilarla arasinin ¢ok iyi olmadigini, sayilar ve biiyiikliikleri
zihinlerinde canlandirma ve tahmin etmede eksiklikleri olduguna dair varsayimlarda bulunup,
tarafli duymaktadir: “Baz: 6grencilerin bélme yaparken tahmin etme giicii yok maalesef. Yani on begin,
doksan icinde kag kez olabilecegini tahmin edebilmelisiniz artik biiyiikliikleri. Ama yok maalesef. ‘Islem
hatam olabilir mi?”’ diyor. (MME2_7GE).” Ogretmen uygun olmayan merkezi egilim &l¢iimiiniin
kullanilmasi ya da gerekli olmayan bir istatistiksel hesaplamanin yapilmasi gibi durumlarda,
ogrencilerin neden bu islemleri yaptiklarmi agiklarken genellikle 6grencilerin sdylem ve

davraniglarini aynen tekrarlamistir.

Matematiksel dil kullanimina dair bu farkindaliklarini tanimlarken; 6grencilerin merkezi
egilim Olgiilerini neden kullandiklarini agiklayamamalarina iliskin ifadeleri tekrarladig:
belirlenmistir. Ornegin dgretmenin, “Sadece “Acikligi kiigiik olan iyidir kardes.” deyip geciyorlar.
Ac¢tkligin az olmasimin iyi bir sey oldugunu biliyorlar, aradaki farkin az olmasinin... Ama ifade ederken
istikrarli, daha diizenli, daha birbirine yakin oldugunu ¢ok yorumlamiyorlar. Ac¢ikligin ne demek
oldugunu  biliyor ama arkadasina izah edemiyor. (MME2 7GE)” ifadesinde, Ogretmen
ogrencilerinin matematiksel dili kullanimla ilgili yasadiklar1 zorluga yonelik 6grenci ifadelerini
tekrarlamigtir.  Ogretmen, &grencilerin - kullandiklart  ¢dziim yollarna yénelik yanlis
aciklamalarmi  fark ettiginde ¢ogunlukla varsayimlarda bulunmustur. Ogrencilerin
matematiksel dil kullanimlarindaki zorluklarin nedenlerine iligkin yorumlarii ise ¢ogunlukla

ogretmen fark ettigi durumlarla ilgili asir1 genellemelerde bulunmustur.
Ogretmenin Fark Ettiklerini Degerlendirme ve Yorumlama Stratejileri

Berra Ogretmenin dgrencilerinin kavramsal, islemsel ve matematiksel dil kullanimlariyla ilgili
eksiklik veya zorluklara yonelik olast dogru ¢oziim siirecini aciklama ve yanlis fikirlerini
diizeltme cabast oldugu ve bu nedenle ¢ogu zaman siireci degerlendirdigi gorilmistiir.
Ogrencilerin uygun merkezi egilim dl¢iisiinii sectikleri, uygun model gelistirebildikleri ve

siirecte dogru islem yaptiklari zamanlarda 6gretmen sonuca odaklanmaktadir. Ogrencilerin
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ulagtiklar1  sonuglarin  dogrulugunu onaylayan ifadelerle farkindaliklarma iliskin

degerlendirmelerde bulunmaktadir. Ornegin, “Sonuclarin hepsini esit buldular, aritmetik

ortalamayt da dogru hesapladilar. Bu etkinlikten (uzun atlama) daha keyif aldiklarin diisiiniiyorum.

>

Hem islem kalabalikli hem de kolay bilgiye ulastiklar: icin daha égretici oldu diye diisiiniiyorum.’
(MME2_7GK) ifadesinde, 0gretmen Ogrencilerin uzun atlama etkinligindeki performanslarini
bulduklar1 sonuglar iizerinden degerlendirmektedir. Benzer sekilde Berra 6gretmen 6grencilerin
matematiksel olarak kendilerini ifade etmekte yasadiklar giigliiklerle ilgili fark ettigi durumlara

iligkin degerlendirmelerini siireci dikkate alarak yapmustir.
Ogretmenin Fark Ettiklerini Gerekgelendirme Stratejileri

Ogretmenin kavramsal anlamaya yonelik farkindaliklarini agiklarken kanitlara dayandirdig
kadar (% 9.5) tahminler yiiriiterek (% 9.5) de gerekcelendirdigi gozlenmistir. Ogrenciler
modelleme etkinlikleri baglaminda yer verilen istatistiksel kavramlart neden kullandiklarini
bilemediklerinde veya veri setine uygun olacak merkezi egilim 6l¢iisiinii kullanmadiklarinda
cogunlukla kanitlarla gerekgelerini sunmaktadir. Ogrencilerinin kavramsal anlamalarmdaki
eksiklerin nedenleriyle ilgili ise daha ¢ok 6grencilerinin genel sinif durumlarindan faydalanarak
tahminler yoluyla gerekgeler sunmaktadir. Ogretmenin bu yaklasimi su sozlerinde goriilebilir:
“Kavramlari bence biraz ezbere dgrenmekten de olabilir. Giinliik hayata ¢ok yoramiyor da olabilirler.
(MME2- 7GE).” Ogretmenin bu sdyleminden 6grencilerinin yasadiklar1 kavram yamilgilar1 ve

hatalarin1 kavramlar1 ezberlemis olmalariyla iligkilendirerek tahmin ettigi sdylenebilir.

Berra Ogretmenin, &grencilerin  islemsel anlamalarina dair farkindaliklarini
gerekgelendirirken ¢ogunlukla tahmin yolunu kullandig1 (% 8.8), dortte biri kadar da kanitlar
sundugu belirlenmistir. Ogrenciler hata yapmadiklarinda veya dogru bilgilerine y&nelik
degerlendirmelerini gerekgelendirirken kanitlar sunmus, dgrenciler yanlis yaptiklarinda ise
tahminlerde bulunmustur. Ornegin, uzun atlama etkinliginde, 6grencilerden bir grup, islemleri
dogru ve yerinde yapmstir. Ogretmenin, “Gayet giizel hesaplar yapilmis kigitta da goriiliiyor. En
kiigiik ayrintilar dahi belirtilmis. (MME2 7GK)” sOyleminde, Ogrencilerin ayrintilar1 dikkate
aldiklarmm ¢oziim kagidindan da gostererek bir kanit sunmustur. Ogrencilerin biiyiik ayak
etkinliginde yanlis islem yaptigini fark eden 6gretmenin tahminlerde bulunarak farkindaligini
ifade ettigi de su Ornekte goézlenmektedir: “Belki de zihinlerinde dogru ¢oziim var ama
dikkatsizlikten yanls yapiyorlar galiba. Ben sey diyorum hep... Her seyi bilip de sinavda toplama hatasi
yaparsaniz en tiziildiigtiniiz nokta o olur. O yiizden miimkiin oldugunca islem hatasi yapmayin. Ama iste

maalesef yapiyorlar. Heyecandandir diyorum. (MME3 7GK)” 6rneginde, 6grencilerin yanlis islem
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yapmis olmalarini heyecanlanmalarima ve dikkatsizliklerine baglayarak tahmine dayali bir

gerekeelendirme sunmustur.

Ogretmen, matematiksel dilin kullanimima yénelik farkindaliklarmi gerekgelendirirken,
kavramsal anlamayla benzer sekilde esit sayida (% 2) kanit sunma ve tahmin etme yolunu
kullandig1 gdzlenmistir. Ogrenciler modelleme etkinliklerindeki matematiksel kavramlari
hatali kullandiklar1 veya neden kullanildiklarini bilemedikleri durumlarda o6grencilerin
kendilerini ifade etmekte zorlandiklar1 g6z Oniine alindiginda bu iki kategorinin birbiriyle
kesistigi, iliskili oldugu goriilmektedir. Bu baglamda 6gretmenin kanit sundugu su gerekgesine
bakilirsa; “Biliyor, anlatamiyor. Aritmetik ortalama ile ¢oziiyor sonra Seyda’min atlayabilecegini
diistiniiyorlar, zaten bunlar raporu uzun tutmuyor ¢iinkii ciimleye dékemiyorlar zaten ifadelerini.
(MME2 7GE)” sdyleminden, 6grencilerin raporlarini ayrintili olarak yazamadiklarmi kanit

gostererek gerekeelendirdigi goriilmektedir.
Sonuc, Tartisma ve Oneriler

Arastirmanin sonuglari, Berra Ogretmenin neleri fark ettigi ve nasil ifade ettigiyle ilgili iki

baslik altinda sunulmustur.
Ogretmen Farkindaliklarina Iliskin Sonuglar

Matematiksel modelleme siirecindeki 6grencilerini gdzlemleyen 6gretmenin farkindaliklarinin
kavramsal anlama, islemsel anlama ve matematiksel dil kullanimi {izerine yogunlastigi
belirlenmistir. Ogretmen 6grencilerinin cogunlukla kavramsal anlamalarma odaklanmistir.
Aragtirmanin bu sonucu benzer ¢alismalarla tutarlilik gostermektedir (Biembengut ve Hein,
2010; Chamberlin, 2013; Lesh, 2006; Lesh ve Kelly, 1997). Ogretmenler, modelleme
etkinlikleri gibi 6grenci diislincesini kolaylikla gozlemleme firsati bulduklar: etkinliklerde,
ogrencilerin kavramsal anlamalarina daha ¢ok odaklanabilmektedirler (Biembengut ve Hein,
2010). Ogretmenin, 6grencilerin veriler ve dzellikleri (u¢ degerler icermesi, siirekli - siireksiz
olmasi, risk alinmasini gerektirecek yakin degerler) iizerinde ¢ok diisiinmeden, kavramsal
olarak ne anlama geldigini dikkate almadan istatistiksel Ol¢iimleri hesaplama egiliminde
olduklarint fark etmistir. Modelleme yaklasimmin ve kullanilan etkinliklerin 6grenci
diistinmelerini gozlemlemeyi kolaylastirdigini boylelikle 6grencilerle ilgili daha 6nce fark

etmedigi durumlari ortaya ¢ikardigini ifade etmistir.

Aragtirmanin bir bagka sonucunda, dgretmenin 6grencilerin veri setlerini kendilerinin
olusturamadiklarin1 fark ettigi belirlenmistir. Veri 6grenme alanina ait konularda ders

kitaplarindakilerle sinirh alistirma gesitleriyle karsilastiklart ve bu rutin problemleri gogunlukla
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alisa geldikleri kurallarla ¢ozdiikleri igin, 6grenciler problem ¢6zmeyi sadece hesaplama isi gibi

diistinmekte, kavramlarin anlamlarinit diisiinerek veri organize etmeyi bilmemektedirler
(Batanero ve Diaz, 2010; Garfield ve Ben-Zvi, 2009; Koparan, 2014; Lehrer ve Romberg,
1996). Ogretmen bu durumla ilgili 6gretimsel faaliyetlerini diizenleme ve modelleme
etkinlikleri gibi etkinlikleri derslerine dahil etmesi gerektigini fark etmistir. Ogretmen
ogrencilerinin, uygun veri seti olup olmamasina dikkat etmeden, hemen her etkinlikte aritmetik
ortalamay1 hesapladiklarini fark ettigi ortaya ¢ikmistir. Arastirmanin bu sonucu Mokros ve
Russell (1995)’1n ¢alisma bulgulariyla paralellik gostermektedir. Mokros ve Russell (1995)
ogrencilerin en ¢ok tercih ettikleri istatistiksel Ol¢limiin aritmetik ortalama oldugunu ve
problemin istatistiksel kavramlarla ilgili bir ¢6ziimii oldugunu anladiklar1 anda hemen verilere
bakmadan aritmetik ortalamay1 hesapladiklarini belirtmislerdir. Ogretmenin bir diger fark ettigi
nokta, 6grencilerin merkezi egilim 6lgtimlerini neden kullandiklarini bilmeden, sirayla hepsini
hesaplamalaridir. Ogretmenin fark ettigi bu durumun benzer arastirmalarin sonuglariyla
tutarlilik gosterdigi belirlenmistir (Garfield, ve Ben-Zvi, 2009; Zieffler, vd., 2012). Bunun
nedeniyle ilgili yapilan c¢aligmalar incelendiginde; istatistiksel kavramlarla ilgili gerekli
tanimlar1 iyi 6grenemeyen 6grencilerin, hesaplamalari rahatlikla yapmalarina ragmen uygun
istatistiksel yorumlarda bulunamadiklari i¢in tiim 6l¢iimleri ard arda (sirayla mod, medyan, a.o.

hesaplama gibi) ele aldiklar1 tespit edilmistir (Jones vd., 2000; Konold ve Pollatsek, 2002).

Berra Ogretmen, dgrencilerinin modelleme siirecinde yapilan smif tartismalari sirasinda
ve yazdiklar raporlarda kendilerini matematiksel olarak ifade etmekte zorlandiklarini, ¢ogu
raporda ‘sayilar1 topladik, c¢ikardik’ gibi islemsel ifadeler kullandiklarmi fark etmistir.
Ogrencilerin matematiksel kavramlart uygun yerde kullanamadiklarmi gdzlemlemis ve
matematiksel dil kullanimmm kavramsal anlamalariyla iliskilendirmistir. Ogretmenler
ogrencilere kagit iistiinde islem yaptirarak, sonuglarin dogrulugu yanlishig: tizerinde durmak
yerine Ogrencilerin kavramlarla ilgili konugmalar ve tartigmalarini gerektirecek Ogretimsel
faaliyetler igceren sinif ortamlar1 olusturduklarinda, 6grencilerin bu zorluklarin1 asmalarina
yardimei olacaktir (Straker, 1993). Modelleme etkinliklerinin uygulama sonlarinda yapilan
tartigmalarda, Ogrencilerin kendilerini savunmalar1 sirasinda matematiksel dile yonelik
zorluklar yasadiklarini gdzlemleyen Berra Ogretmen, dgrencilerinin daha fazla konusma
ortamlarinda bulunmasinin, yaptiklar1 ¢oziimleri ve ¢oziim yollarini tartisarak kendilerini
matematiksel olarak ifade etmelerinin gerekliligini fark etmistir. Aiken Jr (1972)’de sinif igi
sOylemlerin matematiksel dili gelistirdigini ve matematiksel ifadede yasanan zorluklar

azalttigm belirtmistir. Ogretmen farkindaligiyla ilgili alan yazindaki calismalarda da, benzer
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sekilde 6gretmenlerin matematiksel dil kullanimiyla ilgili farkindaliklarinin oldugu tespit

edilmistir. Ornegin, Taylan (2015a), iki matematik Ogretmeniyle yaptigi calismada,
ogretmenlerin 6grencilerin matematiksel dil kullanimina iliskin farkindaliklar1 oldugunu tespit
etmistir. Luna, Russ, ve Colestock (2009) ise, bir 6gretmenin d6grencilerinin sinif igi sdylemlere
ve kullandiklar1 dile dikkat ettigini 6ne siirmiislerdir. Ancak arastirmaya alinan 6gretmenler,
ogrencilerin kendilerini nasil daha iyi ifade edecekleri iizerinde durmamis, Ogrencilerin
zorluklar yasamasinin nedenlerini belirtmemislerdir. Yapilan aragtirmalarin tersine, Berra
Ogretmen &grencilerin matematiksel ifadeleri kullanmakta yasadiklar1 zorluklara ve bunun
sebeplerine séylemlerinde yer vermistir. Bu durum, modelleme etkinliklerinin 6grencilerin
matematiksel iletisim becerilerine iliskin &gretmene daha fazla veri sunmus olmasi ile

aciklanabilir (Doerr ve English, 2003; English, 2006; Lesh, 2006).
Ogretmenin Fark Etme Stratejilerine iliskin Sonuclar

Ogretmenlerin  dgrencilerinde  gozlemlediklerini nasil  betimlediklerinden, &grencileri
hakkindaki digsiinceleri, sinif ortaminda onlar1 nasil dinledigi, hangi bakis acisiyla
ulagilabilmektedir (Crespo, 2000; Even ve Wallach, 2004; Giiner ve Akyiiz, 2017a; Ozdemir
Baki ve Isik, 2018; Wallach ve Even, 2005). Berra Ogretmen 6grencilerini gdzlemlerken
onlarin diisiindiigii hemen her fikri, yazdiklar1 ifadelerden, yaptiklari hesaplamalardan veya
sOylemlerinden alintilarla, ki ¢ogu zaman aynen alintilarla, tekrarlayarak agiklamistir. Berra
Ogretmenin ¢ogunlukla tekrarlayarak fark ettiklerini agiklamasi ogrencilerin diisiinme
stirecleriyle ilgili daha net ve tarafsiz sonuglar i¢in uygun olsa da bir 6gretmenin 6grencilerin
sozlerini tekrarlamaktan ziyade bu sozlerin ne anlama geldigini matematiksel agidan
yorumlayabilmesi gereklidir (Crespo, 2000; Wallach ve Even, 2005). Wallach ve Even
(2005)’1mn, iki 6grencisinin bir problem iizerinde tartisirken kaydedilen videosunu izleyerek
farkindaliklarii ifade eden ogretmenle yaptiklari ¢aligmanin sonuglari arastirmanin bu
bulgusuyla tutarlidir. Ogretmenin, ¢oziimii hemen sirali bir sekilde, bazen de aynen alintilar
yaparak tekrarladigimi fark etmisler ve bu durumun diger pek ¢ok video klip icin gegerli

oldugunu sdylemislerdir.

Berra dgretmen Ogrencilerinin kavramsal anlama, islemsel bilgi ve matematiksel dil
kullanim1 becerilerinde fark ettigi kavram yanilgisi, islem hatalar1 ve matematiksel ifade
giicliikleri gibi durumlarda 6grencilerinin genel sinif i¢i durumlarina iliskin 6nceki 6grenci
bilgisine dayanarak varsayimlarda bulunmaktadir. Ogrencilerinin genel hatalarin1 géz oniinde

bulundurarak uygulamalar sirasinda sdylenmeyen sozler veya yapilmamis davraniglardan
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bahsetmistir. Ogretmen bunlarin yan1 sira 68renci hatalar1 veya eksikliklerine iliskin dis

etkenleri diisiinerek fazladan duyma bi¢iminde asir1 genellemeler yapmistir. Wallach ve Even
(2005)’a gore, d6gretmenler genellikle 6grencilerinin hatali veya yanlis sonuglar elde etmesini,
kavram yanilgilarini, bilgi eksikliklerini kendi basarisizliklarina atfetmekte ve dogru sonuglar
beklentisi icinde olmaktadirlar. Bu nedenle 6grencilerinin séylemedikleri s6zleri sdylemis veya
yapmadiklar1 davranislart yapmis gibi kabul ederek, ¢ogunlukla beklentilerini siralamakta,
fazladan duymaktadirlar. Berra 6gretmen de fazladan ve tarafli duyumsadigi durumlarla ilgili

0z-elestiri yaparak, kendi 6gretim faaliyetlerini diizenleme karar1 almistir.

Modelleme etkinlikleri sirasinda uygun modelin nasil iiretildigi ve gelistirildigine yonelik
degerlendirmeler yapan Berra 6gretmenin modelleme siirecini degerlendirdigi ifadeleri
cogunluktadir. Ancak modelleme siirecini degerlendirdigi sdylemlerinin ¢ogunlukla yiizeysel
oldugu belirlenmistir. Bununla birlikte sonuca odaklandig1 sdylemleri de mevcuttur. Aslinda
ogretmenden beklenen Ogrencilerin istatistiki kavram, 6l¢lim veya diger islemsel siirecleri
ayrintilariyla goézlemlemesi ve bu konularda farkindaliklarini ifade edebilmesidir. Ancak
yapilan ¢aligmalarda da 6gretmenlerin 6grencilerin bulduklar1 sonuglarla ilgili bazen pek ¢ok
seyi gormezden gelip, olmayan s6z veya davraniglart varmis gibi kabul edip hizlica bir
degerlendirme yaptiklar1 bulgusuna ulasilmistir (Blythe, Allen ve Powell, 1999; Borko, Jacobs,
Eiteljorg ve Pittman, 2008; Crespo, 2000; Nicol ve Crespo, 2003; Sherin, 2001). Ogretmenlerle
yaptig1 ¢alismada Blythe ve digerleri (1999), 6gretmenlerin hizlica iyi/kétii-dogru/yanlis gibi
degerlendirmeler yaptiklari, gerekiyorsa diizeltmeler yaptiklari, gézden kagirdigi durumlar
hakkinda genel agiklamalar yaptiklar ile ilgili sonuglara ulagmislardir. Kazemi ve Franke
(2004), ogretmenlerin yasadiklart bu durumu, O6grenci diisiinmelerine iliskin etkinlik
caligmalarina alisik olmamalarina, 6grenci ¢aligmalarini (¢6ziim kagitlari, raporlar, mektup
veya posterleri) okuyabilme becerilerinin gelismemis olmasina ve dgrenci ¢aligmalarini daha
once bu kadar ayrintili olarak incelememis olmalarma baglamistir. Ogretmenlerin bu tiir
eksikleri oldugunu belirleyen Star ve Strickland (2007), 6gretmenlerin 6grenci diigiinmelerini
okuyabilme ve duyabilme becerisi olan fark etme becerisinin gelistirilebilir bir beceri oldugunu
savunarak, uzun siireli mesleki gelisim ¢alismalari ile 6gretmen farkindaliklarinin gelistirilmesi

ve artirilmasina yonelik onerilerde bulunmuslardir.

Berra Ogretmen gozlemledigi durumlara iliskin yorumlarini ¢ogunlukla tahminlerle
gerekgelendirmistir. Bu durum, 6gretmenin smif ortaminda 6grencilerini iyi gozlemleyen,
onlarla yakindan iligkiler kurabilen bir 6gretmen olmasiyla agiklanabilir. Fazladan duyma ve

tarafli duyma bi¢iminde dile getirdigi farkindaliklarin1 tahmin etme yoluyla gerekgelendiren



B. Tiirker Biber ve 1. E. Yetkin Ozdemir / Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 53, 521-554, 2021 547
ogretmenin, tekrarlama stratejisiyle tanimladigi farkindaliklarina iliskin gerekgelerini,

genellikle kanitlara dayandirdigi gézlenmistir. Ogretmenin 6grenci davranislar1 ve sdzlerinden
direk alintilar yaparak kanitlar sundugu yorumlari sayica daha azdir. Halbuki 6gretmenlerin
Ogrencinin neyi, nasil anladifiyla ilgili net fikirler olusturmasi igin, fark ettigi bir duruma

yonelik gerekgelerini daha ¢ok kanitlara dayandirmasi beklenmektedir (Crespo, 2000).

Aragtirmanin sonuglart dikkate alindiginda Ogretmenlerin fark etme becerilerinin
gelistirilmesinin onemi ortaya ¢ikmaktadir. Arastirmalar fark etme becerisinin uzun siireli
uygulama ve egitimler sonucu degisim gosterebilecek bir olgu oldugunu ve gelistirilebilecegini
belirtmektedir (Ozdemir Baki ve Isik, 2018; Star ve Strickland, 2007). Ozdemir Baki ve Isik
(2018) ders imecesi yontemiyle Ogretmenlerin bu becerilerinin gelistirilebilecegini {ist
diizeylere c¢ikarilabilecegini gostermislerdir. Benzer sekilde Giiner ve Akyiiz (2017a)’de
Ogretmen adaylarinin farkindalik becerilerinin ders imecesiyle gelistirilebilecegini gdstermistir.
Bu calismalara da bakildiginda uzun siireli mesleki gelisim egitimlerinin artirilarak
ogretmenlerin 0grenci diisiinmelerine yonelik fark etmeleri gereken noktalarla ilgili bilgiler
verilmelidir. Modelleme etkinliklerinin 6gretmen farkindaliklarini ortaya ¢ikarma siirecinde
oldukga uygun bir ara¢ oldugu sonucuna varilmigtir. Modelleme yaklasimi gibi 6gretmenlerin
ogrencilerini rahatlikla gozlemleyebilecekleri 6gretim ortamlar1 saglanarak farkindaliklarinin
gelistirilmesi, 6gretmenlerin 6grencilerinde fark ettikleri eksikler i¢in yeniden oOgretimsel
diizenlemelerde bulunmalarini saglayabilir. Arastirmanin smirhiliklarina sahip diger sinif
ortamlar1 ve benzer nitelikteki 6gretmenler i¢in, dgretmenlerin matematiksel diisiinmelere
yonelik fark ettigi noktalar ve bunlar1 nasil ifade ettigine iliskin bilgiler, etkili 6gretimi
hedefleyen arastirmacilara hazirlayacaklar1 egitim programlarina ve mesleki deneyimi

inceleyen arastirmalara 151k tutacaktir.

Etik Kurul izin Bilgisi: Bu arastirma, Hacettepe Universitesi Sosyal ve Beseri Bilimler
Arastirma ve Yaym Etigi Kurulunun 28/04/2014 tarihli 88600825/433-1540 sayili karari ile

alman izinle yurttilmisttr.
Cikar Catismasi: Yazarlarin beyan edecegi bir ¢ikar catismasi yoktur.

Yazar Katkisi: Tiim yazarlar her asamada ¢aligmaya katki saglamistir.
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Introduction

Teachers' noticing is a significant dimension for the teacher competence and a necessary
factor for effective teaching (van Es & Sherin, 2002). Goodwin (1994) named noticing
"professional vision/scrutiny” while Mason (2002) referred to it as "intentional noticing".
For a teacher, noticing is defined as the ability to be aware of the presence of their students
in the classroom through their thoughts, expressions, behaviors, etc., and determine their
shortcomings or needs by interpreting what they mean (Ball, 1997; Jacobs, Lamb, & Philipp,
2010; van Es & Sherin, 2002). Accordingly, teachers are expected to pay attention to what
their students say, how their behavior and what kind of thoughts they have on the subject,
what analogies or representations they use when expressing their thoughts (Barnhart & van
Es, 2015; van Es, Cashen, Barnhart, & Auger, 2017). Teachers need to be able to notice in
almost any situation, especially regarding student learning and understanding, to create a
systematic pattern of their students about these situations they notice, and to intervene
quickly if they observe a lack of understanding or misbehavior (Leatham, Peterson,
Stockero, & Van Zoest, 2015; Miller, 2011). Van Es and Sherin (2002) emphasize that
teachers who have noticing skills were able to (a) identify important or significant points
about the status of in classroom, (b) make connections between classroom interaction and
learning and teaching strategies, (c) organize their lessons using students' knowledge of the
subject in the process of forming in-class interactions. Leinhardt, Putnam, Stein, and Baxter
(1991) refer to these points or situations that the teacher noticed as "checkpoints" recorded
in their minds. By making assessments through these checkpoints, the teachers should be
able to create instant answers and solutions to address a situation that goes wrong in his
class, a subject that students do not understand, or misunderstandings. However, classroom
environments are complex environments that include many expressions, behaviors, and
situations that teachers should observe (Sherin, Russ, and Colestock, 2011), so teachers
should have the ability to identify important points to support student learning and organize
their lessons accordingly (Schoenfeld, 2011). A critical component that teachers should
consider in the classroom environment to improve their teaching activities is student
thinking (Didis Kabar & Erbas, 2019; Fernandez, Llinares, & Valls, 2013; Leatham et al.,
2015).

For effective mathematics teaching, teachers should be aware of student thinking and
prepare instructional activities that support student learning to improve it (National Council
of Teachers of Mathematics [NCTM], 2000). In this context, noticing skill has been a
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subject discussed by mathematics educators and researchers in recent years. Studies have

been conducted on what mathematics teachers and prospective teachers notice about
students' mathematical thinking, how they interpret them, and how they can develop these
skills (Baki & Isik, 2018; Barnhart & van Es, 2015; Colestock, 2009; Crespo, 2000;
Erickson, 2011; Fernandez, Llinares & Valls, 2013; Goodwin, 1994; Jacobs & Philipp,
2011; Kilig, 2018; Krupa, Huey, Lesseig, Casey & Monson, 2017; Nicol & Crespo, 2003;
Sherin, 2001, 2007; Tataroglu Tasdan, 2019; van Es and Sherin, 2002). Mathematics
educators have developed teacher noticing definitions for student thinking with a domain-
specific definition (Jacobs, Lamb, Philipp, Schappelle ve Burke, 2007; Jacobs, Lamb ve
Philipp, 2010; Jacobs ve Philipp, 2011; Sherin, Linsenmeier ve van Es, 2009; van Es ve
Sherin, 2002). Firstly, it was determined that Jacobs, Lamb, and Philipp (2010) referred to
this as "professional noticing about students’ mathematical thinking” in their studies.
Mathematics teachers' skills of noticing student thinking; (a) to be able to understand the
strategies students use mathematically, (b) to be able to make mathematical interpretations
and determinations about the expressions, symbols, and ideas used by students, and (c) to be
able to determine how students will offer solutions mathematically once their needs have
been identified (Jacobs and Philipp, 2011). Van Es and Sherin (2001, 2002, 2007, 2008)
were paid attention to how mathematics teachers viewed events or situations in the
classroom environment, what they saw and how they found solutions, based on the concept
of "professional perspective" defined by Goodwin (1994).

In some studies, it was observed that teachers mentioned how they express the
phenomenon, statement, and situation they noticed (Crespo, 2000; Wallach & Even, 2005).
According to these studies, how teachers express the points they notice in the classroom
environment contains clues about how they interpret them (Jacobs et al., 2007). Therefore,
Crespo's noticing strategies, which Wallach and Even (2005) and Ball (1997) describe as
seeing and hearing students, reveal how the teacher noticed the situations observed in his
students. When looking at the studies on this subject, Jacobs et al. (2007) found that a
mathematics teacher with noticing skills had noticing strategies such as (a) Identifying, (b)
Describing, (c) Interpreting, and (d) Responding to a point he noticed about his student.
Wallach and Even (2005) identified four categories as (a) Describing, (b) Explaining, (c)
Assessing, and (d) Justifying. Wallach and Even (2005) watched the videos several times to
examine data on how the teacher interpreted what he/she noticed. In the meantime, they

noticed that the teacher sometimes heard and commented on the words that the students did
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not say or the behaviors they did not do, and sometimes more than the students said. As they

watched the videos, they noticed that the teacher sometimes heard and commented on words
that his/her students did not say or behavior that they did not do, sometimes more than what
the students said. Upon this, they stated that during the teacher described and explained their
awareness; they observed different situations in their students, such as sometimes hearing
what is absent and sometimes overhearing. They named these interpretations, the teacher
described as ‘'hearing strategies’, as follows: over-hearing, biased-hearing, non-hearing
(completely ignoring), compatible-hearing (correct understanding) and ignoring. (Under-
hearing ignoring some parts). Wallach and Even (2005) identified these sub dimensions only
for identification and explanation dimensions, in their study of hearing strategies. In this
study noticings were determined considering the definition of Jacobs and Philipp (2011),
and it was tried to reveal which of the noticing strategies were used, supported by the
literature (Crespo, 2000; Wallach & Even, 2005).

It seems that the knowledge of teachers’ noticing skills, especially about students'
mathematical thinking, is limited, in Turkey. (Baki and Isik, 2018; Didis Kabar and Erbas,
2019; Gliner and Akyiiz, 2017a; Kilig, 2018; Tataroglu Tasdan, 2019). One of the reasons
for this is, there are few classroom environments for teachers can be observed student
thinking. Students can only express their thoughts as a result of creating discussion
environments that require them to speak more and being carefully listened to by their
teachers (NCTM, 2000). Therefore, this skill is difficult to study in teacher-centered,
traditional classroom settings. The mathematical modeling perspective is an effective

approach to creating such class environments.

In classes based on the perspective of mathematical modeling, students are divided
into groups to improve their decision-making ability and evaluate the situation with their
peers, seeking appropriate solutions to events related to the real situation or events around
them, and the teacher fulfils a supporting role in the process of generating their knowledge.
In the process, students share their thoughts with their group friends and the entire class,
explain what they know mathematically, what misconceptions they have, what points they
are forced to at in teacher-led discussion environments. In this way, teachers based on the
mathematical modeling approach in their teaching plans can understand and closely observe
how their students thinking, learn about mathematical thinking processes, study what
mathematical solution method the student uses and why they choose it (English, 2003;

Huang, 2011). Therefore, considering that modeling activities represent an appropriate
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approach for revealing teacher awareness, the mathematical modeling perspective of Lesh

and Doerr (2003) was based on the implementation process of the research.

During the solution of modeling activities, students work on many learning areas of
mathematics (numbers, geometry, data processing (statistics), etc.) so that teachers can have
an idea of their students' thoughts on specific mathematics subjects. This study focused on
the domains of data processing. Statistical domains are a topic that many students find
difficult to learn (Ben-Zvi and Garfield, 2004; Garfield, Delmas ve Zieffler, 2012; Koparan,
2014; Zieffler, Park, Garfield, Delmas ve Bjornsdottir, 2012). The teacher may need to
organize his/her lessons about what they know about the subject, the correctness of their
knowledge, where they make mistakes, by revealing the mathematical thoughts of the
students have difficulties in these subjects of mathematics (Garfield and Ben-Zvi, 2009).
Modeling activities, contrary to routine problems, are activities considering appropriate to be
used in the teaching of statistical subjects because they include problem situations that
contain more than one data that students should think about and consider (Doerr & English,
2003). In this context, it has been thought that the implementation of modeling activities will
be a useful tool in the process of seeing, noticing, and making sense of the mathematical
thoughts of teachers and students in the context of statistical subjects since it provides an
appropriate environment for students to express themselves, reveal their thoughts and

explain what strategies they use and why.

Taking all this into account, in this research; in a classroom where mathematical
modeling activities related with data processing subjects are applied at the 7th grade level of
secondary school, it was examined what a teacher who observed her students noticed about
her students' mathematical thinking and how they interpreted and expressed this awareness.

Based on this, the problems of the research are as follows:

1. What does a teacher who observes students in the mathematical modeling process notice

in the student thinking?

2. With which strategies does a teacher who observes students in the mathematical modeling

process express her noticing about student thinking?
Literature Review

When the relevant literature was examined, it was determined that there were studies on the
noticing skills, noticing levels, and noticing skills of math teachers and prospective teachers
for student thinking (Baki and Isik, 2018; Colestock, 2009; Colestock and Sherin, 2009;
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Friesen and Kuntze, 2020; Sword, 2018; Santagata, Zannoni and Stigler, 2007; Star and

Strickland, 2007; Tataroglu Tasdan, 2019; Taylan, 2015a, 2015b). For example, Colestock
and Sherin (2009) worked with 15 math teachers at the middle and high school level, they
found that teachers had noticing skills in-class situations such as "pedagogy used, classroom
climate, classroom management, mathematical thinking, class character, and student
character". In another study, Colestock (2009) examined a mathematics teacher's noticing of
only student thinking. In the results of the study, the points that the teacher noticed for the
student's thinking; (a) student reasons for the solution (b) student thinking in the problem-
solving process (c) the difficulties experienced by the student during the problem solving (d)
grouped the students into meaningful mathematical questions. Star and Strickland (2007)
categorized the point of preservice teachers noticed in certain areas. In the study, prospective
teachers took a course structured to allow them to recognize important moments in the
classroom environment during a semester. Before taking this course, they found that
prospective teachers who focused only on classroom management experienced noticing in
areas such as classroom environment, classroom management, tasks, mathematical content,
and communication after taking the course. Santagata et al. (2007) applied to about 140
prospective teachers for two years in a row, trying to determine what they noticed in the
videos they watched. During the analysis of the data, the prospective teachers; have noticed
about elaboration, mathematical content, student learning, critical approach, and alternative

strategies.

The majority of the studies conducted in Turkey are related to the noticing skills and
levels of pre-service teachers (Giiner and Akyiiz, 2017a, 2017B; Kilig, 2018; Kilig, 2019;
Tataroglu Tasdan, 2019) and limited work with teachers has been determined (Baki and Isik,
2018; Taylan, 2015a, 2015b). Tataroglu Tastan (2019), one of the studies focusing on
prospective teachers, showed 20 math prospective teachers a lecture video on the teaching of
the concept of a function and asked for the situations they noticed in writing. He/she stated
that prospective teachers have awareness of both general and specific issues related to the
concept of function, such as pedagogical strategies, classroom communication, but these
teachers cannot demonstrate high-level noticing skills. Giiner and Akyiiz (2017a) revealed
that pre-service teachers' noticing skills can be improved by the lesson study method. Baki
and Isik (2018) found that four of the six teachers who participated in the study had a high
level of awareness of student thinking, and two teachers who did not attend had a low level

of noticing skills.
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In the literature on the noticing skill of teachers and prospective teachers for

mathematical thinking, it has been observed that studies are focusing on a specific area of
mathematics (Borko, Jacobs, Eiteljorg, & Pittman, 2008; Carpenter, Fennema, Peterson, &
Carey, 1988; Franke and Kazemi, 2001; Giiner and Akytliz, 2017b; Schifter, 2011). For
example, Jacobs et al. (2010) investigated teachers' noticing of students' mathematical
thinking about integers. Schifter (2011) investigated primary school teachers' ability to
specific-themed noticing student thinking about algebra strand. Giiner and Akyiiz (2017b)
conducted a study on the knowledge of four prospective teachers on what students think and
how they think about the perimeter and area related to geometry learning. In the results of
the study, it was found that the expectations and predictions of the prospective teachers
about the knowledge of the students on perimeter and area domains and the solutions they
can make were quite limited. Taylan (2015b) examined what the 3rd-grade teacher noticed
while dealing with multiplication and division operations. It has been determined that the
teacher explains in detail many points such as student mistakes and conceptual deficiencies
that he/she notices and considers them for use in his/her instructional activities. In the
literature review, there is no study on data processing strand about the teacher noticing skill
is addressed. With this study, it is assumed that the results achieved by revealing teachers'

noticing in the data processing strand will contribute to the field.
Method
Research Pattern

The research is designed as a case study, one of the qualitative research methods. In the
study, it was tried to explain in detail what and how a teacher noticed the mathematical
thinking of her students in the mathematical modeling process. According to Yin (1994),
case studies are the most appropriate research approach for such purposes. In this study,
considering the noticing of a teacher about her students in the process of mathematical
modeling activities as the situation addressed, the appropriate research design was
determined as a single case study design, one of the qualitative research methods. In single
case studies, the researcher focuses on an event or problem and then selects a limited

situation to reveal this problem, the event (Creswell, 2007).
Study Group

In the research, a teacher who can express her thoughts about the situation examined clearly,

communicate comfortably with the researcher, have 16 years of professional experience, is
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open the new ideas, attaches importance to scientific research and wants to participate

voluntarily in the research, has been selected. Thus, purposeful sampling has been used.
Participants are selected with the appropriate characteristics for the research subject and
taking into account their experiences or knowledge of the subject to purposeful sampling
(Baskale, 2016).

Data Collection Tools

One of the features of case study is the use of multiple data sources and types. Therefore,
according to the problem of the research and the expectations of the researcher, data
collection methods such as observation, interview, and document review can be used alone
or in combination with several (Creswell, 2007). In the research process, the use of multiple
data sources (observation, interview, and document analysis) allowed a teacher's noticing to

be revealed and examined in depth. The data collection tools are detailed below:
Interviews

In the study, the most data were obtained from interviews. Interviews over video recordings
have been a rich source of data in most studies on teacher awareness (Sherin and van Es,
2005). Information on the interviews made with the teacher in the process is given in Table

1 in detail in terms of type, duration, and subject.

Table 1. Details about the Interviews

Interview ) Length of
Interview Context )
Type Interviews

The teacher's thoughts about statistical subjects, how much

she cares about these subjects during her student years, how

important she finds them when teaching, how she handles the One
course during her teaching, and at what points she is forced. sesston,
In addition, students' knowledge and skills for statistical 50 min.

subjects, misconceptions, mathematical thoughts,
mathematical expressions, etc. information were asked about

the teacher's thoughts about their students.

Pre-Interview
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Post-Implementation
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Interviews

Interviews

Questions were asked to

reveal the teacher's student

knowledge such as possible problems that the teacher may

experience in solving the modeling activities of the students,

student knowledge about the concepts contained in the

activities, at what points they could make mistakes, and what

they might think. Generally math with these questions; In

particular, it has been tried to predict how much the teacher

knows students about statistics issues.

Solution Papers

Video Records

The teacher was asked to review the resolution
papers before the interview began. The goal here is
to make sure that you're to remind the teacher of the
students' papers and the moment of application,
however, to allow the students to see the
information about mathematical thinking on their
papers up close, the writings and processes that they
will not see in the video. Meanwhile, the teacher
was only interviewed with a general expression such
as "What do you see on the paper?”, "What do you
think the students thought, what did they do?" and
the teacher was asked to explain what she saw on

the solution papers without any other intervention.

The researcher did not pose any questions or
intervene, while the teacher was watching the video
clips. This process is also intended to talk about
events and situations that the teacher considers
important and valuable in his or her way. It has been
a process of interviewing in which the teacher
determines the situations she notices and expresses

her opinions.

4 session,

Each 35 ~
40 min. (~
35 min. x 4)

8 session,

Over 8
video
recordings
of 2 focus

groups,

Each 90 ~
120 min.

(average
105min. x8)




530 B. Tiirker Biber & I. E. Yetkin Ozdemir / Pamukkale University Journal of Education, 53, 521-554, 2021
Observations

Throughout the implementations, the classroom environment in the modeling process,
students and teachers were observed by the researcher, supported by video and audio
recording, in line with the permissions received. In addition, pilot observations were made in
the first two weeks before the implementations to evaluate the data processing of the teacher
or the course process in other subjects for a total of 6 lesson hours. Observations made
before the implementations provided benefits in terms of communication and intimacy with
the teacher. The teacher was able to explain her ideas more easily, an atmosphere of trust
was established, and there was no anxiety in her behavior during video viewing of her

lessons.
Documentation

The solution papers of the students who were divided into groups for modeling activities,
other student products (posters, letters, reports, etc.), the notes the researcher kept in the
lessons, and the notes taken during the interviews with the teacher were analyzed and
evaluated as documents used in the data collection process.

Data Collection Process

In the research, the teacher applied 4 modeling activities; each of which lasted about 100
minutes, for 5 weeks one of pilot implementation, and the researcher helped the teacher in
the implementation process when the need arose. A pre-event was applied before each
modeling event. These preliminary activities were activities such as playing a game,
reviving a small play, asking students thought-provoking questions. At the implementation
stage of the modeling activity, the teacher distributed the necessary materials and documents
and determine the problem situation. The researcher and teacher intervened only when
necessary, so as not to give students clues about the solution. At the end of the event,
discussion environments were created in which students expressed themselves

mathematically about the models and solutions developed by the groups for evaluation.
Data Analysis

A content analysis method was used to determine what the teacher noticed. To identify
noticing strategies, Crespo (2000) and Wallach and Even (2005) tried to describe the general
tendency of the teacher by analyzing the teacher's hearing strategies and descriptive analysis

using categories determined from the teacher's expressions.
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In the "Noticed" category, the teacher's focus on the mathematical thinking of her

students was expressed. In this process, the teacher focused on three themes specifically
related to his students: (a) Conceptual understanding, (b) Procedural understanding, (c)
mathematical language use. Frequencies were made to reveal the tendency of the situations

noticed by the teacher and presented in detail in the findings.

How the teacher expresses the points she notices about students in the process of
modeling activities is included in the category "Noticing Strategies". It was determined that
the teacher at first (a) defined the situation, then (b) evaluated the situation, and then (c)
justified their assessment when explaining how she noticed the events in which she focused.
During the analysis, sub-themes detailing the teacher's noticing strategies were identified
from the data under each theme (Table 2). The definitions of how the themes and sub-

themes are coded, obtained in the analysis chart in Table 4, are detailed.

Table 2. Teacher’s Noticing Strategies

Noticing Strategies Themes and Sub-themes

The teacher sees and says exactly what she notice about
Repetition  ydents’ conversation, thinking, and behavior situations

that pass between them.

The teacher explains their status in the classroom by using
their previous knowledge of their students. The teacher

Biased-
. : makes incomplete or erroneous explanations of the
Identification hearing o _ _ _
o situation she has noticed based on his assumptions. (To say
and Description ) ] )
something she has heard by adding his comments)
The teacher mentions situations where there is no
Over- evidence, assuming that students are saying something
hearing they are not saying, that they are doing something they are
not doing.
Process The teacher assesses and interprets the process.

Assessment and

Interpretation Conclusion
The teacher assesses the result.
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with The teacher justifies her assessments of the situations she
Evidence  notices by basing them on student behavior or words.

Justification with The teacher makes predictions about the situations she
. notices. (The teacher can also sort out her own
Estimation

expectations here.)

During the analysis, encodes were made about how the teacher described a situation she
noticed while watching the video, then similar codes were put together and collected on
appropriate themes. For example, codes for statements in which the teacher takes and
expresses student statements or behaviors, in the same way, are collected under the
“repetition strategy”. Themes created after coding was reviewed by researchers and common

themes were identified.
Validity and reliability of research

Validity and reliability researches in qualitative research are provided by criteria of
reliability, consistency (credible), verifiability (certifiable), and transferability (Stake, 2000).
In this context, long-term communication with the teacher, continuous observation, data
diversification, detailed explanation of the subject, and colleague evaluation methods was
used to ensure the credibility corresponding to the internal validity of the research (Shenton,
2004). For the transferability of the research, a detailed description method of purposeful
sampling was used. In terms of consistency (reliability) of research data for similar
participants and studies, data collection tools, data collection time, and literature review
were presented in detail, and data triangulation, methods of reducing researcher bias, and
literature were used to increase verifiability (certifiable). In this context, the data of the
research were collected through data triangulation (interviews, observations, field notes, and
student documents), and observations and interviews were carried out by staying in the
school and the classroom for a long time to recognize the teacher and to eliminate the
researcher bias. In addition, the data collection process was observed by a graduate student
working on a similar subject. The graduate student coded the collected data and shared her
evaluations, which she supported with her field notes, with the researchers. The researchers

made a consensus about the coding by interviewing frequently on the coding.
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Findings

Teacher Noticings

Observing the students in the modeling process, Berra’s attendings about student thinking
are gathered under three themes: (a) conceptual understanding (b) procedural understanding,
and (c) mathematical language use. It was determined that the teacher focused on 4 different
sub-themes under the conceptual understanding and procedural understanding themes and 2
different points under the theme of mathematical language use. Table 3 shows the sub-

themes and frequency that the teacher noticed.

Table 3. Identified themes and frequency of what the teacher noticed

Themes Sub Themes Frequency %

Statistical measures
Conceptual Data collection process 34 60
Sample size

Conceptual change/development

Procedural correctness/incorrectness 12

Procedural Computational errors 28
Mathematical Inability to use mathematical terms 7 12
Language Use correctly

In Table 3, it seems that the teacher focuses more (60%) on the conceptual understanding of
his students. It was determined that about half (28%) of her noticing of conceptual
understandings paid attention to procedural understandings, but as much as 12% of all her
noticing focused on the use of mathematical language.

Conceptual Understanding

The teachers 'noticing of their students' conceptual understanding is concentrated in four
sub-themes: (a) statistical measurements (arithmetic average, median, range, and mode), (b)
data collection process, (c) sample size, (d) change/development in their understanding of
statistical concepts, has been determined. She pointed out that the teacher focused on student
understanding about statistical measurements and that students lacked conceptual knowledge

in determining the appropriate statistical measurement. For example, in a restaurant event,
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students calculated the mode by marking those with higher customer scores in the table. To

make the result more meaningful with other statistical measurements, students calculated the
arithmetic mean for each category based on survey data about the reasons why customers
preferred Mc Donalds. They then sorted the results of the arithmetic mean and determined
how many median is. Although it is expected that the teacher is statistically incorrect in
trying to find the median by listing the arithmetic average results of the students, no
awareness was observed at this point. It was determined that the Berra teacher focused on
the students' direct processing while being able to predict the median account from the given
table. The teacher, who noticed that students move to process without examining the data set
or making predictions, stated: "He said, ‘median is in the middle of the rankings. They also
made the rankings, | liked it. So ranking in the median is important, he did that. But here it
looks in the painting; the number of people who scored more than three points according to
this data is already very high, from there the median... But they never comment on where
they're used, so they don't think about it. (MME1_7GK)"

Since the respondents scored 1-5 in this event (Restaurant event), the range account
always gives the same result (5-1=4 points). Therefore, calculating the range in this activity
is not an appropriate measurement. But the students also calculated the range. The teacher,
who noticed the calculations of range, said: “So they never understood range, we
understood it once. However, when we processed the lesson, we did a lot of practice with
them; | thought that they completed the range there, they would easily use it here, but there
was no range. (MMEI 7GE)”. In addition, the teacher made a self-criticism about herself
and stated that she noticed that conceptual learning was incomplete because she did not
emphasize the meanings of the concepts used in the lesson. The teacher stated that the
students focused on the procedural process, not the conceptual content of mathematical
definitions. For example, she noticed that they structured the account of range in their minds
as a result of extracting small data from large data, and said, “Because I can't give these
topics in great detail... what's the range? Big data minus small data... but why is it done?
(MME2 7GE)” statement was found. The noticing of the teacher on this issue can be
exemplified by the following statements: “Now they are calculating the modes anyway.
Which one is very repetitive? They also found them right. But it is also about it... It's not a
report that explains much why they use it. So | guess they just made a transaction without
being very aware of what they were doing. (MME1 7GE)”. Teacher Berra observed that

students have difficulty determining what data is needed for the solution and mentioned that
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there are deficiencies in their knowledge about the data collection process. It has been

clearly observed that students are struggling, especially during the implementation of the
Big Foot event. In this activity, what is expected that the creation of the data by the students
and the determination of the most effective solution. At first, students did not know that they
had to find shoe sizes equal to the footprint given for a long time, how to collect the data
they needed, and how to establish connections. 10-15 minutes after starting the activity, they
realized that the problem was only a shoe print, so if they could find shoe print lengths
similar to this, they could solve the problem. Then they tried to gather the data they collected
from their classmates and remembered from their families. Students who had difficulty in
organizing the data they collected could not predict with which statistical measurement the
appropriate solution could be achieved since they did not make the data meaningful with
mathematical representations. Teacher Berra expressed her awareness of the situation with
the following statements: “In the event, it is requested to establish a connection with the
height, but in the first place, they cannot stop thinking about shoe size for a long time. They
couldn't determine that they needed more shoe size information. Then they asked their
friends and me. Those who remembered also wrote down the shoe numbers of their mother
and father. But they couldn't do the note-taking job properly. They couldn't arrange it...
Now... They're trying to establish a ratio. Oh, thing, she measured her foot, shoe size 41
mentions that she's the equivalent of 27 cm in length. Finally, they set a ratio...”
(MME3_7GE).

Another situation that Teacher Berra noticed was that the students touched on the
relationship between sample size and the universe during the solution process. Teacher
Berra drew attention to the knowledge that a large number of data, in other words, the
sample size, would represent the universe better from the conversations of the students and
says, "The more we increase the number of the data group, the more accurate we will
approach.” In other words, the more the amount of experience, the better it gives
information. They say logical things... (MMEI 7GK)”. In the example, one of the students

is trying to explain that a large number of data will give a reliable result.

Also Teacher Berra noticed was that the students mentioned the relationship between
sample size and the universe during the solution process. Teacher Berra drew attention to the
knowledge that a large number of data, in other words, the sample size, would represent the
population better from the conversations of the students and says, "The more we increase the

number of the data group, and the more accurate we will approach.” In other words, the
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more the amount of experience, the better it gives information. They say logical things...

(MME! 7GK)”.

Another point that the teacher focuses on conceptual understandings is the positive
changes she observes in her students regarding their conceptual understanding and use of
concepts after each modeling activity. The teacher stated that the students calculated the
range in the first activity, the Restaurant activity, although it was not necessary for a
solution. She stated that in the second modeling activity, the Long Jump, she observed that
the students realized the role and importance of the range and understood the concept of
range better. In this context, Teacher Berra, within the scope of her observations regarding
the change and development in the conceptual knowledge of her students, is given below:
"In other words, they applied the arithmetic mean in almost all of them. But they saw the
function of range more clearly here, so this activity made range very clear in their minds.
They understood better what risk means here, and the importance of range in this event was
realize. (MME2_7GK)”.

Procedural Understanding

In the observations, it was found that the teacher's students focused on solutions and had a
noticing about (a) the correctness/incorrectness of process, (b) computational errors, (c)
calculator usage, and (d) procedural estimation related to their procedural knowledge.
Students usually go to the solution by sorting the procedural rules they have used to
calculate statistical measurements (such as arithmetic mean, peak value, median, range
calculation...). During this process, one of the main focuses of Teacher Berra when watching
modeling activities is whether students are performing the operations correctly. For
example, students made errors in the addition process when calculating the arithmetic mean.
The teacher immediately realized this mistake he saw in the process while watching the
video. “Here they make a calculation error. So, that's not crucial. Yes but it affected the
result, of course, in the end. (MME1_7GK)” expresses calculation errors. In another case in
which the teacher focused on calculation errors, it was found that the first point in which he
focused was the calculation error, even though there was a significant conceptual lack. As an
example of this situation, the event that can be given is as follows: Students calculate the
arithmetic mean of the data (survey scoring between 1-5) in each category in the first
modeling activity, then try to find the range by subtracting the smallest one (3.7 - 2.2 = 1.5)
from the largest of this arithmetic mean results. While the teacher is expected to realize that

these actions by the students have no conceptual meaning, she is focused on the students
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processing decimal representations without commas and commenting without commas in

the resulting expression. Example statements of the teacher in this situation are as follows:
"They say, 'The range is 15'. So they found very wrong results! They don't even know what it
is for. He subtracted 22 from 37, whereas he had to subtract 2.2 from 3.7, after the
procedure, the range turned out to be 15 instead of 1.5, because he/she does not replace the
comma, and this result is useless. (MME1 7GE)”. In addition, in this example, it is seen that
the students did not check whether the result they found was a suitable result for the given

problem situation. The teacher's noticing on this issue was also not observed.

It has been observed that the teacher thinks that the calculator should be used for
control purposes, which she disapproves of the use of calculators during activities. The
statement pointing out that it is crucial for the teacher that the students do the procedures
without using a calculator is as follows: “It's also a good thing because they always do it
manually [without using a calculator] in process. They tried one by one. Obviously, they
evaluated all the data they were working on one by one, so obviously. From that point of
view, this group is positive, it's fine. (MME2 7GK)”.

Another teacher's noticing on calculation errors is about deficiencies in students'
predictive skills. In the long jump event, the teacher saw that students made a calculation
error when calculating the arithmetic mean, dividing the data they collected by the number
of data and noted that their students were not very good with numbers; they had deficiencies
in envisioning and predicting numbers and sizes in their minds: “Look how wrong it is
going. Thirty-six fo six to be divided, that comma is in the right place... Guessing wrong...
Unfortunately, some students do not have the power to guess while dividing. I'm so telling
the kids to play with the numbers. So now you should be able to guess how many times
fifteen can happen in ninety. But, I'm afraid not. (MME2 7GE)”

Mathematical Language Use

Video recordings showed students having difficulty expressing their thoughts in
mathematical ways. Teacher Berra also mentioned that even if the students knew the
concepts, they could not express them mathematically and had difficulty explaining them.
In the Long Jump activity, the mathematical statement that occurs when students are
thinking about what critical data they should focus on in the data set when choosing who to
send to the long jump races between schools, and which solution path within this data will
enable to develop the most appropriate model, has caught the attention of the teacher. In one

of the focus groups, students began to calculate the range based on the data in the table.
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Meanwhile, one of the students asked his friend why they were calculating the range. The

noticing of the teacher, who draws attention to the statements of the student performing the
calculation, can be exemplified by the following words: “They say that ‘Seyda, who has
little range, jumped best.” They know that it is a good thing to have less range, that the
difference between them is small... But they do not interpret very much that it is more stable,
more orderly, and closer to each other. They only say, ‘Small range is a good, brother.’.
They cannot explain. They know what the range means, but they cannot explain or persuade
their describe friend. (MME2 7GE) .

Teacher's Noticing Strategies

It was found that Teacher Berra have used the teacher's noticing strategies 147 times in total.
The distribution of noticing strategies for conceptual, procedural, and mathematical

language use is detailed in the frequency table below (Table 4).

When the table was examined, it was found that the teacher mostly (36%) used
noticing expressions during identification and description. It has been observed that she
expresses definitions and descriptions mostly with a strategy of repeating student behavior
and statement (14.3%). On the other hand, the teacher expressed her awareness with biased
hearing about their students (12.2%) and making assumptions and hearing more than what
the students did/said (9.5%). After identifying the situations that the teacher noticed, it was
found that she had assessments of the process (23.1%) and the result (6.1%). Her
justifications for student evaluations, it was found that she expressed it more through
estimation (20.4%), but based on evidence by providing quotes from students, there were
also quite a lot (14.3%). When the data were examined, some connections were observed
between the way the teacher defined her noticing and reasons. It was found that the teacher
supported the reasons for awareness in the form of repetition with evidence and justified the
situations she noticed by hearing more predictions. More specifically, it has been observed
that the teacher explains the situations expressed by the over-hearing strategy based on her
previous/general knowledge of her students with predictions taking into account her

knowledge of them.
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Table 4. Teacher’s Noticing Strategies

Conceptual  Procedural ~ Mat. Lan. Total

Noticing Strategies Use

Definition and Description 31 21,0 15 102 7 47 53 36

Repetition 11 74 7 4,7 3 20 21 14,3

Biased-Hearing 10 6,8 6 4,0 2 13 18 12,2

Over-Hearing 10 6,8 2 1,3 2 14 14 9,5
Assessment and 24 163 13 88 6 40 43 29,2

Interpretation
Process Assessment 19 12,9 9 6,1 6 4,0 34 23,1

Conclusion Assessment 5 3,4 4 2,7 0 0,0 9 6,1

Justification 28 19,0 17 115 6 4,0 51 34,7
Estimation 14 95 13 838 3 20 30 20,4
Evidence 14 95 4 2,7 3 20 21 14,3

Total Noticing Strategies 83 565 45 306 19 129 147 100

Defining and describe strategies

When the process of defining and describing what the teacher noticed was examined in
Table 4, it was found that the most (21%) noticing defining are about students’ conceptual
understanding. 10.2% of all teacher's noticing is about procedural understanding, and 4.7%
is about noticing of the mathematical language use.

While the teacher describes what she notices about the conceptual understandings,
whether the students use the concepts correctly or incorrectly, she usually repeats the
students' statement or behavior exactly. The teacher was biased while trying to express that
when the students misuse the concepts, they actually know the truth but cannot tell them for
the moment. For example, "He says, 'The more we increase the number of data groups, the
closer we will get to the correct result." In other words, he gives information that the more

the number of experiences increases, the better (MMEI 7GK).” judging by the statement,
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the teacher repeats the student's statement about the solution exactly and explains the

situation she notices.

Teacher Berra observed the student's conceptual deficiencies about their statistical
solutions. To give an example of the awareness that the teacher expresses by adding his
assumptions or that she feels biased; “They actually know, they couldn't tell. So they could
not explain that every score affects the arithmetic mean. She only thought that those who
gave the highest score, which is 5 points, affected the result, not the others...
(MME1 7GK)” she comments on the situation in this way because she knows her students.
In the example, the teacher assumes that the students know some conceptual knowledge
about the arithmetic mean (the arithmetic mean can change with the change of the data, the
extreme values will affect the arithmetic mean) and comments on this basis. On the other
hand, when the teacher observes students' inaccurate conceptual knowledge and cannot
explain in what situations and why students use the measures of central tendency, she often
overhears. It was observed that the teacher mostly expressed her noticing in the form of
overhearing by making generalizations about why her students used central tendency and
dispersion measurements in the process they followed for a solution. However, by making
assumptions based on her knowledge of their general situation in the classroom, there are
statements in which students indicate that they know the concepts. The expression that can
be given as an example for this situation is as follows: “Why arithmetic mean? They trusted
it more. It was as if they thought the mod result was not enough. For example, here is mode
5, but if we assume that 4 data is 1, 1 of them is 2; the arithmetic mean would be left behind
in other data, that is, if it is in mode 5. (MMEL1_7GK)" In this example, however, no speech
or behavior was observed from the students indicating that the mode result was not

sufficient information for the development of the appropriate model, the teacher over-heard.

The teacher mostly used repetition and biased hearing strategies while describing
what she noticed about procedural understandings. In the process of developing the
appropriate model, she expressed her awareness, especially of calculation errors, through
biased hearing. The fact that the teacher knew her students also led her to make assumptions
about what they might have meant by their processes or actions. In the second modeling
activity, the teacher noticed that the students made a mistake when dividing the data they
collected by the number of data while calculating the arithmetic mean. She stated that her
students were not very good at getting along with numbers, and they had deficiencies in

envisioning and predicting numbers and sizes: “Look how wrong it is going. Thirty-SiX t0 Six
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to be divided, that comma is in the right place...Unfortunately, some students do not have

the power to guess while dividing...how many times fifteen can happen in ninety. But look,
I'm afraid not. He says, ‘Maybe I have a calculation error?’ (MME2 7GE)”. In the case of
using inappropriate central tendency measurement or performing an unnecessary statistical
calculation, teacher often repeated the statement and behavior of the students while

explaining why the students did these procedures.

The teacher especially focused on the inability of students to express concepts
mathematically, even though they know the concepts, during the writing of reports on
solutions. In defining of noticing about the mathematical language use, it was determined
that she repeated statements about their inability to explain why they used central tendency
measures. For example, the teacher says, “They only say 'The less range is a good thing
brother. They know that it is a good thing to have less range, that the difference between
them is small... But they do not interpret very much that it is more stable, more orderly, and
closer to each other. They only say, ‘Small range is a good, brother.” They cannot explain.
They know what the range means, but they cannot explain or persuade their friend.
(MME2_7GE)”. The teacher observed the difficulty of her students in mathematical
language use in explaining the meaning of the range to each other from a conceptual point of
view and repeated the student statements about it. The teacher, felt the need to explain the
reasons for the difficulties in the use of mathematical language by students, made extreme

generalizations about the situations she noticed.
Assessment and Interpretation

It was seen that Teacher Berra was an effort to explain the possible correct solution process
for the deficiencies or difficulties in her students' use of conceptual, procedural, and
mathematical language use and to correct the wrong ideas of her students. It was determined
that the teacher usually assesses the process in cases where students make conceptual and
procedural mistakes in the process of developing models suitable for modeling activities and
have difficulty expressing themselves mathematically.

The teacher focuses on the outcome when the students choose the appropriate central
tendency measure, and take the correct solution in the process. She assesses the noticing of
the students with statements confirming the accuracy of their results. For example, “They
found all the results equal, and they calculated the arithmetic mean correctly. | think they
enjoyed this activity (long jump) more. | think this activity was more instructive because of
the plenty of procedures and easy way to information. (MME2 7GK)”. In the expression,
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the teacher evaluates the students' performance in the long jump activity based on the results

they found. Teacher Berra similarly assessed of the situations that she noticed about the
difficulties which students experienced in expressing themselves mathematically, taking into

account the process.
Justification Strategies

It has been observed that the teacher justifies with estimates (9.5%) as well as based on
evidences (9.5%) when explaining their noticing of conceptual understanding. When
students do not know why they utilize the statistical concepts included in the context of
modeling activities or do not use the central tendency measure that will proper the data set,
they often provide their justifications with evidences. As for the reasons for the lack of
understanding of the student's conceptual understanding, she reveals reasons through
estimations, mostly by making use of the general classroom situations of their students.
Teacher Berra often used the prediction way when justifying her noticings about students’
procedural understanding. 8.8% of all teachers noticing are based on estimates, while 2.7%
is based on evidence. The teacher provided evidence when the students did not make
mistakes or justified their assessment of their correct knowledge, and made predictions when
the students did mistakes. For example, in the long jump event, a group of students did the
procedures correctly and appropriately. The teacher said: "It is very well calculated; it can
be seen on paper. Even the smallest details are specified. (MME2_7GK)", this statement is
an evidence that students take into calculations details and make the procedure correctly. It
is observed in the following example that the teacher, who noticed that the students made the
wrong procedure in the Bigfoot activity, expressed her noticing by making predictions:
“Maybe they have the right solution in their minds, but I guess they're doing it wrong out of
carelessness. But unfortunately, they do. | say it is excitement. (MME3 7GK)” in her
example, she presented a predictive justification, linking students’ wrong actions to their

excitement and inattention.

While the teacher justified their noticing of the mathematical language use (2%), it
was observed that she prefers the way of presenting evidence and predicting (similarly to
conceptual understanding). There have been situations where students misused mathematical
concepts in modeling activities or did not know why they were used. Given that they have
difficulty expressing themselves in this situation, it can be considered that these two
categories intersect with each other, are related. In this context, considering the following

reason that the teacher presented evidence; “They know, but can't tell. They solve it with the
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arithmetic mean and then think that Seyda can jump too, anyway, they do not keep the

report long because they cannot put their statements into sentences. (MME2_7GE)”, it is
seen that the students justify their failure to write their reports in detail by presenting

evidence.
Conclusion, Discussion and Suggestions

The results of the research are presented under two headings about what Teacher Berra
noticed and how she expressed it.

Conclusions about Teacher's Noticing

It has been determined that the teacher's noticing of observing her students in the
mathematical modeling process focuses on conceptual understanding, procedural
understanding, and mathematical language use. The teacher focused mostly on her students’
conceptual understanding. This result of the study is consistent with similar studies
(Biembengut and Hein, 2010; Chamberlin, 2013; Lesh, 2006; Lesh and Kelly, 1997). In
activities where teachers have the opportunity to easily observe student thinking, such as
modeling activities, they can focus more on students’ conceptual understanding
(Biembengut and Hein, 2010). The teacher noticed that students tend to calculate statistical
measurements without thinking too much about the data and its features (extreme values,
continuous - discontinuous, approximate value that will require risk-taking), or without
considering what they mean conceptually. She stated that the modeling approach and the
activities used made it easier to observe student thinking, thus revealing situations about

students that she had not noticed before.

Another result of the study was that the teacher realized that students could not create
data sets themselves. Since they encounter a variety of exercises limited to those in the
textbooks on subjects belonging to the data learning domain, and they solve these routine
problems with the rules they are used to, students think of problem-solving as just a
calculation job, and they do not know how to organize data by considering the meanings of
concepts (Batanero & Diaz, 2010; Garfield & Ben - Zvi, 2009; Koparan, 2014; Lehrer &
Romberg, 1996). The teacher realized that she should include activities such as coordination
and modeling activities related to this situation in her lessons. It turned out that the teacher
noticed that their students calculated the arithmetic mean in almost every activity, regardless
of whether or not they had the appropriate data set. This result of the research is in line with
the study conclusions of Mokros and Russell (1995). Mokros and Russell (1995) stated that
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the most preferred statistical measure by students is the arithmetic mean, and as soon as they

realize that the problem has a solution related to statistical concepts, they immediately
calculate the arithmetic mean without looking at the data. Another point the teacher noticed
is that students calculate all of them in turn, not knowing why they use central tendency
measurements. It has been determined that this situation is consistent with the results of
similar studies. When the studies related to this are examined; because students did not learn
the necessary definitions of statistical concepts well, it was found that they could not make
appropriate statistical interpretations, although they could easily perform calculations, and
they considered all measurements consecutively (Jones et al., 2000; Konold and Pollatsek,
2002).

Teacher Berra noticed her students had difficulty expressing themselves
mathematically during class discussions during the modeling process and in the reports they
wrote. She observed that students could not use mathematical concepts in the appropriate
place and associated the mathematical language use with their conceptual understanding.
Teachers will support students to overcome these difficulties when they create classroom
environments that include instructional activities that will require students to talk and
discuss mathematics instead of dealing with the accuracy of the results and the errors on the
paper (Straker, 1993). In the discussions held at the end of the modeling activities, Teacher
Berra observed that students had difficulties in mathematical language while defending them
and realized that students should be in more conversational environments and express
themselves mathematically by discussing their solutions and solutions. Aiken Jr (1972)
stated that classroom discourse improved mathematical language and reduced the difficulties
experienced in a mathematical expression. In the literature on teacher noticing, it has been
determined that teachers have awareness about mathematical language use. For example, in
a study conducted by Taylan (2015a) with two mathematics teachers, it was found that
teachers stated their noticing of student's mathematical language use. Luna, Russ, and
Colestock (2009) asserted that a teacher pays attention to the statement and language their
students use in the classroom. However, the teacher in the study did not focus on how
students would better express themselves, nor did they specify the reasons why students
experienced difficulties. Contrary to the researches, Teacher Berra included the difficulties
students experience in using mathematical expressions and the reasons for this in her

statement. This situation can be explained by the fact that modeling activities provided more
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data to the teacher regarding students' mathematical communication skills (Doerr & English,

2003; English, 2006; Lesh, 2006).
Conclusions about Teacher's Noticing Strategies

Many valuable findings can be obtained from the way teachers describe what they observe
in their students, their opinions about their students, how they listen to them in the classroom
environment, from what perspective they observe, what information they have about their
students (Crespo, 2000; Even & Wallach, 2004; Giiner & Akyiiz, 2017a; Ozdemir Baki and
Isik, 2018; Wallach and Even, 2005). While observing her students, Teacher Berra explained
almost every idea they thought by repeating them with quotations from their expressions,
calculations or discourses, often with the exact quotations. Although Teacher Berra's
explanation of what she notices through repetition is appropriate for clearer and more
unbiased results about students’ thinking processes, a teacher should be able to interpret the
meaning of these words mathematically rather than repeating the students' words (Crespo,
2000; Wallach & Even, 2005). Wallach and Even (2005) noticed that the teacher
immediately explained the solution sequentially, with quotations, when they started
watching the video recorded of two students discussing a problem. They stated that this was

the case with many other video clips.

Teacher Berra makes assumptions about her students’general classroom situations
based on previous student knowledge, such as misconceptions, process errors, and
mathematical expression difficulties, which she noticed in her students' conceptual
understanding, procedural understanding, and mathematical language use. Considering the
general mistakes of her students, she mentioned the unspoken words or behaviors that were
not done during the activities. In addition to these, the teacher made excessive
generalizations in the form of overhearing, considering external factors related to student
errors or deficiencies. According to Wallach and Even (2005), teachers generally attribute
their students' inaccurate or incorrect results, misconceptions, lack of knowledge to their
failures and expect correct results. For this reason, they generally list their expectations and
overhear by accepting the words that their students do not say as if they have said or done
the behaviors they did not do. Teacher Berra decided to organize her teaching activities by

making self-criticism about the situations she felt over and biased hearing.

Teacher Berra assessed the modeling process mostly. However, it was determined
that her statement in which she evaluated the modeling process was mostly superficial.

Though, some expressions focus on the result. What is expected of the teacher is that the
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students can observe the statistical concept, measurement, or other procedural processes in

detail and express their noticing in these subjects. However, studies have also found that
teachers sometimes ignore a lot of things about the results students find, accept them as
having words or behaviors that do not exist, and make a quick assessment (Blythe, Allen, &
Powell, 1999; Borko, Jacobs, Eiteljorg, & Pittman, 2008; Crespo, 2000; Nicol and Crespo,
2003; Sherin, 2001). In their study with teachers, Blythe et al. (1999) concluded that
teachers made quick assessments interpret such as good/bad- right/wrong, made corrections
if necessary, and made general explanations about the situations they overlooked. Kazemi
and Franke (2004) attributed this situation to teachers' unfamiliarity with activities related to
student thinking, their ability to read student works (solution papers, reports, letters, or
posters), and they have not studied student work in such detail before. Star and Strickland
(2007), who determined that teachers had such deficiencies, argued that the noticing skill,
which is the ability of teachers to read and hear students' thinking, is a skill that can be
developed and made suggestions for developing and increasing teacher noticing through
long-term professional development studies.

Teacher Berra justified her interpretations of the situations she observed in different
ways. It has been observed that she often bases her reasons for the situations she identifies
by repeating her differences in student thinking, often based on evidence. However, she
justified her noticing, which she expressed in the form of overhearing and biased hearing, by
guessing. The teacher explained her reasons mostly with predictions because she knew her
students and had some expectations about her students. It can be said that she is a teacher
who observes her students well in the classroom and can establish close relationships with
them, based on the finding that the teacher makes too many predictions in line with her
assumptions. There are fewer comments in which the teacher provides evidence by quoting
directly from student behavior and statements. However, teachers are expected to base their
reasons for a situation they noticed on evidence to form clear ideas about what and how the
student understands (Crespo, 2000).

Considering the results of the study, the importance of developing teachers' noticing
skills becomes curicial. Research indicates that the ability to notice is a phenomenon that
may change as a result of long-term practices and training and can be improved (Ozdemir
Baki and Isik, 2018; Star and Strickland, 2007). Ozdemir Baki and Isik (2018) showed that
these skills of teachers can be improved with the lesson study method and can be raised to

higher levels. Similarly, Giiner and Akyiiz (2017a) have shown that the noticing skills of
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prospective teachers can be improved with the lesson study method. When looking at these

studies, long-term professional development training should be increased and teachers
should be given information about the points they need to notice for their student's thinking.

It was observed that the teacher noticed the students could not express themselves in
the discussions they made within the scope of modeling activities. In this context, it was
concluded that modeling activities are suitable tool in the process of revealing teachers
noticing. Like the modeling approach, teachers can develop their awareness by providing
teaching environments where they can easily observe their students. It can enable teachers to
make re-educational arrangements for the deficiencies they notice in their students. For other
classroom environments with limitations of the research and teachers of a similar nature, the
points teachers notice on mathematical thinking and how it expresses them will shed light on
the training programs they will prepare for researchers aiming for effective teaching and
research examining professional experience. The implementations of the study were carried
out at the 7th grade, since the 8th-grade students at the secondary school level were
preparing for the exam and the 6th-grade students had not yet learned some statistical
concepts, and the research was limited to the learning outcome referring to the 6th and 7th-

grade levels.
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