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Oz

Bu calismanin amaci, fen bilgisi Ogretmen adaylarinin ortaokul 6grencilerinin yazili sinav
cevaplarinda nelere dikkat ettiklerine, bu cevaplar1 nasil yorumladiklarina ve bu cevaplari nasil
kullanmay1 planladiklarina bakarak pedagojik muhakeme becerilerini incelemektir. Caligma nitel
arastirma desenlerinden olan durum calismast ile gerceklestirilmistir. Caligmaya Olgme ve
degerlendirme dersini almig 76 fen bilgisi 6gretmen adayr katilmistir. Veri toplama araci olarak
ortaokul 6grencilerinin 1s1iklarda renk olusumuyla ilgili iki acik u¢lu kavramsal soruya verdikleri
cevaplardan olusan bir form kullanilmistir. Toplanan veriler icerik analizi yontemiyle analiz
edilmistir. Elde edilen bulgulara gore, 6gretmen adaylarinin 6grenci cevaplarini yiizeysel olarak
inceledikleri, 6grencilerin problem yasadiklar1 hususlar1 tespit etmek yerine cevabin dogrulugu ve
yanligligin1 6n plana ¢ikardiklari, yorumlama yaparken ortaya koyduklari iddialar1 destekleyecek
detayli deliller sunmadiklar1 ve dgrencinin farkli yanitlar1 arasinda baglanti kurmadan kavramsal
O0grenmesi hakkinda yorumlamalar gergeklestirdikleri goriilmektedir. Bu sonuglar, 6gretmen
adaylarinin egitimlerinde 6lgme degerlendirme hususunda Ogrenci cevaplarinin nasil yorumlanip
kullanilabilecegine yonelik uygulamali egitimler verilmesinin 6nem arz ettigini ve bu sekilde

pedagojik muhakeme becerilerini gelistirebileceklerini ortaya koymaktadir.
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Giris

Etkili bir fen &gretimi Ggrencilerin 6grenme ortamlarina tasidiklart ve 6n yasantilart
sayesinde gelistirdikleri bilgi ve fikirleri temele alarak yeni 6grenmelerin bunlar {izerine
yapilandirilmasini gerektirmektedir (Barnhart ve van Es, 2015; Ruiz-Primo ve Furtak, 2007,
Talanquer, Tomanek ve Novodvorsky, 2015). Bu silire¢ olduk¢a karmasik ve zorlayici
olmasinin yani sira 6gretmenlere de olduk¢a dnemli sorumluluklar yiiklemektedir. Siirecte
ogretmenlerden mevcut pedagojik yaklagimlarini degistirerek 6grencilerin sadece dogru ya
da yanlis cevaplarina odaklanmak yerine “6grencilerin okula getirdikleri 6n diisiincelere ve
Ogrencilerin bu diisiincelerden en 1iyi sekilde nasil anlayislarmi gelistireceklerine”

odaklanmalar1 beklenmektedir (National Research Council-NRC, 2012, s. 256).

Fen bilgisi d6gretmenleri ev 6devleri, sinavlar ve laboratuvar raporlari gibi formel ve
smif i¢i tartigmalar, soru-cevap ve gozlem gibi formel olmayan yollarla d6grencileriyle ilgili
bilgilere ulasabilmektedirler. Bir baska deyisle, fen bilgisi 6gretmenleri pek ¢ok yolla
ogrencilerinden doniit alma ve aldiklar1 bu doniitlere gore yiiriitecekleri 6gretim siirecini
planlama, degerlendirme ve revize etme sansina sahip olabilmektedirler (Harshman ve
Yezierski, 2015). Bu siiregte 6gretmenlerden beklenen 6grenciler hakkinda farkli yollarla
elde ettikleri verileri 6gretimle ilgili kararlar alirken kullanmalaridir. Bu siire¢ alanyazinda
veri-giidiimlii sorgulama (data-driven inquiry) veya bigimlendirici degerlendirme olarak da

bilinmektedir (Furtak, 2012; Harshman ve Yezierski, 2015).

Bi¢imlendirici degerlendirmenin dgrencilerin 6grenmeleri ve motivasyonlari lizerine
olumlu etkisinin oldugu pek ¢ok arastirma ile (Black ve Wiliam, 1998; Vogelzanga ve
Admiraal, 2017) ortaya konulmasinin yani sira arastirmacilarin  bi¢imlendirici
degerlendirmeyle ilgili 6gretmenlerin inanclari, algilari, bilgileri ve uygulamalar {lizerine
yogunlastiklar1 da goriilmektedir (Furtak, 2012; Lyon, 2011; Siegel ve Wissher, 2011).
Yapilan c¢aligmalarin sonuglar1 dgretmenlerin 6grencilerin 6grenmelerini agiga ¢ikarma
kabiliyetleri ve elde ettikleri bilgileri etkili bir sekilde yorumlayip kullanarak doniit verme
ve dersi diizenleme becerilerinin 6grenci basarisini artiran oldukga onemli etkenler oldugunu
gostermektedir (Furtak, 2012; Ruiz-Primo ve Furtak, 2007). Bu ylizden, 6gretmenlerden
Ogrenci cevaplarini ¢ok iyi analiz etmesi, cevaplarda ki sorunlu kisimlarin farkina varmasi
ve bunlart liretken bir sekilde yorumlayarak ogrencilerin zorlandiklar1 alanlarda onlara
yardimcr olarak O6grenmeyi desteklemesi beklenmektedir (Bennett, 2011). Fakat yapilan
arastirmalar maalesef Ogretmenlerin 6grenci cevaplarina ylizeysel olarak baktiklarini,

yaptiklar1 yorumlarin ise Ogrencilerin kavramsal anlamasini engelleyen sorunlu kisimlari
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ortaya ¢ikarmaktan ziyade cevaplarin dogrulugu veya yanlisligi iizerine odaklandiklarini

dolayistyla da 6grenmeyi destekleyemediklerini gdstermektedir (Ateh, 2015; Furtak, 2012).
Bu yiizden, 6grenci cevaplarindaki sorunlu kisimlara dikkat eden, bunlarin kavramsal
anlamay1 nasil sinirlandirdigini algilayan ve bu verilerden yola ¢ikarak uygun yontemlerle
kavramsal O6grenmeyi destekleyebilen pedagojik muhakeme becerisine sahip Ogretmenler
yetistirmek Onemli bir husustur. Sekil 1’de goriildiigii gibi Ogretmenlerin pedagojik
muhakeme becerilerini kullanmasini1 gerektiren siire¢ kritik bir 6neme sahiptir ve etkili bir

Ogretimin onemli bir pargasini olusturmaktadir.

Ogrencilerin Bilimsel Ogretmenlerin
Muhakemeleri Sinif I¢i Ogrenme Siireci Pedagojik Muhakemesi
) Ogrencilerin
On Diisiince diistincelerini ag1ga
I ¢ikarmak
Tartisma ve Sorgulati ¥
Miizakere e - = =
Ogrencilerin
diistinceleriyle ilgili
On Baglantilt kanutlar _\Enmﬂamak
4 olguyla ilgili - —
» ; ya - Ogrencilerin
eneyim diisiincelerinde ki
bosluklari/eksiklikleri
belirlemek
Veri Temelli
v Kesfetme

Agiklama Ogretim siirecini
Yeni/giincellenmis P revize ederek yeniden
e <
diisiince planlamak

Sekil 1. Duyarli 6gretim siireci ile ogrencilerin fen 6grenmeleri arasinda ki iliski (Sabel,

Forbes ve Zangori, 2015, s. 422).

Pedagojik muhakeme becerileri hem &gretim ortamini etkiler hem de Ogretim
ortamindan etkilenir. Bir bagka deyisle, 6gretmenin 6grencilerin 6n bilgilerine duyarli bir
ogretim yaklasimi sergilemesi hem sunacagi O6grenme ortamini hem de O6grencilerin

hedeflenen olguyla ilgili anlayis gelisimini etkilemektedir (Sabel ve digerleri, 2015).

Uluslararas1 alanda bir¢ok arastirmacinin 6gretmen adaylarinin 6grenci cevaplarina
dikkat etme ve yorumlama becerilerini belirlemeye ve gelistirmeye yonelik pedagojik
muhakeme becerilerini inceledikleri goriilmektedir (Barnhart ve van Es, 2015; Luna ve
Sherin, 2017; Talanquer ve digerleri, 2015). Bu calismalar yaklasimsal olarak incelenecek
olursa pedagojik muhakeme becerileri lizerine gerceklestirilen c¢alismalarin Oncelikle
matematik egitimi alaninda basladig1 ve yogunlastig1 goriilmektedir (Luna ve Sherin, 2017;
Schack, Fisher ve Wilhelm, 2017; Son 2013). Son zamanlarda fen egitimi alaninda da
caligmalar yiiriitiilmektedir (Larkin 2012; Levin, Hammer ve Coffey 2009; Talanquer ve
digerleri, 2015). Caligmalarda muhakeme becerileri 6gretmenlik uygulamasi dersleri, mikro

ogretim uygulamalari, dgrenci yazili cevaplari kapsaminda incelenmekle birlikte genelde
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video kayitlar1 veya yazili dokiimanlar veri kaynagi olarak kullanilmaktadir (Lam ve Chan,

2020; Luna ve Sherin, 2017). Video kayitlar1 ve gozlemler genelde 6gretimin gergeklesmesi
esnasinda 6gretmenin farkli yollar ile (6r., soru-cevap) 6grencilerden elde ettigi verileri anlik
olarak analiz etmesi, yorumlamas: ve Ogretimde kullanma becerisini incelemek igin
kullanilmaktadir. Yazili dokiimanlar ise genelde 6grencilerden elde edilen verilerin ders dis1
bir zaman diliminde kullanilarak 6gretmenlerin inceleme, yorumlama ve kullanma
becerilerinin arastirilmasi i¢in tercih edilmektedir. Bu durumda (ertelenmis fark etmede)
ogretmenlerin 6grenci cevaplarint degerlendirmede daha fazla zamana sahip olmasi ve daha
detayli sekilde 6grenci cevaplarimi analiz ederek etkili 6gretimsel kararlar alabilmesi s6z
konusudur (Lam ve Chan, 2020). Bu yiizden genellikle 6gretmen adaylari iizerine yapilan
caligmalarda yansitict 6gretimi (reflective teaching) desteklemek amaciyla ertelenmis fark
etmeye odaklanilmaktadir. Arastirmacilarin ertelenmis fark etme igin veri toplama
sekillerine bakildiginda ise iki ayr1 yaklasim one ¢ikmaktadir. Bu yaklagimlardan ilkine goére
Ogretmen adaylarinin 6grenci cevaplarini bireysel olarak yazili bir sekilde degerlendirmesi
(Talanquer ve digerleri, 2015) s6z konusu iken ikincisinde 6gretmen adaylarinin igbirlikli
olarak (3’1ii-5’li gruplar) verilen yazili 6grenci cevaplarin1 degerlendirmeleri saglanmaktadir

(Murray ve digerleri, 2020).

Ogretmenlerin pedagojik muhkeme becerileri iizerine yapilan calismalarin
sonuclarina bakildiginda karma bulgularla karsilasilmaktadir. Dini, Sevian, Caushi ve Picon
(2020) bu karma sonuglar sergileyen 6gretmenlerin kiyaslamasindan yola ¢ikarak bir model
onermektedir. Bu modele gore 6gretmenler ya daha otoriter (more authoritative) ya da daha
diyaloglu (more dialogic) bir bakis acisiyla pedagojik muhakeme becerilerini ortaya
koymaktadirlar. Daha otoriter bir yaklasim sergileyen Ogretmenler, 6grenci diislincelerini
incelerken bazi 6zel bilgi ve becerilere bakmakta, bunlarin bilimsel olarak dogru olup
olmadigint kontrol etmekte ve O6grencileri bilimsel dogruya direkt ulastiracak 6gretimsel
yollar1 kullanmay1 Onermektedirler. Daha diyaloglu bakis acgisinda ise Ogretmenler
ogrencilerin mevcut bilgi ve deneyimlerini g6z Oniinde bulundurmakta, verdikleri
cevaplardaki mantiksal uyumsuzluklari belirlemekte, bu uyumsuzluklarin nedenleriyle ilgili
varsayimlar olusturmakta, Ogrencilerin bu uyumsuzluklar1 fark edebilecekleri, tizerine
diistinebilecekleri ve kendi 6grenmelerini gelistirebilecekleri dgretimsel ortamlar sunmay1
onermektedirler. Diger arastirma sonuglari da Dini ve digerlerinin (2020) 6nerdigi modeli
desteklemektedir. Ogretmenlerin/dgretmen adaylarinin  ¢ogunlugu 6grenci cevaplarmi

degerlendirirken verilen cevaplart betimlemekte, cevaplardaki bilgilerin dogrulugu-
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yanlishigina odaklanmakta ve oOgrencileri bilimsel dogruya ulastiracak genel pedagojik

yollart dnermektedirler (Ateh, 2015; Aydeniz, Dogan, 2016; Chan ve Yau, 2021; Furtak,
2012; Gotwals ve Brimingham, 2016; Murray ve digerleri, 2020; Talanquer ve digerleri,
2015). Az sayida da olsa bazi ¢caligmalarda ise 6gretmenlerin/6gretmen adaylarinin 6grenci
cevaplarint degerlendirirken 6grencinin  verdigi cevabinin nedeniyle ilgili tahmini
gerekgelere ve altinda yatan mantiga odaklanmakta, 6grencinin sundugu disilinceyi ve
muhtemel gerekgeleri yorumlamakta ve dgrencinin merkezde oldugu ve kendi 6grenmesini
gelistirebilecegi aktif 0gretimsel uygulamalar 6nermektedirler (Dini ve digerleri, 2020;

Murray ve digerleri, 2020; Talanquer ve digerleri, 2015).

Padagojik muhakeme becerilerinin gelistirilmesine yonelik yiiriitiillen arastirmalar
incelendiginde olumlu katkilarin meydana geldigi goriilmektedir. Ornegin, Gotwals ve
Brimingham (2016) ders/linite planlarini, yazili 0grenci cevaplart ve Ogretim videolari
iizerine yansitmalarin1 ve dgretim videolarim1 kullanarak fen bilimleri 6gretmen adayinin
pedagojik muhakeme becerilerini ve gelisimlerini incelemislerdir. Bu inceleme esnasinda
ozellikle adaylarin 6grencilerin diisiincelerini agiga c¢ikarma (eliciting), dnemli kisimlari
belirleme (identifying), yorumlama (interpreting) ve 0gretimsel cevap verme (responding)
becerileri tizerine yogunlagmislardir. Sonuglar katilimcilarin 6grencilerin diisiincelerini agiga
cikarma becerilerinin zamanla gelistigini ve daha kaliteli ve kapsamli 6grenci diistincelerini
ac1ga ¢ikarabilecek sorular sormaya basladiklarin1 gostermistir. Benzer bir sekilde Barnhart
ve van Es (2015) fen bilimleri 6gretmen adaylarinin kendi 6gretimlerinin videolarindan
sectikleri ¢esitli kesitler vasitasiyla 6gretmen adaylarinin derslerinde ki dnemli noktalar1 fark
etmede basarili olduklarim1 ortaya koymuslardir. Arastirma sonuglar1 ayrica basarili bir
analiz ve 6gretimsel diizenleme i¢in 6gretimdeki 6nemli kisimlar1 fark etmeninin 6n kosul
oldugunu fakat ileri bir fark etme becerisinin basarili bir analiz ve karsilik verme becerisiyle
sonuglanamayabilecegini de gostermistir. Son olarak mentér Ogretmen destegiyle
olusturulan 6lgme araglarini kullanan 6gretmen adaylarmin zengin 6grenci cevaplarina
erisime sahip oldugunu ve bunu O&gretime yansittiklarinda Ogrenci basarisini

destekleyebilecekleri belirtilmektedir (Kang ve Anderson, 2015).

Ulusal diizeyde incelemeler gergeklestirildiginde ise fen bilgisi 6gretmen adaylarina
yonelik her ne kadar pedagojik muhakeme becerilerinin alt yapisini olusturan 6lgme
degerlendirmeye yonelik algilar1 (Izci & Sardag, 2016) veya uygulamalarma yonelik
calismalar (izci, 2018) dikkat ¢ekse de Aydeniz ve Dogan’in (2016) ¢alismasi disinda

ogretmenlerin pedagojik muhakeme becerilerini belirlemeye veya gelistirmeye odaklanan
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neredeyse higbir calismanin gerceklestirilmedigi goriilmektedir. Aydeniz ve Dogan (2016)

arastirmalarinda Newton'un hareket yasalari, kinetik enerji, seri ve paralel bagli elektrik
devreleri ve durgun elektrik kavramlarina yonelik 7 soru hakkinda ortaokul 8 sinif
ogrencilerinin iiretmis oldugu yanitlardan 4’er tanesini fen bilgisi 0gretmen adaylarina
inceleterek pedagojik muhakeme becerilerini belirlemeye caligmiglardir. Arastirmacilar
caligmalarinda agirhikli olarak Ogretmen adaylarimin  doniit bakis acilart iizerine
odaklanmiglardir. Fakat alanyazin incelendiginde bigimlendirici degerlendirmenin
etkililigini etkileyen etmenler arasinda alan bagimlilik konusunun 6nemli bir etken oldugu
gorilmektedir (Bennet, 2011). Dolayisiyla birden fazla konu alanina bagli olarak yiiriitiilen
bir calismadan ziyade belirli bir konuya odaklanan, fen bilgisi 0gretmen adaylarinin
pedagojik muhakeme becerilerini inceleyen caligmalarin gergeklestirilmesi Oonemli bir
husustur. Uluslararas1 alanyazinda konuya 6zgii olarak yiiriitillen pedagojik muhakeme
becerileri ¢alismalar1 (Talanquer ve digerleri, 2015) s6z konusu iken ulusalda bir eksiklik
olarak karsimiza ¢ikmaktadir. Bu sebepten dolay1 bu ¢alismada belirli bir konuya yonelik
olarak pedagojik muhakeme becerileri aragtirilmaktadir. Ayrica yukarida lizerinde durulan
caligmalar bir biitiin olarak ele alindiginda temelde pedagojik muhakeme becerilerinin
gelistirilebilmesi igin gergeklestirilen faaliyetleri icerdikleri, pedagojik muhakeme
becerilerin sergilenmesinde etkili faktdrlerin neler olabilecegine ve etkilerine odaklandiklari
goriilmektedir. Bu calisma ile de fen bilgisi 6gretmen adaylarinin &grenci yazili sinav
cevaplarinda nelere dikkat ettikleri, bu cevaplar1 nasil yorumladiklar1 ve bu cevaplart nasil
kullanmay1 planladiklar iizerine odaklanarak pedagojik muhakeme becerilerin geligmesinde
etkili olabilecek faktorlerin irdelenerek alanyazina katki sunulabilecegi diisiiniilmektedir. Bu
baglamda yiiriitiilen bu calisma ile fen bilgisi 6gretmen adaylarinin ortaokul 6grencilerinin
yazili sinav cevaplarinda nelere dikkat ettikleri, bu cevaplart nasil yorumladiklar1 ve bu
cevaplari nasil kullanmay1 planladiklari tizerine odaklanarak 6gretmen adaylarinin pedagojik
muhakeme becerilerinin incelenmesi amag¢lanmistir. Bu sayede hem yukarida deginilen
alanyazindaki eksikligin giderilmesine hem de var olan arastirma bulgular1 iizerine katki
saglanacag1 diistiniilmektedir. Bu dogrultuda asagidaki iki temel arastirma sorusuna cevap

aranmistir.
1. Fen bilgisi 6gretmen adaylar1 6grencilerin yazili cevaplarini nasil degerlendirmektedirler?

2. Fen bilgisi O6gretmen adaylarinin Ogrencilerin  yazili cevaplarindan yola ¢ikarak

onerdikleri 6gretimsel diizenlemeler nelerdir?
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Y ontem

Bu aragtirma, nitel arastirma desenlerinden biri olan durum c¢aligmasi temelinde
yurltilmistir. Durum c¢alismast pek ¢ok alanda siklikla kullanilan bir arastirma yontemi
olup kii¢iik grup davraniglari, yonetimsel stiregler gibi ger¢ek yasam olaylarinin 6zelliklerini
ortaya koymak i¢in (Yin, 2009) ve arastirmaya konu olan olaylarin biitiinciil yorumuna
ulagsmak i¢in imkanlar saglamaktadir (Yildirim ve Simsek, 2016). Bu arastirmada belirli bir
grubun degerlendirmeye yonelik yaklagimlarinin incelenmesi ve bundan hareketle biitiinciil
bir sekilde pedagojik muhakeme becerilerinin ortaya konulmasi amaglandigindan
arastirmanin durum ¢alismasi esaslar1 geregi yiriitiilmesine karar verilmistir. Bu dogrultuda
calismada fen bilgisi 0gretmen adaylarinin, 6grenci yanitlarini degerlendirme durumlari,
durum olarak incelenmekte ve pedagojik muhakeme becerileri ortaya konulmaya

calisilmaktadir.
Calisma Grubu

Calisma grubu amagli 6rnekleme yoOntemlerinden biri olan 6l¢iit 6rnekleme yOntemiyle
belirlenmistir. Olgiit 6rnekleme yonteminde arastirmacilar tarafindan belirlenmis bir dizi
Ol¢iit ¢ercevesinde se¢imlerin yapilmasi s6z konusudur (Yildirinm ve Simsek, 2016). Bu
dogrultuda caligma grubu Tiirkiye’nin dogusunda bulunan bir devlet {iniversitesinde 6lgme
degerlendirme dersini almis 3. ve 4. sinifta bulunan 76 fen bilgisi 6gretmen aday1 olarak
belirlenmistir ve calisma verileri 2015-2016 egitim-6gretim yili bahar doneminde

toplanmustir.
Veri Toplama Araclan

Bu calismada veri toplama araci olarak arastirmacilar tarafindan gelistirilmis bir form
kullanilmistir. Form olusturulurken iki basamaktan olusan bir siire¢ yiiriitiilmiistiir. Ilk
basamakta bir Fen Bilgisi 6gretmeni ile iletisime gegilerek icerisinde agik uglu kavramsal
sorularin yer aldigi fen bilgisi dersi 6grenci smnav kagitlar1 temin edilmistir. Bu sinav
kagitlar1 incelendikten sonra igerisinden iki soru se¢ilmistir. Secilen sorular “Farkli renkteki
1siklar nasil elde edilir?” ve “Gokyiizii ve denizin mavi rengi nasil olusur?” seklindedir.
Daha sonra bu iki soruya cevap veren, ilgili simnavdan yiiksekten diigiige farkli basari
seviyelerde not almis bes Ogrencinin yanitt belirlenmistir. Belirlenen 6grenci yanitlart

asagida Tablo 1'de sunulmustur.
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Tablo 1. Ortaokul Ogrencilerinin Fen Bilgisi Dersi Sinavinda Sorulara Vermis Olduklar:

Yanitlar

Ogrenciler

Ogrenci-1

Ogrenci-2

Ogrenci-3

Ogrenci-4

Ogrenci-5

Verilen Cevaplar

1) Isiklar1 birbirine karistirarak elde ederiz.

2)Uzay siyah giines 15181 da sar1 oldugundan bu iki 151k carpistiginda mavi

renk olusur. Bu ylizden de gok ve deniz mavi renkli goriiniirler.

1)Farkli renkteki 1siklar beyaz 1s18in sogurulmasi ile ortaya ¢ikarlar. Bu

1s1iklar kirmizi, turuncu, sari, yesil mavi ve mordur.

2) Aslinda gok ve deniz berraktir. Ama 1s1k vurup yansittigi i¢in biz onlar1

mavi renkte goriiriiz.

1) Ug ana renk olan kirmizi, mavi ve yesile gelen 1gmlar sayesinde diger

renkler olusur.

2) Gokyiizi mavidir. Gokyliziindeki mavilik 1ginlar aracilifiyla yansir ve

beyaz olan suya deger ve denizde mavi olur.

1) Beyaz 1518 yansitmasi ve sogurmasiyla diger renkler olusur. Mesela
beyaz renk igerisinde aslinda kirmizi renkte vardir. Mesela beyaz 1s18a
kirmiz1 151k yansitilirsa kirmizi goriiliir ¢linkii beyaz renk diger renklerin

birlesmesiyle olusmustur.

2) Beyaz 15181n i¢inde mavi renkte vardir. Boylece beyaz 151k gok ve denize

mavi rengini yansitir. GOk ve deniz mavi olur.

I)Farkli renkteki 1siklar filtreleme yontemiyle elde edilirler. Buna 6rnek
olarak trafik 1siklar1 verilebilir. Aslinda kirmizi, sar1 ve yesil renklerin altinda
beyaz 151k vardir. Fakat filtre kullanilarak diger renkler sogrulur ve biz

sadece kirmizi, sar1 ve yesil renkleri goriiriiz.

2) Deniz ve gok aslinda renksizdirler. Mavi goriilmelerinin nedeni beyaz
1s1ktaki renklerden sadece maviyi yansitir diger renkleri ise sogururlar. Bu

yilizden de gok ve deniz mavi olarak goriiniirler.
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Ikinci basamakta ise segilen 6grenci cevaplar kullanilarak katilimcilarin bu cevaplar

degerlendirecekleri form diizenlenmistir. Forma son hali verildikten sonra ilgili formdaki
ogrenci cevaplarimi dikkate alarak bir ders saati siiresince 0gretmen adaylarindan asagida

belirtilen sorulara yazili olarak yanit vermeleri istenmistir.

Soru 1) Asagidaki 6grenci cevaplarini kullanarak her bir 6grencinin renk olusumu ile ilgili
temel kavramlart anlayip anlamadiklarina nasil karar verirsiniz? Her bir 6grenci

cevabini asagida tartisiniz.

Soru 2) Sizce her bir 68rencinin cevabina gore konuyu yanlis ya da eksik anladigin1 gosteren

sorunlu noktalar nelerdir?

Soru 3) Ogrencilerin vermis olduklar1 cevaplara gore oOgrencilerin konuyu anlama
seviyelerini diisiikten yiiksege dogru siralaymiz? Nigin boyle siraladigimizi da

delilleriyle aciklayiniz?

Soru 4) Ogrencilerin vermis olduklari bu cevaplar bir 6gretmen olarak size neleri

gosterebilir ve neler yapmaniza yardimci olur?

Soru 5) Bu cevaplardan yola ¢ikarak konuyu anlamayan &grencilerinizin renk olusumu

konusunu daha iyi 6grenmeleri i¢in bir 6gretmen aday1 olarak neler yapabilirsiniz?
Verilerin Analizi

Veri toplama formu araciligiyla elde edilen veriler, Talanquer ve digerleri (2015) tarafindan
gelistirilen 6gretmenlerin 6grenci cevaplarini degerlendirme boyut ve kriterleri kullanilarak
analiz edilmistir. Bu boyutlar temelde iki baslik altinda ele alinmustir. ilki alandan bagimsiz
boyut, ikincisi ise alan bagimli boyuttur. Alandan bagimsiz boyut kendi igerisinde bes farkli

alt boyut icermektedir. Tablo 2’de alandan bagimsiz boyutlar ve kriterleri sunulmustur.

Tablo 2. Alandan Bagimsiz Alt Boyutlar ve Kriterleri

Boyut Diizey Aciklama

Degerlendirme ¢ogunlukla 6grenci anlamasi hakkinda

Baglangic  ¢ikarim  yapmaktan  ziyade  Ogrenci  yanitinin

Degerlendirme betimlemesine dayanur.

Yaklasimi

) Degerlendirme betimleme ve ¢ikarim durumlarinin bir
Gelisen
karigimidir.
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Degerlendirme

Y Onelimi

Degerlendirmedeki

Ozgiinliik

Degerlendirme

tutarlilig

Delil kullanim

Ileri

Diizey

Baslangi¢

Gelisen

Ileri

Diizey

Baslangic

Gelisen

Ileri

Diizey

Baslangic

Gelisen

Tleri

Diizey

Baslangic

Gelisen

Degerlendirmenin merkezinde 6grencinin diislinmesi

ve anlamasi1 hakkindaki ¢ikarimlar bulunur.

Ogrencinin mevcut cevaplarinda anlam aramaksizin
O0grencinin yapmakta veya soylemekte basarisiz oldugu

seyler, yanlis veya dogru cevap iizerine odaklanir.

Belirli dogru cevaplar ve yanitlarda bazi anlamlar

bulma tizerine odaklanir.

Ogrenci yamtlarmin arkasinda yatan mantiksal akil

yiirlitmeyi anlamak i¢in onlar1 analiz etmeye odaklanir.

Belirli cevaplara dayali olarak ogrenci tutum veya

bilgileri hakkinda genel durumlar {iretir.

Ogrencinin bir konuyu anlamasi veya yanlis anlamasi

hakkinda daha fazla odaklanilmis durumlar iiretir.

Ogrenci yanitlarina dayandirarak Ogrenci anlamasi

hakkinda spesifik iddialar iiretir.

Yalitilmis hatalar olarak yanlislar veya kavram
yanilgilarin  belirlenmesi ve betimlenmesi iizerine

odaklanir.

Ogrenci yanitlarindaki tutarliligi veya tutarsizhg fark

etmek soz konusudur.

Ogrenci anlamas1 hakkina yorumlar olusturmak igin
ogrencilerin  yanitlarinda ki tutarhiliklannt  ve

tutarsizliklar1 kullanma s6z konusudur.

Cikarimlar yapilmasi halinde, iddialar1 desteklemek

icin net deliller sunulmaz.

Ogrenci anlamast hakkinda yapilan ¢ikarimlarin
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bazilarimi desteklemek i¢in delil sunulur.

flert Ogrenci anlamas1 hakkinda yapilan ¢ikarimlar
eri

Ogrencilerin cevaplarindan elde edilen delillerle her
Diizey o

zaman iliskilendirilir.

Alan bagimli boyut ise kendi igerisinde dort farkli alt boyuttan ve bunlarin

kriterlerinden olusmaktadir. Bu boyut ve kriterleri Tablo 3’te sunulmustur.

Tablo 3. Alan Bagimli Alt Boyutlar ve Kriterleri

Boyut Diizey Aciklama

Ogrenci  anlamasina  yénelik  yapilan  yorumlamalar

Baslangic¢ . o o
ulasilabilir delil ile desteklenmemistir.
Yorumlama Geli Yorumlamalar i¢in saglanan deliller sinirli, ylizeysel veya
o elisen
kalitesi basma kaliptir.
Tleri .
Ogrenci anlamasinin mantiksal yorumlamalari olusturulur.
Diizey

Ogrencinin konuyu kavradigim degerlendirmek igin konuyla
Baslangic  1lgili temel kavramlara odaklanmak yerine 6nemsiz detaylara

odaklanilir.

Ogrencinin konuyu kavradigim degerlendirmek icin konuyla

Uretken o o
Gelisen ilgili temel kavramlarla birlikte 6nemsiz detaylara da
diistince
odaklanilir.
fleri Ogrencinin konuyu kavradigim degerlendirmek icin konuyla
eri
ilgili temel kavramlari 6nemsiz detaylardan ayirarak temel
Diizey
kavramlara odaklanilir.
Kavram ve fikirlerin degerlendirmesine sinirli odaklanma
- . Baslangic
Degerlendirme s6z konusudur.
kapsami

Gelisen Degerlendirme araciligiyla belirgin bir sekilde hedeflenenin
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oOtesinde ilgili alanlarda potansiyel bilgi eksikligini tanima

s6z konusudur.

Degerlendirme araciliiyla belirgin bir sekilde hedeflenenin

lleri
Otesinde alanlarda ilgili yanlis anlamalari tanima s6z
Diizey
konusudur.
Temel bilgilerin ylizeysel ve gilivenilmez anlamalari,
Baslangic '
mantiksal ¢ikarimlarin olusturulmasini etkiler.
Bilimsel .
Gelisen Bazi dogru olmayan yorumlamalar olusturulur.
dogruluk
Tleri Yorumlamalar bilimsel olarak dogrudur.
Diizey

Toplanan veriler Tablo 2 ve 3’te belirtilen kriterlere gore analiz edildikten sonra
ylizde ve frekans degerleri hesaplanmistir. Verilerin analizi siirecinde arastirmacilar
tarafindan bir Excel dosyasi olusturulmus ve her bir 6gretmen adayinin her bir 6grenci yaniti
icin yapmis oldugu degerlendirme alan bagimli ve bagimsiz boyutlarda incelenmistir.
Incelemeler gergeklestirilirken 1 ve 2 olarak kodlamalar yiiriitiilmiistir. Ornegin delil
kullanimi boyutu i¢in Ogretmen adayr bir oOgrenci yanitim1 degerlendirirken delil
kullanmamigsa 1, delil kullanmigsa 2 olarak kodlanmistir. Daha sonra aymi Ogretmen
adaymin biitiin 6grenci yanitlar1 icin elde edilen kodlamanin ortalamasi alinmistir. Bu
ortalama 1.1 ve altinda ise baslangic, 1.2 -1.9 araliinda ise gelisen ve 2 ise ileri diizeyde
oldugu kabul edilmistir. Bu araliklar belirlenirken 6gretmen adaylarinin iki soruya bes
ogrencinin verdigi yanit1 degerlendirme durumlar gdz dniinde bulundurulmustur. Ogretmen
aday1 toplamda on degerlendirme gergeklestirmektedir. On degerlendirme igerisinde en az
ayn1 ogrencinin iki farkli soruya verdigi yanit1 kritere uygun degerlendirdiginde 1.2 kritik
degeri ortaya ¢ikmaktadir. 1.9 degeri ise on 6grenci yanitinin en az dokuz tanesinin ilgili
kriterlere uygun sekilde degerlendirilmesiyle ortaya ¢ikmaktadir. Ogretmen adayi ilgili
kriterlere gore tim oOgrenci yanitlarini degerlendirdiginde ise 2 ortalama puani ortaya
cikmaktadir. Analizler gerceklestirilmeden 6nce arastirmacilar arasinda alan bagimsiz ve
bagimli boyutlarin ne olduklari, nasil analiz edilmesi gerektigi iizerine tartigmalar
ylriitiilmiis ve fikir birligine varilmistir. Sonraki siirecte 20 6gretmen adayimin yanitt iki
farkli aragtirmaci arasinda bagimsiz olarak kodlanmis ve farklilik gosteren kisimlar iizerinde

tartisilarak uzlasiya varilmistir. Bu siire¢ icerisinde aragtirmacilar arasindaki uyum, Miles ve
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Huberman (1994) tarafindan belirtilen giivenirlik formiiliiyle hesaplanmistir. Uyum indeksi

.93 olarak tespit edilmistir. Ayrica daha sonraki bir zaman diliminde verinin tamaminin
analizini gerceklestiren arastirmaci tim verinin yaklasik %15°lik kismini tekrardan analiz
ederek kodlamalarin tutarli olup olmadigmi Miles ve Huberman (1994) giivenirlik
formiiliiyle arastirmistir. Sonug olarak %15°lik kisimda gergeklestirilen kodlamalarin ayni,

uyum indeksinin 1.00 oldugu bulunmustur.
Bulgular

Aragtirmaya katilan fen bilgisi 6gretmen adaylarinin 6grenci cevaplar1 lizerinde yapmis
olduklar1 degerlendirmeler analiz edildiginde alandan bagimsiz boyut i¢in Tablo 4’te

sunulan bulgulara ulagilmistir.

Tablo 4. Alan Bagimsiz Alt Boyutlar ve Degerlendirmede Gergeklestirilme Oranlart

Alt boyutlar Baslangi¢ (1)  Gelisen (2) lleri diizeyde (3)  Ort.
Siklik % Siklik % Siklik %

Degerlendirme yaklagimi 42 61.8 26 382 0 0 1.38
Degerlendirme yonelimi 44 64.7 24 353 0 0 1.35
Degerlendirmedeki 55 80.9 13 191 O 0 1.19
ozglinlik

Degerlendirme tutarliligi 41 60.3 23 338 2 2.9 141
Delil kullanimi1 46 67.6 22 324 0 0 1.32

Alan bagimsiz  boyutunda, Ogretmen adaylarinin  benimsemis olduklari
degerlendirme yaklasiminda %61.8 oraninda baslangic diizeyinde oldugu yani verilen
cevaplar1 degerlendirirken cevaplarin betimlemelerini kullandiklar1 tespit edilmistir. Bu
duruma 6rnek vermek gerekirse “Gok ve denizin mavi rengi nasil olusur?” sorusuna 6grenci
“Ashinda gok ve deniz berraktir. Ama stk vurup yansuttigr icin biz onlari mavi renkte
goriiriiz.” yanitim vermistir. Ogretmen aday1 bu yamiti “Bu dgrencimde denizin ve gok
yiiziiniin parlak oldugunu gelen wsigin vurup yansitmast sonucunda mavi gordiigiimiizii
ogrenmis dogru cevap vermistir.” ifadesini kullanarak degerlendirmistir. Yapilan

degerlendirme incelendiginde 6grencinin yanitinin yeniden ifade edildigi veya betimlendigi
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goriilmektedir. Bunun yam sira 6gretmen adaylarinin %38.2°lik kismi ise degerlendirme

yaparken betimsel ifadelerin haricinde ¢ikarimlar da yaptig1 yani gelisen diizeyde oldugu
goriilmektedir. Bu duruma ornek olarak 3-26 kodlu &gretmen adaymin degerlendirmesi
verilebilir. Yukarida verilen soruya ogrenciden “Beyaz isigin icinde mavi renkte vardir.
Béylece beyaz i1k gok ve denize mavi rengini yansitir.” yanit1 gelmistir. Ogretmen adayi ise
“Yansitma olayini hem gék hem de deniz igin gegerli oldugunu diisiinerek éyle yanitlamistir.
Bilgi yetersizligi vardir.” ifadesini kullanarak degerlendirmesini yapmustir. Yapilan
degerlendirme incelendiginde 6grencinin anlamasi, bilgisi hakkinda ¢ikarimlar yapildigi
gorilmektedir. Bunun yani sira arastirmaya katilan o6gretmen adaylarimin higbirinin
degerlendirme yaklagiminin ileri diizey olmadig1 yani yapilan degerlendirmenin merkezinde

ogrenci diisiinme ve anlamasinin ¢ikarimlari olmadig1 goriilmektedir.

Bu durum ile paralellik gosteren degerlendirme yonelimlerinde ise Ogretmen
adaylarmmin  %64.7°si  sadece Ogrencilerin cevaplarint dogru veya yanlis olarak
degerlendirdikleri (6r., Soruyu dogru cevaplamis.), %35.3’liikk kism1 ise 6grenci cevaplarinin
biiyiik bir kismin1 analiz ederek cevabin arka planinda yatan nedenler {izerine odaklandiklari
goriilmiistiir.  Ornegin 3-28 kodlu 6gretmen adayi, gok ve denizin mavi renginin nasil
olustugu sorusuna “Beyaz 15181n icinde mavi renkte vardir. Boylece beyaz 151k gok ve denize
mavi rengini yansitir. Gok ve deniz mavi olur.” ifadesiyle yanit veren bir 6grenciyi “Gokte
wigin kirilmasi olayr meydana gelir. Denizde ise 1sigin yansimasi. Ogrenci burada gok ve
denizde olusan renk olaylarini birbirine benzeterek yamilgiya diigmiistiir.” ifadeleriyle
degerlendirmektedir. Fakat degerlendirme yaklasimi boyutunda oldugu gibi bu boyutta da
ileri diizeyde katilimci bulunmamaktadir. Yani tiim 6grencilerin cevaplarini analiz ederek
sorunlu kisimlarin temelinde yatan nedenleri arayan, cevaplarin ardinda yatan mantiksal akil

yiirlitmeyi anlamak i¢in analiz eden herhangi bir katilimci tespit edilememistir.

Alan bagimsiz boyut icerisinde yer alan degerlendirmedeki 6zgiinliik alt boyutunda
ise katilimcilarin %80.9°luk kismi1 6grenci tarafindan verilen yanitlara dayali olarak
ogrencilerin tutum veya bilgileri hakkinda genel degerlendirmeler yaptig1 goriilmektedir.
Ornegin farkli renkteki 1siklar nasil elde edilir sorusuna dgrenci “Beyaz 1si18in yansimasi ve
sogrulmasiyla diger renkler olusur. Mesela beyaz renk igerisinde aslinda kirmizi renkte
vardir. Mesela beyaz is1ga kirmizi stk yansitilirsa kirmizi goriiliir ¢iinkii beyaz renk
digerlerinin birlesmesiyle olusmugstur.” yanitin1 vermistir. Bu yanit {izerine 3-38 kodlu
ogretmen adayl, “Dogru ve aciklayici bir cevap. Ornek vererek agiklamasiyla konu

hakimiyeti varligimi anlariz.” degerlendirmesini yapmistir. Yapilan degerlendirme
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incelendiginde Ogretmen adaymin genel ifadeler kullandi§1, 06grenci anlamasini

degerlendirirken detaylar vermedigi gortilmektedir. Fakat katilimcilarin %19.1°1lik kismui ise
baz1 6grenci cevaplarinda bilgi ve anlamayla ilgili genel ifadeler kullanirken baz1 6grenci
cevaplarinda ise kavramlarin anlasilip anlasilmadigiyla ilgili detayli acgiklamalarda
bulunmustur. Bunlarin yani sira hicbir adaym bir 6grencinin cevaplarina dayandirarak
ogrenci anlamasi hakkinda spesifik iddialar iirettigi, biitlin 6grencilerin cevaplarinda ilgili
kavramlarin Ogrenilip Ogrenilmedigi ile ilgili detayli bir agiklamada bulundugu tespit

edilememistir.

Degerlendirme tutarligi alt boyutunda yani 6grencinin kendi fikirleri igerisinde ve
diger 6grencilerin fikirleriyle olan tutarliligin ele alindig1 boyutta ise 6gretmen adaylarinin
%60.3’liniin yapmis oldugu degerlendirmelerin tutarliginin baslangi¢ diizeyde oldugu
goriilmektedir. Bu durum 6gretmen adaylarinin yarisindan fazlasinin yanliglar1 ve kavram
yanilgilarini izole bir sekilde belirledigi ve betimledigini gostermektedir. %33.8°1 ise gelisen
diizeyde olup 6grencilerin kendi yanitlarinda veya diger 6grencilerin yanitlariyla tutarlilik
veya tutarsizliklarin farkina vardigini gostermektedir. %2.9°luk bir oranda ise 6gretmen
adaylarinin G6grencilerin anlamalar1 hakkinda yorumlar yapabilmek i¢in belirledikleri

tutarliliklar1 ve tutarsizliklari kullandiklar1 goriilmektedir.

Son olarak Ogretmen adaylarmin delil kullanim durumlart incelendiginde
%67.6’s1nin baglangic diizeyinde oldugu tespit edilmistir. Bu 6gretmen adaylar1 yaptiklari
cikarimlarda iddialarini desteklemek i¢in net deliller sunmamaktadirlar. %32.4’1 ise gelisen
diizeyde olup 6grenci anlamalar1 hakkinda yaptiklari ¢ikarimlar1 desteklemek igin bazen
delil kullanmaktadirlar. Ayrica her zaman delil kullanan herhangi bir 6gretmen aday1 da
tespit edilememistir. Baslangic diizeyi i¢in gercgeklestirilen bir degerlendirmeye Ornek
olarak 4-12 kodlu 6gretmen adayinin “Burada beyaz isigin renklere ayrilmasi ve kirilmasi
olayr hakkinda bilgisi eksiktir.” ifadesi ornek olarak verilebilir. Nitekim ifade incelendiginde
cikarimin herhangi bir delile dayandirilmadigi goriilmektedir. Gelisen diizeye 6rnek olarak
3-38 kodlu 6gretmen adayinin yanit1 verilebilir. “Gok ve denizin mavi rengi nasil olusur?”
sorusuna ogrenci “Aslinda gok ve deniz berraktir. Ama 151k vurup yansittigi icin biz onlart
mavi renkte gériiriiz.” yamtim vermistir. Ogretmen adayr bu yaniti “Burada genelleme
yapmstir. Deniz i¢in yazdigi dogru ama gok igin kirilmayr yazmamistir. Eksik cevap
vermistir. Ayni zamanda denizin diger renkleri sogurmasindan bahsetmemistir. Burada bir

eksiklik vardir.” seklinde degerlendirmektedir. Bu degerlendirme incelendiginde 6gretmen
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adaymin yapmis oldugu ¢ikarimlar i¢in deliller (6r., gok icin kirilmayir yazmamasi,

sogrulmadan bahsetmemesi) kullandig1 goriilmektedir.

Alan bagimmli boyutlar incelendiginde ise Tablo 5’te sunulan bulgulara

ulasilmaktadir.

Tablo 5. Alan Bagimli Alt Boyutlar ve Degerlendirmede Gergeklestirilme Oranlart

Kriterler Basglangic (1) Gelisen (2) fleri diizeyde (3) Ort.

Siklik % Sikhik % Sikhik %

Yorumlama kalitesi 54 794 14 206 O 0 1.21
Uretken diisiince 50 735 17 250 1 1.5 1.28
Degerlendirme kapsami 52 76.5 16 235 0 0 1.24
Bilimsel dogruluk 9 13.2 48 706 11 16.2 2.03

Ogretmen adaylarinin yorumlama kalitesi &grenci anlamasi hakkinda gergekten
ulagilabilir olan delillere dayali uygun ve makul ¢ikarimlari ifade etmektedir. Yorumlama
kalitesi her ne kadar alan bagimsiz boyutta yer alan delil kullanimi alt boyutu ile ayn1 gibi
diistiniilse de delil kullaniminda 6gretmen adaylarin 6grenci anlamasi hakkinda ¢ikarimlarin
desteklemek icin ne dlglide delil sundugunu nitelendirmektedir. Alan bagimli boyutta ise
yorumlama kalitesiyle c¢ikarimlarin gecerligi nitelendirilmektedir (Talanquer ve digerleri,
2015). Bu bakis agisiyla ele alindiginda 6gretmen adaylarinin %79.4°1 baslangi¢ diizeyinde,
%20.6’s1 ise gelisen diizeyde oldugu tespit edilmistir. Fakat hicbir 6gretmen adayi ileri
diizeyde bulunmamaktadir. Delil kullaninmi  durumu ile yorumlama Kkalitesi
karsilagtirildiginda 6grenci anlamasi hakkinda delil sunan bazi 6gretmen adaylarinin sunmus
olduklar1 delillerin, yapmis olduklar1 ¢ikarimlarinin hatali oldugu anlagilmaktadir. Ciinkii
gelisen diizeyde bulunan 6grenci sayilarinda farklilik bulunmaktadir. Baslangic diizeyine
ornek olarak 3-13 kodlu 6gretmen adayinin yaniti incelenebilir. “Gdk ve denizin mavi rengi
nasil olusur?” sorusuna 6grenci, “Aslinda gok ve deniz berraktir. Ama 151k vurup yansittigi
icin biz onlart mavi renkte gériiriiz” yanitim vermistir. 3-13 koldu 6gretmen aday1 ise bu
durumu “Burada beyaz 1s18in renklere ayrilmasi ve kirtlma olayr hakkinda bilgisi eksiktir”
seklinde bir degerlendirme gerceklestirmistir. Ogretmen adaymin yaniti incelendiginde

Ogrenci anlamasi hakkinda yapmis oldugu yorumlamalari ulasilabilir olan herhangi bir
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delille desteklemedigi goriilmektedir. Fakat ayni soru ve 0grenci cevabina yonelik 3-32

kodlu G6gretmen aday: tarafindan yapilan degerlendirme incelendiginde yorum yapildigi
(“Eksik biliyor. Denizde ve gokte ayri olaylar olacagint aywrt edemiyor. Genel bakiyor.”),
delil saglandig1 fakat ortaya konulan delilin siirli ve yiizeysel oldugu (kirilma ve yansima

kavramlarina deginilmedigi) goriilmektedir.

Uretken diisiince boyutunda ise Olgiilmesi hedeflenen kavramlar hakkinda
ogrencilerin anlama seviyeleri degerlendirilirken konuyla ilgili temel kavramlara
odaklanilmasi ve detaylardan ayrilarak etkili ve O0grenmenin desteklenmesi icin iiretken
olabilen bir degerlendirme yapilmasi sz konusudur. Bunun yani sira 6gretmen adayinin
temel kavramlarla ilgili dogru bilimsel anlayisa sahip olmasi da gerekmektedir. Bu
kapsamda incelendiginde Ogretmen adaylarmin %73.5’inin baslangi¢ diizeyinde oldugu
tespit edilmistir. Bu bizlere 6gretmen adaylarinin 6grenci cevaplarini degerlendirirken hedef
kavram i¢in gerekli olan temel kavramlar1 ya hi¢ goz 6niinde bulundurmadiklar1 ya temel
kavramlarla ilgili bilimsel anlayislara sahip olmadiklar1 ya da gereksiz veya alakasiz
kavramlara vurgu yaptiklarim gostermektedir. Ornegin 3-17 kodlu dgretmen aday: “Farkl:
renkteki 1siklar nasil elde edilir?” sorusuna, Ogrenci-2’nin “Farkli renkteki isiklar beyaz
isigin sogrulmasiyla ortaya ¢ikarlar. Bu isiklar kirmizi, turuncu, sari, yesil, mavi ve
mordur.” seklindeki cevabin1 “Evet dogru. Beyaz isik prizmadan gegerken renklere ayrilyyor
ve renkleri KuTuSu YaMaliM kisaltmasina gore siraladig icin konuya hdkim bir égrenci.”
aciklamasiyla degerlendirmektedir. Bu degerlendirme incelendiginde 6gretmen adayinin
temel kavramlardan olan sogrulma ve kirilmayr Ogrenci yanitinda fark edemedigi
goriilmektedir. Ogrenci yanitmni sogrulma kavrami temelinde vermis olmasina ragmen
ogretmen aday1 degerlendirmesini kirilma temel kavramina gore gerceklestirmistir. Bu
durumdan dolay1 Ogretmen adaymnin iiretken bir degerlendirme gerceklestiremedigi ve
baslangi¢ seviyesinde oldugu goriilmektedir. Ogretmen adaylarmin %25°nin ise hedef
kavrami degerlendirirken temel kavramlar1t g6z oniinde bulundurduklar1 fakat o6grenci
cevaplarindaki ~ hatali  hususlarin  kaynaklarmin  neler  olabilecekleri  iizerinde
durmadiklarindan dolay1 istenilen diizeyde iiretken bir degerlendirme yapamadiklar
goriilmektedir. Hedef kavramin anlasilmasiyla ilgili temel kavramlar1 kullanarak 6grencileri
degerlendiren ve 6grenci yanitlarindaki eksiklikleri, hatalar1 ele alirken sebepleri iizerinde
durarak tiiretken bir degerlendirme yapan 6gretmen aday1 sayisinin (1) ise ¢ok diisiik oldugu

gorilmektedir.
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Degerlendirme  kapsaminda ise Ogretmen adaymin Ogrenci  anlamasini

degerlendirmede dikkate aldigi ilgili kavramlarinin  ve fikirlerin  ¢esitliligine
odaklanilmaktadir.  Ogretmen adaylarmin = %76.5’lik  kismi  &grenci  anlamasini
degerlendirmede sinirli diizeyde kavram ve fikirlerin degerlendirmesine, kavram ve
fikirlerin ele alinmasina odaklandiklar1 goriilmektedir. Ogretmen adaylarmin %23.5°lik bir
kismi ise degerlendirme araciligiyla belirgin bir sekilde hedeflenenin &tesinde potansiyel
bilgi eksikligine odaklanarak &grenci anlamasini degerlendirdigi goriilmektedir. Ornegin
“Farkli renkteki 1siklar nasil elde edilir?” sorusuna bir 6grenci “Farkl: renkteki isiklar beyaz
wigin sogrulmasiyla ortaya ¢ikarlar. Bu isiklar kirmizi, turuncu, sari, yegsil, mavi ve
mordur.” yanitni vermistir. 3-10 kodlu &gretmen adayr bu yaniti “Ogrenci burada
yansimayr sogrulmayla karigtirmis. Yine olusan ana renkleri de karistirmis. O yiizden
soruyu yanls cevaplamis” seklinde degerlendirmistir. Ogretmen adayinin degerlendirmesi
ele alindiginda sorunun temel kavramlar1 olan kirilma ve sogrulmanin 6tesinde ana renkler
icinde degerlendirme yaparak hedeflenenin Otesinde yanlis anlamalart veya bilgi
eksikliklerini degerlendirdigi goriilmektedir. Bu alt boyutun ileri diizeyi i¢in yani
degerlendirme aracilifiyla belirgin bir sekilde hedeflenenin Gtesinde ilgili yanlis anlamalara

odaklanan 6gretmen aday1 bulunmadigi tespit edilmistir.

Son olarak 6gretmen adaylarinin bilimsel kavramlara ve Ogretilmesi hedeflenen
diisiincelere yonelik kendi anlama seviyelerinin incelendigi bilimsel dogruluk boyutunda ise
ogretmen adaylarinin %13.2°si baslangi¢ diizeyinde oldugu belirlenmistir. Yani 6gretmen
adaylarmmin uygun mantiksal ¢ikarimlarin olusturulmasini engelleyen yiizeysel ve
giivenilmez anlayislara sahip olduklar1 goriilmektedir. Bazi dogru olmayan yorumlamalar
olusturan ve kavramsal problemlerinin var oldugunu ortaya koyan 6gretmen aday1 orani ise
diger bir deyisle gelisen diizeyde bulunan 6gretmen aday1 orani ise %70.6’dir. Diger taraftan
ileri diizeyde bulunan o6gretmen adayir orani ise %16.2°dir. Bu katilimcilarin 6grenci
yanitlarin1 degerlendirirken yapmis olduklar1 yorumlamalarin bilimsel olarak dogru oldugu
goriilmektedir. Ornegin gdk ve denizin renginin nasil olustugu soruna verilen bir yanit1
degerlendiren 3-44 kodlu O6gretmen adayr “Cok iyi 6grenmemis. Burada gok renginin
olusmast yansima degil 1s1gin kirtlmasiyla olusur.” degerlendirmesini gergeklestirmistir.
Ogretmen adaymnin degerlendirme ifadesi incelendiginde bilimsel olarak herhangi bir

hatanin olmadig1 goriilmektedir.

Veriler bir biitiin olarak ele alindiginda gerek alan bagimsiz boyutta yer alan delil

kullanim1 gerekse alan bagimli boyuttaki yorumlama kalitesinde yer alan gelisen diizey
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oranlari ile bilimsel dogruluk boyutunda yer alan ileri diizey oranlarmin birbirlerine yakin

cikmasi calisma i¢in gerceklestirilen analizlerin kendi igerisinde tutarli oldugunu
gostermektedir. Cilinkii 6grenci anlamasini degerlendirirken bir 6gretmen adayinin delil
kullanmasi, kullandig1 delilin bilimsel olarak dogru olmasi 6gretmen adaymin kendi

anlamasinin bir yansimasini ortaya koymaktadir.

Ikinci alt problem kapsaminda fen bilgisi 6gretmen adaylarmin dgrencilerin yazili
cevaplarindan yola ¢ikarak onerdikleri 6gretimsel diizenlemelerin ne olduklarina yonelik
yapilan analizler neticesinde elde edilen bulgular Tablo 6’da sunulmustur. Bu bulgular
ogrencilerin yazili cevaplarinda 6gretmen adaylarinin fark ettikleri kavram yanilgilar1 ve
kavramsal bosluklar1 nasil gidererek 6grencilerin 6grenmelerini desteklemeyi planladiklarini

isaret etmektedir.

Tablo 6. Ogretmen Adaylarimn Onerdikleri Ogretimsel Diizenlemeler

Strateji Siklik % Strateji Siklik %
Konular1 tekrar etme 48 70.6  Gosteri deneyi yapmak 17 25.0
Deney yapma 46 67.6  Odev verme 16 235
Yeni materyal ve giindelik Hata yapilan yerlere gore

i s 43 63.2 -y p. Y s 13 19.1
hayattan 6rnekler kullanma dersi yeniden tasarlama

Konuyla ilgili arastirma
Uygulamali ders yapma 38 55.9 o 13 19.1
projesi yaptirmak

Onemli kavramlar iizerine
Daha fazla soru ¢6zme 34 50.0 11 16.2
daha fazla vakit ayirma

Kavram yanilgilar1 diizeltme 29 42.6  Bireysel etkinlikler kullanma 5 74

Gorsel materyaller/
) 24 35.3  Kavram haritast kullanma 3 4.4
diyagramlar kullanma

Dersi farkli yontemlerle L
21 30.9 Konuylailgili video izletme 1 15
anlatma

Gozlem yaptirmak 21 30.9
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Tablo 6 incelendiginde fen bilgisi 6gretmen adaylarmin degerlendirdikleri 6grenci

yanitlar1 lizerinden Ggrencilerin gelisimini saglamak icin genellikle konu tekrari, deney
yapma, materyal ve gilindelik hayattan yeni 6rnekler kullanma, uygulamali ders yapma ve
soru ¢ozme yontemleri gibi 17 farkli yontemle planlama yaptiklar1 goriilmektedir. Bunun
igerisinde diisiik oranda bireysel etkinlikler, kavram haritas1 kullanma ve konuyla ilgili video
izletmeyi planlayan 6gretmen adaylari da bulunmaktadir. Ogretmen adaylarinin tercih
ettikleri Ogretimsel diizenlemelere bakildiginda daha genel ve dogrudan ogrencilerin
ogrenme eksiklerine odaklanmayan konulari tekrar etme, deney yapma ve yeni yontemler ve
materyaller kullanma gibi pedagojik diizenlemeleri daha ¢ok tercih ettikleri goze
carpmaktadir. Bunun yaninda konuyla ilgili kavram haritasi kullanma, video izletme ve dersi
kavram yanilgilarina gore ve Onemli kavramlara daha fazla vakit ayirarak isleme gibi
Ogrencilerin zorlandiklar1 alanlara 6zgii pedagojik tercihlerin daha diisiik oranda oldugu
gbze carpmaktadir. Bir baska deyisle, katilimcilarin ¢ogunlugu o6grencilerin 6grenme
eksiklerini ve zorlandiklari konular1 gidermek i¢in konuya 6zgii ve etkili bir pedagojik

diizenleme yapmada sinirlidirlar.
Tartisma ve Sonug¢

Bir siifta gerceklestirilecek egitimin kalitesi o siniftaki 6gretmenin 6gretimsel kararlari
alirken 6grencilerin konu ile ilgili diisiince ve bilgilerini agiga ¢ikarip kullanmasina baglidir
(Bennet, 2011; Furtak, 2012). Bu durum Ogretmenlerin 6grenci yanitlarini nitelikli bir
bicimde degerlendirmesini gerekli kilmaktadir. Bu diislinceye paralel olarak bu ¢alismada
ogretmen adaylarinin 6grenci cevaplarinda nelere dikkat ettikleri, bu cevaplarda ki zayif ve
kuvvetli kisimlar1 ayirt edip edemedikleri ve bu cevaplart nasil yorumladiklar1 ve ne gibi

ogretimsel faaliyetler planladiklari anlagilmaya calisilmistir.

Sonuglar 6gretmen adaylarinin 6grenci cevaplarini degerlendirme kabiliyetlerinin
hem alandan bagimsiz (Tablo 2) hem de alan bagimli (Tablo 3) kriterler agisindan baslangic-
gelisen seviyesi araliginda oldugu ve istenilen diizeyde bir kabiliyet sergileyemediklerini
gostermektedir. Diger bir ifadeyle O6gretmen adaylarmin 6grenci cevaplaria ylizeysel
baktiklari, cevaplardan ¢ikarimlar yapmak yerine betimlemeler gerceklestirdikleri,
ogrencilerin problem yasadiklar1 hususlar1 tespit etmek yerine cevabin dogrulugu ve
yanlighigin1 6n plana ¢ikardiklari, 6grenci cevaplarini gz onilinde bulundurarak 6grenci
anlamas1 hakkinda spesifik iddialar iiretemedikleri, yorumlama yaparken ortaya koyduklar
iddialar1 destekleyecek detayli deliller sunmadiklar1 ve 6grencinin farkli yanitlar1 arasinda

baglanti kurmadan kavramsal Ogrenmesi hakkinda yorumlamalar gerceklestirdikleri
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gorilmektedir. Arastirmalar etkili bir 6gretimin gerceklesebilmesi i¢in  &gretmenin

ogrencilerin mevcut durumlar1t hakkinda zengin veriler elde etmeleri ve bu verileri
derinlemesine inceleyerek Ogretimde kullanmalarinin 6nemli oldugunu vurgulamaktadirlar
(Furtak 2012; Harshman ve Yezierski, 2015; NRC, 2012; Talanquer ve digerleri, 2015).
Fakat bu aragtirmanin sonuglarinin da gosterdigi gibi 6gretmen adaylar1 genelde yiizeysel
degerlendirmeler yaparak 6grenci cevaplarinin dogru olup-olmadigina odaklanmaktadir. Bu
yiizden de elde edilen verileri 6gretimi destekleyecek sekilde kullanamamaktadirlar. Bu
durumun temel nedenleri olarak 6gretmen adaylarinin degerlendirme yaptiklari konuya
yonelik alan bilgisi eksikligi ¢ekiyor olabilecekleri ve degerlendirmeyi Ogretimi
desteklemekten, sekillendirmekten ziyade not verme odakli gergeklestirmeleri gosterilebilir.
Kang ve Anderson (2015) da paralel olarak bu durumun nedenini yeteri kadar gelismemis
alan, 6grenme-0gretme ve degerlendirme bilgisi ve degerlendirme becerisi olabilecegini
belirtmektedir. Nitekim bu arastirma sonucunda hem ortaya konulan alan bagimli alt boyut
sonuclarda Ogretmen adaylarimin  biiyilk  bir  oranmin  (%70.6) degerlendirme
gerceklestirirken alan bilgisine bagli olarak bazi dogru olmayan yorumlamalar iirettiklerini
hem de degerlendirme yonelimlerinin 6grenci yanitlarinin arkasinda yatan mantiksal akil
ylirlitmeyi anlamak i¢in onlar1 analiz etmeye odaklanmadiklarini ortaya koymaktadir.
Benzer sonuglarin Aydeniz ve Dogan (2016), Gotwals ve Brimingham (2016), Otera (2006)
ve Nathan ve Otera (2008) tarafindan gerceklestirilen calismalarda da ortaya konuldugu
iizere 6gretmen adaylarinin 68renci cevaplarina yiizeysel yaklastiklart ve cevaplart dogru-
yanlis seklinde yorumlamanin Otesine gecemedikleri goriilmektedir. Ayrica Aydeniz ve
Dogan (2016) fen bilgisi 6gretmen adaylarimin bicimlendirici degerlendirmeye yonelik
pedagojik kabiliyetlerini inceledikleri arastirmada 6gretmen adaylarinin 6grenme eksiklerine
odaklanmadiklarin1 ve degerlendirmeyi Ogretimsel kararlar almaya yonelik kullaniminda
yetersiz olduklarini ortaya koymaktadir. Bu kapsamda o6gretmen adaylarmin egitimleri
esnasinda Ogretim elemanlar1 hem degerlendirme yaparken not vermeden ziyade
bicimlendirici degerlendirmenin 6nemli oldugu konusunda o6rnek olmali hem de farkl
uygulamalar aracilig1 ile etkili bir degerlendirmenin gergeklesmesi i¢in 6grenci cevaplarini

degerlendirilirken alan bagimli ve bagimsiz kriterleri kullanmalari tegvik edilmelidir.

Diger taraftan, bu c¢aligmada katilimcilarin c¢ogunlugunun Ogrenci cevaplarini
yorumlarken delil kullanmadiklar1 baz1 katilimcilarin kullandiklar1 delillerde ise bilimsel
olarak hatalarin oldugu belirlenmistir. Bu sonuglar alan yazin tarafindan da

desteklenmektedir. Ornegin Benzer sekilde Talanquer ve digerleri (2015) Ogretmen
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adaylarmin 06grenci cevaplarini kullanirken bilimsel olarak dogru olmayan bilgileri

kullandiklar1 ve cevaplardan yaptiklari ¢ikarimlarin ise 6grenmeyi desteklemekten uzak
oldugunu gostermektedir. Ogrenci verileri degerlendirilirken kaliteli ve ¢ikarmmsal bir
degerlendirmenin  yapilabilmesi  i¢in  delillerin  kullanilmast  hem  6gretimin
degerlendirilmesinde hem de 6grenmenin desteklenmesinde 6nemlidir (NRC, 2012). Ciinkii
degerlendirilen kavramlar hakkinda bilimsel bilgileri yetersiz olan bir 6gretmenin 6grenmeyi
degerlendirmesi giivenilir sonuclar elde etmeyi tehlikeye attig1 gibi bigimlendirici
degerlendirme siireci kapsaminda kavram yanilgilarinin ve O&grenme bosluklarinin
belirlenerek 6gretimi desteklemeyi de zorlagtirmaktadir (Coffey, Hammer, Levin ve Grant,
2011). Bundan dolay1 degerlendirici kimligi tagiyacak olan 6gretmen adaylarinin hem kendi
alanlariyla ilgili alan bilgisine sahip olmalar1 hem de degerlendirme siirecinde deliller
kullanmalar1 6nem arz etmektedir. Bunun i¢in ise Ogretmenlik egitimleri esnasinda

pedagojik bilginin yaninda zengin bir alan bilgisiyle de 6gretmen adaylar1 desteklenmelidir.

Benzer sekilde bilimsel dogruluk ve delil kullanmaya paralel olarak 6gretmen
adaylarinin  lretken diislince kapsaminda da Dbaslangig-gelisen dilizeyde oldugu
goriilmektedir. Ogrenci cevaplari iizerine iiretken bir yorumun yapilabilmesi i¢in bilimsel
dogruluk ve delil kullanimi 6nemli olmakla birlikte yeterli degildir. Uretken bir yorum
yapilabilmesi i¢in 6gretmen adaylarinin ilgili kavramlar kapsaminda derinlemesine bir alan
bilgisine sahip olmalari, kavramlar1 6nem ve Oncelik sirasina gore ayirt edebilmeleri ve
kavramlar arasindaki iliskileri fark edebilmeleri gerekmektedir (Harshman ve Yezierski,
2015; Talanquer ve digerleri, 2015). Ancak bu sayede degerlendirme yaparken 6grencilerin
nerelerde zorlandiklarini, hangi kavramsal iligkileri kuramadiklarini ve kavramsal bosluklar
belirleyerek diisiik yeterlilikteki Ogrencilerin 6grenmelerini destekleyebilecek iiretken
cikarimlar yapabilir ve Ogretimsel kararlar alabilirler (Gottheiner ve Siegel, 2012).
Aragtirmacilar, bu caligmada da goriildiigii gibi, degerlendirme siirecinde en ¢ok zorlanilan
alanin elde edilen verileri dogru ve iiretken sekilde yorumlayip 6gretimi destekleyici sekilde
kullanmak oldugunu belirtmislerdir (Ateh, 2015; Kang ve Anderson, 2015; Izci & Siegel,
2019). Bu eksiklerini giderebilmek icin 6gretmenlik programlarinda alana 6zgii kavram
yanilgilarin1 belirleme ve giderme konusunda &gretmen adaylarinin repertuvarlarinin

zenginlestirilmesi onemlidir.

Ayrica O0gretmen adaylarimin degerlendirme siirecinde dar kapsamda kavram ve
diisiinceler Tlizerine odaklandiklar1 goriilmektedir. Bilimsel dogruluk acgisindan ele

alindiginda ise 0gretmen adaylarinin ¢ogunun gelisen diizeyde oldugu yani degerlendirme



M, Sardag ve K, izci/ Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 53, 495-520, 2021 517
stirecinde bazen dogru olmayan yorumlamalar olusturduklar1 ve kavramsal problemlerinin

var oldugu goriilmektedir. Bu sonuglar, 6gretmen adaylarinin egitimlerinde Olgme
degerlendirme hususunda 6grenci cevaplarinin nasil yorumlanip kullanilabilecegine yonelik
uygulamal1 egitimler verilmesinin 6nem arz ettigini ve bu sekilde pedagojik muhakeme

becerilerini gelistirebileceklerini ortaya koymaktadir.

Son olarak sonuclar 6gretmen adaylarinin 6grenci cevaplarindan yola ¢ikarak farkli
yontemlerle o6grencilerin 6grenme zorluklarini gidermeye c¢alistiklarini gostermektedir
(Tablo 6). Fakat katilimcilarin biiyliik bir ¢ogunlugu, diger arastirmacilar tarafindan da
belirtildigi sekilde (Aydeniz ve Dogan, 2016; Gottheiner ve Siegel, 2012) klasik yontemler
olan dersi tekrar anlatma, problem ¢dzdiirme ve deney yaptirma gibi genel ve 6grencilerin
eksikliklerini ve zorluklarin1 birebir gidermede yetersiz yontemlerle 6grenci basarisini
artirmay1 diisiinmektedirler. Ogrencilerin zorluklari ve kavram yanilgilar1 giderilmedigi
miiddet¢e basarinin artmasinin sinirl olacagi da bilinmektedir (Black ve Wiliam, 2006). Bu
ylizden, Ogretmen adaylari farklt 6gretim yontemleri bilme ve kullanma hususunda

desteklenmelidir.

Etik Kurul izin Bilgisi: Bu arastirma, Van Yiiziincii Y1l Universitesi Rektorliigii Sosyal ve
Beseri Bilimler Etik Kurulu’nun 13/05/2020 tarihli 2020/03-16. sayil1 karari ile alinan izinle

yuriitilmistir.

Yazar Cikar Catismasi Bilgisi: Yazarlar arasinda herhangi bir ¢ikar c¢atismasi

bulunmamaktadir.

Yazar Katkisi: Yazar katkis esittir.
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Introduction

Effective science education must be grounded on the knowledge and ideas students carry to
the learning environment and have developed through their previous life experiences, and
new learning must be built on this knowledge and ideas (Barnhart and van Es, 2015; Ruiz-
Primo and Furtak, 2007; Talanquer, Tomanek and Novodvorsky, 2015). This process is
highly complex and challenging, but it also entrusts a considerably significant responsibility
to teachers. As part of the process, the teachers are expected to change their pedagogical
approach and focus on "initial ideas students bring to school and how they may best develop
an understanding” of scientific practices rather than focusing only on whether students'

responses are correct or incorrect (National Research Council-NRC, 2012, p. 256).

Science teachers can obtain information on their students through formal methods
such as homework, exams, and lab reports and informal methods such as in-class
discussions, oral assessments, and observation. In other words, science teachers have the
opportunity to receive feedback from their students through many methods and plan,
evaluate, and revise their teaching process according to this feedback (Harshman and
Yezierski, 2015). Teachers are expected to incorporate the information they gathered about
their students through various methods while making decisions about their teaching in this
process. This process is also known as data-driven inquiry or formative assessment in
literature (Furtak, 2012; Harshman and Yezierski, 2015).

Many studies reveal that formative assessment has a positive effect on students'
learning and motivation (Black and Wiliam, 1998; Vogelzanga and Admiraal, 2017), and
researchers concentrate on teachers' beliefs, perceptions, knowledge, and practice in
studying formative assessment (Furtak, 2012; Lyon, 2011; Siegel and Wissher, 2011). The
results of studies indicate that the teachers' abilities to reveal students' learning, effectively
interpret the information they have received, provide feedback, and revise their lectures are
critical factors that increase student success (Furtak, 2012; Ruiz-Primo and Furtak, 2007).
Therefore, teachers expect teachers to analyze student responses well, detect problematic
parts in the responses, interpret these productively, and support student learning by helping
them in areas they experience difficulty (Bennett, 2011). Nonetheless, existing studies,
unfortunately, show that teachers evaluate student responses superficially, and their
interpretation of these responses cannot support conceptual learning because rather than
revealing problematic areas that prevent students' conceptual understanding, they focus on

the correctness or incorrectness of the responses (Ateh, 2015; Furtak, 2012). Thus, training
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teachers with pedagogical reasoning skills who pay attention to the problematic areas in

student responses, understand how these limit conceptual understanding, and support
conceptual learning through appropriate methods using this information is a significant
issue. As shown in Figure 1, the process requiring teachers to use pedagogical reasoning

skills has critical importance and forms an important part of effective learning.

Students’ Scientific Teachers” Pedagogical
Reasoning Classroom Learning Experience Reasoning
Preexisting | | Elicit students’
idea thinking
Argument \
and Questioning -
discourse Interpret

evidence of

Experience with students” thinking
relevant \
phenomena Diagnose gaps in

students’ thinking

Evidence-
based Investigation J/
- Explanation | Planrevised
New/rewsed student learning
idea experience

Figure 1. The relationship between responsive teaching process and students' science

learning (Sabel, Forbes and Zangori, 2015, p. 422).

Pedagogical reasoning skills both affect and are affected by the teaching
environment. In other words, for teachers to exhibit a teaching approach that is responsive to
the students' preliminary knowledge affects both the teaching environment they will offer
and the development of students' understanding of the target phenomenon (Sabel et al.,
2015).

It is observed that, globally, many researchers have analyzed prospective teachers'
pedagogical reasoning skills in order to determine and improve their ability to pay attention
to and evaluate student responses (Barnhart and van Es, 2015; Luna and Sherin, 2017,
Talanquer et al., 2015). If these studies are examined in terms of their approach, it is
observed that studies conducted on pedagogical reasoning skills primarily started and
concentrated on math education (Luna and Sherin, 2017; Schack, Fisher and Wilhelm, 2017;
Son, 2013). Studies have recently been conducted on science education (Larkin, 2012;
Levin, Hammer, and Coffey, 2009; Talanquer et al., 2015). In these studies, reasoning skills
are analyzed within teaching practice lectures, micro-teaching practices, and students'
written responses. Besides, video recordings and written documents are usually used as data
sources (Lam and Chan, 2020; Luna and Sherin, 2017). Video recordings and observations

are generally used to examine a teacher's skills in momentarily (in-the-moment noticing)
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analyzing, interpreting, and using the data he/she obtained from students through various

methods (e.g., asking questions) in his/her teaching. On the other hand, written documents
are preferred to analyze teachers' skills in analyzing, interpreting, and using the data
collected from students outside of the classroom time. In this case (delayed noticing),
teachers have more time to analyze student responses, and they can make effective

educational decisions by analyzing student responses in more detail (Lam and Chan, 2020).

For this reason, studies conducted on prospective teachers focus on delayed noticing
in order to support reflective teaching. Two distinct approaches become prominent when
researchers' data acquisition methods for belated perception are examined. While the first of
these approaches involve prospective teachers individually evaluating student responses in
writing (Talanquer et al., 2015), the second approach involves prospective teachers

cooperatively (in groups of 3-5) evaluating written student responses (Murray et al., 2020).

The results of studies conducted on teachers' pedagogical reasoning skills indicate
mixed findings. Dini, Sevian, Caushi, and Picon (2020) suggest a new model based on
comparing teachers who exhibit these mixed findings. According to this model, teachers
exhibit their pedagogical reasoning skills either more authoritative or more dialogic.
Teachers who exhibit a more authoritative approach privilege certain special knowledge and
skills while examining students' thoughts, checking whether they are scientifically correct,
and suggesting educational methods that will supply the students directly with the scientific
truth. In a more dialogic approach, teachers show regard to students' existing knowledge and
experiences, determine the logical inconsistencies in their responses, develop hypotheses for
the causes of these inconsistencies, and suggest providing educational environments in
which students can realize these inconsistencies, contemplate them, and improve their
learning. Results of other studies support the model suggested by Dini et al. (2020). While
evaluating student responses, the majority of teachers/prospective teachers describe the
responses, focus on the correct-incorrectness of the information in the responses, and
suggest common pedagogical methods to supply the students with the scientific truth (Ateh,
2015; Aydeniz and Dogan, 2016; Chan and Yau, 2021; Furtak, 2012; Gotwals and
Brimingham, 2016; Murray et al., 2020; Talanquer et al., 2015). Even though their number
is limited, teachers/prospective teachers in certain studies focus on hypothetical
justifications of the student responses and their underlying logic, interpret the thoughts
students have presented and their hypothetical justifications, and suggest educational
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methods in which students are at the center and can improve their learning while evaluating

student responses (Dini et al., 2020; Murray et al., 2020; Talanquer et al., 2015).

When studies on improving pedagogical reasoning skills are examined, it can be seen
that they make positive contributions. For example, Gotwals and Brimingham (2016) have
analyzed prospective science teachers' pedagogical reasoning skills and their improvement
using the projections of lecture/unit plans on written student responses and lecture videos
and lecture videos. This analysis has especially focused on prospective teachers' skills in
eliciting student thoughts, identifying significant areas, interpreting, and educational
responding. Results show that participants’ skills in eliciting student thoughts have
developed in time and that they have started asking higher quality and comprehensive
questions that will help elicit student thoughts. Similarly, Barnhart and van Es (2015) have
revealed that prospective teachers successfully distinguished significant parts of their
lectures through clips chosen by prospective teachers from videos of their lectures. The
study results have also shown that distinguishing significant parts of teaching is a
prerequisite of successful analysis and educational organization. However, a highly
developed skill in distinguishing may not result in a successful analysis and a highly
developed skill in responding. Lastly, it is indicated that prospective teachers who use
assessment tools created with the support of mentor teachers have access to a rich pool of
student responses, and they can support student success when they incorporate it in their
teaching (Kang and Anderson, 2015).

When the analyses are brought down to the national level, despite studies on science
teachers' perceptions on assessment and evaluation (Izci & Sardag, 2016), which constitutes
the foundation of pedagogical reasoning skills, or their implementation (lzci, 2018), except
Aydeniz and Dogan's (2016) study, studies that focus on determining and improving
teachers' pedagogical reasoning skills are almost nonexistent. Aydeniz and Dogan (2016), in
their study, aimed at determining prospective science teachers' pedagogical reasoning skills
by having them examine responses of 8th-grade students to 7 questions on Newton's laws of
motion, Kinetic energy, series, and parallel circuits, and static electricity. Researchers have
focused heavily on prospective teachers' feedback approaches in their study. However, the
literature demonstrates that field dependency is significant among factors that influence the
effectiveness of formative assessment (Bennet, 2011). Thus, it is significant to carry out
studies that analyze prospective science teachers' pedagogical reasoning skills based on a

specific subject matter rather than conducting studies based on multiple subjects. While
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there are subject-specific studies in the international literature on pedagogical reasoning

skills (Talanquer et al., 2015), the national literature lacks such studies. For this reason, this
study analyzes pedagogical reasoning skills based on a specific subject matter. In addition,
when the studies discussed above are considered as a whole, it is observed that they include
activities conducted in order to improve pedagogical reasoning skills and focus on the
factors affecting the exhibition of pedagogical reasoning skills and their effects. This study
contributes to the literature by examining factors that may be effective in developing
pedagogical reasoning skills by focusing on what prospective science teachers look for in
students’ written exam responses, how they interpret these responses, and how they plan to
use these responses. Concordantly, the purpose of this study was to explore prospective
science teachers' pedagogical reasoning skills by analyzing what they look for in middle
school students' written exam responses, how they evaluate these responses, and how they
plan to use these responses. Hence, it is expected to both fill the deficiency in the literature
discussed above and the existing research findings. Accordingly, it seeks answers to the

following main research questions.
1. How do the prospective science teachers evaluate students' written exam responses?

2. What educational regulations are suggested by prospective science teachers based on

students' written exam responses?
Method

This study was conducted as a case study, one of the qualitative research designs. A case
study is a research method used often in many fields and provides an opportunity to reveal
characteristics of real-life events such as small group behavior and administrative processes
(Yin, 2009) and to reach a holistic interpretation of events that are subject to study (Yildirim
and Simsek, 2016). Since the purpose of this study is to examine a specific group's approach
to evaluation and to reveal their pedagogical reasonings holistically based on this
examination, the study was decided to be conducted as a case study. Accordingly,
prospective science teachers' evaluation of student responses is assessed as a case, and the

research aims to reveal their pedagogical reasoning skills.

This study was conducted with the approval granted by Van Yiiziincii Yil University
Presidency Social Sciences and Humanities Ethics Committee on 13/05/2020 with the serial
2020/03-16.
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Participants

The study group was determined using criterion sampling among purposive sampling
methods. The selections are made based on a set of criteria determined by the researchers in
criterion sampling method (Yildirim and Simsek, 2016). Accordingly, the study group was
determined as 76 prospective science teachers who study in their third or fourth years at a
state university in eastern Turkey and completed the assessment and evaluation course. The
data was collected during the spring semester of the 2015-2016 academic year.

Data Collection Tools

A form developed by the researchers was used as the data collection tool in this study. A 2-
step process was conducted while developing the form. The first step was to contact a
science teacher and obtain written exam papers for a science class with open-ended
conceptual questions. These exam papers were examined, and two questions were selected.
The questions are "How is light obtained in different colors?" and "How do the blue colors
of the sky and the seas emerge?" The responses of five students who answered these
questions and received varying grades in different success levels ranging from high to low in

the exam were then determined. These student responses are provided below in Table 1.

Table 1. Responses of Middle-School Students to Questions in the Science Exam

Students Responses

1) We obtain by mixing lights together.

Student-1 2) Since space is black and the sunlight is yellow, the color blue is created
when these two lights hit one another. This is why the sky and the sea seem
blue.

1) Lights in different colors emerge through the absorption of white light.
These lights are red, orange, yellow, blue, and purple.
Student-2

2) The sky and the sea are actually transparent. However, we see them blue
because light hits and is reflected.

1) The beams that hit the three main colors, red, blue, and yellow, make the

Student-3 other colors emerge.

2) The sky is blue. The blueness of the sky is reflected through beams that
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touch white water, causing the sea to turn blue as well.

1) Other colors emerge through the reflection and absorption of white light.
For example, inside the white light, there is the color red as well. For
instance, if a red light is reflected on white light, it looks red, because the

Student-4 color white emerges through the combination of other colors.

2) There is the color blue inside the white light, as well. So, the white light
reflects the color blue onto the sky and the sea. The sky and the sea become

blue.

2) Lights in different colors are obtained through the filtering method.
Traffic lights can be given as an example of this. Underneath red, yellow,
and red lights there is actually white light. But other colors are absorbed

Student-5 through filtering and we only see red, yellow, and green colors.

2) The sea and the sky are actually colorless. They are perceived as blue
because they only reflect blue from white light colors and absorb other

colors. This is why the sky and the sea appear blue.

In the second step, a questionnaire in which the participants will evaluate the student
responses was created using these responses. Following the completion of the questionnaire,
prospective teachers were asked to answer in writing to the following questions based on

student responses from the questionnaire within a class hour

Question 1) How would you decide whether each student has understood the basic concepts
in relation with the color formation or not using the student responses below? Please

discuss each student's response below.

Question 2) What do you think are the problematic instances that mean that he/she
misunderstood or only partially understood the topic, based on each student's

responses?

Question 3) List student's levels of understanding of the subject from low to high according

to their responses. Explain why you listed in this order with evidence.

Question 4) What may these responses by the students show you as a teacher and what do

they help you to do?
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Question 5) What can you do as a prospective teacher based on these responses in order for

your students who did not understand the subject to understand color formation?

Data Analysis

The data collected through the data collection form were analyzed using teachers' evaluation

of student responses dimension and criteria developed by Talanquer et al. (2015). These

dimensions are discussed under two headings. The first is the domain-neutral dimension,

and the second is the domain-dependent dimension. Domain-neutral dimension consists of 5

different sub-dimensions. Domain-neutral dimensions and their criteria are given in Table 2.

Table 2. Domain-Neutral Dimensions and Their Criteria

Dimension Level

Novice

Evaluation

Approach Emerging

Advanced
Novice
Evaluation )
) ) Emerging
Orientation
Advanced
Specificity in Novice

the

Description

The evaluation mostly depends on student response's
description rather than making inferences about student

understanding.

The evaluation is a mix of description and inference

statements.

At the center of the evaluation are the inferences on student

thinking and understanding.

Focuses on things that students fail to do or say, correct or
incorrect responses without looking for meaning in the

student's existing responses.

Focuses on certain correct responses and finding some

meaning in responses.

Focuses on analyzing student responses in order to
understand the logical reasoning that lay behind student

responses.

Produces general situations about student's attitudes and

knowledge based on certain responses.
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Evaluation Produces situations focused more on whether the student has

Emerging ) ]
understood or misunderstood a subject.
Produces specific claims regarding student's understanding
Advanced
based on student responses.
) Focuses on determining and describing mistakes or
Novice ) . .
misconceptions as isolated errors.
Analysis of _ ) _ ) _ _
Emerging Notices consistency or inconsistency in student responses.
Coherence
Uses consistencies and inconsistencies in student responses
Advanced ) o ) )
in order to build interpretations about student understanding.
_ Clear evidence is not presented to support claims if
Novice ]
inferences are made.
Use of ) Evidence is presented in order to support some of the
] Emerging ] )
Evidence inferences made about student understanding.
Inferences made about student understanding are always
Advanced

connected to evidence gathered from student responses.

Whereas domain-dependent dimension consists of separate dimensions and their

criteria. These dimensions and their criteria are given in Table 3.

Table 3. Domain-Dependent Dimensions and Their Criteria

Dimension Level Description

Interpretations of student understanding are not supported by

Novice ) ]
accessible evidence.
Quality of the ) Evidence provided for interpretations is limited, superficial,
) Emerging ]
Interpretation or stereotypical
Logical interpretations of student understanding are
Advanced

produced.
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Focus is on insignificant details instead of on basic concepts
Novice of the subject while evaluating student's comprehension of

the subject.

Focus is on both the basic concepts of the subject and
Productive Emerging insignificant  details  while  evaluating  student's
Thinking comprehension of the subject

Basic concepts of the subject are distinguished from

insignificant details, and the focus is on basic concepts of the

Advanced ) ) ) )
subject while evaluating student's comprehension of the
subject.
) There is limited focus on the assessment of concepts and
Novice ]
ideas.
Scope of the e ) It recognizes a potential lack of knowledge in related areas
_ merging ) _
Evaluation prominently beyond the target of the evaluation.
It recognizes a potential lack of knowledge in areas
Advanced ) _
prominently beyond the target of the evaluation.
Novi Shallow or unreliable understanding of basic knowledge
ovice
hinders the production of logical deductions.
Scientific
Accuracy Emerging  Some incorrect interpretations are made.

Advanced Interpretations are scientifically accurate.

Percent and frequency values of the data are calculated after the data were analyzed
according to the criteria indicated in Tables 2 and 3. The researchers created an Excel file
during data analysis, and each prospective teacher's evaluation of each student response was
analyzed in domain-dependent and domain-neutral dimensions. The data were coded as 1 or
2 during analysis. For example, for the use of evidence dimension, if the prospective teacher
did not use evidence while evaluating a student response, it was coded as 1; if he/she did use
evidence, it was coded as 2. Then, the arithmetic mean of the coding of the same prospective

teacher for all student responses was calculated. If this arithmetic means are 1.1 or below, it
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is designated as a novice, if it is between 1.2-1.9, it is designated as emerging, and if it is 2 it

is designated as advanced. In determining these ranges, prospective teachers' evaluation
states of responses to the two questions by five students are considered. A prospective
teacher makes 10 evaluations in total. Among these ten evaluations, if he/she evaluates at
least two responses by the same student according to the criteria, the critical 1.2 value is
obtained. The value 1.9 is obtained if he/she evaluates at least nine out of ten student
responses according to the relevant criteria. If the prospective teacher evaluates all student
responses according to the relevant criteria, the value 2 is obtained. Before the analyses
were conducted, researchers discussed and reached a consensus about the domain-dependent
and domain-neutral dimensions and how they should be analyzed. Then, the responses of 20
prospective teachers were independently coded by two different researchers, and then the
differences were discussed and reconciled. The coherence between researchers in this
process was calculated through the reliability formula developed by Miles and Huberman
(1994). The index of fit was calculated as .93. Moreover, the researcher who analyzed the
entire data has checked the consistency of the coding according to the Miles and Huberman
(1994) reliability formula by reanalyzing around 15% of the entire data at another time. As a
result, the coding completed in this 15% part was the same, and the fit index was calculated
as 1.00.

Findings (Results)

Findings presented in Table 4 were obtained for the domain-neutral dimension when the

evaluations made by prospective science teachers on student responses were analyzed.

Table 4. Domain-Neutral Dimensions and Their Rates of Implementation in the Evaluations

Dimensions Novice (1) Emerging (2)  Advanced (3) Mean
f % f % f %

Evaluation Approach 42 61.8 26 382 O 0 1.38

Evaluation Orientation 44 64.7 24 3%3 0 0 1.35

Specificity in the Evaluation 55 80.9 13 19.1 0 0 1.19

Analysis of Coherence 41 60.3 23 33.8 2 2.9 141

Use of Evidence 46 67.6 22 324 0 0 1.32
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The evaluation approach adopted by prospective teachers was determined as novice

level with a 61.8% ratio, which means that they used the descriptions of the responses while
evaluating them. To illustrate with an example, the student responded to the question "How
do the blue colors of the sky and the seas emerge?" with the statement, "The sky and the sea
are actually transparent. However, we see them blue because light hits and is reflected.” A
prospective teacher has evaluated this response with the statement, "This student also has
learned that the sea and the sky are bright and that we see them as blue as a result of the
reflection of the light that hits and has responded correctly.” When the evaluation is
analyzed, it can be observed that the student response was restated or described. On the
other hand, it is observed that 38.2% of the prospective teachers have also engaged in
deduction besides descriptive statements while evaluating, which means they are at the
emerging level. The evaluation of the prospective teacher with the code 3-36 can be given as
an example. One student responded to the question above with the statement, "There is the
color blue inside the white light, as well. Therefore, the white light reflects the color blue
onto the sky and the sea." The prospective teacher has evaluated this response with the
statement, "He/she thinks that reflection occurs both in the sky and in the sea, so he/she
responded in this way. There is a lack of knowledge." When the evaluation is analyzed, it
can be observed that inferences about student understanding and knowledge were made.
However, none of the prospective teachers' evaluation approaches were determined as
advanced, which means that inferences about student thinking and understanding were not at

the center of the evaluations.

For evaluation orientations, which are in parallel with the case of evaluation
approaches, 64.7% of the prospective teachers evaluated student responses only according to
their correctness or incorrectness (e.g., He/She responded to the question correctly.),
whereas 35.3% percent of them focused on underlying reasons behind responses through
analyzing a large portion of student responses. For instance, the prospective teacher with the
code 3-28 evaluated a student who responded to the question about how the blue color of the
sky and the seas emerge with the statement. So, the white light reflects the color blue onto
the sky and the sea. The sky and the sea become blue." through the statement "Refraction of
the light occurs at the sky. In contrast, light reflects on the sea. The student mistakenly
connected the phenomena related to color that occurs in the sky and the sea." However,
there are no advanced-level participants in this dimension, as with the evaluation approach

dimension. In other words, no participant was identified who seeks for the underlying
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reasons that lay at the foundation of the problematic parts of the responses and tries to

understand logical reasoning behind the responses through their analysis.

Whereas in the specificity in the evaluation dimension within the domain-neutral
dimension, 80.9% of the participants made general evaluations on students' attitudes or
knowledge based on the student responses. For example, a student has responded to the
question on how to obtain light in different colors with the statement, "Other colors emerge
through the reflection and absorption of white light. For example, inside the white light,
there is the color red as well. For instance, if a red light is reflected on white light, it looks
red because the color white emerges through the combination of other colors." The
prospective teacher with the code 3-38 has evaluated this response with the statement, " A
correct and explanatory answer. We understand that he/she has mastered the subject since
he/she explains it through examples.” When this evaluation is analyzed, it is observed that
the prospective teacher uses general statements and does not provide details while evaluating
student understanding. However, 19.1% of the participants, while making general statements
about knowledge and understanding in some student responses, they have made detailed
explanations about whether or not concepts were understood while evaluating other
responses. On the other hand, no participant has produced specific claims on student
understanding based on student responses and made detailed explanations about whether or

not relevant concepts were understood or not for all student responses.

In the analysis of coherence dimension, meaning the dimension that addresses the
coherence of a student's ideas with his/her other ideas and other students' ideas, evaluations
made by 60.3% of prospective teachers were determined to be at the novice level. This
indicates that more than half of the prospective teachers determined and described mistakes
and misconceptions isolated. However, 33.8 percent of them are at the emerging level, and
they are shown to be conscious of consistency or inconsistency in their answers or the
answers of other students. 2.9% of the prospective teachers used the coherence and
incoherence they identified to evaluate students' understanding.

Lastly, when the use of evidence of prospective teachers was analyzed, it was
observed that 67.6% of them were at the novice level. These prospective teachers did not
provide clear evidence to support their claims for the inferences they made. In contrast,
32.4% of the participants were at the emerging level and sometimes used evidence to
support the inferences they made about students' understanding. There were no prospective

teachers who provided evidence for all instances. The statement made by the prospective
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teacher with the code 4-12 can be given as an example to a novice-level evaluation:

"His/Her knowledge on separation and refraction of white light into different colors is
inadequate.” When the statement is examined, it can be observed that the inference is not
grounded on any evidence. A response by the prospective teacher with the code 3-38 can be
given as an example to an emerging-level evaluation. A student responded to the question,
"How do the blue color of the sky and the seas emerge?" "How do the blue colors of the sky
and the seas emerge?" with the statement "The sky and the sea are transparent. However,
we see them blue because light hits and is reflected.” The prospective teacher evaluated this
response with the following statement: "The student overgeneralized. What he/she wrote
about the sea is true, but he/she did not mention refraction for the sky. His/Her answer is
partial. He/She also did not mention the absorption of other colors by the sea. There is
missing information.” When this evaluation is examined, it is observed that the prospective
teacher used evidence (e.g., not talking about refraction about the sky, not mentioning

absorption) for the inferences he/she has made.
Findings of the analysis of domain-dependent dimensions are given in Table 5.

Table 5. Domain-Dependent Dimensions and Their Rates of Implementation in the

Evaluations

Criteria Novice (1) Emerging (2)  Advanced (3) Mean
f % f % f %

Quality of the 54 794 14 206 O 0 121

Interpretation

Productive Thinking 50 735 17 250 1 1.5 1.28

Scope of the Evaluation 52 76.5 16 235 0 0 1.24

Scientific Accuracy 9 13.2 48 706 11 16.2 2.03

Quality of the interpretation of the prospective teachers refers to the consistent and
reasonable inferences based on genuinely accessible evidence about student understanding.
As much as the quality of the interpretation is thought to be similar to the use of evidence
dimension among the domain-neutral dimensions, the use of evidence qualifies to what

extend the prospective teachers provide evidence to support their inferences on student
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understanding. Whereas in the domain-dependent dimension, the quality of the interpretation

qualifies the validity of inferences (Talanquer et al., 2015). With this in mind, 79.4% of
prospective students were determined to be at the novice level, and 20.6% were determined
to be at the emerging level. None of the prospective teachers were at the advanced level.
When the use of evidence and quality of the interpretation is compared, it is observed that
the evidence provided by some prospective teachers who have provided evidence on student
understanding and the inferences they made were inaccurate. The reason for that is that there
is a difference in the number of students among emerging levels. To give an example to the
novice level, a response by the prospective teacher with the code 3-13 can be examined. A
student responded to the question "How do the blue color of the sky and the seas emerge?"
with the following statement: "The sky and the sea are actually transparent. However, we
see them blue because light hits and is reflected.” The prospective teacher with code 3-13
evaluated this response with the following statement: "He/She lacks knowledge of separating
light into colors and refraction.” When the statement of the prospective teacher is examined,
it is observed that any evidence does not support the inferences he/she has made about
students' understanding. When the evaluation made by the prospective teacher with the code
3-32 is examined, it is observed that he/she has made inferences ("Her knowledge is
inadequate. He/She cannot distinguish the phenomena that occur in the sea and the sky.
He/She generalizes.") and provided evidence. However, the evidence is limited and

superficial (refraction and reflection concepts were not mentioned).

Whereas the productive thinking dimension refers to making an evaluation that
focuses on the basic concepts of a subject, which can be effective by not focusing on details
and productive to support learning in the analysis of student understanding of the targeted
concepts. In addition, the prospective teacher must have an accurate scientific understanding
concerning the basic concepts. When the analysis is conducted within this framework,
73.5% of the prospective teachers were determined to be a novice. This indicates that
prospective teachers either do not consider required basic concepts for the target concept or
do not have a relevant scientific understanding of the basic concepts or highlight
unnecessary or unrelated concepts while evaluating student responses. To give an example, a
prospective teacher with the code 3-17 evaluates the following response to the question
"How is light obtained in different colors?" by Student-2: "Lights in different colors emerge
through the absorption of white light. These lights are red, orange, yellow, blue, and

purple.” The prospective teacher's evaluation is as follows: "Yes, correct. White light
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separates into different colors when passing through a prism and this student has mastered

the subject because he/she has listed the colors according to an abbreviation made for easy
remembering (In Turkish: KuTuSu YaMa/iM, underlined letters corresponding to the initials
of colors).” When this evaluation is analyzed, it is observed that the prospective teacher
could not detect the basic concepts of absorption and refraction in the student response.
Although the student's response is based on the concept of absorption, the prospective
teacher evaluated the student's response based on the concept of refraction. Thus, the
prospective teacher could not make a product evaluation and was at the novice level. On the
other hand, 25% of the prospective teachers did consider basic concepts while evaluating the
target concept; however, because they did not underscore the incorrect parts in student
responses, they could not make an evaluation that was as productive as desired. The number
of prospective teachers who assess students using basic concepts related to the
comprehension of the target concept and making a productive assessment by highlighting

the causes of mistakes is fairly low (1).

The scope of the evaluation focuses on the variety of concepts and ideas the
prospective teacher considers while evaluating student understanding. 76.5% of the
prospective teachers focus on analyzing concepts and ideas at a limited level while
evaluating student understanding. In contrast, 23.5% of the prospective teachers evaluate
student understanding by focusing on a potential lack of knowledge beyond the target
through their analysis. For instance, a student responded to the question "How is light
obtained in different colors?" with the following statement: "Lights in different colors
emerge through the absorption of white light. These lights are red, orange, yellow, blue, and
purple.” The prospective teacher with code 3-10 evaluated this response with the following
statement: "The student confused reflection with absorption here. She also listed the
resulting colors incorrectly. So, she responded to the question incorrectly.” It can be
observed that the prospective teacher goes beyond commenting only on refraction and
absorption, which are the basic concepts of the subject, and makes an evaluation about
primary colors, as well. In other words, he/she evaluates misconceptions and lack of
knowledge beyond the targeted degree. No prospective teachers were determined who
prominently focus on relevant misconceptions beyond what is targeted through the

evaluation.

Lastly, in the scientific accuracy dimension, which refers to examining prospective

teachers' understanding levels of scientific concepts and the thoughts targeted to be taught,
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13.2% of the prospective teachers were determined to be at the novice level. In other words,

prospective teachers had a superficial and unreliable understanding that would prevent them
from making appropriate logical inferences. At the same time, the ratio of prospective
teachers who made some incorrect inferences and put forward conceptual problems; in other
words, prospective teachers who were at the emerging level is 70.6%. On the other hand, the
advanced level prospective teacher ratio is 16.2%. Inferences of these participants while
evaluating students' responses were observed to be scientifically accurate. For instance, the
prospective teacher with the code 3-44 evaluated response to the question about how the
blue color of the sky and the seas emerge with the following statement "He/She did not learn
very well. The color of the sky emerges through the refraction of the light, not its reflection.”
No scientific mistakes are observed when the evaluation statement of the prospective teacher

is examined.

When the data were considered a whole, emerging level ratios of both the use of
evidence in domain-neutral dimension and quality of the interpretation in domain-dependent
dimension and advanced level rations of the scientific accuracy dimension show that the
analyses conducted are internally coherent. The reason for this is that the use of evidence by
a prospective teacher while evaluating student understanding and its correctness puts

forward the reflection of the prospective teacher's understanding.

Findings obtained from the analyses on the educational regulations suggested by the
prospective science teachers based on students' written exam responses within the scope of
the second sub-problem are presented in Table 6. These findings signal how the prospective
teachers plan to support student learning by eliminating misconceptions and conceptual gaps

detected in students' written exam responses.

Table 6. Educational Regulations Suggested by Prospective Teachers

Strategy f % Strategy f %
Review the material 48 70.6 Experiment Demonstration 17 25.0
Experimenting 46 67.6 Giving homework 16 235

Redesigning the lecture

Using new materials and )
43 63.2 according to parts where 13 19.1

examples from everyday life ]
students make mistakes
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) Having students do a research
Conducting hands-on lessons 38  55.9 _ ] 13 191
project on the subject

Providing more practice Spending more time on

_ 34 500 11  16.2
questions important concepts
Correcting misconceptions 29 42.6 Using individual activities 5 7.4
Using visual _

] ) 24  35.3 Using concept maps 3 4.4
materials/diagrams
Lecturing with different Using videos about the

21 309 ) 1 1.5

methods subject

Having students make
_ 21 309
observations

When Table 6 is examined, it is observed that the prospective science teachers did
planning using 17 different methods such as reviewing the materials, experimenting, using
new materials and examples from daily life, conducting hands-on lessons, and providing
more example questions in order to ensure student improvement based on student responses.
Even though their percentage is small, some prospective teachers plan to use individual
activities, concept maps, and videos to teach the subject. When the educational regulations
preferred by the prospective teachers are examined, it is striking that they prefer pedagogical
regulations that are more general and do not focus directly on learning deficiencies of the
students, such as repeating the subjects, experimenting, and using new methods and
materials. On the other hand, the percentage of pedagogical choices specific to the areas
students have difficulties with, such as using conceptual maps, watching videos, and
spending more time on misconceptions and significant concepts, is low. In other words, the
majority of the participants are limited in making subject-specific and effective pedagogical

regulations that focus on eliminating students' learning deficiencies and difficulties.
Discussion and Conclusion

The quality of education in a classroom depends upon the ability of a teacher to reveal and
use the thoughts and knowledge of students on the subject while making educational

decisions (Bennet, 2011; Furtak, 2012). This necessitates the teachers to be able to evaluate
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student responses sufficiently. Concordantly, this study aimed at exploring what prospective

science teachers looked for in student responses, whether or not they could distinguish weak
and strong parts of these responses, how they evaluated these responses and what kinds of

educational activities they were planning.

Results show that prospective teachers' ability to evaluate student responses is in the
novice-emerging range in terms of domain-neutral and domain-dependent criteria, and their
ability to evaluate student responses is not at the desired level. In other words, it is observed
that prospective teachers regarded student responses superficially; they described the
responses rather than making inferences from the responses, underlined the correctness and
incorrectness of the responses rather than detecting areas where students experience
problems in, could not provide specific claims about student understanding using student
responses, did not provide detailed evidence supporting their claims while evaluating, and
made evaluations about a student's conceptional learning without making connections
between different responses of the student. Researchers underline the importance of
obtaining rich data about students’ existing conditions, thoroughly examining these data, and
incorporating them in teaching for effecting teaching (Furtak, 2012; Harshman and
Yezierski, 2015; NRC, 2012; Talanquer et al., 2015). However, as the results of this study
illustrate, prospective teachers generally make external evaluations and focus on whether the
student responses are correct or not. Therefore, they are unable to make use of the data they
obtained in a way that supports teaching. Fundamental reasons for this may be that the
prospective teachers experience a lack of knowledge in the subject that they are making
evaluations and carry out the evaluation process with a focus on grading rather than
supporting and shaping teaching. In parallel, Kang and Anderson (2015) indicate that the
reason for this situation may be rudimentary areas, learning-teaching and evaluation
knowledge, and evaluation skills. The results of this study's domain-dependent dimension
indicate that a large majority of the prospective teachers (70.6%) both produced some
incorrect interpretations that depend on area knowledge while making evaluations, and their
evaluation orientations did not focus on analyzing student responses in order to understand
underlying logical reasoning. Similar results are observed in studies conducted by Aydeniz
and Dogan (2016), Otera (2006), and Nathan and Otera (2008), and these studies show that
prospective teachers approach student responses superficially and do not go beyond

interpreting the responses as correct or incorrect.
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Moreover, Aydeniz and Dogan (2016), in their study analyzing the pedagogical skills of

prospective teachers on formative assessment, showed that prospective teachers did not
focus on learning deficiencies and were inefficient in using evaluation while making
educational decisions. Teaching staff should be role models in demonstrating the importance
of formative assessment rather than grading in evaluating student responses during
prospective teacher training. Their use of domain-dependent and domain-neutral criteria in
evaluating student responses should be encouraged to ensure effective evaluation through

various exercises.

On the other hand, this study has established that most participants did not use
evidence while evaluating student responses, and evidence provided by some participants
was scientifically inaccurate. This finding is supported by the literature, as well. For
instance, Talanquer et al. (2015) similarly demonstrate that prospective teachers use
scientifically inaccurate knowledge while using student responses, and inferences they made
from the responses were far from supporting learning. The use of evidence to ensure high
quality and inferential evaluation while evaluating student data is significant in evaluating
teaching and supporting learning (NRC, 2012). While the evaluation of a teacher whose
scientific knowledge of the evaluated concepts is inaccurate to endanger obtaining reliable
results, it also makes supporting teaching by determining misconceptions and learning gaps
in the formative assessment process more difficult (Coffey, Hammer, Levin, and Grant,
2011) Thus, it is of utmost importance for a prospective teacher who will be carrying an
evaluator title to both possess area knowledge in their field and use evidence in the
evaluation process. In order to ensure this, prospective teachers should be supported with a
rich area of knowledge, along with pedagogical knowledge, during their training.

In parallel with scientific accuracy and the use of evidence, prospective teachers are
observed to be at a novice-emerging level in the context of productive thinking. Although
scientific accuracy and evidence are significant in productive thinking over student
responses, they are not sufficient alone. In order for a product evaluation to be produced,
prospective teachers must have deep area knowledge on the relevant concepts, must be able
to distinguish concepts according to their significance and priority levels, and determine the
connections between concepts (Harshman and Yezierski, 2015; Talanquer et al., 2015). Only
in this manner can they make productive inferences that will help support students with low
competence by determining where students experience difficulties, which conceptional

relations they cannot establish, and conceptual gaps, and make educational decisions
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(Gottheiner and Siegel, 2012). Researchers, as illustrated in this study, have indicated that

the area in which the most difficulties are experienced in the evaluation process is
interpreting the data obtained correctly and productively and using it in a way that supports
teaching (Ateh, 2015; Kang and Adnerson, 2015; lzci & Siegel, 2019). In order to fill this
gap, enriching the repertoires of prospective teachers in detecting field-specific

misconceptions and eliminating them in teaching programs is crucial.

On the other hand, it is observed that prospective teachers focus on concepts and
thoughts with a narrow scope in the evaluation process. Most of the prospective teachers are
at an advanced level in terms of scientific accuracy, which means that they sometimes make
incorrect interpretations and have conceptual problems. These results reveal the significance
of having practical training on how to evaluate and use student responses as part of
prospective teachers' training on assessment and evaluation and that, through this training,

they can develop their pedagogical reasoning skills.

Lastly, the results show that prospective teachers eliminate students' learning
difficulties through different methods based on student responses (Table 6). However, a
large majority of the participants, as stated by other researchers (Aydeniz and Dogan, 2016;
Gottheiner and Siegel, 2012), plan on increasing student success through general methods
insufficient indirectly eliminating deficiencies and difficulties experienced by students such
as repeating the lecture, providing example problems, and experimenting. It is known that as
long as difficulties experienced by students and misconceptions are not eliminated, the
increase in success will be limited (Black and William, 2006). Therefore, prospective

teachers should be supported in learning and using different teaching methods.
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