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This study aimed to investigate whether there were any differences in preservice science
teachers’ personal epistemological beliefs for different levels of nature of science (NOS)
views (naive, has merit, informed). The NOS views were examined concerning two
aspects: theory-driven nature of observations and tentativeness of scientific knowledge.
A total of 277 preservice science teachers participated in the study. Data collection was
carried out in 2017-2018 academic year spring semester. The Epistemic Beliefs Inventory
and two modified items of the Views on Science-Technology-Society were used to gather
data. Mean values corresponding to the dimensions of epistemological beliefs revealed
that participants failed to show a high level of sophistication. Differences were observed
in the sophistication of participants’ views on the theory-driven nature of observations
and tentativeness of scientific knowledge. The results revealed no statistically significant
differences in participants’ personal epistemological beliefs for the levels of their views
regarding the theory-driven nature of observations and tentativeness of scientific
knowledge. Possible reasons for the findings regarding personal epistemological beliefs,
NOS views, and nonsignificant differences in participants’ personal epistemological
beliefs for different levels of NOS views were discussed. Implications for science teacher
education were provided.
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Bu ¢alisma, fen bilimleri 6gretmen adaylarinin kisisel epistemolojik inanglarinda, bilimin
dogas1 goriiglerinin diizeyleri (yetersiz, kabul edilebilir, bilgili) i¢in farkliliklar olup
olmadigimni arastirmaya odaklanmustir. Bilimin dogasi goriisleri iki yonden incelenmistir;
gozlemlerin teoriye dayali dogasi ve bilimsel bilginin degisebilirligi. Calismaya toplam 277
fen bilimleri 6gretmen aday1r katilmistir. Arastirmanin verileri 2017-2018 akademik yilinin
bahar déneminde toplanmustir. Verileri toplamak icin Epistemik Inanglar Envanteri ve Bilim-
Teknoloji-Toplum Uzerine Goriisler Anketi'nden alinip revize edilen iki soru kullamlmustir.
Elde edilen ortalama degerler, katiimcilarin epistemolojik inanglarimin gelismis diizeyde
olmadigin gostermistir. Katilimcilarin, gézlemlerin teoriye dayali dogas1 ve bilimsel bilginin
degisebilirligi hakkindaki goriislerinin gelismislik diizeylerinde farkliliklar oldugu
gozlenmistir. Sonuglar, katthmailarin kisisel epistemolojik inanglarmda gozlemlerin teoriye
dayali dogasi ve bilimsel bilginin degisebilirligine iliskin goriislerinin diizeyleri igin
istatistiksel olarak anlamli farkliliklar olmadigini gostermistir. Kisisel epistemolojik inanglar,
bilimin dogasi goriisleri ve katilimcilarin epistemolojik inanglarinda bilimin dogast
goriislerinin farkli diizeyleri i¢in anlaml farkliliklar olmamasiyla ilgili sonuglarin olasi
sebepleri tartisilmistir. Fen bilimleri 6gretmen egitimi igin 6nerilerde bulunulmustur.
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Giris
Kisisel Epistemolojik Inanglar

Epistemoloji, “bilginin kokeni, dogasi, siirlari, yontemleri ve gerekgesi” ile ilgilenen bir felsefe
dalidir (Hofer, 2002, s. 4). Felsefenin bu dali temel olarak bilginin ne oldugu, nasil elde edildigi,
insanlarin ne bildigi ve bizim bildigimizi nasil bildigimiz sorulariyla ilgilenir (Hofer, 2002). Kisisel
epistemoloji, daha spesifik bir terim olarak, bireylerin bilgi ve bilme hakkindaki diisiince ve inanglarini
ele alir ve “bilginin tanimi ile ilgili inanglar, bilginin nasil yapilandirildigi, bilginin nasil
degerlendirildigi, bilginin nerede bulundugu ve bilmenin nasil gerceklestigi” gibi unsurlar igerir

(Hofer, 2001, s. 355).

Hgili literatiirde kisisel epistemolojik inanclar iki temel bicimde kavramsallastirilmistir: Tek
boyutlu yaklasim ve ¢ok boyutlu yaklasim. Tek boyutlu epistemolojik inan¢ kavramsallastirmasini
savunan Perrynin (1999) semas: en ¢ok bagsvurulan modeldir. Bu kavramsallastirmada, epistemolojik
inanglarin dogas1 geregi gelisimsel oldugu ileri siirlilmektedir. Yani, bireylerin epistemolojik
inanglarinin sabit bir ilerleme gosterdigine inanilir (Baxter Magolda, 1992; Belenky, Clinchy, Goldberg
ve Tarule, 1986; King ve Kitchener, 1994; Kuhn, 1991). Perry'nin semasinda, bireylerin epistemolojik
inanglarini tanimlamak i¢in kullanilan {i¢ ana asama vardir. Bu asamalar (en naiften en karmasik gelisim
diizeyine dogru) sunlardir: dualizm (mutlak gercege ve belirli bir dogru ya da yanls ile iyi ve kotii
ikiligine inang), ¢oklu (bilgi ve gercegin karmasikliginin ve soyutlugunun anlasilmast) ve gorelilik (bilgi

ve gercegin baglamsal ve goreli dogasinin kabulii) (Akerson ve Buzzelli, 2007).

Cok boyutlu kavramsallastirmada, kisisel epistemolojik inanglarin az ¢ok birbirinden bagimsiz
boyutlardan olustugu ileri siiriilmektedir. Bir birey, bilgi ve bilmenin dogasinin farkli yonlerine iliskin
inanglarina iligskin olarak farkli diizeylerde gelismislik sergileyebilir (Schommer, 1990, 1993; Schommer-
Aikins, 2002). Schommer (1990), ¢ok boyutlu epistemolojik inanglar modelinin dnciisii olarak kabul
edilmektedir ve Schommer’in modeli bu c¢alismanin arastirmacilar1 da dahil olmak tizere birgok
aragtirmaci tarafindan kullamilmaktadir. Schommer (1990) modelinde, epistemolojik inanglarin
karmagikliginin, bilgi ve bilmeye dair inanc1 dogrusal gelisim asamalar1 seklinde insa edilen tek boyutlu
bir yapida kavramsallastirmamiza engel oldugunu oOne siirmektedir. Schommer'in (1990, 1994)
epistemolojik inan¢ modelinde bireylerin bilgi ve bilme konusundaki inanglarini tanimlamak i¢in beg
ana boyut onerilmektedir: Bilgi basittir, bilgi kesindir, bilginin kaynagi her seyi bilen otoritedir,
O0grenme hemen gerceklesir ve Ogrenme yetenegi dogustandir. Bilgi basittir boyutu, bilginin
karmasikligina iligkin epistemolojik inanglar1 yansitir. Bu boyutta naif (az gelismis) inanglara sahip olan
bireyler, bilginin basit oldugunu ve izole edilmis ger¢eklerden olustugunu iddia ederler. Bilgi kesindir
boyutu, bireylerin bilginin degisebilirligi hakkindaki inanglarini belirtmek igin kullanilir (yani, bilgi

kesindir ya da bilgi degisebilir). Bilginin kaynag: her seyi bilen otoritedir boyutu, bireylerin bilginin
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kaynagina iliskin inanglarimi arastirmak i¢in kullanilan epistemolojik inan¢ boyutudur (yani, bilgi
otorite tarafindan aktarilir ya da bilgi akil yoluyla elde edilir). C)grenme hemen gerceklesir boyutu,
O0grenmeye ve bunun nasil gergeklestigine iliskin epistemolojik inanglarla ilgilidir. Bu boyutta naif
inanglara sahip bireyler, 6grenmenin hizli bir siire¢ olduguna ve bir seyi ¢abucak 6grenmezseniz, ne
kadar caba sarf ederseniz edin 6grenemeyeceginize inanirlar. Ogrenme yetenegi dogustandir boyutu,
bilginin kontrolii ve bilgi kazamimu ile ilgili epistemolojik inanglar olarak tanimlanabilir. Yani, bu
epistemolojik inan¢ boyutu, bireylerin Ogrenme yetenegini gelistirme kapasitesi hakkindaki
inanglarinin derecelerini yansitir (yani, 6grenme yetenegi dogustan sabittir ya da 6grenme yetenegi

yogun ¢aba ile gelistirilebilir).
Bilimin Dogas1

Bilimin dogasi, bir yiizyildan fazla siiredir 6nemli bir hedef olarak desteklenmekte ve diinya
capinda cesitli fen egitimi reform dokiimanlarinda kritik bir ¢ikt1 olarak desteklenmeye devam
etmektedir (Lederman ve Lederman, 2014). $iiphesiz ki bilimin dogas1 fen egitimi i¢in 6nemlidir ancak
Abd-El-Khalick ve Lederman’in (2000) belirttigi gibi, bilim felsefecileri ve tarihgileri, fen egitimcileri ve
bilim insanlari, halihazirda bilimin dogasinin belirli bir tanim1 konusunda hemfikir degillerdir. Ote
yandan, {iniversite oncesi 6grenciler icin ulasilabilen ve onlarin giinliik yasamlariyla baglantili olan
bilimin dogas: ile ilgili uzlasilmis bir genellik diizeyi vardir (Abd-El-Khalick, Bell ve Lederman, 1998).
Abd-FEl-Khalick ve digerlerine (1998) gore, so6z konusu genellik diizeyi kapsamindaki bilimsel girisimin
Ozellikleri sunlar1 icermektedir:

Bilimsel bilgi degisebilir; ampirik temellidir (dogal diinya gozlemlerine dayali ve/veya

bunlardan tiiretilmistir); Ozneldir (teoriye dayalidir); kismen ¢ikarim, hayal gilici ve

yaraticiligin tirtiniidiir (agiklamanin icadimn igerir); ve sosyal ve kiiltiirel olarak yerlesiktir (s.
418).

Ayrica, diger 6zellikler, gozlemler ve ¢ikarimlar arasindaki farki ve teoriler ve kanunlarin rollerini ve

aralarindaki baglantilar igerir (Abd-El-Khalick ve digerleri, 1998).

Fen egitiminde bilimin dogasinin onemine ragmen, calismalar tutarli olarak ogrenciler,
Ogretmen adaylar1 ve Ogretmenlerin bilimin dogas: ile ilgili yetersiz goriislere sahip oldugunu
gostermistir (6rn., Akerson, Morrison ve Roth McDuffie, 2006; Cetinkaya-Aydin ve Cakiroglu, 2017;
Dogan ve Abd-El-Khalick, 2008; Wahbeh ve Abd-El-Khalick, 2014). Daha spesifik olarak, 19 ilkdgretim
Ogretmeni adayi ile calisan Akerson ve digerleri (2006), fen 6gretim yontemleri dersinde uygulanan
dogrudan yansiticr bilimin dogasi 6gretiminden &nce bir¢ok katilimcinin yetersiz bilimin dogasi
goriislerine sahip oldugunu ve 6gretimin ardindan goriislerinin gelismesine ragmen, bes ay sonra bazi
katilimcilarin goriislerinin 6nceki goriislerine dondiigiinii belirlemistir. Dogan ve Abd-El-Khalick
(2008) tarafindan yapilan calismada, c¢alismaya katilan 10. smif Ogrencileri ve onlarin fen

Ogretmenlerinin ¢ogunlugunun calismada incelenen bilimin dogasi boyutlariin biiyiik ¢ogunlugu
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hakkinda yetersiz ve/veya kismen bilgili goriislere sahip olduklar: bulunmustur. Wahbeh ve Abd-El-
Khalick (2014) arastirmalarinda, biitiinlesik bilimin dogas1 6gretimi uygulamasinin katilimei ortaokul
ve lise fen 6gretmenleri arasinda bilgili seviyede bilimin dogas1 goriisleri gelistirmede ve uygulamadan
bes ay sonra bu goriisleri korumada basarili olmasina ragmen, katiimcilarin biiyiik ¢cogunlugunun
uygulamanin basinda bilimin dogasinin ¢ogu boyutu ile ilgili yetersiz seviyede goriislere sahip
oldugunu bulmustur. Cetinkaya-Aydin ve Cakiroglu (2017) tarafindan yapilan arastirma, Bilimin
Dogas1 ve Bilim Tarihi dersini aldiktan sonra katilimci fen bilimleri 6gretmen adaylarinin ¢ogunun
bilimin dogasmin ampirik-temel, 6znellik, gecicilik ve yaraticilik boyutlarinda yeterli ve bilgili
seviyelerinde, teori ve kanun, gozlem ve ¢ikarim ve sosyal ve kiiltiirel yapisi boyutlarinda yetersiz

seviyede goriislere sahip olduklarini gostermistir.
Kisisel Epistemolojik inanglar ve Bilimin Dogas1 Gériisleri

Kisisel epistemolojik inanglar ve bilimin dogasi hakkindaki goriisler ile ilgili yapilan
aragtirmalar, bu iki yap1 arasindaki iligkiye dair bir hipotez gelistirebilmek igin bir temel saglamaktadir.
Epistemolojik inanglarin alana 6zgii olmasi ve alan genelligi hakkindaki tartismalar bu arastirmalarin
ilgi alanlarindan biri olarak kabul edilebilir. Burada sozii edilen alan terimi, genel bilim, psikoloji veya
kimya gibi farkli bilim dallarin1 veya disiplinleri ifade eder (Hofer, 1997). Baz1 arastirmacilar (61n.,
Schommer ve Walker, 1995) bireylerin farkli alanlarda benzer epistemolojik inanglara sahip oldugunu,
yani epistemolojik inanglarin alan genelligini savunurken, bazilar1 (6rn., Buehl, Alexander ve Murphy,
2002; Stathopoulou ve Vosniadou, 2007) epistemolojik inanglarin alana 6zgii oldugunu One
siirmektedir. Epistemolojik inanglarin alana 6zgii oldugunu one siiren arastirmacilar, temel olarak,
bireylerin belirli bilgi alanlarina iliskin olarak cesitli gelismislik diizeylerinde epistemolojik inanglara

sahip olabilecegini belirtmektedir.

Epistemolojik inanglarin ayni anda hem alana yonelik hem de alana 6zgii olabilecegini ortaya
koyan arastirmalar da bulunmaktadir (6rn., Buehl ve Alexander, 2001; Kienhues, Bromme ve Stahl,
2008; Schommer-Aikins, 2002). Bu ¢alisma da bu yaklasim ile paralel sekilde gerekgelendirilmistir. Bu
fikri detaylandirmak i¢in Borgerding, Deniz ve Anderson'in (2017) iddiasina bagvurabiliriz. Borgerding
ve digerleri (2017), bireylerin genel bilginin dogasi hakkinda genel bir epistemik goriise sahip
olduklarini ve bu epistemik goriislerin bilimsel bilginin dogasina iliskin epistemolojik inanglariyla ilgili
oldugunu ileri stirmiistiir. Ayrica arastirmacilar, bireylerin genel bilginin dogasina iligskin inanglari ile
alana 0zgii inanglar1 arasindaki iliskinin “dinamik olarak degerlendirilmesi” gerektigini vurgulamistir
(s. 497). Yani, aragtirmacilara gore, genel bilginin dogas1 hakkindaki gelismis inanglar, bireylerin bilim
gibi belirli bir disiplin hakkindaki inanglarini gelistirme derecesini belirleyebileceginden, bu iki yap:
arasinda karsilikhi bir iligski olabilir. Arastirmacilarin iddia ettigi gibi, belirli bir disiplin hakkinda
gelistirilen inanglar, genel bilginin dogas1 hakkindaki inanglarinin gelismisligini de destekleyebilir.

Borgerding ve ark. (2017) calismasina benzer sekilde, bu ¢alismada, bireylerin bilimsel bilginin dogasina
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iliskin epistemolojik inanglarinin (bilimin dogas1 goriisleri) genel bilginin dogas1 hakkindaki epistemik

goriisleri (yani kisisel epistemolojik inanglar) ile iliskili oldugunu savunuyoruz.

Yapilan aragtirmalar bu iddiayr desteklemektedir. Ornegin, Akerson ve ark. (2006)
calismasinda, sinif 6gretmeni adaylarinin bir somestr boyunca alinan bir dersten sonra bilimin dogasi
goriislerinin  kaliciligt  incelenmistir. Arastirmacilar, sonuglari Perry'nin semasi aracilifiyla
yorumlamiglardir ve daha gelismis epistemolojik inanglara sahip olan katilimcilarin daha gelismis
bilimin dogasi goriislerini korumaya meyilli olduklarini rapor etmislerdir. Baska bir ¢alismada,
Akerson ve Buzzelli (2007), okul 6ncesi 6gretmen adaylarinin bilimin dogas: goriisleri ile Perry'nin
(1999) asamalari (yani, dualizm, ¢oklu ve gorelilik) arasindaki baglantilar1 incelemistir. Bulgular, her bir
Perry asamasindaki 0gretmen adaylarinin bilimin dogas: ile ilgili baz1 kavram yarnilgilarina sahip
olduklarini ortaya koymustur. Bununla birlikte, epistemolojik inang gelismisliginin daha diisiik
asamalarinda konumlanan 6gretmen adaylari (yani, dualizm), daha az gelismis bilimin dogasi gortisleri
ifade etmiglerdir. Daha detayli anlatmak gerekirse, Perry'nin dualizm asamasinda konumlananlarla
(yani tek bir dogrunun/ger¢egin varligina inanan) karsilastirildiginda, Perry'nin ¢oklu asamasinda
konumlanan (yani belirsizligin varligina inanan ve kesin dogru veya yanlis yanitlar1 reddeden)
ogretmen adaylar1 bilimsel verilerin analizinde gesitli yorumlarin olasilig1 konusunda daha yiiksek
farkindalik sergilemislerdir. Akerson, Buzzelli ve Donnelly'nin (2008) ¢alismasinda da okul 6ncesi
Ogretmen adaylarinin bilimin dogasi goriisleri ile Perry asamalari arasinda benzer baglantilar
bulunmustur. Akerson ve meslektaslarinin aksine, Borgerding ve Deniz (2019), tiniversitede 6grenim
goren biyoloji boliimii 6grencilerinin Perry asamalari ile Olgiilen epistemolojik inanglari ile ampirik

bilimin dogas1 hakkindaki goriisleri arasinda anlamli bir iliski bulamamislardir.

Kisisel epistemolojik inanglara iliskin ¢ok boyutlu yaklasimi benimseyen bazi arastirmacilar da
(6rn. Cho, Lankford ve Wescott, 2011; Deniz, 2011; Koseoglu ve Koksal, 2015; Ozgelen, 2012)
epistemolojik inang boyutlar1 (6rn. bilginin kesinligine iliskin inanclar) ve bilimin dogas1 goriisleri
arasindaki iliskiye dikkat gekmislerdir. Ornegin, {iniversite 6grencilerinin epistemolojik inanglari ile
bilimin dogas1 goriisleri arasindaki iligkileri arastiran Cho ve ark. (2011), gelismemis epistemolojik
inanglarin gelismemis bilimin dogas goriisleri ile iliskili oldugunu bulmustur. Ornek vermek gerekirse,
¢alismada kullanilan tiim epistemolojik inang boyutlarinin (Bilgi basittir, bilgi kesindir, bilginin kaynagi
her seyi bilen otoritedir, grenme hemen gerceklesir ve 6grenme yetenegi dogustandir) bilimsel bilginin
degisebilirligi boyutu ile negatif iligkili oldugu bulunmustur. Yani, daha az gelismis epistemolojik
inanglara sahip iiniversite dgrencileri, bilimsel bilginin degisime tabi olmadigina inanmaya daha
yatkinlardir. Koseoglu ve Koksaln (2015) coklu lineer regresyon analizlerinin bulgulari, baz
epistemolojik inang boyutlari ile bilimin dogas1 goriisleri arasinda anlaml iligkiler ortaya ¢ikarmustir.
Ornek olarak, biyoloji 6gretmen adaylarinin zamanla 6grenme ve firsat ve destekle &grenme

yeteneginin gelistirilmesine yonelik epistemolojik inanglarinin bilimin tanimi ve bilimde 6znellik ile
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ilgili bilimin dogas1 gortislerini yordadig1 bulunmustur. Ayrica, bilimin dogasi egitiminin 6grencilerin
epistemolojik inanglar1 iizerindeki olumlu etkisine iliskin bulgular, bilimin dogas1 goriisleri ile kisisel
epistemolojik inan¢ boyutlari arasindaki iligkiler igin destekleyici kanitlar sunmaktadir. Ornegin,
Ozgelen'in (2012), bir sémestr boyunca devam eden Fen Bilimlerinde Laboratuvar Uygulamalar: dersi
kapsaminda yiiriittiigii calismasinda kullanilan sorgulamaya dayali ve agik-yansitict bilimin dogasi
Ogretimi, fen bilimleri 6gretmen adaylarinin bilginin kesinligine ve bilgi kaynagina iliskin epistemolojik
inanglarini gelistirmistir. Ote yandan, bu ¢alismadaki bilimin dogas1 6gretimi, fen bilimleri 6gretmen
adaylarinin bilmenin gerekgesi (6rnegin, “bilimde birinin dogru cevaba sahip olup olmadiginm
belirlemenin bir yolu yoktur.”) ve gercegin ulasilabilirligi (6rnegin, “bilim adamlar1 yeterince
denerlerse, hemen hemen her seye cevap bulabilirler.”) hakkindaki epistemolojik inanglarinin

gelistirilmesine yardimci olmamustir.

Bu calismalarda ortaya koyuldugu gibi, epistemolojik inanglarin boyutlar ile bilimin dogas:
boyutlar1 arasindaki iligskiler hakkinda birbirinden farkli sonuglar bulunmaktadir. Bu nedenle, bu
iligkileri ve olas1 nedenlerini netlestirmek i¢in daha fazla arastirmaya ihtiya¢ vardir. Bu dogrultuda
Deniz'in (2011) arastirmas: epistemolojik inang ile bilimin dogas: literatiiriinii bir araya getirmeye
calismaktadir. Deniz (2011) makalesinde, bilimin dogasi boyutlarimin ikisi ile epistemolojik inang
boyutlar1 arasindaki kavramsal benzerliklerin altin1 gizmistir. Bilimsel bilginin degisebilirligi boyutu
bunlardan birisidir. Yani Deniz (2011), bilimsel bilginin degisebilir dogasina iliskin bilgili goriislerin
epistemolojik inanglarin bilginin kesinligi boyutuyla iligkili olabilecegini 6ne siirmiistiir. Yani, genel
olarak bilgi ve gerceklige dair belirsizligi kabul eden (yani, bilginin kesinligine dair gelismis inanca
sahip olan) bir bireyin, bilim ve bilimsel bilginin degisebilirligini kabul etmesi daha olasidir. Deniz
(2011) tarafindan epistemolojik inanglarla ortak bir paydaya sahip oldugu 6ne stiriilen diger bir bilimin
dogas1 boyutu, bilimsel bilginin 6znelligidir. Deniz (2011), Hofer'in (1997) epistemolojik inanglar
Olceginin gercege ulasilabilirlik boyutunda daha gelismis epistemolojik inanglara sahip oldugu tespit
edilen bireylerin, bilimsel bilginin 6znelligi boyutunda daha bilgili goriisler sergileyecegini belirtmistir.
Hofer'in (1997) epistemolojik inanglarin gercege ulasilabilirlik boyutu, bilimde, dzellikle alaninda
uzman bilim adamlar1 tarafindan mutlak dogrunun ulasilabilirligine dair algiy1 ifade etmektedir
(Hofer, 1997, 2000). Bu dogrultuda Deniz (2011), bu epistemolojik inang¢ boyutundaki gelismis
inanglarin bilimin ve bilimsel bilginin 6znelligi hakkinda daha yiiksek diizeyde farkindaligin éniinii
acacagini ileri siirmiistiir. Daha spesifik ifade etmek gerekirse, bilimde mutlak ger¢egin miimkiin
olmadiginin farkinda olan bireylerin, bilimde 6znellige yol acacak sekilde, teorik ve kisisel dnyargilarin

farkinda olmalar1 daha olasidir.
Calismanin Amaci ve Arastirma Sorulari

Caligmanin temel amaci, fen bilimleri 6gretmen adaylarinin kigisel epistemolojik inanglari ile

bilimin dogas1 goriisleri arasindaki iliskileri incelemektir. Spesifik olarak, bu c¢alisma, fen bilimleri
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O0gretmen adaylarinin kisisel epistemolojik inanglarinda bilimin dogasi goriislerinin diizeyleri igin
herhangi bir farklilik olup olmadigini arastirmaya odaklanmistir. Deniz (2011) tarafindan vurgulanan
kavramsal benzerliklere dayanarak, bilimsel bilginin degisebilirligi ve 6znelligi (mevcut calismada
“gozlemlerin teoriye dayali dogasina” karsilik gelmektedir), varsayimsal iliskileri incelemek i¢in secilen
bilimin dogasimnin iki boyutudur. Yani Deniz'in (2011) teorik olarak varsaydig: iliskiler ampirik
analizlere tabi tutulmustur. Bu baglamda, bu iki yap1 (kisisel epistemolojik inanglar, bilimin dogas:
goriisleri) arasindaki iligkileri inceleyen calismalarin sayisinin siirli olmasi ve mevcut ¢alismalarin
karisik sonuglar gostermesi nedeniyle bu ¢alismanin bulgularinin fen egitimi literatiiriinde bir boslugu

doldurmaya katkida bulunacagina inanilmaktadir.

Calismada oOzellikle asagidaki arastirma sorulari ele alinmustir: 1- Fen bilimleri 6gretmen
adaylariin kisisel epistemolojik inanglar1 nelerdir?, 2- Fen bilimleri 6gretmen adaylarinin gozlemlerin
teoriye dayali dogasi ve bilimsel bilginin degisebilirligine iligkin bilimin dogas: goriisleri nelerdir?, 3-
Gozlemlerin teoriye dayali dogasina iliskin farkli diizeylerde bilimin dogas1 goriislerine sahip olan fen
bilimleri 6gretmen adaylar1 arasinda kisisel epistemolojik inanglar1 bakimindan herhangi bir farklilik
var midir?, ve 4- Bilimsel bilginin degisebilirligine iliskin farkl1 diizeylerde bilimin dogas1 goriislerine
sahip olan fen bilimleri 6gretmen adaylar1 arasinda kisisel epistemolojik inanglar1 bakimindan herhangi

bir farklilik var midir?
Yontem
Arastirmanin Deseni

Bu calismada arastirma deseni olarak tarama modeli kullanilmistir. Tarama modelinin
kullanildig1 ¢alismalarda temel amag, anketler veya goriisme formlari aracilig ile bir grup hakkinda
bilgi toplamak olarak belirtilmektedir (Fraenkel, Wallen ve Hyun, 2012). Fen bilimleri 6gretmen
adaylarinin kisisel epistemolojik inanglari ve bilimin dogasi goriisleri ile ilgili veri toplamanin
amaglandig1 bu galismada, sirasiyla, Epistemik Inanglar Envanteri ve Bilim-Teknoloji-Toplum Uzerine
Gortiisler (Views on Science-Technology-Society; VOSTS) Anketi'nin degistirilmis iki maddesi

kullanilmistir.
Orneklem

Arastirmanin katilimcilari, Tiirkiye'nin ti¢ farkli ilinde bulunan {i¢ devlet {iniversitesinde
O0grenim gormekte olan birinci (N=27), ikinci (N=102), ii¢tincii (N=89) ve dordiincii (N=56) simif fen
bilimleri 6gretmen adaylarindan olugsmaktadir (Ug &gretmen adayr smif seviyesini belirtmemistir).
Katilimcilarin se¢imi igin uygun Ornekleme yonteminden faydalanilmistir. Tiirkiye'deki egitim
fakiiltelerinde genel olarak gozlemlendigi tizere (Assessment, Selection, and Placement Center, 2018),

calismanin Ornekleminini olusturan kadin 6gretmen adaylarinin sayisi erkek dgretmen adaylarinin
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sayisindan fazladir (Nkadin= 212, Nerkek= 64, Nbelirtilmemis= 1). Katiimcilarin yas ortalamas1 21.4

olarak hesaplanmustir.
Veri Toplama Araglan

Epistemik inanclar envanteri: Fen bilimleri 6gretmen adaylarimin kisisel epistemolojik inanglarim
0l¢mek i¢in Bendixen ve arkadagslarinin (1998) 32 maddelik Epistemik Inanclar Envanteri kullanilmistir.
Envanterde, Schommer'in (1990, 1994) Epistemolojik Inan¢ Modeli temel alinmistir. Katilimcilardan
verilen ifadelere katilma diizeylerini kesinlikle katilmiyorum (1) ile kesinlikle katiliyorum (5) arasinda
degisen 5'li Likert tipi bir 6lgekte belirtmeleri istenir. Envanterdeki madde ifadeleri, ters maddeler harig,
naif epistemolojik inanglar1 yansitacak sekilde yazildigindan (6rn., madde 29: “Hizli ¢6ziimii olmayan
bir problem {izerinde calismak zaman kaybidir”), envanterden yiiksek puanlarin alinmas: daha az
gelismis epistemolojik inanglarin bir gostergesi olarak kabul edilir. Buna karsin, envanterde daha diisiik

puan alan katilimcilarin daha gelismis epistemolojik inanglara sahip olduklar varsayilir.

Katilimcilarin kisisel epistemolojik inanglarini 6l¢mek i¢in Schommer'in (1990) Epistemolojik
Inanglar Olgegi yerine bu envanterin secilmesinin nedeni, temel olarak, envanterdeki madde sayusi,
faktor ¢oztimlerindeki basarist ve Schommer'in (1990, 1994) epistemolojik inan¢ modelinde 6nerilen beg
boyutu ¢ikarabilme becerisine dayanmaktadir. Daha ayrintili olarak agiklamak gerekirse, bu envanter
Schommer'in (1990) 63 maddeden olusan Epistemolojik Inanglar Olgegi'nden daha az sayida maddeye
sahiptir ve Schommer'in 12 madde alt kiimesine kiyasla daha homojen bir faktor yapisi ortaya
koymaktadir (Schraw, Bendixen ve Dunkle, 2002). Bu nedenle, Epistemik Inanglar Envanteri madde-
faktor catismasi gibi sorunlarimin ve aciklanamayan faktor yiiklerinin iistesinden gelmis
goriinmektedir; envanterin her bir maddesi genellikle acik bir sekilde bes epistemolojik inang
boyutundan birine yiiklenmektedir (Schraw ve digerleri, 2002). Ayrica, envanter, epistemolojik inang

modelinin “her seyi bilen otorite” boyutunu ortaya ¢ikarmada daha basarili bulunmustur.

Epistemik Inanglar Envanteri fen bilimleri 5gretmen adaylarini epistemolojik inanglarina iligkin
veri toplamak amaciyla ¢alismanin arastirmacilari tarafindan daha 6nce Tiirkge'ye gevrilmistir (Oztiirk,
2016; Tuncay-Yiiksel, 2016; Tuncay-Yiiksel, Yilmaz-Tuzun ve Zeidler, 2015). Envanterin kullanilmasiyla
toplanan veriler (Envanterin Tiirk¢e’ye uyarlanmis hali de dahil olmak iizere) farkli faktor yapilarin
ortaya cikardigindan, arastirmacilar bu calismanin verilerini agimlayic faktor analizine (AFA) tabi
tutmustur. Calismada AFA yonetemi olarak Temel Bilesen Analizi, kullanilmistir. Kaiser-Meyer-Oklin
(.73) ve Barlett'in (1954) Kiiresellik Testi (p = .00) degerleri, calisma verilerinin faktor analize
uygunlugunu dogrulamistir. Catell'in (1966) scree testi (scree plot) ve Kaiser'in (1970, 1974) kriterinin
incelenmesi sonucunda toplanan verilerin dort faktorlii bir yapiya sahip oldugu goriilmiistiir. Bu dort
faktorli yapi, bir veri setindeki faktorlerin/bilesenlerin sayisini belirlemede en dogru yaklasim olarak

kabul edilen (Hayton, Allen, ve Scarpello, 2004; Matsunaga, 2010; Pallant, 2007) Paralel Analiz (Paralel
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Analiz i¢in Monte Carlo Temel Bilesen Analizi) sonuglariyla daha da desteklenmistir. Paralel Analizin
sonuglari, ayni orneklem biiyiikliigiinde (32 degisken x 277 katilimci) rastgele olusturulmus bir veri
matrisi i¢in 6zdegerleri karsilik gelen kriter degerlerinden daha yiiksek olan doért bilesenin varligini

ortaya ¢gikarmustir.

AFA ile elde edilen dort faktoriin acgikladigi toplam varyansin yiizdesi %33 olarak
hesaplanmistir. Cikarilan faktorler arasindaki korelasyonlar oldukga diisiik oldugundan (maks. = .18),
verilerin faktor yapisini daha iyi yorumlamak igin varimax dondiirme kullanilmistir. Tutulacak
maddelerin kararlastirilmasinda Matsunaga'nin (2010) 6nerileri takip edilmis ve bir faktorde agik faktor
yiikii olan ve kesme noktasi .40 olan 20 madde veri setine dahil edilmistir. Sonuglar, Oztiirk'iin (2016)
calismasinin ve Tuncay-Yiiksel'in (2016) pilot calismasinin bulgularina benzer sekilde, bilginin kesinligi
ve Ogrenme hizi ile ilgili epistemolojik inanglari 6lgen maddelerin tek bir faktore yiiklendigini
gostermistir. Kalan maddeler Schommer'in (1990, 1994) “bilgi basittir”, “Ogrenme yetenegi
dogustandir” ve “bilginin kaynag1 her seyi bilen otoritedir” epistemolojik inang boyutlarini yansitan iig
faktorde kiimelenmistir. Ortaya c¢ikan boyutlarin her birine karsilik gelen Cronbach alfa ve ortalama

maddeler arasi korelasyon degerleri Tablo 1'de verilmistir.

Cronbach a degeri madde sayisina bagli oldugundan, 10'dan az madde igeren olgekler igin
hesaplanan Cronbach a degerleri oldukg¢a diisiik ¢ikmaktadir (Pallant, 2007). Bu durumlarda
maddelerin ortalama maddeler aras1 korelasyon degerlerinin hesaplanmasi ve raporlanmasi onerilir.
Bu calismada da elde edilen faktorler (alt dlgekler) 10'dan az maddeye sahiptir ve beklendigi gibi,
Cronbach's o degerlerinin ¢ogu diisiik ¢ikmistir. Buna karsin, hesaplanan ortalama maddeler arasi
korelasyon degerlerinin tiimii 6nerilen .2 ila .4 araliginda bulunmustur (Clark ve Watson, 1995; Pallant,
2007). Madde ifadelerinin altinda yatan anlamlar ile yiikledikleri faktorler arasindaki kuramsal
tutarlilik, aracin gegerliligi icin kamit saglamistirl. Envanterin boyutlarini temsil eden faktdrlerin
acgiklamalari ve elde edilen boyutlarinin 6rnek maddeleri Tablo 1'de sunulmustur. Bu ¢alismada oldugu
gibi, epistemolojik inanglara iliskin Schommer’in 6ne siirdiigii bes farkl faktoriin elde edilememesi ve
epistemolojik inanglara iliskin Olgiimlerde Cronbach a degerlerinin .70 nin altinda ¢ikmasi ilgili
literatiirde nadir rastlanan bir durum degildir (DeBacker, Crowson, Beesley, Thoma ve Hestevold,
2008). DeBacker ve digerleri (2008), epistemik inanglarin dl¢iilmesinin zorlayici oldugunu sdylemis ve
epistemik Ol¢timlerde boyutlarin belirlenmesinde sadece ampirik temellerin degil, ayn1 zamanda
kuramsal temellerin de dikkate alinmasini tavsiye etmistir. Bu goriis dogrultusunda, calismada
epistemolojik inang verilerinin faktdr yapisi belirlenirken, faktor analizi sonuglari ile birlikte

epistemolojik inang literatiiriiniin kuramsal temelleri de elestirel bir sekilde incelenmistir.
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Tablo 1. Epistemik Inanclar Envanteri’nin boyutlari, boyutlarm tanimlari ve 6rnek maddeler

Boyutun Ad1

Tanim

Ornek Maddeler

Bilgi kesindir ve 6grenme hemen
gerceklesir

(Cronbach alfa = .66; ortalama
maddeler arasi korelasyon = .20;
madde sayisi= 8)

Bilgi basittir
(Cronbach alfa = .51; ortalama

Katilimcinin bilginin kesin
olduguna ve 6grenmenin hizl
bir sekilde gerceklestigine
inanma derecesi

Katilimcinin bilginin basit
olduguna ve izole edilmis

Bir seyi ¢cabucak
Ogrenemiyorsaniz, hicbir
zaman Ogrenemezsiniz.
Bugiin i¢in dogru olan yarin
i¢in de dogru olacaktr.

Cok fazla kuram/teori isleri
yalnizca karmasik hale getirir.

maddeler aras1 korelasyon = .20; gerceklerden olustuguna

madde sayisi= 4) inanma derecesi

Ogrenme yetenegi dogustandir Katilimcinin 6grenme Bazi insanlar ne kadar ¢ok

(Cronbach alpha = .47; ortalama yeteneginin dogustan calisirlarsa caligsinlar asla zeki

maddeler arasi korelasyon = .18; olduguna ve olamazlar.

madde sayis1 = 4) gelistirilemeyecegine inanma
derecesi
Insanlar her zaman yasalara

Bilginin kaynag1 her seyi bilen Katilimcinin bilginin otorite

otoritedir tarafindan aktarildigina uymalidar.

(Cronbach alfa = .51; ortalama inanma derecesi
maddeler aras1 korelasyon =.17;

madde sayisi= 5)

Epistemik Inanclar Envanteri faktorlerinin birlesmesi ve Schommer'in (1990, 1994)
Epistemolojik Inang Modelinde 6ne siiriilen bes epistemolojik inang boyutundan daha az boyutun elde
edilmesi Tiirkiye baglamina 6zgii degildir. Ornegin, Nussbaum ve Bendixen'in (2003) caligmasinda, 238
Kafkas (%79), Asyali (%6), Ispanyol (%8) ve Afrikali Amerikali (%5) lisans dgrencisinden toplanan
verilerde “her seyi bilen otorite” ve “bilgi kesindir” boyutlar: birlestigi ve katilimcilarin epistemolojik
inanglarinin dort faktor altinda gruplastig1 goriilmiistiir. Benzer sekilde, Chan, Ho ve Ku'nun (2011) 138
Cinli lisans 6grencisinden topladig1 veriler {izerinden yiiriittiikleri faktdr analizi, {i¢ faktorlii (bilgi
kesindir, 6grenme yetenegi dogustandir, bilgi basittir) bir yapiyla sonuglanmistir. Bu bulgular kiiltiirel
farkliliklarin veya bireysel ozelliklerin (yas, cinsiyet vb.) kisisel epistemolojik inanglar iizerindeki
etkisiyle agiklanabilir (Chan ve Elliot, 2004; Y1lmaz-Tuzun ve Topgu, 2008). Bu bulgular1 kullanilan veri
toplama aracinin terciime edilmis versiyonunun kullanimis olmasina da baglamak miimkiindiir. $6yle
ki, bir 6lgegin bagka bir dile ¢evrilmesi katilimcilarin 6lgegin maddelerini net olarak anlamakta giiclitk
¢ekmelerine ve hatta bazilarini1 yanlis anlamalarina neden olabilmektedir (Yilmaz-Tiiziin ve Topgu,
2008). Bu durum o6lgegin orjinal versiyonu ile elde edilen faktor yapisindan farkl faktor yapilarinin

ortaya ¢ikmasina neden olabilir.

Bilim-teknoloji-toplum iizerine goriisler (Views on science-technology-society; VOSTS) anketinin
degistirilmis iki maddesi: Bu calismada, fen bilimleri 6gretmen adaylarinin epistemolojik inanglari ile
bilimin dogas1 gortisleri arasindaki iliskilerin istatistiksel olarak arastirilmas: amaglanmaistir. Onerilen
iliskileri analiz etmek icin kullanilan c¢ikarimsal istatistik, nispeten biiyiik bir Orneklem

gerektirmektedir. Bundan dolayi, bu ¢alismada goriismelerin veya Bilimin Dogas1 Goriigleri (Views of
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Nature of Science; VNOS) anketi (Lederman, Abd-El-Khalick, Bell ve Schwartz, 2002) gibi acik uglu
araclarin kullanilmas: veri toplama ve analizi i¢in gerekli kaynaklarin eksikligi nedeniyle miimkiin

olmamustir.

Dogan ve Abd-El-Khalick (2008) calismalarinda 6grencilerin ve fen bilimleri 6gretmenlerinin
bilimin dogas1 goriisleri hakkinda veri toplamak i¢in VOSTS anketinin (Aikenhead, Ryan ve Fleming,
1989) 14 maddesini degistirmis ve daha sonra kullanmislardir. Orijinal VOSTS'un gelistirilmesi
sirasinda izlenen ampirik yaklasimin "6grencilerin VOSTS segeneklerinden ¢ikardiklari anlamin,
ogrencilerle goriisiildiiglinde ifade edecekleri anlamla ayni olma egiliminde" oldugu gegerli bir aracgla
sonuglandig; ileri stiriilmiistiir (Ryan ve Aikenhead, 1992, s. 576). Ayrica, Dogan ve Abd-El-Khalick
(2008) pilot calisma yoluyla aracin gegerliligini gelistirmek icin ek caba gostermislerdir. Gegerliligine ek
olarak, Tiirk 6grencilerin ve fen bilimleri 6gretmenlerinin bilimin dogas1 goriislerini degerlendirmedeki
basarisi, 14 degistirilmis VOSTS maddelerini Tiirk fen bilimleri 6gretmen adaylarmin bilimin dogas:
goriislerini incelemek icin gekici bir arag haline getirmistir. Bilimin dogas1 arastirmalarinda uzman, iki
dil bilen arastirmacilarin goriisleri dikkate alinarak, madde ifadelerinin ve her bir madde ifadesini takip
eden goriislerin anlagilirhigini artirmak igin degistirilmis VOSTS maddelerinin (Dogan ve Abd-El-

Khalick, 2008) terciimesinde bazi revizyonlar yapilmistir.

VOSTS anketinin 14 maddelik versiyonunda, katilimcilara her biri bilimin dogasinin belirli
boyutlarina odaklanan madde ifadeleri sunulur. Madde ifadelerini daha sonra bir dizi goriis takip eder.
Katilimcilardan kendi fikirlerine en yakin olan goriisii (her ifade icin bir goriis) belirtmeleri istenir.
Orijinal versiyonunda (Ryan ve Aikenhead, 1992), katilimcilara ayrica {i¢ ekstra secenek sunulmaktadir
(yani, “Anlamiyorum”, “Bu konu hakkinda bir se¢im yapacak kadar bilgim yok”, “Bu segeneklerin
higbiri benim temel goriisiime uymuyor"). Dogan ve Abd-El-Khalick (2008) bu ii¢ segenegi silmis ve her
maddenin sonuna fazladan bir yer eklemistir. Bu sekilde, halihazirda listelenen goriislerden higbiri
katilimcinin bilimin dogas1 goriisiinii yansitmiyorsa, katilimcidan madde ifadeleri hakkinda kendi
goriislerini agiklayabilmesi amaglanmistir. Madde ifadelerini izleyen her bir goriis, yansittigi bilimin
dogas1 goriisiiniin gelismislik diizeyine bagli olarak Dogan ve Abd-El-Khalick (2008) tarafindan
“yetersiz”, “kabul edilebilir” (kismen bilgili veya kismen yetersiz) veya “bilgili” olarak kategorize

edilmistir.

Deniz’in (2011) arastirmast dogrultusunda, bu c¢alismanin arastirmacilari, analizlerini
epistemolojik inanglarin bilimin dogasimin iki boyutu (gozlemlerin teoriye dayali dogasi, bilimsel
bilginin degisebilirligi) hakkindaki goriislerle olan iliskilerine odaklamislardir. Bu iki bilimin dogasi
boyutu, VOSTS anketinin 14 maddelik versiyonundan (Dogan ve Abd-El-Khalick, 2008) alinan iki
madde (Madde 90111, Madde 90411) ile 6l¢tiilmiistiir (bkz. Tablo 4).
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Verilerin Toplanmasi ve Analizi

Calismanin verileri 2017-2018 egitim Ogretim yilmin Bahar doneminde toplanmuistir.
Katilimcilara calismaya katilimlarinin goniilliilitk esasina dayali oldugu sdylenmis, cevaplarinin
anonim olacag1 ve gizliligi konusunda bilgi verilmis ve c¢alismaya katilma veya katilmama
durumlarinin notlar1 iizerine herhangi bir etkisinin olmayacag1 hatirlatilmistir. Toplanan verilerin
analizlerinde A¢imlayicr Faktor Analizi (AFA), betimsel analizler (ortalama deger, standart sapma,
frekans, yiizde) ve tek yonlii Cok Degiskenli Varyans Analizinden (MANOVA) faydalanilmistir. AFA,
calismaya katilan Ogretmen adaylarinin sahip olduklar1 kisisel epistemolojik inanglarinin faktor
yapisini ortaya koymak i¢in; betimsel analizler, katilimcilarin kisisel epistemolojik inanglarini ve bilimin
dogasina iligskin gortislerini betimlemek i¢in; Cok Degiskenli Varyans Analizleri, katilimcilarin kisisel
epistemolojik inanglarinin bilimin dogas1 goriislerinin farkli diizeylerinde ne 6lgiide farklilik
gosterdigini belirlemek ic¢in kullamilmistir. AFA sonucu elde edilen epistemolojik inanglarin dort
boyutu (bilgi kesindir ve 6grenme hemen gergeklesir, bilgi basittir, 6grenme yetenegi dogustandir,
bilginin kaynag1 her seyi bilen otoritedir) ve katilimcilarin Bilimin Dogasimin iki boyutuna iliskin
goriisleri (gozlemlerin teoriye dayali dogas: ve bilimsel bilginin degisebilirligi) Cok Degiskenli Varyans

Analizlerinin degiskenlerini olusturmustur.
Arastirmanin Etik izinleri

Bu ¢alismada, “Yiiksekogretim Kurumlar: Bilimsel Arastirma ve Yayin Etigi Yonergesi” baslikli
belgede belirtilen tiim kurallara uyulmustur. Belgenin ikinci boliimiinde belirtilen “Bilimsel Arastirma
ve Yayin Etigine Aykiri Islemler” eylemlerin hicbiri gerceklestirilmemistir. Arastirmanin verileri 2017-

2018 akademik yilinin bahar déneminde toplanmustir ve bu sebeple izne ihtiya¢ duyulmamastir.
Bulgular

Cok Degiskenli Varyans Analizi yapilmadan once veriler, drneklem biiyiikliigii, normallik,
aykir1 degerler, dogrusallik, coklu dogrusallik ve tekillik ve varyans-kovaryans matrislerinin
homojenligi varsayimlarinin ihlal edilmediginden emin olmak i¢in kontrol edilmistir. Tek ihlal, Levene
testinin anlamli bir sonug ortaya koymasi nedeniyle, bagimli degiskenlerden biri (Bilginin kaynag: her
seyi bilen otoritedir) i¢in varyans esitligi varsayimi olmustur. Bu sebeple, Tabachnick ve Fidell'in (2007)

onerdigi gibi, bu degisken i¢in alfa seviyesi .05 yerine .01 olarak belirlenmistir.

(AS1) Fen bilimleri 6gretmen adaylarinin kisisel epistemolojik inanglar1: Tablo 2'de goriildiigii gibi,
en yiiksek ortalama bilgi basittir boyutunda (Ort. = 3.16, SS = .73) elde edilmistir ve bu, kisisel
epistemolojik inang boyutlarindan katilimcilarin en az gelismis inanglarinin bilgi basittir boyutunda
oldugunu gostermektedir. Katihmeilar, bilginin karmasik olmaktan ¢ok basit olduguna inanma
egilimindedirler. Ote yandan, en diisiik ortalama bilgi kesindir ve 6grenme hemen gerceklesir

boyutunda elde edilmistir (Ort.=1.88, 55=.53). Bu bulgu, 6gretmen adaylarmin bilginin kesinligi ve
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o0grenme hizi hakkinda orta diizeyde gelismis inanca sahip olduklarin1 gostermistir. Katilimcilar,
bilginin kesin olmaktan ziyade degisebilir olduguna ve 6grenmenin hizli ve ani bir siire¢ olmadigina
inanma egilimindedirler. Ogrenme yetenegi dogustandir (Ort. = 3.08, SD = .73) ve bilginin kaynag1 her
seyi bilen otoritedir (Ort. = 3.01, SD = .65) boyutlar: i¢in gerceklestirilen betimsel istatistikler, bu
calismanin katilimcilarinin 6grenmenin dogustan geldigine ve bilginin akil yoluyla elde edilerek degil,

otorite tarafindan sunulduguna inanma egiliminde oldugunu gostermektedir.

Tablo 2. Kisisel epistemolojik inanclara dair betimsel istatistikler

Boyutlar Ort SS Min. Maks.
Bilgi kesindir ve Ogrenme hemen gergeklesir 1.88 .53 1.00 3.75
Bilgi basittir 3.16 73 1.00 5.00
Ogrenme yetenegi dogustandir 3.08 73 1.00 5.00
Bilginin kaynag1 herseyi bilen otoritedir 3.01 .65 1.00 5.00

(AS2) Fen bilimleri 6gretmen adaylarinin bilimin dogasi goriisleri: Tablo 3 de goriildiigii tizere, fen
bilimleri 6gretmen adaylarinin gozlemlerin teoriye dayali dogasmna odaklanan VOSTS maddesine
(Madde 90111) verdikleri yamitlarin frekansi, fen bilimleri 6gretmen adaylarinin yarisindan azinin
(%40.8) bu boyutta bilgili goriislere sahip oldugunu ortaya koymustur. Madde ifadesini takip eden beg
goriisiin {icii (goriis C, D ve E; bkz. Tablo 4) yetersiz olarak kategorize edilse de, katilimcilar en diisiik
oranla (%24.2) bu goriisleri se¢mistir. “Kabul edilebilir” olarak kategorize edilen goriisiin yiizdesi ise

%35'tir.

Bilimsel bilginin degisebilirligine odaklanan VOSTS maddesi i¢in (Madde 90411), katilimcilarin
%92,8'1 bilgili goriis sergilemistir. Yetersiz olarak kategorize edilen goriisleri (C ve D goriisleri) secen

katilimailarin ytizdesi %7.2'dir.

Tablo 3. Fen bilimleri 6retmen adaylarimn bilimin dogas: goriislerinin frekanslar1 ve yiizdeleri

VOSTS Maddesi Yetersiz Kabul Bilgili
edilebilir
Madde Odak f % f % f %
90111 Gozlemlerin teoriye dayali dogast 67 242 97 350 113 4038
90411 Bilimsel bilginin degisebilirligi 20 7.2 0a 02 257  92.8

a2 Madde 90411’deki segeneklerden hicbiri “kabul edilebilir” kategorisini temsil etmiyor.

Ogretmen adaylarinin iki VOSTS maddesinin her birine verdigi yamtlarla ilgili ayrintili bilgi

Tablo 4'te verilmistir.
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(AS3) Gozlemlerin teoriye dayali dogasina dair bilimin dogas1 goriislerinin farkli diizeyleri i¢in
kisisel epistemolojik inanglardaki farkliliklar: Ugiincii arastirma sorusuna yanit bulmak amaciyla
dort bagimh degisken (epistemolojik inanglarin dort boyutu: bilgi kesindir ve 6grenme hemen
gerceklesir, bilgi basittir, 6grenme yetenegi dogustandir, ve bilginin kaynag: her seyi bilen otoritedir)
ve bir bagimsiz degiskene (gozlemlerin teoriye dayali dogasina iliskin bilimin dogas1 goriisleri: yetersiz,
kabul edilebilir, bilgili) dair verilerle Cok Degiskenli Varyans Analizi analizi yapilmistir. Bagimlh
degiskenin boyutlar1 i¢in gozlemlerin teoriye dayali dogasina iliskin bilimin dogasi goriislerinin
yetersiz, kabul edileblir ve bilgili diizeyleri arasinda anlaml bir istatistiksel fark bulunmamuistir: F (8,

542) =1.31, p =.235; Wilks’ Lambda = .96; partial eta squared = .019.

(AS4) Bilimsel bilginin degisebilirligine dair bilimin dogasi goriislerinin farkli diizeyleri icin kisisel
epistemolojik inancglardaki farkliliklar: Dordiincii arastirma sorusu igin dort bagimli degisken
(epistemolojik inanglarin dort boyutu: bilgi kesindir ve 6grenme hemen gerceklesir, bilgi basittir,
ogrenme yetenegi dogustandir, ve bilginin kaynagi her seyi bilen otoritedir) ve bir bagimsiz degiskene
(bilimsel bilginin degisebilirligine iliskin bilimin dogas1 goriisleri: yetersiz, kabul edilebilir, bilgili) dair
verilerle Cok Degiskenli Varyans Analizi analizi yapilmistir. Gozlemlerin teoriye dayali dogasina iliskin
bilimin dogas1 goriislerine benzer sekilde, bagimli degiskenin boyutlar1 igin bilimsel bilginin
degisebilirligine iliskin bilimin dogas1 goriislerinin yetersiz, kabul edileblir ve bilgili diizeyleri arasinda
anlaml bir istatistiksel fark bulunmamuistir: F (4, 272) = 1.09, p = .357; Wilks’ Lambda = .98; partial eta

squared = .016.
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Tablo 4. Fen bilimleri 6gretmen adaylarinin VOSTS maddelerine verdikleri yanitlarin frekanslar: ve yiizde
oranlar

Madde 90111: Eger alanlarinda uzman bilim insanlar1 farkl teorilere inaniyorlarsa, bu bilim
insanlari tarafindan yapilan bilimsel gozlemler genellikle birbirinden farkli olacaktir.

Yanit Frekans %

A. Evet, clinkii bilim insanlar1 farkli yontemler kullanarak deneyler yapacak ve 97 35.0
deneylerinde farkli seylere dikkat edeceklerdir. (kabul edilebilir)

B. Evet, ciinkii bilim insanlar1 birbirlerinden farkli diisiineceklerdir ve bu 110 39.7
onlarin gozlemlerini farklilastiracaktir. (bilgili)

C. Bilimsel gozlemler, bilim insanlar1 farkli teorilere inansalar dahi, ¢ok fazla 63 22.7
degismez. Bilim insanlar1 gercekten alaninda uzman ise gozlemleri benzer
olacaktir. (yetersiz)

D. Hayur, ciinkii gozlemler miimkiin oldugunca kesindir. Bilim, bu sekilde 4 1.4
ilerleyebilmistir. (yetersiz)

E. Hayir, gozlemler gordiiklerimizden baska bir sey degildir ve gercektir. 0 0
(yetersiz)

Madde 90411: Bilimsel arastirmalar dogru olarak yapilsa bile, bilim insanlarinin bu arastirmalar
sonunda elde ettikleri bilgiler gelecekte degisebilir.

Yanit Frekans %

A. Bilimsel bilgi degisir; ¢iinkii bilim insanlar1 kendilerinden 6nceki bilim 203 73.3
insanlarinin teorilerini ya da buluslarini giirtitebilirler. Bunu, yeni teknikleri
ve gelistirilmis araglar1 kullanarak, 6nceden goz ardi edilmis yeni faktorleri
bularak veya onceki “dogru” arastirmadaki hatalar: tespit ederek
yapabilirler. (bilgili)

B. Bilimsel bilgi degisir; ¢iinkii eski bilgiler yeni buluslarin 1s181nda yeniden 52 18.8
yorumlanir. Bilimsel gercekler degisebilir. (bilgili)

C. Bilimsel bilgi degisir gibi GORUNUR; ciinkii eski gerceklerin yorumlama 9 3.2
veya uygulamalar1 degisebilir. Dogru sekilde yapilan deneyler degismez
gercekler ortaya koyarlar. (yetersiz)

D. Bilimsel bilgi degisir gibi GORUNUR; ¢iinkii eski bilgilere yeni bilgiler 11 4.0
eklenir, eski bilgiler degismez. (yetersiz)

Tartisma
Fen Bilimleri Ogretmen Adaylarinin Kisisel Epistemolojik Inanglart

Fen bilimleri 6gretmen adaylarinin epistemolojik inanglar: ile ilgili bulgular su ana kadar

yapilan arastirmalar: desteklemektedir. Oncelikle, Schommer (1990, 1994) ve diger aragtirmacilar (6rn.,
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Bendixen ve digerleri., 1998) tarafindan ortaya koyuldugu gibi, kisisel epistemoloji birden ¢ok inanci
icermektedir ve ¢ok boyutludur. Bu calismada, faktor analizi Epistemik Inanglar Envanteri'nin dort
boyutlu oldugunu ortaya ¢ikarmistir ve bu epistemolojik inanglarin ¢ok boyutlu olmasina bir kanittir.
Ikincisi, arastirmalar gostermistir ki epistemolojik inanglar takriben birbirinden bagimsizdir
(Schommer, 1990, 1994). Yani, bireyler epistemolojik inanglarin bir boyutunda gelismis inanglara sahip
iken diger boyutlarda gelismemis inanglara sahip olabilirler. Bu ¢alismanin sonuglarina gore, fen
bilimleri 6gretmen adaylar bilgi kesindir ve 6grenme hemen gerceklesir boyutlarinda kismen gelismis

inanca sahipken diger Epistemik Inanglar Envanteri boyutlarinda daha az gelismis inanglara sahiptir.

Elde edilen her bir boyuta karsilik gelen ortalama degerler, fen bilimleri 6gretmen adaylarinin
epistemolojik inan¢ boyutlarinda yiiksek diizeyde gelismislik gostermedigini ortaya koymustur. Elde
edilen dort faktor arasinda, fen bilimleri 6gretmen adaylarimin, bilgi basittir, 6grenme yetenegi
dogustandir ve bilginin kaynagi her seyi bilen otoritedir boyutlarina dair gelismemis epistemolojik
inanglara sahip oldugu ve en gelismemis epistemolojik inancin bilginin kaynag her seyi bilen otoritedir
boyutunda oldugu goriilmiistiir. Daha 6nce Tiirkiye baglaminda yapilmis ¢alismalarda da benzer
bulgular ortaya koyulmustur (6rn., Ozturk and Yilmaz-Tuzun, 2017; Tuncay-Yuksel et al., 2015; Yilmaz-
Tuzun and Topcu, 2008). Bu calismalarda ortak bulgu, epistemolojik inan¢ boyutlarinda gelismislik
diizeylerinin diisiik olmasidir. Ayrica Ozturk and Yilmaz-Tuzun (2017) ve Tuncay-Yuksel et al. (2015)
aragtirmalarinda bulgumuza benzer sekilde bilginin kaynag: her seyi bilen otoritedir en az gelismis
inang boyutu olmustur. Yilmaz-Tiiziin ve Topgu (2008), 6gretmen adaylarinin ilkokul ve lise yillarinda
maruz kaldiklar1 geleneksel 6gretim yaklasimlarinin, bilginin akil yoluyla degil, otorite tarafindan
aktarildigina dair inanglarinin kaynag1 olabilecegini savunmuslardir. Ayrica, bu inanglarin {iniversite
yillarinda hala etkili olabilecegi diistiniilmektedir. Hem K-12 fen bilimleri miifredat: hem de fen bilgisi
Ogretmeni yetistirme programlarindaki reform ¢abalarina ragmen (CoHE, 2007, 2018; Ministry of
National Education [MoNE], 2013, 2018a, 2018b, 2018c, 2018d), 6grenci merkezli yaklagimlarin Tiirkiye
baglamindaki siniflarda tam anlamiyla uygulanabildigini sdylemek miimkiin degildir. Ogretmenler
hala bilgi aktaricilar1 olarak kabul edilmektedir ve &grencilere kendi bilgilerini yapilandirmalari icin
yeterli firsatlar sunulmamaktadir (Aydin ve Cakiroglu, 2010), bu da kisisel epistemolojik inanglarin

gelisimini engelleyebilmektedir.

Bu noktada sunu belirtmekte fayda vardir ki, bu calismada, katilimcilarin epistemolojik
inanglar1 modern Bati diinyasmin bilimsel epistemoloji goriislerine dayali olarak yorumlanmuistir.
Onceki arastirmalarda da ifade edildigi gibi, bireylerin epistemolojik yonelimleri bir durumdan
digerine degisebilir; bu nedenle bilgiye dair inanglar kiiltiirden bagimsiz veya degerlerden bagimsiz
olarak degerlendirilemez (Bang ve Medin, 2010; Chinn, Buckland ve Samarapungavan, 2011).
Calismamizda “¢ok gelismis” veya “dogru” olarak degerlendirilen epistemolojik inanglar, biiyiik

ol¢iide Bat1 diinyasinin deger sistemlerini ve yonelimlerini yansitmaktadar.
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Fen Bilimleri Ogretmen Adaylarinin Bilimin Dogas1 Gériisleri

Calismanin betimleyici analizleri, fen bilimleri 6gretmen adaylarinin gézlemlerin teoriye dayalt
dogas1 ve bilimsel bilginin degisebilirligi hakkindaki goriislerinin gelismislik diizeylerinde farkliliklar
oldugunu ortaya koymustur. Bilimsel bilginin degisebilirligi ile ilgili VOSTS maddesine fen bilimleri
Ogretmen adaylarinin yamnitlarimin frekans dagilimi, katilimcilarin %92.8'inin  bilimsel bilginin
degisebilirligi konusunda bilgili goriislere sahip oldugunu gostermistir. Yani, katilimcilarin ¢ok biiyiik
bir cogunlugu, bilimsel bilginin degismez degil, degisibilir oldugunu kabul etmistir. Mevcut bulguya
paralel bulgular ortaya koyan arastirmalar bulunmaktadir (6rn., Dogan ve Abd-El-Khalick, 2008;
Erdogan, Cakiroglu ve Tekkaya, 2006; Yalvag, Tekkaya, Cakiroglu ve Kahyaoglu, 2007). Ornegin, Dogan
ve Abd-El-Khalick (2008), calismalarina katilan 10. sinif 6grencilerinin (%68.2) ve onlarin fen bilimleri
ogretmenlerinin (%72.9) cogunun bilimsel bilginin degisebilirligi ile ilgili bilgili goriislere sahip
oldugunu bulmuslardir. Yalvag ve digerleri (2007), fen bilimleri 6gretmen adaylarinin ¢ogunlugunun

(%76) bilimsel bilginin degisebilir oldugunu belirttigini rapor etmislerdir.

Ote yandan, bu galismanin gozlemlerin teoriye dayali dogasina iliskin bulgulari, bilimsel
bilginin degisebilirligine iliskin bulgular kadar umut verici degildir. Daha spesifik olarak, katilimcilarin
yarisindan az1 (%40.8) gozlemlerin teoriye dayali dogas1 hakkinda bilgili goriislere sahipken, nispeten
daha az (%35) katihimcinin kismen bilgili goriislere veya kismen yetersiz goriislere (“kabul edilebilir”
olarak belirtilmektedir; bkz. Tablo 3) sahip oldugu goézlenmistir. Ayrica, katilimcilarin 6nemli bir
ylizdesinin (%24,2) yetersiz goriislere sahip oldugu ortaya ¢ikmistir. Yani, katilimcilarin sadece
yarisindan azinin, bilim insanlarinin inandiklari teorilerin onlarin gozlemlerini etkiledigi bilgili
goriisiine sahip oldugu gozlenmistir. Bu bulgular, Tiirkiye baglaminda daha Once yapilmis bazi
arastirmalarla uyumludur (6rn., Cetinkaya-Aydin ve Cakiroglu, 2017; Dogan ve Abd-El-Khalick, 2008;
Erdogan ve digerleri, 2006). Daha spesifik olarak, Dogan ve Abd-El-Khalick (2008) ¢alismalarinda, 10.
smif 6grencilerinin yarisindan daha azinin (%38.7) ve nispeten daha az fen bilimleri 6gretmenlerinin
(%27.7) gozlemlerin teoriye dayali dogas1 hakkinda bilgili goriislere sahipken, 6gretmenlerin yaklasik
yarisinin (%46,5) ve nispeten daha az 6grencinin (%35,3) bu boyutta yetersiz goriislere sahip oldugunu
rapor etmislerdir. Ayrica, Erdogan ve digerleri (2006) tarafindan yapilan ¢alisma, fen bilimleri 6gretmen
adaylarinin yarisimin bilimsel bilginin 6znel dogast hakkinda bilgili oldugunu ve bilim insanlarinin
kiiltiirel ge¢misinin ve inanglarinin bilimsel arastirma tizerindeki etkisini kabul ettigini ortaya
koymustur. Ayrica, Cetinkaya-Aydin ve Cakiroglu (2017) arastirmalarinda Bilimin Dogas1 ve Bilim
Tarihi dersinden sonra fen bilimleri 6gretmen adaylarinin {icte birinin ve yarisinin bilimin dogasinin

oznellik boyutu hakkinda sirasiyla bilgili ve yeterli goriislere sahip oldugunu ortaya koymustur.

Amerika Birlesik Devletleri ve Avrupa Birligi tarafindan yayimlanan bazi reform
dokiimanlarina benzer sekilde (Commission of the European Communities, 2008, 2010; National

Science Education Standards - NRC, 2012; Next Generation Science Standards - NGSS; NGSS Lead
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States, 2013), Tiirkiye Cumhuriyeti Milli Egitim Bakanlig1, 6grencilerin bilimsel bilginin elde edilme ve
bilim insanlarinin bilimsel arastirma yapma yontemlerine iliskin goriislerinin gelistirilmesine yonelik
hedefler belirlemistir ve bu ¢abalar son yirmi yildir yogun bir sekilde devam etmektedir (MoNE, 2006;
2013; 2018a). Bu miifredat dokiimanlarinda, bilimsel okuryazarligin dnemli bir bileseni olarak kabul
edilen gelismis bilimin dogas1 anlayisi, Tiirk ortaokul ve lise fen bilimleri 6gretim programlarinin birkag
yildir kapsayici bir hedefidir (MoNE, 2006; 2013; 2018a; 2018b; 2018c; 2018d). Benzer sekilde, fen bilgisi

ogretmenligi programlarinda bilimin dogast ile ilgili bir derse yer verilmistir (CoHE, 2007; 2018).

Ancak, bu calismanin sonuglar1 dikkate alindiginda, 6gretim programlarinda ve fen bilgisi
O0gretmenligi programinda bilimin dogasina verilen 6nemin bireylerin goriislerine yansimadig:
sOylenebilir. Spesifik olarak, bazi katilimc1 fen bilimleri 6gretmen adaylarinin hala yetersiz goriislere
sahip oldugu bulunmustur; katihimcilarin biiyiik cogunlugu bilimsel bilginin degisebilirligi konusunda
bilgili goriislere sahip olsa da, gozlemlerin teoriye dayali dogas1 hakkinda katilimcilarin %35'i kismen
bilgili veya kismen yetersiz goriislere ve énemli bir yiizdesi (%24.2) yetersiz goriislere sahip oldugu
gozlenmistir. Erdogan ve digerlerinin (2006) agiklamasina benzer sekilde, bu bulgu katilimcilarin
okullardaki fen derslerinde ve 6gretmen yetistirme programlarinda fen ile ilgili derslerde bilimin dogas1
konusunda yetersiz deneyime sahip olmalarina baglanabilir. Daha spesifik olarak, Erdogan ve
digerlerine (2006) gore, fen bilimleri 6gretmen adaylarinin bilimin dogasi ile ilgili sinirh anlayislarimin
bir nedeni, 6gretmen adaylarinin okullarda deneyimledikleri fen dersinin dogrudan bilimin dogasi
Ogretimini icermemesidir. Yazarlar, Tiirk egitim sisteminin saglam alan bilgisi saglamaya
odaklandigina ve fen miifredatindaki igeriklerin 6gretmenler tarafindan siirli bir zamanda 6gretilmesi
gerektigi durumunun, bilimin dogas1 6gretim siiresini etkiledigine dikkat cekmistir. Erdogan ve
digerleri (2006), fen bilimleri 6gretmen adaylarinin bilimin dogasina yo6nelik istenmeyen goriislerinin
en azindan kismen dgretmen yetistirme programinda fen bilimleri ile ilgili derslerde bilimin dogasina
verilen onemin eksikligi ile aciklanabilecegini eklemistir. Bu bulgulara gore, fen bilimleri 6gretmen
adaylarinin bilimin dogast hakkinda ayni anda farkl: goriislere sahip olabilecegi ¢ikarimi yapilabilir. Bu
bulgu, bireylerin kisisel epistemolojik inanglari ile bilimsel epistemolojik inanglarinin yapilarinda bir
sekilde benzer oldugu seklinde de yorumlanabilir. Daha spesifik olarak, bireyler bilgi ve bilmenin
dogasina iligskin inanglar1 agisindan farkl diizeylerde gelismislige sahip olabilecegi (Schommer, 1990)
gibi, bilimsel bilginin dogasina ve bilimsel bilginin nasil elde edildigine iliskin farkli diizeylerde
gelismislige (yani, yetersizden bilgiliye) sahip olabilirler.

Kisisel Epistemolojik inanglar ve Bilimin Dogas1 Gériisleri

Bu calismada, fen bilimleri 6gretmen adaylarmin epistemolojik inanglar1 ve bilimin dogasina
yonelik goriisleri, epistemolojik inang boyutlarinin (bilgi kesindir ve 6grenme hemen gergeklesir, bilgi
basittir, 6grenme yetenegi dogustandir, ve bilginin kaynagi her seyi bilen otoritedir) bilimsel bilginin

degisebilirligine (yetersiz ve bilgili) ve gozlemlerin teoriye dayali dogasina (yetersiz, kabul edilebilir,
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bilgili) iliskin goriis diizeyleri i¢in farklilik gdsterip gostermedigi arastirilarak incelenmistir. Beklenenin
aksine, sonuglar, fen bilimleri 6gretmen adaylarinin epistemolojik inanglarinda her iki bilimin dogas1

boyutunun farkl: diizeyleri i¢in istatistiksel olarak anlamli bir fark olmadigini ortaya koymustur.

Bizim bulgularimizdan farkli olarak, onceki bazi arastirmalarda bilimin dogas1 goriislerinin
epistemolojik inanglarla iligkili oldugu ortaya koyulmustur (Akerson ve digerleri., 2006; Akerson ve
Buzzelli, 2007; Akerson ve digerleri., 2008; Cho ve digerleri., 2011; Koseoglu ve Koksal, 2015; Ozgelen,
2012). Bu ¢alismanin sonuglarinda istatistiksel anlamliligin olmamasi, ¢alisma Ornekleminin kisith
temsil giiclinden kaynaklaniyor olabilir. Bu calismada veriler, Tiirkiye'de yer alan sadece 3 farkl
tiniversitedeki 277 fen bilimleri 6gretmen adayindan toplanmistir. Bu durum, ¢alismanin bir sinirlilig
olarak kabul edilebilir ve daha biiyiik ve daha cesitli 6rneklemlerle analizlerin tekrarlanmasinin kisisel
epistemolojik inanglar ile bilimin dogas1 goriisleri arasinda istatistiksel olarak anlaml iliskileri ortaya

koyabilecegini gostermektedir.

Calismamizda, bilimin dogasi goriislerinin farkli seviyeleri i¢in fen bilimleri &gretmen
adaylarinin epistemolojik inanglarinda istatistiksel olarak anlamli bir fark olmamasinin altinda yatan
baska nedenler de olabilir. Tlk olarak, Borgerding ve Deniz'in (2019) savina benzer sekilde, bilimin
dogas: goriisleri ve epistemolojik inanglar gercekten iliskisiz olabilir. Borgerding ve Deniz'in (2019)
calismalarinda yaptiklar1 ki-kare analizinin sonuglar1 {iniversite oOgrencilerinin epistemolojik
inanglarinin farkli Perry seviyeleri (dualist, ¢oklu, goreli, diyalektik) i¢in ampirik bilimin dogas:
goriislerinde bir fark olmadigini ortaya koymustur. Sonuglarimiz, bireylerin epistemolojik inanglarinin
bilimin dogas1 goriisleriyle iliskili olmayabilecegi saviyla uyumlu goriinmektedir (Borgerding ve Deniz,
2019). Bununla birlikte, ¢alismamizda ve Borgerding ve Deniz'in (2019) calismasinda odaklanilan
bilimin dogas1 boyutlari, kisisel epistemolojik inanglar ile bilimin dogas1 goriisleri arasinda gozlenen
istatistiksel olarak anlamli olmayan iliskilerin olas1 nedenleri arasinda sayilabilir. Belki bizim
calismamizda ve Borgerding ve Deniz'in (2019) ¢alismasinda incelenenler disindaki bilimin dogasi
boyutlar1 anlaml iligkiler ortaya koyabilir. Bu noktada epistemolojik inanglarin boyutlar: ile bilimin
dogasinin farkli boyutlar: arasindaki teorik ve kavramsal ortak noktalarin incelenmesi de oldukca

faydali olacaktir.

Ikincisi, bu calismada kullanilan Ol¢me araclari, fen bilimleri Ogretmen adaylarinin
epistemolojik inanglarini ve bilimin dogas1 goriislerini var olan herhangi bir farki ortaya ¢ikarabilecek
kadar keskin bir bicimde 6l¢gmemis olabilir. Sonuglara gore, fen bilimleri 6gretmen adaylari, Epistemik
Inanglar Envanteri'nin dért boyutundan iiciinde gelismis inanglara sahip degillerdir. Bunun olas1 bir
acgitklamas: epistemolojik inanglarin soyut dogas: olabilir. Bu durumla ilgili muhtemel agiklamalardan
birisi epistemolojik inanglarin soyut dogas: olabilir. Bir bagka deyisle, epistemolojik inanglarin soyut
dogasi ve egistemolojik inanglar1 6l¢mek icin kullanilan 6l¢me aracinin orijinal degil geviri olmast

katilimcilarin maddelerin tam olarak neyi ifade ettigini anlamada zorluk yasamalarina sebep olmus
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olabilir (Yilmaz-Tuzun ve Topcu, 2008); buna bagh olarak, 6l¢me araci fen bilimleri Ogretmen
adaylarinin epistemolojik inanglarinin gercek diizeyini ortaya koyamamuis olabilir. Bunlarin yani sira,
bu c¢alismada, iki bilimin dogas1 boyutuna iligkin 6l¢tim yapmak i¢in VOSTS anketinden segilen birer
soru kullanilmigtir. Bilimin dogasi boyutlarinda 6l¢iim yaparken bir dizi soru yerine tek bir soru
kullanmanin, fen bilimleri 6gretmen adaylarinin bilimsel bilginin degiskenligi ve gozlemlerin teoriye
dayali dogasmna dair bilimin dogas1 goriislerinde giiglii bir 6l¢lim yapilamamasina neden olmus

olabilecegi diisiiniilmektedir.
Sonug ve Oneriler

Bu ¢alismada, temel olarak, kisisel epistemolojik inanglar ile bilimin dogas1 goriisleri arasindaki
iliskinin incelenmesi amaclanmistir. Arastirma Ornekleminine iliskin sirurlhiliklar, bilimin dogas:
goriislerinin iki soru ile dl¢iilmesi (her bir boyut i¢in bir soru) ve epistemolojik inan¢ boyutlar igin
hesaplanan Cronbach a degerlerinin istenilenden diisiik olmas: gibi bir takim siurliliklar olsa da,
¢alismanin bulgularinin ilgili alanyazina katkida bulunacag diisiiniilmektedir. Calismanin bulgular:
Borgerding ve Deniz'in (2019) ¢alismasinin bulgularini desteklemis ve, arastirilan 6rneklem i¢in, kisisel
epistemolojik inanglarin (bilgi kesindir ve 6grenme hemen gerceklesir, bilgi basittir, 6grenme yetenegi
dogustandir, ve bilginin kaynagi her seyi bilen otoritedir boyutlari igin) bilimin dogas1 boyutlarindan
olan gozlemlerin teoriye dayali dogasi ve bilimsel bilginin degisebilirligine iliskin goriislerin farkh
diizeylerine gore istatiksiel olarak anlamli bir farklilik gdstermedigini ortaya koymustur. Alanyazinda,
yiriitiilen biitiin calismalar arastirma kapsamindaki konulari anlamamiza bir biitiin olarak 1sik
tuttugundan, analizler sonucunda istatiksel olarak anlamli ¢ikan sonuglar kadar istatiksel olarak
anlamli ¢itkmayan sonuglar da 6nemli kabul edilir. Bu baglamda, bu ¢alismanin epistemolojik inanglar
ile bilimin dogas1 gortiisleri arasindaki iliskileri anlamaya yonelik yapilan egitim arastirmalar1 ve
uygulamalar1 agisindan degerli oldugu diisiiniilmektedir. Bunun yaninda, faydalanilacak olan farklh
arastirma desenleri, daha genis ve ¢esitliligi daha fazla olan 6rneklemler ve farkl: veri toplama araclari

ve yontemleri ile ytiriitiilecek olan ¢alismalar arastirilan iligkilere daha fazla 1s1k tutacaktir.

Arastirmanin bulgularina dayanarak fen bilimleri (6gretmenligi) egitimi agisindan bir takim
¢ikarimlarda bulunmak mimkiin goriinmektedir. Uzun siiredir bilindigi tizere, 6gretmenlerin kisisel
ve bilimsel epistemolojik inanglari, Ogrenmeye ve Ogretmeye olan yaklasimlarini ve &gretim
siireclerinde yaptiklari segimleri etkilemektedir (Kazempour ve Sadler, 2015; Olafson ve Schraw, 2006).
Bununla iligkili olarak, 6gretmenlerin siruflarinda etkili bir 6gretim gerceklestirebilmeleri igin bilginin
nasil iiretildigi, bilginin kaynaklari, bilimsel yontem ve ilkeler vb. konularda gelismis epistemolojik
innaglara sahip olmalar1 gerektigi sdylenebilir. Bu ¢alismanin bulgulari ¢alismaya katilan 6gretmen
adaylarinin epistemolojik inaglarinin gelismislik diizeyinin istenilen seviyede olmadigini gostermistir.

Dolayistyla, calismanin evrenini olusturan fen bilimleri 6gretmen adaylarimin epistemolojik
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inanglariin gelistirilmesinin 6gretmen egitimcilerinin 6ncelikli hedefleri arasinda yer almas: gerektigi

savunulabilir.

Alanyazinda epistemolojinin bilimin dogasina yonelik algilar ve ortaya konulan 6grenme
stratejileri {izerinde etkili oldugunu gosteren ¢alismalar mevcuttur (Hammer ve Elby, 2002). Ornegin,
Hammer ve Elby (2002), bireylerin kiiciik yaslardan itibaren sahip olduklar1 epistemolojik kaynaklar:
(bilginin dogasin1 ve bilgi kaynaklarin1 anlamak i¢gin faydalanilan kaynaklar, epistemolojik faaliyetler,
epistemolojik duruslar) O0grenme faaliyetlerinin yap: taslar1 olarak tamimlamistir. Bu acidan
bakildiginda, 6gretmen egitimi programlarinda ve hatta daha onceki siniflarda sunulan derslerin
bireylerin farkli epistemolojik kaynaklara bagvurabilecegi cesitli pedagojik yaklasimlar: ve 6gretim
stratejilerini iceren baglamlar saglamalar: gerektigi asikardur. Ogretmen yetistirme programlarinda yer
alan bilim tarihi ve felsefesi, egitim felsefesi, bilimin dogas1 gibi derslerin ve fen 6gretimi yontemleri

gibi pedagoji derslerinin bu agidan birincil neme sahip oldugu diisiiniilmektedir.

Kisisel epistemolojik inanglarda oldugu gibi, ©6gretmenlerin bilimin dogasina iliskin
goriislerinin gelismis olmasi 0grencilerinin bilimin dogasima iliskin goriislerinin gelisimi i¢in ¢ok
onemlidir (Akerson vd., 2006; Herman, Clough ve Olson, 2013). Dolayisiyla, alan derslerinde (fizik,
kimya, biyoloji), bilim tarihi ve felsefesi gibi derslerde ve 6gretim yontemleri derslerinde 6gretmen
adaylarinin bilimin dogasmna yonelik goriislerinin gelistirilmesi 6gretmen egitimi programlarinin
hedefleri arasinda yer almalidir. Bunun i¢in 6gretmen yetistirme programlarinda yeterli sayida bilimin
dogas: ile iligkili dersler sunulmalidir. Bunun yaninda, 6gretmen adaylarina sunulan bu derslerin
tasarimlarinin bilimin dogasini acik bir sekilde yansitabilmesi ve 6gretmen adaylarina bilimin dogas:
Ogrenimine ve Ogretimine yonelik goriis ve tecriibelerni paylasabilecekleri firsatlar sunmas: oldukca

Oonemlidir (bkz., Bilican, Cakiroglu, ve Oztekin, 2015).
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Notlar

1 Epistemik Inanglar Envanterindeki maddelerin ¢ogu, beklenen faktdrlerine yiiklenmistir.
Bununla birlikte, 22. maddenin (“Bir¢ok gercegi icerdigi i¢in bilimi anlamak kolaydir.”) Bilgi Basittir
epistemolojik inan¢ boyutuna yiiklenmesi beklenmis olsa da, bu madde bilginin kaynagina yonelik
epistemolojik inanglar1 6lgen maddelerle ayni faktore (Bilginin kaynagi her seyi bilen otoritedir)
yiiklenmistir. Bu madde en yiiksek faktor yiikiine sahip olan ve bagka bir faktore yiiklenmeyen bir

maddedir. Katilimcilarin ctimlenin ilk kismina (“Birgok gercegi icerdigi icin...”) odaklanmis olduklari
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ve buna uygun olarak, maddenin katilimcilarin bilimi ne 6l¢iide “bircok gercegi iceren bir bilgi kaynagy,

bir otorite” olarak algiladiklarina iliskin epistemolojik inanglarini ortaya koydugu diisiiniilmektedir.
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Introduction
Personal Epistemological Beliefs

Epistemology is a branch of philosophy dealing with “the origin, nature, limits, methods, and
justification of human knowledge” (Hofer, 2002, p. 4). This branch of philosophy mainly deals with the
questions of what knowledge is, how it is acquired, what people know, and how we know what we
know (Hofer, 2002). Personal epistemology, as a more specific term, addresses individuals’ thinking
and beliefs about knowledge and knowing and involves the elements of “beliefs about the definition of
knowledge, how knowledge is constructed, how knowledge is evaluated, where knowledge resides,

and how knowing occurs” (Hofer, 2001, p. 355).

There exist two main conceptualizations of personal epistemological beliefs in the literature:
unidimensional approach and multidimensional approach. Perry’s (1999) scheme is the mostly
referenced model by colleagues who advocate unidimensional epistemological belief conceptualization.
In this conceptualization, epistemological beliefs are proposed to be developmental in nature. That is,
individuals are believed to go through a fixed progression to develop their epistemological beliefs
(Baxter Magolda, 1992; Belenky, Clinchy, Goldberg, and Tarule, 1986; King and Kitchener, 1994; Kuhn,
1991). There are three main stages in Perry’s scheme that are utilized to define individuals’
epistemological beliefs. These stages (from the most naive to the most sophisticated developmental
level) are: dualism (belief in absolute truth and a definite right or wrong and good and bad dichotomy),
multiplicity (recognition of the complexity and abstractness of knowledge and truth), and relativism
(acknowledgement of the contextual and relativistic nature of knowledge and truth) (Akerson and

Buzzelli, 2007).

In the multidimensional conceptualization, personal epistemological beliefs are proposed to
consist of more or less independent dimensions. An individual may exhibit varying levels of
sophistication regarding their beliefs about different aspects of nature of knowledge and knowing
(Schommer, 1990, 1993; Schommer-Aikins, 2002). Schommer (1990) is accepted as the pioneer of the

multidimensional epistemological beliefs model and her model is utilized by many researchers,
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including researchers of the present study. In her model, Schommer (1990) proposes that the complexity
of epistemological beliefs does not enable us to conceptualize beliefs about knowledge and knowing in
a unidimensional fashion organized in linearly developmental stages. Five main dimensions are
proposed to define individuals’ beliefs about knowledge and knowing in Schommer’s (1990, 1994)
epistemological beliefs model: simple knowledge, certain knowledge, omniscient authority, quick
learning, and innate ability. The simple knowledge dimension reflects epistemological beliefs about the
complexity of knowledge. Individuals who have naive beliefs in this dimension argue that knowledge
is simple and consists of isolated bits of facts. Certain knowledge dimension is used to indicate
individuals” beliefs about the tentativeness of knowledge (i.e., knowledge is certain vs. knowledge is
subject to change). Omniscient authority dimension is the epistemological belief dimension used to
investigate individuals’ beliefs regarding the source of knowledge (i.e., knowledge is handed down by
authority vs. knowledge is generated from reason). Quick learning dimension is related to
epistemological beliefs about learning and how it occurs. Naive believers of this dimension believe that
learning is a quick process, and if you do not learn something swiftly, you will not learn it anyway, no
matter how much effort you put into it. The innate ability dimension can be described as epistemological
beliefs about controlling knowledge and knowledge gaining. That is, this epistemological belief
dimension reflects the degrees of individuals’ beliefs about the capacity of enhancing learning ability

(i.e., learning ability is fixed at birth vs. learning ability can be enhanced by concentrated effort).
Nature of Science

Nature of science (NOS) has been supported as a significant aim for more than a century and
keeps on to be supported as a crucial outcome in varied reform documents in science education across
the globe (Lederman and Lederman, 2014). It is surely beyond doubt that NOS is significant to science
education. However, as specified by Abd-El-Khalick and Lederman (2000), philosophers and historians
of science, science educators, and scientists currently are not in agreement regarding a definite
description of NOS. On the other hand, there exists an agreed level of generality about NOS, which is
reachable for pre-college students and linked to their everyday lives (Abd-El-Khalick, Bell, and
Lederman, 1998). According to Abd-El-Khalick et al. (1998), the features of scientific attempt in the scope
of the mentioned level of generality comprise that:

Scientific knowledge is tentative (subject to change); empirically based (based on and/or derived

from observations of the natural world); subjective (theory-laden); partly the product of human

inference, imagination, and creativity (involves the invention of explanation); and socially and
culturally embedded (p. 418).

Further features include the difference between observations and inferences and the roles of and

connections between theories and laws (Abd-El-Khalick et al., 1998).
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Despite the importance of NOS in science education, research studies have consistently
reported that naive conceptions related to NOS were held by students, preservice teachers and inservice
teachers (e.g., Akerson, Morrison, and Roth McDuffie, 2006; Cetinkaya-Aydin and Cakiroglu, 2017;
Dogan and Abd-El-Khalick, 2008; Wahbeh and Abd-El-Khalick, 2014). More specifically, working with
19 preservice elementary teachers, Akerson et al. (2006) identified that many participants had
inadequate NOS views before explicit reflective NOS instruction in a science methods course. Although
their views were enhanced following the instruction, some participants’ views returned to their
previous views five months later. In the study conducted by Dogan and Abd-El-Khalick (2008), the
findings showed that the majority of participating grade 10 students and their science teachers had
naive and/or partially informed conceptions on the vast majority of NOS aspects examined in the study.
In their research, Wahbeh and Abd-El-Khalick (2014) found that although an integrated NOS
instructional intervention was successful in developing informed NOS conceptions among participating
inservice secondary science teachers and keeping those conceptions five months after the intervention,
a large majority of the participants held naive conceptions about many of the target aspects of NOS at
the beginning of the intervention. The research conducted by Cetinkaya-Aydin and Cakiroglu (2017)
showed that after taking the Nature of Science and History of Science course, most of the participating
preservice science teachers (PSTs) had adequate and informed views on empirical-basis, subjectivity,
tentativeness, and creativity aspects of NOS, whereas inadequate views on theory and law, observation

and inference, and social and cultural embeddedness aspects.
Personal Epistemological Beliefs and Nature of Science Views

Previous research on personal epistemological beliefs and views on NOS provides a basis for
hypothesizing relationships between these two constructs. Discussions about domain specificity and
domain generality of epistemological beliefs can be accepted as one of the lines of these studies. The
term domain discussed in this line of research refers to different branches of science or disciplines, such
as general science, psychology or chemistry (Hofer, 1997). While some researchers (e.g., Schommer and
Walker, 1995) argue that individuals hold similar epistemological beliefs across different domains, that
is, advocate domain generality of epistemological beliefs, some others (e.g., Buehl, Alexander, and
Murphy, 2002; Stathopoulou and Vosniadou, 2007) propose that epistemological beliefs are domain-
specific. Researchers who propose domain-specificity of epistemological beliefs mainly state that
individuals may hold different epistemological beliefs with a variety of sophistication about certain

domains of knowledge.

There are research studies which revealed that epistemological beliefs could be both domain-
general and domain-specific concurrently (e.g., Buehl and Alexander, 2001; Kienhues, Bromme, and
Stahl, 2008; Schommer-Aikins, 2002). The rationale of the present study is based on this line of research.

To elaborate on this idea, we can refer to Borgerding, Deniz, and Anderson’s (2017) assertion.
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Borgerding et al. (2017) asserted that individuals possess an overall epistemic view about the nature of
general knowledge and these epistemic views relate to their epistemological beliefs on the nature of
scientific knowledge. Moreover, the researchers highlighted that the relationship between individuals’
beliefs about the nature of general knowledge and their domain-specific beliefs “should be considered
as dynamic” (p. 497). That is, according to the researchers, there might be a reciprocal relationship
between these two constructs as sophisticated beliefs about the nature of general knowledge may
determine the extent to individuals develop their beliefs about a certain discipline, such as science. The
developed beliefs about a certain discipline, as the researchers contended, may promote the
sophistication of their beliefs about the nature of general knowledge as well. Similar to Borgerding et
al. (2017), in the present study, we argue that individuals’ epistemological beliefs on the nature of
scientific knowledge (i.e., NOS views) relate to their overall epistemic views about the nature of general

knowledge (i.e., personal epistemological beliefs).

Findings of some previous research support this contention. For instance, in Akerson et al.
(2006), retention of preservice elementary teachers’ improved NOS views after a one-semester long
course was examined. The researchers interpreted the results through Perry’s scheme and reported that
the participants who had more sophisticated epistemological beliefs were inclined to retain more
developed NOS views. In another study, Akerson and Buzzelli (2007) examined connections between
preservice early childhood teachers’” NOS views and Perry (1999) positions (i.e., dualism, multiplicity,
and relativism). Findings revealed that preservice teachers at each Perry position possessed some
misconceptions regarding NOS. However, preservice teachers who were positioned at lower stages of
epistemological beliefs sophistication (i.e., dualism) expressed less developed NOS views. More
specifically, when compared to their counterparts who were positioned at Perry’s dualism stage (i.e.,
who believed in the existence of only one correct/truth), teacher candidates who were positioned at
Perry’s multiplicity stage (i.e., who believed in the existence of uncertainty and denied definite correct
or incorrect responses) exhibited higher awareness with regard to the possibility of various
interpretations in the analyses of scientific data. Similar connections between preservice early childhood
teachers” NOS views and Perry positions were also found in Akerson, Buzzelli and Donnelly’s study
(2008). In contrary to Akerson and her colleagues, Borgerding and Deniz (2019) did not find significant
relationships between college biology students’ epistemological beliefs as measured by their Perry

positions and views about empirical NOS.

Some researchers (e.g., Cho, Lankford, and Wescott, 2011; Deniz, 2011; Johnson and
Willoughby, 2018; Kizkapan and Bektas, 2021; Kim and Hamdan-Alghamdi, 2021; Koseoglu and Koksal,
2015; Ozgelen, 2012) who adopted a multidimensional approach regarding personal epistemological
beliefs also highlighted relationships between epistemological belief dimensions (e.g., epistemological

beliefs about the certainty of knowledge) and NOS views. For instance, Pearson r correlations calculated
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by Cho et al. (2011) suggested that immature epistemological beliefs of college students were associated
with their immature NOS views. To exemplify, all dimensions of epistemological beliefs used in the
study (i.e., simple knowledge, certain knowledge, fixed ability, omniscient authority and quick
learning) were negatively correlated with the tentative NOS aspect. That is, college students with less
sophisticated epistemological beliefs were more inclined to believe that scientific knowledge is not
subject to change. Findings of Koseoglu and Koksal’s (2015) multiple linear regression analyses resulted
in some significant relationships between some epistemological belief dimensions and NOS views. For
example, prospective biology teachers’ epistemological beliefs in learning with time and development
of learning ability with opportunity and support predicted their NOS views regarding the definition of
science and subjectivity in science. Findings of qualitative data collected by Kizkapan and Bektas (2021)
also revealed some implications about the relationships between personal epistemological beliefs and
NOS views. In their study, Kizkapan and Bektas (2021) found that Epistemologically Enriched Toulmin
Argumentation Model (EETAM) positively influenced 7th grade students’ views about some aspects of
NOS. More specifically, the students’ statements in the semi-structured interviews indicated that
explicit discussions on epistemological belief dimensions of Schommer’s (1990) epistemological model
were influential on their views on nature of science (e.g., tentative NOS). Another research conducted
by Lim and Hamdan-Alghamdi (2021) investigated Saudi Arabian secondary school students’ views of
NOS and epistemological beliefs. Although their study focused more on the gendered differences, one
of the research questions sought to investigate whether the participants’” views of NOS predicted their
epistemological beliefs. Results of stepwise multiple regression analysis revealed that the subscales of
the views of NOS, “the invented and creative nature of science” and “the cultural impacts” were
significant predictors of epistemological beliefs for male participants. Moreover, for female participants,

i

the subscales of the views of NOS “the invented and creative nature of science,” “the cultural impacts,”

and “the theory-laden exploration” were the significant predictors of epistemological beliefs.

Findings regarding the positive effect of NOS instruction on students” epistemological beliefs
also provide supporting evidence for the relationships between NOS views and personal
epistemological belief dimensions. It can also be inferred from these studies that it may be more difficult
for some of the epistemological belief dimensions to be changed by NOS instruction. For instance,
Ozgelen (2012) tested the effects of one semester inquiry-based and explicit-reflective NOS instruction
in a Laboratory Application in Science course on PSTs’” epistemological beliefs. Paired samples t-test
results suggested the positive effects of the course on his participants’ epistemological beliefs on the
certainty of knowledge and source of knowledge. On the other hand, NOS instruction provided during
the course did not seem to help PSTs develop their epistemological beliefs about the justification for
knowing (e.g., “there is really no way to determine whether someone has the right answer in science”)

and attainability of truth (e.g., “if scientists try hard enough, they can find the answers to almost
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anything”). Johnson and Willoughby’s (2018) longitudinal (five years) study showed that explicit use of
NOS material had a generally positive effect on undergraduate students’ epistemological beliefs and
this positive effect did not deteriorate after a semester of NOS instruction. On the other hand,
participants’ epistemological beliefs about the innate ability to learn were more resistant to be affected

by the NOS instruction suggesting rigidity of this epistemological belief dimension.

As revealed in these studies, there are mixed results about the relationships between
dimensions of epistemological beliefs and NOS aspects. Therefore, more research is needed to clarify
the relationships between epistemological beliefs and views on NOS and investigating these
relationships within a sound conceptual background would be a reasonable approach. Different from
the above-cited research, which relied on findings of their empirical data and conclusions drawn from
their analyses, Deniz (2011) provided a theoretical paper about the parallelism between epistemological
beliefs and NOS. The present study was based on the arguments proposed in Deniz’s (2011) paper
because the author comprehensively analyzed and synthesized educational psychology and science
education literature to explain and exemplify the common ground between these two areas of literature
(i.e, epistemological beliefs, NOS). In his theoretical paper, Deniz (2011) explained conceptual
similarities between two aspects of NOS (i.e., tentative NOS, subjective NOS) and epistemological
beliefs. More specifically, Deniz (2011) proposed that informed views on the tentative NOS aspect were
likely to be related to the certain knowledge dimension of epistemological beliefs. Namely, an
individual who acknowledges the uncertainty in knowledge and truth in general (i.e., who has
sophisticated beliefs in certain knowledge) would also be more likely to acknowledge the tentativeness
in science and scientific knowledge. Another NOS aspect that was proposed by Deniz (2011) to have a
common ground with epistemological beliefs was the subjective NOS aspect (corresponds to “theory-
driven nature of observations” in the present study). Deniz (2011) stated that individuals who are found
to have more sophisticated epistemological beliefs in the attainability of truth dimension of Hofer’s
(1997) epistemological beliefs scale would exhibit more informed views on the subjective NOS aspect.
Hofer’s (1997) attainability of truth dimension of epistemological beliefs refers to perceptions about the
attainability of absolute truth in science, especially by scientists who are experts in their fields (Hofer,
1997, 2000). In this vein, Deniz (2011) proposed that sophisticated beliefs in this epistemological belief
dimension would lead to higher levels of awareness about the subjective nature of science. That is
individuals who are aware that absolute truth is not possible in science would be more likely to be

aware of the theoretical and personal biases in science, which lead to subjectivity in science.
Purpose of the Study and Research Questions

The main purpose of the study was to examine relationships between personal epistemological
beliefs and NOS views of PSTs. Specifically, this study focused on exploring whether there were any

differences in PSTs’ personal epistemological beliefs for the levels of their NOS views. Based on
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conceptual similarities underlined by Deniz (2011), tentative NOS and subjective NOS (corresponds to
“theory-driven nature of observations” in the current study) were the two NOS aspects chosen for
examining the hypothesized relationships. That is, relationships theoretically hypothesized by Deniz
(2011) were subjected to empirical analyses. In this respect, findings of the present study can contribute
to filling a gap in science education literature since the number of studies that have examined the
relationships between these two constructs (i.e., personal epistemological beliefs, NOS views) are

limited and the existing studies indicated mixed results in the literature.

Specifically, the following research questions were addressed in the present study: 1- What are
PSTs’” personal epistemological beliefs? 2- What are PSTs” NOS views about theory-driven nature of
observations and tentativeness of scientific knowledge? 3- Is there any difference among PSTs holding
different levels of NOS views about theory-driven nature of observations in terms of their personal
epistemological beliefs? and 4- Is there any difference among PSTs holding different levels of NOS views

concerning tentativeness of scientific knowledge in terms of their personal epistemological beliefs?
Method
Research Design

In this study, the researchers used survey research design. The main purpose of survey research
is to collect information from a group of people using questionnaires or interview schedules (Fraenkel,
Wallen, and Hyun, 2012). In the present study, the Epistemic Beliefs Inventory and two modified items
of the Views on Science-Technology-Society items were utilized to collect data about participants’

personal epistemological beliefs and NOS views, respectively.
Sample

Participants in this study were 277 PSTs who were freshman (N=27), sophomore (N=102), junior
(N=89), and senior (N=56) students at three public universities located in three different cities of Turkey
(three PSTs did not specify his/her grade level). The selection of the participants was based on their
convenience to the researchers. As typically observed in the education faculties of the country
(Assessment, Selection, and Placement Center, 2018), the number of females was higher than the
number of males in the study sample (Nfemale= 212, Nmale= 64, Nrot identifics= 1). The mean age of the

participants was calculated as 21.4.
Instruments

Epistemic beliefs inventory (EBI): Bendixen et al.’s (1998) 32-item Epistemic Beliefs Inventory (EBI)
was used to measure PSTs’ personal epistemological beliefs. The inventory takes Schommer’s (1990,
1994) Epistemological Beliefs Model as a base and asks respondents to indicate their levels of agreement

with the given statements on a 5-point Likert-type scale ranging from strongly disagree (1) to strongly
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agree (5). Because item statements of EBI, except reverse items, are written in a way that they reflect
naive epistemological beliefs (e.g., item 29: “Working on a problem with no quick solution is a waste of
time”), getting higher scores on the inventory is accepted as an indication of naive epistemological
beliefs. Conversely, respondents who get lower scores on the inventory are inferred to have more

sophisticated epistemological beliefs.

The rationale of choosing EBI instead of Schommer’s (1990) Epistemological Beliefs
Questionnaire for measuring personal epistemological beliefs was mainly based on the number of items,
success in factor solutions, and ability to extract the five dimensions proposed in Schommer’s (1990,
1994) epistemological beliefs model. More specifically, EBI has fewer number of items (Epistemological
Beliefs Questionnaire has 63 items) and reveals more homogenous factors than Schommer’s 12 subsets
of items, which parcel the items prior to factor analysis (Schraw, Bendixen, and Dunkle, 2002).
Therefore, EBI seems to have overcome item-to-factor overlap problems and unexplainable factor
loadings; each item of EBI generally loads unambiguously into one of the five epistemological belief
dimensions (Schraw et al.,, 2002). Moreover, EBI is found to be more successful in extracting the

omniscient authority dimension of the epistemological beliefs model.

EBI has been previously translated into Turkish by the researchers of the present study to collect
data on PSTs’ epistemological beliefs (Oztiirk, 2016; Tuncay-Yiiksel, 2016; Tuncay-Yuksel, Yilmaz-
Tuzun, and Zeidler, 2015). Since data collected using EBI (including the Turkish version of EBI) revealed
different factor structures, the researchers subjected data of the present study to exploratory factor
analysis (EFA). Principal Component Analysis was the method selected for utilizing EFA. Kaiser-
Meyer-Oklin (.73) and Barlett’s (1954) Test of Sphericity (p = .00) values confirmed the factorability of
the study data. Examination of Catell’s (1966) scree test (scree plot) and Kaiser’s (1970, 1974) criterion
suggested four factors. This four-factor structure was further supported by the results of Parallel
Analysis (Monte Carlo Principal Component Analysis for Parallel Analysis), which is shown to be the
most accurate approach for identifying the number of factors/components in a data set (Hayton, Allen,
and Scarpello, 2004; Matsunaga, 2010; Pallant, 2007). Results of Parallel Analysis revealed four
components with eigenvalues higher than the corresponding criterion values for a randomly generated

data matrix of the same sample size (32 variables x 277 respondents).

The percentage of the total variance explained by the four factors extracted by the EFA was
calculated as 33%. Since correlations among the extracted factors were quite low (rmax. = .18), varimax
rotation was used to better interpret the factor structure of the data. Matsunaga’s (2010) suggestions
were followed for deciding on the items to be retained and 20 items that had a clear factor loading on
one factor with a cutoff point of .40 were included in the data set. Results showed that similar to the
findings of Oztiirk’s (2016) study and the pilot study of Tuncay-Yiiksel (2016), which were conducted

in the Turkish context, items measuring epistemological beliefs about the certainty of knowledge and
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speed of learning loaded on a single factor. Remaining items are clustered into three factors reflecting
Schommer’s (1990, 1994) simple knowledge, innate ability, and omniscient authority epistemological
belief dimensions. Cronbach’s alpha and mean inter-item correlation values corresponding to each of

the emerged dimensions are given in Table 1.

For scales with fewer than 10 items, it is common to find quite small Cronbach’s a values
because Cronbach’s a values depend on the number of items in a scale (Pallant, 2007). In these cases, it
is suggested to calculate and report mean inter-item correlation values of the items. Factors (subscales)
of EBI obtained in this study had fewer than 10 items. As expected, most of Cronbach's o values were
lower than desired. Thus, in addition to Cronbach’s «, mean inter-item correlation values were
calculated and reported. All of the mean inter-item correlation values were in the suggested range of .2
to .4 (Clark and Watson, 1995; Pallant, 2007), allowing the researchers to disregard relatively low values
of Cronbach’s a. Theoretical consistency between underlying meanings of the item statements and the
factors they loaded onto provided evidence for the validity of the instrument1. Description of the factors
representing dimensions of EBI and sample items of the obtained EBI dimensions are presented in Table
1. The failure to obtain five distinct factors and Cronbach’s a reliabilities lower than .70 for epistemic
belief measures are not rare in the literature (DeBacker, Crowson, Beesley, Thoma, and Hestevold, 2008).
According to DeBacker et al. (2008), measuring epistemic beliefs is a challenging issue and in
determining the dimensions in epistemic measures, not only empirical grounds but also theoretical
foundations should be considered. In accordance with this view, we critically examined theoretical
foundations of epistemological beliefs literature along with the factor analysis results while determining

the factor structure of our epistemological beliefs data.
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Table 1. Descriptions, sample items, and reliability coefficients corresponding to EBI dimensions

Dimension Name

Description

Sample Items

rtain knowledge and Quick
learning

(Cronbach’s alpha = .66; Mean
inter-item cor. = .20; # of items = 8)

Simple Knowledge
(Cronbach’s alpha = .51; Mean
inter-item cor. = .20; # of items = 4)

Innate Ability
(Cronbach’s alpha = .47; Mean
inter-item cor. = .18; # of items = 4)

Omniscient Authority
(Cronbach’s alpha = .51; Mean
inter-item cor. = .17; # of items = 5)

The degree to which research
participant believes
knowledge is certain and
learning is a quick process

The degree to which research
participant believes
knowledge is simple and
consists of isolated bits of facts

The degree to which research
participant believes learning
ability is fixed at birth; cannot
be developed by hard work

The degree to which research
participant believes
knowledge is handed down by

If you don't learn something
quickly, you won't ever
learn it

What is true today will be
true tomorrow

Too many theories just
complicate things

Some people will never be
smart no matter how hard
they work

People should always obey
the law

authority

Merging EBI factors and obtaining less than five epistemological belief dimensions is not
specific to the Turkish context. For instance, in Nussbaum and Bendixen’s (2003) study, data collected
using EBI with 238 undergraduate Caucasian (79%), Asian (6%), Hispanic (8%), and African American
(5%) students were factorized into four factors in which epistemological belief dimensions of omniscient
authority and certain knowledge were merged. Chan, Ho, and Ku's (2011) factor analysis on data
collected from 138 Chinese undergraduates resulted in a three-factor structure (factors extracted: certain
knowledge, innate ability, and simple knowledge). These findings may be explained by the influence of
cultural differences or individual characteristics (e.g., age, gender, etc.) on personal epistemological
beliefs (Chan and Elliot, 2004; Yilmaz-Tuzun and Topcu, 2008). It is also possible to attribute these
findings to the use of the translated version of EBI. That is, translation of an instrument might cause
participants to have difficulties understanding the items clearly and even misunderstand some of them
(Yilmaz-Tuzun and Topcu, 2008) and, as in our study, may result in factor structures different than the

ones obtained using its original version.

Two modified items of the Views on Science-Technology-Society (VOSTS): The present study aimed
to investigate relationships between PSTs’ epistemological beliefs and NOS views statistically.
Inferential statistics utilized to analyze the hypothesized relationships required relatively large sample

size. Therefore, the use of interviews or open-ended instruments, such as the Views of Nature of Science
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(VNOS) questionnaire (Lederman, Abd-El-Khalick, Bell, and Schwartz, 2002), was not feasible due to

the lack of resources required for data collection and data analysis.

In their study, Dogan and Abd-El-Khalick (2008) modified and then utilized 14 items of the
VOSTS questionnaire (Aikenhead, Ryan, and Fleming, 1989) for collecting data on students and science
teachers” NOS views. The empirical approach followed during the development of the original VOSTS
was proposed to result in a valid instrument in which ““the meaning that students read into the VOSTS
choices tends to be the same meaning that students would express if they were interviewed” (Ryan &
Aikenhead, 1992, p. 576). Moreover, Dogan and Abd-El-Khalick (2008) made additional efforts to
improve the instrument’s validity through pilot testing. In addition to its validity, its success in
assessing Turkish students and science teachers’ NOS views made the 14 modified VOSTS items an
appealing instrument for examining NOS views of Turkish PSTs. Considering the views of two
bilingual researchers who are experts in NOS research, some revisions were made on the translation of
the items in the modified VOSTS items (Dogan and Abd-El-Khalick, 2008) to increase the

understandability of the item statements and viewpoints following each item statement.

In the 14-item version of the VOSTS questionnaire, respondents are presented with item
statements, each of that focuses on certain aspects of NOS. The item statements are then followed by
many viewpoints. Respondents are asked to indicate the viewpoint (one viewpoint for each statement)
which is the closest to their own positions. In its original version (Ryan and Aikenhead, 1992),
respondents are also provided with three extra choices (i.e., “I don’t understand,” “I don’t know enough
about this subject to make a choice,” “None of these choices fits my basic viewpoint”). Dogan and Abd-
El-Khalick (2008) deleted these three choices and added an extra place at the end of each item. In this
way, it was aimed to allow respondents to express their own viewpoints about the item statements if
none of the already listed viewpoints were reflective of their NOS views. Each viewpoint, which follows
the item statements, was categorized as “naive”, “has merit” (i.e., partially informed or partially naive)
or “informed” by Dogan and Abd-El-Khalick (2008), depending on the sophistication of the NOS

position it represented.

In accordance with Deniz (2011), the researchers of the present study focused their analyses on
the relationships of epistemological beliefs to views on the two NOS aspects (i.e., theory-driven nature
of observations, the tentativeness of scientific knowledge). These two NOS aspects were measured by
two items (Item 90111, Item 90411), which were taken from the 14-item version of the VOSTS

questionnaire (Dogan and Abd-El-Khalick, 2008) (see Table 4 for the items used in this study).
Data Collection and Data Analysis

Data were collected in the 2018 spring semester and participation in the present study was

voluntary. Participants were informed about the anonymity and confidentiality of their answers and
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also, they were reminded that participation in the present study would not influence their grading in
any way when any of the authors has a dual role of researcher and instructor. Analysis of the collected
data included EFA, descriptive analysis, and two one-way MANOVA analyses. Four dimensions of
epistemological beliefs obtained from EFA (i.e. certain knowledge and quick learning, simple
knowledge, innate ability, omniscient authority) and the two NOS aspects (i.e., theory-driven nature of

observations and tentativeness of scientific knowledge) were the variables in MANOVA analyses.
Ethical Permissions

This study followed all the rules indicated in the document entitled “Higher Education
Institutions Scientific Research and Publication Ethics Directive”. None of the actions indicated in the
second part of the document “Actions against Scientific Research and Publication Ethics” was in the
present study. Data collection was carried out in 2017-2018 academic year spring semester; therefore,

no permission was needed in the present study.
Results

Before conducting each MANOVA, data were checked to ensure that the assumptions of sample
size, normality, outliers, linearity, multicollinearity and singularity, and homogeneity of variance-
covariance matrices were not violated. The only violation was for the assumption of the equality of
variance for one dependent variable (Omniscient Authority) as Levene’s test revealed a significant
result. As suggested by Tabachnick and Fidell (2007), to overcome this, an alpha level of .01 instead of

.05 was set for that variable.

(RQ1) PSTs” personal epistemological beliefs: As shown in Table 2, the highest mean score was
obtained for the dimension of simple knowledge (M =3.16, SD = .73), indicating that in this study, among
the dimensions of personal epistemological beliefs, PSTs” simple knowledge beliefs were the least
sophisticated. The participating PSTs tended to believe that knowledge is simple rather than complex.
On the other hand, the lowest mean score was obtained for the dimension of certain knowledge and
quick learning (M = 1.88, SD = .53). This finding showed that PSTs had moderately sophisticated beliefs
about the certainty of knowledge and the speed of learning. They tended to believe that knowledge is
tentative rather than certain and that learning is not a quick and sudden process. Descriptive statistics
for innate ability (M = 3.08, SD = .73) and omniscient authority (M = 3.01, SD = .65) revealed that the
participants of this study still tended to believe that learning is innate and fixed at birth and handed

down by authority rather than derived from reason.
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Table 2. Descriptive statistics for personal epistemological beliefs

Dimensions M SD Min. Max.
Certain knowledge and Quick learning 1.88 .53 1.00 3.75
Simple knowledge 3.16 73 1.00 5.00
Innate ability 3.08 73 1.00 5.00
Omniscient authority 3.01 .65 1.00 5.00

(RQ2) PSTs’ Nature of Science Views: Frequencies of the PSTs’ responses to the VOSTS item, which
focused on the theory-driven nature of observations (Item 90111), revealed that less than half (40.8%) of
the PSTs held informed views on this NOS aspect. Although three of the five viewpoints that followed
the item statement (viewpoints C, D, and E; see Table 4) correspond to naive positions, participants
selected these viewpoints with the lowest frequency (24.2%). The percentage of the viewpoints

categorized as “has merit” was 35%.

For the VOSTS item that focuses on the tentativeness of scientific knowledge (Item 90411), 92.8%
of the participants had informed views. The total percentage of participants who selected the viewpoints

corresponding to naive views (viewpoints C and D) was 7.2% (see Table 3).

Table 3. Frequencies and percentages of PSTs” NOS views

VOSTS Item Naive Has merit Informed
No Focus f %o f % f %
90111  Theory-driven nature of observations 67 242 97 350 113 408
90411  Tentativeness of scientific knowledge 20 7.2 02 02 257 92.8

aNone of the response options in Item 90411 represents “has merit” position.
Detailed information regarding PSTs’ responses to each of the two VOSTS items is tabulated in Table
4.
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Table 4. Frequency and percentages of PSTs’ responses to the VOSTS items

Item 90111: Scientific observations made by competent scientists will usually be different if the
scientists believe different theories.

Response f %

A. Yes, because scientists will experiment in different ways and will notice 97 35.0
different things. (has merit)

B.  Yes, because scientists will think differently and this will alter their 110 39.7
observations. (informed)

C. Scientific observations will not differ very much even though scientists believe 63 22.7
different theories. If the scientists are indeed competent their observations will
be similar. (naive)

D. No, because observations are as exact as possible. This is how science has been 4 1.4
able to advance. (naive)

E. No, observations are exactly what we see and nothing more; they are the facts. 0 0
(naive)

Item 90411: Even when scientific investigations are done correctly, the knowledge that scientists
discover from those investigations may change in the future.

Response f %

A. Because new scientists disprove the theories or discoveries of old scientists. 203 73.3
Scientists do this by using new techniques or improved instruments, by finding
new factors overlooked before, or by detecting errors in the original “correct”
investigation. (informed)

B. Because the old knowledge is reinterpreted in light of new discoveries. 52 18.8
Scientific facts can change. (informed)

C. Scientific knowledge APPEARS to change because the interpretation or the 9 3.2
application of the old facts can change. Correctly done experiments yield
unchangeable facts. (naive)

D. Scientific knowledge APPEARS to change because new knowledge is added on 11 4.0
to old knowledge; the old knowledge doesn’t change. (naive)

Discussion
PSTs’ Personal Epistemological Beliefs

Findings regarding PSTs’ epistemological beliefs supported what existing research has revealed
so far. First, as asserted by Schommer (1990, 1994) and some other colleagues (e.g., Bendixen et al., 1998),

personal epistemology is composed of more than one belief, that is, epistemological beliefs are
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multidimensional. In this study, factor analysis of EBI revealed four factors, which provided evidence
for the multidimensionality of epistemological beliefs. Second, research revealed that epistemological
beliefs are more or less independent (Schommer, 1990, 1994). Namely, individuals may hold
sophisticated epistemological beliefs on some of the EBI dimensions while at the same time holding
naive beliefs on another. Our findings showed that PSTs had moderately sophisticated beliefs on certain

knowledge and quick learning dimension but less sophisticated beliefs on the other extracted factors of

EBL

The mean values corresponding to each extracted dimension revealed that PSTs failed to
demonstrate higher levels of sophistication on EBI dimensions. Among the four extracted factors, PSTs
demonstrated naive epistemological beliefs on simple knowledge, innate ability, and omniscient
authority dimensions and they had the least sophisticated beliefs on the omniscient authority
dimension. Similar findings have been reported in studies conducted in the Turkish context (e.g.,
Ozturk and Yilmaz-Tuzun, 2017; Tuncay-Yuksel et al., 2015; Yilmaz-Tuzun and Topcu, 2008). The
common finding in these studies was the lower levels of sophistication in epistemological belief
dimensions. Moreover, consistent with our finding, in Ozturk and Yilmaz-Tuzun (2017) and Tuncay-
Yuksel et al. (2015), omniscient authority was the least developed belief dimension. Yilmaz-Tuzun and
Topcu (2008) argued that the traditional teaching approaches PSTs were exposed to in their elementary
and high school years might be the source of their belief that knowledge was handed down by authority
rather than derived from reason. Besides, these beliefs could still be influential in their undergraduate
years. Despite the reform efforts in both K-12 science curriculum and science teacher education
programs (CoHE, 2007, 2018; Ministry of National Education [MoNE], 2013, 2018a, 2018b, 2018c, 2018d),
it is still not possible to say that every teacher is able to implement student-centered teaching practices
successfully. Teachers are still considered to be knowledge transmitters and students are not provided
enough opportunities to construct their own knowledge (Aydin and Cakiroglu, 2010), which may

hinder the development of personal epistemological beliefs.

It is important here to note that, in this study, we interpreted participants’ epistemological
beliefs based on modern Western views of scientific epistemology. As acknowledged by previous
research, individuals” epistemological orientations may change from one situation to another; therefore,
their beliefs on knowledge cannot be regarded as culture-independent or value-free (Bang and Medin,
2010; Chinn, Buckland, and Samarapungavan, 2011). What is considered “highly sophisticated” or

“correct” views of epistemological beliefs in our study reflect Western value systems and orientations.
PSTs’ Nature of Science Views

Descriptive analyses of this study revealed differences in the sophistication of the PSTs’ views

on the theory-driven nature of observations and tentativeness of scientific knowledge. The frequency
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distribution of the PSTs’ responses to the VOSTS item related to tentativeness of scientific knowledge
showed that 92.8% of PSTs had informed views on the tentativeness of scientific knowledge. That is, the
overwhelming majority of the participants recognized that scientific knowledge is subject to change
rather than unchanging. There are research studies consistent with the finding obtained in the present
study (e.g., Dogan and Abd-El-Khalick, 2008; Erdogan, Cakiroglu, and Tekkaya, 2006; Yalvac, Tekkaya,
Cakiroglu, and Kahyaoglu, 2007). For example, Dogan and Abd-El-Khalick (2008) found that most of
the participating grade 10 students (68.2%) and their science teachers (72.9%) had informed conceptions
on the tentative NOS. Yalvac et al. (2007) reported that the majority of PSTs (76%) appreciated that

scientific knowledge is tentative.

On the other hand, the present study’s findings on the theory-driven nature of observations are
not as promising as the findings on the tentativeness of scientific knowledge. More specifically, while
less than half (40.8%) of the participants had informed views about the theory-driven nature of
observations, relatively fewer (35%) participants held partially informed views or partially naive views
(indicated as “has merit”; see Table 3). Besides, a considerable percentage (24.2%) of the participants
held naive views. Namely, only less than half of the participants had the informed view that theories
held by scientists affect their observations. These findings are in line with some previous research
conducted in Turkish contexts (e.g., Cetinkaya-Aydin and Cakiroglu, 2017; Dogan and Abd-El-Khalick,
2008; Erdogan et al., 2006). More specially, in their study, Dogan and Abd-El-Khalick (2008) reported
that fewer than half of grade 10 students (38.7%) and relatively fewer science teachers (27.7%) had
informed views about the theory-driven nature of observations, whereas about half of the teachers
(46.5%) and comparatively fewer students (35.3%) held naive conceptions on this aspect. In addition, a
study with PSTs conducted by Erdogan et al. (2006) revealed that half of the PSTs were knowledgeable
about the subjective nature of scientific knowledge and recognized the effects of scientists’ cultural
background and beliefs on scientific research. Moreover, in their research, Cetinkaya-Aydin and
Cakiroglu (2017) revealed that after the Nature of Science and History of Science course, one-third and

half of the PSTs had informed and adequate views respectively on the subjectivity aspect of NOS.

Like several reform documents in the US and by the European Union (Commission of the
European Communities, 2008, 2010; National Science Education Standards - NRC, 2012; Next
Generation Science Standards - NGSS; NGSS Lead States, 2013), Turkish Ministry of National Education
set goals regarding the development of students’” views on the ways scientific knowledge is obtained
and scientists conduct scientific research, and these efforts have been going on for the past two decades
in an intense way (MoNE, 2006; 2013; 2018a). In those curriculum documents, developed NOS
understanding is also accepted as a crucial component of scientific literacy, which has been the

overarching goal of the Turkish middle school and high school science curriculum for several years
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(MoNE, 2006; 2013; 2018a; 2018b; 2018c; 2018d). Similarly, a course related to NOS was included in

science teacher education programs (CoHE, 2007; 2018).

However, given the findings obtained in the present study, it can be inferred that the
significance given to NOS in Turkish curriculum documents and science teacher education program
was not reflected in individuals’ views. Specifically, some participating PSTs were still found to possess
naive conceptions; although a great majority of the participants held informed views on tentativeness
of scientific knowledge, 35% of the participants held partially informed views or partially naive views
and a considerable percentage (24.2%) of them held naive views on the theory-driven nature of
observations. Similar to Erdogan et al.’s (2006) explanation, this finding may be attributed to
participants’ inadequate experience on NOS during science courses in schools and science-related
courses in teacher education programs. More specifically, according to Erdogan et al. (2006), one reason
for PSTs' limited conceptions of NOS was that science courses that PSTs experienced in schools did not
include explicit NOS instruction. The authors pointed out that the Turkish education system
concentrates on supplying robust content knowledge and the condition that contents in science
curriculum need to be taught by teachers in a limited time affects the time for NOS instruction. Erdogan
et al. (2006) also added that PSTs” undesired views of NOS could be explained at least partially with the
deficiency of importance given to NOS in science-related courses in the teacher education program.
According to those findings, it can be inferred that PSTs may hold concurrently different views about
NOS. That finding may also indicate that individuals’ personal epistemological beliefs and scientific
epistemological beliefs are somehow similar in their structure. More specifically, as individuals may
possess different levels of sophistication regarding their beliefs about the nature of knowledge and
knowing (Schommer, 1990), they may also have varying levels of sophistication (i.e., naive to informed)

on the nature of scientific knowledge and how scientific knowledge is obtained.
Personal Epistemological Beliefs and Nature of Science Views

This study examined PSTs’ epistemological beliefs and NOS views by specifically seeking out
whether the dimensions of epistemological beliefs (i.e., certain knowledge and quick learning, simple
knowledge, innate ability, and omniscient authority) differed for the levels of views in relation to
tentativeness of scientific knowledge (naive and informed) and theory-driven nature of observations
(naive, has merit, informed). In contrary to what was expected, the results revealed no statistically

significant difference in PSTs’ epistemological beliefs for the levels of views about the two NOS aspects.

Inconsistent with our findings, NOS views have been reported to be related to epistemological
beliefs in findings of some previous research (Akerson et al., 2006; Akerson and Buzzelli, 2007; Akerson
et al., 2008; Cho et al., 2011; Kim and Hamdan-Alghamdi, 2021; Koseoglu and Koksal, 2015; Ozgelen,

2012). Lack of statistical significance in the results of the present study’s analyses may be attributed to
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the limited representativeness of the study sample. In the present study, data were collected from 277
PSTs in only three different universities in Turkey. Collecting data from PSTs in three universities may
be considered a limitation of this study and implies that repeating analyses with larger and more diverse
samples may result in statistically significant relationships between personal epistemological beliefs

and NOS views.

There may also be other reasons underlying the lack of statistically significant difference in
PSTs’ epistemological beliefs for different levels of NOS views in our study. First, similar to Borgerding
and Deniz’s (2019) argument, NOS views and epistemological beliefs may be unrelated indeed. Results
of chi-square analysis in Borgerding and Deniz’s (2019) study revealed no difference in college students’
empirical NOS views for different Perry levels (dualist, multiplist, relativist, dialectical) of
epistemological beliefs. Our results seem to be in line with their argument that individuals’
epistemological beliefs might not be related to NOS views (Borgerding and Deniz, 2019). However, the
NOS aspects focused in our study and the study of Borgerding and Deniz (2019) may be regarded
among the possible reasons of the statistically non-significant relationships observed among personal
epistemological beliefs and NOS views. Maybe, NOS aspects other than those examined in our study
and in the study of Borgerding and Deniz (2019) may reveal significant relationships. At this point, it
would also be very beneficial to examine theoretical and conceptual common grounds between

dimensions of epistemological beliefs and different aspects of NOS.

Second, the instruments used in the present study may not be able to measure PSTs
epistemological beliefs and NOS views precisely enough to reveal any differences. That is, despite the
advantages of the EBI when compared to other quantitative data collection tools used for measuring
personal epistemological beliefs (see Method section for a detailed discussion of the proposed
advantages of the EBI), it is still possible that the instrument was not able to reveal PSTs’ actual level of
epistemological beliefs because epistemological beliefs is an abstract construct by its nature and it might
have been hard for the respondents to grab actual meanings of the epistemological belief items in a
translated version of the instrument (Yilmaz-Tuzun and Topcu, 2008). Regarding the views on NOS, we
used one question selected from the VOSTS questionnaire to measure each of the two NOS aspects.
Using a particular NOS aspect with one question instead of a set of questions might not strongly
measure PSTs’ views on the NOS aspects of the tentativeness of scientific knowledge and the theory-
driven nature of observations. In addition to these, quantitative data tool used in the study may not
have fully grasped epistemological beliefs which are deeply rooted and difficult to access by close-
ended instruments but requires the use of qualitative tools, such as semi-structured interview protocols
(e.g., Luft and Roehrig’s (2007) Teacher Beliefs Interview protocol). Similarly, using interviews and

open-ended instruments, such as the Views of Nature of Science (VNOS) questionnaire (Lederman et



Oztiirk, N., Akyol, G. & Tuncay Yiiksel, B.

al., 2002), would yield more detailed data on the PSTs” NOS views. However, we should note that using

these kinds of open-ended instruments was not feasible with large samples.
Conclusions and Implications

As elucidated above, there are some limitations of this study, such as lack of diversity in the
study sample, measuring NOS views with two questions (one question per one NOS aspect), and lower
than desired Cronbach’s a values calculated for epistemological belief dimensions. However, the
present research attempted to contribute to our understanding of the relationships between
epistemological beliefs and NOS views. Consistent with the findings obtained in Borgerding and
Deniz’s (2019) research, this study revealed that PSTs” epistemological beliefs in simple knowledge,
innate ability, omniscient authority, and certain knowledge and quick learning do not differ for the
levels of views concerning tentativeness of scientific knowledge and theory-driven nature of
observations. In the literature, non-significant findings are regarded as important as significant ones
since all research, as a whole, contribute to our understanding of the study constructs under research.
We believe that efforts to understand the relationships between epistemological beliefs and NOS views
are valuable for educational research and practice. Moreover, further studies with different research
designs, sample characteristics, and data collection tools may shed more light on the relations between

personal epistemological beliefs and NOS views.

The findings obtained in this study have some implications for science teacher education.
Teachers” personal and scientific epistemological beliefs may affect how they approach teaching and
learning, such as making instructional choices (Kazempour and Sadler, 2015; Olafson and Schraw, 2006).
However, the PSTs in this study were found to have less sophisticated epistemological beliefs. It would
be unrealistic to expect effective teaching practices in classrooms if teachers lack developed beliefs on
how knowledge is generated, the sources of knowledge, scientific methods and principles. Therefore,

developing teachers’ epistemological beliefs should be one of our primary aims as teacher educators.

Given the epistemological beliefs, Hammer and Elby (2002) emphasized the importance of
epistemological resources (i.e., resources for understanding the nature and source of knowledge,
epistemological activities, epistemological forms, and epistemological stances) individuals already
possess. According to Hammer and Elby (2002), these resources can be considered the building blocks
to be strengthened, should be activated and engaged within certain contexts. More specifically, these
resources, which are available from early ages, are invoked by individuals in different contexts to make
sense of the nature of knowledge or strategies for learning (Hammer and Elby, 2002). Taken from this
perspective, the courses offered in teacher education programs and even in the earlier grades should
provide contexts involving varied pedagogical approaches and instructional strategies in which

individuals may invoke different epistemological resources. Among the courses offered in teacher
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education programs, courses, such as history and philosophy of science, philosophy of education,
nature of science, and pedagogy courses, such as methods of teaching science are of primary importance

where productive resources are to be invoked by the learners.

As for personal epistemological beliefs, teachers’” holding informed NOS views have crucial
importance for students to develop sound conceptions of NOS (Akerson et al., 2006; Herman, Clough,
and Olson, 2013). Therefore, it is inevitable that NOS understanding is aimed to be supported during
teacher education programs, such as science courses and other courses like history and philosophy of
science and methods of science teaching (Abd-El-Khalick, 2001, 2005). Along with offering sufficient
number of NOS-related courses, design of these courses should be well-structured, specifically, in a way
to teach NOS explicitly and create opportunities for reflecting on NOS learning (see Bilican, Cakiroglu,

and Oztekin, 2015).
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Notes

1 Most of the items in EBI loaded onto their expected factors. However, although item 22 (i.e.,
“Science is easy to understand because it contains so many facts”) was expected to load onto simple
knowledge dimension, it loaded onto the factor which included items measuring omniscient authority.
This item was the item that had the highest factor loading and did not load onto any other factor. It was
likely that respondents focused on the last part of the sentence (i.e., “...it [science] contains so many

facts”). Correspondingly, this item might reveal their belief that science is the source of the knowledge.
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